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Seasonal Changes in a Population of Pseudanopthalmus tenuis (Coleoptera,
Carabidae) in Murray Spring Cave, Indiana: A Preliminary Report.

by

James H, KEITH*

INTRODUCTION

The question of seasonal reproductive cycles in troplobitic organisms 15 one that bus
been raised many times, bul bas, until comparalively recently, received very lictle
data by way of an answer. (See Barr, | 968; Calver, 19715 Jegla and Paulson 1970,
Poulson, 1963 and Yandel, 1965: pp. 380-382).

It hus been proposed that, given the relative constancy of the cave environment
feonstant darkness, minimal temperature snd relative lumidity Quctuatioos), those
erganisms, both aguatic and terrestrial, that are adapted to Lhe cave environment
would exhikit little or no reproductive seasomality {Bede] and Simon, 1875 in
Yandel, 19635 138100 On the ather hand, the Auctuations that do ocour in the cave
enviennment, however slight, may be sufficient to serve as cues for reproduction
and  other scascnal activities in lreglobitic organisios, 10 has been noted  that
flooding in caves scems to control the sessonal reproduction of some agqualic trogho-
betes by triggering reproduction (Hawes, [939 and Poulson, 1963) and to cause the
rodification of reproductive belavior in ather aquatic troglobites in order to cope
wiath the flood, as sugpested by the work of Cuelver (197 1)

Flooding muy give seasonal cues 1o terrestrial troglobiles since, in caves where
flocding does occor, it @5 prediclable (occurring mainly in winter and spring in
temperate segions) and may exert profound chanpes in the physical parameters of
the cave by lowering the air temperature, ineressing the relative homidity and
depositing sediment (Cropley, 1965 Poulson, 1904 and Burr, 1968} It may also
seasonally renew the eneray supply of the cave by transporting and depositing
arganic debriz (Poulson, 1964 and Barr, 1968,

I may be pointed out that while the majerty of agoatic troglobites seem Lo
exhibit seascmal reproductive cyeles, terrestrial troglobites exhibit both seasonal
and nonseasonal reproduction, (See Poulson, 1964 and Vaodel, 1965, p, 381 for
summuries. )] The question, then, must be not only whether oo organism exhibits o
seasonal reproductive eyele or not, hut what coes, 1f any, exist i its enaronment to
maintain the cycle.

STUDY ARLA AND FAUNA

Murcay Spring Cave (Fig, 1) 05 situated just east of Paoli, Indiana in the lower Se.
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Genevieve Limestene (Indiana Geolopical Survey, 1966) A map prepared by Ritter
(1969} indicates that the cave has shout 486 m of passage. Much of its length
consists of walking stream passage flanked by high mud banks. The final 90 m of
passape becomes progressively lower and eventually the stream siphons. The main
passape 15 intersected at several points in the ceiling by u high, narrow canvon
passage (nof shown in Fig. 13 which is largely inaccessible. The entrance of the cave
is sitvated at the head of a collapsed spring aleove, The stream water exits at the
base of this collapse and feeds a small surface pond.

The entrance collapse is responsible for the large deposits of muod seen through-
ot the cave, Flood water. slowed at the collapse. backs up into the cave and
deposits silt, clay and organic debreis along its length. leaving mud hanks up o 4 m
higl, Stream water subsequently vndercuts these banks in some areas. causing them
to slump. This leaves a network of cracks in the muod in which Psenduiopfinhaiines
and other organisms spend much of their time. Flood waters seldom reach the
ceiling, except at two low points near the entrance, and at the hack of the cave.

Preudmophthalinies renreis (Bare, 1960 and Krekeler, 1958). a rroglobitic
trechine beetle, is the largest and one of the most abundant erpanisms found in the
terrestrial arthropod fauna of Murray Spring Cave. Hs length ranges from 4.0 to 6.0
rm in length in this cave. Tts diet, as determined by observations of unconfined
heetles in Murray Spring Cave, consists of collembalans (3 observations), small
oblipachaztes (2 observations), diplurans {1 abservation) and immature diplopods
(2 observations). It is preved upon by the salamander fnrvecs feeffioge (as deter-
mined by examining salamander feces) and by spiders such as Mefo rewardi and
larger specimens of Phametta subterranca. o the latter case, the wehs of these
spiders may contain as many a3 four dead beetles ar one time, Cocasionally, the
beetles may prey upon ooe another {siogle field obseovaton in Murray Spring
Cave).

The beetles have three fdentifisble stages sfter cwersence from pupation, The
first is a teneral stage.which characterizes newly emerged beetles. These have o very
characteriztic butler vellow color, a low weight-to-length ratio and, in the females,
undeveloped ovaries. After about o month {feld observations on lenerals penned in
the cave and fed regularly ), the head and pronatiem become reddish-brawn while
the elytroo remains lighl. These parily sclerotized, or late teneral beetles do not
seem to differ from teoerals, cxcept io coloration. The time of transilion {rom o
late teneral to an adult heetle s onknown. Adult beetles sre uniformly reddish-
brown in color. are heavier than tenerals or lare tenerals and females have ovaries in
varions slupes of development.

The larval development of these heetles is virtually unknown. Two larvae have
heen collected froom Murray Spring Cave, both about 1 mabove normal stream level
on the mudbanks. One found on May 18, 1973 was 3 mm long and one found an
June 29, 1973 was 6.5 mm long. Both were found on trips masde while the cuve
stream water was receding after flooding, Efforts to keep these alive proved wnsie-
cessful and both died within a week of caplure, 1t was noted, however, that the two
larvae both showed burrowing activity when penned in contuiners of cave mud. I
wis also noted that their movements were sluggish hath in the pen and in the cave
when they were collected.
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Feevdanopfithalinns will retreat into cracks and crevices when toiched or dis
turbed. Howoever, o constant vibration of the mudbank, such as by repeated thump-
ing with the fist, couses many beelles to leave their refuge wod retrear up the
mdbank to the rock wall or ceiling abowve. 11 is conceivable that this flighl consti-
tutes g survival mechanism by which the beetles wvedd being trapped by Hood
waters which probably disturh the mudbanks in a manner similar to thumping an
the mudhank.

The avthor was informed by Dr. Karl Krekeler (personal communication) that
another species of Prendamophthalanaes, P voungl (See Barr, 1960 and Krekeler,
[9%8), alsa inhabits the cave. Ooly two specimens have appearcd in the collections
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made in that cave since Febrwary, 1973 This corresponds Lo s lrequeney of abour
D025 for this species during that period. Singe these species cannot be easily
differentiated i the feld and since £ vowiel vecures in such a low frequency, the
duty presented are considered B0 represent £ ey only .

METHODS

The cave is visited at weekly or semiweekly intervals, flood conditions permitting,
and all leld dara are pathered st tese limes, Waler levels are read at staff gages set
at T and 11 (Fig. |} Water level For the day is read directly and tempera paint
applied to the side of the gages parmuts interim high water levels to be read as well.

Population estimares are obtained by using both a mark-recapture mechod and
censusing of 9 m> plots (2 m wide x 4.5 m long). Tnitislly, 26 stations were set up
along the passage at 152 mointervals, At each station a peefall trap haited with
cheese and kidney was used 1o colleet beetles for the nark-recapture study, Census-
ing was conducted at 812 9 m? plots chosen randomly along the modbanks, Due
to fooding of the traps and possible bait bias, this method was abandoned and the
traps removed at the end ol June, This was replaced by an alicrnate system. At each
stulion w9 m?2 arca (2 m wide x 4.5 m Jong) is delineated, The plat is then searched
and the beeules caplured with an aspirolor sexed, marked and celeased lor cecap-
tire. These plots are alse used for the visual census. At the end of June the nomber
af stations was reduced from 26 to 24 due to the extreme difficulty in reaching the
last two stations,

Marking consists of a serics of up (o four dots applied o the elyviron of the
beetle in four colos of automobile touchup paint using a 4/0 paint brush, The dots
indicate st which station and which month the beetles were originally captured aond
marked. Population estimates are calewlated monthly using the Petersen [ndex P =
M m, where M is the number of marked animals released fron the first sample; n
is the number of animals in the second samples mois the number of iarked animals in
the second sample and I" is the estimated population. Standard deviations for the

ST (n-m)
NoimE 1P im+2) {See Rofl, [973).

The wvisual censuses are recorded as Lhe number of beetlesim? for all plots
censused [CENSLS in Table | and Fiz. 2) Tn oorder to compare these with the
population estimates, the estimates are also expressed as beetlesim? nsing as esti.
mate of 1288 m? ol mudbank ares for the cave (EST in Table | and Fig, 20

For laboratony study, 6-10 beetles wre collected onee cacl month und placed in
A ethanol. The bestles are blet dried and the females dissected under a 5%
dissecting microscope W delermine the condition of the ovarioles and ovaries, Any
eges present are counted and measured. Weight is expressed as milligrams mm of
length to correct for size differences among the beetles. The number of individuals
of the fuogus Lebowlbendn stibrerranes Thaxler, which infests these beetles (Dr.
R.K. Bemjamin, personal communication to Dro Michael Tansey ) is determined and

estimates are caloulated by the farmula 5.0, =
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expressed as the nomber of individuals/beetle, It i3 reasoned that the degree of
fungal infestation of the beetle population is. in part. a function of time so that
changes in the age structure of the population may be indicated by chaoges in the
depree of infestation of the beetles,

RESLILTS

Table I presents the results of this study presented as monthly averages. Aspecls of
between station varialion will be discussed in later papers.

Water Leved Flucnaations

Tt can be seen from Table | that the water level was high in the winter and spring,
From Febroary through April. the cave was flooded much of the time, allowing
enly three trips 1o be ooade o the cave ducing that period. From May through
Augost, the water level was neacly always low. The indicated high water levels
during this period were 8 result of sudden thunderstorms ruther than long-taem
fleading. Mo fooding occoreed in September and October, but in November and
December the cove began flooding for increasingly longer periods of time as the
rainfall increased.

FPoymdation Flhictuations

Fig. 2 is a composite graph of columms 1.3, 4.6.7, 12 and 13 of Table 1. The rige
in population shown by the ST curve in Fig. 2a may reflect a reinvasion of the
cuve mudbank wrea by the bectles, possibly Trom the relatively dry canvon passage
above the stream. The EST corve peaks in July and then beging to fall rapidly. The
ratia of estimated to censused heetle densities represents the number of beetles
actually occupying the mudbank relative Lo the average number of beetles foraging.
This ranges from 14.2 in July to 1.9 in October. The CENSUS curve changes little
hut gradually rises through the fall indicating that beetles are spending more of
their time oo the surface of the mudbank. This rise coincides in time with a pulse of
late teneral beetles whose average weight-to-lenpth ratio is much lower than that of
adults (0,65 ve, 0,90, respectively ). Since the late tenerals are Hphter in weight, it is
probable that they have lower food reserves and would spend more time, relative to
adules, om the mudbanks foraging for food.

The curve labelled FUNGI (Fig. 2b} suggests that the adult beetle population
lurns over every veur. The hypothesis, that changes in the population age structure
will be reflected in changes in the degree of fungal infestation, is supported from
Tuly onward wheno the fiest tenerals appear and the sdults bepin to die off, ay
sugpested by the drap in the EST curve. The initial drop in infection incidence,
from May through June, may be due to a general migration to the mudbanks by
bectles that are less infected. Lindroth (1948) has shown that the transmission of
infection in the Laboulbenizceae seems (o depend, Tor the muost part, an contact
with spote-containing soil. I there s 2 componenl of the beetle population that
spends a large proportion of its time during the winter in the canyon pussage of that
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cave, where there is often much less sail due to the passage configuration, this
component might be expected to have a lower infection rate than ane which spends
its time moving 10 and from  the mudbanks between periods of high waler. A
general migration back Lo the modbank area, then, would serve to lower 1he overall
infection rate.

The pattern of teneral appearance wlso suppests o vearly population lurnever,
Tenerals [irst appear in July and continued to appesr until September. The time
[rom the frst teneral appearance until the firsr late teneral appearance 15 one
month, which agrees with observations of penned teneral beetles. [0 seems Lo take a
longer time for late teneral beetles 1o altain adult coloration. [n October, the
collection conlained male Frendarophihaimes with normal adule coloration but
lightly sclerotized sedeagi. This suggests that it takes 3 minimum of two months for
late teneral to assume adult coloration. This supeestion is further supported by Uie
vhservation thal late tenerals persist in the population roughly twice as long as
tenerals { Fig, 2c).

fvidence for Annua! Popdaiion Tutiover

The monthly pattern of egz length and noober and the nuinber of corpor lutea
per female beetle is consistent with an annuoal population turnover. In sexually
mature [emale beetles, ceps ranging from 0.2 to LD mm in leneth are found. To
serve a8 2 seale of reference, veps that are 075 mm io length or greater are consil
ered to be pature while the others are in various stapes of development. The
presence of corpora lutea (Mursh, 196% p 37 is noted und e number is expressed
as the average nuwmber per female beetle, The prescoce of corpora lutey in the
ovaries indicates that epps lave Been luid and e ovaries spent.

[t can be seeo thut the wverage number of egas per mature female beetle snd the
gverage cpp length (Table 1) increase until August when the first eazlaving hemins as
indicated by the presence of corpora lutea (See g, 2o After that tome, the
average egg size increases while the averape number of epps pec mature (emale beerle
decreases due w0 the development of the smaller cegs and an inerease in the number
o epes laid, As many as seven eggs in various stages of development have heen
tound in a single female. lowever, the average number of eggs per pravid female
beetle (as apposed o Uwe wverape number of eggs for lemales with adult colorilion,
az shown in Table ) is gbouot three, The lack of ezes in December is due to the fact
that all of the females collectad had either undeveloped ovaries and adnlt colar-
ation, or were late tenerals, indicating, mest likely, that those with adult coloration
had recently been late lenerals,

The weight-to-lenpth ratio varied both wath the month and the period of ege.
laying. The ratios were averaged anly for beetles with adult coleration. Table |
indicates thar the weight of the beetles remained Taicly constant until August when
it begins 1o decrease. In the case of the female beetles, this drop concides with the
release of eges, In the males, however, there is obviously ne epelaving (o accoum
for the drop in weighl. This weizht loss may be secounted for in the males and, in
part. in the females, by increased copetition for food browght about by an influx
of fmmature beetles inte the muodbank svstem. This competition may, io lum,

explain the drop in the EST curve and the rise in the CENSUS curve of Fiz. 2, 4
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decrease in tolal numbers due cither (o mortality caused by starvation or an cmigra-
tioa Lo other areas, and an increase in the number of foraging beetles. Since teneral
and late teneral beetles are somewhat translucent. it is a simple matter 1o observe
the condition of their guts io the field. A full pot is characterized by a black spot
under the elvtron. Field notes indicate that about 0 of the tenerals and late
tenerals had full auts during the period from September-November, Laboratory
dissections for that same period reveal thal less than 405 of the adoll beetles had
full guts and that the puts of the rest of the adult beetles contained only a small
gmount of unidentifizhle greenish-hlack matenal. It must be nated here that these
abservations muse be interpreted with cawtion, When handled, the beetles usually
resurgitate o small amount af material, [0 las ool vel been shown whelher this
complerely empties the put or not,

LISCUSSION

From the daly presented, it appears that Prewdunopiitielmos ternes exlibits a
rather well-defined seasonal reproduction. The heetles emerze from pupation in
summer and bezin feeding, In late summer and early fall the [emale adults in the
potlation lay epps and after this, the adults begin to dic off rapidly. By December,
practically all of the population vonsisls of those beetles which had emerged the
preceding summer. These become sexually mature by the following sumumer. hreed,
lay eggs and die. The egas laid hateh some time poor to May and the larvae underge
an unknown number of jostars, These pupdle snd begin to emerge as tenerals in
July,

The cumuolative late teneral frequency (Tahle 1) can be seen to he about 10k,
If the population size remains constant from vear to wear, this would indicate that
there is & vomplete vearly turnover of the adolt population. The discrepancy be-
tween the cumulative frequencies of the tenerals and late renerals (405 vs, 1073)
can be explained by the observation that tenerals are more sccretive Lhan lale
tencrals and adulls (Poulson and Kane, personal communication).

Tt alsee appears that the modhanks of Murray Spring Cave i3 only one of the
habitats oocupied during the year and that the deier parts of Lhe cave ate inhuabited
during periods of Tooding, The prey of Prendunophifudmoy feneds can be classified,
for the most part, us detritivores {Barr, 1968} Census of the tops of mudhanks,
which are rarely covered by floodwaters, reveal a neacly constant population of
collemholans while the lower, often Nooded mudbank arcas are generally complete-
ly lacking in these specics afler floods (personal observations). Repopulation of the
lower arcas scems to take about 1.2 weeks, provided new flooding does not oceur.
The same censuses reveal that beetles are rarely found on the taps of mudbanks but
will quickly reappear on the lewer mudbank areas afler flooding subsides. Two
slrategics are suggested here:

1) A heetle may attempt to “conunute” between the mudbank areas and the
upper levels during periods of flooding and low water. This would increase its
chances of finding suitably prev, bur on the other hand, the prey species available
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wintld he diminished and the energetic cost of “commuoting” may be rather high
when compared with the amount of energy ot receives trom foraging on the mud-
vank, In addition, its probability of being infected by fabodbenia sublerrunicn
would be enlanced by inlimare contact with the cave sail. While the Laboulbenia-
ceae seem o have no direetly deleterious effect oo infected beetles (Lindroth,
1948}, they are found on every part of their body, including the legs, mandibles
and antennae (persenal observationsh. Infection by Cfabowfbendis suliterrmmes may.
therelre, reduce the beetles, foraging efficiency by interfering with its movements
andl sensory and feeding activity.

21 A heetle may spend the greater partion of the Hooding period in the apper
level passaees, While one would expect 1o find few it any, suitable prey species in
this area. the beelle may survive by ingesting imued washed down from the surface
throwgh joints in the limestone. 10 has been noled repeatedly (persenal commuonica-
tion, Themas Kane and personal chservations) that penned heetles, in the absence
of food will ingest muod or sand from the substrate, Personal observations have
shown that the beetles can survive for & considerable amount of time on this diet
(theee months or more), presumahly feeding an hacteria and other microflors and
AJauny. {See Vandel, 1965; pp. 330-346) The encrpy intake would be low, hut on
the other hand, the cost of obtaining food would also be fow. In addition (o this,
these hectles would be expected to have a lower rate of fungsl infection, since they
wowld have less contact with cave swil.

It seems that both straregies are being employved in Murrsy Spring Cave. It is
seen that beetles are abundunt on the mudbank cven after flooding. After the
winter and spring Tocding subsides, hwowever, there 35 an inerease in the numher of
beetles present and & corrssponding drop in Tungal infection (Table 1 and Fig, 2,
which sugpests the introduction of o different component of the beetle popualation
intor the rrdbank envirenment. Traps set on the tops of the mudbanks have caught
na beetles, which indivares that they are not spending an appreciable leneeh of time
on the mudbank taps, even during floods

Moo matter which of these strategies is emploved, the net effect wouold be to
lower Lhe beetles’ overall cocerpy intake ducing winter and spring flooding. Since
Prendanophhalines 1s basically predatory, it would require a becter dier than the
organisimg derived from ingesting muwd in order to be reproductively successful,
Profonged occupation of the mudbanks by both Psewdanophthalmus and its prey
would then be required, o siluation which is possible only during the summer and
tall. The disenvery of beetle larvae immediately alter heavy fooding coupled with
their relative immohility and bureowing activity indicates that the larvae probably
can and de servive in the mudbank doring the winter and spring. Pupation and
emergence in Lhis environment during the summer would then insure the tenersl
beetles an adequate and immediately svailable food supply.

The fall decline in numbers of the adult heetles can prohably be best explained
by saving simply that the adults have reached the end of their life span. If this is
trie, then it is highly unlikely that Frewdanopitiudous fennds survives for much
ware than a vear after emergence. Since many carahid beetles can live up o four
wears {Armett, 19607, this would seein o be an exception to the findings of other
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investipators that show that troplobitic organisms have a greater life span than their
epigean relatives {Poulson, 1964 and Vandel, 1965 p.370).

The seasomal reproductive cvele of Frewdanogpiithafmus fenuds, then, is closely
attuned to seasonal changes of the mudbank environment, The mudhanks harhor a
large population of prey species for Prewdanopitlalines, due to the large amounts
of mud and organic debrs deposited by Nood waters, However flooding, which
is quite predictable, removes many of the prey species from the modbanks and denies
the beetles access o the mudbanks for appreciable periods of time. Duriog these
perinds, the beetles must survive on a diminished diee. There is ne evidence to show
that the beetles are remaining on the unfloeded mudbank tops or exploiting the
nearly conslanl numbers of prey ilems found there. Ruther, they seem to be leaving
the mudbank arcas entirely during periods of looding. Doring the summer and fall
manths, when flooding iz virtually nonexistant. the beetles are able 1o ocoupy the
mudhanks and feed and reproduce there, The larvae probably stay on the mod-
banks and emerpe in the summer when there is no significant danger of being
washed out or isolated from their food supply.
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SUMMALRY

A study of 4 population of Paesdanopditfnlnns feawds i3 being conducted in Murray
Spring Cave. Orange Couoly, lodisna as one facel of a larger rescarch project
encompassing the entire terrestrial community of that ceve. Chunges in behavior
and ahundance determined by censns and mark-recapture methods and physiolog-
cal changes determined from field-collected heetles indicates that these animals
exliibil a seasonal reprodoctive rhythm probably mediated or controlled by winter
and spring flooding of the cave.
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[LESUME

Parmi les différents aspects abordés daps o vaste programme de recherche portant
aur Fensemble de la commnauté terrestre de lo Muerray Spring cave, Orange coun-
ty. Indiana, celui de Pétude d'une population de FPrewcinopftlainnes tenuis osten
cours. Les chungements physiologiques {détermings & partic d'individus pris sur le
terraing el ceox dans le comportement et Fabondance (déterminés par déncimbre-
ments directs et une méthode de recaprure d'individus marqués) montrent que ces
animaux possédent un rvthme ssisionnier de reproduction, probablement influencé
il contrile par Jes inondarions de la prodte en biver et ao printemps.
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