


28 THE SCIENTIFIC MONTHLY 

protoplasm. By means of the green chloro- 
phyll of their leaves, they produce carbohy- 
drate by photosynthesis. For this they need 
sualight, water, and atmospheric carbon 
dioxide. Inorganic salts of many kinds, in- 
cluding those of nitrogen, sulphur, and 
phosphorus, are absorbed by their root sys- 
tems from the forest soil and are synthesized 
into proteins. 

Consequently, in this revolving cycle, in- 
organic salts are taken from the soil by 
plants; the plants synthesize protein and 
carbohydrate, die, and eventually are trans- 
formed by a complicated course of reactions 
into salts by bacteria and fungi. These parts 
of the cycle are more easily comprehended; 
they are important, but not independent of 
the rest of the food web. Plants must be fer- 
tilized by wind, or by animals, chiefly in- 
sects, and they must be dispersed, chiefly by 
insects, birds, and mammals. Still more vi- 
tal, their falling leaves and other parts, 
which are to make up the bulk ot +he organic 
soil, must be first broken up, draineu, dried, 
moistened, aerated and chewed up, swab 
lowed, transported,andotherwisetreated to 
allow the bacteria, fungi, and soil protozo- 
ans to produce the mature soil from which 
the plants can draw food. This latter phase 
is a multiplex industry in which imponder- 
able numbers of animals cooperate-earth- 
worms, mites, insects, millipeds, moles, and 
many others. 

All this activity by forest animals and 
plants gives a concrete reality to the forest; 
it ceases to be a grove of trees and becomes 
a cooperating unit, a forest community. 
The community needs water and suniight, 
2nd a place to grow, but beyond this mini- 
mum it is self-sustaining. That is, the com- 
ponent animals or plants cannot live in a 
vacuum, as it were, since each kind must 
hakc food. Bacteria die if their sources of 
supply are absent, just as readily as do trees 
without inorganic salts or aphids without 
plant sap. Food chains, then, are essential, 
and where food chains interlace and anasto- 

mose a self-sustaining t.ommunity is pro- 
duced. This is llfe a t  its level of survival. 

SINCE neither space nor time is at  hand to 
study all the component organisms of such a 
community, it will be instructive to examine 
one group of soil-inhabiting arthropods, the 
Pselaphidae. 

The pselaphids are minute beetles, com- 
posing one of the families of the vast beetle 
group-the Coleoptera. They articulate 
with the forest community a t  the point 
where the heterogeneous floor litter is being 
transformed into forest soil. These beetles 
performno task that is exclusively their own, 
and in any one year or in any given commu- 
nity they are not a predominant influence. 
Despite .this lack of drama, pselaphids share 
with numerous, similarly unsignalized, in- 
sects an essential role in the formation of 
humus: a strange, inverted role to be dis- 
cussed presently. 

Pselaphidae are a large family of small 
beetles. As with other beetles, they have 
chewing jaws, and have the first of two pairs 
of wings hardened into a pair of wing 
sheaths, or elytra. Most beetles have the 
elytra extended posteriorly to almost or 
quite cover the abdomen, but the psehph- 
ids have short elytra, so that usually five 
abdominal segments are exposed (Fig. 1). 
This brachyelytrous condition is very un-
common in beetles, very few families having 
short elytra. Despite this fact, difficulty is to 
be expected in separating pselaphids from 
their close relatives, since the brachyely- 
trous rove beetles, or Staphylinidae, make 
up one of the largest families of beetles, in 
excess of 20,000 species, and resemble the 
pselaphids. These two families, the Pselaph- 
idae ~ n d  the Staphylinitiae, probably 
evolved from a comrnon ancestral stock. 
They have many structural features in 
common, but may be distinguished readily 
by a student who is familiar with a combiua- 
tion of characters. The staphyiinids have a 
flexible abdomen with 7 or 8 segments usu- 
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ally exposed, and their 6 feet, or tarsi, have 
3-5 segments. The pselaphids hake a rigid 
ahdomen, without dorsoventral movement 
and with usually 5-6 segments exposed; 
their tarsi always have 3 segments. 

Pselaphids are quite small, even for in- 
sects. Their average size is about 1.5 mm. 
(.06 inch) Srme species range down to 0.7 
mxn., as, for example, Dal~rzosella tenuis 
Casey and TLesiustes pumilus (LeConte), 
of North America. Others are relative 
giants; for example, Hamotzks ecitophilus 
RaSiray, which lives with the voracious 
army ants in Brazil, has a length of 5.5 mm. 

The pselaphids are entirely terrestrial 
beetles. Their geographic distribution is al- 
most cosmcpditan. This aspect of their 
biology, the zoogeography of Pselaphidae, is 
s fascinating study within itself since i t  
deals, not alone with the known distribution 
of specics populations, hut attempts to find 
solutions to I-~uestions hlzving to do with past 
disi ribut ion, present trends in dispersal, and 
why certain dispersal pat terns or pattern 
fragments exist and how they were formed. 
This involves a great deal of collateral infor- 
mation on the biogeography of plants and 
other aninials, meteoroiogy, oceanography, 
palcontolog., geography, and many special 
aspects of zoology. 

Although psclaphids are represented by 
numerous species, in many parts of the 
world, their zoogeography can be disciissed 
only in the most general way. The reason for 
this is that most of the known species are 
represected by specimens from single locali- 
ties. I t  will require much rollecting, the 
analysis of many field records, and the de- 
scription o i  many new species before our 
knowledge is sufficient1,y complete to war-
rant an adequate treatment of their distri- 
bution. 

In general terms, biologists have divided 
the earth into six zoogcograpbical regions, 
each with its distinct assemblage of animals, 
its fauna. These regions and faunas are the 
Pahearctic, Nearctic, Neotropical, Ethio- 

pian, Oriental, aad Australian. Although 
these regions were established primarily for 
birds a~;d mammals, they represent six more 
or less well defined pselaphid beetle faunas. 

The Palacarctic region has been longest 
studied (since about the end of the cight- 
eerlth century) with respect to pselaphids, 
but with great irrcgubril y and by only a few 
specialists. I t  is the best known of the six 
regions and includes all of Europe, Asia 
north of the Himalayas and east to the 
Pacific Ocean, acd extends beyond the 

After Park, 1945, CIzicago Acad. Sci. 
FIG.1. CUPZLA ILJEXICANA PARK 

A 1UEOTROPICALPSELAPHUJ BEETLE. 
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Mediterranean into northwestern Africa to 
include hIorccco, .%lgeria, and Tunisia. 

The Kearctic region is more closely re- 
latcd to the Palacarctic than to any other. 
I t  is less well known, havirig been studied 
by still fewer speci:llists and only since the 
micitlle of the nineteenth century. This re- 
gion einbraces almost all of North America. 
I ts  pseldphids extent1 .;outhward, along each 
coast of nlcxico about to the Tropic of 
C:m~er, a d  in the interior of h:exico down 
the high Central Plateau to the Islllmus of 
Tehuantcpec. 

The Keotrcpical pselaphid huna  shotvs 
little affinity with that of other regions. I t s  
large size as now knowl~ is but a small token 
of its real extent. This region extcnds from 
the Argentine pampas northward el! include 
all of Central America and Mexico up to an 
irregular junction wit11 the Nearctic f ~ u n a ,  
all of the Antilles, and the tip of peni~asuiar 
Florida. I t  has been studied only since the 
end of the nineteenth century. 

The Ethicpian fauna is also little known. 
The pselaphids characteristic of this fauna 
are found in all cf Airica, save for the north- 
western area colonized by Palacarctic spe- 
cies. Provisionaliy,as concerns these beetles, 
it includes the large island of Madagascar. 
There are some indications of pseiaphid 
afftnity between the African fauna and that 
of adjacent Asiatic areas. Thus, several 
genera, or groups of allixl species, have 
either the same, or related, spe~ies occupy-
ing Abyssinia on thc one side and Palestine 
or the western border of Arabia, on tlie 
otht=r. 

Madagascar is usually included with the 
Ethiopian rrgion. The French expert, 
Achillc Raffray, rvl-lo, before his death in 
1923, did more for the study of pselaphids 
than any other perqon, helievcd that the 
Madagascan pselaphids were the most iso- 
lated of all of the norld faunas. Certainly 
&/ladagascan pselaphids shcn little affinity 
with those of Africa, despite geographic 

proximity. We shall return shortly to this 
matter. 

The fifth region, the Oriental, is similarly 
poorly linown in contrast, lo Europe, sav, 
but it contains a rich pselaphid fauna. This 
fauna extends from India on the west, south 
of the Himalayas, to the Pacilic Ocean, up 
the Chinese coast and southward to include 
the hldlay IJeninsula, Sumatra, Java, Bor- 
neo, and the Philippine Islands. Many new 
kinds of pselaphids may be expected from 
tllisarea. The scparation oi pselaphid faunas 
on the north, between the Palaearctic and 
Oriental regions, is not worked out, and the 
numerous islands have been little stuclied. 

The last region, the Austrdlian, includes 
Kew Zeaiancl, the Moluccas, Australia, New 
Guinea, and New Caledonia and extends 
eastward to eml~race the Fiji Islands. As 
noted above, luture study must be relied on 
to draw n~ore understandable boundaries 
between the Oriental and Australian faunas. 

family Psclapl idae is divisible into 
two subfamilies, tlie Pselaphinae and the 
Glavigerinae. The two sl~bfamiiies vary 
greatly in size: the Pselaphinae in general 
are more primitive in structurc, that is, more 
like staphylinids, and number about 4,800 
known species; the Clavigerinae number 
some 200 species and live only in the nests of 
ants. This latter habit mill be cxaminetl later 
in some detail. For the present rve may study 
this small sul~fami!y \with respect to the 
fornls fount1 in the six zoogeographic regions 
outlined above, and especially the forms 
co~lfined to these regions, i.e., '6eentlcmic" to 
them, as an rxalrple of pselapiiid dispersal. 

A study of this table brings out a number 
of interesting corrparisons. IYith respect to 
gcnrral distr;bution, the Palacarctic and 
Xearctic rcgio7s contain aljout three-fifths 
of the laid Inass hut cnly 5 genera and 49 
species; the other four regions, with about 
trvo-fifths of the land mass, contain 52 gcn- 
era and 151 species. 'I'lle Palaearctic and 
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Nearctic a-e mvch better known than the 
other regions, so the conclusion drawn is 
that the tropical regio~lsof theearth hold an  
o\-erwhehning preponcleracce of claviqerids. 

One of tile unsolved questions is the great 
diciyrarit y in nurnbcr of species of clavigerids 
hetween the I'alac~arctic and Nearctic re-
gions. 'J he former has been better studied, 
but not so much so as to account for 75 per-
cent excess of species, especially since bor h 
regions have few genera. A mrrc probable 
answer lips in the nide distribution and gen- 
eral ad'iptiveness of the Old World gcnus 
Cla?iger. 

The 3 genera in the Palaearctic are Clavi-
ger, with 36 spccies in Furope and the Near 
East and 1species in Algeria; Diartzger, with 

TABLE 1 
REGIONAI, DISTRIBUTION OF CLAVIGERlNE 

PSCLAP771DS 
- -=I -

U.- u a
'B  "I - .-32 ." e ' i i . 2 3  

more th:in one region. A single genus, Pusti-
ger, may be thought of as widely distributed. 
This gt:nus occurs ir, five of six regions. 
Strangeiy enougli, it is absent from the 
Palaearctic, ~vhich may be a conseuuence of 
direct competitior, ni th Clfr7liger for suitable 
ant  hosts or an indirect effect invc\l\-ing the 
rest~ictlon of its usual host ants. Climatic 
barriers do not appear to be involved, since 
Fzdstiger is established in the Nearctic. 
Fzrsliger has a large predominance in the 
Neotropical region, a region, paradoxically, 
poorest in clavigerids. Such a dispersal pat- 
tern might suggest that Fztsligcr arose in the 
Neotropical region, spread through North 
America into the Palaearctic region, where 

TABLE 2 
CLAVIGERINE GENERA COMMON TO TWO OR MORE 

REGIONS 
--P1 - - - - - - - - - - -m 

Genus Species per Regirrn 

q . , o 3 a ."
 u 

Z z $ r a 6 <--"- ------.-
TohlGenera . . . . . .  3 2 3 30 11 8 
Endemic Genera.. .. 2 1 2 28 8 6 
Species. . . . . . . . . . . .  40 9 22 56 14 61 

-.--

2 species in Japan; and Articerodes with a 
species in Mesopotamia. The 2 gencra in the 
Nearctii are Adralies, with 6 species in the 
Uniteti States, and Fusiiger with 3 species. 

Thus no genus is Found in the two regions, 
and Clueiger, restricted to the Pnlaearctic, 
contoins 37 oct  of 40 species known from 
this vast area. 

il'hen ne extend this examination of geo-
graphic restricticn, or endemism, to the six 
zoogec~prapi~icregions, it will be seen from 
Table 1 thal all regions have a high propor- 
tion of restricted gener'l. This suggests, but 
d ~ e snot prove, great isolation, involving 
geographic rmd ecological barriers. This is 
brorlgllt to light more vividly in Table 2. 

In this sccond tahle it should be noted 
that  out of 50 ciavigerid genera, only 4 cover 

Articerodes ........ 1 
Articeropsis........ 0 
Clavigeropsis. . . . . .  0 
Fustiger ........... 0 

from extinct (or undisco~ercd) Asiatic stocli 
it *spread into the Oriental region and from 
here into Africa and Madagascar to the west 
and the discontinuous Australian region to 
the east. 

This i s  one interpretation of Pustiger dis-
tribution. I t  assumes that tile region of 
largest number of- species is the ancestral 
home of the genus. Let us examine the pat- 
tern from another aspect ant1 assume that 
Fustiger is a very old genus which may not 
withstand competition with more modern 
genera ant1 hence is extinct or impoverished 
in its original home and able to flourish 
only a t  the periphery of its range. This type 
of dispersal may be called hlatthewsian, 
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after W. D. Matthew, who set forth the im-
portance of this type of distribution. 

According to this view, F~stiger arose 
elsewhere and has been pushed into the 
Neotropical and Australian regions. In  the 
former area it has fiourislled, and even prob- 
ably given rise to the other tivo related 
neotropical genera (Pseudqfstige aacl Meo- 
fustiger). In the Australian region, it is not 
found in Australia itsclf, where the large 
genus Articerus is endemic with 49 species, 
but only in the remote Fiji Islands, where 
there are 5 species of Fzjstiger. 

The case of Fustige~ has been given as an 
example, and two of the possible interpreta- 
tions have been suggested to emphasize how 

CLAVIGERINE FSLATIOP; BETWEEN HADAGASCAR APZD 

AFRICA 

Ethiopian 
Region Africa Madagascar 

-
Total Genera.. . . 12 19 
Endemic Genera. 11 18 
Common Genera.. 1 1 (Fzhstiger) 
Extraregional 

Genera . . . . . , . . 2 3 (Fwtiger) 
Total Species.. .. . 27 29 
Endemic Species. . 26 29 
Extraregional 

Species. . . . . . . . 1 0 

little we know about pselaphid distribution 
and evolution. 

To return briefly to the Ethiopian rilgion, 
this poorly explored area shouid be ex-
amined in the light of Raffray's view as to 
the distinctness of the pselaphids of Mada- 
gascar. 

From this third table it will be seen that 
Madagascan ciavigerids are as distinct from 
those of Africa as from those of any other 
region. They arc more distinct than those of 
Africa are from the Palaearctic, since one 
species, Articevodcs syrincz~s Saulcy, ranges 
from Syria and Mesopotamia into Abys- 
sinia. The only commori bond is the widely 
distributed genus Fustiger previously noted. 

In  time a seventh zoogeographic region, the 
Malagasy region, may have to be added for 
the peculiar pselaphid fauna of Madagascar, 
as has been done for certain other groups. 

LETUS turn our attention from the distri- 
bution of the pselaphids in the zoogeo-
graphic regions to their habitat relations. 
These beetles are known from the fringes of 
the northern conifer forests of both hemi- 
spheres southtvard to the pampas of Argen- 
tina, the southrrn tip of Africa, and Austra- 
lia. All continents and, where they have 
been loolred for hy ei~tomologists, all major 
island groups have their psclaphid faunas 
with one exccpiion. Despite repeated search, 
no pselaplzids have been found on the 
Hawaiian Islands." 

Their absence from these islands is not 
unusual. This distri1)ution can be duplicated 
for many groups of plants and animals and, 
among diseases, human malaria. Pselaphids 
could not Ry to the Hawaiian Islands from, 
say, the Fiji group or North America; the 
ocean currents are not advantageous for 
these beetles to effectively colollize these 
islalids by natural floating rafts. 

Pselaphids occur from sea level up to the 
Terrperate Zone on mountains; for exan~ple, 
to a t  least 10,500 fcct on Totonicapam in 
Guatemala. Present informa'tior~ sho~vs an 
aItitudina1 distribution of species of pselaplr-
ids in the usual zonal pattern in Guate- 
mala and hlexico, although the data are too 
few in a quantitative sense to do more than 
outline this problem of vcrtical distribution. 

Other pselaphids descend into deep caves 
and are structurally adjusted for a cav-
ernicolous life; for example, certain specirs 
of the genera Macrobythus, Glyphohythus, 
Apobythus, Lzndevin, and Loplzohytlzt~s. 

1Personal communication of Dr. Eliot C. Wil-
liams states tha t  he found no pselaphids in the 
Hawaiian Islands as late a s  April 1945. This lack 
wascorroborated for Dr. I&illlams by Dr. Elnood C. 
Zimmerman, of the Bishop Museum, Honolulu, 
and serves to  substantiate the older literature. 
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Nevertheless, the family is preponder- 
antly tropical. Of tine 5,000 or more species, 
some three-fifths inhabit the Torrid Zone. 
The \Vestern Hemisphere, for example, 
holds 1,348 known species. Of this number, 
384 species are known north of the Tropic of 
Cancer and 964 south of this general limit 
between the 2 faunas. 

Pselaphidae, then, are to be found over 
most of the earth. In  this great expanse of 
territory they occupy two chief habitats, the 
leaf and log mold of forest floors, and the 
nests of ants and termites. Both deserve 
consideration. 

About 85 uercent of the species of Pselaph- 
idae live in the leaf and log mold of the 
forest floor. Such preponderance shoilld give 
to the family the common name "leafmold 
beetles," but several other families of beetles 
coinhabit the floor litter, and, early in the 
study of the pselaphids, the relatively few 
that live with ants were called "ant beetles." 
The comlnon appellations "ant beetle," 
"antlike beetle," and "antloving beetle" 
have been a-pplied to the family since that 
time. 

The leafmold-inhabiting pselaphids are 
nocturnal or, more exactly, crepuscular. 
Most of the day is passed quietly in the 
moist, irregular, dimly illuminated mold 
passages. Near dusk they become relatively 
much more ~ c t i v e  and walk or fly in search 
of food, water, or mate. This activity is 
usually concentrated into the period from 
sunset up to 10: 00 P.M.; some species con- 
tinue their activity to midnight; a few are 
active in the early hours before dawn. They 
drink from the droplets of moisture on the 
mold. The pselaphitls are predacious. Tbry 
feed upon a variety of animals. These latter 
include any they can overpower with their 
forelegs and sharp jaws; for example, sinall 
insect larvae, injured earthworms, small 
flies (Sciara), and especxally mites. 

Their mite-devouring proclivity has been 
known for a long time. It was known to one 
of the earliest students of the pselaphids, 

Henry Denny, who gave the food of British 
pselaphids in 1825 as "mites, in damp situa- 
tions." My students and I have observed 
pselaphids eating mites, in laboratory nests, 
from numerous localities in the United 
States and in the American tropics. 

The humus and floor debris swarm with 
free-living mites and free-living stages of 
parasitic mites belonging to many families, 
among which may be mentioned the Oriba- 
tidae, Eioplodermatjdae, and Parasitidae. 
These mites are usually minute, hetxeen a 
fourth to a half the size of a pselaphid. The 
majority of such mites are herbivorous. 
They infest the floor in force. Ihave counted 
them in the coniferous forests of Wisconsin, 
the deciduous forests of Indiana, and the 
rain forest of Panama. They may occur in 
numbers, up to 7,000 mites per kg. of mold. 
Since their leafmold-eating is an important 
factor in litter reduction, mentioned in the 
opening paragraphs of this article, these 
mites are important in the well-being of the 
whole forest community. 

Such mites are one of the chief foods of 
the leafmold pselaphids. A beetle overtakes 
a mite, holds it do~vn with its foretarsi, and 
chews it with its jaws. Since the mites are 
important in humus production, this preda- 
tion by pselaphid beetles might seem LO have 
a negative value. Destruction of mites may 
appear to invalidate the view that their 
enemies are benef cia1 to the forest commu- 
nity as a whole. Consider, however, that if 
these mites and their numerous allies in 
litter reduction were not held in check, the 
litter would be too rapidly reduced. 

Such a situation might lead to an initial 
period of increased bacterial activity and 
plant growth. Nevertheless, a time would 
come when the invaluable humus reserve 
would be depleted, when the floor would 
become exposed to erosion and would have 
less insulation. There would be the annual 
crop of debris and leaves, but no reserve. 
This would lead eventually to community 
disaster. 
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Consequently, in the over-all picture of 
the ccmplcs operations which 1 reier to as 
community metabol~sm, predators re as 
important as herbivores. The rselaphids and 
thcir allies in predation ltolcl the mites of the 
lenf and log mold, and their allies in litter 
reducti(~11,in a delicate biolt gical ba1:lnce. 

The lezfmold psriaphids are wcll adjusted 
for their life in the litter arid mold of the 
forest floor. This adjustment is both struc- 
tural and functio~:al. 

They react positiveiy to a relatively high 
amount of atn~ospheric moisture. If pselaph-
ids are phced in a gradicnt of relative hu- 
midity, frrrn, say, 30-80 percent, they 
agqreg8te in the upper third of the g rad i r~ t .  
If they are placed in a glass co\.ercd dish, 
on a shert of moi~tened filter paper, they 
walk ahout while the sheet is giving off its 
moisture into the confilled space. But grad- 
ually through the day the filter pnper dries 
out and the relative humidity of the cncloscd 
air decre~ses. The bectlcs bcc me more and 
more active, running ab3ut until. by trial 
and error, they find the laet wet patch on the 
filter pPper. They make short excursions to 
and from this oasis, gradually forv ing a 
place agqregation on the moist spot. Finally, 
the moisture evaporates and the pselaphids 
die at ,  or near, the inoist area. 

Such behavior is in keeping with their 
n~i i i ra l  habitat in the moist 0oor mold and 
litter. I t  tends to keep them at, or near, tile 
forest Boor. 

They react negatively to strong light. If 
pselaphids are placed in a gradient of light, 
from nbou t 100 foot-candles intensity down 
to darliness, they wander akout and, by trial 
a ~ l derror, select the dark third oi tlle gra- 
dient. 

There are no experimental studies on the 
visual dcuity of pselaphids. On the structur- 
al side, the pselaphid lisual equipment is 
not so efleclive AS that of the marly ii~sects 
thclt capture their fowl while flylng. like 
dragonflies. hlost of them have only 60-100 
facets per eye. This is a very low number for 

insects in general. Species of pselnpllids that 
live in deep leaf mold, beneath boulders em- 
bedded in the soil, or i n  caxJes, h:-ive eye size 
and number of ocular facets ~educrcl. Thus 
among the species of the Rhi~zc~scepsisthe 
eyes v q ,  i r o n  8 facets per eye in a Mexi-
can species to 30 faccts per eye in a Braz:l-
ian species. Bibrax from Panama ha4 eyes 
with only a single facet, and Ariirfzops of 
Appalachian Nort l~ America h:~s  no eyes a t  
al l .  

Tn other genera, the eye devclcplncnt is 
correlated with sex. Thus 2 large American 
genera, JuI.z:s (with 49 spcrics), and ifrth-
mizrs (with 104 species) have eyes with 
significantly l e t~er  fecets in the female sex. 
This is a not uncommon feetule in the Fam- 
ily, although by no means the general rule. 
In some genera, the eye reduction in the 
fen~alesex is even more prnnounccd. Thus 
the species of Cl)photylh.r~s, Apobythzrs, 
Liwderia, and others, of Eurq  e, ha\ e fe-
males with vestigial eycs. 

The relatively poor optical equipment of 
1eaEmold pselaphids is in harmony with the 
rcdi.:ccd light intensity ot their habitat. In 
forests, when the foliage is a t  its maximum 
and the pselaphids are in their active period 
of the year, the floor is usually dimly illu- 
minated (25-50 foot-candles) during the 
day. Under such conditio~ls the beetles 
would tend to remain in areas rf deep shade. 

Tn those genera in which both sexcs lack 
eyes. or the female sex has reduced eycs or 
no eycs at  all, dispersal v~ould be very slow. 
I11 the first case, both sexes n~ould move into 
adjacent areas with dif5culty; in the latter 
eases, the species could not be established 
by the male alone. 

The general effect of these adj~lstments, 
that is, the tolerance tor high relative hu- 
midity and Lov~ light intensity, coupled t~ith 
a relatively poor ocular dexelopwrnt, would 
be a natural tendency for the populations 
of these beetles to keep to the forest floor or 
to caves. 

Correlated with this is thrir period of 
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activity during the dusk and night hours. 
When active,pselaphids all walk rather well, 
and many fly. They may be taken by net 
during the evening, of1 en in great numbers. 
Bibloflectus, for example, has been taken in 
Kentucky, from a moving automobile with 
attached nets, between 6:00 P.M. and 8:00 
P.M., by Dr. H. E. McClure. This same 
method has been used by Dr. Alfonso 
Dampf to capture Mexican pselaphids in 
flight a t  sunset. 

Most pselaphids have wings. These flying 
organs are delicate, membranous structures 
which, when extended, are about as long as 
the body; when a t  rest the wings are folded 
up into a square and tucked beneath the 
hard elytra. Some pselaphids have vestigial 
wings, too short and narrow for flight; in 
some cases poor flight is associated with 
vestigial eyes. 

In common with many other nocturnal 
animals, pselaphids are attracted to lights 
a t  night, especially in the tropics. This is not 
a fully explained response. 

Another behavior oi many leafmold pse- 
laphids is their "feigning death," "playing 
possum," clr "letisimulation." %'hen they 
are uncove~ed in their native habitat, some 
genera ( M  elba, Klzeaidius, Tnzesiphorus) 
crouch close to the substratum, with their 
legs and antennae folded tightly beneath 
their bodies. Experimentally, this letisimu- 
lstion may be induced by vibration of the 
laboratory habitat, or by touching the 
beetles. The usual perlod of such feigning is 
30-70 seconds. 011repeated stimulation the 
duration of the death-feigning response is 
gradualiy reduced. 

iyllat infornlation or stimulus to orienta- 
tion is unavailable to  leafmold pselaphids as 
a consequence of their deficient optical 
equipinent is probably obtained through the 
sense of touch and by cheinoreceptors. 
1i;hether in their native litter or under the 
microscope in an artificial habitat, they are 
seen to be continually twirling their an-
tennae or tapping these organs on the sub- 

stratum. In  addition to these appendages, 
pselaphids have a pair of maxillary palpi, 
which are segmented structures growing 
laterally from a second pair of jaws, the 
maxillae. When the insects are eating or 
drinking, these palpi are continually tapping 
the food or moisture. 

Both antennae and maxillary palpi are 
highly developed in the family as a whole. 
The name of the family is taken from the 
genus PselaQhus, described by J. F. Herbst 
in 1792 and derived from the Greek, mean- 
ing "I feel my way," in allusion to the very 
long and peculiar palpi of this genus. 

The antennae are usuallyclubbed, clavate 
or capitate, the last 2 to 3 segments being 
abruptly larger (Fig. 2). These organs vary 
within the family from 2 to 11 segments, 
and one or more segments may bear deep 
pits (foveae), or spines. These accessory 

From Park, 1946, Chicago Acad. Sci. 
FIG. 2. HAMOTOCELLUS ARAUJOI PARK 

A PSELAPHID ASSOCIATED WITH TERMITES IN BRAZIL 
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structures are often found in the male sex 
only, and in many species rcac.11 fantastic 
proportions. 
'Ihe maxillary pa!pi are similarly variable 

in the \?hole family. They are alrnost uni- 
versally $-segmented, often very long, and 
bean an almost infinite series of ~ar ia t ions  
liniited to species. One entire group of 
genera, centering around the Seotropical 
genus Plamot~ts(89 species), has the last 
segment longitudinally grooved. From this 
palpal sulcus a pearly liquid is secreted. 

Most pselaphids are covered with "hair," 
or setae. This pubescence is usually very 
short, and the individual hairs are sharp- 
pointed and inconspicuous. There are nu- 
merous exceptions to this, and often the 
setae are so specialized that they may ap- 
pear to Ee tactile in function, or to have 
some unknown sensory role. Obviously, we 
need much research upon this point before 
reaching conclusions. A few examples will 
give the range of variation in psehphid 
pubescence. 

One whole section of the family (the 
Ctenistini) is ckaracterizvd by having the 
setae greatly flattened and widened, so that 
each seta is a spade-shaped wafer. I n  other 
genera certain special setae have greatly 
enlarged tips. These hairs may end in a 
relatively large sphere, or have the tip flat- 
tened to form an umbrella-shaped structure. 
Setae may bc concentrated about glandular 
areas of the I-mdy. Finally some few, such as 
the Japanese Hatristilbz~sand the essen-
tially Keotropical El~pse~tizu,are glabrous, 
that is, laclr, all pubescence. 

M'hat has been outiincd in regard to pse- 
laphid anatomy and behavior leads us to the 
conclusion that these beetles are vie11 suited 
for a life in the forest floor litter and humus; 
that, through their predation, they ~ss i s t  in 
maintaining a, balance of forces in litter 
reductitn. 

XOTa,ll psclaphids inhabit the forest floor. 
Other terrestrial niches may be sparingly 

occupied. We have mentioned their resi- 
dence beneath deeply embedded boulders, 
usually on the sides of bills or in rocky 
aeadows Similarly, the ca.cernico!uus habit 
has been noted. Other species inhabit the 
unstable vegetation mat of quaking bogs. 

Quite a few live in the relatively thin 
1:umus and lioor of prairie communitjcs and 
niay be talien from bluegrass with a sweep 
net. An aspect of the predacious nature of 
meadow pselaphids may become economi- 
cally important. Jn the pdst few years H. W, 
Stunkard, of New PTorlr University, has 
demonstrated that the oribatid mite genus 
Galr~m~zais the intermediate host of the 
sherp tapeworm, Moniezza expanya. Since 
pselaphids feed upon mites, Galunzfza in-
cluded, their predation in contaminated 
pastures is to be thought of as an ecological 
dctcrrent to the dispersal of the vector and 
its parasite. 

All the nonforest habitats seem to be 
secondary. All are more or less adjusted to 
fit the living requirements of these beetles, 
and have some resemblance to the forest 
habitat niches. 

There remains a remarkable habitat pene- 
trated by about 15 percent of the species of 
Pselaphidae. This is the complex social en- 
vironment of ant and termite nests. Pse- 
laphids that live in these nests as guests (or 
"inc~uilines") are "ant beetles" in truth, and 
include some of the most highly specialized 
genera. The contact of ant beetles with so- 
cial insects has eli~ited some of the most 
intricate patterns of insect be!:avior. 

I t  is not strange that pselaphids sl~ould be 
able to live viith ants and termites; many 
animals do. The re!atively uniform air teln- 
perature and relative humidity of the host 
nest, its clarlrness, ant1 the abundant food 
suppiy are ecological conditions that fit the 
requircaents of leafmolc! inhabitants. There 
are two apparc'nt objectioils horn the 
pselapkid standpoint. 'The firsf of these is 
that the iooti migl-it differ quiiliiatively from 
that of the leafnlold carpet. The second is 
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that the generalized leafmold pselaphid 
must become adjusted to the host; that is, 
the beetle rllust be either tolerated by the 
ants or ternlites or able to avoid them suc- 
cessfully in the nest. 

As to the first of these points, the pse- 
laphid diet is so varied as to kind and condi- 
tion of thc animal eaten that the first 
problem does not apply to most ant hosts. 
The majority of ants assemble in their nests 
a great kariety of foodstuffs. Pselaphids 
inhabiting such nests feed upon the food 
brought in by the worker ants, and also 
upon injured ants, ant larvae and pupae, 
and upon the mites which live in tlie ant 
nest and on the ant integument. The food 
factor presents a more ;erious problem with 
respect to the establishment of the pse- 
laphid-host relationship in termites, for ter- 
mites, niiscalled LLwl~ite have a re- ants," 
stricted diet of woody fiber, or cellulose, and 
this is not a food of the predatory pse- 
laphids. 

One may postulate a sudden genetic 
mutation of a leafmold pselaphid that would 
endow the beetle with such an array of 
adaptive features that the species popula- 
tion woultl fit into the termite society with- 
out difficulty, would be unmolested by the 
host, and could feed on termite exudates, 
feces, or on sick or immature inmates. 

Such a postulate is not the most probable 
explanation. We may rather imagine that 
there has been a gradual evolution of guest 
psclaphids. Each pselaphid species popula- 
tion so involved ivould be subjected to en- 
vironment al selection, the selection in this 
case being made by the social matrix of ant 
or termite. From this point of view, the 
primitive inold pselaphids would pass 
through a st age in whit h they were faculta- 
tive, could live in the llumus or in the nest 
a t  the dictate of circumstance. Gradually, 
over great periods of tiine, positix-e selection 
for the nest habitat would operate on pse- 
laphid mutants. There m-ould be a tendency 
for the darli, stable nest climate and the 

abundance of assorted food stores and im-
mature hosts to produce beetles that had 
become more and more adjusted to the life 
of a social parasite, and less adjusted to the 
mold habitat. 

If thi:j general view is tenable, then the 
ant society, with its more varied and abun- 
dant food, should be colonized more often 
than the termite society, which has its food 
base in wood fiber and offers fewer feeding 
possibilities to the invading beetles, The fact 
is that there are a great many more pselapll- 
ids found with ants than with termites. For 
example, in the American tropics there are 
964 known kinds of pselaphids. Of this num- 
ber, there are 54 species known from the 
nests cf social insects, or 5.7 percent of the 
fauna. 'This is lower than in the better 
known Nearctic fauna and reflects our ignor- 
ance of the tropics. Of the 54 pselaphid 
inquilines, 42 species, or 78percent, live with 
ants as "myrmecocoles," and 12, or 22 per- 
cent, with termites as "termitocoles." 

As to the second objection, the difficulty 
of adjustmcnt to the host by the pselaphid 
is met by the fact that a great number of 
these beetles do live with social insects, thus 
proving that these beetles have adjusted, 
and are continuing to adjust themselves, to 
ant and termite societies. This inquilinous 
adjustment has arisen in many different 
tribes within the I'selaphidae, and 2 tribes, 
the A ttapseniini and the Clavigerini, are 
restricted to this way of life. 

Apparently, the role of the pampered 
guest is neither the result of a sudden ge- 
netic change nor the exclusive property of a 
particular stclck. 

As expected, some pselaphids are a t  home 
either in the forest floor or the ant nest. In 
the Cnited States we may mention 2 species 
as exan~ples of this category, Batrisodes 
globosus and Tmesiphorzis costalis. These 
species are "leafmold beetles" most of the 
time but are frequently recorded as "ant 
beetles" with a variety of different kinds of 
ants. A!; species become more adjusted to 
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ant societies they tend to inhabit the nests 
of fewer species of hosts, until they hecorne 
more or less rest rictecl to a single kind of ant, 
or to a fen. closely related kinds. The genu;ne 
guest (myrmecophile) is not ta!;en a t  liberty 
in the humus; the more sperializect forms 
h a ~ erudiaentary mouth parts anci appear 
t o  be unable to live outsic!e the host circle. 

Many entomologists have worked on ant- 
beetle ecology; the list of their names is a 
cosmopolitan one. Such men include Erich 
I'z7asn?znn (Belgium), Alfred Iletschko and 
Erich Krueger (Germany), H. J. K. Donis-
thorpe (England), Filippo Silvestri (Italy), 
E. A. Schwarz, W. M. Wheeler, and H. F. 
Nickham (United States), Carlos Bruch 
and Angel Gallardo (Argentina). 

Erich STJasmann, a pioneer in this phase of 
investigation, gave a classification of the 
guests of social illsects in general, and 
l',heeler modified this classifica~ ion in 1910. 
This modified version, wit11 s t r i ~ t  applica- 
tion to the pselaphids, includes two cate- 
gorics, the synoekctes and the symphilm. 

The synoeketes are pselaph;cls that live 
within the nests of ants and termites uith- 
otit being actively persecuted by the host. 
Usually such species are indifferently toler- 
ated. 1T7ithin this category there arr many 
subdivisions, from the fdcultative i'orms to 
those approaching the synq hilic condicion. 
There are many pselaphids in this g:neral 
group, including species of Balrisndes, Ry-
baxis, C'edius. Tmesi/?zcrl~s, Ceopl~yllzts, 
and Cercozerus l i t inp will1 ants, and 
Yhteg~tomus with termites. 

The symphjlcs, cr true guests, are the 
elite an-ong ant beetles. They incIude the 
entire suhfarnily Clavigerinae, and possibiy 
the rcmnrlrabie new tribe, Attapseniini, 
known so far by 2 spzcirs living with the 
leaf-cutting ants (Attn)in Brazil and Argen- 
tina. The attapseniiles have been described 
by Carlos Gruch and August Reichensper- 
ger, but tile lnclc ecological information 
about then1 as yet. They are noted here 
since they are structurally interrnecliatr in 

many ways between the subfamily T'selaphi- 
dae and the subfamily Clavigerinae. 

Th:: symphiles exhibit a number of char- 
acteristic responses, or "symphiloid charac- 
teristics." Their behavior p ~ t t e r a  and 
structural aspect include: 

1. A more or lcss shining, light-coIored integument, 
often resembling the "oily yellowish sheen" 
of their hosts. 

2. 	 Special tufts of long, golden setae (trichomes) 
that convey a special secretion. This secre- 
tion is produced hy gland cells a t  the base of 
the trichome and is very stimulating to the 
host, the worker ants frequently stopping their 

From Park, 1932, Ann. Ent. Soc. Amer. 
FIG. 3. HOST AND GUEST 

A HOST LVT (Lasitbs aphidicola WALSEI) LICKING 

AND SUCICING TiIE TRICilOMES OF TITE PSELAPHID 

Advaltes lecontei BRENDEL. 

cornmrinnl activities to lick and suck these 
eolden hunciles (Fi?. 3). 

3. The inconspicuous, higlily modified mouth parts: 
these are fitted for licking, scraping, and 
suclting, rather thnn che;vin,o, a struggling 
leafn~old mite. 

4. The unusunlly modified antennae. 
5 .  	The deliberate, clockIiBe precision of their un- 

horried vvllir within the hurry of the nest. 
6.  The habit of tnirling t l ~ e  antennae when ap- 

proached by s host ant. 

These fcaturcs, in c o n ~ b i i z ~ t i ~ n .are equiva- 
Ient to a ha:lmar!; of t!~e true gi~est. Some 
items, sut il a? the c!itbor,zte antennae or 
slri~:ing intct;urn~nt, talien alone, are fre-
quently seen in  free-living pielaphitls. 

01' t!ic 200 odtf species of clavigcrid sym- 
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philes, 3 :ire rather well-linown, Claviger 
tcstacetls and lo~zgicorr~is, of Europe, and 
Advanes lecoutei, of the Vnited States. The 
day-to-day life of these 3 may be summar- 
ized as an example of syn1l;)hilism. 

The beetles are 1v11oll.y immune from host 
attack, a condition hard to attain in the 
Amazon society of most ants. They stalk 
about the moist, dark galleries, especially 
the ant brood chambers. When approachecl 
k~yan ant, the pselaphids do not letisimu- 
late or hurry away; rather they pass slcwly 
by, or pause and twirl their antennae, or 
stop so that the ant  must pass over or 
around. The ants suck assiduously a t  their 
trichomes. lick the beetle's integument and 
scrape a t  it. 'This sucking and licking goes on 
a t  all hours of the day or night, the ant  
society being arhy thmic. Tne beetles may 
be so attencled by several ants simultane- 
ously for several minutes at  a time. Further- 
mrrc, the), ride about the nest on the ant's 
body. This behavior (phoresy) may last for 

From Park, 1932, Ann. Ent. Sac. A m a .  
FIG. 4. A HITCHHIKER 

A PSELAPHII), (Adranw leconlei BRENDEL) BEING 

CARRIED ABOUT TBE NEST OF TIIE HOST ANT ( L a s i w  
aphidicola WALSH) BY A HOST WORICER. 

long perjocls. Thus an Adranes has been secn 
to climb on Ihe abdomen of an ant and ride 
her ahout the nest for ninety minutes (Fig. 
4). In addit~on to licking and sucking the 
beetle integument and trichomes, the ant 
workers feed the beetles directly. The ant 

approaches a clavigerid and, after they have 
tapped each other with their antenna, 
regurgitates a drop of liquid food into the 
mouth of the beetle, just as she wculd for a. 
sister ant. In return for such treatment, the 
beetle may strike a t  the nest society, just 

From Park, 1932, Ann. Ent. Soc. A m a .  
FIG. 5. TAKING CANDY FROM A BABY 

A PSELAPRID (Adranes lccontet BRENDEL) HOLDING, 

LICKING, AND SCRAPING A LARVA OF THE HOST ANT 

(Lasius aplzidicola WAUH). 

as gangsters and racketeers strike a t  the 
human society. Thus, some species haunt 
the brood chambers and occasionslly scrape, 
puncture, and suck the eggs, larvae, and 
pupae of the host, or a badly injured worker 
ant (Fig. 5). This is a very complex pattern 
of behavior (Fig. 6). The common host of 
Adranes leconlei is the pale yellow Lasius 
aphidicoln or its close allies. With this arit 
live other guests b~sides the clavigerid, each 
guest having a separate pattern with every 
other guest and the host. Thus there is a 
large mite, A~ztelznophorus v~asnzunni, which 
rides about on the ants. These mites also 
ride on the beetles; 1have seen mites on a 
beetle and the beetle in turn perched on a 
burdened ant. 

The species of Clmiger and Adrunes have 
no eyes. As a rule, they are not found beyond 
the confines of their host's nest. An excep- 
tion may be noted in their probable method 
of dispersal. On a t  least three separate occa- 
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sions an individual of CZaviger testaceus has 
been taken while clinging to a winged male 
or female ant. I t  will be remembered that 
the virgin queen ants and their male con- 
sorts compose the reproductive group. Such 
ants are usually winged. At the mating 
season these ants leave the parent nests, 
mate, and the iertilized queen ants found 

tended by males, a t  the future nesting spot, 
breaks off her wings, and begins to lay eggs. 

Thus it is difficult to imagine how claviger- 
ids are dispersed without clinging to queen 
ants, a t  least for most ant species. I t  is 
nearly as difficult to understand how thev 
can be established in a new nest by this 
method. 

TUVENILE MITES 


Pvom Park, 1932, Ann. Enf. SOG.Amer. 
FIG. 6. SOME INTERRELATIONS WITHIN THE SOCIETY OF A HOST ANT 

RELATIONSIUPS BETWEEN HOST ANT WORKERS AND LARVAE GAMASW(Lasircs apkidicola WALSH), MITES 

(Antennophorus),AND TWO SPECIES OF PSELOHIDS (AdranesAND Ceopkyllus). 

new colonies. Consequently, CEariger testa- 
cezts, and other clavigerines as well, may 
become dispersed by this plloresy. The dis- 
persal would be slowly achieved since a t  
least 2 beetles, of opposite sexes, or a pre- 
viously fertilized female clavigerid would 
have to be present. This raises certain objcc- 
tions. Two beetles have not been reported 
on the same winged female ant, and the 
fertilized queen ant usually arrives, unat- 

One iinal point should be noted about ant 
beetles in general. There is an apparent 
correlation between the rate of locomotion 
of a rnyrmecoco!e and its ecological role in 
the host society. That is, sympllilisrn is 
more or less inversely proportional to speed 
of movement. A single example must suffice. 
Five worXer ants of Lasius aptsidicola were 
cloc!;ed for 10 trisls, each trial lasting one 
minute. These 50 trials averaged 52.5 inches 
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At least there should be as many larvae 
as adults. Theoretically, there must be many 
more eggs, larvae, and pupae than adult 
beetles since these immature sta@s would 
be subject to destruction by carnivorous 
insects, bacterial and fungoid disease, and 
acciclent. If each species population is to 
maintain its size, or increase its size, there 
must be enough immature stages to fur- 
nish a margin of safety against such loss, 
a superabundance of immature animals. 

The fact that the immature stages of 
pselaphids as a whole are almost unlrnown 
is thus a mystery. There must be some 
explanation. Perhaps it is quite simple; for 
example, some ecologi~al factor operating 
upon their immature life in a peculiar 
way, or a physiological requirement, that 
causes their eggs, larvae, and pupae to 
be hidden in the bumus or in the host nest 
so securely that v7e have not diqcovered 
them. This would be discoverable in time, 
by chance or deliberate search of unlikely 
places. Again, these immature stages may be 
parasitic for a t  least some of the species 
of pselapl~icls.~ 

Odcily enough, we havc botli ends of 
the chain: the mating act of the mature 
pselaphids, and the just-emerged adult. 

I havc seen pselaphids mate on several 
oc~asions a t  localities in widely sepsrated 

'This is not my view alone. My friend, H. S. 
Barher, of the U. S. National Museum, expressed 
this belief in a conversation several years ago. 

p a t s  of the Western Hemisphere, and in 
such free-living genera as Batrisode~ and 
Dalmoselln, and in the symphilic, blind 
Adrauzes. I have never seen the females 
lay their eggs. 

The just-emerged adults are not a t  all 
uncomnlon in large collections. When a 
bectie breaks out of the pupal inregument 
it is soft and light-colored. I11 thc pse-
laphicis, these "tallows" are thin-skinned, 
delicate creatures of an almost uniiorm 
light-yellow color. If they are killed and 
pinned in this condition, they re~naln light 
in weight and color, although they become 
more or less shrunken with time. 

The free-living leafinold pselaphids prob- 
ably live a t  least a year. In temperate 
regions mating occurs most frequently in 
the late spring, between April 1.5 and &lay 
15. The species probably hibernate as 
adults in the floor mold. Tlle ant beetles 
such as Advanes and Claviger live a long 
time in captivity. I have kcpt Adra?fes alive 
with the host ants for fourteen n,onths; 
Claoiqer has been kept fur as long as three 
years by Donisthorpe in England and for 
four years by Janet in Europe. 

Wc must await more information before 
an over-all view can be hcld regarding the 
life history of the Pselaphidae. But these 
beetles remain with us, a lsrge, diversified 
asqemblege, performing a us~fu l  £[unction 
in the forest community, and generally 
unlrnown by biologists. 




