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NOTES ON THE VANHORNIIDAE (HYMENOPTERA)
Mark Deyrupl
ABSTRACT
The biology and taxonomy of Vanhornia eucnemidarum Crawford, a rare and special
ized parasitoid of Eucnemidae, is reviewed. The position of the genus Vanhornia as a
separate family is reaffirmed.

The family Vanhorniidae is one of the most obscure families of North American insects.
The single genus includes only two species: Vanhornia eucnemidarum Crawford (1909),
found in eastern North America, and V. teileri Hedqvist (1976), known only from
Sweden. J estimate that fewer than 50 specimens of Vanhorniidae have been collected,
though both species live in areas blessed with relatively large numbers of resident
entomologists. The scarcity of specimens is probably due partly to the genuine rarity of
the species and partly to their elusive habits; living specimens that I have observed
practiced a combination of short flights and rapid runs (like some pompilids) that was
frustrating to both net and fingers. Since the host of V. eucnemidarum, the eucnemid
beetle. is of no economic importance, there is no practical need to study its rare parasitoid.
Nonetheless, V. eucnemidarum is of great interest because it is one of our most peculiar
Hymenoptera. The purpose of this note is to summarize the scattered information on V.
eucnemidarum and contribute a few original observations.
\'anhomia eucnemidarum is known from Quebec west to Michigan and south to
Georgia and Kentucky (Townes and Townes 1981), The type series was collected from
"cells oflarvae of the family Eucnemidae" by Van Horn at Silver Springs, Maryland, and
one specimen collected on Plummer's Island, Maryland (Crawford 1909). Specimens have
been reared from I sorhipis ruficornis (Say) (Champlain 1922, Brues 1927). My specimens
are from Tippecanoe County, Indiana. Ten specimens, eight females and two males, were
collected in June and July from a Malaise trap set up in a small wooded ravine. Two
specimens. one male and one female, emerged I May 1981 from pupal cells of Isorhipis
rujicornis in a dead sapling of Acer saccharum Marsh, brought indoors 2 April 1981. The
complete larval skin of the host was found in the cell from which the male parasitoid
emerged. The pupal cell had undoubtedly been constructed by the eucnemid, and was
identical to those from which specimens of I. ruficornis emerged. There was no cocoon
or visible lining in the cell. The male and female when placed together in a plastic
container showed no interest in each other, but spent their time running back and forth over
the sticks provided, The female showed ovipositing behavior as described below. The
female liyed for five days, the male four. In addition to these specimens, I have seen three
specimens on dead beech and maple in dense forest in June 1981.
From a ta.'{onornlc standpoint it is fortunate that the venation of V. eucnemidarum
clearly links it to the superfamily Proctotrupoidea, as this insect is otherwise apparently
a mass of specialized character states. The most distinctive of these are the swollen
temples: the exodont mandibles; the low attachment of the antennae; the prothoracic
"neck;" the concave mesopleuron; the deeply pitted thorax; the long, fine, flexible,
exserted ovipositor; the fused gastral tergites 1--4; the keeled and abruptly deflexed 5th
IArchbold Biological Station, P.O. Box 2057, Lake Placid, FL 33852.
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gastral tergite; and the grooved gastral sternites (Figs. 1--4). Mason (1983) has shown that
gastral tergites 6-8 are much reduced and telescoped into the abdomen. Behaviorally V.
eucnemidarum differs from representative proctotrupoids I have observed (Proctotrupidae,
Scelionidae, Heloridae) in its running-and-flying locomotion and in the rapid up and down
movements of the gaster.
The ovipositor of Vanhornia is one of its most interesting features. When not in use it
is bent forward at the base so as to lie in a groove along the ventral side ofthe gaster (Fig.
4). This groove is not nearly long enough to accommodate the ovipositor, which is about
the same length as the entire insect, and the tip of the ovipositor curves up at the base of
the gaster to lie between the wings (Fig. 1). This can be seen in some dead specimens and
was also observed in the live female that emerged in the laboratory. The ovipositor is
probably held in place by projections on the propodeum and the first gastral segment (Fig.
4), but this mechanism was not clearly seen in the living specimen as the gaster was in
constant movement. The ovipositor is 5.8 mm long and extraordinarily thin, about 0.05
mm. In spite of its slenderness, the ovipositor consists of the usual four valvulae, the outer
two blunt and equipped with hairs, the inner two ending in stylets. Two apparent
oviposition attempts were observed, during which the ovipositor was at a right angle to the
body (Fig. 4) while its tip probed the cracks of the broken end of a stick containing
eucnemids. The tip of the ovipositor is highly flexible, and its delicate probing resembled
that of the tip of a moth's proboscis seeking nectar. Townes and Townes (1981) reported
an observation of the ovipositor being passed along a crack in a hardwood log.
The functional morphology of the ovipositor is unknown, but it is probably not used in
the same way as the long, wood-drilling ovipositor of certain Ichneumonidae and
Braconidae. In these ichneumonoids the ovipositor is stiff and springy, and the pressure
of the limber ovipositor against the wood appears (in my observations) to help drive the
ovipositor into the wood. During drilling the ichneumonoid sheath splits to free the
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Figs. 1-4.(1)Female Vanhornia eucnemidarum, actual length 5.8 mm; (2) frontal view of head of
female; (3) Base of ovipositor during oviposition attempt; (4) ventral view of gaster of female.
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ovifK)sitor partially or entirely. In V. eucnemidarum the ovipositor is highly flexible. By
use of a rninuten pin the sheath can be split and the ovipositor extracted, but it is not known
that the sheath separates during oviposition. A female immobilized (with a bit of
modelling clay) on a microscope slide was able to repeatedly thrust the ovipositor a short
way out of the tip of the sheath without separating the sheath. Mason's drawing (1983) of
the ovifK)sitor gives some idea of how this might be controlled by sliding the first valvifer
inside the second.
The structure of the ovipositor and the observed behavior of females suggest that the
host is attacked when it is an egg or a young larva that has not tunneled far into the wood.
I. rujicomis itself has a long tubular ovipositor with which it inserts eggs deep into
crevices of dead wood. If the egg is the stage attacked and the parasitoid has a long period
before it begins to develop in the host, this would constitute a biological difference
between the Vanhomiidae and the Proctotrupidae. If the host is attacked only as an egg
or newly hatched larva, the brevity of opportunity provided for the parasitoid, combined
'With the concealment of the host, might help explain the rarity of V. eucnemidarum.
The other most notable feature of Vanhornia is the exodont mandibles (Fig. 2). Exodont
mandibles are not common in insects, occurring in Vanhornia, in braconids of the
subfamily Alysiinae, and in some larval Eucnemidae, including I. ruficornis. Van Hom
(1909) described the action of the mandibles of Melasis pectinicornis Melscheimer as
saw-like, appropriate for the slit-like galleries that the larvae construct. Adult eucnemids
which, like Vanhornia, need only escape from the pupal chamber, have normal mandi
bles. The adaptive significance of the exodont mandibles of Vanhornia therefore remains
unknown, and it is difficult to connect these unusual mouthparts with those of the host
unless one assumes that Vanhornia is descended from much flatter ancestors that
completed their development in the larval galleries rather than the pupal cell of their host.
The Vanhomiidae appear to be a highly specialized offshoot of the primitive Procto
trufK)idea. The most impressive proctotrupoid character of Vanhornia is the overall wing
yenation, which is strikingly similar to that of Helorus paradoxus (Provancher), though
Helorus differs in having a distinctive detached CuA2 vein in the forewing. The venation
of Vanhornia also resembles that of Ropronia, though the medial (first discoidal) cell of
Ropronia is not triangular as it is in Vanhornia. These similarities in the venation of the
Vanhorniidae, Roproniidae, and Heloridae apparently led Riek (1955) to combine all three
families, along the with Monomachidae, in the family Heloridae. Vanhornia fails to fit
into Riek's expanded definition of the Heloridae because Vanhornia has one-segmented
trochanters and the antennae are situated low on the face, almost adjacent to the clypeus.
More recently, Townes and Townes (1981) included Vanhornia in the family Procto
trupidae. The many distinctive features of Vanhornia are apparently interpreted as
specialized, derived character states superimposed on a proctotrupid base. When these
features are discounted, however, there are no morphological character states left that are
shared only with the Proctotrupidae. The use of beetle larvae as hosts is a biological
characteristic of Vanhornia shared only with the Proctotrupidae (if the Pelecinidae are
excluded from the Proctotrupoidea), but this does not seem to be a strong link, especially
if the method of parasitization is different.
It is easy to feel an intuitive reluctance toward placing an extraordinarily specialized
organism in its own family, an action that usually implies the organism is not only
specialized but also ancient. There is a tendency to feel that specialization is ultimately
unadaptiye in a changeable world, but in some instances specialization may be a refuge.
It is difficult to avoid the impression that a number of small, highly specialized families
of Hymenoptera. such as the Vanhomiidae, Heloridae, Roprioniidae, Austroniidae,
Pelecinidae. Eyaniidae, and Aulacidae, are remnants that have held out against the
evolutionarily aggressive ichneumonoids by a kind of entrenched specialization.
Thanks to the work of Crawford (1909), Townes and Townes (1981), and Mason
(1983). the morphology of V. eucnemidarum is known in some detail, but a number of
questions remain about the biology of this species. These questions deal with the function
of the oyifK)sitor and the mandibles, the general life history, and the position of the
parasitoid pupa v.ith respect to that of the dead host larva.
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As a final enigma, a poignant historical oddity is associated with the Vanhomiidae. The
type series was reared from eucnemids by R. W. Van Horn, a preparator working for A.
D. Hopkins in the Bureau of Entomology. Van Horn developed an independent interest
in larvae of Eucnemidae, and made a number of original observations which were
published late in 1909. Among the comments of A. D. Hopkins appended to Van Horn's
paper is the statement that on 9 February 1909, Van Horn set off for the local laundry with
a bundle of washing under his arm and was never seen again. Were it not for this
unfortunate disappearance we would undoubtedly know a great deal more about the
biology of the eucnemids and their parasitoids; we have not progressed very impressively
since 1909.
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DESCRIPTION OF A NEW SPECIES OF SLAVE-MAKING ANT IN
THE FORMICA SANGUINEA GROUP (HYMENOPTERA:
FORMICIDAE)
Roy R. Snelling] and William F. Buren2

ABSTRACT
The new species, Formica gynocrates, is described and illustrated from all the castes.
This slave-making species is a member of the sanguinea group and is most similar to F.
pergandei. The type locality is the E. S. George Reserve, Livingston County, Michigan.
Specimens were also examined from North Dakota, Wyoming, and Colorado. A key is
prmided for the separation of the described North American members of the sanguinea
group. The most commonly associated slave species is F. vinculans Wheeler, a member
of the neogagates group. It is our opinion that F. vinculans is a valid species and not a
synonym of F. neogagates, as has been previously supposed.

The following new species is described in order that the name might be available for use
by Dr. Mary Talbot, who has studied its behavior and ecology. This species was long ago
recognized as new by WFB and a preliminary description was drawn up. Following the
death of WFB in 1983, and the acquisition of his collection by the Natural History
Museum of Los Angeles County (LACM), RRS was asked to complete the description for
publication.
The Formica sanguinea group is a small, Holarctic complex of dulotic (slave-making)
ants that enslave species belonging to other species groups in the genus Formica. Most
frequently, enslaved species belong to the fusca, neogagates, or pallidefulva groups.
Occasionally species in other groups may be enslaved. Sometimes, also, two or more
slave species may be present in a single nest.
Creighton (1950), following Wheeler (1913) and others, placed within Raptiformica all
species of Formica with the apical clypeal margin more or less sharply notched or incised.
v,,1lile many species of Raptiformica were known slave-makers, others clearly were not.
The non-dulotic species were removed from this group by Wilson and Brown (1955), who
also re~ted Raptiformica as a subgenus. The few, known slave-making species were
grouped into the sanguinea group, a total of six species (including the Eurasian F.
sanguinea) after five names were placed in synonymy.
Buren (1968) reviewed the group and recognized a total of 10 species, after he
resurrected four names from the synonymy of Wilson and Brown. One new species was
described. The only recent changes include one new synonymy by Snelling (1969) and the
return of F. obtu5opilosa to the sanguinea group by Wheeler and Wheeler (1963).
Considerable work remains to be done in the systematics of this group, particularly in
western Nonh America, but that is beyond the scope of the present paper.

IEntomology Section. Natural History Museum of Los Angeles County, 900 Exposition
Boulevard, Los Angeles, CA 90007.
2Department of Entomology, University of Florida, Gainesville, FL 32661. Deceased 13 August
1983.
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Fig. 1-9. Worker thoracic and petiolar profiles, respectively, of (1-2) Formica subintegra; (3-4) F.
rubicunda; (5-6) F. pergandei; (7-8) F. gynocrates; (9) scale of petiole, anterior view, F.
gynocrates. Scale line
1.0 mm.

The following key will separate the presently described members of the sanguinea
group in North America, including the new species described below. It replaces the earlier
key by Buren (1968), which has proven to be unsatisfactory. Specimens from Colorado,
Montana, Nebraska, and Wyoming may present difficulties since undescribed species are
present in those States.
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Fig. 10-14. Formica gynocrates, frontal view of head of (10) large worker (head width 1.86 mm);
(1U small worker (head width, 1.23 mm); (12) female; (13) small male (head width 1.28 mm); (14)
large male (head width, 1.63 mm). Scale line = 1.0 mm.

KEY TO NEARCTIC SPECIES, FORMICA SANGUINEA GROUP
1. Gula v.ithout erect hairs and pronotal dorsum with no erect setae or with fewer
than si.~ yery short (less than 0.006 mm long), stiff, blunt bristles; crest of petiole
v.ithout erect setae ................................................. 2
1'. Gula v.ith one or more erect hairs on each side and (or) pronotal dorsum with six
or more flexuous bristles, at least some of which are more than 0.10 mm long;
crest of petiole with conspicuous erect setae ............................ 3
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2(1). Crest of petiole sharp, petiole broadly fan-shaped in posterior view; longest hairs
on disc of second tergum about 0.06 mm long; clypeal disc distinctly very finely
striate along middle and often laterad along apical margin .... subnuda Emery
2'. Crest of petiole blunt, petiole narrowly fan-shaped in posterior view; longest hairs
on disc of second tergum about 0.10 mm long; clypeal disc without very fine striae
along middle ......................................... emeryi Wheeler
3(1'). Erect hairs of thoracic and gastric dorsa short (0.06-0.14 mm long), stiff and
bristle-like, usually more or less flattened and blunt-tipped, or abruptly tapering
................................................................ 4
3'. Erect hairs longer, (0.10-0.25 mm long), evenly tapering to tip ........... 6
4(3). Scape shorter than head length; either (a) mesonotum and propodeum without
erect hairs (or very nearly so) or (b) propodeum is subangulate in profile and crest
of petiole is sharp ................................................. 5
4'. Scape longer than head length; mesonotum and propodeum with numerous fully
erect hairs; propodeum broadly rounded between basal and declivous faces; crest
of petiole blunt in profile ........................... . obtusopilosa Emery
5(4). Thorax "saddle-backed" (Fig. 1); crest of petiole, in profile, blunt (Fig. 2)
........................ , ........................ subintegra Emery
5'. Thoracic profile less angulate (Fig. 3); crest of petiole, in profile, sharp (Fig. 4)
................................................... rubicunda Emery
6(3'). Pubescence of antennal scape fine and entirely appressed ................. 7
6'. Pubescence of antennal scape coarse and at least partly decumbent to suberect ................................................ puberula Emery
7(6). Eyes large and protruding beyond sides of head in frontal view in all sizes; female
microgynous ..................................................... 8
7'. Eyes not protruding beyond sides of head, at least in large workers; known
females normal, much larger than largest workers ....................... 9
8(7). Petiole with blunt crest, broadly fan-shaped in posterior view and usually with
median notch; head often darker than thorax, but may be merely infuscated in
occipital area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . wheeleri Creighton
8' .Petiole with sharp crest, narrowly fan-shaped in posterior view, more or less
angularly convex across crest and without median notch .... curiosa Creighton
9(7'). Head as broad as long or broader, and (or) scape length distinctly less than head
length; gaster with abundant erect hairs, those on disc of second tergum separated
by less than their own lengths, longest at least 0.13 mm long and usually over
. ... 10
0.15 mm ..............................................
9'. Head distinctly longer than broad in all sizes; scape longer than head; gastric hairs
less than 0.13 mm long and on disc of second tergum separated by more than their
own lengths ......................................... creightoni Buren
10(9). Mesopropodeal impression deep (Fig. 5); one or two hairs usually present on each
side of gula; head usually broader than long and outer margins of eyes well
removed from lateral margins of head in frontal view ....... pergandei Emery
10'. Mesopropodeal impression shallow (Fig. 7); gular hairs variable, but often absent;
head longer than broad (rarely as broad as long) and outer margins of eyes
approaching or exceeding head margins in frontal view (Fig. 9) gynocrates, new
species
Formica gynocrates, new species

Figures 7-15
WORKER. Diagnosis: Superfically similar to F. pergandei, but differing in the shapes
of the head and thorax, and in the sculpture, especially of the head. Head longer than broad
in all sizes, and in large workers with weakly, nearly uniformly convex sides, and faintly
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excised across posterior margin. Meso-propodeaJ impression weak and shallow. Integu
ment opaque on nearly all surfaces, distinctly and consistently less shiny than in F.
pergandei. Erect hairs numerous, arranged in pattern similar to that of F. pergandei,
including long, slender, tapering hairs on gaster.
Measurements: Head length 1.39-1.97; head width 1.23-1.89; thorax length
1.90-2.65; pronotal width 0.87-1.29; total length 5.2-7.6 mID.
Head longer than broad in all sizes; CI 86-97 (mean CI = 91); in frontal view, sides
of head strongly convex in small workers (Fig. 11), wider dorsad, but less strongly so than
in other species of sanguinea group; minimum head width 0.70-0.80 times maximum
width (mean = 0.76); occipital margin weakly excised. Scape length varying from a little
shorter than, to distinctly shorter than, head length, SI 82-91 (mean SI
87). Median
carina of clypeus nearly obsolete; apical notch moderate. Eye length 0.64-0.84 times
oculomandibular distance; in full frontal view eyes protruding beyond margins of head in
all small workers (Fig. 11) and in some moderate-sized workers, but not in largest (Fig.
10).
Thorax (Fig. 7) moderately robust, promesonotal outline more moderately convex than
in F. pergandei (Fig. 5); base and declivity of propodeum about equal in length;
meso-propodeal suture weak; metathoracic spiracles little projecting.
Petiole (Figs. 9-10) narrowly to moderately fan-shaped in anterior view; crest moder
ately sharp and uneven, usually without median notch, but if notch is present, it is weak
and shallow.
Nearly all surfaces opaque and very finely punctate. Mandible and legs subopaque. All
surfaces duller than corresponding surfaces in F. pergandei, but similar to those of such
species as F. subintegra and F. rubicunda.
Pubescence dense and fully appressed on dorsal surfaces of thorax and gaster, and on
antennal scapes; moderate on vertex and occiput and on anterior surfaces of femora and
tibiae. Erect hairs about as in F. pergandei, present on clypeus, frons, vertex (but absent
from occiput behind eyes), and venter of head; numerous and elongate on disc of
pronotum, present anteriorly and posteriorly on mesonotum, and on angle of propodeum;
present across crest of petiole; numerous, long (0.15-0.20 on disc of second tergum), and
tapering on gaster.
Head (including mandibles and antennae), thorax, legs, and petiole uniformly dull
ferruginous; mandibles, anterior margin of clypeus, and lower portion of gena may be
darker. Gaster dull, dark brown to blackish.
FEMALE. Diagnosis: Head large, wider than thorax; scape short, surpassing occipital
comer by less than length of first funicular segment; sides of head very slightly convex to
nearly straight; crest of petiole sharp, without median notch; integument dull, as in
worker; pilosity about as in F. pergandei.
Measurements: head length 2.00-2.15; head width 2.00-2.12; scape length
1.51-1.70; thorax length 3.12-3.40; pronotal width 1.63-1.95; total length 8.2-9.6 mm.
Head shape (Fig. 12) trapezoidal as in other eastern members of the sanguinea group;
97); eyes large, 01 28-31, and 0.70-0.86 times
cephalic index 98-102 (mean
oculomandibular distance; scape very short and stout, barely exceeding occipital comer;
SI 73-80 (mean = 77).
Integument opaque and finely punctate on nearly all surfaces including gena. Mandible
striate, but moderately shiny.
Pilosity pattern essentially as in F. pergandei; erect hairs present on median portion of
head and median area of pronotum, around anterior and lateral margins of scutellum, a few
on metanotum, across crest of petiole. and on gaster mostly confined to single row near
posterior margins of terga. Head, antennae, thorax, legs, and petiole dull dark grayish
ferruginous; gaster dull black. Wings infuscated with brown.
MALE. Diagnosis: See DISCUSSION.
Measurements: head length 1.19-1.48; head width 1.28-1.70; scape length
1.09-1.33; eye length 0.57-0.74; pronotal width 1.49-1.95; thorax length 2.47-3.16;
total length 6.9-8.6 mID.
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Fig. 15. Regression of scape length (SL) on head length (HL) in workers of Formica gynocrales (e)
and F. pergandei (...). Each symbol represents 1-3 specimens. For both species, n = 50.

Head (Figs. 13, 14) trapezoidal; cephalic index 106-117. Clypeal notch weak. Man
dible with large apical tooth and two or three additional teeth basad, these usually blunt
or obsolete, sometimes absent. Eye large, ocular index 47-50. Interocellar distance
2.3-3.8 times anterior ocellus diameter; ocellocular distance 2.3-3.3 times anterior
ocellus diameter. Scape index 87-95.
Petiole rectanguloid in posterior view; median notch present, but usually weak.
All surfaces dull and opaque, except subopaque gaster.
Erect hairs present on clypeus, frons, vertex, disc of pronotum, scutellum, metanotum,
and dorsal corners of petiole; absent from gastric dorsum. Appressed pubescence abundant
on all surfaces.
Head and thorax dull black; mandibles light to medium brownish; legs yellowish; gaster
dark brown. Wings infuscated with brown.
TYPE MATERIAL. Holotype worker, paratype workers, paratype females, and
paratype males, all collected by Mary Talbot at the Edwin S. George Reserve, Livingston
County, Michigan; the holotype was collected on 5 August 1972, and the remaining
specimens were collected on this and various other dates. Holotype and most paratypes in
Natural History Museum of Los Angeles County; paratypes deposited in American
Museum of Natural History, Museum of Comparative Zoology, and United States
National Museum of Natural History.
ETYMOLOGY. The specific name combines the Greek gyne (woman) and krateo
(rule), in reference to the dulotic habits of this species.
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DISCUSSION. Workers of F. gynocrates are most similar to those of F. pergandei,
but may be distinguished by the differences in head shape and by the considerably duller
integument, especially on the side of the head and thorax. Workers may be further
differentiated by the consistently shorter scape of F. gynocrates. Figure 15 demonstrates
the regression of scape length on head length. It will be seen that while there is broad area
in the middle zone where the values are contiguous, but not overlapping, there are
pronounced divergences at both lower and upper values.
The other two common eastern species, F. rubicunda and F. subintegra, both have
workers in which the erect hairs on the dorsum of the thorax are very short, stiff and blunt
or with abruptly tapering apices; the thoracic and petiolar shapes also differ (see key and
figures). The differences in head shape, and in the sparse pilosity, will separate F.
gynocrates from both F. creightoni and F. subnuda. The key should easily separate F.
gynocrates from the described western species.
Females of F. gynocrates closely resemble those of the other eastern species, all of
which are present at the George Reserve: F. pergandei, F. rubicunda, F. subintegra, and
F. subnuda (those of F. creightoni are unknown). From F. pergandei, F. gynocrates may
be separated by lack of short erect hairs on the lateral one-third of the occipital margin;
females of F. pergandei have at least three or four on each side that are situated on the
occiput above the eyes and there may be hairs on the occipital comers. Females of F.
pergandei commonly possess 3-5 erect hairs on each side of the gula, while those of F.
gynocrates have two or fewer, often none, on each side.
The disc of the first gastric tergum of F. rubicunda is without erect or suberect hairs,
though fewer than eight may be present immediately below the summit of the declivous
face. There often are none. In F. gynocrates females there are 15 or more suberect to erect
hairs across the basal portion of the disc and the summit of the declivous face. While the
number is variable, we have seen no specimens with fewer than 11 such hairs. The hairs
of the mesoscutum and front of the head in both F. rubicunda and F. subintegra are
flattened, which is not true of F. gynocrates, but the difference is less pronounced than
is true of the workers.
Females of F. subintegra have a characteristic mandibular structure that will separate
them from those of F. gynocrates. When the mandible is viewed from the side, there is
a large, roughly triangular, flat basal area. InF. subintegra this area is polished and shiny
between fine, well separated striae. In F. gynocrates this basal area is dull over most of
its area because the interspaces between the striae are contiguously punctulate; the striae
are often partially effaced. Also, in F. subintegra the petiolar scale, in profile, is blunt,
much as in the workers, rather than sharp as in F. gynocrates. In the females of F.
subnuda, the head width is consistently at least as great as head length, and consistently
greater in sympatric popUlations (CI 100-109, x= 104). The scape is proportionately
longer (SI 88-92, x =90). There are usually no erect gular hairs in F. subnuda females
and the mesoscutum is moderately shiny, with distinct piligerous punctures.
As is so commonly true of male ants, this caste is morphologically conservative and
their identification fraught with uncertainties. Among the species of the sanguinea group
present at the type locality, only the male of F. pergandei is easily recognized. In this
species erect and suberect hairs are present across the entire width of the occipital margin.
The remaining species have such hairs limited to the middle one-half, or less, of the
occipital margin.
Males of F. rubicunda and F. subintegra both have proportionately larger ocelli than
do those of F. gynocrates. The interocellar distance in F. rubicunda is 2.0-2.7, and
usually less than 2.4, times the diameter of the anterior ocellus and the ocellocular distance
is 1.8-2.4, and usually less than 2.3, times the diameter of the anterior ocellus. Males of
F. subintegra and F. subnuda are similar, with the interocellar distance 2.0-2.5, usually
less than 2.4, times the diameter of the anterior ocellus, and the ocellocular distance
2.1-2.5, usually less than 2.4, times the diameter of the anterior ocellus. Although the
interocellar distance in F. subi1ltegra is usually less than the ocellocular distance, they
may be equal or the ocellocular distance may be the greater.
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In F. gynocrates males, the interocellar distance is usually at least 3.0 times the
diameter of the anterior ocellus and the ocellocular distance is usually more than 2.5 times
the diameter of the anterior ocellus. The interocellar distance is at least equal to, and
generally exceeds, the ocellocular distance.
The genital structures of all species were examined in situ. Infraspecific variation was
so great that no obvious interspecific differences were seen and so these structures were
not studied in greater detail.
Twenty-two males of F. gynocrates, associated with nest-mate workers, have been
available. These males, as a whole, are variable in head shape. In frontal view, the
occipital margin in large males (Fig. 14) tends to be broadly convex, with weak, or no,
occipital angles, and the ocellar area weakly elevated. In smaller males, the occipital
margin shows distinct lateral angles and the ocellar area is usually abruptly elevated (Fig.
13). The cephalic index in large males ranges from 110 to 120 and in smaller males the
range is 106-108.
Of the 22 males, 16 (72.7%) have head widths ranging between 1.53 and 1.70 mm. The
six remaining males (27.3%) have head widths ranging between 1.28 and 1.38 mm. There
is a definite indication of two size categories of males, based on head width with a gap
of about 0.15 mm between them. These males are from two colony samples and
individuals of both size classes occur in only one colony sample, where they ae almost
equally common (60% small, 40% large). The other sample includes only large males.
Whether or not males of F. gynocrates are actually dimorphic, as these data suggest,
can only be determined by measuring many more specimens than are presently available.
The apparent dimorphism may be an artificial result of a too limited sample size.
ADDITIONAL RECORDS. Stanton, NORTH DAKOTA, 20 July 1972 (A.C.F.
Hung, no. 72-18; LACM); Wheatland, WYOMING, 24 July 1941 (W.F. Buren; LACM);
Yellow Jacket Pass, 7700 ft el., Archuleta Co., COLORADO, 21 July 1955 (R.E. Gregg;
LACM).
SLAVE-SPECIES. The principle slave-species of F. gynocrates at the type locality is
F. vinculans Wheeler; a secondary slave species is F. lasioides Emery. Both are members
of the neogagates group. Formica vinculans was originally described as a variety of F.
neogagates by Wheeler (1913), but later was synonymized by Creighton (1950). We
believe that F. vinculans should be resurrected from synonymy.
In the extensive Michigan material submitted by Dr. Talbot, F. vinculans seems to be
consistently different from sympatric material of F. neogagates. In F. vinculans the thorax
is paler than the head and gaster, the gastric pilosity is longer and the appressed
pubescence is much less sparse than in F. neogagates. Nests of F. vinculans are more
populous and are apparently always in open, sunny, prairie-like locations utilizing some
vegetative debris. When nests are disturbed the workers display aggressive alarm.
In contrast, F. neogagates nests in woodlands under various covering objects, and the
nest superstructure is a mound of soil. Disturbed workers exhibit panic alarm behavior.
ECOLOGY. At the type locality, Talbot (1985) found that nests of F. gynocrates were
always in open, prairie-like situations. She also found that this species is more heat
tolerant than other eastern members of the sanquinea group, capable of carrying on raiding
activities at surface temperatures at which F. subintegra becomes disorganized (Talbot
and Kennedy 1940). The enslaved species were always members of the neogagates group,
usually F. vinculans, but occasionally F. neogagates. At the George Reserve, F.
gynocrates was observed not to raid nests of species belonging to the fusca and
pallidefulva groups, although these are regularly utilized as slaves by F. subintegra. F.
pergandei, and F. rubicunda in this area.
Talbot's observations on F. gynocrates, as well as on F. creightoni, suggest that F.
gynocrates, F. creightoni, F. curiosa, and F. wheeleri, form a subgroup within the
sanguinea group that utilizes mainly or only neogagates group species as slaves.
Following the postulate that parasitic ant species are often phylogenetic ally derived from
their hosts or from lineages that are closely related to the host lineage ("Emery's Rule,"
Wilson 1971), the sanguinea group could be derived from species within the generalized
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fusca group or rufibarbis group. The latter group, in particular, includes species that form
populous colonies of aggressive workers.
That species of the wheeleri subgroup enslave members of the neogates group may be
a secondarily derived specialization. This specialization has taken place in North America
where the neogagates group arose and diversified with its half dozen or more species. The
neogagates group is especially diverse in western North America with most of these
species adapted to open habitats, such as prairies, forest clearings, and sagebrush desert.
Most of the species of the wheeleri subgroup are also western, and those that are not nest
in open prairie-like situations.
The sociobiological ramifications of this specialization are of interest. Talbot (1985)
has observed that raiding workers of F. gynocrates rush forward among the F. vinculans
defenders, then quickly retreat. During these sorties, raiders were not observed to spray
defenders. This is an action not previously reported for raiding species of the sanguinea
group.
Thus, if they were releasing any type of allomone, as surmized by Talbot, the method
of release and the glands and substances involved may be different from the "propa
ganda" acetates from the enlarged Dufour's gland sprayed by F. subintegra and F.
pergandei during their raids on fusca group species (Regnier and Wilson 1971). If
different actions and different glandular products are used in subjugating neogagates
group colonies, then it seems possible that evolutionary selection might enhance the
tendency toward raiding neogagates group nests and becoming obligate slavers on this
species group.
Whatever the degree of specialization necessary for the raiding workers to enslave
neogagates group species, it is tempting to suggest that the behavior of nest-founding
females may also be specialized. Within the wheeleri subgroup, F. curiosa, F. wheeleri,
and an undescribed western species are known to have microgynous females; F. creightoni
is believed to share this characteristic, based on the samll size of the male (Buren 1968).
Within this subgroup, only F. gynocrates is known to have normal-sized females. A.
priori, it may be assumed that the method by which the microgynes gain acceptance into
a host colony must be different from those displayed by F. sanguinea in Europe (Huber
1810, Forel 1847, Wasmann 1891); the females of F. sanguinea are normal-sized. At
present, nothing is known of colony-founding methods of any of the North American
members of this group.
For all that has been written about the dulotic species of Formica we know remarkably
little. With the pioneering work of Regnier and Wilson (1971) on the "propaganda"
substances, the careful work of Talbot in demonstrating that host selection can be
species-specific and that there are measurable ecological differences between the species,
and with the recent advances in the taxonomy of the group, the time seems propitious for
a major comparative sociobiological study of these interesting ants.
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SOCIAL FEEDING BEHAVIOR OF HYPHANTRIA CUNEA LARVAE
(LEPIDOPTERA: ARCTIIDAE) IN MULTIPLE CHOICE
EXPERIMENTS
William N. Cannon, Jr.]

ABSTRACT
The response of fall webworm larvae, Hyphantria cunea, to identical feeding stimuli
presented in a series of multiple choice tests was studied in the laboratory. Instead of
responding independently, all larvae in 61 % of the trials were observed to aggregate at one
of two identical feeding stations.

In studies to determine the food preferences of insects and to screen insect attractants,
arrestants, and feeding stimulants, we often have to decide whether to work with
individual insects or with groups of insects.
The larvae of the fall webworm, Hyphantria cunea (Drury), are naturally gregarious.
They build nests of silk in which groups of them feed together. However, earlier
laboratory studies had shown that larvae of the "black race" (Oliver 1964) that were
confined in 100 x 20-mrn petri dishes, did not show a pronounced tendency to aggregate.
Perhaps gregariousness was manifested only in the larger area encompassed by the nest.
This suggested a hypothesis, that larvae confined in such small areas act independently
in feeding. To test this hypothesis we experimented with multiple choice tests to determine
whether fall webworm larvae would act independently in feeding.
MATERIALS AND METHODS
The larvae were reared in the laboratory on the artificial diet described by Yearian et
al. (1966). Newly ecdysed third-ins tar larvae were chosen at random for the feeding tests.
The larvae had been fed on the artificial diet since hatching but had been starved for about
8 h before the tests.
Two plugs of the artificial diet were placed in 100 x 20-mrn disposable petri dishes, at
opposite edges (designated posts A and B; Fig. 1). Four larvae were released at the center
of each of the 72 dishes in the experiment. After 24 h in a rearing chamber, the dishes were
examined and the number of larvae at each diet plug was recorded.
Because the same diet was used at each post, the probability of a larva feeding at post
A was assumed to be the same as that of feding at post B. It was assumed that each larva
would select a diet post independently of the others and that no larva would refuse to feed.
The binomial probabilities of the four outcomes of each trial were determined, and the
theoretically expected frequencies were compared with the observed frequencJes by the
chi-square goodness-of-fit test (Sokal and Rohlf 1969).
iNortheastem Forest Experiment Station, USDA Forest Service, Delaware, OH 43015
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Fig. 1. Test arena used in food preference experiments.

Table 1. Distribution of fall webworm larvae at plugs of the same diet medium in a
feeding preference experiment.
Distribution of larvae (72 dishes)
Number of larvae
Post A

Post B

o

4
3
2

1

2
3
4

1

o

Expected
frequencies

Observed
frequencies

4.5
18.0
27.0
18.0
4.5

24
9

8
11

20

RESULTS AND DISCUSSION
The results show that the tendency of individual fall web worm larvae to feed on a
particular plug was greatly influenced by other members of the group. In 44 of the 72 tests,
all four larvae in the dish were found at one post (Table 1). In 20 tests, three larvae were
at one post and one larva at the other post. Computed chi-square values showed a
158.5, P < 0.001). The hypothesis
significant departure from expected frequencies (X 2
that each larva would act independently in feeding was rejected.
It would appear that third-instar larvae retain their gregariousness under laboratory
conditions. This colonial habit of the fall webworm appears to play an important role when
newly hatched larvae are becoming established on host leaves. Groups of larvae have a
higher rate of survival than an isolated larva (Watanabe and Umeya 1968). It is possible
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that feeding by a larva attracts others to the feeding site, forming the beginnings of the
colonial nest. This type of group feeding behavior has been reported for the jack pine
sawfly, Neodiprion pratti banksianae Rohwer (Ghent 1960). Sawfly larval feeding groups
were found to build up around a solitary larva that had begun to feed by itself. Additional
larvae then joined the feeding site.
The results of this study and those of other researchers indicate that if the design of an
experiment requires more than one insect to be used in a test arena, the hypothesis that the
insects will react independently should be tested thoroughly.
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AQUATIC INSECT COLONIZATION AND SUBSTRATE CHANGES
IN A RELOCATED STREAM SEGMENT
Richard P. Narf

ABSTRACT
A section of Bear Creek in northwestern Wisconsin was relocated to accommodate new
highway construction. The 850-m section of the stream was shortened to 650 m and
fashioned with five broad bends and a uniform width and depth. Sandy substrate and lack
of coarse particulate organic matter within the new channel delayed colonization by
aquatic insects. The absence of snags, boulders, and cobbles in the design of the new
channel reduced available habitat. Substrate stabilization and colonization of available
habitats was determined to be complete 5.5 years after channelization, when the 22
dominant insect taxa were similar to the control sites. The changes in insect population and
substrate type during the six year study are addressed.

Stream alterations to improve navigation and drainage are conducted in many areas of
the United States (Wilkinson 1973), and are considered detrimental to aquatic populations
because of habitat disturbance (Henegar and Harmon 1973). Channelization usually
replaces natural cobble and coarse gravel substrate with small particulates. Flow also
becomes more laminar as the natural riffle-pool complexes common to many lotic habitats
are lost during channelization. The elimination of varying substrates and currents prevents
establishment of the diverse benthic population that inhabited the substrate prior to
alteration (Etnier 1972, Congdon 1973, Simpson et al. 1982).
Simpson et al. (1982) summarized the effects of channelization and suggested the need
for additional information on benthic community response. The Bear Creek project
provided an opportunity to evaluate the channelization of a third order warm water
(non-trout) stream in the northern Midwest, a region lacking in the study of channelization
impacts. This paper describes substrate type following channelization and addresses
changes in the composition and density of the 22 dominant insect taxa.
STUDY LOCATION AND METHODS
The Bear Creek channelization is located 6 km north of the city of Rice Lake, Barron
County, in northwestern Wisconsin. Bear Creek is a third order stream, 4-15 m wide with
a base flow of 0.35 m 3 /sec at the study location. The stream habitat is primarily a run with
occasional pools and riffles.
The natural stream bed (Fig. 1) was composed of sand, gravel, and cobbles as
as
20 cm in diameter and some snags; boulders were infrequent. Silt was present along the
streambank and in the pools. Instream vegetation was sparse, consisting of scattered
patches of Potamogeton crispus L. (curlyleaf pondwecd), Vallisneria americana Michx.
lWisconsin Department of Natural Resources, Bureau of Research, 3911 Fish Hatchery Road,
Madison, WI 53711
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1976

Fig. 1. Bear Creek sampling site locations and vegetation types before construction of the new
channel and highway corridor.

(wild celery), and filamentous algae. Leaf mats were common under cobbles and on
snags. The floodplain contained a buffer strip of hardwoods and shrubs along most of the
creek's length.
An 850-m section of Bear Creek was relocated and channelized in June and July of 1976
to accommodate construction of the new U.S. Highway 53 corridor. Sand and gravel from
the immediate area were used for new channel construction. The completed channel has
parallel sides, a flat bottom, and five broad bends riprapped with boulders on the outside
curves (Fig. 2). No riffle-pool complexes, boulders or snags were provided. All trees and
brush were removed from the vicinity of the channel and the disturbed soil was seeded to
retard erosion. The original 850-m stream length was reduced to 650 m and the natural
irregularity of width was made a nearly uniform 10 m.
Four sampling sites were selected (Figs 1, 2). Sites 1 and 4 acted as controls. Site I was
located 150 m above the new channel and site 4 was located 250 m below the channel.
Sites 2 and 3 in the old channel had to be relocated after construction. Their replacements
were sites 2B and 3B; located 50 m upstream and 50 m downstream fcom the end of the
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Me ph

Fig. 2. Bear Creek sampling site locations and vegetation following stream channel relocation and
establishment of the new highway corridor.

new channel. The replacement sites (2B and 3B), as well as original sites 1 and 4, were
used for postconstruction sampling.
Sampling began in June 1976, immediately before channel construction. Postconstruc
tion samples were taken in November 1976 and again in March of 1977, 1978, and 1982.
Observations were made on the relative abundance of substrate type and presence of
coarse particulate organic matter (CPOM) within the stream channel. Late notice of the
construction start precluded sampling prior to June 1976.
Benthic samples were collected via Surber sampler (0.09 m2 ) equipped with a 210 IlLm
mesh net. Two samples were taken at each site, one sample each from a point one-third
the stream width from either bank. Samples were preserved in 95% ethyl alcohol and
organisms were later identified and enumerated in the laboratory. Sample totals were
combined and expressed in mean number per square meter for each site. The dominant
insect taxa found for the study period (i.e. those numbering > 101m2 ) were used to
determine colonization.
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RESULTS
PRECONSTRUCTION. Substrate at the four sampling sites was dominated by gravel
and cobble before channel construction except for site 2, which had fewer cobble and more
sand (Fig. 3). CPOM and periphyton were plentiful at all sample locations.
Based on the occurrence of the dominant insect taxa prior to construction (Tables I, 2),
sites 2 and 4 had the greatest diversity with 10 dominant taxa each. The greatest
chironomid diversity (six taxa present) occurred at site 2. A community composed of more
scrapers and net spinners, namely Helicopsyche borealis (Hagen), Hydropsyche simulans
Ross and Symphitopsyche bifida (Banks), was found at site 4.
POSTCONSTRUCTION. Sediment Conditions. Substrate particle diversity and
relative abundance remained nearly constant at sites I and 4 during the postconstruction
sampling period (Fig. 3). The channelization had no apparent impact on the sediment at
these two sites. Periphyton and CPOM were "common" to "abundant" throughout the
study period at sites 1 and 4 except for CPOM, which was "rare" at site 4 in November
1976. Site 2B within the new channel was dominated by silt and fine sand in November
1976,2.5 months after construction. Periphyton was not observed at site 2B or elsewhere
in the newly constructed channel.
Eight months after channel completion (in March 1977) the silt and fine sand of the new
channel had shifted, producing large areas of deposition which were easily moved by
changing water currents. Several pools were forming along the riprapped bends. 'The
amount of silt and fine sand at site 2B had decreased, exposing areas of gravel. Periphyton
and CPOM were still rare in the new channel.
Observations of the substrate in March 1978, showed no basic changes in the amount
of sand and gravel present nor any increase in the quantity of CPOM. The finer particles
of substrate continued to be easily disturbed and subject to movement by changing water
currents.
The substrate in the new channel (site 2B) changed between March 1978 and March
1982 (5.5 years after construction). Gravel was the dominant substrate in 1982 and areas
of silt and sand were still present, but they were not easily shifted by normal stream flow.
This was due to the growth of periphyton that had developed upon them. Cobbles,
boulders, and snags were not present, due to their absence in the channel design and
construction. Riffles were absent, but several pools were now well established in the new
channel. CPOM was commonly found in the gravel interstices where the fine sand and silt
had been removed by water currents.
A portion of the stream directly downstream from the new channel (site 3B) was also
affected by the construction. In November 1976, (only 2.5 months after construction) the
natural interstices were being filled with silt and sand from the new channel, thus
eliminating places that entrap CPOM and provide habitat for the periphyton and inver
tebrates.
During the March 1977 survey (8 months after construction) the substrate of site 3B was
nearly covered with sand washed out of the new channeL A small area of filamentous
algae and CPOM was present among the remaining exposed gravel substrate, but
periphyton and CPOM were generally rare at this location.
Periphyton and CPOM were still uncommon at site 3B in March 1978. 1.6 years after
construction. However, the covering of sand over the gravel was reduced and some
cobbles were exposed once again.
By 1982 the stream flow had exposed additional gravel and cobbles at site 3B, although
the amount of exposed cobble was still less than found in the natural stream bed. CPOM
and periphyton were commonly found within the coarser sediments present at site 3B.
Insect Colonization. Insect density and diversity increased at sites I and 4 between the
June and November 1976 sample periods (Tables I, 2). This increase is attributed to
typical autumnal increases that occur within lotic habitats. Samples in June 1976 can only
be used to show faunal similarity between sites prior to construction. The March samples
provide better consistency for annual comparison because this period has the least
fluctuation from faunal recruitment.
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Table 1. Relative abundance of the dominant benthic insect taxa (those numbering> 101m2 ) found
in the samples taken from sites 1, 2 and 2B at Bear Creek.
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Eight months after construction (March 1977), density and diversity of insects within
the stream were reduced at site 1 above the new channel (Table 1). Ephemeroptera,
Trichoptera, and chironornids were not present in the dominant taxa at that time, but were
present in March of 1978 and 1981. The suspected cause of this March 1977 decrease at
site 1 is the loss of insects by migration and drift, compounded by the lack of upstream
migration through the new barren channel.
The new channel, as represented by site 2B, contained few organisms (Table 1) in
November \976, 2.5 months after construction. Ephemeroptera, Trichoptera, and Col
eoptera were absent from the dominant fauna. Hastaperla brevis (Banks) and Taeniopt
eryx nivalis (Fitch) were found in a small leaf mat, and H. brevis and Orthocladius spp.
were present in a small area of gravel and sand. These two places were the only refuges
deemed capable of providing suitable habitat within the area designated as site 2B.
Eight months after construction (March 1977), the density and diversity of the dominant
taxa at site 2B were the lowest observed throughout the study, a condition similar to site
1 durin~ the same sampling period. Microtendipes was the only genus present in numbers
> 101m . A moderate increase in diversity and density was observed from March 1977 to
March 1978 (1.5 years after construction); however, the only taxa present in densities
similar to preconstruction were the common chironornids Orthocladius spp. and Eukie/
/eriella spp.
Insect numbers and taxa had increased at site 2B by March 1982, 5.5 years after
construction. A few deep pools had developed in the new channel and quantities of CPOM
had accumulated to provide a foodchain base. In addition, the substrate was covered by
a growth of periphyton which helped to stabilize the finer particulates. Winter stoneflies,
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Table 2. Relative abundance of the dominant benthic insect taxa (those numbering> 101m 2 ) found
in the samples taken from sites 3, 3B and 4 at Bear Creek.
Sile38

Site3
Precon

,

6- 76

TAXA
PLECOPTERA

SIIe"

PoslconslructlOn
1 \-76

3-77

3-78

3-82

6-76

11-76

3-77

3-78

3-82

••·

I:!.su..!..!2p.£.!l.2~
l...u!p..rlg!lg~

Toeniop...!.!.!.y..,!Ll.!.:!..£.!.u

EPHEMEROPTERA

'~'-'.!..>ul.d..o

f..~
Slenonemo medrop'lJnclotum

TRICHOPTERA
Chemotop....!.y~

spp

~p...!y~~
.t!y.2.!,gP..ly£M~

•

§.Y.!Dp..b..!.!.2p..lyili ~ group

~ ~P....9..L...!l.Q

·

COLEOPTERA
~R..h,.ul.'pp.

Sleneim"

•·

••

Qp~'pp.

'pp.

•

•

•· • ••

•

DIPTERA
Conchop~p...!.9.'pp.
~)'noneuro.pp
~,pp

•
•

•

MlCrop~'pp

Mrcrolend,p...!..! 'pp

~'pp
f.Q.lP~Y...!..f!IPp

•

E..!!!.yp.ed iurn 'pp
Number of To~o
Number per m 2

LEGEND

.>10-<100

M'

•

383

25'

>100 - <200/M 2 ,

•

31'

•

296

13

'0

1158

782

13
1387

,0

684

'"

17

964

>200/M 2

Allocapnia frisoni Ross and Ricker and T. nivalis were observed emerging near areas of
riprap.
The number of taxa at site 3B was reduced in the November 1976 samples, because of
a major disturbance created immediately downstream by drifting silt and sand from the
new channel. Plecoptera and Ephemeroptera were absent from the dominant taxa. This
reduction in organism diversity at site 3B was still evident during the March 1977 survey,
when Ephemeroptera and several common chironomids were still absent. The taxa
present, including the trichopteran H. borealis (Hagen), and the larval elmids Optioservus
spp. and Stenelmis spp., were found in a sample that contained a small amount of algae.
Insect numbers and taxa increased substantially at all sites from 1978 to 1982. Sites 1,
2B, and 4 contained similar dominant taxa, with sites 1 and 2B having greater densities.
Site 3B contained similar taxa except for the absence of Ephemeroptera from the dominant
group. H. borealis was absent from all sites in the 1982 survey. The presence of similar
taxa at all of the sites in 1982 indicates a stabilized substrate and food chain able to support
most of the insects present in the stream.
DISCUSSION
The recovery time for channelized stream segments is highly variable and interrelated
with the substrate and riparian vegetation. Recovery rates of over 52 years have been
reported (Simpson et al. 1982).
The upstream reaches of Bear Creek remained unchanged. However, allochthonous
material does not travel far from its source (Hesser et al. 1975), and the upstream sources
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of organic material had a reduced influence upon the channelized segment. The absence
of trees and brush from the channelized riparian area of Bear Creek reduced the availability
of CPOM. This greatly influenced the input of allochthonous material to provide a nutrient
base for the food chain. The insects that inhabit first to fifth order streams are predom
inately detritivores and omnivores that feed heavily upon allochthonous materials and their
breakdown products (Cummins 1975, Minshall 1967, Shapas and Hilsenhoff 1976,
Wiggins and MacKay 1978). The lack of this source of organic material restricted insect
colonization.
Substrate particle size also determines biomass and numbers of benthos (Cummins and
Lauff 1969, Karr and Schlosser 1977, Lynch et al. 1977, Williams and Mundie 1978).
Biomass and density of insects are higher in medium-sized gravel (25-mm d); however,
the number of taxa is greater in larger gravel and cobbles since this size allows for
attachment by various filter feeding organisms such as Hydropsychidae (Williams and
Mundie 1978). Production is the lowest in sand substrates due to their shifting nature and
lack of interstices for CPOM entrapment and biotic activity (Egglishaw 1969, MacKay
1969, Sanders 1976, Sprules 1947).
The effect of sand substrate was demonstrated by the faunal reduction at site 3B for two
years following construction. Sand washed out of the new channel covered nearly all of
the natural substrate at site 3B. A coarser substrate was exposed in the last years of the
study and provided the necessary habitat for increased insect diversity and density. The
reduction in fauna was a function of habitat disturbance and lack of recruitment from the
channel. The control site farther downstream was generally stable throughout the study
and capable of providing recruitment through upstream migration.
Inhibition of upstream migration through the new channel was indicated during the first
winter following construction. Site I experienced a reduction in faunal numbers, likely
due to upstream migration from site I by some organisms and compounded by drift out
of this area by others. The high sand content and absence of food in the newly constructed
channel and immediately downstream created a barrier for upstream migration, as well as
unsuitable habitat for colonization by drifting organisms. Normal fonns of migration (Le.,
vertical migration from the substrate, drift, upstream migration, and aerial dispersion)
(Williams and Hynes 1976) were reduced to drift and aerial dispersion before the channel
was fully colonized. The presence of a few taxa in the new channel during November
1976, 2.5 months after the channel was opened, shows that the water quality of the
channel was suitable for habitation. The main obstacle to colonization was the absence of
a stabilized substrate with its associated CPOM and periphyton.
The presence of similar insect diversity and density at all sites 5.5 years after
construction shows that the new channel habitat supported the dominant insects found in
this study, even though some of the channel substrate and pool riffle complexes did not
appear to be completely stabilized. Based on the presence of the dominant taxa in these
samples from March 1982, the channel was considered to have completed colonization
and was able to support higher trophic levels.
SUMMARY
The Bear Creek channelization created a major localized disturbance to the aquatic
insect community. Colonization was influenced by the elimination of habitat, absence of
a food chain base, and reduced sourees of insects. The greatly reduced number of insect
taxa and individuals indicates that all habitats normally available in a natural system were
not present during the first 1. 5 years after construction.
The absence of large substrates (I.e. snags, boulders, and cobbles) 'from the new
channel increased the time necessary for stabilization and colonization. Providing snags,
brush, cobble, and gravel free of sand in newly constructed channels like Bear Creek is
highly recommended. In addition, the replacement of woody vegetation along the
streambank would provide a supply of CPOM. This would enhance colonization by
immediately providing most of the attributes of natural stream ecosystems.
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A diverse faunal community was established in the channel 5.5 years after construction.
The diversity of insects in the sample sites below the channel indicates that overall stream
water quality was not affected by the channelization.
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CLOVER ROOT CURCULIO INJURY AND ABUNDANCE IN
MINNESOTA ALFALFA OF DIFFERENT STAND AGE
Whitney S. Cranshaw]
ABSTRACT
Root injury and midsummer adult abundance of clover root curculio (CRC), Sitona
hispidulus (Fabricius), was surveyed in 24 different aged southeastern Minnesota alfalfa
fields. CRC presence was not detected in first year fields 2-3 months following stand
establishment. Increased root scarring was observed as stand age increased and most fields
3-5 years old showed heavy CRC root scarring. High CRC adult popUlations and
widespread root scarring was found in second year alfalfa fields which suggests that CRC
is a mobile insect capable of rapidly colonizing new plantings.

The clover root curculio (CRC), Sitona hispidulus (Fabricius), is a common insect of
Minnesota alfalfa (Radcliffe et al. 1976). Larval stages can damage the crop by feeding
on underground parts of the plant (Wildermuth 1910) and may directly cause reductions
in plant vigor and yield. Feeding wounds also can allow entrance and establishment of
pathogens (Dickason et al. 1968).
Eggs are laid after adults move back into fields following a summer aestivation period
along field edges. The insect has been reported to be a weak flier (Bigger 1930) although
Prescott and Newton (1963) and Pausch et al. (1980) reported that flights occur during
warm days in late summer and early autumn. Prescott and Newton concluded that
pedestrian travel might be most important for infestation of adjacent fields whereas winged
migration was important in colonizing distant fields.
If CRC movement is largely restricted to walking, colonization and injury might be
expected to occur slowly after stand establishment. CRC populations and injury would be
expected to build more quickly in later years as both "native" and additional immigrants
oviposited within a field. This pattern would be reflected in the larval damage of different
aged alfalfa stands. This study was conducted to determine the rapidity of CRC coloni
zation of new alfalfa stands and to survey the extent of larval injury to alfalfa roots.
METHODS AND MATERIALS
During July 1983, surveys were made of CRC abundance and root injury in 24
southeastern Minnesota alfalfa fields. Fields were of various stand ages and were all
established in mid spring plantings. Alfalfa roots were rated for weevil scarring on a scale
of 1 (no scarring) to 10 (100% surface area root scarring). Adult CRC were collected
twice, 8 July and 18-20 July, by taking a 25-sweep sample from the field interior. The
timing of these surveys was made to coincide with the period of peak adult Sitona spp.
abundance found by Radcliffe et al. (1976). Because of recent harvest, seven fields could
not be sampled on the latter date. None of the fields had had any insecticide applications
made to them while in alfalfa.
IDepartment of Entomology, Colorado State University, Fort Collins, CO 80524.
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Table 1. Sitona hispidulus mid-summer adult populations and larval root injury found in
southeastern Minnesota alfalfa fields of different stand ages, 1983.
Root damage rating b

S. hispidulus/25 sweepsa

x (Range)

No. fields

x (Range)

Planting date

No. fields

1983

3

0

1982

4

17.8 (4-31)

11

4.1 (2.3-5.0)

1981

4

11.0 (1-18)

5

5.9 (4.3-6.5)

3

1980

1.0

1979

1.3 (1-2)

3

1.0 (1.0)

8.3 (8.3)
4

8.0 (7.2-9.0)

·Sweep net samples taken 18-20 July; no adults were collected on 8 July.
bSurvey root damage rating on a 1 (no scarring) to ]0 (100% root surface area scarring).

RESULTS AND DISCUSSION
CRC root scarring increased in severity with stand age (Table 1). Fields planted during
spring 1983 were not observed to have roots injured by CRC weevil larvae, which is
consistent with the finding of Lieber et al. (1981) that dispersal to new fields occurs in late
fall. CRC damage was widespread in second year alfalfa and 3-4-year-old stands planted
in 1979-1980 were heavily damaged. The rapidity with which fields were invaded
suggests S. hispidulus may be quite mobile. The pattern of increasing larval injury with
stand age was expected since root scarring accumulates over years. The severe root
scarring found in older alfalfa stands further supports suggestions that CRC injury may be
more important in Minnesota than is generally recognized (Radcliffe et at 1976).
No CRC adults were collected from the first year alfalfa fields or in any fields during
the 8 July survey. However, during 18-20 July sampling high CRC populations were
found in fields 1-2 years after planting. This pattern further confirms that CRC is
sufficiently dispersive to rapidly colonize new plantings in Minnesota. Lower adult
populations were indicated in older fields, 3-4 years after planting. Apparently CRC
populations do not necessarily continue to increase in Minnesota alfalfa with time.
possibly because of the activity of natural controls (Turner 1957). After the stand
establishment year, population build-up of CRC can be rapid and may be followed by a
population leveling or even a decline.
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ARCHILESTES GRANDIS IN WISCONSIN (ODONATA: LESTIDAE)
Susan Sullivan Borkin]
Archilestes grandis (Rambur) is the largest damselfly that occurs in America north of
Mexico. Its distribution in the United States was reported by Muttkowski (1910) as Lower
Sonoran, Washington to Baja California, and Texas. It was collected east of the
Mississippi River for the first time in 1927 by E. B. Williamson (1931) in Ohio, and since
that time has extended its range along the southern and mid-Atlantic states (Harwood
1973, Kennedy 1977, Tennessen 1979), and north of Texas to South Dakota (Gloyd
1980). With this history of recent expansion, it comes as no surprise to find A. grandis
in Wisconsin.
I collected one pair of A. grandis in copula on 8 September 1978 in Milwaukee County,
from vegetation along Honey Creek near its junction with the Menomonee River. No
individuals were discovered at the site on 5 August 1982, but on 20 September 1984 after
a two-hour search, one male was collected from a perch in Honey Creek and one female
was taken from a tree trunk nearby. No individuals were found along the Menomonee
River. The water was slow-moving and shallow in both the river and Honey Creek.
Willow branches overhanging the water were examined for oviposition punctures but none
were discovered. If A. grandis is able to overwinter here, presumably it hibernates in the
egg stage (Ingram 1976).
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