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The Ecology of a Predaceous Troglobitic Beetle,
MNeaphaenops tellkampfii {Coleoptera: Carabidae, Trechinae)

IT. Adult Seasonality, Feeding and Recruitment.

bw

Russell M. NORTON, Thomas C. KANE, Thomas L, POULSON

INTRODUCTION

This is the second of two papers dealing with the ecology of Newplaenops. The
procedure and a zeneral introduction will be found in the lirst paper.

RESLUILTS

A Adwlt Recraitamens

Recruilment of teoeral adulls in both Marion Aveoue and Edwards Avenoe shiows 2
marked seasonality (Figure 7). Teneral aduolts emerge chiefly in late spring through
early fall, althaogh there is some emergence throughout the year.

. Aduall Seascwalivy

Census data for all adult Meaphecnass from the Marion Avenoe and Fdwards Ave-
nue study areas are presented in Figores & and 6, respectively. Both areas show a
sinmer through eacly fall population maximum coincident with the recruitment af
teneral wdults inle the population, und g decrease through the rest of the year,

Sex ratio data for both arcas ace preseoted in Table 3. Although the sex ratio for
tenerals s 121 (N=200), the sex ratie for fully sclerotized adults on sandy areas
changes seasenally 1o a female mgjecty (up Le 201 just prico to the recroitment of
selerotized teneruls.

O Adele Feeding

The 46 feeding observations recorded for Meaplwenops Lo dute are listed in Table 2.
(F Lthese, the e pluy wlirg s a female in copuls feeding on a Hadenoecus nvmpl
The two ohservations of Meapdeenops feeding an oon cave-limited orgaiisms were
both made near entrances.

About one third of the predated first instar Hadenoeons nymphs appeared to
have been caprured during emerpence since they seemed to still be partially bound
by the vitelline membrane. We have also observed laboralory hatched oymphs
unable to free themselves completely from the membrane,
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Fig. 5 Adult Neaphaceaps papulation consuses in Marion Ave., Munmoch Cave, Despite goeat
year 1o wvear diffcrences in pepelation consws, there s 2 summer-fl pesk every vear
coincident with rmuasirnal secouatment of adelis,
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DSCUSSI0ON

A Adide Recruitnrent

The seasonal pultem of adult recruitment in sandy areas seems well established.
Adult longevity, however, remaing enigmatic, Since murking methods For Veg-
plgenaps Jonpevity and abundance are notociously unrelishle, it would be desirahle
Ly estimate longevity from the recruitment rate data. However, we have found
teneral feedmg decreases sclerotivation time, and theee i3 diffieuliy in deciding
whether to count nearly scleratized beetles as teoeruls, Finally, the eslimation of
langevety is confounded by year Lo vear differsnces ie recruitment and survival as
weell as emigration and immigration. [t seems safest to estimate adulf longevity as
somnewlial in excess of ane vear altheagh it may possibly be more nearly two,
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Fig. & Audult AMeapfacsops pepualation censises iy FEdwards Ave. Great Onyx Cave. The pat-
tern is like that seen in Marios Ave, (Fig 30,
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Talde 2, Feeding by Adult Meaphasnops.

Food Item

Month fladernneruy Neaphaenops Cither
EpES nyniphs all stapey

Linknown 1

Tanuary |

February | 2 L

March 7 E!

April 2 2 i

Mlaw z

June 1) 1

July i I e

August ] 4 ! 1]

Seprember

October

Mowvem ber 1+ L

Lecember

Totals 21 L5 4 f

Moles: * - leglabite, + = second or gher inslar nymph.

£ Adhlt Seasonaling

The adule census dara shows a population maximum during maximum recruitiment
lllowed by a steady decline. This pattern s a2 resnlt of seasonal recruilment,
overlapping penerutions and sn adull lifespan of berween one and two vears. Survi-
vorship data from markimg studies of fully sclerotized beetles at the beginning of
maximum recruitment are consistent with the adult longevity estimate (Norton,
winpublished).

Although the anneal pattern of fermale predominance on sandy areas jusl prior
to recruilment scems well cstablished, the meaning remains abscure. Fermales have
higher survivorship than males in the laboralocy, bul the situation 13 complizated by
hahitat selzction. Females tend to ocowr on sandy Hoors where eges are the predom-
inant prey while males tend to occur an the ceiling and walls where fitst instur
nyrmpls are the prey (Morton, unpuklished).

This systemn has the coincidental advantages of: a) providiog 8 mechanism {or
the systematic partition of the food niche, b) keeping most females on the sppro-
priate substrate for copulation and oviposition, and ) allowing prev egps to he
converted to predator eges with minbmal intervening metabolism.
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C Adulr Feeding

Field experirnents (Morton and Kane, unpublished) indicate Meaphaenops eats vver
v of the Maderoeows eggs lad in loose silt, However, relatively few feeding
ohservations are available; partially because feeding tends to be rapid and creptic
far Meaphecnops as well as Durtingtones, for which Marsh (1%69) reports a short,
spectavular struggle between twno heetles for a single food dtem. Several similar
strugeles have been ohserved for Megpfenops, and serve to emphasize the scarcity
of food.

Sinee about one third of the first instar oymphs appear to have heen taken
dunng emergence, and active first instar nymphs are able to persist in three dimen-
sional confinement with Meapdgenops until cedysis (Norton, unpuoblished); the
majority of the healthy first instar nymiphs in the diet of Neapfuenops were prob-
ably cither in eclosion or eedysis. Healthy nymphs are possibly captured in situa-
tions whera they are unable to cscape by jurnping.

Tahle 3, Sex ratio for fully sclerotized Neagheenops. Starred dates had a signifi-
cantly preater number of females than males; the sex ratio docs not difler
significantly from 1:1 an other dates, Sample sizes range from 50-230,

LOCALITY

Marion Avenue Edwurds Avenue
Month 1965 [ 973 L4974 1972 1273 1974
January ra ns ns
Fehruary kx ns
March *E o ns s
April * b ns
Maw *4 ns s
June ThE ns
Tuly % s *% ns
Aygust ] ns *%
Heptember ns *
Crotoher *% s
Mowember 13 ns ns ns
Ilecember g ns ns s

ns = nod spnalicent, ===l 08, e = p=l 025

These data suggest the vhaerved fomale majorities are the cesull of differential survival, but that
recruitment of newly scleritized adults returns the sex ratio to eguality. Differcnces in the
nmged of significanl Female majoritics probebly reflect.differences in prey avalihility.
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The feeding chservations reported hare show that while about 80 of the diet of
Negphaenops may be exelusively egas and first instar nviphs of Sedviocons, its
dict can be diverse. Lahoratory aobservations by Christiansen (1971) Lave shown
Meaphaenops readily feeds on severul species of collembols. Leboratory observa.
tiens (Kane and Norteas anpublished ] alsoo show Meapdfaenops ooable to catch
confined {irst instar nymphs, Ties, and orber micosar hropods.

The abservations sugzest that NMeapfenops is an opportunistic predutor which
may he ahle to maintain its populatioos a1 higher densilies by scasonudly switching
its diet foon Hadenocony cops o nymphs as well as to microarthrapods and othe
food tlems, amd by canmbalizimg nearly all its own life stuzes,

The two abservations of Neapdwenops Teeding on won cave-lindted Faunes sugpest
the diet of Medpfwenops muy be somewhat ecxpanded in small caves sipee as abun-
dance of different items woulid he availsble pesr entrances due 1o the increase in
awano, detritng, and accidental species,

f Gienera!

The life story pattern described for Meaglgenaps seems to enresent an adapta-
tien oA seasonal foud supply. We expecl other trogleitic cricket cge predalors
weitly stmilur food jopot patterns tooexhibet similar life history patterns, while those
with significantly defferent Tood ot patrerns shopld have different life history
patterna. Khadine selderrnee and Dueeliagiones Eoltickensis are both troglobites
predacious vocove cricker cges wnd show convergence with Meaplaenops in body
sicw, [ood preference, snd habicat selection.

Since Lhaefinetoned also utilizes the egas and nymphs of Hadeaeecss it has o
seasonal food inper partern vers similar fo that of Neapdwenaps, Marsh {1909 has
shown that appearanee of Tarval, pupal, and teneral Qeelfnetones s seasonal and
paraliel 1o Neapdgenops, While there appears 1o be sume discrepancy in Lhe paltern
of vpp production bebween the two species, the twae like historics seeim essentially
entical, Further supportive evidence @5 that Duerlegeonce. like Neapfoens,
shows some hahitar niche breadol (Marsh, 19690 Barh beetles reach maximum
abundance cnowncompacted subsirates, but are stll found e sigmficant numbers on
other substrates. Qeefiieronen and Neapbhaenops sppear o show the expected paral-
lels in lile history pattern.

The seasonal pattesn of food avialability for Sladine (Mitchell, 197 lacp =
different than thar for Meapdigenaps. The bwo species of camel cricker, Cratfio
pittis crenicnelarfs and O sececins, wlose snes ane edten by Rladine, are suinmer
and winter specivs respectively. We infer that crickel cges are Tairly eeenly Jdistn-
boted threuglout the vear, The Toact that Metchell aohserved Riadine feeding only
an eoes dn the feld, ard conld mot get Bhactiae o feed un either cricket nymphs ur
collemboly i the laboratore, stronely supports this inference.

Drata are wot available onoege production, lapee, or pupae for Riadine. However,
Mitchell indicates teneral lrequency wus approximately even Lhrougluoul the yesr,
This sitwation is strikingly different from that chserved for NVeaofaensas and L
fegtencn anid presumably reflects the Tack of seasonal uctuation in food availabili-
Ty o A,



LEMs RUSSELL M. NORTOMN et al.
ACKNOWLEDGEMENTS

We ure indebted 1o Do T, GG Marsh for allowing us access to his unpublished data
on Darlingtonea. His advice and comments were helplul in generating many of the
ideas we have presented,

We thank Lr, T. C, Barr, Jr. for supplying several field observations. [n addition,
volunleers too numerous o meniion including members of the Cave Hesearch
Foundation and Mational Spelenlogical Sociely have provided sssistance and comni-
panionship in caves which were atherwise cald and dark.

We especially thank Supt. Joseph Kulesza for allowing us continued access to
caves under his protection in Mammoth Cave National Park,

SUMMARY

In deep cave areas with loose subsirate and sufficient moisture, the life history of
Neaphuenops rellcempfii (Coleoptera: Carabudse, Trechinue) is svochronized with
the seasonal pattern of its primary food sources, the eges snd first instar nymphs of
the cave cricket fadenoecus sulterrens (Orthoptera . Cryllacridoidea, Rhaphido-
phoridac). Negpheenops reproduclion coincides wilh an order of magnitude
increase in Hadenoeens cpg input in the spring. Our 46 observations of predation
by MNegnhaenaps suggest some awitching to other cave animals as cricket cgg and
first instar nymph densities decrease during the sumner.

Neaphaenops life history in arcas of Sedenoecns cop dnput 5 a5 follows: (1)
female Neapfwenopy reach maximum fecundity at the lime of the maximum densi-
ty of first instar Hadenoccury nymphs: {2) early instar Neaphaeaops larvae appear in
late summer and fall;, {3) last instar Newpdreevops laree appear in eacly spring and
pupation occurs shortly thereatter; (4} lightly colored teneral adulls emerge two 1o
three months Jater, a tme consistent with labaratory estimates of the length of the
pupal stage. Seasonal chaoges inosex catio due to difTereotial moctaliny appear to be
consistent with this seasonal pattem.

A comparison of Megpduenops with two other species of carabid cricket epg
predators suggpests the importance of seasenal food abeodance in determining life
history seasonality. Darfinglomes kenfuckensty has 2 tood resource pattern which
appedrs jdentical to that of Neaphaenops, and the life history seasonalily 5 ulso
parallel. Rhadine subrerraues. however, secms to have a much mare equitable food
inpul throughout the year, and appears 1o bave an ascasonal life history,

RESUME

[hans les régions profondes des grofres ob Je substeat est meuble et Phomidié
suffisante, le cycle biologique du Coldoptére troglobie Neaphaenops telllanip (i
{Coleaptera @ Carabidae, Trechinge! est synchrone du caractére saisonnier des
principales sources de nourrilure que constituent les ceufs et los promidres nymples
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du grillen  cavernicole fledenoecus subierranens  (Crthoptere o Grvtlacridolides,
Rhaplidophorivue). La reproduction de Neaplicenaps coincide avec Mahondance du
numbre des veufs déposés par Hadenoscus au printemps, Mos 46 observations sur la
prédation chev les Meaphaeiops, sugoérent que, 4 mesure que la densité d'oeufs de
Crillon diminue au cours de U'éte, ils s'altaquent alors sux nymphes de Grillon ou 3
d'autres cavernicoles.

Le cyele biologique de Neaphaenops dans les tecritoires de ponte de Haderoecus
st présente de I fagon swivante: (1) la lemelle de Neaphaenops présente une
fécondité maximale au moment de la plus forte densité des jeunes oymples de
Hadenvecns; (21 les premigres éclasions larvaires de NMegphgesops st produisent & la
lin de Fété et en awtomne; (3) Papparition des lacves de demier stade a liew au
début du printemps et elle est mpidement suivie de la pupaison; (4) de jeunes
adultes faiblement colorés apparaissent deux § trois mods plus tacd, laps de temps
conlorme sux évaluations faites en laboratoire de lu durde du stade pupe. Les
variations saisonnigres de la sex-ratio, dues & une mortalied différentielle. semblent
étre la conséquence de ce régime suisionner.

La comparaisom de Meaphaenopy avec deus autres espéees de Coléopléres
cavernicoles prédateurs d'oeuls de Grillon, sugsére Fimportance de Mabondance de
la newrriture saisonnitre dans la détermination du rythme saisoonier du evele bio-
lopique, Darffagiones kenmekensiz a le méme répime alimentaire que Newpluenon
et son evele biologique saisionnier est identique, Par contre Afdine subferranea
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