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ABSTRACT 
Life histories of the North American ascalaphids 

Ululodes nzexicana (McLachlan) and Ascaloptynx furci- 
ger (McLachlan) are described for the 1st time. Hatch- 
ing, growth and ecdysis, habitat preference, camouflage 
and feeding habits of larvae of the 2  species are com- 
pared and contrasted. Data are also presented on cocoon 
construction, pupation, adult eclosion, and adult feeding 
and sexual behavior in U .  mexicana, together with some 
limited information comparing activity cycles and flight 
of the latter species with those of A. furciger. Results 

are given of several simple experiments on U. mexicana 
assessing ( 1 )  the source and nature of the larval poison, 
(2)  the efficiency of food utilization by larvae, and (3) 
the role of the knobbed antennae in flight stability. Spe- 
cial attention is drawn to the strong likelihood of terri- 
toriality and aerial courtship and mating in Ululodes 
and other owlfly genera. An effort is made throughout 
the paper to place all data on U. lnexicana and A. furci- 
ger within the context of previously published observa- 
tions. 

I t  has been suggested that the ascalaphid adult was 
designed by committee. Antennae are long and 
knobbed like those of a papilionoid lepidopteran. The 
eyes are  large and spherical like those of an anisop- 
teran, but are often divided by a deep sulcus in the 
manner of some male mayflies. Wings are  dragon- 
fly-like in  many species but in European genera are  
shaped and pigmented like those of butterflies. In  
body form, most ascalaphids are  convergent on anis- 
opteran odonates but a number of tropical species 
mimic vespoid wasps (pers. observ.). They are  com- 
monly called owlflies, probably in honor of the fate of 
the minor Greek deity Ascalaphus: angry a t  his be- 
trayal of her daughter Persephone to Zeus' brother 
Hades, Demeter transformed Ascalaphus into an owl 
by flinging water from the underworld river Phlege- 
thon into his face (Tripp 1970, Zimmerman 1964). 

The owlfly larva superficially resembles an antlion ; 
indeed, myrmeleontids are  close relatives of asca- 
laphids, but immatures of the two families may be 
distinguished from one another and from other myr- 
meleontoid larvae by a combination of morphological 
features (see Henry 1976). The pupa is of the dec- 
ticous exarate type and is formed within a cocoon 
constructed partly o r  wholly of silk. 

Literature on Ascalaphidae is strongly biased to- 
ward taxonomic studies of adult forms. Even so, the 
classification of adults of the family is badly in need 
of review. On the one hand, evidence is accumulating 
that the morphological limits to species and even gen- 
era are not nearly so well defined as was once thought 
(MacLeod4). On the other hand, forms of uncertain 
affinity a re  continually turning up in recent collections 
from the Old and New World Tropics. Basically, the 
definitive monographs on the family (Weele 1908, 
NavCs 1913, 1914) are  out of date. Biological infor- 
mation that might shed light on relationships among 
adults is meagre, being confined primarily to anecdo- 

tal accounts o r  chance observations (e.g., Lafresnaye 
1846, or Eisner and Adams 1975). 

Few larval studies of Ascalaphidae exist, and most 
are  based on forms that have not been reliably asso- 
ciated with adults : in fact, larvae of only 6 or possibly 
7 of the 65 described owlfly genera can be identified 
with confidence (Henry 1976). Works dealing with 
larval morphology have been summarized (Henry 
1976). Behavioral, physiological, and life cycle data 
on immatures usually appear as incidental comments 
in these morphological studies. More or less com- 
plete life histories exist for only 8 owlflies ( 7  are re- 
viewed by Balduf 1939). 

Ascalaphidae is a family of world wide distribution, 
most diverse in relatively dry and often mountainous 
habitats of the tropics and subtropics. The two sub- 
families of the taxon are  well represented in the New 
World, the Ascalaphinae or split-eyed forms by 4 
closely related genera and the Keuroptynginae or 
entire-eyed forms by 6 less closely allied genera. The 
ascalaphines Ululodes  Currie and Colobopterus Ram- 
bur and the neuroptyngine A s c a l a p t y n x  Banks are the 
only owlfly genera common in the United States.' 

Here I describe in some detail the life histories and 
behavior of two sympatric ascalaphids from south- 
eastern Arizona, Ululodes  wzexicana (LIcLachlan) 
and A s c a l o p t y n x  furciger (McLachlan), recon- 
structed from field and laboratory observations. Since 
the biology of the pre-larval and early hatchling 
stages of these species has been described in a pre- 
vious paper (Henry 1972), emphasis will be placed 
on post-eclosion larval instars, prepupal and pupal 
periods, and imago. The data are  more complete for 
U. m e x i c a n a  and may readily be compared with those 
from similar studies of other species of the genus 
published by Guilding (1827), McClendon ( 1902) 
and NIacKeill (1962). A. furciger could not be in- 
duced to enter pupation, so the present study is re- 
stricted to larval and free-living adult stages of this 

I Keuroptera: Ascalaphidae. species. 
2 Received for publication July 19 1976. 
3 present address: ~ i ~ l ~ ~ i ~ ~ l  s;iences G ~ ~ ~ ~ ,  vniversi ty of Wherever possible, I will correlate my observations 

Connecticut, Storrs  06268. 
4 MacLeod E. G. 1964. A comparative morphological study j I n  a t  least one case, a species of Ulablodes has turned out 

of the head cHpsule and cervix of larval Xeuroptera (Insecta) .  to be the female of a Colobopterus species. (hlcLeod, pers. 
Ph.D. Thesis. Harvard  Univ.  Library, Cambridge, MA. 528 pp. comm.). 
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of the two Arizona species with those of other au- 
thors on other owlflies. To  my knowledge, however, 
nothing has previously been published on the larval 
habits of C. wzexicana nor of any positively identified 
neuroptyngine ascalaphid. 

METHODS AND MATERIALS 

Methods and materials for finding, collecting, rear- 
ing, preserving and dissecting ascalaphid eggs and 
larvae are dp~cribed in two previous papers (Henry 
1972, 1976). Pupation of reared Clulodes larvae oc- 
curred in sand-filled petri dishes covered mith in- 
verted 4-oz glass jars. Strips of paper toweling taped 
to the "roofs" of these jars permitted emergent pupae 
and imagoes to climb above the sand. Some adults 
were kept in cubic 30 cm wood-frame, nylon-mesh 
cages. Others were placed in a large 5 ~ 3 ~ 2 . 8  m 
(LIVH)  walk-in tent constructed of unbleached mus- 
lin covered with black plastic to prevent daylight from 
affecting the light period within the chamber. h 
timer was connected to 280 \v of "daylight" fluores- 
cent tubing suspended from the ceiling of the enclo- 
sure. Dead branches a meter o r  less in length were 
lashed together and taped to the floor to simulate Ari- 
zona shrubbery. Three coverable clear plastic min- 
dows permitted observations to be made without en- 
tering the tent. 

Adult ascalaphids were fed Drosoplzzla melatzogas- 
ter Meigen and D .  hydei Sturtevant, which were 
either released live into one or the other of the cages 
or etherized and fed by hand to individual imagoes. 
Daily feedings were the rule. 

Preliminary experiments to determine the source 
and nature of the larval poison were conducted using 
mature U .  men-icana 3rd instars. Various solutions 
were prepared from the fluids and tissues of the larva 
mixed with 0.01 M phosphate buffer, p H  6.8, as de- 
tailed below : 

Solution A (control) : pure 0.01 11 phosphate 
buffer. 

Solution B : 15-25% solution of jaw exudate and 
buffer. 

Solution C :  15-25% solution of head wound exu- 
date and buffer. 

Solution D :  50% solution of jaw and wound exu- 
date (1  : 1) and buffer. 

Solution E : 50% solution of emulsified head tissue 
and buffer. 

Solution F. : 50% mixture of Solution D and Solu- 
tion E .  

Solution G :  100% prothoracic exudate from cleanly 
decapitated larva. 

Solution H :  1.5 pgln. protease (CALBIOT" plus 
PRONACET") dissolved in 1 g buffer. 

Solution I : 50% mixture of Solution F (diluted 
Ululodes head contents) and Solution H ibuff- 
ered protease). 14 h old a t  22°C. 

stored in separate 5 micropipettes. Head tissues 
were scooped out and emulsified using a small glass 
mortar and pestle. CALBIO plus P R O N A C E  is a 
1 : l  mixture of 2 enzymes prepared respectively by 
California Biochemical Company and Sigma Chemical 
Company, which digests a wide array of proteinace- 
ous substances. All solutions were stored at 4°C. The 
effects of controlled quantities of each were assayed 
on adults of Blattella gevwzanica ( L . )  by micro- 
syringe injection into the mesothoracic pleuron. Pro- 
cedure and results are  summarized in Table 1 and 
discussed in the text. 

T H E  LARVA 

Larvae of C. mexicavla have been reared from eggs 
to adults and larvae of A,  furciger from eggs to ma- 
ture third instars. I have obtained living specimens 
of other species within the 2 genera in various stages 
of development from Florida and Panama, but none 
of these has been reared successfully. Additional data 
on immatures of 1 or both of the 2 genera have been 
published by Guilding (1827), McClendon (1902), 
Peterson (1953), New (1971) and Henry (1972, 
1976). 

Eclosion and Ear l y  Larzlal Life.-Species of Ulz4- 
lodes may be sympatric with those of Ascaloptynx,  
but larvae will usually be limited to different habitats 
based on divergent oviposition sites. In  southeastern 
Arizona, U. wzexicana chooses the hottest, most ex- 
posed canyon slopes with sandy or dusty surface soil 
for egg laying, while A.  fztrciger oviposits in the par- 
tial shade of scrub oak and juniper trees where dried 
leaf litter accumulates (Henry 1972). Both species, 
as well as other known members of the 2 genera, lay 
their eggs on twigs; newly eclosed larvae remain on 
the twig for up to 10 days. Llulodes larvae are pro- 
tected from predation during t h ~ s  period by a rlng of 
specialized abortive eggs or  repagula placed basal to 
the egg mass by the parent, while the robust larvae 
of Ascaloptytza acquire their first food from struc- 
turally less specialized abortive eggs. Wherever it has 
been looked for, active defense of the twig by newly 
hatched larvae of other ascalaphid genera has been 
recorded (Westwood 1888, Froggatt 1900, Ghosh 
1913, Tillyard 1926) ; this fact may perhaps be cor- 
related with the absence of protective repagula in the 
species studied by these earlier workers. From the 
limited available evidence, it appears that repagula are 
restricted to New World forms, with the most highly 
specialized type confined to the ascalaphine tribe 
Ululodini (New 1971) ; see Henry (1972) for details. 

Of 25 egg masses of U. wzexicana collected from 
the hillsides of canyons near the Southwestern Re- 
search Station of the American hIuseum of Natural 
History, 6 were closely observed during eclosion, rep- 
resenting the emergence of some 270 larvae. Hatch- 
ing is preceded by progressive darkening of the egg 
and the development of an obvious line or arc  around 

Exudates were obtained by inserting the tip of a the cephalic (distal from the stem) pole of the egg 
scalpel into the dorsal surface of the head: fluids that delineates the egg cap through which the larva 
would then accumulate at  the tips of the jaws and at  will emerge. Concavities in the sides of each egg 
the site of the wound, and could be collected and appear about 3 days before hatching but disappear 
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FIG. 1.-Hatching of Ululodes mexicana. a = 30 min. before hatching; b = start of hatching; c - 2 min. after 
b ;  d = 3 min. after b ;  e = 8 min. after b ;  f =  32 min. after b. 
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2 days later as the egg swells and elongates. The 1st 
sign of eclosion is the rupturing of the outer layer of 
the chorion along the line of weakness mentioned ear- 
lier, producing a dark, prominent slit (Fig.  l a ) .  
Within 20-30 min, periodic pulsations of the eclosing 
larva begin, resulting a few minutes later in the burst- 
ing of the "prelarval skin" (in the sense of Withy- 
combe 1925) and the rapid opening of the cephalic 
cap of the egg:  see Henry (1972) for details of this 
process. The larva is jack-knifed inside the egg with 
head folded against the ventral surface of the body 
(Fig. lb ,  c, d ) ,  but 5 min later it is hanging free of 
the shell with unfolded appendages (Fig,  l e ) .  The 
white translucent jaws, originally straight, acquire 
normal curvature during the next 5 minutes. The 
larva remains motionless and suspended from the egg 
shell by the tip of its abdomen for another 15-35 min, 
but finally detaches itself (Fig.  I f )  and climbs onto 
neighboring eggs. Curing or  tanning of the exocuti- 
cle is completed in 3 4  h. 

Hatching of the U. mexicana egg mass is a syn- 
chronized event, usually occurring over a 6-h period 
on a single day but occasionally taking place on 2 
consecutive days. Eclosion appears to be limited to 
the hottest part of the day, between 10 AM and 4 PM. 

Eight egg masses of A. furciger, yielding some 280 
larvae, were observed through all phases of hatching. 
The stages and timetables of eclosion for the larva of 
this species are  in nearly all respects identical to 
those outlined for the U. mexicana larva. Same-day 
or consecutive-day emergence of a given egg mass 
characterizes A. furciger just as it does U. mexicana, 
but in the former species hatching may occur a t  any 
time of the day or night. Additional details of the 
process may be found in Henry (1972). 

A few notes on the embryonic development and 
hatching of ascalaphid eggs have been recorded for 
several additional species of Ululodes (Guilding 1827, 
McClendon 1902), Ascalaphus F .  (Brauer 1854, 
Ragonot 1878, Navis  1915, Zaki 1917, Withycombe 
1925), Helicomitus McLachlan (Westwood 1888, 
Ghosh 1913), Suhpalacsa Lefebvre (Tillyard 1926), 
and Balavzopteryx Karsch (Fraser 1957). Probably 
the most complete picture of eclosion has been worked 
out for European species of Ascalaphus: I can add 
my own observations of 3 egg clumps of A. libel- 
luloides Schaffer to those of earlier authors. From 
these records it is clear that the pattern of hatching 
in all ascalaphids is basically similar to that de- 
scribed here for U .  mexicana and A. furciger. Ac- 
cording to Withycombe (1925), embryos of Asca- 
laphidae, Myrmeleontidae, and certain Nemopteridae 
may be separated from those of other planipennian 
familiesa by the absence of an egg-breaker o r  chiti- 
nous ridge on the prelarval skin; his own studies and 
mine suggest that ascalaphids and related Myrmele- 
ontoidea substitute the pre-weakened, capped egg for 
the embryonic "teeth" of other Planipennia, which 
must tear their way through the shell. 

Larval Habitat and Camoujlage.-The gregarious 

phase of early larval life (described in Henry 1972) 
ends when all larvae have abandoned the home twig. 
I n  U .  mexicana, this is a gradual process, occurring 
over a period of several days as small fractions of the 
original brood drop or fall from the twig daily. In 
A. furciger, however, abandonment of the home twig 
appears to be a more closely synchronized event : most 
stay aloft until the night of the 7th or 8th day after 
eclosion, when all members of the brood negotiate the 
non-repellant repagular eggs and walk down the twig 
to the ground. Dispersal of larvae of both species ap- 
parently continues for a while on the ground, since 
careful search of the leaf litter around recently aban- 
doned empty egg masses rarely turns up any speci- 
mens. 

Larvae of both species are primarily ground and 
litter dwellers although there is evidence suggesting 
that other species or population in the two genera, in 
some ecological situations, are  arboreal : Peterson 
(1953) reports sweeping larvae of "Colobopterus" 
and "Ascaloptynx  appendiculatus (McLachlan)" from 
the foliage of bushes and trees in Ohio. All species 
of Ululodes that I have observed cover the entire dor- 
sal aspect of their bodies with sand, dust particles, 
o r  small fragments of leaves and stems, immediately 
upon descending from the egg twig (Fig.  2) .  Each 
particle is picked up by the tarsus of the prothoracic 
leg and positioned deliberately at  any dorsal location 
by virtue of the leg's capacity to rotate 180" or more 
around its coxal axis (Fig.  2 ) .  No tarsal or pretar- 
sal specializations of the prothoracic leg appear to be 
associated with this ability: particles somehow ad- 
here to the setose dorsal surface of the single tarso- 
mere. A thick mat of fine tangled threads covering 
all dorsal surfaces of the Ululodes larva (Henry 
1976) serves to anchor the bits of debris to the body. 
Different species that I have observed vary in the 
amount and type of debris used to cover their bodies, 
but the end result is to render the insect less visible 
against its substrate. 

Ascaloptynx furciger does not litter its dorsum, 
yet it achieves equally effective camouflage against a 
background of dried leaves by its pigmentation pat- 
tern and arrangement of body setae: the larva bears 
a strong similarity to a small dead oak leaf. In  this 
respect, it resembles the larvae of several other neu- 
roptyngine forms, which rely on protective coloration 
rather than littering. These include 2 very distinct 
unidentified types from Panama that I have seen7 and 
an African larva tentatively assigned to Tmesibasis 
McLachlan by Withycombe (1925), all of which also 
share with Ascaloptynx,  to the exclusion of other owl- 
fly larvae so far described, special scale-like dolichas- 
ters (secondarily flattened trumpet-shaped setae) that 
contribute significantly to the overall pattern of pig- 
mentation. 

Among the Ascalaphinae, most Ascalaphus species 
(Brauer 1854, Withycombe 1925, and personal ob- 
servation) and Helicomitus dicax (Walker) (Ghosh 

7 One of these has recently been associated with the species 
Byas albistigma (Walker)  ; a description of the larva is in prepa- 
ration (unpublished data) .  

6 T h e  presence or absence of the egg-breaker in other myr- 
meleontoid Planipennia has not been determined. 
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FIG. 2.-First instar Ululodes sp. placing sand on dor- 
sum. (Photograph by R. E. Silberglied). 

1913) litter the dorsum in the manner of Clulodes, 
although neither appears to possess the anchoring dor- 
sal thread mat of the New World genus. Larvae of 
Ascalaphus and Helicomitus have even been reported 
to scrape brick or  stone surfaces with their jaws and 
to use their jaws as well as prothoracic tarsi to place 
the scrapings on their backs (Withycombe 1925, 
Ghosh 1913). All other known Ascalaphinae appar- 
ently remain naked (\Vestwood 1888, Froggatt 1902, 
Gravely and hlaulik 1911, Fraser 1922, and Tillyard 
1926). 

There are  no confirmed cases of ascalaphid imma- 
tures that combine arboreality with littering of the 
dorsum; described arboricolous types are  naked, re- 
sembling bark, lichens, or even green leaves (Someren 
1925, Withycombe 1925, Wheeler 1930). Yet the con- 
verse, that ground dwelling forms are litter carriers, 
is not always true either: naked terrestrial larvae in- 
clude, in  addition to Ascaloptyux furciger, \Vest- 
wood's (1888) Helicowitus sinister (Walker) ,  Tilly- 
ard's (1926) Suhpalacsa, and possibly a few species 
of Ascalaphus (see Ragonot 1878, Zaki 1917, and 
Rabaud 1927). 

Larval Feeding Habits.-Prey-capture and feeding 
behavior are  verv similar in larvae of both Arizonan 
species studied. No larva was ever seen to seek prey 
actively; rather, i t  will remain motionless for many 
weeks, with its sickle-shaped jaws opened to an angle 
of 180" (Ascaloptynx) or 270" (Clulodes). Contact 

of some part of the larva's body by a suitable insect 
o r  other arthropod is necessary to trigger the jaw 
closing mechanism. Vision seems to play no role in 
orientation to prey. Closure of the jaws is very rapid 
and does not appear to differ in gross action between 
the 2 larval types. However, the greater angle of 
mandibular repose and associated heavy bracing of 
the ventral mandibular condyle in Clulodes (dis- 
cussed in Henry 1976) are  certainly evolutionarily 
important feeding specialization of that genus and are 
probably correlated with speeds of closure or other 
parameters that differ significantly from those char- 
acteristic of Ascaloptynr and other ascalaphids lack- 
ing the complex of specializations. Only the Indian 
ascalaphine Pseudoptynx sp. T,Veele (Gravely and 
Maulik 1911) and possibly the African neuroptyngine 
Tnzesihasis sp. (Wheeler 1930) are reported to share 
with ~Jlulodes the ability to open the jaws to such 
an extreme degree. 

Ululodes and Ascaloptynx larvae will accept prey 
that are as large as or heavier than themselves. The 
dorso-ventral compression of the body and the ex- 
tended scoli a t  its margins contribute to the stability 
of the larva during encounters with such large prey 
items. Immobilization of prey by paralysis may occur 
within 3 sec in both Ulztlodes and Ascaloptynx if the 
jaws penetrate the anterior part of the victim's body. 
Experiments carried out on the cockroach Blattella 
germaflica indicate that paralysis is progressive from 
posterior to anterior portions of the body and, to a 
limited degree, reversible in the opposite axial direc- 
tion. As can be deduced from the limited data pre- 
sented in Table 1, experiments assaying extracts from 
various parts of the Ululodes larva indicate that the 
poison is probably elaborated by the midgut rather 
than by special "venom glands" in the maxillary blade 
(Lozinski 1908) or by "mandibular" or "labial" 
glands in the head capsule (Stager 1925, \T'ithy- 
combe 1925). Since I have found (Solution I, Table 
1 )  that poisonous extract is not detoxified by pro- 
longed exposure to broad-based proteases, earlier con- 
clusions as to its proteinaceous "toxalbumin" nature 
should be reassessed (Stager 1925). 

Evidence for the paralysis of prey in other owlfly 
species has been presented by Westwood (1888) for 
Helicowitus sinister, Navas (1915) for Ascalaplzus 
longicornis bolivari Weele, Withycombe (1925) for 
Ascalaplzus sp., and Someren (1925) for unidentified 
larvae from Nairobi; my own observations of Asca- 
laphus libelluloides indicate prey are poisoned. How- 
ever, Gravely and Maulik (1911) specifically reject 
the possibility of a larval poison in Pseudoptynx sp., 
based on their observations of large larvae feeding on 
prey that may have been too small to merit paralysis. 

Discrimination by owlfly larvae among different 
types of prey has not been well studied. Someren 
(1925) showed that some Asian ascalaphids rejected 
"distasteful" insects o r  those with spiny or hairy 
bodies, including meloid beetles, reduviid and penta- 
tomid bugs, fulgoroids, cryptic noctuid moths, setose 
lepidopterous larvae, and adult myrmeleontids. H e  
also noted aphids among the prey items refused. Lar- 
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Table 1.-Effect of Ululodes nzexicalza larval poison on adults of Blattella gernzalzica (see Methods). 

Time until effective immobilization, for given dosage 
Solution Test 
tested animal 1 p1. 2 p1. 4 p1. 8 pl. 

A :  Control 
B : Jaw exudate 
C : Wound exudate 
D :  B + C, 1 : l  
E :  Emulsified 

head tissue 
F :  D + E, 1 : l  
G : Prothoracic 

exudate 
H :  Protease 
I :  F + H, 1:1, 

14 hrs. old 

no effect 
no effect 
partial 
- 

1 second 
partial 
- 
- 

no effect 

no effect 

no effect 
partial 
20 seconds 
5 minutes 

- 

3 seconds 
2 seconds 
2 seconds 
no effect 

partial 

no effect 
30 minutes 

- 
- 

no effect 

no effect 
- 
- 
- 

- 
- 

no effect 

2 seconds 

vae of U. mexicana and A.  furciger tend to discrimi- 
nate against similar sorts of prey, but become much 
less selective when starved. Size of prey seems to be 
of greater importance than distastefulness or surface 
texture in owlflies I have studied: the item must be 
small enough to subdue within a few seconds but large 
enough to manipulate in the jaws. 

The process of consuming an item of prey is identi- 
cal in all ascalaphid larvae for which such data exist. 
Lly own observations of 3 species of I;lulodes, 1 of 
Ascaloptynx, 1 of Ascalaplzus, and 2 of undetermined 
neuroptyngine genera indicate that the larva typically 
works its way back and forth several times along the 
long axis of the host's body, extracting the fluids from 
every body segment or appendage that can be pierced 
by the jaws. Manipulation of the food is delicate and 
precise as the larva probes for small membraneous 
or lightly sclerotized regions. Each feeding lasts a t  
least 1 hour. Measuren~ents on German cockroaches 
fed to C. mexicavla and A.  furciger show that 45-69% 
of the host's live weight is ingested (Table 2 ) .  This 
is indirect but not conclusive evidence for partial 
extra-oral digestion of prey tissues, a phenomenon 
which has been implicated but never documented in 
the feeding of other Neuroptera (Killington 1936, 
Barnes 1975). 

After feeding, the ascalaphid larva cleans its jaws 
for 3 or 4 min in a stereotyped manner. In  U. mexi- 

caaa, the process consists of 3 steps: lst, the tips 
of the jaws are  touched and presumably mutually 
cleansed by a combination of rapid sliding motions 
of the maxillae and exudation -of fluid from the jaw 
terminus (Fig. 3a) ; then the maxillary groove of 
each jaw is cleaned from midpoint to terminus by the 
tip of the opposite jaw, again accompanied by maxil- 
lary pulsations and jaw exudations (Fig.  3b) ; and 
finally, the jaws are  crossed alternately one above the 
other 3 or 4 times like a pair of scissors, scraping 
hardened food particles from their upper and lower 
surfaces (Fig.  3c). Grooming in A. furciger is simi- 
lar but may involve 2 patterns not seen in C. nzexi- 
cana: if the original sequence does not remove all 
encrustations, the larva will force one or both jaws 
into a crack or  crevice or even scrape the proximal 
surfaces of the jaws with the prothoracic tarsi (Fig. 
3d) .  There is no information on grooming activity 
in other owlfly species with which these observations 
can be compared. 

Larval Life Stages.--Larvae of most Planipennia 
pass through 3 instars. Exceptions to this rule in- 
clude some or all members of the families Ithonidae 
(Tillyard 1922), Coniopterygidae and Dilaridae (Riek 
1970). Zaki (1917) carefully documents 4 larval in- 
stars ( 3  molts) in an ascalaphid from Egypt, but his 
is the only reported case of such a phenomenon in any 
myrmeleontoid. 

Table 2.-Weight loss of adult Blattella gerilzaizica fed upon by 3rd instar Ascalaphidae. 

Percent 
Feeding wet-weight 

time Weight Weight Dry consumed 
elapsed before after weight (after/before 

Event (min. ) (g.1 (g.1 (g.1 X 100) 

hiale fed to U. ~zexicalza 
hiale fed to U. ~zexicana 
hlale fed to U. +izexicana 
Female fed to A. furciger 
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FIG. 3.-Grooming in Ululodes and A s c a l o p t ~ ~ ~ z x  larvae. a = cleaning tips of jaws; b = clearing of maxillary 
groove; c = scraping upper and lower jaw surfaces; d = cleaning upper jaw surface (Ascaloptynx only). 
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The 1st stadium of U. nzexicam is of 35 (27-53) 
days average duration, during which time the larva 
increases from less than 3 mm to nearly 6 mm in 
combined head (minus jaws) and body length. The 
larva is actually in the pharate 2nd instar for the last 
5-7 davs of the stadium and will refuse food until 
after ecdysis; it may be recognized in this condition 
by the relaxed 90" position of the jaws. The 2nd 
stadium is shorter than the first, averaging about 25 
(19-42) days. Length increases from 6 or  7 mm to 
9 or 10 mm. The larva is pharate and inactive for 
the last 6-7 days of the stadium. The final instar is 
more variable than the other two in length, but the 
larva may construct its cocoon within as few as 30 
days of the 2nd molt. The 3rd instar maintains am- 
bush position and will accept food nearly until spin- 
ning: it will enter the pharate pupal (prepupal) stage 
3 days later, inside the completed cocoon. 

The larva of A .  furciger follows a nearly identical 
sequence of developmental events on a slightly longer 
time base. First and 2nd instars average 34 (21-62) 
and 32 (21-60) days respectively, with pharate stages 
lasting 6-9 days; the final instar attains its full length 
of about 20 mm after as few as 30 days, but no larvae 
could be induced to pupate. Combined head and body 
length increases from 3.6-7 mm during the 1st sta- 
dium and from 7 or 8 mm to 11 mm or more in the 
second. My preliminary observations of larval de- 
velopment in Ascalaphus libelluloides and those of 
other authors on additional forms (Brauer 1854, 
Westwood 1888, McClendon 1902, Gravely and Mau- 
lik 1911, Ghosh 1913, Zaki 1917, Sonan 1938) suggest 
that similar patterns characterize all owlflies. Dura- 
tion of larval life in both U. wzexicana and A. furciger 
seems rather long compared with the 40-60 day cycles 
described by NIcClendon for U .  hyalina (Latreille) 
[= U, quadriwzaculata (Say)  according to Weele 
( 1908) 1, Westwood for Helicolvtitus sinister, and 
Zaki for unidentified Egyptian forms. However, natu- 
ralists working with Ascalaphus nzacarovtius (Sco- 
poli) (Brauer 1854) and Helicomitus dicax (Ghosh 
1913) waited up to a year or more for their well-fed 
specimens to pupate. 

The process of molting from the 1st or 2nd instar 
seems to be very similar in all ascalaphids and bears 
many features in common with eclosion from the egg. 
The pharate larva tends to darken and become 
bloated immediately prior to ecdysis. Fifteen to 20 
min of periodic upward and downward thrusts of the 
head initiate splitting of the skin along the midline 
of the prothorax and along the posterior edges of the 
occipital lobes of the head capsule (The precise loca- 
tion of ecdysial cleavage lines on the head may be 
different in other owlfly species and genera-see 
Rousset 1973). Just as in hatching, the prothorax 
of the larva emerges from the skin first, with head 
and straight jaws sharply angled beneath the thorax: 
complete emergence requires about 8 min, leaving an 
intact exuvium (Fig. 4 ) .  Setting of the shape of 
appendages and jaws and tanning of the exocuticle 
proceeds in the manner described for hatching. Ke~vly 
molted larvae then pass through a refractory period 

of 48 h (C. mexicana)  to 72 h ( A .  furciger),  during 
which they will accept no food. 

Growth and maturation of the Ululodes or Asca- 
loptyvtx larva seem to be opportunistic, depending pri- 
marily on availability of food. In  the laboratory, in- 
dividuals could take as few as 77 or as many as 509 
days to complete larval development: newly hatched 
unfed insects could be starved to death within 30 days, 
but older larvae seemed virtually unstarvable. Similar 
variability of the life cycle characterized A .  furciger. 
Under natural conditions, it is likely that a larva that 
has been unsuccessful in encountering prey will move 
to a new location to increase its chances of eating; 
such behavior has been observed repeatedly in labo- 
ratory individuals. Nevertheless it seems probable, 
considering the rather unstable ecosystems favored 
by ascalaphid larvae, that significant perturbations of 
the optimal schedule of growth will occur in the field 
as well, leading to complete asynchrony in the even- 
tual maturation of ascalaphids from a given egg mass. 
Since a given species of ascalaphid usually flies only 
for a specific, restricted period of time each year 
(Henry 1972, Rousset 1973), the yearly adult popu- 
lations will consist of individuals that may have 
hatched one to several years previously. U. mexicana 
consistently spends about 28 days in the cocoon; 
therefore, synchronization of adult emergence must 
depend upon synchronization of pupation, which in 
turn must depend upon some reliable yearly environ- 
mental signal which triggers pupation of nearly ma- 
ture 3rd instars of variable chronological age. In- 
duction of pupation in laboratory populations of U .  
wzexicana and Ululodes sp. (Florida) was most suc- 
cessful under long-day (16-18 h light) conditions, 
suggesting that in these species photoperiod may be 
the critical stimulus. Other less obvious responses to 
photoperiod, seasonal changes in rainfall, tempera- 
ture, food availability, or substrate chemistry must 
regulate the life cycle of A ,  furciger, since the larval 
stage could not be terminated by simple manipulation 
of day length. Similar rearing problems were experi- 
enced with the European Ascalaphus libelluloides and 
two Central American neuroptyngines. Other work- 
ers have also met with limited success in rearing asca- 
laphids (Rousset 1973 and MacLeod, pers. comm.). 
Insufficient specimens were available to investigate 
these environmental relationships more thoroughly. 

Cocoon Formatioul..-A laboratory specimen of U .  
wzexicana that is ready to spin its cocoon will actively 
explore its container for a few hours or even days. 
Under natural conditions such activity probably leads 
to selection of an appropriate and specific site for 
~ u ~ a t i o n .  but in the lab few choices were available to . . 
the larva. Cocoon construction invariably took place 
on the ground, even though the opportunity to climb 
a stick or piece of paper was always present. 

As in all Planipennia, the ascalaphid larva possesses 
a spinneret a t  the tip of its abdomen, which distributes 
a fast-drying silk-like secretion elaborated by specially 
modified malpighian tubules (RlcDonnough 1909, 
Lozinski 191 1, Withycombe 1925). The spinneret is 
normally retracted completely within the ninth ab- 
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FIG. 4.-First instar exuvium of Ululodes mexicana. 

dominal segment, but may be extruded in U. mericana 
to a length of about 5 mm (Fig.  5 ) .  According to 
Withycombe and earlier morphologists, the silk itself 
is expelled in fluid form through the anus on the tenth 
abdominal segment and hardens upon contact with the 
air. In U. mexicaw as in other ascalaphids (West- 
wood 1888, Ghosh 1913, Withycombe 1925), the en- 
tire spinneret is very maneuverable when extended. 
In addition, its shank, particularly toward the tip, is 
intrinsically flexible and can be actively manipulated. 

The basic "module" of cocoon construction is a 
stereotyped act lasting no more than 5 seconds. First, 
the larva extrudes its spinneret and thrusts it into, 
through, or near a mass of sand or debris. If the tip 
does not touch a solid surface, the spinneret is waved 

I 2 mm in various directions until such contact is achieved. I 
Movable particles adhere to the distal end of the spin- 

FIG. 5.-Extruded spinneret of 3rd instar Ululodes 
neret; each is moved toward the larva's body as the ,nex,cana. ~ b d ~  and Abdlo = &dominal segments 9 
spinneret is retracted until the item is dislodged and and 10. 
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anchored to other particles. Immovable objects re- 
main connected to the spinning organ by a strand of 
white silk drawn from the tip of the anus. By repeti- 
tion of such actions, loose materials are bound to- 
gether and attached to any available firm substrate. 

The mature larva begins cocoon construction by 
"sewing" together a mass of sand grains at  the tip 
of its abdomen (Fig.  6 a ) .  Over the next 3-4 h the 
mound becomes higher, wider, a r d  roughly crescent- 
shaped (Fig. 6b) .  The larva then rotates in either 
direction and continues building at  one of the horns 
of the original crescent (Fig.  6c) ; further changes 
in position occur a t  15-20 min intervals until, after 
1.5-2.5 hours. a complete ring resembling a rope of 
woven sand surrounds the larva (Fig.  6d) .  The larva 
continues to spin primarily at  the bottom margin of 
the cocoon: thus the structure grows upward from 
its base line. The "walls" are pushed into shape by 
periodic stretchings, grapplings and other contortions 
of the larva's abdomen, legs and jaws (Fig.  6e-g). 
Ten to 14 h after the start of construction, spinning 
shifts to the upper section of the cocoon, so that the 
larva reduces the size of the opening in a manner 
analogous to closing the mouth of a cloth change 
purse by pulling the drawstrings (Fig.  6h, i ) .  In  
total, 16-24 h have elapsed by the time the larva is 
completely enclosed. However, observations of co- 
coons spun against glass confirm that spinning con- 
tinues for another 36-48 h. with changes in position 
occurring every 10-15 min during this period (Fig.  
6j, k ) .  The finished structure is a rough spheroid 
16-18 mm in horizontal diameter and 14-15 mm high, 
consisting of an outer sand-silk matrix and an inner 
translucent envelope of densely spun or (according 
to Barnes 1975. on Clzrysopa zastroz*~i Esb.-Pet.) 
pure "smeared" silk. No larva ever constructed its 
cocoon beneath the surface of sand or debris in the 
manner of antlions. These observations on C. wzexi- 
cana are similar to those of other authors on species 
of other ascalaphine genera, although arboreal co- 
coons, glued to leaves o r  constructed in the forks of 
low herbage, have been described for a few Old 
World forms with arboreal larvae (Brauer 1854, 
Xambeu 1904, Gravely and hlaulik 1911). 

THE PUPA 

Cessation of larval spinning behavior in I;. nzexi- 
cana apparently marks the beginning of the pharate 
pupal (here synonymous with prepupal) stage (Fig.  
61). Based on what is known about the duration of 
earlier pharate stages in the species, the pupal molt 
should occur 9 o r  10 days after the start of cocoon 
construction. The pupa itself (Fig.  7 )  is exarate and 
decticous ; its large, functional, serrate-toothed man- 
dibles (Md)  differ markedly from those of either 
larva or adult. The long antennae (Ant )  are folded 
back against the posterior margins of the large com- 
pound eyes, with their tips positioned against the ven- 
tral surface of the body. In my sample of about 80 
larvae that pupated and eclosed as adults, none re- 
quired less than 24 or more than 32 days to prepare 
for, enter, and complete the pupal stage. This means 

that, on the average, 18 days are spent by G. ~ ~ z e x i -  
cana as a pupa a t  normal (26-28°C) temperatures. 
Other ascalaphids have been reported to spend much 
longer or shorter periods in their cocoons: A c g ~ o n o -  
tus  sabulosus (SValker) (Froggatt 1902) remains 
within its cocoon for a full 3 mo, while adults of 
Helicomitzu spp. (Westwood 1888, Ghosh 1913), 
Pseudoptynx  sp. (Gravely and hlaulik 1911), and 
Ascalaphus sp. (Zaki 1917) emerge 16-21 days after 
the start of cocoon construction. 

There is some disagreement about the role of the 
pupal mandibles in emergence from the cocoon. 
SVithycombe (1923) argues that the ascalaphid pupa 
escapes by pushing against and rupturing the walls 
of the cocoon in the manner of certain antlions he 
has observed. On the other hand, Ghosh (1913) 
clearly indicates that a cutting action by the jaws 
precedes or supplements pushing movements of the 
pupa's body during emergence, and Someren (1925) 
writes of a mature ascalaphid pupa trying to "eat" 
its way through a glass partition. My own studies of 
empty Ululodes cocoons reveal jagged but sharp- 
edged breaks in the silk a t  each point of egress that 
strongly suggest a slicing rather than a bursting ac- 
tion by the emerging pupa. 

THE ADULT 

E m e r g e ~ c e  of tlze Adzc1t.-A day or so prior to 
eclosion from the cocoon, the pupal antennae and legs 
become much more free and moveable. Usually the 
pupa (actually the pharate adult) gets no more than 
halfway through the opening sliced in the roof of the 
cocoon before the imaginal molt begins, although 10% 
of the time it may free itself completely and even 
crawl about for a few minutes. Emergence dnd ecdy- 
sis together are  effected in less than 5 minutes. 

Under controlled laboratory conditions, every pupa 
of U. wzen-icana escapes from its cocoon 3-4 h prior 
to the onset of darkness. When "nightfall" is moved 
forward or backward by as much as  3 h, a pupa only 
3 days from metamorphosis is still capable of syn- 
chronizing its internal clock with the new light cycle 
so that emergence takes place at  the proper time (un- 
~ublished data).  

Expansion of wings and antennae will not occur 
until the imago finds a suitable vertical surface from 
which to hang. IVings and antennae then enlarge 
rapidly to reach full size and shape within 8 minutes. 
About 30 min after ecdgsis a hard multicolored fecal 
pellet and a droplet of fluid are  voided; the insect is 
fully capable of flight a t  this point, although normally 
it remains motionless for a t  least 2 more hours. Eclo- 
sion of the adult has not been described for any other 
owlfly species. 

Adu l t  Ac t i v i t y  Cycle.-Many ascalaphids in the 
Old World are  day-flying insects. Among members 
of the subfamily Ascalaphinae, all genera of the tribe 
Ascalaphini ( P u e r  Lefebvre, Ascalaphodes McLach- 
lan, Theleproctophylla Lefebvre, and Ascalaphus) 
and all Australian genera (Sulzpalacsa, Suphalonzitus 
Weele. A c ~ ~ z o n o t u s  McLachlan, and Pseudevzcyopsis 
Weele) have diurnal habits (Tillyard 1926) ; in ad- 
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FIG. 7.-Facial view of pupa of Ululodes wzlexicana, 
from died specimen. Md = mandible; Ant = antenna. 

dition, some Indian species of Glyptobasis JlcLachlan 
(Fraser 1922) and S o r t h  African representatives of 
Bubopsis LlcLachlan (Lucas 1849) are diurnal. Only 
2 Old IVorld ascalaphines, Proctavrelabris Lefebvre 
( McLachlan 1871) and Helico~.ititus ( Ghosh 1913) 
have been observed to fly a t  dusk or night. The other 
subfamily. Neuroptynginae, includes both diurnal 
and nocturnal representatives : Madagascan Balanop- 
t e ryx  (Fraser 1922) and South American Haplogle- 
~z ius  (McLachlan 1871) fly by day, while Indian 
Idricerus RJcLachlan (McLachlan 1871) and Ameri- 
can Ascaloptynx (personal observation) become ac- 
tive after sunset. 

Observations of U .  ntexicana under natural condi- 
tions indicate that adults are active for only a short 
time each day. Fifteen to 20 min after sunset, the 
insects appear a t  heights of 10 m or more over un- 
traveled roadways or clearings in Arizona. As day- 
light wanes, the ascalaphids descend to successively 
lower levels so that shortly before the onset of com- 
plete darkness they are flying within 15 cni of the 
ground. Activity then ceases suddenly, about 45 min 
after starting. Identical behavior and activity cycles 
have been reported by 3IacNeill (1962) for another 
species of Clzllodes from Arizona. 

Flight and Feedif$g.-The flying ability of most 
ascalaphids is much greater than that of other Neu- 
roptera and has been compared favorably to that of 
dragonflies (Lafresnaye 1854, Mc1,achlan 1873. Till- 
yard 1926). Short bursts of speed rather than sus- 

tained high speed flight havg been stressed by work- 
ers reporting their observations of Ascalaplzus spp. 
(Lafresnaye 1854, Dufour 1860, AlcLachlan 1873), 
Ululodes macleayanus (Guilding) (Guilding 1825), 
and a species of the Seotropical neuroptyngine genus 
Haploglenius Burmeister (RlcLachlan 1871). How- 
ever, my own observations of U. nzexicafza indicate 
that adults of this species fly with great speed and 
precision for long periods of time; like other owl- 
flies, they are  active aerial predators and can be seen 
hovering and darting erratically a t  high velocities in 
pursuit of small prey. 

Each owlfly must consume great quantities of food 
during its short evening flight: attempts to maintain 
captive or laboratory-reared adult females on 100- 
150 force-fed Drosophila nzelanogaster per day pro- 
duced insects that averaged only % to % the weight 
of wild-caught specimens. 

The flight of A. furciger is also powerful and 
swift, but the totally nocturnal foraging habits of this 
species precluded detailed analysis of its behavior. 
I t  is a much larger and more robust insect than U. 

u 

mexicana and probably feeds upon larger prey. In 
the laboratory, A.  furciger adults consistently sub- 
dued and corlsumed live 25 mm asilid flies that were 
hand fed to them. 

Prolonged inactivity characterizes adults of both 
CT. naexicauza and A .  furciger, just as it does their 
larval stages. In  fact, like bumblebees and hawk- 
moths (Heinrich 1974), ascalaphids of these genera 
are  unable to fly from rest:  depending on ambient 
temperature, the owlfly adult must rapidly vibrate its 
wings for as long as 10 min through an arc  of 10- 
45" before flight, probably to warm its flight muscles. 
The tendency toward long periods of inactivity has 
apparently evolved in conjunction with rest postures 
of adaptive value. Adults of both species, as well as 
those of other members of the two genera (Guilding 
1825, McLachlan 1871, YIcClendon 1902, and Robert 
Silberglied, pers. comm.) typically rest in a head- 
down position on vertical twigs or grass stems with 
their abdomens sharply angled dorsally (Fig.  8 ) .  In 
this position each insect is very inconspicuous, since 
its abdomen resembles a short lateral twig projecting 
from the main steni. Glulodes and Ascalopty9z.r share 
this cryptic resting posture with several distantly re- 
lated genera from the Old iVorld, including Asca- 
laplzzls, Puer,  Sulzpalacsa and Acmono fus  (Linsen- 
maier 1972, Tillyard 1926). However, a few of the 
latter forms like Puer  have been observed to perch 
head-up on the twig while maintaining the same pro- 
file as the other types bj- angling the abdomen more 
acutely above the thorax (Linsenmaier 1972). 

One of the unusual morphological features of the 
Ascalaphidae is the greatly elongated clavate anten- 
nae, which, in some genera like Colobopterzts and 
Twzesibasis, are over 1.5 tiiiles the length of the body 
(Weele 1908). Nobody since Dufour (1860) has at- 
tempted to discover their functional significance, and 
Dufour simply determined that tracheae and nerves 
were abundant within the antenna1 clubs of Asca- 
laphus libelluloides. A balancing function for the or- 
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FIG. 8.-Typical resting posture of Ululodes nzexica~ta adult. Photograph by W. G. Abrahamson. 
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gans has been postulated by many authors. However, 
when I partially or completely removed one or both 
antennae in U. mexicana, the insect could still fly. 
Nevertheless, the foraging behavior of U. wexicana 
strongly suggests that its antennae are most impor- 
tant in flight, perhaps as part of some sophisticated 
prey-sensing device: rather than being folded out of 
the way during flight as one might expect for such 
cumbersome structures, the antennae are held at  a 
wide angle in front of the insect's flight path in such 
a manner that the longitudinal axes of both clubs are 
directed exactly forward. 

The significance of the bisection in the eyes of asca- 
laphine owlflies is also unknown. In Ascalaphus spp., 
the ommatidia of the ventral eye are  smaller (Withy- 
combe 1925) and have shorter more isolated rhab- 
doms (Ast 1919) than those of the dorsal (frontal) 
eye; additionally, the 2 types exhibit different spec- 
tral sensitivities (Gogala 1967, Hamdorf et al. 1971). 
Such differences- have not as yet been correlated with 
any consistent behavioral traits characterizing Asca- 
laphinae to the exclusion of Neuroptynginae. 

Sexual Behavior.-Courtship and mating behavior 
in U. men-icana may involve some territoriality by the 
male, as in Anisoptera. Single males have been ob- 
served "cruising" at  6 m altitude over the same sec- 
tion of a road or clearing for as long as 15 or 20 min, 
taking no food. Intruding males are either chased 
from the area or engaged in a brief aerial struggle. 
A foraging female entering the "territory" will usu- 
ally be pursued in a characteristic manner: while the 
female charts a high speed erratic course, the male 
maintains a constant distance from her, positioned 
slightly behind and about 20 cm below her body. The 
male may then resume patrol of the area or, less of- 
ten, disappear with the female. Although no copula- 
tory activity was ever seen in this species, LlacNeill 
(1962) has captured male-female pairs of another 
species of Ululodes in tandem flight. Aerial inter- 
action leading to copulation has also been seen in sev- 
eral species of the day-flying genus Ascalaphus 
(Lafresnaye 1846, 1854, Brauer 1854) and even in 
a neuroptyngine species, Balanopteryx unabraticus 
Fraser, from Madagascar (Fraser 1957). In-flight 
sexual behavior has been recorded from no other 
neuropteran family" 

Sexual dimorphism within the Ascalaphidae varies 
from slight to moderate (see Weele 1908 for numer- 
ous examples). Usually, females are  larger and more 
robust than males but possess shorter, thicker abdo- 
mens and slightly shorter and/or less curved anten- 
nae. Sometimes, as in the European Theleproc- 
tophylla, caudal claspers in the male may be greatly 
enlarged, or the male may possess a dorsal, usually 
bifurcate process on its second or third abdominal ter- 
gite (Disparomitzu Weele, Acmonotus Pseudoptynx, 
Pseudencyopsis, and Ascalofltynx). The sexes in li. 
mexicam are most easily distinguished by body size 
and robustness, antenna1 curvature (Fig. 9 A ) ,  and 

pigmentation pattern of abdomen (Fig.  9B) and 
wings. However, newly emerged teneral females of 
the species display totally hyaline wings and develop 
the characteristic brown spot in the anal field of the 
hind wing only after several days. Gradual acquisi- 
tion of wing color has also been described in other 
owlflies (McLachlan 1871, Fraser 1922) and is well 
known in odonates. I t  is attributed by McLachlan to 
oxidation of the wing membrane, although this hy- 
pothesis is weakened by the observation that pigment 
never develops in the wings of females of U. mexi- 
cana pinned soon after eclosion. 

Sexual differences in A.  furciger are  less pro- 
nounced than in U. mexicana; the sexes of this neu- 
roptyngine species would be more difficult to tell apart 
were it not for the male's prominent bifurcate process 
on the third abdominal tergite (Fig.  10). Males of 
Ascaloptynx do not share with closely related Neo- 
tropical Haploglenius and Byas Rambur the eversible 
white pronotal patch, presumed by Eisner and Adams 
(1975) to function in defensive "flashing" or court- 
ship signaling. The  significance of dimorphism in all 
ascalaphids is poorly understood. 

F e m a l e  M a l e  

FIG. 9.-Sexual dimorphism in Ululodes mexicana. A 
SfacLeod, E .  G. 1962. Epigamic communication in neu- = antennae; B dorsal pigment pattern of abdominal 

ropteroid and  lower mecopteroid insects; a survey and prognosis. 
Unpublished manuscript. 21 pp. terminus. 
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FIG. 10.-Basal abdominal segments of Ascaloptynx 
furciger male, dorso-lateral view. T2 and Ta = abdominal 
tergites 2 and 3 ;  P = bifurcate process. 

DISCUSSION 

Although data on the life history of A. furciger are 
less complete than those for U. w~exicana,  they sug- 
gest that the two species are  alike in more respects 
than they are different. Larval similarities in eclosion, 
molting, method of prey capture, feeding behavior, 
and grooming activity are particularly striking. This 
is especially significant in view of the great evolu- 
tionary distance between the 2 species: each is a rep- 
resentative of a different subfamily. The literature 
indicates that all well-studied owlfly species are basi- 
cally homogeneous in their larval behavior, differing 
from one another primarily in their selection of sub- 
strate and habitat and in the presence or absence of 
the debris-carrying habit. In  I/'lulodes, this latter 
trait manifests itself morphologically in the presence 
of a tangled dorsal thread mat, lacking in the crypti- 
cally pigmented larva of Ascaloptynx .  In  fact, mor- 
phological features seem to possess more value than 
behavioral qualities in characterizing the larvae of 
different ascalaphid species. However, knowledge of 
the life cycles of larger numbers of species may dis- 
close useful differences that are  not as yet apparent. 

Similar adult resting posture, pre-flight warm-up, 
and prey capture behavior characterize all ascalaphid 
species that have been studied. However, in their di- 
versity of flying styles and courtship patterns, adults 
are behaviorally more heterogeneous than larvae. Re- 
productive isolating mechanisms, probably based 
partly on differences in adult behavior, should exist 
among congeneric sympatric owlfly species but are 

very difficult to document in such fast flying, pri- 
marily crepuscular o r  nocturnal insects. 

As emphasized in the Introduction, many studies of 
this type will be needed before the owlflies are  known 
well enough for a pattern to emerge relating behavi- 
oral, physiological and morphological tendencies to 
the evolution and adaptive radiation of the family. 
The old and new larval and adult data summarized 
here for isolated representatives of the 2 subfamilies 
are  insufficient to justify even tentative assignment of 
primitive or derived status to the behavioral features 
described. Yet ignoring behavior in favor of mor- 
phology or stressing the adult stage over the much 
more cryptic larva, has led to questionable and con- 
tradictory conclusions (see Adamse vs. Shepard,lo or 
Henry 1976 for summary). Comprehensive knowl- 
edge of all life stages of a large number of species is 
probably the key to understanding the phylogeny of 
the Ascalaphidae, as it is for many other groups of 
animals and plants. 
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