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Temperature Preference Responses of Some Aquatic, Cave-adapted
Crustaceans from Central Texas and Northeastern Mexico*

by

William R, ELLIOTT#* ynd Robert W, MITCHELL=#*

INTRODUCTION

The purpose of this study was to determine the prelerence responses of B species
of agquatic, caveadapted orustsceans inoa temperatire gradient. We studied twoe
specics of gammarid wmphipoeds, Stvgoneetey fadenocens Halsinger and S0 risseds
Holsinger, and three species of isopods. an usellid, Aseiles redldelli Steeves, and
two cirolunids, Cirofaiides fexensis Benedict and Speocirodaca hodivad {Rioju), The
[irst four species are froan Tesas, the lust Tronn Tamaulipas, Méxica. The specific
objectives of the stedy wers to compare the temperatire preference responses of
these fve species with those ceported for athier troglobites, and o speontate on the
significanice of the presence or lack of temperature discrimination in aguatic
troglobires.

Relatively few studies on temperature-relaled hehavier of covernivules have been
done. Szymezkowsky (1933) reported an activity optimm of 6787C lor the
troplophile spider, Aera mrenardi, butl no preference data were gathered.

Edwards (1971} studied the temperature and relative humidity preferences of
Crvproceling pelaezi, o troglophile cemuleid {Arachnidu) from México. He found
that this species prefecred temperatures of 23 §°.287C, corresponding closely to the
temperature ol Cieva de la Florida from which the specimens were collected.

Two studics have dealt with the temperature prefeeences of tlerrestrial
troglobites. Mitehell (19713 reported that Riadine subrervanea, o carabid beetle
from Centrat Texas, prefers lemperatures cooler than its habitat in summer and
prefers cave tempersture {207CY in winter. Mitchell suggested that this seasonal
change of temperature preference serves o cesteict the beetles to the cave exeepl
during that time when their chances for survival on the surluce would seem best,
Bull und Mitchell (1972} found that two toglubite millipedes from Central Texas,
Cynibaly fpeabiy and Speodeskies bicoraounis. prefer temperatures hetween 15"
and 26570, However, ¢ speoblg is more selective of relative humidites al or
approaching saturalion aod of lemperatures closely corresponding Lo that of cuves
which ir inhshits than is 8 bicornourns which i5 less tlerant of elevated
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temperatures and redwced relative humiditics. Bull and Mitchel] suggested that 5
Dicarnonrios is an older troglobite than € spesdiz because it is less respomsive and
less tolerant to environmental vadations and has a distribution which indicates that
its surface ancestor colonized caves much earlier than that of © speobia.

Things (1953, 196%) observed the behavior of Crecobarbug geertsi, o troglobite
cyprinid fish, in 2 natural temperature-light gradient inside the entrance of Kavuaya
Cave i the Congo. Temperature prefercnce behavier was not evident until night,
when the forty-three individoals {twenty-nine voung and fourteen adules) remained
5t 7.5 m inside the entrance at a temperature of 21.8%.22.8°C. During the day,
the voung were distributed throughout the light gradient, but the adults apparently
responded 1o the light snd reomined in the interine af the cave,

Twior laboratory studies have dealts with lemperature preferences of aguatic
troglobates, Mitchell {in press) Tound that the Central Texas cave planarian,
Spfefloplune zeschi, from Zesch Ranch Cave, Mason County, has a temperature
preferendum of 177-24°C in a gradient of 15%30°C, hot that it is not very efficient
at sensing und avoiding the extremes of the pradient, which are lethal 1o il This
plunarian inhabits water of 21°.20 5"C. Mitchell concluded that S.zeschi is a
more recent troglobite than S percoecs (o northern and eastern troglobite in the
United Srates, stodicd by Buchanan, [930) hecause it can withstand muoderate
exposure 1o light, exhibits nepative phototaxis and rheotaxis, righes itsell rapidly,
and has a welldefined temperature preferendum, In contrast, S percoeca is
intolerant to sunlight, displays no oriented movernents when exposed to light or
moving water, and lakes longer to right itself. These characters can praobably be
ascribed to itz greater depree of cave-adaptation, Unfortunately, the temperature
preference responses ol ¥ peroosce are unknoan,

Johnsen (1967) investigated four closely related populations of blind characin
fishes, genus Asivanay, and their surface ancestor, A, mexicaiy, from México, He
ceported a prefercndum of 23°.30°C for all the populations he studied. These cave
fishes inhabit waters of 217-25,5°C.

Thus, all of the troglobite species mentionsd above appear to have fairly
well-defined temperature preferends, The resules for the aquatic species would seemn
tor refute the liypothesis of Mitchell {19710 that troglobites which are imprizoned
wilhin caves should lose their ability to respond to varations io temperalure, light,
and relative humidity becavse of the relative constancy of the cave environment.
Mitchell stated, "1 would ofler this hypothesis as appropriste anly for those
truglobites which are physically imprisoned in their subterranean habitats, Such
troglobites would be primuarily those aquatic species living in subterranean water
systems which lack navigable connections with epigeal waters.” This hypothesis
would apply to cave-dwelling dstvaay and 5. zesehd because of the nature of the
caves they inhabit. Beparding troglobites which are not imprisoned, he further
staled, 1 could, then, propose as a second general hypothesis that terrestrial
troglobites and some aquatic ones possess u complex of behavioral responses which
aperate Lo restrict them in their cave environment,”
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HABITATS OF THE SPECIES STUDIED

We only studied aquatic populations which are elTectvely imprisoned in their
respective cave habitats. To demonstrare the isolation of these populations from the
epigeum, the cave habitats are described below,

Zesch Bunch Cuve s located abour 5 km southwest of Mason, Mason County,
Texas. Thissmall cave (about 12 % 18 moand about 9 m deep) is the only known loca
lity for Sphefioplmea zeschi Mitchell (1968 and ane of fifteen known localities for
Stygunectes msselli (Holsinger, 1966, 1967, The cave has g small pool at its west
and deepest end, which has no direct connection to the epigeum, but which
fluctuates in size and depth depending on the drvness of the surrounding area
(Mitchell, in press). The cawe has g pit entrance of sufficient depth (5 m) to
imprison 1he aquatic fauna within the subterranean habitat.

Two collections of S resel were made in Augost and November, 1970, Water
temperature varied from 21721 37C. The pool hus no direct communication with
larger bodies of water and apparently is lilled by the rise of lowerying
croundwater {Mitchell, in pross).

Stvgenrecres msselii s placed in the bafconrs species group by Holsinger (19664,
19677 wha thinks it i3 possible that chis specics is actually a group of very similar
sibling species descended [Toem a conunon, spring-dwelling ancestor which became
exlingt in Texas dunng the Pleistocene.

The Devil's Sinkhole is a deep pit-cave located 11 kmo east-northeast ol
Rocksprings, Edwards County, Texas. It is the only known locality for Soe-
goncctes fmdenoecus and one of  thicteen vecorded localities Tor Ciredanides
rexeniy (Fig. 1) (Holsinger, 1966, 1967; Reddel], 1965, 19700, A new locality for

Fie 1. The distnbution of Cirodgnides texensiy in Central Texas,
A new record from Twin Pits Cave, Bexar County, is shown,
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£ rexensis, Twin Pits Cave, Bexar Country, is showno in Fig, 1. The large pit
entrance of Devil's Sinkhole has g vertical drop of 42 m to the top of o Taree Lulus
mound. The talus slopes steeply to two lake rooms which are situated between ity
periphery and the dome-shuped ceiling, 95 m below the surfuce. No other entraces
to the cave are known {(Reddell and Smith, 1965} Aquatic animals are truly
imprisoned within this cave,

Twao collections of Shadenoecus and C fexensis were made in Ocrober, 1970,
and Tanuary, 1971, Stvgonectes hadenoectes was found only in the smaller of the
lakes, This lake is floored with guane from an overhanging colony of Mexican
freetail bat, Taderids brasifiensis mexicana, Stygonectes hadenoecus is seasonally
abundant in both lakes (Reddell, 1970}, presumably because of the declining
abundance of bats and fresh guana during winter, Ciredanides texensis was
abundant in the larzer lake but rare in the smaller luke in both October and
January; at times it is abundant in the small lake, The larzer lake is much deeper
and probably communicates with the regional groundwater, Divers have reached
depths of 12 to 24 m {Reddell and Smith, 19635), Both lakes varied from 18°C in
Qctober 1o 17°C in January.

Stvgonectes hadencecus was tentatively placed in its own species group by
Holsinger {1966, 1967) who was undecided as to whether it was an ancient
offshoot of the flagefiatus group or 2 member of a distinet lineage, The former i
unlikely because caves far from the Balcones Fault Zone (such as Devil’s Sinkhole)
were available for colonization later than Fault Zone caves, and the flugeliarus
species are strictly Fault Zone cave-dwellers, indicating an eatly colonization time
for their ancestor(s). Alse, as Holsinger emphasized, peological discontinuities
between Ldwards County and the Fault Zone preclude dispersal of subterranean,
aguatic animals between Lhe two areas. The wide distribution of € rexensts (Fig. 1)
argues for a relatively recent colonization by its ancestor (Mitchell and Reddell,
1971},

Jack's Toint is located in Travis County about 40 ko noethwest of Austn. This
srnall fissure-cave contains two amphipods, Stvgosectes bifircarus and 5 ruessellf
{Reddell, 1970% as well as an wuprecorded population of the asellid isopod, Aselius
roddelli Steeves, which we studied, The cave 15 about 43 m Jong and s almost
horizontal. The floor gradually ascends stepwise by means of rimstona poals at Lhe
back. When first visited in September, 1970, water was flowing trom the entrance of
the cave and aver a 3 m high drop about 2 m outside the entrance. Apparently the
water flows only when heavy rains have secped through jeints in the approxi-
mately 10 m of overburden. The jsopods were found about 30 m from the entrance
in a relatively quiel, shallow pool. Specimens were collected on the first trip and
again in February, 1971 In February no water was flowing fram the cave, and the
pool was 19°C. The September temperatitrs was not taken but was probably Jower
than 19°C dus to cool weather conditions,

This species is known from only four other Fault Zooe caves (Reddell, 1970} In
effect, the Jack’s Joint population is isolated cven when the water flows hecause of
the precipice outside the entrance. Those animals which might be washed out
would nol be able to return and would be lost to the gene pool, There would seom
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tor be little adwantage for members of this population to have a well-developed
temperaiure sense restricting them to the cave. The temperature of the water would
not change appreciably in the short distance it Aows between the entrance and “the
point of no return™. This isopod may be limited to the cave by means of positive
rheataxy or negative phototaxy,

Grutas de Quintero is a large cave located about 2 km south of the town of
Quintero and about L ko southwest of Ciudad Mante, Tamaulipas, México. Tt is
the tvpe locality of Speocirodang bodivari, o large cirolanid isopod which we used in
this study, This species is known from two other localities in the Sierra Madre
Driental (1. Reddell, pers. comm.), The cave also contains Speaciralana pelaezd, a
colmmon cave species throughout the Sierra de EL Abra in San Luis Potosi and
Tamaulipas. Although these two species cohabic poals in the cave, they may readily
he distinguished from each other: 8 boffvard has much longer antennac, a mors
truncated telson, and is usually more translucent and clongated.

This caove has showt 1200 m of explored passape, half of which has been
surveved (Russell and Faines, 1967). Specciralany bofivart was collected from two
pools, 240 m and 285 m from the entrance, in January, March, and May, 1971 In
March, the temperature of the first, smaller pool was 23°C and the larger pool was
25°C. We do not know what temperature Auctuations the water undergoes, but we
have previously recorded 24°C in one of the pools. The cave does not lake surface
waters through its entrance hut is a wet-weather resurgence for subterranean waters
which drain from the cavernous Sierra de El Abra immediacely to the West,

MATERIALS AND METHODS

The temperature gradient apparatus used in this study was cssentially that
deseribed and ifustcated in Bull and Mitchell (1972). Basically, it was an open
aluminum channel, housed in an insulated case in which a temperature gradient
could be established with electric steip heaters, a recirculating water-cthylene gveol
solution, and much associated squipment, Fitting precisely into this channel was a
Plexiplas insect 1200 mm long, 119 mm wide, and 60 mm deep (interoal dimen-
sions). The bottom ol the insert was covered with ghout 3 mm of black obsidian
gravel. Thirteen thermistor sensors were positioned at 10 em intervals aleng the
center of the jnsert with theic tips touching the gravel. These thermistor sensors
served to delineats the insert inte owelve areas such that the low and high
lemperatures for each area could be read on a mult-channel transitorized theemo-
meger.

A gradient of 137-30°C was used for all five species studied; 5. hudenoceuy
was also tested in u gradient of 10°.30°C, All species were tested in dechlorinated
tapwater. The four Texas species were tested in 15 mm deep water, Speocirolang
Bordivart, being a larger animal, was tested in 20 mm deep water Lo insure thal all
individuals were completely immersed.

The same insert was used for the control runs. Some control data were gathered
by allowing the entire apparatus to equilibrate with ambient temperature (20°C) in
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a temperature control roam. Cther control data were gathered with the insert fitred
into a separate woodeo box with a 1.3 mm thick aluminum hottom beneath which
were attached two electric heating belts equal in length to the insert. The heating
belts were controlled by an Athena Model 31 proportional temperature controller
actuated by a thermistor sensor located in the center of the insert. This permitted
the desired control temperatuce Lo be established independently of ambicnt
temperatire,

[l is mmwore accueats 1o describe the gradienl estoblished in the water 23 a
temperature-oxygen pradient. Cxyvgen tensions at the ends of the pradient weees
determined hy the Alsterberg modification of the Winkler method (A Public
Health Assoc,, 1960}, Water was cxtracted with a syringe from the hottem of the
insert, At 10°C the oxygen tension was about 7.3 ppan, at 15°C it was about
7 ppm, and al 30°C it was about 3 ppm. No attempt was made 1o eliminate this
oxygen gradient becavse one would expect different oxygen tenstons at different
water temperatures under natural conditions.

Spreimens were collected with small dip nets or by hand and were transporied
ta the laboratory in polyethylene containers filled with water from their respeclive
habitats, These containers were placed in polystvrens foam coalers to minimize
sharp temperature changes en route. The Texas specics were kept at 20°C in the
laboratory as was the Junuary collection of S, boffvaet. We laler suspected that the
latter species may have acclimated to this temperature, which is 3-5 C° cooler than
its matural habitat, For this reason, the March and May collections of 5 bolivarf
were kept at 247C in a heated aquarium. All species were kept in darkness and
infrequently fed pieces of crickets.

Before and after each experimentul and contral replicate the temperature at each
thermistor sensar was recarded, Usually the temperature at each sensor varied no
mare than £0.5 C” in the cxperimental conditions, With 8. bafivari the tempara-
tures in the middle range of the gradicot were occasionally wpset sy muech as
+1.0 €7 by the end ol the experimental replicate.

Forty-eight individuals of sach species were tested in both gradient and control
situations. In both experimental and control muns the animals were randomly
introduced (with the vse of a randmn numbers table) into the insert by area. facing
the sides rather than the ends. The purpose of this was to avord any positional or
directional biss. The laborarory fights were then toemed off, leaving the room in
total darkness. After five minutes the number of animals v cach area was counted
by RNashlight and recorded. Their positivns were recorded every five minutes for
two hours, vieldiog twenty-four ohservation periods for each replicate.

The two cirolanid species were each run in foor replicates of teelve individuals.
The other three speeies were run in six replicates of eight individoals each. Thus, for
each species, there woere | 152 observations made in hoth experimental and contral
situations. Stvgorectes Tadenorens was run ugain in a gradient of 10°.30°C because
its responses in Lhe 15°-30°C gradient were dilTicult ta interpret. The fiest
experiment on 8 bofirerd was done with forty-eight individuals which had been
kept at 20°C in the lahoratory. Forty-cight other individuals, which weee kept at
24°C, were used for the contrel run at 24°C and for g second experiment.
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Experimental and control duta for cach species were compared by 2 X 12
contingency lable analvsiz to determine whether they were significantly differant.
A compulerized lineur repression analysis (Sokal and Rohlf, 19697 was applicd to
each set of experimental and control data to delermine if there was significant
sssociation of numbers of observations with areas of the geadient and if there were
significant deviations of the data from u linear regression line. In three experiments
i which the data did nat 10 g linear regression, a computerized  srepwise
polynomial repression analysis {Dixon, 19710 was employed 1o determine what
degree of  polynomial regression  eguation best {it the data. Fourth-degree
pobynomial equations were computed Tor each of Lhe three experiments although
we found that o guartie equation fit only one of the data sets the best and
gquadratic and cuhie cquations it the other two the best,

RESULTS

The results of the experimental and contiol runs are presented as histograms (Figs,
26} In each histogram the ordinate represents the twelve arcas af the insert and
the temperature at each thermistor sensor (averaged over all the replicates), The
abacissa represents the total number of ohservations racorded for each area.

Fig. 2 presents the results of the two experimental runs and the cootrol resulls
for Stvgorecier hadenoecus. Inspection of the gruph for Experiment [ (157-30°C)
seems to indicate a preference for the cool end of the gradient and roughly
inereasing avoidunce of warmer temperatures, One might conclude from this graph
alone that this species prefers temperatures of 137-20.5°C (76% of total
observations), pechaps being strangest between 137 and 16.57C (38% of total). This
interpretation does oot take inlo account the possibly large “end elfect™ which is
evident in Lhe contral results, End effect, or edpe effect, is the tendency tor
animals (o concentrace at the boundaries oo theie enclosure, and the contrel data
measure il. We also tested this species in a 10°-30°C gradient (Expesiment 2) to
determine i the apparant prefercnece in Experiment 1 was consistent, lospection of
the graph for Experiment 2 indicates that this species does not prefer temperatures
of 15%-20,5°C, and that it has no well-defined temperature prefersndum, Tt is
probable that the large number of observations for area | in Experiment 1 was the
result of end effect, It is probable that the lack of end effect in area 1 of
Experiment 2 was the result of 3 slight svoidance of the cold end. Both experiments
show that this species markedly avoids temperatures above 247C.

Cantingency table analysis {(Tahle 1) showed thal each of the experimental data
sets were different from the control data and from each other (P<<001). Linear
regression analvsis of the Experiment 1 data showed a significant linear relationship
between areas of the gradient (independant variable) and numbers of observations
[dependent variable} (101, The v values {dependent variable) did not deviale
significantly from the regression ling (P2 08}, Linear regression analysis of the
Experiment 2 data showed no significant association of € and ¥ values (P=.057 and
there were no significant deviations from the linear regression line (P> 03}, In the
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Talble I. 2 x 12 Contingency talle analyses of experimental-control and experimen-

tal-experimental data

Area of gradient chamber

1 2 2

5 hudenoecny
Experiment 1 206 192 90
Control Ia5 103 B

x® {11d.f.=245.92, P <.001
1 2 3

5. hadencecus
Experiment 2 BE ]12 %0
Control 165 03 HE

¥ /11 d.f =233.80,P <001
] 2 3

F. hadenoecus

Experiment 1 206 192 99
Experiment 2 B8 112 90

i 11 df = 21508, P <001

1 2 3
&, russelly
Experiment 143 55 65
Control 173 B35 46

v} 11 df.=3628 P00l
1 2 3

Aselfus sp,
Experiment 133 86 ol
Control 111 74 0F

¥* f11df = 10524, P<.001

I 2 K
O, feaens
Expreriment 30 20 17
Coantrol 127 83 &7

v 1L df=402.97.F<.0M
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Table 1 Continued
Area of gradienl chamber
L 2 3 4 ] B 7 b g w 1 12

S Bolivor

Experimant | 179 7 3289 93 65 Al fd TS5 132 lab 127
Cuantrol 205 75 4 77 2 Bs  T: 59 TT T2 Bl 182

¥t 1l dfo=55.7%, P<.00|

1 23 4 5 5 7 8 9 10 11 2
5 halivierl
Experiment 2 170 6% 72 59 60 &5 69 71 104 140 15% 114
Control 20 75 74 77 92 % T2 59 77T 7?8l 182
¥ 11 d.0 = 7945, P <001

1 2 14 5 & 7T & 9 jo 11 12

S bolivari
Experiment 1 17% 74 72 5% 93 &3 6} 64 75 |32 149 127
Experiment 2 170 &9 2 39 a0 83 &% Y1 104 140 )55 11

i,

P LA =1392, P08

control, % and v wvalues were oot significantly associated (P> 053 but there wers
sipmificanl deviations {P<100). indicating curvilinearity., as can be seen from the
graph, The conflicting results feam the repressinn analyses on the two experiments
indicate 1o us that 8 fudenocous behaves erratically in g temperature gradient and
hos no discernible (hermal prelerendum. 0L does, though, appear to avold
temperatures ghove 24°¢C.

Fig. 3 presents the experimental and conteal resulls for Stygonectes rssetli, This
species has no apparent thermal preferendum ina 157-30°C gradicnt,

Contingeney table unalysis (Takle 1) showed a significant difterence berwesn the
expecimental and control data (P<.001 ), However, Jinear regression analysis showed
there was no significant asseciation of x and ¥ walues in either the experiment or
control (P=05), The v vulues in the experiment did not deviate significantly leam
the regression line (P2=02), but the v values in the control did (P<2010, I may
appear fram the geaph for the experiment that this specics exhibited some response
1o temperatures of 18.3%-21.3°C, However, this small peak is anly 30% of the total
pupher af ohservations and does not demonstrale a lemperature preference 125
ponse. Daring the expenment. we made 3% abservations on 4] difterent vecasions
of an aninal o severul anioals clinging to the thennistor sensor at the cold end,
There is o little dealbs that in any instanees these were the same animals from one
observation period Lo the next. In one experimental replicate. there was at least ang
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Fig. 3, Experimental and conteol reatbts For Stvganecror pairells.

animal clinging to the sensor at the cold end for 20 consecutive observations, This
may have been the same individual each time, These animals were probably “cold-
trapped”, or lethargic and immobile from the cold. Cold-trapping in this species
would lend support to the idea that this species s cather Insensitive to temperature
differances.

fig. 4 presents the experimental and control results for Aseflus redifelii, This
species had no apparent thermal preferendum in a 157-30°C gradient,

Contingency  table analysis (Table 1) of the experimenta]l and control data
showed a significant difference between the two (P<0O01) Lincar repression
analysis showed no significant  sssociation of x and ¥ wvalues in eicher the
experimental or control data (P=05) and oo osipoificant deviations in the
experimental data {F>035). The v values for the control deviated significantly
(P<03), Asellus reddeflil may avoid lemperatures above 25.5°C slightly but has no
other perceivable temperature response.

Fig. 5 presents the results of the lwo experiments and the control for
Speocivolgng belfvari. Experiment | was done oo animals which had been keptl in
the laboratocy at 20°C and Lxperiment 2 with animals kept ar 247C.
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Fig, 4. Experimentad and contool resulis for A neflis reddeli.

Contingency table analysis (Table 13 showed no signiticant difference hetween
the two experiments {F>05), Both experiments were significantly different from
the control (P<2001). Thus, it appears that this species did not acelimate its
temperature preference to lower lemperatures (20°C) in the laboratory. However,
inspection ol the graph for Experiment 1 reveals a slight peak of occurrences in ares
5, between 9% and 19.5°C, Tt is possible that a few individuals acclimated to
laboratary femperature and lingered in this arca. However, this is only conjectuere,

Linear regression analvsis for 8. baffvarr showed oo significant association of %
and ¥ values for either of the experiments or for the conteol {F2=05). However, all
three had significant devialions (P<01), Stepwise polvnomial regression analvsis to
degree four was appliesd to both sefs of experimental duta, A quadrstic pelynomial
regression was found Lo have the best fit for the Experiment | data which showed
significant curvilinearity (P<2.025). The equation described 63% of the variution.
Far the Experiment 2 data, 3 cubic polvnomial repression was found to have the
besl fit and showed significant curvilinearity (P<2.003). The equation described 847
of the variation, Thus, it appears that this species has a rather weak hot discernible
temperature preferendum, about 20°-30°C (38% of accurrences in Cxperiment |,
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63% in Experiment 2). In both cxperiments the greatest nwmber of observations
vecurred inoarea 11 at 255°-27°C. This specics seems to prefer its own cave
temperalure, roughly, yet its preference is weak encugh to allow some end effect
and possibly some mild cold-trapping, Slight avoidanee of the warm end in both
experiments indicates some degree of temperature selectivity also.

Fig. ; shows the experimental and control results for Circdanides texenids. -"Ls v
be seen, this specics has an obvious temperature preferendum of about 20".30°C
(88% of total {]bM:fl"r'd[lGII.S}. The greatest number of observations in a single area
occurred bviwcen 2.5" and 23.57C (23% of total). This species prefers temperatures
2to 12 O warmer than the highest temperature recorded in its habital (157C).
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Contingency table analysiz (Table 1) indicated a significant difference between
the experiment and control (P<1001}. Linear regeession analvses of the experimen.
tal and contral data showed a signilieant association of 8 and v values in the
caperiment {201}, none in the control (P=035), and significant deviations for
both (P01 for experiment, P<.{05 for control), Stepwise polynomial regression
analysis of the experinental data resulted in a guoarlic equation of very close it
(98% of vanation cxplained), The data were highly significantly curvilinear
{P<001), Almost 68% of the variation was described by the linear term alone,
reflecting the sharpness of the corve’s peak. There can be little doubt that this
species has a very well-defined temperature preferendum.

DISCUSEION

Of the five species studied, three have no discernible, or at best, very weak
temperature preferenda, one has a weak preferendum, and ooc has a strong,
well-defined prefercndum. The three species with no  discernible  preferenda
probably responded somewhal (o both extremes of the gradient. This is horme out
by the fact that their responses were lingar whereas the control data were
curvilinear, and the fact that the experiments were significantly different from the
contrils. The differences may have resulted from avoidance responses, cold-
trapping, responses to the oxvesn gradient, or a combination of these phenomena.

There is a pessibility that some of the species had temperature responses which
were obscured by their responses 1o the oxygen gradient. It this were so, it would
anly show that their temperature responses were relatively weak. 10 appears that the
temperature response of © fewensis was very strong because itois difficult o
imagine why this species would prefer the oxypen-poorer end of the gradient. Tt
might be objected that the large end effect at the cold end in Experiment | on S
hadenoecns, and in hoth experiments on 8 bodfvari, was enhanced by a response o
the oxygen gradient. However, Experiment 2 on 8 hadenoecus demonstrated no
preference for the colder, exygen-richer end of the gradicnt. The end effect at the
culd end in both experiments on 5. Befflar was not as large as in the control, which
presumably had no oxveen gradient,

The avoidance of two extremes demarcates o prelerendum. but such a
demarcation was possible only Tor the two cirolanid species. Even though 5
hadenoeens and A reddelli had few ocourrcoces in the warm end and relatively great
numbers of oceurrences in the cold end, these are nol neecesarily best explained as
taxes. These may have only been Kineses (cold-trapping in the cold end, and a rise
in body temperature, metabolic rate, and locomorar rate in the warm end)
Although these species may have responded to the extremes of such gradients as
10°-30°C or 15°-30°C, these extremes probably never occur in the caves they
inhahbit, Therefore, their responses to such extremes are nimportant o them in
their natwral habitats.

Two general explanations for the results of this study may be suggested. First,
assuming that cach of the species is isolaled in o subterrapean babitac, the
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temperature Quctuations of cach habitat may ke mnore important than the degree of
cave-adaptation 1 determimng the extent lo which each species exhibits a
temperature preferendum. If these species are imprinted with a temperatire sense,
the caves having the aresiest temperature fuctoations may then have the squatic
species with the least temperature specificity. Nowever, this would not explain why
the Devil’s Sinkhale containg a species with a navrow peeferendum (O revensis) and
another with no discernible preferendum (5 fudenoecus ). Also, the water tempera-
ture in Zesch Ranch Cave vacies little, yet this cave is inhabited by 5 rasselfi, which
has no discernible preferendum, and Sphalfoplens zesehi, which has a well-delined
prefercndum,

Mitchell’s {1971} hypothesis seems 10 better explain the behaviar of {hese
species. The three species with no discernible preferenda have probably lose their
abilities to perceive and respond to spatisl differences in temperature becaose
temperature is relatively constant in their habitots, The Joss of thermoereceplors and
temperaturz-related behavioral traits would be analogous to the loss of eves and
plzment, structures which are oon-adaptive in cave animals, We could hypothesize
that species which have only entered the early stages of troplobitism, gven though
imprisgoned in the hypogeum, may cetain theic lemperature preference responses.
This would apply to both “recent”™ species and those which asre older bul which
have underaone slow rates ol adaptation.

The explanation for the pronounced temperature preferendum of Crexemnsis
may lie in s peographic origin and ancestry, The Cirofaninas are predominantly
marine, all but one of the North American freshwaler species heing cave-dwellers,
1 the eleven North American cavernicole species, ning are from tropical or
semi-tropical areas, Cave cirolanids are commonly referred 1o a3 “maring relicts”
because their distributions are easily explained, in some cascs, us a resull of direct
coloniestion of subterranean waters by marine ancestors. Bolivar v Pieltain {19503,
Wandel (1964), and Bowman (1964) have discussed the origing of cave cirelanids.
Wande] said, “Les Cirolanides by pogéds sont si voisins des lormes marines que U'on ne
saurait douter qu'ils en dérivent directement. Mais oneils passé par un stade €pige ct
dulcaquicole? Clest e 4 quoi nous ne saurions sépondre actucllement,” However,
Mitchell and Reddel]l {1971) said, =C fexensrs, like the stvgoncectid amphipods, as
suggested by Haolsinper (1967, was probahly decived fram its marine stock through
the intermediacy of a freshwater ancestor, since marine waters receded (rom
Central Texas prior to the time of cave wccessibility and never encroached upon the
area subsequently.” Bowman (1964} discussed the possibiliey of Anreolena fiva
having been derived from a freshwater ancestor, but was undecided as to whether
this was an adequate explanation of the species’ distribution (it is known only from
one cave in Vieginia), In view of the wemperature preferendum of Crexensis, and
the species’ wide distribution io Central Texas, we sugpest that this species had a
rather recent freshwater sneestor, We slso sugpest thal its ancestar was of southern
derivation since the species prefers temperatures more charactenstic of tropical
waters than temperate waters, Colonization may have occurred in Recent times
during the warming trend following the last glaciation,

Speacirolwig bolivard i3 probably the descendant of a marine species whiclt



TEMPMERATURLE PREFERENCES OF CAYE CRUSTACEANS |87

direetly colonieed caves along the fronr of the Sierra de E1 Abra, parl of u massive
Cretaceous platform. Uplift of the Sierra de Bl Abra accurred in carly Tertiary
times and was aecompanied by recession ol the sea from the area (Mitchell, 1969}
Caves may have heen available for colonization as early as Cretaceous times
(Mitchell, Russell, and Elliott, in press). Thus, this species may have been a cave-
dweller for o long period of lime, yet it stll retains a wmperatore preferendum.
This may he the result of a glow rate of cave-adaplation. Mitchell {1969) has
hypothesized than the rate of cave-adaptation in the tropics may be slower than in
temperate or highland areas, Energy cconomization, being at a premium in caves of
Iow food input, may accelerate the selective loss of non.adaptive, energy consuming
struciures and traits, Tropicsl and semi-tropical areas, wilh their relatively greater
food abundance hoth oo the surlace and in caves, may have cave species which
evolve troglohile features al a slower tate than temperate or highland cave spocies,

In conclusion, il would seem that a very constant temperature, theough time,
may not be necessary for truly imprisoned troglobites to eventually lose their
responses to spatial temperature differences, We refor ro aquatic troglobites which
woulld have access Lo neither the epigeum nor deeper grouondwarer. [0 a cave were s0
furmed that the water in it were shallow, and all of U underwent Lhe same
temperature fluctuations, there would still be no advantage i heing able to sense
and respond to temperature chanpes. An exwople of s would be Jack’s Toiot,
Aselluy rededelli s imprisoned in this cave by the drop oulside the entrunce and
probably has oo access to lower-lang groundwaler because ol the way the cave
Moor rises toward the hack. Water which comes indirectly from the surface may
undergo temperature fluctuations dependiog on the weather. Since the cave is
small, the water flowing through it would probably be of & unilorm temperature
throughout, and temperature changes would be Qairly uniform throughowt the cave,
The aquatic fuuna would have no “choice” as far as temperaturs is concerned., 11 i3
likely that sirular situations exist elsewhere, such as springs and interstitial habitats,
s that one mght expect a loss of temperature selectivity lor animaly imprisoned in
thise habitats.
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SUMMARY

The temperature preference responses of five species of troplobite crustaceans were
studied in a 157-30°C gradient, Seygonectes hadenoseus, 5 mssefti, and Asefluy
reddelii had no disceroible temperature preferenda, Speccirafona balfvard had 3
weak preference for 20°.30°C. Chrdamides tevensis liad a pronounced preference
far 20°-30°C, temperatures much warmer than that of its habitat, The lack of
temperature prefecenda in three species sgroes with the hypothesis thal imprisoned
troglobites tend to lose responses to those environmental suriables which are
constant in caves, 5 Bolivar! may retain its temperature selectivity becaose of a
slow rate of cave-adapiation. 1t is hypothesized that O fexensis is recently
deseended from a tropical, epigean, freshwater ancestor.

RESUML

Le préférendum de termpérature de cing espéees troplabies de Crustacds a éré frudid
dans un intervalle compris entre 157 et 307, Stvgmrectes hadencecus, 5 nussedfi ot
Asellus reddefli ne présentent aucun préférendum de terapérature notable
Specciroluny bolivari montre wne légére préférence pour les températures de 207 3
30°, Cirplanides texensis posséde un préférendum Lrés marqué pour des tempéra-
tures comprises entre 207 et 30°, températures plus élevées que celles de ses
habitats.

Labsence de préférendum de température chex trods espéoes est en accord avee
I'hvpothése selon laguelle les troplobies confinés tendent a perdre toute réaction 3
des variations des conditions du milieu qui sont constantes dans les gravees, 1
semble que 8 bolivari conserve sa sensibilité aux variations de termpérature par suite
d'un faible taux d'adapration au miliew caveroicole, On peut admettre que les
réactions de . rexensis signifient gue celle espéoe cst 1ssue récemment d'un ancétre
épipé des eaux douces tropicales,
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