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A SYNOPSIS OF THE IMMATURE STAGES OF PSEUDO- 
MORPHINI (COLEOPTERA: CARABIDAE) WITH NOTES ON 
TRIBAL AFFINITIES AND BEHAVIOR IN RELATION TO 

LIFE WITH ANTS. 

TERRY L. ERWIN' 

ABSTRACT 

Analysis of reared larvae and supposed larvae of the tribe Pseudomor- 
phini from collections show that evolution due to life with ants has affected 
larval form and behavior along at least two pathways. An Australian 
genus, Sp hallomorpha, has members which are commensal with and prey- 
ing on their host. The sole North American genus (also found in South 
America) and an unknown Australian genus (larvae cannot be placed to 
genus) are inquilines in the nests of their ant-hosts. The New World group, 
Pseudomorpha, apparently has a larval chemical defense which repels ants. 
The chemical is probably volitized from special setae on the head and 
thorax; the setae are mostly concentrated toward the anterior part of the 
animal and have a tuberculate mushroom-shaped surface. 

Larvae of Pseudomorphini are characterized by a combination of 
characteristics: setiform inner lobe and single-articled outer lobe of the 
maxilla; absence of urogomphi and prostheca; unequal tarsal claws; anten- 
nae subequal in length to mandible; open or barely closed frontal plate; and 
unarmed pygopod. 

Phylogenetic analysis of larval and adult external features in 
Pseudomorphini do not shed much light on their relationship among the 
carabids. Male genital features suggest relationship to a basal Pterostichite 
or Psydrite stock. It is suggested that internal features, not so dramatically 
selected by ants, may help more in elucidating relationships. 

Finally it is suggested that the Pseudomorpha larval chemical repellent 
be collected and analyzed for possible production and use in control of fire 
ants or other noxious formicid pests, and that a study of adult pseudomor- 
phines which must lay eggs in ant nests may also show repellent features 
potentially useful to human society. 

INTRODUCTION 

Members of the carabid tribe Pseudomorphini are among the more 
bizarre extant species in the family, both in form and life history. Evolution 
among ant-hosts (Formicidae) has resulted in a deviation of adult form 
quite unlike other myrmecophilous carabid beetles and which nearly rivals 
that found in Paussini. Similarly, ant-host selection on larval forms (Fig. 1) 
has caused deviation from the "normal" carabid "ground-plan" resulting in 
an array of variously physogastric forms, some of which are cicindeline-like, 
and some brachinine-like. 

An inquiry from G. C. and J. Wheeler to me regarding identification of 
larvae found with the ants they study, resulted in a review of the literature 
and study of all pseudomorphine larval material available. Although rear- 
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Fig. 1. L3 larva of Pseudomorpha sp. [Nevada] 2OXbr. SEM micrograph. 

ing has not been accomplished in most cases and species identification is 
impossible at this stage, I thought it timely to gather, synoptically, all data 
available on this interesting group of beetles. Until now, Moore (1964, 1974) 
provided the only modern discussion on immature stages. 

My purpose here is to describe and illustrate the immature stages of 
Pseudomorpha, discuss their behavior as observed by the Wheelers (in litt.), 
and comment upon the relationships within Pseudomorphini based on lar- 
val characteristics and the tribal affinities that seem apparent on adult and 
larval characteristics. 

METHODS AND MATERIALS 

Study of structural detail of Pseudomorpha larvae was aided by Kent- 
Cambridge Steroscan, Mark IIA, and photographic images were made by 
the same instrument. Measures, using methods described before (Erwin 
1967, 1975) were made with an electronic measuring device (Erwin 1978). 

Materials for this study were donated to the USNM by G. C. and J. 
Wheeler and J. L. Lawrence, and B. P. Moore loaned all pseudomorphine 
larvae upon which he has published. Nevada and Arizona specimens are 
vouchered in the carabid larval collections at the USNM; those of Australia 
are with Moore at CSIRO. 

DESCRIPTIONS OF IMMATURE STAGES 

Lenko (1972) described the larvae and behavior of larval P. laevissima in 
Brazil. His illustration of a larva shows no details, but it is clear that at 
least in shape and proportion it generally matches that of the Nevada and 
Arizona species described herein. Lenko (1972) indicates that P. laevissima 
larvae eat the larvae of their host-ant Camponotus rufipes (Fab.) in the core 
of the nest then migrate to the periphery to pupate. Seven of 32 nests in- 
vestigated had these beetles living in them. 

Ogueta (1967) revised the 5 Argentine Pseudomorpha species and il- 
lustrated the male genitalia of P. argentina and P. lacordairei. In this paper 
Ogueta also discusses adults of P. laevissima. 

Pseudomorpha sp. [Nevada] 
(Figures 2-10, 13) 

FIRST INSTAR LARVA. (Figs. 2-10, 13). Length (anterior edge of nasale to caudal 
edge of abdominal segment IX) 2.1-2.8 mm; width (across head) 0.3 mm; width 
(across abdominal segment VIII) 0.6-0.7 mm. 
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Color. Head and appendages pale testaceous, mandibles rufous; body white. 
Form. Physogastric, head small. 
Chaetotaxy. Body setae few, anteriad mostly mushroom-shaped. Head setae few, 
mushroom-shaped and multituberculate (Figs. 5, 13). Setae of mouthparts normal 
(Figs. 2, 3, 4). 
Head. (Figs. 2, 3, 10). Small, squarish, slightly broadened basally, neck absent, head 
partially retracted into prothorax. Surface smooth. Epicranial sutures broadly 
V-shaped but not joined posteriorly. Egg bursters each a small sharp carina (Fig. 10) 
somewhat raised behind, slightly crenulate. Nasale shallowly sinuate. Antenna 
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FigS. 2-10. L, larva of Pseudomorpha sp. [Nevada] SEM nicrographs: 2. 
Mail apex, right, ventral aspect, 11l5OXbr. 3. Head, ventral aspect, 
200Xbr. 4. Head, dorsal aspect, 200Xbr. 5. Pygopod, ventral left aspect, 
300Xbr. 6. Antenna, apex, left, dorsal aspect, 100 7. Lateral seta of an- 
tenna, dorsal aspect, 2200Xbr. 8. Eggburster, left, oblique aspect, 3000Xbr. 
9. Tarsal claws, anterior left, posterior oblique aspect, 1600Xbr. 10. Tarsal 
claw, posterior left, posterior oblique aspect, 1600Xbr. 
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4-articled, with hyaline bulb (Fig. 6) laterad on apex of third antennomere; setae few, 
similar to those of head. Eyes absent. 
Mouthparts. (Figs. 2, 3, 4). Mandibles acute, falciform; mesal edge sharp, inter- 
rupted at middle by small tooth; ventral margin with oblique ridge; penicillus ab- 
sent. Maxilla large, stout, with small 4-articled palpus (Fig. 4), simple 1-articled 
outer lobe, seta in place of inner lobe (Fig. 4). Ligula (Fig. 3) small, with two setae ter- 
minally, two setae ventrolaterally; palp 2-articled, last palpomere subulate. 
Spiracles. (As in Fig. 16). As in third instar. 
Legs. (Figs. 8, 9). First pair of legs with two unequal claws; mid and hind legs with 
one claw. 
Body. (Fig. 7). Pygopod without crochets; urogomphi absent; other segments as in 
third instar. 

SECOND AND THIRD INSTAR LARVAE. (Figs. 1, 11-12, 14-23). Length 
(measured as above) 8.1-8.4 mm; width (across head) 0.6 mm; width (across ab- 
dominal segment VIII) 3.5-3.9 mm. 
Color. As in first instar. 
Form. Markedly physogastric, head small. 
Chaetotaxy. (Figs. 1, 14, 17, 19, 21). Setae of head and thorax mostly mushroom- 
shaped and multituberculate (Fig. 15); setae of abdomen normal. Setae of 
mouthparts mixed (Figs. 18-23). 
Head. (Figs. 17, 19, 21, 23). Small, squarish, slightly broadened basally, neck absent, 
head partially retracted into prothorax. Surface smooth. Epicranial sutures broadly 
V-shaped but not joined posteriorly. Nasale shallowly sinuate. Antenna (Fig. 12) as 
in first instar. Eyes absent. 
Mouthparts. (Figs. 18-23). As in first instar, except ligula longer proportionately; 
stipes pubescent dorsolaterally; surfaces with more setae. 
Spiracles. (Fig. 16). 
Legs. (Figs. 11, 17). As in first instar. 
Body. (Figs. 1, 14, 17). 

MATERIAL EXAMINED. USA. Nevada: Douglas County, 8.0 miles SE Minden, 
5200' (2362 m), 22 August 1967 (4 L3 from nests of Camponotus semitestaceus 
Emery and Myrmecocystus testaceus Emery), 12 September 1967 (2 Ll, 1 L2, 2 L3 
from nests of above ant species; 10.0 miles S Minden, 20 August 1966 (1 L3 from 
nest of Camponotus sp); 16 miles SE Minden, 5700' (2589 m), 7 September 1967 (1 
L1 from nest of C. semitestaceus Emery). Washoe County, California Boundary 
T24NR18E sec 31.4, 700' (318 m), 4 July 74 (1 L3 from nest of Camponotus 
semitestaceus Emery. All collected by G. C. and J. Wheeler; ant determinations by 
the Wheelers. 

DISCUSSION. Five specimens were loaned by me to R. Thompson who il- 
lustrated and described them briefly (Thompson 1979). SEM micrographs 
revealed characteristics at odds with some details of Thompson's descrip- 
tion of them, thus the description provided here amplifies and corrects that 
of Thompson. 

Pseudomorpha sp. [Arizona] 
(Figure 24) 

The single specimen from Pefna Blanca, Arizona, is very similar to those 
from Nevada. Only proportions, degree of physogastry, and color differ. 
The Arizona specimen is much paler, including setae, and much less swollen 
caudally. Preservation technique could account for both these differences. 
Proportional differences are shown by comparing Figs. 17 and 24. Because 
of the latter I suggest the Arizona specimen is not conspecific with those 
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Figs. 11, 12, 14-16. L3 larva of Pseudomorpha sp. [Nevada] SEM 
micrographs: 11. Leg, anterior left, anterior aspect, 28OXbr. 12. Antenna, 
right, dorsal aspect, 27OXbr. 14. Pygopod, ventral aspect, 12OXbr. 15. Seta, 
head, oblique aspect, 2250Xbr. 16. Spiracle, abdominal I, 545Xbr. 13. Li 
larva of Pseudomorpha sp. [Nevada), seta, head, 2700Xbr. 
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from Nevada, but this must be tested with further study of larger series. 
Digging up ant nests is the only way! 
Size: Length 8.73 mm; width (across head) 0.55 mm; width (across VIII) 2.9 
mm. 

MATERIAL EXAMINED: USA. Arizona: Santa Cruz County, Pefia Blanca, 6 
August 1968 (1? L2 from nest of the army ant Neivamyrmex nigrescens (Cresson). 
Received from J. L. Lawrence, ants determined by David R. Smith, USDA-SEL, 
Washington). 

S.6 

Fig. 17. L3 larva of Pseudomorpha sp [Nevada]. Lateral and dorsal 
aspects of entire specimen; dorsal (top) and ventral aspects of head. 

Sphallomorpha colymbetoides (Westwood) 
(Figure 25) 

Moore (1974) adequately described and illustrated the larval stages of 
this species and also described their remarkable behavior as predators of 
ants. The convergence of structural and behavioral features with those of 
tiger beetles is highly interesting and instructive. These similar but ob- 
viously unrelated trends in such disparate groups demonstrates that 
autapotypic trends in adaptive responses to intense selection (e.g. feathers, 
supramnandibular antennal insertion, lack of antennal combs) should not be 
overly exaggerated in classificatory schemes. 

The larval habits and structures of Sphallomorpha indicate that the lar- 
val semophoronts are intermediate in their evolution toward ant-symbiosis 
and that this step seems to be a logical one in the pathway toward inquiline 
life. 
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Figs. 18-23. L3 larva of Pseudomorpha sp [Nevakda] SEM micrographs: 
18. Ligla, left ventral aspect, 36OXbr. 19. ead, dorsal aspect, 1OOXbr. 20. 
Maxill, left, ventral 26OXbr. 21. Head, ventral aspect, slightly 
oblique, 10OXbr. 22. Mail,left, apex, 64OXbr. 23. Head, anterior aspect, 
815Xbr. 
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Fig. 24. L3 larva of Pseudomorpha sp. [Arizona]. Lateral and dorsal 
aspects of entire specimen; dorsal (top) and ventral aspects of head. 

The male genitalia of Sphallomorpha adult members (Fig. 29) with 
markedly unequal, asetose parameres and biramous endophallus with com- 
plex trichinial fields, suggest that the members of this genus are in a de- 
rived position among tribal members as compared with the intermediate 
Adelotopus and less derived Pseudomorpha. 

Pseudomorphine genus #1 [Australia] 
(Figure 26) 

Twelve specimens from Black Mountain, Canberra district, Australia, 
were studied, illustrated, and described by Moore (1964). At the time, he as- 
signed these larvae to the pseudomorphine genus Sphallomorpha, later 
Moore (1974), after rearing a quite different kind of larva to Sphallomorpha 
colymbetoides adults, suggested the Black Mountain inquiline specimens 
might be Adelotopus or Canogenion members, also Pseudomorphini 
genera. He also suggested that the paussine, Arthropterus, must be con- 
sidered. A reevaluation of character states of the Black Mountain form in 
light of the Pseudomorpha larvae of Nevada and Arizona supports Moore's 
first contention that it belongs to Pseudomorphini. Absence of a man- 
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Fig. 25. L3 larva of Sphallmorpha c-olymbetoides (Westwood). Dorsal 
aspect of entire specimen and head (top), and ventral aspect of head. 
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dibular prostheca and pencillus and presence of two claws per tarsus argue 
for its assignment to that tribe. Other features it does share with paussines, 
absence of inner lobe, single-articled outer lobe, frons extending to occipital 
foramen, are also shared with the Nevada and Arizona Pseudomorphines. 

Assignment to genus awaits rearing and/or discovery of more specimens 
in association with the adult stage. 

Pseudomorphine genus #2? [Australia] 

Moore sent me, along with other suspected pseudomorphine larvae, a 
single specimen of a peculiar carabid larva which he thought should be 
considered in a synopsis of the tribe. After a study of it, I have concluded 
that it most likely is a member of the Panagaeitae and it is considered 
separately. 

LARVAL BEHAVIOR 

Moore (1974) described the behavior of Sphallomorpha. That of 
Pseudomorpha was observed by Mrs. J. Wheeler during studies of ant 
nests in Nevada, and I here paraphrase her observations (ex. litt), adding 
carabid names and larval stages. 

I~W 
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Fig. 26. L2 or 3 larva of pseudomorphine #1 [Australia]. Lateral and dor- 
sal aspects of entire specimen; dorsal (top) and ventral aspects of head. 
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'In a flat observation nest, the worker ant of Myrmecocystus testaceus 
would nip the integument of L2and L3 Pseudomorpha larvae hard enough to 
temporarily misshapen the integument, however in vials of soil the larvae 
would dart their head at the ants and drive them off.' 

'Camponotus semitestaceus workers pick up Pseudomorpha larvae and 
carry them about as if they were brood, however the Pseudomorpha larvae 
could also walk around by themselves. L1 Pseudomorpha larvae were seen 
to enter and leave cocoons of ants, often remaining inside while wiggling 
mandibles outside. Attempts at feeding honey or crushed eggs to these Li's 
failed. Ant prepupae in the cocoons were not harmed.' 

'Any attempts at rearing, with or without soil, failed. One larva made a 
burrow and chamber, sealing the latter, but it also died.' 

G. C. Wheeler informed me that adults of Pseudomorpha were neither 
seen nor collected. 

Lenko's (1972) observations add to this only that the beetle larvae eat 
ant larvae and then move to the nest periphery for pupation. 

SYSTEMIZATION AND CLASSIFICATION OF PSEUDOMORPHINI 

Adult and larval stages of members of Pseudomorphini are so aberrant 
in form when compared with other carabid beetles that few of their external 
characteristics can be used for determining relationships. In addition, the 
group has not been revised in modern times. Notman's (1925) keys and 
notes are mainly derived from original descriptions, not specimens, and lit- 
tle is synthesized. Jeannel (1942) erected the Balteifera group to contain the 
Brachinini and Pseudomorphini on the basis of the 'balteate' parameres of 
the male aedeagus. Unfortunately Jeannel does not illustrate or mention 
which species of pseudomorphine he investigated; it was neither 
Pseudomorpha, Adelotopus, nor Sphallomorpha members for they do not 
have 'balteate' parameres (Figs. 27-29). 

I provide: here a discussion and analysis of some character states 
heretofore ignored or not available to previous workers and arrive at, at 
least, a better estimate than that of Jeannel. However, much must be done 
in the future with these beetles and it must start with a revision and 
cladistic analysis of the group itself. 

Tarsi - Adult members of several genera I was able to examine have 
modified setae on basitarsomeres (+2-4) of both fore and mid-legs of 
males. These setae are spatulate, in two serial rows, and occur on tar- 
someres 1-2, 1-3, or 1-4. This fore and mid-leg type of tarsal setation occurs 
elsewhere in Omophroninae, Notiophilini, Trachypachidae, and some 
Leistus. Some Harpalini members have spongy pads on mid-tarsi too. 

Defense chemistry -Moore (1968, 1979) showed that pseudomorphines 
have formic acid (IV) as the main constituent of their defense secretion 
chemistry, plus hydrocarbons (I). This chemical system furthermore, is 
operative as a spray directed at the target. The combination of chemical 
groups IV and I is found elsewhere in the Psydrinae, Pterostichinae, Har- 
palinae, Licininae, Lebiinae s.l., Dryptinae, and Zuphiinae (Moore's 
categories). 

Male aedeagus (Figs. 27-29 and see Ogueta, 1967)-The parameres of 
Pseudomorpha members are long, intermediate in size between typical 
styloid and conchoid, asymmetrical (Sphallomorpha) or symmetrical in 
regard to left and right, about equal in size, and have no setae (Sphallomor- 
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Fig. 27. Male aedeagus of Pseudomorpha augustata Horn; dorsal, ven- 
tral, left lateral aspects. Fig. 28. Male aecdeagus of Adelotopus dytiscoides 
Newman; dorsal, ventral, left lateral aspects. 

phaJ, at least one long seta (Pseudomorpha), or many minute setae 
(Adelotopus) present on the phallus and/or parameres. The base of the me- 
dian lobe is bulb-like, with a small hooded opening above the attachment of 
parameres. There is no sagittal crest. The orifice is distal; there is a small 
unarmed microtrichiate internal sac (Pseudomorpha, Adelotopus) or a 
biramous microtrichiate sac (Sphallomorpha). 

Symmetrical parameres are common to the primitive members of 
primitive groups and found nowhere else in the family; setiferous 
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parameres are also common to most primitive lineages and basal stocks of 
Agonina (Pterostichitae). The median lobe basal bulb is found in several 
groups including Nebriitae, Pterostichitae, Harpalitae, Lebiitae, among 
others. The long, equal, rounded parameres with unique setation are 
autapomorphic to the Pseudomorphini and could be derived from several 
groups. In total, the male genital structures are like those of the basal 
stocks of Pterostichitae. Sericoda and Elliptoleus, both basal Agonina, 
have at least one seta per paramere. 

F* 29. Male aedeagus of Sphallomorpha colymbetoides (Westwood); 
dorsa,tventral, left lateral aspects. 
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Larval features -As noted above, the only pseudomorphines reared 
from larva to adult, and thus unquestionably correctly assigned to the 
tribe, are Sphallomorpha colymebetoides and Psudomorpha laevissima. 
The captured larvae from Nevada and Arizona which I herein assign to 
Pseudomorphini are so assigned by process of elimination and favorable 
comparison with Lenko's illustration (1972). No other carabid known or 
suspected of being obligatorily myrmecophilous lives in Nevada. Several 
species of Pseudomorpha do live there. With these proven and rather 
strongly suspected cases (including the Australian one described above) as 
bases, certain larval structural features can be analyzed and discussed. 

Although the Sphallomorpha larva lives at the edge of an ant mound 
(Moore 1974) in much the same fashion as tiger beetle larvae, there is 
nothing to suggest relationship between the two. The unique antennae of 
Sphallomorpha larvae each have the 4th antennomere styliform (Fig. 25). 
This is found elsewhere only in Siagona (Moore 1972), but in that group it is 
considerably longer. In addition, as pointed out by Moore (1974), the max- 
illa has a median hyaline vesicle similar to that of loricerine larvae. I regard 
both these adaptations as convergence with those groups mentioned 
because of the special food catching function they perform and the fact that 
they only 'resemble' the features of the other groups; they are not exactly 
like them. It should also be noted that the body of Sphallomorpha is very 
caraboid, not physogastric, while that of Pseudomorpha (2 species) is 
physogastric and the latter has typical caraboid antennae and mouthparts. 
Thus it seems that Pseudomorpha members retained plesiotypic head 
structures and acquired apotypic body features, Sphallomorpha members 
exactly the opposite. 

In addition to these features, the outer lobe of the maxilla is only one- 
articled; simple and narrow in Pseudomorpha, broad and short with a 
hyaline vesicle in Sphallomorpha. The single-articled outer lobe is found 
elsewhere only in Helluonini. Again, this is the only feature of similarity 
between the groups and I suggest that the character state is one of con- 
vergence due to life with ants, as helluonines too are known to be 
myrmecophiles (Reichardt 1974, 1977). The inner lobe is reduced to a small 
unisetose lobe, a feature found in several other, disparate groups. 

Hence, larval character states shed little light on intertribal relationship 
for Pseudomorphini. Adult features are mostly obscured due to selection 
for life with ants. We are thus left with internal structures and systems for 
comparisons, but these have not been adequately studied for the entire 
family. Male genitalia, tarsi, and adult chemical defense alone suggest that 
these highly interesting beetles are related somehow to a basal 
Pterostichitae stock (male tarsal and paramere vestiture, basal bulb of me- 
dian lobe, internal sac, and 'open' ostium). The paramere vestiture also sug- 
gests a connection with Psydritae. 

At the present time I suggest that investigation take up where I have 
left off. For example, what is the structure of the central nerve chord (Ball 
1979)? What is told by the secondary defense secretion system, internal 
apodeme system, and female reproductive systems? Unfortunately these 
systems are not well enough known in Carabidae for out-group com- 
parisons, and they are totally unknown in Pseudomorphini. 
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SUMMARY 

At present it appears that the pseudomorphine lineage is represented by 
a rather homogeneous adult structure that is well-suited for life with ants. 
Larval strucutres show that different genera have acquired different modes 
with which to deal with ant-host life. The mode currently used by 
Sphallomorpha members is logically an intermediate step between normal 
carabid life and inquiline life. However, the most sophisticated inquiline of 
the tribe thus far known, Pseudomorpha, has normal carabid antennae and 
maxilla, suggesting it arrived at its mode differently than Sphallomorpha, 
whose members have styloid antennae and a special maxillary outer lobe. 

While Pseudomorpha, the only New World genus of the tribe, has 
setiferous symmetrical parameres indicating primitiveness it has the most 
sophisticated inquiline in terms of adaptation to the ant nest; Sphallomor- 
pha with its asymmetric non-setose parameres has the most "caraboid" type 
of larva although its feeding mechanism is highly derived. These character 
states of larvae and adult "appear" to be in conflict, but simply illustrate 
again that larval and adult adaptations proceed quite independently and 
perhaps even along disparate pathways. 

In order to resolve the problem of finding the pseudomorphine system, 
it is suggested that internal adult structures may hold the key. Male 
genitalia alone suggest the plesion is Pseudomorpha, and if this is the case 
the pattern of radiation is extremely interesting in that it is geographically 
and numerically similar to the Marsupial radiation pattern (Darlington 
1957). 

POTENTIAL SOCIETAL BENEFIT 

The behavior of Pseudomorpha larvae when approached by ants 
together with the specialized setae on the head and forebody suggest to me 
a mechanism of wafting a volatile repellent chemical at the ant aggressors. 
I suggest here that collection of the secretion from these specialized head 
setae, its analysis and its subsequent commercial synthesis may prove 
useful in battling noxious formicid pests such as the fire ant. 
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