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The Ecology of a Predaceous Troglobitic Beetle,
Meaphaenops tellkampfii (Coleoptera: Carabidae, Trechinae)

[. Seasonality of Food Input and
Early Life History Stages

by

Thomas €. KANE!-2-3, Russell M, NORTON!#, Thamas L. FOULSONS

INTRODUECTION

Although many authors have emphasized the constancy of the cave environment,
Barr and Kuehne {19713 deseribe seasonal fluctuations which suggesi corresponding
adaptations in the fauna. We have examined the adaprations in the life history of
Neaphaenos tetikampfii {Coleoplera: Carabidae Trechinae) to seasonal Tood in
put. Neaphaensps 18 the largest and most abundant of several species of carahid
heatles uf the tribe Trechin which inhabit the caves of central and western Ken-
tucky, As a result, Meaphaetwons is an important component of the rerrestral cave
community.

The studies reported here were cartied out n the extensive cave svstems of
Mammoth Cave Mational Park, Ky. Inothis area, NMogpdrenops s by far the most
ahundant trechine in most of the caves in which it occors and reaches its highest
local densities in areas of uncompacted sands and silrs, In these substrates, Mee-
phenops has been reported to prey on the ezgs and aymphs of the common cave
cricket Hadenoecis subterrareny (Orthoprera: Gryllacridoidea, Rhaphidophoridae
communities { Barr and Kuehne, 1971 1

Obvious evelutionary converpence hus occurred between Neaplaenops and two
other speeies of carabid cricket cpy predators, Darlingtones fenruckansfs a rechine
in the caves of eastern Kenlucky (Macsh 1969) and Rhadine stcditernmea, 3 memhber
ol the tribe agonini which occurs in a Texas cave system (Mitchell, 1971 4, b, o).
Harfingtonea, like Neaplwenops, feeds on the egps of Sadvnoecus ) while Riwedine
freds on the cees of teo species of camel coickel, Centhophiius cundcwdaris and C
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secreiny {Orthopterus Gryllacridoides, Rhapidophornidae). Converpence seems to
have occuered o body size, searching behavior, and substrate prefercnce. Nea-
plateiops gize ranges between 6.5-7.5 mm (Barr, 1966) and Derfingronea between
5772 mm {(Marsh, 1969, whereas the other species of troglabitic reechines with
which they co-occur are signiflicantly smaller, with a size range of 3.3-6.0 mm
(Marsl, 196% and Bare, 19967 Allthough Bhadine are usually larger than MNeg-
phavnops and riingtonea, the size range of K. subrerraneg, 7389 mm (Barr,
L200). is fairly close o that of the teno trechines. All three species reach their
highest densities on uncompacted substrates, Kane and Poulson (1973) have de-
monstrated that Neaphaenopy will choose loose sand over mud, rock, or detritus
substrates in the ficld, In such loose substrates with sufficient moisture, cricker egas
are especially shundant |ef. Mitchell (1971 a. b, ¢} for Ceerhophiing and our data
for fladenocensz|.

There alse seems to be a convergence between Neaphvenops and farfingtonea
with regard to life hstony patiern and szasonality. An hypothesis Tor the apparent
lack of converaence in seasonality between these two species and Rfadine s also
oflered.

PROCEDURE

Two arcas were selected for this study. The first was located at the end of Madon
Avenue in Mammaotl Cave and the second at the end ol Edwards Avenue in Great
Onyx Cave. Both coves are located in Mammoth Cave National Park, Kentucky.
Each study area consisied of a relatively homogensous expanse of uncompactad
substrate with bots of rock and laree populations of NMeaphaesons teilfompfii.

Lata on all life histary stages were collected by swstematic visual cenus in buth
study arcas. In Marion Avenue this has been done al irregular times during the
periods 196972 and o a regular basis during 197 3; however, all scasons of the year
are represented. In Edwards Avenuve data were collected on an irregular basis from
Apdl 1972-Cetaber 1972 and on a regular monthly basis from October 197 2-De-
cember 1973,

Scleratization of adults ovcurs slowly in Neaphaenops. Field studies indicate
that newly emerged adults can be recopnized for approximately 2-2.5 months as
lightly colored tenerals. Thess unsclerotized individuals were recorded separately
fram fully sclerotized adults during the visual census,

In Marion Avenue, census dald on density of adults were obtained by counting
all beetles within the fised 300m? area from a network of paths. Since teneral
bectles are less visible than fully sclerotized beetles, the census method underests-
mates tenerals located more than a few feet froon the paths, lHowever, the bias is
consistent, and the pattern is thus accurate, There are very few rocks, and these
were ol disturbed, During each census period, beetles were sexed to follow
clanges in sex rulio.

Density estimates in Fdwards Avenue were made by setling out ten 1m? qua-
drats vsing a random number table. Al the beetles in these quadrats were scored for
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sex and as either leneral or seleratized adults. An additional collection of generally
at least ome hundred adults wus made from the same ared. These were also scorad
for sex and degree of sclerotization, Generally twenty-five to thirtv-Bve fully scle-
rotized females from chis collection were preserved in FAA (50 parts 95 EtQH; 10
parts formaldehyde, 2 parts acetic acid; 40 parts 1,0 Knudsen (1972} and re-
turned to the laboratory where they were examined for mature cpes: the resl were
released. In addition to u census of the entire open area, all rocks were cxamined
and carefully replaced in o search for larvae, pupae, and further reneral adulis. On
two dates, April 1972 and July 1972, last instar Jarvae and pupae were returned 1o
the laboratory and reared in an attempt o determine the duratien of these lile
histury stages,

Observations of feeding and copulations were also recocded for both of these
areas. Despite many hours of feld stwdy the number of these observations diring
the study period sre few. As a result we are adding additional observations from
other areas and/or dates in the hope of inferring some patrerm. Any feeding ohserea-
tions that might have resulted from human disturbance (e slepping on a heetle)
are novt meluded.

Heelemaecns egg input uncorreeted Tor predation was monitored monthly in
Ldwards Avenue, Four plots 0.5m?2 in arca were sampled during each census using a
Standurd Sieve ol 40 meshiom mesh size. All Hodenoceny cpps were counted and
remved .

RESULTS

A Cbservations of comilation

Table T lists all available observations of Megpfigenops in copela by area and date.
Lifferences in timing between areas may ohsoure u paltem, but there i3 no seasonal
pattern evident [rom our 24 observations of copulation. Copulations apparently are
clumped in both time and space, and do not werely reflect the distribution of feld
work time,

A Fee produciion
Dissection of several hundred Temale Meapheenons indicated the maximum siee of
anoepg in the ovary Lo be (LBmmoin leneth. Since this is the same value as that
reparted by Marsh (1969 for Derlingroncs, we wiilized his crilerion of considering
all cpgs 075 times the maxinum or larger (e 000 Smm) a8 mature s, Dissec-
tien of teneral females at all times of year showed no matore cogs and indicared
that the ovarics of these recently hatched heetles were small. Fully sclerotiesd
adults collected simuoltaneously carricd many matuee ezes and/or had well dovel-
oped ovaries. We felt, therefore, that (he female repraductive system was not fune
tiemal in tenerals and collection of such individoals was discontinued, The data
shown in Figures 1 and 2 are based on fully sclerotized adults only.

The pattern of egg production in lerms of per cent females with eggs Fig. [)isa
Fafl low fallowed by a rise to 8 value of approximately 5008 by early winter. This



48 THORM AL O KAME eral,

value remains fairly constant until the following fall when a decresse is again noted.
Figure 2 represents the ratio of eggs per ferale in each monthly collecton, The
seusonal trend in these data closely parallels that of per cent of lemules fecond until
mid-summer 1973 when o peak of over 6 cpps per Temale was reached (compare
Figs, 1 & 21 The summer peak in cge production s synchronous with a pulse of
first instar Aedencecny nvmphs (Fig, 43, The fall decrease in Hedenoecis caes and
nymphs coupled with the large number of newly reeroited and sexoally immature
Neaphaenopy adults may account for the fall drop m female fecundity. The fall

Tahle |- Neaphaenops Copulations.

Date Lacation

PAL Januygry 1973 Fadio Koom Mammeaoth
2 Tanuary 1973 Maricn Avenue Mammoth

Febroary 1967 Malorl Aveniae Flint
I3 February 1970 Matural Bridev Mammeth
29 March 1972 Radio Hoom Marmmeelh
4 March W72 Marion Avenoe Mammoth
2R March 1972 Fohl Avenue Fiint

12 March 1974 Fdwards Avenue Lireal {Inyx

& April 1963
Apnl 1967

Mariaon Avenue Mammoalh
Malott Avenuc Flint

I April 1974 Marion Avenme, end Mammuoth

2 June 1964 Wrotched Kiver IFlint

15 Jupe 19793 Marion Avenue Mymimulh

12 July 196H Marion Avenue Mammoth

13 July 968 Marien Avenue Mammath

14 July 973 Marion Avenue, cnd Mammaoth

September 1973 Hansons Cave Sinkhole Plain

(v September 1974 Sophyvs Avenue Mammarh
i September 1974 Sophys Avenue Mummaoth

11 Seplember 1974 Fdwards Avenue, end
L9 Owtober 1974

I# Movember 1974

Crreal Onyx

Edwoards Avenue, end Gireat Onyx

Marion Avenue, end Maimimoth

28 Thecember 1964 Gercas Gratto Mammuth

Crvervatioms of Memiloescgs e copoby, all available, dase Although ditlerenees in tining
Bl areas may ehscare g pottern, the present data For any sisele Jocade oz solstrate epe da
ol show ane seonality. e copulations apparently e ochonped i hath time amd spice.
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decrease in epg production i 1973 was much less than that observed in 1972, This
may be due 1o the Tact that the Octoher and November 1972 sumples were 50-604
smaller than all subsequent samples and therefore a sampling erroc was incurred, or
to the fact that Hadenoeews cog input was greater in the fall of 1973 than m the fall
of 1972 (g, 4),

Sl ife filstory stages

Twir qualitatively different NMeepfuenops larvae were regularty ohserved in the field.
Thi sl was active and bad a size range of 608 0mm in length, [Uwas often observed
ot the surface of the sund or under rocks, The second type was very quisscent and
was always found in a small cell it apparently excavated under a rock, This larva
haid a sive range of G.5-9.0mm in length: Sioce all pupae were ohserved in similar
cells, and because of the overlap in sive of the larvac, we conclude that all these
larvae represent the last instar and quiescence in a cell is o Tesult of preparation for
PU patio:.

The seasonal pattern in the juvenile life listary stages {Fig. 3) s one of appear-
ance of kst instar larvae in late winter and early spring, We have looked for earlier
instars at all times of the vear bt find very few of them. The last instar larvae that
we regularly find appuear to become quicscent and pupate within s month, Appear-
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i 10 The monchly pereentage of temale Meepleerops containing at least one matare ca
Date chrained by dissection of preserved specimens collecled m Bdwards Avenog,
Grent Onys Ove fram October 197 2-December 1973, The percontage remaing farly
venstant at appaosimately S8 far most of the sear bot shows o brief drop in the fall.
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af monthly collections of female Leetes from Fdwards Avenoe, Greal Onvx Cave fram
October 1972-December 19730 The Jule. peak in fecundaty coincides with the peak
time of cmerzenee of st mesar Sadenovouy nvimnphs

ange of large numbers of tenerals beging in June and reaches a mud-summer [eak
after which it declines during the autumn and reaches & winter low, On twa dates,
{March 29 and 31.1972) a census was carried out in Marion Avenue, resulting in the
ohservation of 3 active larvae, 3 quiescent larvae in cells, and 1 pupd. The observed
distribustian of life history stages closely parallels the Apeil U, 1977 census in Great
Onyx Cave (Fig. 3)

A small number af earlier instar lanvae were ohserved in the latter half of 1974
in Fdwards Avenue. These included one 4mm larvas in Tuly, which included two
Apwm and one dmm larvae in August, one 2mm, one 3mm and two 3-Gmm larvae in
September, and one Smm lacva in Detober, OF these nine larvac, seven weare caught
in pitfall traps being employed in a different study. This may suggest that the visual
census lechnigque we nocmally emploved for laeval census was not adequate For
abserving early larval stages. It is interesting to oote thal this late summer-fall
appearance of carly instars is consistent with the mid-summer peak in Megplavnops
ege production and late winter-carly spring appearance of Jale lurvac and pupae.
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Fig. 3 The seasonal patlern ol appearance of kst metar lareae, pupae and teneral adult Mes-
phgenapy in Fdwsrds Avenoe Great Ones Cive from Apeil 197 2-Merch 15740 1oall
throe vears, lareas and pupoe peak m eatly spriog. The 2 1o 3 montl Lo between paegal
and tenerad appearance s consistent with lnharitory catimates of length of pupal stiage.
{ate that zero values are Dsted ooy for those montle in which censes wis conducted
and nocindividuals were found. Neoowalues are geeen Fee months mowhich feld censos
wits ot conducted.

Four of the large larvae collected in 1972 popated within 2 few davs of collec-
tion and hatched in the laborarory at 1590 in 7 1o & weeks. The pupae collected ad
the same time hatched after &8 weeks. From this evidence we conclude the paipal
stuge Lo be of 78 weeks doration which closely approsimates the ime lound by
Marsh (1969} for the pupal stage of Darfingronee at the same cave temperature.
Studies of tenerals isolated in the lab and in the field indicate the full scleratization
process 1o be ol approximately 2-2 172 months duration.

T3 RNeasond paitern of Hadenoeews ovigosition

Hadenoeens oviposition shows 2 highly pulsed, seasenal patrern [ Fig. 43 Feg densi-
ty uncorrected for predation remained below 20 eppsim? in the census plots for
most uf the vear and resched a low point in carly fall. A rapid cise wus noted inthe
March sample with a peak density of 77 eggs!m? observed in April. This mput lad
fallen sharply by May and the June sample again showed a density of less than 20
eass/m? which persisted until December, Data for March 1974 indicated a repeti-

tion of the spring pulse observed in 1973,
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Hadeioecns epps of known age were incubated at cave temperalure in the labao-
ratory and hatched within 80-90 days, As a result we expected a pulse of first instar
nvmphs to appear in the June-July time period. Field census verified this expecta-
tion (Fig. 4}
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Figr. 4. Svasonal abundance of fodenoecns epgs and first inster nymphs in Edwards Avenoe,
Crreat Onys Cove Trom July 1974 Both we highly pulsed with eges peaking in carly
sprng. The three month g between cog and nymph peaks is consistont with laborato-
re eatimates of hatehing time Cor Modenoscus eeps,
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DISCUSSION OF RESULTS

A Craidationay

We do not have encugh data for any single Tecale or substrate tvpe 1o determine
whether copulation is scasonal. However, the 24 abservations listed in Tuble 1 show
a clumping in bhoth time and space which cannel be explained a5 a clumping in Geld
work Cime, Areas such as the Radio Room, Marion Avenoe, and Sophiys Avenue are
quite similar habitats and appear to show synchreny both in reeruitment and copu-
Lation,

B fome Prewduerion

Fig production in Mewplonops closely parallels chat ohserved by Macsh (1969) for
Darfingronea with hoth haviog 0.3-008mm mature epes and a mean cloteh size of
3.2 epps, Data are nor availahle for Rbaedine.

The seasenal pallern i NMegpdaeraps seems different from e multi-peaked cop
production pattern Marsh describes (or Deefingtones. With the exeeption of a 1-2
wanth periad in the fall of 1972, female Neapiuesops were always found to carry
2.6y muture cgps. We believe this brief pericd of Tow fecundity is the resule of (1)
high mortality in the old females which have eompleted oviposition; (2] the fact
that few newly recruited seleretized adules have developed mature ovaries: (3) low
fuond supply due to the fall 1972 nadir in cricker aviposition {Fug 45 [n 1973 the
cricker egg input did not decline as sharply {Fig. 43, and we see only an carly lall
decrease in percent females with eggs (Fiz. 1)

Cne definite peak in the graph of eges/femals (Fie. 23 vccurred during the study
perind, The July peak coincides with the peak in appearance of [iest instar Madenae
ones nymphs 3 months after the peak of e input (Fig. 43 Although the evidence of
a causal relationship is not conclusive, it i ceclainly compelling since cricket eggs
and nymphs could provide the pratein and lipid rich [ood source often required by
imsects { Englemann, 19707 for ege production.

O Larvie wid Pupae
We suggest that the pulse of last instar larvae and pupae found in March 1974 (Fig.
33 reflects the July 1973 pulse in bectle vop produoction. 1T we are correcl, this
would indicate a larval period of & to 7 months plus a known 2 month period from
pupation to cclosion and a additienal 2 to 3 week period belore the adult emerges
from the cell after eclosion (Marsh, 1969). The nine observaliong of carly instar
larvae seen from Avgust-October 1974 pive some additional supporl Lo (his pro-
posed life history time tahle. This gives an expected 3 month lag from pupation tu
teneral appearance which i3 what we ohserve (Fig. 33, We belisve the few scatlered
recards of lareae, pupae, and tenerals censused at other timey of the year, are the
results of the lower bur consistent egg production during the non-peak months, The
greater spread in leneral occurrense s due fo the facl that tenerals can he recog.
pized for 2-3 months.

We reject the possibility that females are holding mature eges ol all evipesition
synchrenously as we find an increasing pereentape of noon-ovigerons females with
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corpura lutea as the season progresses. Corpora luten indicate that oviposition has
veeurred. However, essentially nothing is known of the feeding hahits of the larvae,
and 5o we cannot rule out the possibility that some event related (o food supply
iy svnchronize the development of larae hatehed at different times.

hn dealing with the seasonal pattern of Neaphaenops lile history, we have taken
are. when possible. to consider both siles and years on an individual basis rather
than lumping data from either or both considerations. The reason for this is that
slight differences in tining between yeurs, such as earlier or later Hadenoecy
avipasitian, or between sites within a year may cause a blurring of seasonal patter
when data are lumped or averaged. This obscures the otherwise obvious seasonal
[rattern i cach area in any given vear,



