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Laboratory studies of predatory behaviour
in two subspecies of the Carabid cave beetle:
Neaphaenops tellkampfi

David M. Griffith *

SUMMARY

Comparative studies on the [oraging behavior of Neaphaenops teltbamp(t tellkampfi
and M. 1 mendionalls demonstrated adaptation to different envireoments. The southerm
subspecics N, o sreridioraliz, which is found in wet muddy caves where cave cricket ezgs
are unlikely prey, did not locate buried cricket eggs and dog lewer und less accurate holes
int the lab than the nominate subspecics. N ¢ fellkamp(t, which reaches high densitics in
sandy deep cave environments where cricket egps are the only viable prey, gained
significantly greater weight than seeridionalis when presented buried cricker eggs as
prey, There was no difference with respect to weight change between the subspecies in
the presence of Promaphaeus larvae, N ¢ sweridionalis pained weight a1 a significantly
greater rate than the nominate subspecies with enchiviraeid worms as pres. Enchyeaeid
warms represent the natural prey most likely 1o be encountered by N1 rmeridoselis. 25%
of beetle holes were dug deep enough o potentially located buried cricket eggs. Since
Hubbell and Nortons” morphological dats on the relationship hetwesn cricket avipositor
lenghth and beetle predation have some problems with sample sizes and minor
assumptions, | conclude that there arc no unequivocal data that support the pessiblity of
coevolution between Neaphaenopy and Hudenoeces.

INTRODUCTION

Comparative studies of behavioral adaptation are common in the
literature (c.g., Blumer, 1979; Greenwood, 1980; Gross and Sargent,
1985 Wittenberger and Tilsen, 19801, The pattern of adaptation o the
etnvironment revealed in these studies is compelling (see Dobsen, 1985,
lor an alternative viewpoint), In this paper 1 present evidence ot
adaptation based on laboratory studies on loraging behavior of two
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subspecies of carabid cave beetles, Neaphacnops tellkampfi rellkampfi
{Erichsan, 1844) and &.¢ reridionalis Barr, 1959,

The two subspecies arc appropriate for comparative stadies
because 1) laxonomic work by Barr (1979) provides hvpotheses which
may be tested bv behavioral studies, and 2) electrophoretic work by
Kane and Brunner {1986} has supported many of Barr's taxonomic
conclusions based oo morpholegical characters, Barr also made
evolutionary speculations on the origin of predatory specialization of
MNeaphaenops on the egps of the cave cricket Hadenoecus subierranetss
{Orthoptera: Rhaphidephoridac). These evolutionary statements are
considered in this paper.

The purpose ol this paper is to (1) present and interpret the results
of a laboratory study on the foraging behavior of two subspecies of
Neaphaenops on different potential prev ilems, and 2) to present new
data on and 1o re-evaluate the hypothesis proposed by Hubbell and
Norton (1978) of coevolution belween Neaphaenops and the cave cricket
Hadenoeows subterranews. This hypothesis suggesrs that beetle preda-
tion on cricket eggs has led to the evelution of longer ovipositors of cave
crickets. Longer ovipositors may make it hacder lor beetles to locate
buried cricket eggs by virtue of placing them deeper in the substrate,

The carabid cave beetle M.y tellbampli 15 commonly found in deep
cave sandy sites, where it locates and consumes the eggs of the cave
cricket Hadenoecus subterranens (Orthoptera: Rhaphidophoridae), The
success of nominate relllampfi at locating cricket eggs, a high energy
resource, accounts for the relatively high densities of beetles observed
in sandy sites (Norton et al,, 1975; Kane and Poulson. 1976; Barr and
kuchne, 19710,

The southern subspecies N, ¢ meridionalis occurs in caves thal are
typically wet and muddy, flood regularly, and in which sandy
substrates with cricket eggs are largely ahsent. The leeding habits of
mievidimmialis in the cave are generally unknown. Bary (1979) reports a
single observation in which a beetle was observed "eating a small
chrysomelid beetle that had washed into the cave through an upper
sinkhole entrance’. On one occasion 1 chserved a beetle eating the
carcass of a cave cricket, Other potential prey items of = 1 mg that
co-ocour with both subspecies include the laryvace of the Leiodid beetle
Provnaphagus firtus and enchyviraeid worms,

METHODS AND MATERIALS

The nominate teltkampfi subspecies was collected from Edwards
Avenue in Great Onyx Cave in Mammoth Cave National Park. Edwards
Avenue is a sandy deep cave site in which the eggs of the cave cricket
represent virtually the only prey item lor the beetles (Kanc et al., 1975;
MNorton et al., 1973; Kane and Poulson, 1976).

The southern subspecies, N. 1 meridionaliy, was collected from Hoy
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Cave in Simpson County, Kentucky, for return to the lab lor comparati-
ve behavioral studies with nominate relfkampfi. Hov Cave is located 45
miles southwest of Mammoth Cave National Park. Hoy Cave is a wet
muddy cave that floods regularly, Cave crickets are present, but since
sand is not available lor ovipositing, it is not known where the crickets
lav theireres,

Three separate experiments used subspecies as treatments, and
compared weight change in the presence of three putential food items,
The tood 1tems for the experiments were (1) cricker eggs, (2} larvae ol
the Leiodid beetle Momaphazes hiras, and (3) enchytraeid worms, The
egas were collected by silting sand in Great Onvx Cave within
bectle-tree enclosures. Promaphagus larvae were raised in lab cultures
Irom wild caught animals (see Peck, 1975, for lab culture procedures).
Enchytracid worms were purchaesed trom Carolina Biological Supply
Company because it was impossible to extract them intact from the
mudfclavisilt substrates in the cave. In addition to the above experi-
ments, [ ran two sceparate assavs of weight change on sand without
food. i
There were Hyve replicates per treatment tor all lreatments, and the
interspersion of all treatments was randomized within an environmen-
tal chamber. There was one beetle per bowl. All experiments were run
for 15 days al a temperature ol 15°C within 21 cm diameter glass finger
bowls, The taps of the bowls were covered with plastic to maintain high
humidities. Beetles were anesthetized with €O, and weighed to the
nearest 107° mg with a Cahn 25 clectrobalance at the beginning of each
experiment, and at 2-3 day intervals during the course of each
experiment. The main response variable was per cent weight change
per day per beetle, The number and spatial distribution of holes dug in
the egg finding experiment were also recorded, since holes dug in sand
represent foraging eflorts of beetles that are trving to locate ericket eggs
{Kane and Poulsorn, 1978],

[ used a t-test for analyses of weight change data. Log likelihood
ratio tests {G-tests) were used to test null hypotheses of no difference in
numbers of holes dug between treatments and in simulated mounds vs,
not in simalated mounds within a treatment (Sokal and Rohll 1981),

Lgg finding experiment

In the egg linding experiment, four cricket eggs were buried under
simulated ericket oviposition mouands in cach bowl. The bowls were
half-filled with sand collected in Great Onvx Cave. The necessity ol
cricket oviposition mounds for cave beetles 1o locate crickel eggs was
established in prior studies (Griftich, 1990),

Pmmaphﬂgus larvae experiment

In the Promaphagus larvae linding experiment, lour piles (1 cm
diameter) of veast (food for the larvas) were placed in each bowl. The
bowls were hall-lilled with mud collected from Hoy Cave, Two large
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{prepupal), two medium (2nd instar), and two small (st instar) larvae
were released in each bowl,
Enchviraeid worm experinent

For the Enchytraeid worm experiment, tour small (1 cm diameter)
piles of dirt from the worm culture medium were placed in cach bowl,
All bowls were half-filled with mud callected from Hov Cave, Two large
{= 2 ¢m), two medium (1.0-2.0 cm), and two small (< lem) worms were
released in each bowl.

Cricket avipositor lenghts and beetle hole depths

Adult erickets were captured by hand in Great Onyx Cave and were
brought back to the lab to measure ovipositor length, Five female
crickets were removed on ten separate dates over Lhe course of one vear
lor a total of 30 crickets,

Beetle hole depths for the nominate subspecies were measured in
the lab. Although the experiment was originally designed o determine
how beetles located buried cricket eges (sce Griffith, 1990, for details)
here only the frequency distribution of hole depths (N = 97} is given lor
comparison with ericket ovipositor lenaths,

RESULTS

The resulls of the two separate assavs for weight change on sand
without food suggest that there is no dillerence between the lwo
subspecies, but there are clear subspecific dilferences in ability 1o lind
and consume prey items (Figure 1),

Egg finding experiment

Nominate telikampfi gained sigmificantly more weight than meri-
dionalis {t = 3.509, p = 02}, but only two out of live nominate teflkampfi
actually ate cggs and gained weight. All five meridionalis bectles lost
weight. N, 1. meridionalis was unable Lo locate cricket eggs due to
poorer accuracy of hole digging (only 3 holes in mounds vs. 23 holes in
mounds [or nominate teffkempfi, G, = (7022, p < 001 and fewer
holes (13 holes were dug by . 1 meridionalis vs. 37 holes for nominare
rellbampti Gy, = 10,144, p < 0.003),

Prowmapiiagus larvae experiment

There was no difference in weight change between the two
subspecies when given Plomaphagus larvac as prev {1 = -0.089, p = 9.
Only two beetles (one of each subspecies) gained weigth. All six larvac
disappeared [rom these two bowls, There was no difference between the
treatments in the total number of larvae consumed, with 13 larvae
disappearing in the nominate telftampfi treatment and 14 larvae
disappearing in the meridionalis treatment, At least one larva disappea-
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Fig. | — The mean per cent weight changes per day for the theee leeding experiments and
the two separate assavs withoul tecd show that: 1) There is lole difference between the
subspecics when lood is absent (A, 21 M. ¢ mendwnalis lost more weight than & 1
eellfanpft when given buried oricker cpps (B3 3) Both subspecies lost weizht in the
presence of .F‘[”n:aph:.:p:{_f.‘ larrveae (U0 Y L meriedforradi s mained significantly more weishe
than nominate felionpt when given enchvtraeid worms (00 Verticad hines indicate
siandard deviations. Qpen bars represent & 5 elfeonnf and hatchee bavs reprosent & 1
areridinnalis .
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red from each bowl. I did not directly obscrve predation in this
experiment,

Enchyvtraeid worm experiment

N. ¢ meridionalis gained weight at a signilicantly greater rate than
nominate feltkarmpti when presented Enchytraeid worms (1 = -3.687. p
< (.02), All beetles of both subspecics gained some weight. Observa-
tions ol beetles during the course of the experiment revealed contra-
sting predatory behavior. N ¢ meridionalis used its mandibles to cut up
the large enchytraeid worm into several pieces, which it then ate "at
leisure”. No worms were observed o successlully escape an attack b
meridionalis, Nominate rellkampfi, on the other hand, grabbed one of
the ends ol a large worm, and was usually tossed back and forth as the
worm struggled Lo ree itself. The worm was successtul at freeing itself
from nominate tellkaripfi on 5 out of 12 occasions,

Cricket ovipasitor lengths and beetle lhole depths

The Irequency distribution of cricket ovipasitar lengths and beetle
hole depths is presented in Figure 2. The mean depth of beetle holes was
Ll mm. Mean cricket ovipositor length was 13.5 mm. Notice the higher
variance in beetle hole depths when compared to the cricket ovipositor
lenghts. Since cricketl eggs are 2 mm in length, a beetle nesds to dig
onlv "11.5 mun deep before reaching the top of an ege, Approximately
22% of beetle hole depths were dug deep cnough to potential reach Lthe
top of buried cricket eggs.

DISCUSSI0N

Barr (1979) belicved that the greater degres of morphological
departure ol mertdionralis from the other three subspecies of Neapfae-
nops indicates that meridionalis is the oldest isolate. Barr also argued
that Neaphaenops shares a common ancestry with a group of carabid
cave beetles in the genus Psendonophithalmns that is confined to the
southern portion of the range of Neaphaenops, Finallv, biogeozraphic
evidence indicates that Neaphaenops appears to be in the process ol
expanding its range northward, These three lines of evidence led Barr
1o postulate a southern origin tor Neaphaenops in the vicinity of the
wertdionalis subspecies. Kane and Brunner (1988), abter analvzing
clectrophoretic data on all tour subspecies, agreed with Barr's hvpothe-
sis of a southern origin tor Neapfraenops,

Specialist or peneralist?

Barr (1979) and Kane and Ryan (1983) suggest that Neaphaenops
can cal prev items other than cricket eggs due to evolution of some
generalist foraging tendencies that allowed an expansion of the niche to
include untavorable habitats (12, habitats where crickel eggs are not
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Fig. 2 — The proportional distribution ol beetle bole depths (open hars) is relatively
Hatier than the proportional distribution of cricket ovipositon lengths (suld bars), K= 97
[ holes; W o= 50 for cricket ovipositurs,
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available). My data show that ¥, ¢ meridionalis could not find cricket
egps in the sand in the lab, and may be more of an enchytracid worm
specialist than a cricket cgg specialist, If N, ¢ meridionalis has close
allinities with the ancestral state, as Barr (1979) suggests, then these
results are consistent with Barr's hypothesis that the ancestor of
Neaphaenops may have been originally a generalist predator which
ecxpanded its range as it evolved cricket ege finding behavior after
cncountering northern sandy caves. The sequence of events leading to
cricket egg specialization can be answered only by further studics on
related carabid cave beetles in the genus Psendanophihalmus. Clearly,
the abilitv of nominate rellkampfi to locate cricket eggs accounts for the
high densities measured within sandy sites inits range, and the ability
ol N1 meridionalis to consume enchytracid worms, which are most
likely prey encountered in wet, muddy caves, is adaptive in the
southern part of the species’ range.

Coevolution

Coevolution mav be delined as the reciprocal genetic responses ol
lwo species to each other over evolutionary time, Studies which
demonsirate coevolution between two species in this strict sense are
rare [see Futuvma and Slatking, 1983, for a review), Most of these
examples of coevelution involve mutualistic or parasitic relationships
ez, Feinsinger, 1983; Holmes, 1983).

Hubbell and Norton (1978) hypothesized that the Hadenoecus-
Neaphaenops interaction may be an example of a coevolved predator-
proy pair. They compared ovipositor lenoths of cave crickets from caves
with hectle predators with ovipositor lengths of crickets Brom caves
without beetle predators and determined that crickel ovipositor
lengths were significantly longer in cricket populations experiencing
beetle predation. The implication was that because of the 1-2 mm
longer oviposilors, eges were buried 1-2 mm deeper in the sand, which
made it more ditficult for beetles o lind the cges. At present, there are
no experimental data which directly conlirm or reject this connection
belween ovipositor lengths and beetle predatory success. My data on
avipositor lengths and beetle hole depths show that if ovipositor length
were 2 mm deeper, lew beetle holes (approximately 425, which is a six
fold reduction from the original 25%) would still be deep encugh o
locate the eggs, Hubbell and Norton alse clted the extensive geographi-
vl overlap in the distributions of the two species in support of the
cocvolutionary hypothesis,

Although the indircet evidence of ovipositor length is strong, there
are twao principal arguments which may be raised against a coevolutio-
nary hvpothesis. First. although cave beetles have evolved specialized
hehavior to locate buried cricket eggs, cave crickers face many different
predators during their life eyvele. For example, at cave entrances cave
crickets mav be consumed by salamanders, woll spiders, and mice.
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Studies of coevolution show that when one species interacts with many
different species, tight coevolutionary relationships among pairs of
species are rarely seen {(Futuvma and Slatkin, 1953},

Second, Hubbell and Norton may have been wrong in assuming
that predation on cricket eggs occurs in all areas where beetles and
crickets co-cccur, Hubbell and Norton assumed that cricket popula-
tions in caves which contain N . meridionalis expericnce beetle
predation, My experiments show that in the lab meridionalis did not
locule buried cricket eggs in the sand. Hubbell and Norton also assume
that two other subspecies (N, ¢ viator and N. t. henroti), whose
behaviors and ecologies are presently unknown, also eat cricket epgs.
When I compare ovipositor lengths of crickets that only co-oceur with
nominate tellkampfi populations, their data show means of 12.72 mm
E;N = 11 caves) and 11.64 mm (N = 14 caves) for "predated” and

nonpredated” populations, respectively. Although some of the sample
sizes within caves were small (= 3 individuals), this difference is
consisterd with a coevoluticnary hvpothesis.

In conclusion, the data on ovipoesitor lenghts and beetle hole depths
support a hypothesis of coevolution, but further studies are necessary
on demographic and morphological traits of Hadenoecus in relation to
the presence and absence of beetle predation. These studies are
DECS-‘:’-HEII"};‘ before any definitive statements on coevolution mav be
made.
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