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Symposium on Life Histories of Cave Beetles:

AN INTRODUCTION

ny

Thomus L. POULSON®

The purpose of this jotroduclion is W provide ao overview of the six papers that
follow; any mistakes of interpretation are my own. These six papers were part of a
svmpaosium held at the 1973 annual convention of the National Speleological Soci-
ely in Bloomington, lodiaona. In addition to the speakers Drs. Thomas Poulson,
David Culver, and John Holsinper were discussants and reviewed the submitted
manuseripls {Dr. Terrence Marsh presented a paper on the carabid Derfingtones bot
did nut subreit o manuseript), All references without o date refer to papers included
in this symposicm publication.

We are particularly indebted to Deleurance-Glagon. Mitchell, and Barr for their
previous wark on cave heetles. Barr continues with fds systematic work on carabids
and trained four of the symposivm speskers al dilferent stages of their careers
(Marsh, McKinney, Nurton and Peck), Mitchell’s lsboratory and field study on the
carahid fhgdive snbferranea (Int. 1. Speleal. 1971 a, b, o} and a fascinating study
showing evolutionary Toss of cyelic activity and reduction of the metabolic cost of
aetivity among Rivdine species {Wiley and Mitchell, in lit.) are outstanding contri-
Imtions, Deleurance-Glagon’™s pioneering lab study of life cveles in troglophile and
troglobite catopids (especially Ann. Sci. oat,, Zeol, 12¢ ser, 5 {1963)) is perhaps
the classic. All of these workers have done milestone research studies which still
sland vy examples to be emulated.

Thiz symposium especially adds 1o out knowledge of beetle life history in relation
to within cave and hetween year differences in food supply and the relation of
these factors to population density and Lo interactions between potentially com-
prling species.

Peck’s work on American catopuds (Promaphagusy is the first in the UnitedStates
to use lab studies of life history on 8 comparative basis in conjunction with bio-
peapraphic and evolutionary studies of @ whole group {Bull, Museum Comp, Zool.,
Harvard, J45 (197300, He sugpests that the lack of reduced larval Teeding, so com-
man i the more evolved Luropean Speconues, may be explained by less avalu-
torury lime available for adaptation to caves in M. America, Another possibility is
that lower food supply during Lucopean glaciations resulted in more intense selec
tion for eperpy conserving muechanisms. A thind possibility is that the richer catopid
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fauna in Europe led to competition, the consequence of this being divergence
hetween oppartunistic troglophiles and more evolved troglobites. By this argurment,
American catopids would have broader feeding and habitat niches and moere flexible
life cycles due 1o low competition witl other heetle scavengers in the same cave
{ithough competition with non-beetle scavenperdetritivores such as milipedes, flies,
and diplurans is a possibility that should he explored). My own field experience
with one of Lthe less evolved Amerivan caropids, Prowmeaghags hirtus (lor which
Peck gives life history data with optimum food conditions in the lab), is that it has
a flexible feeding niche and lays few eges on food of low calonic svailability such as
leaves, bul many egas on energy rich food such gs dung oc carrion. Judging by
variation in adultl size, there is alse considerable flexibility in larval growth.

A completely different beetle feeding strategy. that of predation on “cricket”
{Gryllacridoidea: Rhuphidophotidae: Rhaphidophorini} eggs, has evolved conver-
pently in three penera of American carabids (MNorton, Kane and Poulson). Mitchell's
wark on feeding in Bhadine paved the way for Norton's continuing work on the
cocvalution of predatorprey interactions belween the foraging strategies of the
trechines Neaphaenops and Duerlingtonea and their prey’s (Hadenoecus) strategies
for hiding and dispersing their eges. Another agpect of this interaction, that of the
lite cycle of Meaphaenops in relation to the seasonal ceproduction of fadenoceas, s
treated at length by Kane, Norton and Poulson and by Norton, Kane aod Poulsan.
They use s variety of field data (timing of larval and popal stages, recruitment af
tenerals, fecundity, and increase in the female/male ratio as males die after mating}
to show a clear sepsonal cyele in Meaphaenops. This cyvele is initiated in spring when
Huodenoeens mate. The female cricket then lavs many epes over a one maonth
period, in areas of Toose substrate, and the female beetles find enooph cricket eggs
to produce and lay their own cges,

Detailed feld studies on heetles (eg above and Keith) lave contributed to
changing the old stenolopy explanation as the cause of apparent rarity of eges and
immatures of troglobites to an alternative explavation of real rarily based on covp-
tic behaviar, wide dispersion, and infrequent reproduction and few cezes per famals
in the more cvolved predatorny species, bBven epigean arthropod 2ges are hued to find
and in the detritivore troglobites such as the holometabolous Promaphegne, whire
larvae are commonly Tound, the eges are especially difficult to fiod because silt
particles adhere to the eggs. However, the rarity of immatures of predatory froglo-
bites like the trechine carabids is real and cannot be explained by specialized
microclimatic reguirements (E. Racovitza or Jeannel) or by the need for antibiotics
produced by microflors in clay (Cawmartin, Ann. Speleal., 74 (1959} Labaratory
studies on catopid beetles and opilionids (Tuberthic and Delay, Ann. Spelecl,, 28
{19733} have shown that neither narcow microclimatic requirements nor clay sub-
strate are required for normal life eycles. 1§ anvthing, Peck’s studies on Prome-
phagus doedingl larvae (in Tit. and i Poulson and White, Science, f65 {196%))
supgest that local populations must adapt to avoid attack by microflora in the cave
soil. ot that the microflora protect them from tungal attack. Furthermare, bath
Europran und Ametican biospeleclogists who study the same hahital on a regular
basis find some immatures of even the most specialized predatory troglohites such
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as spiders, opilionids and pseudoscorpions among the hemimetabolous forms and
even the larvae of the holomelubolous predatory trechine hestles. These predagars
are presumatrly longer bved than detritivores. based on size frequency data. In
NMeapheenops we rarely find small larvae, Thas may be due to canoibalism which
selects for wide dispersion and cryptic behavior.

Timing of reproductive oyeles differs locally within a cave, between caves, and
between years at one spat in g cave and 50 continwed feld study is required to show
the existence of seasonality. | agree with Cabidoche {Ann. Speleol., 24 (1969]) that
seasonal availability of food, which may be the effect of microclimatic cycles near
entrances of flooding, is the basis for seasonal reprodoction in many trozlobites. In
ather cases, seasenal differences in food import by animals are the basis for repro-
ductive seasonality in the troplobites and troglaphiles that are part of the subcom-
munitics associated with the kinds of food imported. My students and [ are study-
ing subcopumunities hased on bat guano and fecal dumps and leaf litter outfall from
the nests of cave rals (Neoronm) as well as near entrance guano of rhaphidophorine
crickets and deeper cave arcas where the corshid Meapfiaenops eats the Madenoecus
epps and scatters bectle feces (Poulson, Bull, Nat, Spelecl, Soc., 34 (1972)) These
leees are the basis of a specialized detrital subcommunity of small mites, collem-
belda, diplura and rare pseudoscorpions. In the deep cave, the amount of food input
may vary (remendously between years as judged by trends in Meaphacaope popula-
tivn density (Morton, Kane and Poulson). A& decrease in food input is an altemate
explanation to Peck’s observation of decrcased Prosaphages oeding population
density which Peck supgests is due o his trapping. NMeapharnops population fluctua-
tions are increases and not complicated by trapping disturbance, Keith (personal
communication} sees a several fold decrease in density and concomitant Increase in
fecundity in the second year of his sludy of Psendevopfithalimus fesmeis ina stream
bank community.

[y trechine curabids, it uppears to me that predictablz seasonal food input of ooe
major food type is associated with obvious seasonal Iife cveles, |22 year life spans,
and great between wear fluctuations in population density. On the other hand, there
is less marked seasonality of life cycles, 2.4 year life spans, and less population
fuctuation when there are many kinds of feod input and no one lype predomi-
nates. This “spreads the risk” such that populalion fluctuations between sites and
vedrs are only moderate,

The beetles with marked sessonality. [-2 vear life spans. and preat population
Huetuation have ane major food type that is strikingly scasonal in vecurence. These
include the cricket ege predator previously discussed {Veaphaenops) and a stream
mud bank Prewdanopitiahmes species where seasonal flooding i3 asseciated with
worm réproduction and the beetles depend primarily on these worms for fued and
reproduction (Keith), Keith has vsed many indices 1o show that the papulation of
Potepneds turns over vearly and fluctuates greatly between years. He demonstrates a
sequence ol new teneral appearance, male spermathecal enlarpement and then fe-
male owary growth to pinpoint fime of copulation, appearance of corpora lutea just
after aviposition. and increase in asei of parasitic Labonfhenda fungus to show aging
af adults with time alter teneral recruitment.
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The spacies with less marked seasonality, 2-4 vear life spans, and low population
fluctuation have many fuod types available. A near entrance area with a seasonally
risorous microclimate exemplifies this situation for Prencdanophihalmies meneiriesi
(Kane and Poulson, in 1it)), The beetles feed in rar nest areas. ral fecal dumps, and
under cricket toosts when the entrance slope s cold and dry because the micro-
arthropad prey are not active in the leaf litter, However, they prelerentially spend
time feeding on the entrance slope as it becomes cool and wet and microarthropod
density in the litter increases. These areas would be temporarily good fur larvae but
would extend the dife evcle, in time, i larvae were trapped by microclimatic
change, Racovitza (for an opilionid) and Jubcrthie and Delay (for the trechine
Aptwenopsy in Juberthie and Delay, ap. cit.) suggest thar selective slowing of egg
development in cool microclimates caompared to faster development of epgs Taid
later in warmer microclimates may give 2 more seasonal appearance of larvae than
expected from temporal differences in eag laving. O course, this could also tend to
decrease seasonality along with ditfercoces in seasonal peaking of food on different
areas near entrances, Whatever the case, i is clear that near entrance areas have
food concentrations and it may be that the microclimatic sensitivity of troglobites
sliown by Juberthic {Ann, Spelenl, 24 (1962)) allows them to exploit food rich
areas near entrances by moving toward entrance stopes as the microclimate hecomes
favorable in spring. In addition, Keith has recently shawn strong correlations be-
tween microclimate, floading, snd movement in Frewdanophithalnmes tevnis (Ph T,
dissectation, U, Indiana, 1973),

The diversity of fond and macrohabitat types in near entrance caves js also true
for the iwo caves where MeKinney studied niche separation between Prencl-
anaphititalmus meretricsii and P pubeseens. They have 23 vear lite spans and are
clearly more seasonal, as judged by recruitment of tencrals, than is Foomenericsis
alome {Kane and Poulsen, in lit). Seasonality of P omenetries¥ and P pubescens
when topether may be due to competitive displacement, which is puossible in caves
with heterogencous food inputs ol differing seasonal maxima in abundance and
may be reinforced by the agsressive behavior of P pubesceny (MeRinney ). The
seasonal recroitment aod selective favoring of P prbescens when be increased
microactheopod prev, led MeKinney to suggest that spatial differences in micro-
habitat associated with different food allowed coexistence, His subsequent labora-
tory studies of digging behavior and microhahitat selection are consislent with his
interpretation.

The significance of the population studies excmplified by these symposium papers
are secn in @ community context and this is where current work s being directed.
At the level of population inteructions, Kane (Ph. D, dissertation, UL Notee Dame,
1974) has studied the bivenergetics of fomging in potentiasl competitors {(Veapllae
nopy and Preadanophihalmus menetricssd) and Yan Lant (in prep.) 35 studving po-
tential interactions wmong four trechine species. Norton has studied the coevolution
of prey-predator, Hudenoecus - trechine egg predator interactions (Ph, D, disserta-
tion, Yale U, 1975)% At the community level, Poulscn and Kane (in prep.) have
studied seasonal changes, on a temporal and spatial basis, forall the fauna of 4 small
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cave over one und o half vears. This led to the idea of subcommuniries, referred 1o
above, based on different food types. Poulson s oow manipulating food rgor
{caloties available/gram/arca/time, c.g, leaves vs. dung) to test the subcommunity
hypothesis and [ollowing it up with enclosure/exclosure experiments to test the
effects of predators, like trechine beetles, on subcommunity structure,



