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The Effect of Cave Entrances on the Distribution of Cave-
Inhabiting Terrestrial Arthropods

by
Stewart B. PECK*

The catrance of a cave is generally regarded as havinga number of effects on the
environmenl and fauna of the cave. One of the prime effects is that the
entrance is an input site of potential food materials (Barr, 1968; Barr and
Kuehne, 1971: 49, 61: Poulson and White, 1969, Vandel, 1965 328), The
food input may be in the form of dead organic matter, such as leaves or
wood passively falling ar washing into the cave. The potential food may also
actively enter the cave in the form of animals such as crickets and bats and
result [rom their death, or from the deposition of their wastes,

Populations of cave-inhabiting arthropods are generally considered to be
food-limited. 1f this is $o, it would be expected that cave faunas, relying on food
iput from the external environment, would have a preater species diversity and
larger population sizes in the parts of a cave with the greatest food availability,
My own empirical field observations in temperate North American caves have
convinced me that arthropod faunas are often most abundant a short distance
inside the dark zone of a cave entrance. This phenomenon has also been
noted in Europe by Deleuwrance-Glacon (19630 162), Some further studies
indirectly support these observations and expectations. Poulson and Culver
{1969} found that terrestrial arthropod species diversity is higher in parts of the
Mammoth Cave system of Kentucky where substrates have a higher organic
content. Culver and Poulson (1970} investipated species diversity ina very small
Kentucky cave and found it to be highest at the cave entrance, where cave and
epigean faunas mixed. Such abservations and results, however, are usually true
only in the summertime, In the wintertime, the parts of any cave near the
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entrance experience coldness and dryness unlavorable o terrestoial cave
arthropaods (Barr, 1967,

In 1967 and 1968 | quantitatively investigated the effects of a cave entrance on
the abundance of a population of scavenging troglobitic catopid Prarmaphagus
beetles, The data gained, however, allow peneralizalions on the effects of an
entrance on all the scavengers and some of the other members of a terrestrial
arthropod cave community.

THE EXPERIMENTAL SITE

A simple way to test the summertime relationship of cave entrances to
faunal abundance 15 to quantitatively sample the fauna at intervals from the
entrance into the decp cave. Environmental variables other than distunce from
the entrangce should be made minimal. The ideal cave should be long,
relatively linear, without side passages and streams, and without varying
substrate and moisture conditions, There should be only one entrance serving
as a foad input site. Under such conditions, it would he cxpected that the
population densities should rise, and then fall sl propressively deeper sampling
slatinns.

Such an ideal experimental cave is almost nop-existent. The  hest
approximation that 1 could find in the aver 300 caves that 1 have studied in
northeastern Alabama and parts of adjacent states, was Crossings Cave, at
Paint Rock, Jackson County, Alabama, at the edge of the caverniferous
Cumberland Plateau. The cave meets the above ideal requirements except for
substrate variahility, as is explained later.

The entrance is on a forested and pently sloping northiacing hillside, is
roughly oval with a maximum height of 2 m and width of | m, and is at the
lower end of a slight sink depression. Tt was formed by the collapse of a cave
passapge which maintains a general width of from 10 to 15 m throughout the
length of the study area, The cave ceiling is flat und regular, and because of
floor irregularities, is from 20 to 10 m above the fMloor in the center of the
passage. Mo streams are present in the cave. The substrate 1o the first 20 mois
lnose soil which has washed into the cave from the entrance (figure 1). This
soil contains visible organic detritus mostly in the form of leaves which have
fallen in the entrance. Orpanic debris may. under very unusually wet
canditions, be washed into the cave for up to 60 m. Ctherwise, the floor
throughout the study arca is composed of moist rock, flowstone, or mineral soil.
Conditions in 1967 were more moist than in 1968, Rimstone pools located from
20 to 40 m in the cave were full in 1967, They were empty in 1968, but the
substrate here and elsewhere was still suilably moist. At distances over
200 m from the entrance, the substrate hecomes drier, and 1s compaosed of fine
silt gnd graved,

The rocks and flowstone surfaces in the first 40 m are lightly stained hy
Hadenoeens cricket guano, The intensity of the black stain of crcket guano
increases from 40 to 60 m inside the cave and s most intense from 60 to 100 m
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Figure | Talus slape aod sl floor just mside the entrnee ol O rassings Cave, The entrance isell
is the two light spats abosve, behind, and fo the right of the peeple. The trap a3 oy was
sel 1 the pwilipht sone in e talus below e entrance proper, The trap at 10 m was sel
in the cave dark sune in e flat soil floor ol the base of the s,

with depaosits of up 1o 5 mm in thickness, The intensity of guano cover declings
from 100 m onwards. At 130 m, the cover is thin and spotty, and little or no
puano discoloration ol the substrate 15 visible from 160 m onward into the
cave. The heavy guano accumulation on the foor from 60 to L m shaws that
here, oo the ceiling above, is the region of greatest adult cricket abundance.
There are no apparent differences in the cave ceiling in this region to suppgest
reasons why the crickets prefer to roost in this section of the cave, other
than that it is seemingly an appropriate distance [rom the cave entrance,

The cave is inhabited {personal data and manuscript on Alabama cave
faunas) by a large suite of troglobites {obligate cave-inhabitants) including two
species of beetles, three species of millipeds, two species of Collembola, a
spider, and a dipluran. A large troglophilic fauna (facultative cave-inhabitants)
is also present, including several species of heetles and spiders, and many
species of flies, Twa species of trogloxenie crickets complete the summary of
the fauna. [ have seen neither bats nor bat guano in the cave, so bat guano



Jiz STEWART B PECK

cannot be important as a food mput in Crossing Cave. As noted above, an
appropriate sampling technique could simulianeously determine the effects of
thg entrance on the abundances of many of these arthropod species.

METHODS

Baited pitfal]l traps were vsed as a sampling technigue, as described by
Poulson and Culver (1969), Peck {19733, Peck (1975, and Newton and Peck
(1975), Thirty ml gobbets of slightly rotted pork liver were used as baits, Galt's
solution was used as a presecvative in the traps. Ten traps were placed at
roughly 20 m intervals from the entrance up to a distance of 186 m from the
entrance, The location of the traps was selected so that substrate variability
was reduced as much as possible. The experiment was first performed in
Aupgust, 1967, and was repeated in Aupust, 1968, at the same trap sites. In
both cases, the traps remained in the cave for cxactly one week,

A visual census was made for one minute for any active fauna in anarea of a
ane meter radius around each undisturbed trap site before placing the trap.
Rocks or soil were not turned over or raked to detect any fauna which was
hiding or inactive, No fauna was seen in the censuses, and this gave a strong
impression of a fauna depauperate in both numbers of species and individuals.
Although the cave has a fairly uniform and fat ceiling, irregularities in the
floor did not allow an equal census of the ceiling for erickets at each trap site.
Where the ceiling was close cnough lo be examined, at stations 5 to § and 10,
o crickets were seen,

When the traps wers picked up, another visual census was made of the
area around the trap. No fauna was seen that was not in the trap or on the
bait, except in 1968 when two Promaphagus were near trap 9 and one each
was at traps 5 and 7. These were added to the rotals for those traps,

RESULTS

The traps attracted and captured a total of 23 species of invertehrates. The
most significant species in terms of numbers of individuals were three
troglohites; the catopid beetle Promaphagus loedingt longicornis Jeannel, the
lysiapetalid milliped Tetracion jonest Hoffman (figure 2), and the entomobryid
collembolan  Prendosinelle hirsiie {Deboutteville): three troglophiles; the
cammon phaorid 1Ty Megaselia caveraicols (Brues), the less common sphacro-
cerd fly Leptocera sp., and the less common sciarid fly Scigra sp: and one
trogloxene; the gryllacridid cave cricket Haderoecus sp., of which all captured
individuals were small nymphs. All these species are scavengers or mycetopha-
ges (Sciara) as adults and; or immatures, except for Hadenoecus sp. which has
unknown nymphal feeding babits. The numbers of captured individuals of
these species, which are judged to be the most important scavengers {or
amnivores) of the Crossing Cave community, are presented by graphs for the
stations progressively deeper in the cave in figure 3.
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Figure 20 An imeregation ol Lerrcion o, o traglobibe esivpetalid sulliped. and oo Yoo
anail clusieed aoennd retled pig loes bair oy Crossings Cove The milliped s the mosr
stanthcans memdwn ol the Crossngs Cave scavenger community s ferms ol both -
dividual sere and odial species Baomass, I8 might alse be g predacec, perhaps an M-
s crickel gpis o mumphs.

The mther species that were cavght o the traps m either one ar both
years occurred in sigmficantly lower numbers, These then du not represent a
large component of the community, but sinee so little s known oo the subject
of cave community compasition, it is worth noting their presence. Species found
only just inside the cave entrance at 3 m are a ptiliid beetle; one cach of the
phorid flics Dorripghora perplexa (Brues), Spiniphora slossonae (Malloch),
and  Prliciphora suavis Borgmeier, three nymphal grvllacridid cave cricket
Cewtfrophifis spooa lepismatid thysanuran: and o wrombidiid mite. The
troglophilic clubionid spider feiocramoides waivofor Keyserhing occurred with
four individuals from 3 to 10 m in the cave, and two snails, Mesodon sp., were
taken from [0 to 23 m. The troglobitic carabid bectle, Pyewdanophthalmus
foecdingl Valentine, was represented by six individuals from 23 to 78 m. Four
individuals of an aleacharine staphylinid beetle, A therg sp., were taken from J o
7% m. Four tineid moaths, dnodria arizonefla Dietz, occurred from 3 o
182 m. Twenty-two sminthurid collembola, Archopalites sp., were found in
1968 only, from 23 Lo 78 m. Oneeach of anant, a pseudoscorpion, a trichoniscid
wopod, and the psocopteran Popffipsocus rambhurdl Selvi-Longchamps were
taken from 136 (o LE2 min 1968,
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Figure 3. Mumbers of organsms {ordinade) couaght in Augost in 19487 and 1968 (columns down) in
carripn-haited picfall fraps in s seven day anlerval in Crossings Cave, Jackson Caunty,
Alabinne, at stalions progressivedy decper i e cave Geheissa), The ordinace and ahgsss
seiles are the same Tor all graphs, The same Lrap sites were used boih vers AL
Crickets (Gryltacrididae, Hodencecust, B Beetles (Leiodidae, Catapinne, Prossgdigas
fovdlingd Jongicornis). C. Flhies {mnstly Phoridae, espectally Megaveln covernioods, bur
including  same Scinidie. and  Sphacrocendae). D Millipedes 41 ssiepetalidae,
Fervae by et B, Collembola @ Pseecfondnge i fprain ),
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The relationstups of total numbers of all the trapped fauna to the depth
side the cave in cach vear are shown in figures 44 and 4B; the relationships
of the live weight biomass of the catch to the depth inside the cave in each vear,
mn figuees 4C and 4D,

The results far 1967 show a bimodal distributional tendency for faunal
abundances in terms of both total numbers of individuals and total biomass.
The first peak is just inside the dark zone of the cave, at 10 m, The second and
higher peak 15 at 102 m, and corresponds w the region of the cave with heavy
Hadenoecns cricket puano deposition, However, in 1968 the faunal abundance
i terms of numbers of individuals is unimodal with a broad peak from 10 to
42 m, and this Muctuates with a general downward trend lor progressively
deeper sites. The biomass picture Tor 968 is ane of a bimodal distribution with
the major peak at (0 m and with a broad but lower peak from 124 1o 156 m,

MSCUSSION

The first year: An equilibrium community

As expected, the 1967 results show a population peagk n terms of both
individual numbers and biomass just inside the entrance dark zone, The peak
oceurs at the averlap of the region of high food infall from the entrance with
the beginning of the cave region of cool, dark, and moist microclimatic condi-
tiens thal are stable throughout the summer,

Similarly, the population peak at about [0 m reflects the location of the
SCRVETECT community at the position of Haedenoecus coicket concentration on
the cave celing, and the region of greatest cricket guano availability,
Promaphapus, Tics, Teiracion, and Pyewdosinella are thus shown to correspond
in their abundances to that af the ericket guance, and this demonstrates the
importance of cricket puano i supporting this fauna. This dependency of the
scavengers an the crickets is to be expected n e parts ol the cave away from
the entrance food anput. [ s inknown whether or not the regions under the
cricket roosts are the locatians of the first ar second largest quantities of food
input into the cave in the farm of guano and occasional dead crickets, hut
larger seavenger populations are supported here than at the entrance where
phyvsical enviconmental tactors are seasonally mare variable,

The distribution of captured crickets (ligure 34) does not fully coincide with
the ahundance of the scavenger [auna because guano deposition. which attracts
the scavengers, results from the apgregations of mature and near-mature
crickets on the cave ceiling. None of these larger erickets were captured in the
traps on the cave floor. Only small nymphs, judged to he first to Tourth
instar were caught, 11 the nymphs do not feed as scavengers below the adults,
they need not congregite in the same arcas as adults, but may rather be maore
abundant in other regions for other reasons, such as remaining near the
substrates thal were suitable for the laying of the epgs from which they
hutched. Thus, cricket nymph ahundances need not correspond to sites of adult
concentration and defecation.
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Lastly, at 136 m. there is a coincidence of a high population of ericket nymphs
and of Tetracior millipeds, but not of other scavengers and not of cuano.
Since Abgeion, an epigean lvsiopetalid relative of Terracion, 1s known to be an
ommvore and perhaps a carnivore (Hoffman and Payne, 1969), the 156 m
abundance of Terracion may be due to its functioning in a predatary tole inoa
Hadenoecus oviposition site, The possibility of Teiracfon acting in a predatory
manner i cave systems should be investigated. 1f the milliped is a cricket epg
preditor, a competitive exclusion possibility will thus help te explain why
beetle predutors on cricket eggs do nol exist in caves of the southern
Cumberland Plateau of Tennessee and Alabama, while they do exist in caves
in Texas and in northern Tennessee and Keontucky {Barr, 1967, 1968, Kane,
Noctoen, and Poulsan, 1975 Narton, Kane, und Poulson, 1975; Michell, 1971).

The second year: A disturbed community

Althaugh a similarity exists in the structure of the populations in the ficst 500m
of the cave in both (967 and 1968, all the populations in the deep cave in
968 were very different. An inspection of the graphs in figure 3 and 4B shows
thiat the population numbers decreased in the deep cave and appeared to be
displaced towards the entrance, into the zone from 23 to 78 m. This may
represent un actual movement of the populations, but is more probably a reflec-
tion af a deep disturbance caused by the 1967 trapping and the subscquent
removal of part of the community.

For instance, the large milliped Ferracion is not as important in the cave in
terrms of numbers of individuals (figure 44, dashed line) as it is in terms of
community hiomass (figure 4C, dashed line), But as a simple consequence of
removing this one species 1 1967, the 1968 community picture became very
different in terms of both numbers and biomass.

Weither the milliped population nor the entire commumty in 1965 had
regained a structure and composition similac to that of the previcus year. Lo is
obvious that more than a vear 1s needed for the recruitment, replacement. and
stabilization of the populations, especially of this Targe milliped scavenger.
Since a averuge millipad individual has a volume af aboul .2 ml and a mass of
about (25 gm, the 1967 removal of 147 individuals at the 102 m station alone
represented the remaoval of about 37 grums of living blomass from the cave

Figure 4. Semilug plots of the scavenger community laken in pitlall traps (solid lines, total
community: dashed Tines, Tewracion millipeds) a1 stabons progressively decper in
Crossing Cave. A and B are numbers of individuals m 1967 and 1965 (as ordinare,
Pt 1) respectively, © and [ are Biomass o grams (as ordinste, Pat 13 in 1987 and
I8 e prectivels. Ao s, the seme o ol plets, ane trap distoaees from e
cave cubaner Phe wpice belacen the dasbed and saednd T represents the reliioe
importance of all other seavenger species epmpared Lo thid of Tewracise, Inoesms of
nurbess e 1967, this milliped generally accounts Tar shout hall the fauna (A, but
mikes up most ef the fauna moteome of amass (00 In 1968, the vear aller the inieial
disturbinee of the communicy, the milliped populiiion had sol recovered. The othe
species, released from competition with the milliped, expanded 10w greates praporion of
teta] communiey individual nambery (B and hiomass (04,
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svatem. Conclusions are that the cave cannot provide enowgh [ood, and | or Lhe
reproduction and growth rates of the milliped are too slow {or the replacement
of this biomass in a vear. Either of these reflects a direct ar indirect control of
the population by food abundance in the deep cave.

Predators and scavengers

[ beth years, many species koown to inhabit Lhe cave were noteollected. These
wre maostly rare in the cave, or are predators such as web-spinning spuders that
are penerally not taken at carnen baits, However, it would be expected thal
predatar abundance would be high where prey abundance is high, This is often
seen in caves where predatory beetles congregate near dung or carrion baits,
suppasedly because of the concentration of scavenging prey. The catch of
predators { Fsendamophihatmus, Athera, and Leiocramiodes) do not strongly
suggest thal this congrepation eflect was operating in Crossings Cave.

Compelition between scavengers

The Terracion millpeds were more sbundaot closer to the entrance in hoth
years than were the Promaphagns and Peeudoyvine!la. In morphology {the
number of ocelli and amount of pigmentation), Teeracion s not highly cave-
spectalized, and it thus may he maore tolerunt of entrance environmental con-
ditions than Promaphagus or Psendosinella, This possibly greater tolerance
may then allow the milliped to scavenge more successfully on the leaf debris
input in the twilight zone at the entrance.

The trap gt 3 m and the rap at 10 m caught the preatest diversity of
species. This may be mterpreted as an increased species diversity at the
ceotone of the cave and the forest, However, the fact that usually only one
individual of each forest taxon was caught shows that even though the diversity
is high, the additional species are not an important part of the entrance
community in terms of biomass or enerey Dow, and that these species are
not signiflicant competitors with the cave species.

Since all the scavenging {lies, Terracion, Collembala, and Promaphags seem
to depend largely if nat exclusively on crickel guano in the deep cuve, they
obviously are all m potental feod competition with each other. The
competitive limiting effects of one species population on the other are not
known. Because Teracion scems beller able o withstand the physical condi-
lions nedrer the cntrance as well as those o the deep cave, and has the
largest standing-crop blomass in the cave (excluding perhaps that of the
crickets), it is ecologically the most important member ol the deep cave
terrestrial community (again excluding the erickets). It must have g competiove
superiority over the other scavengers in Crossings Cave, At present there are
no clues as to how orif the guanoe resource is partitioned or utilized so that the
other scavengers are able to support themselves in the face of competition with
Terracion o size alone, one average 025 g Tetracion is the blomass equivalent
i but perhaps not the food consumption cquivalent) of ahout 160 Pramaphagis
fa weighed sample of 91 adult beetles pave a mean weight of 000G g
beetle), Individual fhes und collembola are about 12 e |10 the siee ab a
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Promaphagus. Consequently, the role of the milliped in energy flow in the
cave probably preatly surpassess that of all the rest of the scavengers combined,

In a community dominated by these millipeds, population sizes of other
speeics are suppressed, When large numbers of the millipeds were remaoved from
the community in 1367, the other species populations were released from this
competitive pressure, and responded by spatial expansion and population size
increase. Sinee the ather species require less than a vear to reach maturiey and
are smaller in body size, they were ahle in one vear to dramatically increase the
nuimber of individuals i theit populations in relation to those of the milliped
(figure 483 but were not able (o accumulate o proportional increase in lotal
community biomass {T1gure 412}

SUMMARY AND CONCLUSIONS

One prime offect of a cave entrance 15 that itis an input site of food for the cave
community. With this input. it s expected that summertime cave faunas are
comparatively more abundant near cave entrances, just inside the dark rone. A
test of this expectation was performed by pitfall trapping at progressiviely
deeper stations in Crossings Cave. Alahama, in the southern Cumberland
Plateau of the sputheastern Umited States.

The effect of the entrance an the undisturbed community of terrestrial
scavenging intertehrates was as expected, with a bimodal distcibution of
numbers of individuals and of biomass with {13 a peak just inside the dark zone
at about 10 m and (2} with the highest peak at about 100 m from the entrance,
These regions coinelde respectively with (1) where the cave dark zone overlaps
with the region of highest detritus infall from the entrance, and (2) with the
region of greatest adult Hadenoecus cricket coneentration an the cave ceiling
and consequently the region of greatest ericket puano abundance on the cave
floar.

Following the food input impottance of the Hadenoecns coickets, Terracion
millipeds are the most significant species in the cave scavengimg communily in
terms of bhiomuss and probebly of encrgy flow. They are followed by
Promaphagus catopid beeties, AMegaselin phoid (lies, and Prewdosinella col-
lemhbala,

When the trapping was repeated a vear later, the effects of the previous
faunal removal were sull evident. The community structure had not returned to
ils former equilibrium conditions. The distribution of population numbers n
the deep cave was reduced by more thun an order of magnitude even though
the scavenger populations increased in response 1o release from competition
with the milliped.

As previously concluded (Peck, [973) severe community disturbance resules
from indiscriminutate and massive trapping of terrestrial cave populations.
Future studies of this sort should wse only baits or traps which release the fauna
unharmed after the census has been performed. Study of community response
to the removal of a predator or competitor should only remaove one species
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asan experimental variable, not the entire study site community as did the traps
used in this study. Even then, il baits or live traps are used, recognition must be
made of the possibility of inducing an unnatural situation or of creating the
ceological cquivalent of a “Heisenberg uncertainty™ in any census through
sponsering the first concentration of the fauna, and by enriching the com-
munity through feading by baits and by encouraging reproduction, This crit-
wosm has been applied o studies where the use of baits have tended (o abscure
rather than clarify frosopfily habitar-dispersal relatiwonships (Jobnston and
Heed, 19750
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SUMMARY

Fapulatians of cave inveriehrates are generally considered (o be focd-lmated. The cave entrivice
is  mjor source of Tacd inpurinta the community inthe farm of decaying organie matier. Thus, Lhe
densities of scavenging lerrestrial cave mvertabrates should be related te e distianes from the cave
entringe becieinae this represents a measurg of food ghundance. A test showed this expectation o be
trie o Cressings Tave, Alabama. A population densiee peak occurred 10 minsade the eave wherne
the dark zane and detrifus infall regions meet, The greatest population peak occurred at 100 m
where densities of crickets and 1heir puano are highest. The patern should hold Gor moest caves, bul
the et l dastanees will vary oy each site dependimie an s cocomsiances, When the Lienag was
resenved from the cave. the remnant had mot regained . cormmominy cquiliboiom o sear Laer
Femuval of the dominant scavenger, o milliped, allawed nther specics populations o expand
because ol decressad competitians.

RESUME

Les populations dinvertéhrés cavermcoles sont péndralement considéress comme étant imitées par
la nourriture disponible. Dentrée de g grotee eat la source pringipsle dappoee de nowrricore & L
cammunaule, sous Torme de matiére organmgee en ddcompasition, Aissi, les densites d Toveriébrés
Terrestres cavernicoles et nécrophages seraienl en rapport avee la distionee les séparant de lenlide
de la grotee, car celle-¢f représente une mesure de Pabondance de nowrriture. Une expérience o
mantre Pesactitude de cetle prévision, daps los grottes Crossings en Alabama, La densicd de
population présente un pic & 10 m i Pintérieur de Ja grotie, 1 oo se ceneontrent la cone d'ombre g
celle des détries. Le pic carrespondant a la plus prande papulation se trauve 3 D0 mg Vined regs de
o grotle, i o les densiés de grllons at de lewr guano sont les plus fortes, Cet enemple paurcait élre
vitlable pour g plupart des grotees, mais les distances réclles vanerant dins chague site, salon les
cireomstapees, Lorsque Ta (aune estoretirds de fa groe par suite des padgeages, c@ qui resie n'a pas
retrouve un équilihre de communawté aw boot d'on an. Le retrait du nécraphage dominant, un
mille-paties, & permes a des populataons danires especes de s'élendre, par suite de La diminateon de
I eampétinn,
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