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A NEW GENUS, SIX NEW SPECIES, AND RECORDS OF
PROTURA FROM MICHIGAN1
Ernest C. Bernard2
ABSTRACT
A new genus, Proacerella (Acerentomidae), and six new species, Proacerella reducta,
Eosentomon prutzi, E. sociale, E. pomari, E. brassicae, and Protentomon michiganense are
described from various sites in Michigan. Records of previously described species are also
listed 'for the species Eosentomon vermiforme Ewing, E. wheeleri Silvestri, Proturentomon
iowaense Womersley, Acerentulus confinis (Berlese), Amerentulus americanus (Ewing),
and Yamatentomon barberi (Ewing).
INTRODUCTION
The Protura listed have been collected from a number of counties throughout the
State of Michigan. Specimens collected through 1971 were recovered by the Berlese
funnel technique, while most of those collected after 1971 were recovered by the sugar
flotation-centrifugation method employed for extracting soil nematodes (Caveness and
Jensen, 1955 and Miller, 1957). Collectors are listed where known. Most of the
illustrations were made from observations with phasecontrast microscope at magnifications of 1250. Holotypes of new species, and allotypes and some paratypes where
applicable, will be deposited in the Entomology Museum, Michigan State University, East
Lansing,-Michigan, U.S.A.
MORPHOLOGY OF PROTURA
Terminology used in the description of Protura is specialized to the extent that a brief
description of the salient characteristics is helpful. Tuxen's monograph (1964) should be
consulted for a more complete explanation.
The more important characteristics of the head are the mouthparts, canal of the
maxillary gland and pseudoculus (Fig. la). The immovable labrum projects over the
mouthparts and may be elongated and/or notched at the tip. The mandible is styliform
and possesses a variable number of teeth at the apex (Figs. 3, 50, 69). The maxilla is
divided into four parts: the lobus externus with two shafts (= lacinia), the lobus internus
(= galea), and the palpus. The lobus externus (Figs. 51, 67) is little used in Protura
taxonomy. The lobus internus (Figs. 2, 51, 68) may assume different shapes and possess
apical spines or blunt processes useful within the genus Eosentomon. The labium is
bilobed, with a small palpus; its importance in taxonomy has not yet been thoroughly
studied. Francois (1969) has studied the muscular, glandular, and nervous components of
the mouthparts. The canal of the maxillary gland (= filament0 di sostegno) assumes
different shapes among the genera of Acerentomidae. It begins proximally as a large
globule or set of globules, narrows and proceeds forward to a round or oval calyx, finally
extending anteriorly as a narrow tube t o the maxilla (Figs. 49, 73). The canal is invisible
in cleared specimens of Eosentomon. The round or oval pseudoculus may have a
posterior projection or possess lines and grooves on its surface.
The foretarsus is very important systematically. It bears a number of sensillae and
other setae varying in number, arrangement, and size among the species (Figs. 10, 53,
74). The presence or absence of the empodial appendage on the middle and hind tarsi is
used in the genus Eosentomon.
lThis study was supported b y the Michigan Agricultural Experiment Station, for
which this is Journal Article 6944.
2Department of Entomology, Michigan State University, East Lansing, Michigan
48824. Present address: Department of Plant Pathology and Flant Genetics, University of
Georgia, Athens, Georgia 30602.
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Figs. la-b. The mouthparts and squama genitalis of Protura. Fig. la. Relationship of the
mouthparts. Fig. 1 b. Terminology of t h e female squama genitalis of Eosentomon.
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The abdomen possesses a pair of ventral appendages on each of the first three
segments, useful at the family and generic level. The abdominal chaetotaxy is used
frequently. Most segments bear an anterior row (a-setae) and a posterior row (p-setae) on
both the tergum and sternum. The chaetotaxic charts are set up so the a-setae number
appears above the p-setae number, when two rows are present on a segment. A large
gland with a dorsal cover exists on either side of the 8th abdominal tergite. The cover is
either untoothed (Eosentomon) or it may be toothed to varying degrees (a "comb") in
Protentomidae and Acerentomidae.
The female genital structure, the squama genitalis, consists of a prominent basal
apodeme with two large somewhat triangular pieces, the styli attached to it by apparently
membranous tissue. Within the genus Eosentomon, each stylus has a group of sclerotized
structures collectively termed the processus sternalis. The processus sternalis is divided
into a distinctively-shaped dorsal caput processus, a ventral corpus processus of variable
size, usually triangular, with a distal filament, the filum processus. The corpus processus
may expand laterally to form "wings"; these wings are the aLze processus. Other
sclerotizations may be present along the inner or outer edges of the styli (terminology
from Tuxen, 1964) (Fig. lb).
Ratios are sometimes used to further characterize species:
LR = length of headllength of labrum;
PR = length of headllength of pseudoculus;
TR = length of foretarsus/length of claw;
EU = length of empodial appendagellength of claw.
Family EOSENTOMIDAE
Genus EOSENTOMON Berlese, 1909

Eosentomon vermiforme Ewing
(Figs. 2-3)

Eosentomon vermiforme Ewing, 1921. Proc. Entomol. Soc. Wash. 29:193 figs. 1-2.
Two specimens collected from soil near Fife Lake, Grand Traverse County, Michigan,
September, 1965: one male and one female. These individuals exhibit an outer lobus
externus with minute denticles on the interior side (Fig. 2).
Eosentomon wheeleri Silvestri
(Figs. 4-5)

Eosentomon wheeleri Silvestri, 1909. Atti. Accad Lincei 18:8.
One specimen, a female, from Kellogg Forest, Kalamazoo County, Michigan, 13
August, 1963, H. 0. Schooley, coll. This individual differs from the description in Tuxen
(1964) in the location and length of the accessory p-setae on tergite VI (Fig. 5).
Eosentomon pruni, new species
(Figs. 6-13)
Color and Dimensions.-Body color whitish translucent with moderate yellowish sclerotizations. Length of body, 948 pm; length of head, 87pm; length of foretarsus without
claw, 64 pm.
MORPHOLOGY
Head.-Pseudoculus similar to other Eosentomon, round and somewhat indistinct,
PR = 8.6. Clypeal apodeme (Fig. 6) with slender bulbs and a slender distal transverse
connection. Labrum (Fig. 7) only slightly developed, with a medium u-shaped notch;
labral setae present. Mandible (Fig. 9) with two terminal, rounded, weak teeth and an
inner subterminal expansion. Lobi externi as in most other Eosentomon, without
denticles. Lobus internus (Fig. 8) moderately broad, with outer spine, median digit, and
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Figs. 2 - 3 . Eosentomon vermiforme Ewing. Fig. 2 . Outer lobus externus ( l e I ) , and lobus
internus. Fig. 3. Mandible. Figs. 4-5.Eosentomon wheeleri Silvestri. Fig. 4 . Lobus
internus. Fig. 5. Posterior setae of tergites I and VI, left side. Figs. 6-9. Eosentomon
pruni n.sp.
Fig. 6. Clypeal apoderne. Fig. 7. Labrum. Fig. 8. Lobus internus.
Fig. 9. Mandible.

two short inner digits fused a t their bases; other thickenings as shown. Maxillary palpus
similar t o those of other Eosentornon, but t h e inner sensilla is longer, reaching t o the
base of the inner subterminal seta. Lamina labii broadly and smoothly rounded distally;
labial palpus of usual type.
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Figs. 10-1 3. Eosentomon pruni n.sp. Fig. 1 0 . Foretarsus, exterior view. Fig. 1 1 . ForetGsus, interior view. Fig. 12. Claws o f middle and hind legs. Fig. 13. Female squama
genitalis. Figs. 14-16. Eosentomon sociale n.sp. Fig. 14. Mandible. Fig. 15. Clypeal
apodeme. Fig. 16. Labrum.

Thorax.-Claw of foretarsus relatively short, TR = 5.8. EU = 0.85. Empodia of middle and
hind legs long, EU I1 = 0.407, EU 111 = 0.652 (Fig. 12).
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Abdomen.-Central lobe of praecosta entire, not indented. Female squama genitalis
(Fig. 13) without stout basal apodemes and a caput processus shaped like the head of a
hammer; corpus processus with fairly parallel sides; filum processus of medium length;
apex styli bluntly pointed. Male squama genitalis of usual shape, basal apodemes long;
acrostylus with a proximal widening.
CHAETOT AXY
Head.-Rostra1 setae present (Fig. 7).
Thorax.-Prothorax-2 + 2 seta dorsally, 7 + 7 seta ventrally;
mesothorax-4 + 4 anterior setae and 7 + 7 posterior setae dorsally, 4 + 4 anterior setae
and 3 + 3 setae ventrally;
metathorax-4 + 4 anterior setae and 7 + 7 posterior dorsally, 5 + 5 anterior setae and
4 + 4 posterior setae ventrally.
In addition to the above setae there are 3 + 3 setae below the antero-lateral part of the
tergal sclerite of the mesothorax, and 1 + 1 setae in the same area of the metathorax.
Foretarsus.-All sensillae and setae present. Sensilla a not reaching 72; b, br2, d, and f l of
about the same length, f l twice as Iong as f2; Sensilla c not vGy long, just reaching ~ 3 ;
b'l just distal to 63'; e and g spatulate; a' long, reaching a3',/cr present and of normal
length. Sensilla t l of usual shape, situated midway between a 3 and a3'; t 2 and b'2 of the
same shape; t 3 only slightly longer than c'; setae x, y, and z distinctly sensilliform
(Figs. 1 0 , l l ) .

Abdomen.-Abdomina1,chaetotaxy is as follows:
I
Tergum
Sternum

4

11-111
10

i3

16

4
4

6
4

-

IV-VI

VII

VIII

IX-X

8a
16

8a

6
-

16

8

6
10

6
-

9
2
7

-

10

6

XI

XI1
6
3
8
4

.-

aa3 missing
bouter pair of sensillae on each side (p3 ,' p3 ')
Accessory seta p l ' of terg. I-IV more than twice as long as p l ; p2' of terg. 11-VI more
than twice as long as p2'; in terg. VII, p l ' half the length of p l , p2' longer than p2.
Discussion.-Eosentomon pruni, n.sp., falls into the saharense-group of Tuxen (1964), and
is perhaps closest to E. udagawai Imadate (1961) and E. saharense Conde (1951). From
the former it differs in the following ways: sensilla c and b'l short, instead of long; labral
setae present, PR = 8.6 instead of 10; empodium of tarsus 11 much longer; terg. VII with
eight rather than six a-setae; alae of corpus processus absent. From'E, saharense, it can be
separated by: the presence of labral setae; f l long instead of short; chaetotaxy of
terg. VII and stern. IX-X; and the absence of alae of the corpus processus.
Collection Data.-14 October, 1973, holotype female, allotype male, and one other
paratype male from soil at the base of a large American Plum (Prunus americanus
Marsh.), at Monahan Lake, Livingston County, Michigan, E. C. Bernard, coll.
Eosentomon sociale, new species
(Figs. 14-23)
Color and Dimensions.-Body whitish with yellowish sclerites o n the last several
abdominal segments. Length of adult, 907 pm; length of maturus junior, 844 wn. Length
of adult head, 95 pm; length of maturus head, 88 pm. Length of adult foretarsus without
claw, 66 pm; length of same in maturus junior, 62 pm.
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MORPHOLOGY
Head.-Pseudoculus round with three rather faint longitudinal lines; P R = 10. Clypeal
apodeme (Fig. 15) with pear-shaped bulbs and a thin anterior transverse connection.
Labrum (Fig. 16) one-tenth the length of the head, with a V-shaped notch anteromedially; one pair of labral setae present near the hind margin.
Mandible (Fig. 14) with two pronounced apical teeth and a subapical tooth formed by
the expansion of the mandible.
Lobi externi of maxilla similar t o other Eosentomon, without denticles or teeth on
the inner surfaces. Lobus internus (Fig. 17) fairly broad with a strong exterior spine, a
moderately pointed median digit and two moderately produced interior digits, the more
medial of these clubbed terminally. Maxillary palpus similar to the preceding species (E.
prunz? (Fig. 18). Labium similar t o the preceding species: apices rounded, labial palpi of
the usual type (Fig. 19).
Thorax.-Claw of foretarsus very short, TR = 6.9; EU = 0.85. Empodium of middle leg
about one-fourth the length of the claw; empodium of hind leg longer, about two-thuds
the length of the claw (Fig. 22).
Abdomen.-Central lobe of praecosta not indented.
Squama genitalis of female (Fig. 23) distinctly seen: basal apodemes of ordinary
thickness, caput processus tapering smoothly forward, gently curved; corpus processus
roughly triangular, prolonged proximally into the shape of a horse head; median
sclerotizations of stylus present. Alae processus weakly developed; filum processus very
long. Male squama genitalis of the usual type.
CHAETOTAXY
Head.-Rostra1 setae present (Fig. 16).
Thorax. -Chaetotaxy of this species exactly as that of the preceding species, E. pruni.
Foretarsus.-Sensilla b'l absent. Sensilla a short, not reaching 72; b, c, t2, d , b12, and t3
all about the same length; sensilla c not reaching 73; d nearly reaching a5, sensillae e and
g spatulate; f l twice the length of f2; setae x, y, and z sensilliform; t l situated closer to
a 3 than to a3'; sensilla at reaching a3', sensilla c' present, level with a 6 (Figs. 20-21).
Abdomen-Abdominal chaetotaxy is as follows:
I

11-111

IV

v-Vl

VII

Tergum

-

4
12C

10
16

10
-

8a
-

16

16

16

Sternum

-

4
4

6
4

6

6
10

6
10

10

-

-gb

VIII

IX-x

XI

XI1

5
9

8

8

-

-

4

8

-

7

6
3

8
4

aa3 missing.
bal, a3 missing.
Couter pair of sensillae on each side (p3', p31').
Accessory setae pl' and p21 somewhat less than twice as long as p l and p2, except on
terg. VII where pllis only half the length of p l and p2' is only a little longer than p2.
One adult specimen is missing a5 on tergite 111.
Discussion.-Eosentomon sociale, n.sp., lies fairly close systematically to E. pallidum Ewing
(1921b), but differs from it in several ways: pseudoculus larger (PR = 10 rather than 15);
sensilla b'l of foretarsus absent, all sensiuae of moderate length, c not reaching 73; seta
a2 of tergite VII present, two instead of 4 a-setae present on sternite VIII, only 4, instead
of 6 setae on sternites IX and X; corpus processus of female squama genitalis much
smaller than in E. pallidum E. sociale also has similarities with E. udagawai Imadate
(19611, but is separated from it by the structure of the female squama genitalis, the
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Figs. 17-23. Eosentomon sociale n.sp. Fig. 17. Lobus internus. Fig. 18. Maxillary palpus.
Fig. 19. Labial palpus. Fig. 20. Foretarsus, exterior view. Fig. 21. Foretarsus, interior
view. Fig. 22. Claws of middle and hind legs. Fig. 2 3 . Female squama genitalis.

absence of b'l in the foretarsus, and the presence of only four setae on sternites IX and
X, rather than six.
In Tuxen (1964) this species keys to couplet six, but does not fit either of the
alternatives. In Irnadate's Eosentomon key (1965) it keys to E. udagawai in couplet 21.
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Collection Data.-14 October, 1973, holotype female, two paratype females, allotype
male, and two maturi juniores, from soil at the same site and locality as the preceding
species at Monahan Lake, Livingston County, Michigan; and 25 July, 1972, one male from
plowed bare soil, Belding sewage treatment area, Ionia County, Michigan.
Eosentornon pomari, new species
(Figs. 24-30)
Color a n d Dimensions.-Body whitish-translucent with weak yellow sclerotization of the
abdominal segments. Various dimensions of the life stages as follows (means in pm):
Body Length

Head Length

Foretarsus Length
-

LI
LII
M.J.
Adult

650 pm
667
785
913

85 pm
82
84.5
88.5

44.1 pm
50.6
53.6
59.9

MORPHOLOGY
Head.-Pseudoculus round with a single, faint, median longitudinal line; PR = 10.1 for
adult females. Clypeal apodeme narrow, with very bulbous proximal ends (Fig. 24).
Labrum short with a V-shaped notch anteromedially, the tip of the labrum concave;
labral setae absent (Fig. 25). Mandible tridentate with two large terminal teeth and a
small subterminal tooth; five striae present on surface (Fig. 27).
Lobi externi of maxilla without denticles. Lobus internus (Fig. 26) with the usual
external spine, long median digit, and two internal digits, also with two small thickened
lines between the exterior spine and the median digit. Labium similar to other
Eosentornon.
Thorax.-Claw of foretarsus short, TR of adult = 6.62; EU = 0.9. Empodia of both the
middle and hind legs short.
Abdomen.-Central lobe of praecosta slightly concave on anterior edge.
Squama genitalis (Fig. 30) of the female with basal apodemes short and heavy; caput
processus composed of a wide proximal portion narrowing anteriorly to form a transverse
bar; corpus processus small and slender; alae processus fairly large but situated near the
middle of each squama lobe, filum processus of medium length. Male squama genitalis not
seen.
CHAETOTAXY
Head.-Rostra1 setae present (Fig. 25).
Thorax.-Chaetotaxy of this species exactly as in the preceding two species.
Foretarsus.-Sensilla b'l absent in all stages. Sensilla a somewhat indistinct but almost
reaching 72; Sensilla b and d long, c shorter; sensillae e and g spatulate; f l sllghtly
enlarged, almost reaching 75; sensilla f 2 about one-half the length of f l . SensiUa t l
equidistant between a 3 and a3'; t 2 and t 3 similar in size and shape, a' long, bypassing
a4; b'2 similar to t2 and t3, c' short and level with a 6 and 6 5 (Figs. 28,29).
Abdomen-Abdominal chaetotaxy and variation as in Table 1. Accessory seta p l ' of Abd
I-VI equal to p l in LI, but progressively longer in succeeding stages (almost twice as long
as p l in the adult). Seta p2' absent in LI, shorter than p3 in LII, slightly longer in th?
maturus 'unior, one and one-half times the length of p3 in the adult; on terg. VII, p l
short; p l 1 centered between p l and p2; p2', when present, close to p3.
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Figs. 24-29. Esoentomon pomari n.sp. Fig. 24. Clypeal apodeme. Fig. 25. Labrurn.
Fig. 26. Lobus internus. Fig. 27. Mandible. Fig. 2 8 . Foretarsus, exterior view.
Fig. 29. Foretarsus, interior view.

Discussion.-Eosentomonpomari,n.sp., keys in Tuxen's monograph (1964), with difficulty, to E. westraliense Womersley (1932) but possesses the following characteristics:
pseudoculus small (PR = 10.1) instead of large (PR = 6); cf short and level with a6, not
close to bf2; six setae o n stemites I X and X, rather than four, and squama genitalis very
distinctly different. In Imadate's Asian key (19651, E. pomari, n.sp., keys to E. tokiokai
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Table 1. Abdominal chaetotaxy of Eosentomon pomari n.sp.
I

I1

111

tergite

8

? l o

sternite

2

tergite

2
12 12

sternite

--

tergite

4 10 10
-

sternite

- - -

IV

v

2 2
10

10

VI
2

lo

VII VIII IX X XI XI1
2
10

7

L
6

2
3

LARVA I
2

4

4

-2 -2 2
6

6

6

q b4 4
12 14 16

4
-

4
-

6
-

16

16

9

4

4

8
3a
6
3

- 8

-

-

- 4

LARVA I1

MATURUS
JUNIOR

tergite

4
4

4
4

12 14
4
4

6
4

4

10

5 14e

4

4

4

8

3 8 7 F B
14

l o b 10

10

6

166 3 16 16~

s b 6
6
6 b 6 b
4 3 1 0 1 0 1 0

&

l o b 10 l o b
1 4 e m 16b16

6d9f

8

8 8

9

6
3

7 6 b 4 4 q8

16d 9

8

8

8

6
3

ADULT
sternite

gb 6
4 4

4

4

6
10

10

L
10

7 6
10

6

8b

8
4

HoIotype with fifteen p-setae on tergite IV (asymmetric).
aasymmetric.
bone seta missing from these rows in one or more specimens.
Can extra seta present in this row in one specimen.
dthree setae missing from this row in one specimen.
ep4 'missing.
fal, a3 missing.

Imadate (19641, but differs from it by the absence of sensilla b'l, the setal patterns of
tergites V-VII, six rather than four setae on sternites IX and X,'and aIso in body length,
Iength of head and foretarsus, and in the various ratios. Of the American species
described by Copeland (19641, E. pomari, n.sp., perhaps faIls closest to E. dureyi, but the
following differences exist: in E. p o m r i , n.sp., b'l absent, sensilla s without a Iarge
terminal club; tergites V, VI, VII with 10, 10, 6 a-setae instead of 8, 8 , 4, respectively;
squama genitalis with distinct processus sternalis.
Collection Data.-16 August, 1973, holotype female, two paratype females, six maturi
juniores, five LIIs, and one LI, from orchard soil, on the Joseph Smiltzer farm near
Frankfort, Benzie County, Michigan.
Eosentomon brassicae, new species
(Figs. 3140)
Color and Dimensions.-Body whitish, with some yellowish sclerotization, more prominent on the abdomen. Length of body, 918 pm; length of head, 85 pm; length of
foretarsus without claw, 62 pm.
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Fig. 30. Eosentomon pomari n.sp. Female squama genitalis. Figs. 31-37. Eosentomon
brassicae n.sp. Fig. 31. Labrum. Fig. 32. Pseudoculus. Fig. 33. Mandible. Fig. 34. Left
prelabium, ventral side. Fig. 35. Lobus internus. Fig. 36. Foretarsus, ventral view.
Fig. 37. Foretarsus, dorsal view.

MORPHOLOGY
Head.-Pseudoculus (Fig. 32) round, with three longitudinal lines, and very large,
PR = 5.6. Clypeal apodeme not visible. Labrum (Fig. 31) small with large V-shaped
incision; labral setae present. Mandible with three terminal teeth (Fig. 33). Lobi externi
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of the usual type; inner edges smooth, without denticles. Lobus internus (Fig. 35) broad,
with an accessory outer proximal spine, the usual outer subterminal spine, and relatively
slender median digit, first inner digit reduced, not projecting apically, second inner digit
of normal shape, protruding beyond edge of lobus lamella; two slender sclerotizations
present interior t o the second inner digit. Maxillary palpus similar to other species of
Eosentomon, inner sensilla not reaching the base of the subterminal setae. Lamina labii
(Fig. 34) irregularly concave at tip; labial palp with six terminal appendages.
Thorax.-Claw of foretarsus fairly short, TR = 6.4; EU = 1.0. Empodium of middle leg
very short, empodium of hind leg long, EU I11 = 0.64 (Fig. 38).
Abdomen-Central lobe of praecosta entire, neither indented nor lobed. Female squama
genitalis (Fig. 40) seen in an expanded position: caput processus combined with corpus
processus to form a distinct Sshape. Alae weak and small; median sclerotizations
present; filum processus very long, much longer than the rest of the corpus processus.
CHAETOTAXY
Head.-Rostra1 setae of usual type of arrangement (Fig. 31).
Thorax. -Setal arrangement as in the previously described species, E. pruni.
Foretarsus.-Sensilla c' absent. Sensilla a almost reaching r2; b'l fairly long, almost
reaching the base of 64; a long, almost reaching a3', t 3 very short, barely reaching seta
z; sensillae e and g spatulate; f l slightly enlarged distally, about one and one half times
the length of f2, other sensillae short and nondescript. Sensilla t l closer to a 3 than a3'
(Figs. 36-37).
Abdomen. -Abdominal chaetotaxy as follows:
I

11-111

IV-VI

VII

VIII

IX-x

XI

XI1

Tergum

4
12d

16

1Oa

10

gb
16

6
-

16

8

6C

6
3

Sternum

4
4

6
4

6

6
-

2
7

6

8

8
-

10

10

9

4

aholotype with an extra seta below a4 on right side.
bal, a3 missing.
:median pair of setae as microchaetae (Fig. 39).
outer pair of sensillae o n each side (p13',p3").
Chaetotaxy of LII similar to the LII of the preceding species (E. pornan) except that
tergites I1 and I11 each possess one more pair of p-setae. Accessory seta pl' of tergites
I-VI twice as long. as p l , in tergite VII less than half the length of p l ; p2' in tergites
11-VII twice the length of p2; pl' equidistant from p l and p2, p2' close to p3.
Discussion.-Eosentomon brassicae, n.sp., keys to couplet six in Tuxen (1964), but fits
neither of the choices. In both Tuxen's work and Imadate's key (1965), this new species
appears to fall closest to E. udagawai Imadate (1961). From that species, E. brassicae can
be differentiated by the presence of labral setae, the absence of sensilla c', the shape of
t3, and the shorter filum processus. Both species possess the very small microchaetae of
tergite XI. The most prominent difference is the ratio PR; in E. brassiue, PR = 5.6 while
in E. udagawai, PR = 10.
Collection Data.-27 July, 1973, holotype female, allotype male, one maturus junio; in
molt, and one larva 11, from soil taken from a cabbage field (Brassica oleracea L. ),
Livingston County, Michigan.
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Figs. 38-40. Eosentomon brassicae n.sp. Fig. 38. Claws of middle and hind legs.
Fig. 39. Dorsal microchaetae of tergite XI. Fig. 40. Female squama genitalis.
Figs. 41, 42. Eosentomon sp. (prelarva). Fig. 4 1 . Oral papilla. Fig. 4 2 . Foretarsus.
Figs. 43-47. Proturentomon iowaense Womersley. Fig. 43. Canal of maxillary gland
(filament0 di sostegno). Fig. 4 4 . Pseudoculus. Fig. 45. Foretarsus (edge of exterior
side, and entire interior side). Fig. 4 6 . Lid of abdominal gland (comb VIII).
Fig. 47. Acrostyli of female squama genitalis.
NOTES ON OTHER MEMBERS O F THE GENUS EOSENTOMON
Among t h e species taken from Monahan Lake (E. pruni, E. socizle) was a single
prelarva (Figs. 41, 42), most remarkable for the presence of apically bifurcate setae. Since
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it was found with the two previously mentioned species, it cannot be assigned to either
one.
Counties in which specimens of Eosentomon were taken in too few numbers t o
describe or in larval stages only were: Antrim, Ionia, Tuswla and Wayne.
Family PROTENTOMIDAE
Genus PROTURENTOMON Silvestri, 1909
Proturentomon iowaense Womersley
(Figs. 4 3 4 7 )
Proturentomon iowaense Womersley 1938. Bull. Brooklyn Entomol. Soc. 33:221, plXII,
figs. a-c.
Individuals of this species were wllected with the following species (Protentomon
michiganense n.sp.), from shrubby field, East Lansing, lngham County, Michigan, 3
December, 1973: eight females, five maturi juniores, two larvae 11, and two larvae I. These
specimens differ from the type material on the following points: foretarsus (Fig. 45) with
t l and t 2 slender, and setae p l and 64 very short; lid of abdominal gland (Fig. 46) with
fewer teeth (less than nine), often irregularly distributed; acrostyli of female squama
genitalis (Fig. 47) with tips divided a t apex; other foretarsal and setal characteristics as in
the type material.
Genus PROTENTOMON Ewing, 1921b
Protentomon michiganense, new species
(Figs. 48-65)
Color and Dimensions.-Body color whitish-translucent in life with some yellow-orange
sclerotization of the last four or five abdominal segments; body white in alcohol. Length
of body, 715 pm; length of foretarsus without claw, 45 pm. Long slender proturans, the
forelegs scarcely extending past the mouthparts.
MORPHOLOGY OF FEMALE
Had.-Pseudoculus similar to those of other Protentomon, broadly oval with a long lever,
PR = 8.5 (Fig. 48). Canal of maxillary gland (filament0 di sostegno) quite variable in
appearance (Fig. 49); with two, three or four visible globules proximally, and with or
without a turbercle proximal t o these globules; calyx very broadly oval, almost round.
Mandible styliform as in other Protura, but unlike other described Protentomon by
the possession of two small but distinct terminal teeth, the subapical longitudinal groove
of the mandible extending distally to the teeth (Fig. 50).
Maxilla (Fig. 51) with lobus internus widest at the base of the maxillary palpus,
narrowing anteriorly to a truncated, slightly concave tip. Maxillary palpus four-segmented,
with a blunt sensory seta located sub-dorsally to sub-ventrally on the second segment,
two pointed setae on the third segment, and five long sensory setae arising from the apex
of the fourth segment; the entire palpus is retractile into the outer part of the lobus
internus. The lobi externi similar in shape to each other; the outer lobe ( l e 1) somewhat
longer than the inner lobe ( l e 2) and curved slightly inward; l e 2 curved very slightly
outward; l e 2 with an indentation at the level of its meeting with l e 1. Fulcrum and
cardo of the usual shape as described by Tuxen (1964).
Labium bilobed, each lobe somewhat triangular in shape (Fig. 52), widest at its base
and strongly narrowing anteriorly to a two-toothed process with a thin, sclerotized flap
on either side. Palpus apparently one-segmented, with four setae; each lobe of labium
with three setae along the exterior edge.
Thorax.-Forelegs short, reaching only slightly past the head. Claw of foretarsus fairly
long, T R = 3.3. Empodial appendage longer than in other species of Protentomon,
EU = .29.
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Figs. 48-56.Protentomon michiganense n.sp. Fig. 48. Dorsal view of head, right side.
Fig. 49. Two views of canal of maxillary gland (filament0 di sostegno).
Fig. 50. Mandible, left side. Fig. 51. Head of left maxilla. Fig. 52. Right lobe of
labium, ventral view. Fig. 53. Foretarsus, exterior view. Fig. 54. Foretarsus, interior
view. Fig. 55. Abdominal appendages of adult. Fig. 56. Abdominal appendages of
prelarva.
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Abdomen.-Abdominal appendages of adult with 3,3,2 setae (Fig. 55), the apical seta of
the third appendage about two-thuds the length of the subapical seta. Lid of the eighth
tergite with a smooth or sparsely and irregularly toothed posterior edge (Fig. 57). Tergites
X and XI with numerous pectines arranged as in Fig. 58. Toothed pleural and ventral
pectines absent. Female squama genitalis is difficult to see clearly, but rather similar to
Protentomon perpusillum (Berlese) (see Tuxen, 1964); slender basal apodeme, irreguhlyshaped perigynium, but with a curving stylus and relatively large, peg-like acrostylus
(Fig. 59).
MORPHOLOGY OF PRELARVA
One prelarva near ecdysis was found in the material collected. The body was distorted
during mounting, and therefore the description may contain a few errors; however, the
following observations were noted.
Head.-Head of prelarva evidently with more setae than the adult. Pseudoculus small,
with only a short lever; PR = 10.5 (Fig. 60). Spines present on dorsum of head in two
rows, four in the anterior row and two in the posterior row. Two palpi present, each
with three setae (Fig. 61).
Thorax.-Forelegs very short and thick; claw and empodial appendage present, TR = 4.5;
EU = 0.25. This foreleg is considerably different from that of Proturentomon discreturn
Conde (1961) in that the large dorsal triangular spur of P. discreturn is absent in this
prelarva of Protentomon, as in the accessory sensilla "s". In addition, the number and
arrangement of setae are different. In Protentomon (Figs. 63-64), the setae are shorter,
fewer, and all spiniform (no sensillae).
Abdomen. -Abdominal appendages present but reduced, with 2,22 setae; terminal vesicles
present on the first two pair (Fig. 56). Abdominal segments I1 thru VIII with posteriorly
projecting dorsal spines, these most numerous on segments 11, 111, IV, V and VIIl
(Fig. 65).
MORPI-IOLOGY OF OTHER IMMATURE STAGES
The larva I, larva 11, and maturus junior are quite similar t o the adult except in
certain dimensions, with only the foUowing features somewhat different: lid of tergite
VIII more oval and relatively smaller than in the adult; toothed tergal pectines present
only in the maturus junior, but the larva I1 with similar, untoothed plates on the ninth
abdominal segment (actually Abd. X in the adult).
CHAETOTAXY OF ADULT
Head.-Setae of the head relatively sparse, dorsal setae confined to two longitudinal rows
between the pseudoculi. Posteriorly, 4 + 4 setae present, p2 considerable longer than the
others. One seta present near the inner edge of the pseudocular lever (Fig. 48).
Thorax.-Prothorax with 2 + 2 setae along the posterior dorsal edge and with ten setae
ventrally. Mesothorax dorsally with an anterior row of 5 + 5 setae and a posterior row of
3 + 3 seta, pl' a microchaeta; 5 + 5 setae ventrally. Metathorax dorsally with 4 + 4
anterior setae and 3 + 3 posterior setae, p l ' a microchaeta; 6 + 6 setae ventrally.
Foretarsus.-Sensillae t l and c absent. Sensilla a long and nearly reaching 73; sensilla b
only about half as long as a'; sensilla d long, its base very close and just anteriorlto a ' ,
also nearly reaching 73. Sensilla t2 midway between a 3 and 73; t 3 long and weakly
clavate, placed near a5. Sensilla e just anterior to 7 3 and reaching to the base of t3;
sensilla f short, about half the length of e and below the base of 74. Sensilla g just below
a7, about the same length as e. Accessory sensilla s long, almost half the length of the
claw (Fig. 53).
On the interior side, sensillae a', b', and present; a' midway between a 2 and a4; b'
twice as long as a' and arising just anterior to a4; sensilla c' only as long as a' and
relatively stout (Fig. 54).
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Abdomen.-The chaetotaxy of the abdomen is summarized in Table 2. With regard to
variation, three of the fourteen females examined showed an abnormal absence of an a2
seta from the f i s t abdominal sternite.
CHAETOTAXY OF PRELARVA
Head.-Setae of p r e l m a more numerous than those of the adult (Fig. 60).
Foretarsus.-Sensitlae absent; remaining setae mostly short (Figs. 63-64).
Thorax.-Ventral setae absent. Dorsally, prothorax with 3 + 3 setae, mesothorax with
4 + 4 setae, and metathorax with 3 + 3 setae (Fig. 62).
Abdomen.-See Fig. 62 and Table 2 for the abdominal chaetotaxy of the prelarva.
CHAETOTAXY OF OTHER IMMATURE STAGES
The chaetotaxy of these stages is similar to that of the adult with the exceptions
noted in Table 2 and the following:
Foretarsus.-Some sensillae absent in the immature stages: larva I and 11, t l , t2, c, c';
maturus junior, t l , t2, and c.
Discussion.-Protentomon michiganense, n.sp., falls closest to P. fallax Conde (1948), from
which it can be separated by the following chaetotaxic characteristics: tergite of Abd. 1
with 5 + 5 setae, rather than 6 + 6 ; sternite of Abd. I with four setae in the anterior row,
rather than three; and twelve setae in the posterior row of tergite VIII, rather than
Table 2. Abdominal chaetotaxy of Protentomon michiganense n.sp.
I

11-111

IV-VI

VII

tergite

8

8

8

8

8

-

sternite

0

0

2

2

2

-

-

tergite

10

10

10

12

12

.

-

sternite

-

2

4

2

2

-

tergite

10

12

12

16

12

sternite

-

3

6

6

4

-

4

-

-

10

12

12

16

6

1

2

8

6

9

4

2

4

4

4

0

8

.3

6

6

2

PRELARVA

VIII

IX

X

XI

-

-

XI1
6

-

6
9

-

LARVA I
2

-

8

-

8
9

-

LARVA I1

tergite
MATURUS
JUNIOR
sternite

2

12

8

-

tergite

loa

1 2 ~

llb

16C

6
iia

12

8

8

9

sternite

4
2

23

6

6

4

4

4

4

8

ADULT

a p l ' a microchaeta, p4'absent.
bp4 'a microchaeta, p l 'absent, p5 present.
1', p 3 ', p4'present, p4'a microchaeta.
'$4 'absent.
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Figs. 57-65. Protentomon michiganense n.sp. Fig. 57. Lid of tergite VIII, left side.
Fig. 58. Tergal pectines of t h e tenth and eleventh segments. Fig. 59. Female squama
genitalis. Fig. 60. Head of prelarva, dorsal view. Fig. 61. Anterior-ventral view of
prelarva head. Fig. 62. Dorsal chaetotaxy of prelarva, right side. Fig. 63. Foretarsus
of prelarva, exterior view. Fig. 64. Foretarsus o f prelarva, interior view.
Fig. 65. Tergal spines of prelarva abdomen, right side, segments 11-V and VIII.
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fourteen. From the other described American species, P. transitans Ewing (1921b), it is
most easily separated by the absence of sensilla c, presence of 3,3,2 setae on the
abdominal appendages instead of 4,4,2, and 2, not 4, setae in the anterior row of
abdominal sternites 11-VI.
This is the only species of Protentomon yet described that has less than 14 setae in
the posterior row of tergite VIII (accessory seta p4' missing).

Collection Data.-1 October, 1972, four females, one maturus junior, and two larvae I,
from soil-litter samples in the Michigan State University Horticulture Gardens, East
Lansing, Ingham County, Michigan, E.E. Leuck, collector.
1 2 October, 1972, holotype female, eight paratype females, one maturus junior, one
larva I, and one prelarva, from soil and litter beneath a boxwood hedge (Buxus
se~nperuirensL.); and one female, one maturus junior, two larvae 11 and four larvae I,
from grasssoil cores collected under crabapple trees, (Malus purpurea Rehd.) same
locality as above, E. E. Leuck and E. C. Bernard, collectors..
Family ACERENTOMIDAE
Genus ACERENTULUS Berlese, 1908

Acerentulus confinis (Berlese)
Acerentomon confine Berlese 1908. Redia 5: 16, figs. 3-5.
Specimens referrable to this species have been recovered from soil and litter at the
following sites: three specimens (one male, one preimago male, and one maturus junior),
Kellqg Forest, Kalamazoo County, Michigan, 1 3 August, 1963; three specimens (two
females and one maturus junior), Gwinn, Marquette County, Michigan, 28 July, 1969; and
one female, Ray Thomas farm, Bellaire, Antrim County, Michigan, October, 1973.
Genus AMERENTULUS Tuxen, 1963

Amerentulus americanus (Ewing)
Acerentomon americanum Ewing 1921. Proc. Entomol. Soc. Wash. 29:197, fig. 6.
This large and distinctive species has so far been found at two sites in Michigan: ten
specimens (four males, four females, one male preimago, and one maturus junior), Fife
Lake, Grand Traverse County, Michigan, September, 1965; one female, E. Lansing,
Ingham County, Michigan, 1 October, 1972, E. E. Leuck and E. C. Bernard, collectors.
Genus YAMATENTOMON Imadate, 1964

Yamtentomon barberi (Ewing)
Acerentulus barberi Ewing 1921. Entmol. News 32:240.
Nine specimens (seven females, one preirnago male, and one larva I), Fife Lake, Grand
Traverse County, Michigan, September, 1965.
Genus PROACERELLA, new genus
Moderately small acerentomids with the following characteristics: mouthparts large,
mandible stout, maxilla relatively thick, lobus internus wide, not pointed, labial palpus
reduced t o three setae and one sensilla; pseudoculus heart-shaped with a median
longitudinal line; distal end of canal of maxillary gland bulbous, faint expansions present
proximal t o the calyx. Labrum very short, truncate; clypeal apodeme apparently present
and visible. Sensilla t l claviform, t 2 setiform; sensilla g nearly level with t3, about the
same length; sensilla b' absent. Abdominal legs I1 and 111 each with two setae, the apical
seta more than half the length of the subapical. Comb VIII with about twelve teeth;
striate band well developed; petite pectines with about three teeth. Female squama
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genitalis with stylus extending as a sharp point past the apex of the acrostylus. Tergite of
Abd. XI1 with only seven setae. Genotype: Proacerella reducta n.sp. (see below)
The generic description may become altered to some degree if other species are
discovered; however, the characters of this new genus indicate that it straddles aspects of
Acerentulus, Acerella, and the Protentomids. It bears resemblances to Acerentulus in the
female squama genitalis, to Acerella in the expansions of the maxillary gland and the
presence of two long setae o n abdominal legs I1 and 111, and to Protentomidae by the
shape and size of the foretarsal sensillae.
Proacerella, n.gen., also shows affinities with Maderentulus Tuxen, 1963 in the shape
of the canal of the maxillary gland, and the female squarna genitalis, but differs in the
possession of short and stout mouthparts, instead of long and slender ones, the length of
foretarsal sensillae (short instead of long) and the presence of two setae o n abdominal
appendages 11-111, instead of three. The larva I1 of each species (see Tuxen, 1964) are
very similar. In form and general structure of the mouthparts, Proacerella, n.gen.,
resembles Gracilentulus Tuxen, 1963 but differs from it by having two long setae on
abdominal appendages 11-111, instead of one long and one short, in the length of foretarsal
sensillae, and in certain aspects of the squama genitalis.
Proacerella reductq, new species
(Figs. 66-82)
Color and Dimensions.-Relatively small acerentomid proturans, slightly yellowish to
whitish; postembryonic life stages with the following average dimensions (foretarsus
measurement without claw):
Body Length
LI
LII
M.J.
Adult

454 prn
600
633
723

Head Length

Foretarsus Length

60 pm
60
70
73
MORPHOLOGY

Head.-Pseudoculus (Fig. 71) somewhat heart-shaped, with a strong median longitudinal
line, PR = 9.0. Clypeal apodeme (Fig. 66) apparently present and visible, consisting of
two straight rods with extensions anteriorly and laterally; labrum (Fig. 66) fairly short,
LR = 7.8, somewhat trapezoidal in shape and concave apically with a small projection
medially; labral setae may be present, depending on an interpretation of the proximal
limit of the labrum
Mandible (Fig. 69) mpderately slender, terminating in two weak and rounded teeth;
two striae present, extending only along the distal fifth of the mandible.
Maxillary components stout. Lobi externi (Fig. 67) relatively short, curved toward
each other. Lobus internus (Fig. 68) very stout, with three rounded terminal lobes and an
inner, weakly sclerotized lamella; maxillary palpus with two slender sensillae proximally,
two setae subterminally, and a terminal tuft of five sensillae. Canal of maxillary gland
(filament0 di sostegno) (Figs. 72-73) nearly as long as the proximal branch of the
fulcrum; apical dilation oval, sometimes appearing bipartite, calyx oval, duct with
indistinct expansions near the calyx.
Labium (Fig. 70) bilobed, each lobe roughly triangular, outer edge of lamina labii with
four setae; labial palpus strongly reduced, with only three setae and basal sensilla.
Thorax.-Claw of foretarsus untoothed, of moderate length, TR = 3.81; empodium short,
EU = 0.2. Claws of middle and hind legs similar to those of Acerentulus.
Abdomen-Appendages of the second and third segments (Fig. 79) with two setae, the
apical about three-fourths the length of the subapical. Striate band of segment eight well
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Figs. 66-73. Proacerella reducta n.g. and n.sp.. Fig. 66. Labrum and clypeal apodeme.
Fig. 67. Lobi externi of maxilla, right side. Fig. 68. Lobus internus and maxillary
palpus, left side. Fig. 69. Mandible. Fig. 70. Left prelabium and labial palpus, ventral
view. Fig. 71. Pseudoculus. Fig. 72. Fulcrum and canal of maxillary gland.
Fig. 73. Canal of maxillary gland (filament0 di sostegno).
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Figs. 74-82. Proacerella reducta n.g. and n.sp. Fig. 7 4 . Foretarsus, interior view.
Fig. 75. Foretarsus, exterior view. Fig. 7 6 . Metanoturn, left side. Fig. 7 7 . Abdominal
tergite 1, left side. Fig. 78. Abdominal tergite V , left side. Fig. 79. Appendages of
Abd I1 and Abd 111. Fig. 80. "Petite pectine" (left) and lid of Abd VIII (right) of
the postembryonic stages (both from left side of terg. VIII.) Fig. 81. Female squama
genitalis. Fig. 8 2 , Tergite XII.
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developed, comb of tergite VIII with 1 2 or 1 3 short teeth. The addition of teeth
continues from LI to adult (Fig. 80). "Petite pectine" with about three teeth in the
adult, but with more teeth in younger instars (Fig. 80); other scattered teeth present on
tergite VIII. Tergite XI1 with an antero-median row of very small teeff~,centered on the
dorsal abdominal pore (Fig. 82).
Female squama genitalis (Fig. 81) with short basal apodemes, pointed styli, and
pointed acrostylus, each stylus bypassing its acrostylus. No males seen.
CHAETOTAXY
Head.-Rostra] setae present (Fig. 66).
Thorax.-Prothorax-2 + 2 setae dorsally, 7 + 7 ventrally;
mesothorax-5 + 5 anterior and 6 + 6 posterior setae dorsally, eleven setae ventrally;
metathorax (Fig. 761-3 + 3 anterior and 7 + 7 posterior setae dorsally, thirteen setae
ventrally.
Foretarsus.-All setae and sensillae present. Sensilla t l clavate with a slender stalk and
oval apical knob; t2 of medium length, very slender and almost setiform; t3 short, similar
in size and shape to sensilla g. Sensilla a' long and broad, almost reaching a4; b' and c'
similar in shape, almost as long as a'. Sensillae on exterior side shorter than in other
Acerentomidae; c nearly level with b , g level with t3; sensilla s about 80% the length of
the claw (Figs, 74-75). Larva I without sensillae b' and c', larva I1 without b'.
Abdomen-Abdominal chaetotaxy as in Table 3. Proacerella reducta n.sp. is exceptional
among described ~cerentomidae in its possession of only seven setae o n -tergite
XI1 (Fig. 82).
Discussion.-This new species exhibits, as mentioned before, structural affinities with both
the more generalized forms (Protentomidae, Eosentornidae) and the more differentiated
Table 3. Abdominal chaetotaxy of Proacerella reducta n.g. and n.sp.
I

I1

I11

IV

v

VI

VII

VIII IX

tergite

8

10

10

10

10

10

loa

12

sternite

2

3

3

5

5

5

5

2

tergite

10

12

12

12

12

12

14

sternite

3 -. 1
2
3

1
3

1
-

1 1 1
6
6
6

tergite

10

X XI XI1

-

-

-

7

LARVA I

LARVA I1

MATURUS
JUNIOR

3
2

6

6
6
126 5
12

6
12

3 3
3
3

3
3
3
6 b 5 8

3
7

6
12

sternite

-

tergite

4
12
12

sternite

3 3 3 3 3 3
2
4
5
8
8
8

ADULT
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Acerentomidae. The blunt lobus internus with sclerotized lines and the short, heavy
maxilla head point to more primitive characteristics, while the reduced labial palpus and
reduced abdominal appendages point to forms more specialized.

Collection Data.-16 August, 1973, holotype female, fourteen paratype females, seven
maturi juniores, four larvae 11, and three larvaeI, from orchard soil on the Joseph
Srniltzer Farm, near Frankfort, Benzie County, Michigan.
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A NEW SPECIES OF NEELIDES (COLLEMBOLA: NEELIDAE)
FROM THE UNITED STATES1
Ernest C. ~ e r n a r d ~
This paper is comprised of the description of a new species of Neelides Caroli (1912)
recovered from moss. It becomes only the third described species of the genus. Specimens
were recovered by a sugar flotation-centrifugation method (Jenkins, 1964), mounted, and
characterized with the aid of a camera lucida. The holotype, some paratypes, and five
specimens in 95% ethyl alcohol will be deposited in the Entomology Museum, Michigan
State University, East Lansing, Michigan, 48824.
Neelides snideri, new species
Coloration.-Specimens in alcohol white with a varying amount of black speckling on the
head, thorax, and abdomen (Fig. l ) , thus giving them a grayish appearance. Speckles
generally absent from the appendages. The speckles of specimens treated with NaOH
disperse to give a lavender color. Specimens observed under dark-field illumination appear
t o have brick-red speckling.
Morphological Description. -Length 176 to 277 pm with a mean of 234 pm (n = 15).
Head hypognathous, eyes absent. Antennae only about half the length of the head,
the ratio of segments 1:II:III:IV as 10: 11:17:15. Ant. 111 with subapical sensory area
composed of a pair of ovate sense rods flanked on either side by a long sensilla (Fig. 6).
Ventrad of the outer sensilla is a tiny spine set in a shallow depression. Ant. IV with four
sensory setae, one of these sIightly thicker than the others; two thin subterminal sensillae
present; no terminal sense organ or papilla seen.
Labrum (Fig. 2) quadrate with three or four apparently flattened and furcate setae;
subapically, labrum with a transverse dorsal row of extremely fine filaments extending
forward and curving ventrally. Proximally, labrum with a median seta, and on either
side, four setae o n an irregular tubercle.
Mandible (Fig. 3) with strong molar area and five to seven apical teeth, the proximal
tooth on the shaft sometimes bifurcate. Maxilla (Fig. 4) well-developed, elongate, with
five recurved teeth on the inner edge and a long lamellar structure with about eight ridges
running proximally with the fifth inner tooth at its apex; dorsally, a five-toothed process;
ventrally, two large transversely ridged teeth; apical part of maxilla with two comblike
rows of fine setae, a dorsal subapical row recurved ventrally, and an apical row recurved
dorsally.
Prothorax reduced. Femur of front leg with a short, thick, curving seta on the inner
side. Tenent hairs absent. Ungues of front and middle legs (Fig. 9) long and fairly thin,
with two basal lateral teeth, and usually without an inner tooth; when present, inner
tooth very small and difficult to see. Unguiculi of the fore- and middle legs only half the
length of the unguis, with a broad inner lamella, untoothed. Unguis of the hind leg
(Fig. 10) shorter and wider, with two basal lateral teeth but always without an inner
tooth. Hind unguiculus lanceolate, nearly as large as unguis, very broad and without
teeth.
Ventral tube cylindrical (Fig. 7), the short vesicles smooth, body of the tube with
1 + 1 or 2 + 2 setae. Retinaculum without setae, the rami bidentate (Fig. 8).
Furcula (Fig. 13) about one-third the length of the body without head. Ratio of the
manubrium:dens:mucro as 8:13:8. Manubrium broader than long, with 3 + 3 setae
dorsally. Dens divided into a short proximal part and a longer, thinner distal part;
lMichigan Agricultural Experiment Station Journal Article No. 7120.
2 ~ e p a r t m e n t of Entomology, Michigan State University, East Lansing, Michigan
48824. Present address: Department of Plant Pathology and Plant Genetics, University of
Georgia, Athens, Georgia 30602.

THE GREAT LAKES ENTOMOLOGIST

Vol. 8 , No. 4

Figs. 1-8. Neelides snideri, n.sp. Fig. 1. Lateral view. Fig. 2 . Dorsal view of lab run^.
Fig. 3. Mandible. Fig. 4. Maxilla, dorsal view. Fig. 5 . Chaetotaxy of head, dorsal view,
right side. Fig. 6. Antenna1 segments 111-IV. Fig. 7. Ventral tube. Fig. 8 . Retinaculum.
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Flgs. 9-15. Neelides snideri, n.sp. Fig. 9. Claw of front leg. Fig. 10. Claw of hind leg.
Fig. 11. Chaetotaxy of left side. Fig. 1 2 . Forms of sensillae: a-d. body sensillae;
e. clavate sensilla from Abd. 1 ; f. quill-like 'sensilla of sensory areas; g. subventral
sensilla from near coxal bases. Fig.13. Right half of furcula, dorsal view.
Fig. 14.Distal portion of mucrodens, ventral view. Fig. 15. Lateral profiles of
mucrones.
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proximal part with one dorsal seta; distal part with two dorsal fanera-like setae and one
ventral fanera medailly; one dorsal seta subapically; two lateral and three ventral fanerae
apically; proximal fanera-like seta absent. Mucro (Fig. 13-15) tapering, both dorsal edges
toothed, with 5-9 teeth.
Sensory areas rudimentary, distinguishable by a weak circle around the seta, caused by
a disruption of the cuticular granulation. Sensory areas present in the following places:
on the head, anteromedially and behind the antennae (Fig. 5); on Th. 11, dorsomedially,
sublaterally above the coxa; on Th. 111, subventrally above the coxa; Abd. I, laterally; and
Abd. 111-IV, three laterally, arranged in a triangle (Fig. 11).
Setae and sensillae sparse and short (Fig. 11); prothorax naked. Th. 11-111 and the
abdomen with variously modified sensillae (Fig. 12), the most prominent of these being
the three clavate sensillae of Abd. I, the relatively long sensillae near the coxae, and the
quill-like sensillae of the sensory areas.

Diagnosis.-N. snideri, n.sp., is similar in general characteristics to the other species of the
genus, N. minutus (Folsom, 1901) and N. folsomi Caroli, 1912, but differs on a number
of points: size minute, 176-277 pm [N. minutus, 269440 pm (Bonet, 1947); N. folsomi,
400 pm] ; hind unguiculus k g e (not so in the other species); mucro with 5-9 teeth (N.
minutus, 10-12; N. folsomi, 10); proximal fanera-like seta of the dens absent (present in
the other species).
It is my pleasure to name this new species after the North American collembolist Dr.
R. J. Snider.
Collection Data.-April 13, 1974, the holotype and nine paratypes, and May 19, 1974, 19
additional specimens, all collected at Monahan Lake, Livingston County, Michigan, from
various species of moss growing on soil or dead stumps, E. Bernard, collector.
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NEW SPECIES A N D A D D I T I O N A L R E C O R D S
O F P R O T U R A F R O M MICHIGAN1
Ernest C. Bernard2
ABSTRACT
Three new species, Eosentomon antrimense, E. pinusbanksianum, and Berberentulus
mcqueeni, and one new record, E. australicum Womersley are added t o the known
Protura fauna of Michigan Further records of E. wheeleri Silvestri, Protentomon
michiganense Bernard, Proturentomon iowaense Womersley, Acerentulus confinis (Berlese)
and Amerentulus amencanus (Ewing) are listed from various parts of the state.
INTRODUCTION
In a previous paper (Bernard, 1976), several new species of Protura were described
and other known species were listed from Michigan. The present paper contains
descriptions of two new species of Eosentomon Berlese and a new Berberentulus Tuxen,
in addition t o previously unpublished records of other species. Nearly all of the
specimens listed herein were collected by a sugar flotation-centrifugation method
(Jenkins, 1964). Collectors are listed when known. Holotypes and allotypes will be
deposited in the Michigan State University Entomology Museum, East Lansing, Michigan,
USA 48824.
Family EOSENTOMIDAE
Genus EOSENTOMON Berlese, 1909
Eosentomon australicum Womersley
(Figs. 1-5)
Eosentomon australicum Womersley, 1939. Primitive Insects of South Australia, p. 289,
figs. 79N-Q.
Three females, Kellogg Forest, Kalamazoo County, Michigan, 23 June, 1963, from pine
forest-floor litter, H. 0. Schooley, coll.; and the following specimens from Monahan
Lake, Livingston County, Michigan, in moss, E. Bernard, coll.:

13 April, 1974
19 May, 1974

Males

Females

Mat. Jun.

LI1

2
5

3
4

4
2

4
1

L1

Prelarvae

-

-

-

1

These are the first records of E. australicum from North America.
Eosentornon wheeleri Silvestri
Eosentomon wheeleri Silvestri, 1909. Atti Acad. Lincei 18:8.
This species, previously reported from Kalamazoo County, is here recorded from
Monahan Lake, Livingston County, Michigan, 28 July, 1974, one female from moss; and
Central Lake, Antrim County, Michigan, 30 July, 1974, five females from a pea (Pisum
sativum L.) garden, George MacQueen, coll.
IMichigan Agricultural Experiment Station Journal Article 7344.
2 ~ e p a r t m e n t of Entomology, Michigan State University, East Lansing, Michigan
48824. Present address: Department of Plant Pathology and Plant Genetics, University of
Georgia, Athens, Georgia 30602.
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Figs. 1 - 5 . Eosentomon australicum. Fig. 1. Labrum. Fig. 2 . Pseudoculus. Fig. 3. Clypeal
apodeme. Fig. 4. Mandible. Fig. 5 . Lobus internus. Figs. 6-1 1. Eosentomon antrimense n.sp. Fig. 6. Clypeal apodeme. Fig. 7. Pseudoculus. Fig. 8. Labrum and rostra1
setae. Fig. 9. Lobus internus. Fig. 1 0 . Mandible. Fig. 11. Female squama genitalis.
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Eosentomon antrimense, new species
(Figs. 6-13)
Colornnd Dimensions.-Body fragile in appearance, with little sclerotization. N = 3. Mean
length of body, 792 pm; mean length of head, 72 pm; mean length of foretarsus without
claw, 43.6 pm.
Morphology.-Pseudoculus (Fig. 7) broadly oval, with a light oval spot centrally, PR = 9.7.
Clypeal apodeme (Fig. 6) thin with side bars extending inward distally. Labrum (Fig. 8)
quite small, each lobe obliquely truncated, the labral notch U-shaped; labral setae present.
The central pair of rostra1 setae swollen basally, narrowing distally. Mandible (Fig. 10)
stout with two terminal teeth and a slight expansion on the inner side. Lobus internus
(Fig. 9) with outer spine, median digit and two shorter inner digits, the innermost one
with a sclerotization running proximally.
Claw of foretarsus relatively short, TR = 6.0. EU = 0.9, BS = 0.772. Empodia of
middle and hind legs short.
Central lobe of precosta not incised. Female squama genitalis (Fig. 11) of a peculiar
appearance, the caput processus shaped like the bill of a bird, the corpus processus plus
the median sclerotization terminating apically as two pegs, the entire structure some
what resembling a mechanical micrometer; the median sclerotization free from the
corpus distally as a long, thin spur. Alae processus weakly developed, filum processus
long, apex styli truncate.
Chaetotaxy.-All sensillae and setae of the foretarsus present except c' (Figs. 12-13).
Sensilla a short and inconspicuous; b long and broadened; c slightly shorter than d; e and
g spatulate, larger than is usual for Eosentomon; f 2 more than half the length of f l .
Sensilla t l closer t o a 3 than t o a3'; t 2 a little shorter than d; t 3 shorter than f l . Sensilla
a' long, slightly enlarged, reaching a4; b'l quite similar to c; b'2 narrowly spatulate.
Abdominal chaetotaxy is as follows:
I

11-111

IV-VI
8a
16

Tergum

2
12

8a
16

Sternum

4

6
-

6

4

10

4

VII

sa
16

6
10

VIII

IX-X

XI

XI1

3

8

8

6

8

6
3
8
4

2

9

7

--

aa3 missing.

Accessory setae p l ' and p2' similar in length to those of other Eosentomon.
Discussion.-This peculiar species appears to fall, o n the basis of the female squama
genitalis, into Tuxen's machadoi-goup (1964), but does not key to species in that
author's key. The squama genitalis is quite distinctive in the form of the corpus processus
and the truncate apex styli. E. antrimense, n.sp., is also related tc E. dusun and E. gimangi
Irnadate (1965) but possesses a markedly different abdominal chaetotaxy.
Collection Data.-One female, 15 July, 1974, and holotype female and one paratype
female, 30 July, 1974, from a pea garden, Central Lake, Antrim County, Michigan,
George MacQueen, coll.
Eosentomon pinusbanksianum, new species
(Figs. 14-21)
Color a n d Dimensions.-Body whitish-translucent, with yellowish sclerotization posteriorly
and on the head. N = 4. Mean length of body, 905 pm; mean length of head, 86 pm;
mean length of foretarsus without claw, 60 pm.
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Figs. 12-13. Eosentomon antrimense n.sp. Fig. 12. Foretarsus, dorsal view. Fig. 13. Foretarsus, ventral view. Figs. 14-1 9 . Eosentomon pinusbanksia?~umn.sp. Fig. 14. Mandible. Fig. 15. Lobus internus. Fig. 1 6 . Pseudoculus. Fig. 1 7 . Labrum and rostra1
setae. Fig. 18. Claws of middle and hind legs. Fig. 19. Female squama genitalis.

1975

THE GREAT LAKES ENTOMOLOGIST

191

Morphology.-Pseudoculus (Fig. 16) broadly oval, with a circular spot centrally and three
longitudinal lines extending posteriorly, PR = 10.0. Clypeal apodeme not visible. Labrum
(Fig. 17) slightly broader than long, terminating in a pair of obliquely truncated lobes,
medially with a U-shaped notch; labral setae present. Rostra1 setae normal, without basal
swelling. Mandible (Fig. 14) with a strong terminal central tooth, a weak outer tooth and
a moderate inner expansion. Lobus internus (Fig. 15) with outer spine, median digit, and
two fairly stout inner digits, the more central one shorter and the other with a long
proximal sclerotization
Claw of foretarsus of medium length, TR = 5.7; EU = 0.9, BS = 0.773. Empodia of
middle and hind legs long, EUJI = 0.34, EUIII = 0.62 (Fig. 18).
Central lobe of precosta not incised. Sclerotizations of the female squama genitalis
weak (Fig. 19), the caput processus appearing as two thin, divergent lobes (like the open
bill of a bird), median sclerotizations weak, and each stylus with two weak triangular
sclerotizations, one on the outer edge and one proximally. Filum processus short.
Chaetotaxy.-All foretarsal setae and sensillae present (Figs. 20-21). Sensilla a short, not
reaching 72; b slightly clavate apically, almost level with p4; c about equal to b and
reaching 73; d short and clavate; e and g spatulate; f l long, f2 more than half the l e n ~ t h
of f l . Sensilla t l closer to a3; t2 large and slightly spatulate; t 3 a short peg. Sensilla a of
moderate length, not reaching a3'; b'l short, bf2 slightly spatulate, fairly long; c' nearly
level with 65. Seta x sensilliform, y and z setiform.
Abdominal chaetotaxy is as follows:
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aa3 missing.
Accessory setae of the abdomen of the usual lengths.
Discussion.-E. pinusbansianum, n.sp., keys t o couplet 6 in Tuxen (1964) but fits neither
choice. The female squama genitalis resembles that of E. udagawai Imadate (1961), but is
less strongly sclerotized. E. pinusbanksianum also possesses labral setae (absent in E.
udngawar? and a long empodial appendage on the middle legs (short in E. udagawaz?.
Collection Data.-Holotype female, allotype male, and one female, one male, and one LII
(paratypes), 26 March, 1974, Berrien County, Michigan, from a jack pine (Pinus banksiana
Lamb) forest. Both females are missing both forelegs.
Family PROTENTOMIDAE
Genus PROTURENTOMON Silvestri, 1909
Proturentomon iowaenese Womersley
Proturentomon iowaense Womersley, 1938. Bull. Brooklyn Entomol. Soc. 33:221, pl. XII,
figs. a-c.
Specimens of P. iowaense have been recovered, in addition to previous records, from
Oakland County, Michigan, 1 June, 1974, three females and one maturus junior from a
weedy field.
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Fig. 22.
Fig. 25.
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Eosentomon pinusbanksianum n.sp. Fig. 20. Foretarsus, dorsal view.
Foretarsus, ventral view. Figs. 22-26. Berberentulus macqueeni n.sp.
Pseudoculus. Fig. 23. Canal of maxillary gland. Fig. 24. Labial palpus.
Mandible. Fig. 26. Lobus internus.
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Genus PROTENTOMON Ewing, 1921
Protentomon michiganense Bernard
Protentomon michiganense Bernard, 1976. Great Lakes Entomol. 8(4): 171-176, figs. 48-65.
This species has been recovered at the following sites: East Lansing, Ingham County,
Michigan, 3 December, 1973, from sandy soil in a vineyard, 23 femaIes, 2 maturi juniores,
3 larvae I1 and one larva I, D. C. Ramsdell, coll.; and Watervliet, Berrien County,
Michigan, 1 8 February, 1974, from sandy orchard soil, one maturus junior.
Family ACERENTOMIDAE
Genus ACERENTULUS Berlese, 1908
Acerentulus confinis (Berlese)
Acerentomon confine Berlese, 1908. Redia 5:16, figs. 3-5.
One female, one maturus junior and one larva I1 were collected from soil in a jack
pine forest in Berrien County, Michigan, 26 March, 1974.
Genus AMERENTULUS Tuxen, 1963
Amerentulus americanus (Ewing)
Acerentomon americanum Ewing, 1921. Proc. Entomol. Soc. Wash. 29:197, fig. 6.
This common species has been found at three additional sites: two maturi juniores
from' moss at Monahan Lake, Livingston County, Michigan, 19 May, 1974; one female
from vineyard soil, Ingham County, Michigan, 17 June, 1974, D. C. Ramsdell, coll.; and
one female, one larva I and one prelarva, Benzie County, Michigan, 16 July, 1974.
Genus BERBERENTULUS Tuxen, 1963
Berberentulus macqueeni, new species
(Figs. 22-32)
Color and Dimensions.-Body yellowish. N = 5. Mean length of body, 754pm; mean
length of head, 80 pm; mean length of foretarsus without claw, 13.2 pm.
Morphology.-Pseudoculus (Fig. 22) round, PR = 11.6. Canal of maxillary gland (Fig. 23)
with bilobed apical dilation, heart-shaped calyx, and an expansion of the duct adjacent
to the calyx. Mandible (Fig. 25) with four teeth: one apically, one subterminally, and
two proximally. Lobus internus (Fig. 26) stout, with a long median digit and an inner
lamella. Labial palpus reduced, with three setae and a lanceolate sensilla (Fig. 24).
Labrum not produced.
Claw of foretarsus untoothed, TR = 3.95; EU = 0.25; BS = 0.505.
Abdominal appendages I1 and I11 (Fig. 29) each with two setae, the apical seta about
37% the length of the subapical. Striate band reduced, without longitudinal striations.
The large pectine of Abd. VIII (Fig. 31) welldeveloped. narrowing toward the pleural
region, with eight small teeth. Female squama genitalis with slender basal apodemes and a
pointed stylus and acrostylus (Fig. 32).
Chaetotaxy.-All foretarsal sensillae present except b' (Figs. 27-28). Sensillae a, c, and d
about equal in length, d just reaching a5. Sensilla b very long, reaching 74, thicker than
the other sensillae; f. immediately above, and slightly shorter than, sensilla e; g reaching to
the claw base. Sensilla t l baculiform, t 2 setiform and only as long as a3, t3 small,
ventricose. Sensilla a' long, narrowly fusiform; c' placed above 65, reaching beyond the
claw base.
Abdominal chaetotaxy is as follows:
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Figs. 27-32. Berberentulus rnacqueeni n.sp. Fig. 27. Foretarsus, interior view. Fig. 28. Foretarsus, exterior new. Fig. 29. Abdominal appendages 11-111. Fig. 30. Right side of
terg. 111. Fig. 31. Comb VIII. Fig. 32. Female squama genitalis.
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VII

VIII

IX-x

qb
16

6C
15

l2

XI

XI1

6

9

5

"pl: p3: p4, p4'missing (see Fig. 30).
bal-3 missing.
'one specimen with an a1 missing (5 a-setae).
Discussion-This new species is closely related to B. berberus (Conde, 1948) and B.
polonicus Szeptycki (1968), and with them forms a well-defined species group in
Berberentulus by the reduction in p-seta number of terga 11-VI. In Tuxen's key (1964),
B. macqueeni, n.sp., keys to coupIet 1 0 but fits neither of the alternatives. It is
distinguished from B. berberus by the broad sword-like sensilla a (filiform in B.
berberus); baculiform t l (rather than claviform); c' extending past the claw base; and the
presence of only four, rather than six a-setae o n tergum I. From B. polonicus, it is
distinguished by the fusiform labial sensilla (rather than filiform); baculiform t l ; the
width of sensilla a (narrow in B. polonicus); ten p-setae on tergum I, rather than 1 2 (p2"
absent); and six a-setae o n tergum VIII, instead of four.
Collection Dzt4.-One female and a larva I, 15 July, 1974, and holotype female and three
paratype females, 30 July, 1974, all coIlected at Central Lake, Antrim County, Michigan,
George MacQueen, all. I t is my pleasure t o name this species after Mr. George
MacQueen, who collected the type material of both this species and the newly described
species Eosentomon antrimense.
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PESTICIDE EFFECTS ON ORTHOPTEROID DISTRIBUTION
I N SOUTHERN MICHIGAN FARMLANDS
Benedict C. Pinkowskil
ABSTRACT
The occulrence and abundance of 22 species of orthopteroids is compared for isolated
farm yards surrounded by corn fields which were either treated or not treated with a
pesticide combination consisting of the herbicides Sutan and AAtrex, and the insecticide
Dyfonate. All 22 species were present in the untreated plots, whereas only 1 2 were
recorded in the treated plots, a 45.5% reduction.
Species characteristics determining the observed differences, in the order of decreasing
importance, are: general abundance in non-treated areas, seasonal periodism, and vagility.
More common species and fewer uncommon species were present in the treated areas,
apparently because of the more diverse feeding habits of the former. Nearly all vernal
species were absent from the treated areas, possibly because of direct mortality incurred
at the time of pesticide application (spring). Those species with greater flight ability
were better represented in the treated areas; evidently the corn fields to which the
pesticides were applied formed an effective barrier that inhibited immigration of a t least
the short-winged or flightless species.
INTRODUCTION
Farmlands in southern Michigan often consist of a small, relatively undisturbed plot
on which the residence and other buildings are located. This area is quite isolated, being
surrounded by land used for growing a single crop, such as field w r n or a small grain.
The trend in recent decades has been away from diversity, and at present this trend is
accentuated by two other increasingly common practices: 1) an increase in leasing of
farmlands, which often leads t o a reduction in crop rotation; and 2) the use of pesticide
"combinations" consisting of one or more herbicides and a n insecticide directed at
specific pests of the single crop grown in the area.
The purpose of this paper is t o examine the effects of one pesticide combination on
the distribution and abundance of orthopteroids in a heavily farmed region of southern
Michigan. The pesticide complex consisted of the herbicides Sutan 6-E (butylate) and
AAtrex 80W (atrazine), and the insecticide Dyfonate 4-E (Oethyl S-phenyl ethylphosphonodithioate). The occurrence of orthopteroids on two isolated, generally undisturbed,
four and five acre plots surrounded by land planted with field corn and treated with
these pesticides was studied during 1972 and 1973. This was compared with the
occurrence of orthopteroids in four similar plots adjacent to untreated corn fields and
surveyed during the same period.
METHODS
All three pesticides are liquid preemergents incorporated at depths up t o three inches.
The double herbicide is designed for complementarity; AAtrex controls yellow nutsedge
( o p e r u s esculentus L.), ragweed (Ambrosia spp.), and other broadleaf weeds, while Sutan
is more effective against grasses, especially fall panicum (Panicurn dichotomiflorum
Michx.), giant foxtail (Setaria magna Griseb.), and crabgrass (Digitaria spp.). Dyfonate is
applied mainly for control of corn rootworms (Dt-rbrotica spp.), which are a serious pest
on leased farmlands due to lack of crop rotation.
Observations were made in southeastern Lapeer County, and general census methods
were similar t o those of Bland (1972). Sampling was done both day and night once a
week throughout the year, and sweep-nets were the principal sampling method. Abundance levels were assigned as follows: C-common, and noted on virtually all sampling
l ~ r a s e r Michigan
,
48026.
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attempts during the appropriate season (determined from my records and the summary of
Cantrall, 1968); I-infrequent, or present and noted occasionally but not always; and
A-absent, never or rarely recorded. No attempt was made to count individuals.
Plots used in the analysis are categorized as "treated" (surrounded by corn fields to
which the pesticides were applied in prescribed dosages) and "untreated" (adjacent corn
fields without pesticides applied). All areas surveyed were within two or three km of
another area of the opposite category. An effort was made to examine plots of similar
size, floral composition (chiefly grassgoldenrod-milkweed, bordered by various trees and
shrubs), soil moisture, etc., but, of course, duplication was never exact.
RESULTS
GENERAL OCCURRENCES.-The abundance levels for 22 species of orthopteroids
identified on either the treated or untreated plots are summarized in Table 1. All 22
species were present on the untreated areas, while only 12 (54.5%) were present on
treated areas. Thus a marked reduction in diversity occurs on the treated areas. The data
are too meager to permit comparative conclusions for the different families represented.
Acridids, however, appear to suffer a slightly greater reduction in the treated area than
do non-acridids.
UBIQUITY.-The most noteworthy result obtained from the analysis is that the treated
plots contained more common species and fewer uncommon species (Table 2). These
results are significant (P < 0.001, Chi-square = 18.1 6), and presumably indicate that only
the hardiest species are able to survive in the more sterile environment (see discussion
below).

Table 1. Abundance levels for 22 species of orthopteroids identified in the treated and
untreated areas.*
Species

Mantis r. religiosa (Linnaeus)
Pseudopomala brachyptera (Scudder)
Chorthippus c. curtipennis (Harris)
Arphia p. pseudonietana (Thomas)
Arphia sulphurea (Fabricius)**
Chortophaga viridifasciata (De Geer)**
Encoptolophus s. sordidus (Burmeister)
Pardalophora apiculata (Harris)**
Dissosteira carolina (Linnaeus)
Melanoplus bivittatus (Say)
Melanoplus confusus Scudder**
Melanoplus f-r. femur-rubrum (De Geer)
Melanoplus s. sanguinipes (Fabricius)
Melanoplus viridipes eurycercus Hebard**
Neoconocephalus ensiger (Harris)
Orchelimum gladiator (Bruner)
Atlanticus testaceous (Scudder)**
Gryllus pennsylvanicus Burmeister
Gryllus veletis (R. D. Alexander and Bigelow)**
Nemobius fasciatus (De Geer)
Oecanthus fultoni T. J. WaIker
Oecanthus nigricomis F. Walker

Treated
Areas
C
A
C
A
A
A
A
A
1
C
1
C
1
A
C
C
A
I
A
C
C
C

*Listed as C: common, I: infrequent, and A: absent (see text).
**Vernal species as defined in the text.

Untreated
Areas
C
1
C
I
I
I
C
1
C
C
C
C
C
1
C
C
1
C
1
C
C
C
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Table 2. The effect of abundance of orthopteroid species in untreated areas on the abundance of the same species in treated areas.
Abundance in treated areas
Common
(Number)

Infrequent
(Number)

Absent
(Number)

Common

9

4

Infrequent

0

0

1
8

Abundance in untreated areas

SEASONAL PERIODISM.-Seven species indicated in Table 1 are designated as vernal,
i.e., adulthood for these is attained by early June in the study area. Out of these seven,
none was common in the treated plots, one was infrequent, and six were absent. By
contrast, out of the remaining (summer or fall) species, nine were common, three were
infrequent, and three were absent. This significant difference (P<0.01, Chisquare = 9.33) is apparently due to the timing of the pesticide applications (spring).
Adults of vernal species are more mobile than nymphs of summer species and may be
more apt to enter the treated corn fields soon after pesticide application.
VAG1LITY.-Seven of the species listed in Table 1 are either short-winged or flightless or
nearly so. These are: Pseudopomala brachyptera, Chorthippus curtipennis, Atlanticus
testaceous, Gryllus pennsylvanicus, G. veletis, Melanoplus 'viridipes eurycercus, and
Nemobius fasc&us. A trend emerges when we compare the distribution of these species
with other species possessing greater flight capability. Only three of these seven species
(43%) are present on the treated area, whereas 1 0 of the remaining 15 species (67%) are
present. Thus the more mobile species tend to be more abundant on the treated area
than do species with Iess mobility.
DISCUSSION
It must be concluded that considerations relating to ubiquity, seasonal periodism, and
vagdity of the species studied all determine the distribution of orthopteroids following
pesticide treatment. Ubiquity appears most critical, vagility the least critical.
Ecologically, the reduced diversity and abundance of orthopteroids in the treated
areas translates into lower food web complexity. This effect appears t o be an indirect
consequence of the pesticide applications, since observations were made in areas removed
from the actual land to which the pesticides were applied.
The observed differences in species abundance in the treated and untreated areas
could result from direct mortality due to contact with the biocidal agents, indirect
mortality due to elimination of foods, or to the fact that the treated corn fields formed
an impassible barrier which prevented re-population of the isolated plots once species
were eliminated or reduced in number by predators or other natural causes. There is
evidence for all three of these effects.
The paucity of uncommon species in disturbed areas is usually attributed to the fact that
such species are generally more aggregated, (Hairston and Byers, 1954; Lussenhop, 1973). This,
in turn, may be related to diet and food availability. In the treated areas a "relative"
food shortage (in the sense of Andrewartha and Birch, 1954, 1960) existed because of
the herbicide applications. Among acridids, for example, four of the six species present
were Cyrtacanthacridinae, suggesting that this group is less affected by pesticides than
other acridids. Gangwere (1961), in summarizing the food-habits of this sub-family, stated
.select very wideIy from among forbs, grasses, and woody plants." BY
that they
contrast, the Oedipodinae and Gomphocerinae, both poorly represented on the treated
plots, are largely gtaminivorous (Gangwere, op. cit.).
Hence, we can conclude that indirect mortality due to elimination of foods explains,
in part, the observed differences. This is apparently why the more common species were

". .
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better represented in the treated area. However, evidence for direct mortality is obtained
from the fact that vernal species were uncommon on the treated area, as already noted.
Finally, only those species with greater vagility were able to move readily to the isolated
plots, indicating that an effective barrier was established by the pesticide applications.
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HEPTAGENllDAE (EPHEMEROPTERA) O F WISCONSIN'
R. Wills ~ l o w e r sand
~ William L. ~ i l s e n h o f f j

Heptageniidae are one of the most abundant and widespread components of
Wisconsin's aquatic insect fauna. In almost any stream with a firm substrate and free of
gross pollution, the flattened nymphs can be found hiding in crevasses and under rocks,
or clinging to submerged wood. Adults and nymphs are easily distinguished from mayflies
of other families, nymphs by their dorsoventrally flattened head and dorsal eyes, and
adults by their 5-segmented tarsi and complete wing veination. This paper presents our
knowledge to date of Heptageniidae in Wisconsin.
Early studies of Heptageniidae and other mayflies are summarized by Burks (1953).
The original classification of Heptageniidae was based on the adult male, particularly
length ratios of fore tarsal segments. Traver (1933a, b, 1935) redefined the genera on
nymphal characters. She erected the genus Stenonema for a larger group of American
species that had been placed in Heptagenia and in the European genus Ecdyonurus.
Although the great diversity of nymphal forms in this family was known for some time,
Traver seems t o have been the first t o recognize its taxonomic value and her classification
is, with some modification, still in use today.
More recently Daggy (1945), Burks (1953), Leonard and Leonard (1962), Lewis
(1974a), and Edmonds and Jensen (1974) described additional species of this family. The
genus Stenonema has been revised by Lewis (1974b), and a new genus, Stenacron, was
erected by Jensen (1974).
Although Heptageniidae in states adjacent to Wisconsin have been studied in some
detail (Daggy, 1941, Minnesota; Burks, 1953, Illinois; Leonard and Leonard, 1962,
Michigan), similar studies in Wisconsin are lacking. Only a preliminary survey of
Wisconsin's mayfly nymphs (Kreuger, 1969) and a study of the Pine-Popple River fauna
(Hilsenhoff and Walton, 1972) have been carried out. In these studies, mayflies were
identified using existing literature, especially Burks (1953), which has become the
standard reference work on midwestern mayflies.
During a study of the biology and ecology of Wisconsin Heptageniidae, we
encountered numerous difficulties in identifying specimens using existing keys, and a
study of their taxonomy was initiated. Nymphs collected from Wisconsin during the
studies mentioned above were reexamined, as were specimens from the Illinois Natural
History Survey and the University of Minnesota. In addition, we sampled numerous
streams during the open water months of 1972 and 1973,-obtaining many additional
specimens. A rearing program was undertaken t o correlate adults and nymphs. Specimens,
along with detailed records of collecting sites, are retained in the University of Wisconsin
Collection.
In Wisconsin, 22 species belonging t o seven genera have been found, and they are
separated by the following keys to adult males and mature nymphs. Female adults can be
keyed as far as the couplets using genitalia. Young nymphs, especially those of
Stenonema, are often difficult to identify since their color patterns change as they grow.
Anepeorus sirnplex (Walsh), Aeudiron centralis McDunnough, Heptagenia aphrodite
McDunnough, H. inconspicua McDunnough, H. rnaculipennis Walsh, H. persirnplex
McDunnough, Stenonema ithaca (Clemens and Leonard), and S. luteurn (Clemens) have
not been collected, but could occur in Wisconsin, especially in large rivers in the southern
and western parts of the state.
'~esearch supported in part by the Research Division, College of Agricultural and Life
Sciences, University of Wisconsin, Madison, and by a grant from the Wisconsin Department
of Natural Resources.
2 ~ a b o r a t o r yof Aquatic Entomology, Florida A & M University, Tallahassee, Florida
32307

3 ~ e p a r t m e n tof Entomology, University of Wisconsin, Madison, Wisconsin 53706
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KEY TO WISCONSIN HEPT AGENIIDAE-ADULTS
Vein R4+5 of hind wing unbranched (Fig. 1A) . . . . . . . . Arthroplea'bipunctata
Vein R4+5 forked at or near center of wing . . . . . . . . . . . . . . . . . . . . . . . 2
First segment of fore tarsus as Iong as or longer than second . . . . . Epeorus vitrea
First segment of fore tarsus shorter than second . . . . . . . . . . . . . . . . . . . . 3
Crossveins in stigma area of fore wing anastomosed (Fig. 1B) . . . . . Rhithrogena 4
Stigmatic crossveins not anastomosed . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Rhitrogena-wing length
10 mm; veins light colored, scarcely distinguishable from
the membrane.
R. pellucida
Wing length
10 mm; veins dark colored, contrasting with the wing membrane .5
Penes with outcurving tips (Figs. l C , D) . . . . . . . . . . . . . . . . . . . . . . . . .6
Penes not outcurved at tips (Fig. 1E) . . . . . . . . . . . . . . . . . . R. impersonata
Penes distinctly narrowed apically (Fig. 1C) . . . . . . . . . . . . . . . . . . R. jejum
Penes not narrowed apically (Fig. ID) . . . . . . . . . . . . . . . . . . . R. undulata
Penes with a cluster of spines on outer margin (Fig. 1G); 2 or 3 crossveins below
bulla of forewing connected by a black dash (Fig. 1F) . .Stemcron interpunctatum
Penes lacking spines on outer lateral margin . . . . . . . . . . . . . . . . . . . . . . . 8
Penes distinctly L-shaped (Fig. 1H) . . . . . . . . . . . . . . . . . . . . . Stenonema 9
Penes not distinctly L-shaped (Figs. 1 ,I-M) . . . . . . . . . . . . . . . . Heptagenia 16
Stenonema-posterior margin of abdominal terga 2-8 with three transverse black
dashes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. tripunctatum
Posterior margin of abdominal terga marked otherwise. . . . . . . . . . . . . . . . 10
Posterior margin of abdominal terga with 2 black dashes . . . . . . . S. terminatum
Posterior mzrgin of abdominal terga marked otherwise . . . . . . . . . . . . . . . . 11
'Abdominal terga 2-7 with posterior ?4 to Yz shaded with brown . . . . . .S. fuscum
Abdominal terga 1-7 with a narrow black stripe at posterior edge . . . . . . . . . 12
With black dots or dashes on abdominal spiracles . . . . . . . . . . . . . . . . . . . 13
Abdominal spiracles unmarked . . . . . . . . . . . . . . . . . . . . . . . . . S. exiguum
Spiracular marks in the form of oblique black dashes . . . . . . . . . . .S. int'egrum
Spiracular marks in the form of dots . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Posterior black line on abdominal terga 2-8 short, often reduced to a dash on
meson; mesonoturn pale yellowish-tan . . . . . . . . . . . . . . . S. mediopunctatitm
Posterior black line on terga 2-8 longer, extending almost to spiracular dots;
mesonotum dark brown or reddish-brown'. . . . . . . . . . . . . . . . . . . . . . . . .15
Penis lobes with subterminal spine smaller than apical spine; cross-veins not crowded
in bulla region; mesoscutellum entirely white . . . . . . . . . . . . . . . S. pulchellum
Penis lobes with subterminal spine about the same size as apical spine; only tip of
mesocute~um~white
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. rubrum
Heptagenia-large species, wing length 9 mm or greater
17
Small species, wing length 8 mm or less . . . . . . . . . . . . . . . . . . . . . . . . 19
Dorsum of adbomen pale with narrow dark streaks on the posterior edge of each
segment; genitalia as in Fig. 11 . . . . . . . . . . . . . . . . . . . . . . . . . H. diabasia
Dorsum of abdomen with more extensive dark markings . . . . . . . . . . . . . . . 18
Abdominal terga with wide reddish-brown median dorsal stripe; genitalia as in Fig.
1 J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H.flavescens
Terga with wide reddish-brown stripe on posterior margin; no distinct median stripe;
H. pulla
genitalia as in Fig. 1K
Abdominal terga brown, no pale median spots; genitalia as in Fig. 1L. .H. lucidipennis
Abdominal terga brown laterally, pale median spots on tergites 4-8; genitalia as in
Fig. 1M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H. hebe

<

>

..................................

...............

................................

KEY TO WISCONSIN HEPTAGENIIDAE-NYMPHS
Two caudal filaments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
Three caudal filaments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Spinadis sp.
Tubercles on head, thorax, and along the meson of abdomen (Fig. 2)

.
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Fig. 1. A-Hindwing o f Arthroplea; B-Forewing o f Rhithrogena, showing anastornosed
crossveins between costa and subcosta; Penes o f Rhithrogena; C-jejuna; D-undulata;
E-impersonata; F-Forewing o f Stenacron; Penes o f : G-Stenacron interpunctaturn;
H-Stenonema fuscum. I-Heptagenia diabasia; J-H. flavescens; K-H. pulla; L-H.
lucidipennis; M-H. hebe; N-Maxilla o f Stenonema bipunctatum.

2'.
3.

. . ... . .
... .
.. . . ..... .. . ...... .

Lacking tubercles on dorsum . .
.. .. .. .
. . . .Epeorus vitrea
Second segment o f maxillary palpi elongated, recurved over dorsum of thorax . . .
. ...
. ..
.
. . . Arthroplea bipunctata

... .. ..
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Fig. 2. Spinadis sp.: Above-Dorsal view; Below-Lateral view with legs and gills removed.
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Second segment of maxillary palpi not elongated or recurved over dorsum of thorax
.................................................4
Gills, especially first and seventh pairs, greatly expanded ventrally to form an
adhesion disc
Rhithrogena 5
Gills not expanded ventrally, seventh pair may be reduced
.8
Rhithrogena-gills 2-6 with fingerlike process on dorsal margin (Figs. 3B, C).
6
Gills with dorsal margin rounded (Fig. 3A) . . . . . . . . . . . . . . . . . . . . . . .. 7
Dorsal process of gills 2-6 longer than broad (Fig. 3C) . . . . . . . . . . R. undulata
Dorsal process about as long as broad (Fig. 3B) . . . . . . . . . . . . .R. impersonata
Profemur with dark band (Fig. 3G) . . . . . . . . . . . . . . . . . . . . . . . R. jejuna
Profemur without dark band, dark margins of femur constricting or even dividing
pale center area (Fig. 31) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. pe!lucida

.................................
.............
...

Fig. 3. Lateral view of third abdominal d l of: A-Rithrogena jejuna; 3-R. impersonata;
C-R. undulata; D-Stenacron interpunctatum E-Stenonema tripunctatum; F-S.
fuscum. left profemora of Rhithrogena: G-jejuna; H-impersonata sanguinea;
I-pellucida; J-impersomta; K-Stenonema exiguum, dorsal view of head and thorax
of nymph; L-tarsal claw of Heptagenia hebe.

206

THE GREAT LAKES ENTOMOLOGIST

Vol. 8, No. 4

Seventh pair of gilIs much reduced, Ianceolate . . . . . . . . . . . . . . . . . . . . . 13
Seventh pair of gills not reduced, plate-like . . . . . . . . . . . . . . . .Heptagenia 9
Heptagenia-seventh pair of gills biramous, containing plate and tuft elements; claws
not pectinate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10
Seventh pair of gills uniramous, only plate element present; claws pectinate (Fig.
3L) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Venter of abdomen with dark markings on posterior edge of ninth sternum only. .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H. flavescens
Dark markings present o n lateral margins of ninth sternum and usually present on
anterior sterna. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. l l
Abdominal terga 4 and 8 with a pair of pale submedian streaks . . . . . H. diabasia
Abdominal terga 4 and 8 with pale median spot . . . . . . . . . . . . . . . .H. pulla
Base of caudal filaments unicolorous, white or nearly so . . . . . . . H. lucidipennis
Base of caudal filaments distinctly darkened at articulations
.H. hebe
Gills of abdominal segments 1-6 pointed at apex (Fig. 3D) -Stenacron interpunctatum
Gills of abdominal segments 1-6 rounded or truncate at apex
.Stemonema 14

.

........
....

Fig. 4. Abdomens of Stenonema nymphs: A-fuscum (ventral); B-mediopunctatum
(ventraI); C-bipunctatum (ventral); D-terminaturn (ventral); E-rubrum (ventral);
F-integmrn (dorsal); G-bipunctaturn (dorsal); H-terrninatum, young nymph,
(dorsal).
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..
..................
...................
...........................
........
...
....
...........................................

Stenonema-gills o n abdominal segments 1-6 rounded (Fig. 3E)
S. tripunctaturn
Gills on abdominal segments 1-6 truncate (Fig. 3F)
15
Abdominal sterna 3-8 with dark transverse bands
16
17
Abdominal sterna marked otherwise
.S. fuscum
Dark bands at posterior edge of abdominal sterna (Fig. 4A)
Dark bands at anterior edge of abdominal sterna (Fig. 4B)
S. mediopunctaturn
Thoracic nota with pale transverse band at base of dark wing pads (Fig. 3K)
S.exiguum
Nota without pale transverse band . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Abdominal terga 7, 8, 9 with median pale V-shaped mark (Fig. 4F) . . .S. integrum
Abdomen marked otherwise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Abdominal sternum 8 with median brown spot; sternum 9 with a U-shaped mark
(Fig. 4E).
S. rubrum
Abdomen not marked as above . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20
Sterna of abdomen white, except for posteriolateral angles of sternum 9 and
sometimes lateral margins of sterna 7 and 8 . . . . . . . . . . . . . . . S. pulchellum
Sterna with more extensive dark markings . . . . . . . . . . . . . . . . . . . . . . . 21
Sternum 9 with posterior half dark brown (Fig. 4C) . . . . . . . . . S. bipunctatum
Sternum 9 with lateral edges dark brown (Fig. 4D) . . . . . . . . . . . S. terminatum

......................................

A discussion of each species follows, with notes on identification, biology, and
synonomy. The synonomy includes the original name, all species synonyms, and the
current name. Generic synonyms appear in Needham et 01. (1953). Table 1 summarizes
the life cycles and ecology, and known distribution is shown in Figures 5 and 6.
Table 1. Summary of life cycles and ecology of the species of Heptageniidae known t o
occur in Wisconsin.

H. lucidipennis

H. pulla

June
July
Year
around

JuneJuly
June

Common

Medium streams

Uncommon Streams and large
lakes

Rocks
Gravel t o large
rocks

.
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Table 1. Continued

Arthroplea bipuizctata (McDunnough)
Synonomy.-Cinygma bipunctata McDunnough (1924c:76); Arthroplea bipzrnctata Ide
(1930:42).
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Fig. 5. Distribution of Arthroplea, Epeorus, Heptagenia, Rhithrogena, Spinadis, and
Stenacron in Wisconsin. Marks represent county records.

Adult description.-McDunnough (1924).
Nymphal description.-Burks (1953,Fig. 395).
Arthroplea bipunctata is unique among Wisconsin Heptageniidae in its preference for
living in temporary ponds. Froelich (1964) studied feeding behavior of European species
and described how nymphs use their long palpi to sweep food from surrounding water.
The body is much less flattened than that of other Heptageniidae nymphs.
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Epeorus vitrea (Walker)
Synonomy.-Palingenia lvitrea Walker (1853:555); Epeorus humeralis Morgan (1911: 105);
Iron vitrea Speith (1 940: 330); Epeorus vitrea Burks (1953: 195).
Adult and nymphal descriptions.-Leonard and Leonard (1962).
Absence of a median caudal filament readily separates nymphs from other
Heptageniids, except Spinadis. They can be distinguished from Spinadis by large platelike
gills and a lack of dorsal tubercles. The gills are held against the substrate to form an
incomplete adhesive disc, but are not as enlarged as those of Rhithrogena nymphs. The
lpng first protarsal segment distinguishes adults.
Genus HEPTAGENIA Walsh
Five species have been found in Wisconsin. Nymphs and adult males are easily
identified by characters given in the key, but female adults are difficult to separate from
Stenonema. Association with adult males, and in some cases structures of the chorion of
the eggs (Koss, 1968), are the only reliable means for identifying females.
Heptagenia is widespread in Wisconsin, but does not seem quite as tolerant of slow,
organically enriched water as Stenonemu or Stenacron.
Heptagenia diabasia Burks
Synonomy.-Heptagenia diabasia Burks (1946:610).
Adult and nymphal descriptions.-Burks (1935).
Closely related to elegantula of western United States, nymphs (Fig. 383 in Burks,
1953) can be recognized by their dorsal color pattern and dark submarginal stripes on the
abdominal venter.
Heptagenia flavescens (Walsh)
Synonomy.-Palingenia
(1863:197).

flavescens

Walsh

(1 862: 373);

Heptagenia

j'7avescens

ii'a1s.h

Adult and nymphal descriptions.-Burks (1953).
Nymphs somewhat resemble diabasia, but pale markings on the abdominal terga are
more extensive (Fig. 384 in Burks, 1953) and submarginal black bars on the abdominal
venter are missing. Adults are recognized by the dorsal abdominal stripe.
Heptagenia hebe McDunnough
Synonomy .-Heptagenia hebe McDunnough (1924b: 122).
Adult and nymphal descriptions.-Burks (195 3).
One of two small species of Heptagenia in Wisconsin, it is abundant throughout its
range. At first glance, nymphs might be mistaken for small Stenonem, but the
proportionally large head and the dl structure are distinctive.
Heptagenia lucidipennis (Clemens)
Synononzy.-Ecdyunts lucidipennis
McDunnough (1924a: 118).

Clemens

(1913:329);

Heptagenia

lucidipennis

Adult and nymphal descriptions.-Burks (1953).
Like hebe, this is a small mayfly. Nymphs have been confused with hebe, but
characters in the key provide for reliable separation. Adult lucidipennis can be recognized
by their brown bodies.
A "summer" mayfly, small nymphs first appear in late spring, followed by rapid
development until emergence in late June. Most other Wisconsin Heptageniidae are
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"winter" species; nymphs appear in autumn, develop slowly through the winter, and
emerge the following spring.

Heptagenia pulla (Clemens)
Synonomy.- Ecdyurus grandis Clemens (19 13: 147) (Nomen nudum); Ecdyurus pullus
Clemens (191 3:330); Heptagenia pulla McDunnough (1924b: 120).
Adult and nymphal descriptions.-Burks (1953).
Nymphs closely resemble diabasia, but their ranges do not overlap in Wisconsin. They
have been found only in Lake Superior at 50 m (Selgeby, 1973), northern Lake Michigan,
and tributary streams thereof. On the Door County shore of Green Bay they are found
on rocks near shore, where they grow to an unusually large size.
Genus RHITHROGENA Eaton
Nymphs have gills expanded to form an adhesive disc (Fig. 390 in Burks, 1953). We
have found large numbers only in clean, swift water with a substrate of small rounded
stones less than three inches in diameter. On these smooth stones the disc can be used to
best advantage. Nymphs are active, and when disturbed, move quickly to cover. Adult
Rhithrogena, except for pellucida, can be separated only by male genitalia. Like Epeorus,
this genus is predominantly western.

Rhithrogena impersonata (McDunnough)
Synonomy.-Heptagenia impersonata McDunnough (1925: 191); Rhithrogena impersonata
McDunnough (1926: 195); Rhithrogena sanguinea Ide (1954: 349).
Adult description. -Needham et al. (1935).
Nymphal description. -1de (1954).
Nymphs can be recognized by a low rounded process dorsally on the gills (Fig. 3B),
and by a dark, round or horizontally elongate dark spot on the femora (Fig. 35).
The form sanguinea was originally described as a separate species. Typical nymphs
differ from impersonata in having bright red gills, light reddish-brown body color, and in
lacking the dark spot on the femora (Fig. 3H). However, we have found many nymphs
that combine impersonata and sanguinea characters; a dark body color and rust colored
gills. All sanguinea forms have pale, rusty gills when young; the bright red color appears
as nymphs near maturity. The length of spines on the outer edge of the male genitalia
has been used to separate adults of the two forms. Although we have been able to rear
only eight males of the two forms, we have found this character variable. Sanguinea lives
in the same riffles and emerges at the same time as impersonata. In view of these
conditions, we do not feel that sanguinea merits species status.
Rhithrogena jejuna Eaton
Synonomy.-Baetis fusca Walker (1953:568); Rhithrogena jejuna Eaton (1885: 252).
Adult description.-Needham et al. (1935).
Nymphal description.-length of body, 10 mm, tails, 6.5 mm. Head dark greenish-brown,
pale line from outer corner of eye to lateral margin. Antennae greenish-brown at base,
growing pale toward apex. Maxillae with eight pectinate spines on crown and 31-32
lateral setae. F'ronotum greenish-brown with a pale spot at each anterior corner.
Mesonotum and wingpads greenish-brown; pale line on mid.line of notum. Femora with
greenish-brown margins and pale center; a dark brown vertical bar or triangular spot in
center of the pale area (Fig. 3G). Tibia dark greenish-brown, pale at 'tip. Tarsus
greenish-brown, pale at apical and basal ends. Claws with a single basal tooth. Dorsum of
abdomen dark greenish-brown, ninth and tenth terga occasionally paler; venter
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greenish-yellow often darker along midline. Gills translucent white, first and seventh pairs
expanded and meeting under the body, dorsal margins lacking projections. Tails
greenbh-brown.
The lack of a process on the dorsal gill margin (Fig. 3A) and vertical femoral spots
distinguish nymphs from those of other Rhithrogena.
Rhithrogena pellucida Daggy
Synonomy.-Rhithrogena pellucida Daggy (1945:383).
Adult a n d nymphal descriptions.-Daggy ( 1945).
The light spot on the tip of the nymph's abdomen, given by Daggy as a distinguishing
characteristic, is useful for living specimens, but in alcohol the contrast diminishes, and
specimens of jejuna show a similar light area. Thus, femoral patterns are more useful in
identifying preserved material. Adults of both sexes of pelluczda can be identified by the
colorless wing veins.
Rhithrogena undulata (Banks)
Synonomy.-Epeorus
(1926:195).

undulatus Banks (1924:425); Rhithrogena undulata McDonnough

Adult description.-Needham et al. (1935).
Nymphal description.-Edmunds (1952).
Nymphs resemble impersonata, but can be recognized by narrow, dorsal thumb-like
projections o n the gills. R. undulata appears to be confined to sandstone streams of
northern Bayfield County, which often carry heavy loads of red clay silt and a f e r
geologically from southern parts of the county where other Rhithrogena are found
Genus SPlNADlS Edmunds and Jensen
Spinadis sp.
Only four nymphs of this unusual animal (Fig. 2) have been collected, all from the
Wisconsin River in June 1973 after the water had been unusually high all winter. Gut
contents of one specimen contained chironomid head capsules, indicating that this mayfly
is predaceous. Edmunds (pers. comm.) has examined two specimens and has concluded
that they belong to the newly erected genus Spinadis Edmunds and Jensen (1974), and
are closely related t o S. wallacei from the Altamaha River of Georgia and the White River
of Indiana. We suspect that the Wisconsin Spinadis is a different species, but lack of adult
material precludes any definite conclusions.
Genus STENACRON Jensen
This genus was recently erected (Jensen, 1974) for Stenonema species formerly known
as the interpunctatum group. A single very common and highly variable species,
Stenacron interpunctatum, occurs in Wisconsin. Many forms have been described as
separate species, notably heterotarsale, canadense and frontale, but Spieth (1947) found
numerous intermediate forms and concluded that they are at best subspecies. We have
not attempted to differentiate subspecies since their taxonomy is still unsettled.
Stenacron interpunctatum (Say)
Synonomy.-Baetis interpunctata Say (1839:41); Stenonema interpunctatum Traver
(1933:175); Baetis canadensis Walker (1853:569); Ecdyonurus heterotarsale (McDunnough (1933:42); Stenonema affine Traver (1933a:184); Stenonema conjunctum
Traver (1935:309); Stenonema ohioense Traver (1935:322); Stenonema proximum Traver
(1935:325); Heptagenia frontalis Banks (1910: 199); Stenonema majus Traver (1935:320);
Stenonema areion Burks (1953:163); Stenacron interpunctatum Jensen (1974:225).
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Adult and nymphal descriptions.-Spieth (1947).
Nymphs can be recognized at any size by their pointed gills. A black dash below the
bulla of the fore wing separates adults from Heptagenia and Stenonema.
Genus STENONEMA Traver
This is the largest genus of Heptageniidae in the eastern United States, reaching its
greatest diversity in the Appalachian Mountains (Berner, 1950). To date, we have found
nine species in Wisconsin.
Burks (1953) regards species of Stenonema as the most difficult Ephemeroptera to
identify, because male genitalia, in contrast to other heptageniids, are very similar in most
species. The penes are membranous L-shaped organs that carry only a few small spines
and can easily be distorted when mounted. Color patterns of adults, although somewhat
variable, are used to separate most species.
Wisconsin Stenonema can be reliably identified from adult males and mature nymphs,
since many of the confusing forms do not occur in Wisconsin. The taxonomic treatment
used in this paper is based in part on Lewis (1974b).
Stenonema bipunctatum (McDunnough)
Synonomy. -Ecdyonurus bipunctatus McDunnough (1926: 191); Stenonema bipunctatum
Traver (1935:306).
Adult description. -Burks (1953).
Nymphal description.-Lewis (1974b).
Insufficient adult males have been obtained for inclusion in the adult key. Adult
females have paired black dashes on the abdomen. Nymphs resemble terminatum, but can
be distinguished by the dark posterior half of the ninth sternum (Fig. 4C). The crown of
the maxilla has setae that vary greatly in number, some individuals having only a single
seta on one maxilla (Fig. IN). Young nymphs have more extensive pale markings than
mature nymphs and they also have a row of dark spots down the mid-line of the
abdominal terga (Fig. 4G). As nymphs mature, these spots become less prominent due to
darkening of surrounding areas.
Stenonema exiguum Traver
Synonomy.-Stenonema
(1937:79).

exiguum

Traver

(1933a:201);

Stenonema alabamae Traver

Adult description .-Traver (19 33a).
Nymphal description.-Daggy (1945).
Matwe nymphs are easily recognized by markings on the thoracic nota (Fig. 3K), but
small nymphs lack this feature. Very small nymphs are dark brown above and pale
beneath. As they grow, pale markings o n the seventh abdominal tergum appear, followed
by the other markings in successive moults. The distinctive thoracic pattern is not visible
until the wingpads have achieved about half their length. The abdominal venter remains
unmarked except for the lateral margins of the ninth sternum (see Stenonema rubrum).
Lewis (1974a) described Stenonema quinquespinum from Ohio and designated as
paratypes an adult male and nymph from the Clam River in Burnett County, Wisconsin.
We are unable to distinguish the nymph from those of exiguum. The discal spine on the
genitalia of the adult is smaller than figured for the holotype, and a nymphal exuviae
associated with this adult is probably that of bipunctatum. A series of reared specimens is
needed to determine the status of quinquespinum and its relationship to exiguum and
bipunctatum in Wisconsin.
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Stenonema fuscum (Clemens)
Synonomy.-Heptagenia fusca Clemens (1913:254); Ecdyonurus rivulicolus McDunnough
(1933:40); Stenonema fuscum Traver (1933a:174).

Fig. 6. Distribution of Stenonema in Wisconsin. Marks represent county records.
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Adult and nymphal descriptions.-Burks (1953).
Dark bands o n the abdominal venter are present even on very small nymphs, making
this one of the more readiIy identifiabIe Stenonema. Markings on the ninth sternum range
from a complete band (Fig. 4A) t o two lateral dots. Although nymphs marked as in Fig.
4A will key t o Stenonema vicarium in Burks (1953), Lewis (pers. comm.) has found that
on the basis of adult characters, vicarium does not occur west of the Appalachian
Mountains. Banded Wisconsin nymphs are the subspecies rivulicolum, thought by Burks
to be a form of vicarium, but now considered by Lewis t o be a subspecies of fuscum.
Stenonema integrum (McDunnough)
Synonomy.-Heptagenia integer McDunnough (1924:9); Stenonema bellum Traver
(1933a:202); Stenonema integrum Traver (1933a:175); Stenonema wbasha Daggy
(1945:378); Stenonema metriotes Burks (1953:174).
Adult description.-Burks (195 3).
I

Nymphal descriptions.-Daggy (1945), Lewis (197 1).
Nymphs are easily recognized by the pale spearhead mark on the abdominal venter,
which is present (although sometimes reduced) in all specimens we have seen. They are
identical t o nymphs Daggy (1945) described as wabasha, which was synonomized with
integrum by S u ~ k s(1953), and are much darker than nymphs of integrum described by
Lewis (1971).
Stenonema mediopunctatum (McDunnough)
Synonomy. -Ecdyonurus mediopunctatus McDunnough (19 26 :191); Stenonema mediopunctatum Traver (1 935: 321).
Adult and nymphal descriptions. -Lewis (1974b).
The striped abdominal venter and U-shaped mark on the ninth sternum separate
nymphs from other Stenonema. These markings are present, although often very faint, in
the youngest nymphs we have collected.
Stenonema pulchellum (Walsh)
Synonomy.-Palingenic
(1933a:175).

puIcheNa

Walsh

(1862: 375); Stenonema pulchellum

Traver

Adult a n d nymphal descriptions. -Burks (195 3).
Found only in northwestern and southeastern Wisconsin, these mayflies appear to be
rare. We have collected only mature nymphs and they resemble rubrum, to which
pulchelIum is closely related, differing only in markings on the abdominal venter. Adult
characters in the key are from Burks (1953) and Lewis (1974b).
Stenonema rubrum (McDunnough)
Synonomy. -Heptagenia flavescens-nec Walsh Clemens (19 13:25 2); Ecdyonurus ru ber
McDunnough (1926:192); Stenonema rubrum Traver (1933a:lgO); Stenonema varium
Traver (1933a:192).
Adult a n d nymphal descriptions.-Burks (1953).
Larger nymphs are easily recognized by the U-shaped mark on the ninth sternum and
the single median dot o n the eighth sternum. Very small nymphs lack these marks and
are very difficult t o distinguish from young exiguum. In general, rubrum nymphs are
lighter, and markings on the femora tend t o form alternating light and dark bands, rather
than random patterns as in exiguum. These characters are not foolproof and only rearing
or continual sampling will positively identify many populations. Fortunately, rubrum
nymphs acquire their distinguishing marks while still relatively small.
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Stenonem terminatum (Walsh)
Synonomy.-Palingenia terminata Walsh (1862:375); Stenonema terminatum Traver
(1933a:175).
Adult description. -Burks (1953).
Nymphal description.-Lewis (1971).
Nymphs have only recently been described. Young nymphs, unlike most other
Stenonema species, have more extensive pale markings than mature specimens (Fig. 4F,
compare with Lewis, 1971, Plate 111). Young specimens have pectinate claws; however,
the pectines become reduced as the nymphs mature, and are completely lacking in the
last nymphal instar. Reared adults have two black dashes on the abdominal terga. Young
nymphs and adults of Wisconsin terminatum will key to bipunctatum in Burks (1953).
Stenonema tripunctatum (Banks)
Synonomy.-Heptagenia tripunctata Banks (1910:199); Stenonema femoratum
punctatum (Banks) Spieth 1947:99); Stenonema tripunctatum Burks (1953:168).

tri-

Adult and nymphal descriptions.-Burks (195 3).
Spieth (1947) considered this a subspecies of Stenonema femoratum, but Lewis (1974b)
believes that both femoratum and tripunctatum are good species.
Nymphs can be recognized by their rounded gills and a pair of round brown dots on
abdominal sterna 2-8.
The only Wisconsin Stenonema that occurs regularly in lakes, we encountered it most
often in lentic waters; in streams it occurs in areas of slower current. On the Door
County shore of Green Bay, it lives o n rocks near shore where it g o w s to unusually large
size. In Lake Superior it has been found at 32 m (Selgeby, 1974). This species is
bivoltine in the Little Suamico River, adults emerging in May and again in late August.
Clemens (1913) found tripunctatum to be single-brooded in Georgjan Bay; however,
Pleskot (1951) showed that variations in climate can have drastic effects on life cycles of
Heptageniidae.
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CURCULIONIDAE A N D CHRYSOMELIDAE FOUND
I N AQUATIC HABITATS I N WISCONSIN'
Lutz J. Bayer2 and H. Jane Brockmann3
We became interested in aquatic weevils (Curculionidae) and leaf beetles (Chrysomelidae) during the Aquatic Entomology Course at the University of Wisconsin, in the
spring of 1971. Many collections, taken from a variety of aquatic habitats in Wisconsin,
contained weevils and leaf beetles. Most of the species were not fully treated in the keys
found in aquatic entomology texts. We thought it would be useful t o compile keys from
the literature and present what is known of the distribution of these insects in Wisconsin.
Nine species of weevils have been found in aquatic habitats in Wisconsin, representing
seven genera, all belonging t o the subtribe Hydronomi, and twenty-five species of leaf
beetles, representing five genera in three subfamilies.
KEY TO FAMILIES

1.
1'.

Head prolonged into a beak or snout with mandibles usually visible at its tip;
Curculionidae
antennae usually arising far i n front of eyes, on snout.
Head not prolonged into a beak or snout; antennae arising on front or sides of
Chrysomelidae
head, nearer the eyes

.........

............................

KEY TO SUBFAMILIES O F AQUATIC CHRYSOMELIDAE
1.

1'.

2.

2'.

Head constricted or neck-like behind the eyes, and not inserted in the prothorax to
the eyes; first abdominal sternum very long; elongate, metallic coppery, or
I. Donaciinae
blue-black in color
Head not constricted or neck-like behind the eyes; and usually inserted in the
prothorax t o the eyes
2
Antennae closer together at base, than lengths of first antennal segment; front coxa
111. Galerucinae
usually conical and prominent
Antennae widely separated a t base, farther apart than length of f i s t antennal
segment; front coxa oval or transverse; third tarsal segment, seen from beneath,
entire apically or with a slight median indentation . . . . . . . . . .II. Chrysomelinae

...............................
....................................
......................

Subfamily 1. DONACIINAE
The subfamily Donaciinae is represented in the United States by three genera,
Neohaemonia with two species, Donach with 3 1 species, and Plateumris with 17 species.
The larvae of Donaciinae are truly aquatic. With the exception of Neohaemonia
nigricornis and Donach hirticollis, the Donaciinae spend their adult lives above submerged
parts of the aquatic plants on which they live. The two e x ~ p t i o n sconfine almost their
entire adult life on submerged vegetation, spending only brief periods on the nonsubmerged parts of plants (Hoffman, 1940). Eggs are deposited by the female in various
locations on the selected plant. When the eggs hatch, the larvae drop down through the
water or crawl down the stem to the roots or the rhizomes of the host plant (Marx,
1957). Some plants may support more than one species of beetle. Species of the genera
Spargnium, Nymphaea, and Nuphar are the most common hosts of Donaci~ (Marx,
l ~ e s e a r c hsupported by the College of Agriculture and Life Sciences, University of
Wisconsin, and by a Federal Water Quality Administration Training Grant, 5T2-WP-205.
21dentification of specimens and an early draft of the manuscript for this paper were
accomplished by Lutz Bayer before his untimely death in an automobile accident in 1972.
All subsequent work has been done by the Junior Author.
3 ~ e ~ a r t m e noft Entomology and Department of Zoology, University of Wisconsin,
Madison, Wisconsin 53706.
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1957). Neohaernonia is usuaUy found o n Potarnogeton. Donaciinae may also be found on
Pontederia, Sagitfaria, Eleocharis, Acorns, Scirpus, Peltandra, Brasenia, Eriocaulon, Castalia, Phragmites, Typha and Glycerin.
KEY TO GENERA

1.

Elytra with outer apical angles produced into a strong spine; front of head with
median elevated projection extending over base of antennae; base of antennae
approximate, separated by no more than the width of the scape at its center; third
tarsal segment small, entire, not deeply bilobed; tarsal segments 1, 2, and 3 without
dense pads beneath
Neohaemonia Szekessy
Elytra with outer apical angles not produced into a strong spine; front of head
without a median elevated projection extending over base of antennae; base of
antennae distant, separated by more than width of the scape at its center; third
tarsal segment large, deeply bilobed; tarsal segments 1, 2 , and 3 with dense pads
2
beneath
Sutural margin of elytra sinuate near apex
.Plateumaris Thomson
Sutural margin of elytra straight to apex
Domcrb Fabricius

........................

1'.

2.
2'.

............................................
...........

...............

KEY TO WISCONSIN SPECIES OF DONACIA

..................................
.................................
...................................

Pronotal disc pubescent
.2
Pronotal disc glabrous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3
Elytra pubescent
.pubescens
Elytra glabrous
pubicollis
Middle tibia with apical tooth-like projection on inner side near tibial spur .pismtrix
Middle tibia without apical tooth-like projection . . . . . . . . . . . . . . . . . . .. 4
Pronotal disc deeply and usually densely punctate, rugose or densely strigose,
punctures large
5
Pronotal disc impunctate or more or less shallowly and sparsely punctate, not
rugose or densely strigose, sometimes finely wrinkled, if present punctures usually
small . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
.
Elytral epipleuron wider than outer interval and not limited by a ridge
quadricollis
Elytral epipleuron narrower than outer interval and usually limited by a ridge. . . 6
Posterior femor reddish brown or at least almost half reddish brown . . . . . . . . 7
Posterior femor black or metallic or at most with small, frequently indistinct,
9
reddish brown area at base
Antennal segments reddish brown, occaionally with vague darkish areas at the apex
porosicollis
of each segment
Antenna1 segments black or metallic, with reddish brown basally . . . . . . . . . . . 8
Pronotum with anterior, median V-shaped impression bordered behind by oblique
obtuse ridges, ridges broken medially by median line. . . . . . . . . . . . . . aequalis
Pronotum without oblique obtuse ridges bordering V-shaped anterior median
impression.
porosicollix
Metasternum and first abdominal segment densely and somewhat coarsely punctate,
sparsely pubescent, pubescence not obscuring surface structure. . . . . . . . . . . 10
Metasternum and first abdominal segment densely and fmely punctate, densely
pubescent, pubescence obscuring surface structure
.14
Discal elytral intervals impunctate, finely and densely wrinkled . . . . . . . distincta
Discal elytral intervals sparsely and shallowly punctate, coarsely and somewhat
.11
sparsely wrinkled o n disc, and densely wrinkled a t apex
Posterior femor gradually enlarging from base to apical quarter, not extending to
biirnpressz
apical margin of third abdominal segment
Posterior femor enlarging from basal quarter to apical quarter, usually extending to
.12
or beyond apical margin of third abdominal segment.
Median pronotal line impressed, extending from anterior impression t o basal
impression, impressions deep, pronotal disc swollen o n either side on median line,
elytra convex apically
tuberculifrons

........................................

.

.................................
.................................

....................................

..................

..............
...................
................

............................
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Median pronotal line absent or indistinct, never deeply impressed, anterior and basal
median impressions absent or shallow, pronotal disc not swollen, elytra flattened
apically
13
Posterior femor not strongly clavate; posterior tibia metallic, generally not reddish
fulgens
brown basally; eyes large, not strongly protruding.
Posterior femor more strongly clavate; posterior tibia metallic, but generally reddish
subtilis
brown basally; eyes smaller, strongly protruding
Spaces between pronotal punctures smooth, shiny
15
Spaces between pronotal punctures minutely punctulate and rugulose, opaque. . . .
porosicollis
Discal elytral intervals impunctate, finely and densely wrinkled.
distincta
Discal elytral intervals sparsely punctulate, coarsely and somewhat sparsely wrinkled
.16
on disc, finely and' densely wrinkled at apex.
Median pronotal line impressed, extending from anterior impression to basal
impression, impressions deep, pronotal disc swollen on either side of median line,
elytra convex apically
tuberculifrons
Median pronotal line absent or indistinct, never deeply impressed, anterior and basal
median impressions absent or shallow, pronotal disc not swollen, elytra flattened
.17
apically.
Posterior femor not strongly clavate; posterior tibiae metallic generally not reddish
brown basally, eyes large, not strongly protruding
fulgens
Posterior femor more strongly clavate; posterior tibia metallic, but generally reddish
subtilis
brown basally, eyes smaller, strongly protruding
Pronotum distinctly alutaceous, opaque
19
20
Pronotum not or slightly alutaceous, shining
Posterior tibia (when viewed from behind) evenly and strongly bowed . hypoleuca
Posterior tibia (when viewed from behind) only slightly bowed at about apical thud
texana
Posterior femor with one subapical tooth; rarely with indistinct anterior denticle. 23
Posterior femor with two distinct subapical teeth
21
cincticornis
Six apical antenna1 segments bicolored or reddish brown (Males).
Six apical segments black or metallic
22
Posterior femor reddish brown beneath, dark area above . . . . . . . . . .cincticornis
Posterior femor black, or metallic, reddish brown basally . . . . . . . . . . .proxima
Posterior femor gradually enlarged from base or basal third
24
Posterior femor abruptly clavate from middle . . . . . . . . . . . . . . . . . ..texana
Pronotum with triangular anterior impression, bordered behind by oblique obtuse
aequalis
ridges, ridges broken medially by median line
Pronotum with anterior impression absent, or if present, not bordered behind by
distinct oblique obtuse ridges
.25
26
Anterior tibia with apical, tooth-like projection on outer edge
28
Anterior tibia without apical, tooth-like projection on outer edge
Posterior femor not extending beyond apex of third abdominal segment biimpressa
Posterior femor extending beyond apex of third abdominal segment
27
Posterior femor reddish brown beneath, dark area above; antennal segments 4-11
bicolored or occasionally reddish brown but not entirely black . . . . . cincticornis
Posterior femor black or metallic, reddish brown basally, antennal segments 4-11
proxima
black or metallic, unicolorous
Pronotum except for disc densely punctate
biimpressa
Pronotum not densely punctate
29
Females with apex of last abdominal segment rounded or subangulate; males with
denticulate ridge behind subapical tooth on ventral surface of posterior femor. . . .
cincticornis
Females with apex of last abdominal segment emarginate or subtruncate; males
without denticulate ridge behind subapical tooth on ventral surface of posterior
rufescens
femor..

.............................................
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..................
...........................................
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Genus DONACIA Fabricius
aequalis Say. Dane County, June (Schaeffer, 1925, p. 114); Madison, 25 September,
Solidago flowers; Milwaukee County, 23 June; Polk County, 28 October; Wood
County, Grand Rapids, 3 July; Wisconsin Rapids, 15 July.
biimpressa Melsheimer. Columbia County, Lodi, 9 June (Marx, 1957, p. 264); Juneau
County, Mather, 1 July; Polk County, Amery, 20 August, 23 September, water weeds;
Wood County, Cranmoor, 5 June (Marx, 1957, p. 264); June, Hooker USNM (Schaeffer, 1925, p, 98).
cincticornis Newman. Barron County, Rice Lake, 25 August; Bayfield County, 11, 18
August (Marx, 1957, p. 266); Bayfield (Schaeffer, 1925, p. 80); Bayfield, August (var.
renuis Schaeffer) (Schaeffer, 1925, p. 83); Dane County, 4 September, 1 5 September
(Marx, 1957, p. 266); Madison, 21, 27 July, water lily leaves; Florence County,
Spread Eagle, 30 July (Marx, 1957, p. 266); Oneida County, Pelican Lake, 1 0 August
(Marx, 1957, p. 266); Polk County, Amery, 29 August, 18 September, yellow water
lily; Vilas County, Tenderfoot Lake, July (Schaeffer, 1925, p. 80); Tenderfoot Lake,
July (Marx, 1957, p. 266); Washington County, West Band, 24, 26 June, 17 July, 24
August (Marx, 1957, p. 266); Waukesha County, Muskego, 7-16 August (Marx, 1957,
p. 266).
distincta LeConte. Bayfield County, Bayfield, 26 June (Marx, 1957, p. 266); Bayfield
County, June (Schaeffer, 1925, p. (104); Dane County, Madison, 22 May, 1 June;
University of Wisconsin Arboretum, May; Polk County, Amery, 1 0 June; Wood
County, Cranmoor, 30 October (Marx, 1957, p. 266).
fulgens LeConte. Wisconsin, (one P) no data (Marx, 1957, p. 267); Vilas County, Trout
Lake, 15 August.
hypoleuca Lacordaire. Wood County, Griffith State Nursery, 3 July.
piscatrix Lacordaire. Calumet County, Forest Junction 31 July; Dane County, Madison, 3
August; Oneida County, 4 July (Marx, 1957, p. 271); Vilas County, Trout Lake, 14
July; Tenderfoot Lake, July (Marx, 1957, p. 271); Walworth County, 3 July (Marx,
1957, p. 271); Elkhorn, July (Schaeffer, 1925, p. 67); Washington County, Cedar
Lake, 26 June (Marx, 1957, p. 271); West Bend, 24, 26 June, 1 7 August (Marx, 1957,
p. 271).
porosicollis Lacordaire. Dane County, May (Schaeffer, 1925, p, 102); Madison, 10 May;
Mendota Lake, 1 0 May.
proxima Kirby. Bayfield County, 1 1 August (Marx, 1957, p.272); Dane County,
Madison, 3 August; Sawyer County, Connors Lake, 3 August; Shawano County,
Cloverleaf Lakes, 11 June (Marx, 1957, p. 272); Vilas County, Tenderfoot Lake, July,
August (Marx, 1957, p. 272); Tenderfoot Lake, August (Schaeffer, 1925, p. 85);
Washington County, West Bend, 17, 22 August (Marx, 1957, p. 272); Waukesha
County, Oconomowoc, 16 July.
pubescens LeConte. Vilas County, Trout Lake, August (Marx, 1957, p. 272); Tenderfoot
Lake, July (Schaeffer, 1925, p. 92); Tenderfoot Lake, July (Marx, 1957, p. 272).
pubicollis Suffrian. Dane County (Marx, 1957, p. 247); April (Schaeffer, 1925, p. 120).
quadricollis Say. Dane County, Mendota, 29 July; Vilas County, Lower Trout Lake, 12
August; Tenderfoot Lake, June (Schaeffer, 1925, p. 93); Tenderfoot Lake, July (Marx,
1957, p.272); Washington County, Cedar Lake, 1 3 July (Marx, 1957, p. 272); West
Bend, 1 7 July (Marx, 1957, p. 272).
rufescens Lacordaire. Wood County, Griffith State Nursery, 8 July.
subtilis Kunze. Barron County, Rice Lake, 25 August; Bayfield County, Bayfield (Marx,
1957, p. 275); Dane County, 23 May, 4 June, 12, 18 August; 1 2 August (Marx, 1957,
p. 275); Madison, 1 0 May-11 September, 17 October; Mendota Lake, 10 May, 29
June; University of Wisconsin Campus, 7 May; Dodge County, Beaver Dam, 1 2 June
(Marx, 1957, p. 275); Juneau County, Mather, 1 July; Milwaukee County, 23 June; 1,
1 0 July (Marx, 1957, p. 275); Polk County, Amery, 5 June on burdock; Waukesha
County, Muskego, 21 July (Marx, 1957, p. 275); Wood County, Griffith State
Nursery, 27 June.
texana. Crotch. Dane County, 7 August; Wood County, Griffith State Nursery, 3 July-4
August.
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tuberculifrons Schaeffer. Wisconsin ( o n e 6 no locality (Marx, 1957, p. 276); Dane
County, May (Schaeffer, 1925, p. 108).
KEY TO THE WISCONSIN SPECIES OF PLATEWARIS
1,
1.
2.
2'.
3.
3'.

Hind femor uniform metallic luster with a moderately large or large tooth .emarginata
Hind femor bicolored or entirely red, tooth variable . . . . . . . . . . . . . . . . . . 2
Side pieces of prostemum relatively coarsely strigate-rugose or coarsely vermiculaterugose
3
Side pieces of prosternum rather finely rugose, especially in apical half, basal half
occasionally strigate-rugose, but not coarsely and generally indistinctly so; last
dorsal segment emarginate at apex. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Side pieces of prostemum coarsely strigate and without any indication of a
pubescent spot near anterior coxae; last dorsal segment truncate or rounded apically
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .sulcicollis
.
Side pieces of prosternum coarsely and rather vermiculate-rugose with a more or
less distinct pubescent spot near anterior wxae; last dorsal segment emarginate
diversa
Hind femor narrower at base than at apex and moderately thickened towards the
sub-apical tooth; prothorax shining and densely rugose, not alutaceous; intervals of
elytra more or less densely punctate
fulvipes
Hind femor moderately robust, at base as wide or wider than at apex and gradually
widening to the sub-apical tooth; intervals of elytra scarcely punctate; prothorax
generally alutaceous and feebly shining; surface punctate or punctate-rugose germari

..............................................

..............................................

4.

..

.......................

4'.

.

Genus PLATEUMARIS Thomson
diversa Schaeffer. Wiswnsin, 0. Dietz Coll., d allotype (Schaeffer, 1925, p. 144).
emarginata Kirby. Wisconsin, Knab Coll. (Schaeffer, 1925, p. 135).
fulvipes Lacordaire. Dane County, June, Marshall Coll. (Schaeffer, 1925, p. 146).
germari Mannerheim. Wisconsin, Minnesota University Coll. (Schaeffer, 1925, p. 141).
sulcicollis Lacordaire. Bayfield County, Bayfield, Wickham Coll. (Schaeffer, 1925,
p. 126); Door County, 25 June; Florence County, 27 June; Polk County, St. Croix
Falls, ex Acer saccarinum; Amery, 10 June.
Genus NEOHAEMONIA Szekessy
nigricornis Kirby. Dane County, 10 May, 1 June; Fish Lake, 18 May, sweep of Lemna.
Subfamily 11. CHRYSOMELINAE
There are four species of Hydrothassa found in the United States, two of which occur
in Wisconsin. They may be found on swamp plants, particularly Ranunculaceae. One
species, Pfasocuris phellandri, is found in the Northeastern United States, but has not
been collected in Wisconsin to date. It may be found on Sium, Water Parsnip.
KEY TO THE GENERA OF THE TRIBE PRASOCURINI
1.

Basal margin of pronotum with a fine elevated bead; form very elongate, length at
least 2.5 times width; sutural dark stripe not much wider around scutellum. .. (No
Pfasocuris LatreiUe
specimens from Wisconsin in our collection).
Basal margin of pronotum without such a bead; form broader, length less than 2.5
times width; sutural dark stripe abruptly widened around scutellum; ventral surface
nearly glabrous . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hydrothassa Thomson

...........

1'.
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Genus HYDROTHASSA Thomson
KEY TO SPECIES OF HYDROTHASSA
(after Schaeffer, 1928, p. 288)
1.
1'.

All elytral intervals impunctate; form narrower and relatively more elongate; size
vittata
smaller, 3-4 mm
Some of the elytral intervals more or less distinctly punctate; form broader and size
larger, 4-7 mm
obliquata

....................................
...................................

obliquata LeConte. Dane County, University of Wisconsin Arboretum, Teal Pond, 6 May.
vittata OZivier. Bayfield County, 29 June; Milwaukee County, 9 April.
Subfamily 111. GALERUCINAE
Genus PYRRHALTA Joannis
Subgenus GALERUCELLA Crotch
According to Wilcox (1965), North American forms are all considered to belong to
the single species, P. nymphaeae, although they make up a rather heterogeneous group. It
differs from similar species in the comparatively wide prosternum, lack of apical tibiil
spurs, and the long, slender symmetrical aedeagus. It is found throughout the United
States and Canada. The larvae feed on leaves of Nuphar, Polygonum, Myrica, Brasenia,
Nymphaea, and Sagittoria.
nymphaeae (Linnaeus). Clark County, Chili, 7 July; Dane County, 29 May, 1 7 July; Lake
Wingra, 8 July; Mendota Lake, 7 June, 1 0 July; Madison, 9 May, 21 August;
Mazomanie, 21 September, ex Salk.; Manitowoc County, Point Beach State Park, 21
September; Vilas County, Tenderfoot Lake, July; Wood County, Griffith State
Nursery, 9-16 July; near Nekoosa 28 May, ex waterlily pads.
Family CURCULIONIDAE
Tribe ERIRHININI
Subtribe HYDRONOMI
Tanner (1943) included 1 1 genera and 53 species in this aquatic or semi-aquatic
subtribe. Eggs are deposited upon and in stems and roots of aquatic plants. Some species
simply drop their eggs o n leaves or on the soil and grass of pasture land.
The members of Bagous, the largest genus in this group, feed on a variety of aquatic
plants. They have been collected on Carex, Eleocharis, @perus, Potamogeton, and
Ptilininium Species of Tanysphyrus may be found feeding on Lemna, and of Endalus on
Scirpus and Typha.
There is presently only one economically important species, Lbsorhoptnrs simplex
(Say), which is a serious pest of cultivated rice. It is widely distributed throughout the
eastern United States, and has been found in Columbia, Dane and LaCross counties in
Wisconsin. The larva, known as the rice-root maggot destroys the roots, while the adult,
"rice water weevil", feeds o n the foliage.
KEY TO GENERA OF WISCONSIN HYDRONOMI
1.
If.

2.
2'.
3.

.................
.............
............................
.............
.......................

.4
Third segment of hind tarsus emarginate or bilobed
.2
Third segment of hind tarsus simple, legs long and slender
Club of antenna partly smooth and shining; funicle composed of 6 segments;
Lissorhoptrus
prosternum excavated
Club entirely pubescent and sensitive; funicle composed of seven segments;
3
prosternum broadly and deeply excavated in front of coxae
Pronotum feebly constricted in front
Bagous
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Pronotum very strongly constricted and tubulate in front (Recorded from Iowa, no
Wisconsin record)
Pnigodes
Beak curved; funicle composed of six segments, the 2nd short; 3rd segment of
tarsus broad, deeply bilobed, last segment short.
5
Beak straight; funicle either 6 or 7 segmented, 2nd segment long; last segment of
tarsus long.
6
Last segment of tarsus broad, the claws weU separated
.7
Last segment of tarsus narrow, projecting beyond the lobes of the 3rd, the claws
Onychylis
slender.
Front and middle tibia senate on the inner side; 3rd tarsal segment narrow, slightly
emarginate; funicle composed of six segments
Lixellus
Front and middle tibia not serrate within; 3rd tarsal segment broad, deeply bilobed,
funicle composed of seven segments.
Anchodemus
Elytra but slightly if any wider than the thorax; length usually 2 mm or more
Jndalus
Elytra much wider than the thorax; length less than 1.5 mm.
Tanysphyrus

..................................
....................
..........................................
................
.......................................
..................
....................
...
.............................................
......
Genus ANCHODEMUS LeConte

angustus LeConte. Dane County, 20 June, 1 7 July, 14 September.
Genus BAGOUS Germar
KEY TO WISCONSIN SPECIES OF BAGOUS
1.
1'.
2.

............
...........................

mrinatus
Tarsus short; prothorax scarred with deep impressions
Tarsus long; prothorax finely rugose
.2
Tarsus long, 4th segment as long as 2nd and 3rd combined, the first three segments
narrow with long white setae; beak one and onehalf times as long as the prothorax
longirostris
Tarsus long, 4th segment less in length than the 2nd and 3rd combined, the first
three segments slightly broader than the above; prothorax finely Iugose; beak only
americanus
as long as prothorax

..........................................

2'.

...............................

americanus LeConte. Dane County, 20 July; Walworth County, Elkhorn (Tanner, 1943,
p. 20); Washington County, West Bend (Tanner, 1943, p. 20).
carinatus Blatchley. Milwaukee County, 6 July; Wood County, Cranrnoo~(Tanner, 1943,
p. 23).
longirostris Tanner. Jefferson County, Lake Koshkonong, Ft. Atkinson, 19 July. (Tanne~,
1943, Type Locality, Type in U.S. National Museum).
Genus ENDALUS Laporte
limatulus (GyUenhal). Milwaukee County, 6 July.
Genus LISSORHOPTRUS LeConte
simplex (Say). Columbia County, Lodi, Gibraltar Bog, 20 May; Dane County, 29 May, 4
June; LaCrosse County, 7 August.
Genus LIXELLUS LeConte
filiformis (LeConte). Columbia County, Lodi, Gibraltar Bog, 20 May; Dane County, 1 0
May; Farm Pond on Route KP, 18 May.
Genus ONYCHYLIS LeConte
nigrirostris (Boheman). Columbia County, Lodi, Gibraltar Bog, 20 May; Dane County, 22
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May-28 June, 17 July, 14 September; Dane County, Madison, University of Wisconsin
Campus, 15 July, at light; University of Wisconsin Arboretum, 26 June, in marsh; Fish
Lake, 18 May; Farm Pond on Route KP, 18 May.
Genus TANYSPHYRUS Germar
lemnae (Fabricius). Dane County, 18 May, 24, 27 June; Madison, 1 May; Farm Pond on
Route KP, 18 May; Milwaukee County, 1 0 July.
ACKNOWLEDGMENTS
We are grateful t o Dr. R. White, U.S.D.A., United States National Museum and to Dr.
V. V. Board, Arkansas College, Batesville for aid in determining our material. Our thanks
are owing t o h o f . Roy D. Shenefelt for his help and encouragement with the manuscript.
SELECTED REFERENCES
Arnett, R. H. 1962. The Beetles of the United States (A manual for identification)
Fascicle 104 (Chrysomelidae), pp.899-950 and Fascicle 108 (Curculionidae)
pp. 971-1028. Catholic University of America Press, Washington, D.C.
Hoffman, Carl E. 1940. Limnological relationships of some Northern .Michigan Donaciini
(Chrysomelidae; Coleoptera). Trans. Am. Microsc. Soc. 59(3):259-274.
M a x , E. J. F. 1957. A Review of the subgenus Donaciu in the Western Hemisphere
(Coleoptera, Donaciidae). Bull. Am. Mus. Nat. Hist. 112(3):195-278.
Schaeffer, C. F. A. 1925. Revision of the New World species of the tribe Donaciini of the
Coleopterous family Chrysomelidae. Brooklyn Museum Science Bulletin 3(3):45-165.
. 1928. The North American species of Hydrothasur with notes on
other Chrysornelidae and a description of new species and a variety ICoL). J. N.Y. Ento'mol. SOC.36(3):287-291.
Tanner, V. M. 1943. A study of the subtribe Hydronomi with a description of new
species (Curculionidae) Study No. VI. Gt. Basin Nat. 4(1 & 2):l-38.
White, R. E. 1966. Nomenclatural changes in the Leaf Beetles (Chn-somelidae, Coleop
tera). Co-op Econ. Insect Rep. 16(12):232.
Wilcox, J. A. 1965. A synopsis of the North American Galerucinae (Coleoptera:
Chrysomelidae). Bull. N.Y. St. Mus. Sci. Serv. 400, 226 p.

THE GREAT LAKES ENTOMOLOGIST

PROJECTED RED PINE YIELDS FROM
ALDRIN-TREATED AND UNTREATED STANDS
DAMAGED BY WHITE GRUBS AND OTHER AGENTS
Richard F. Fowler1 and Louis F. WilsonZ
ANNOTATION
Growth and yield projections were made for the surviving red pines in aldrin-treated
and in untreated plots. Greater financial returns were projected for untreated plots in
three of four plantations. Grubs lowered the stocking levels t o near optimum in three,
and below optimum in the fourth plantation.
INTRODUCTION
Young red pines, Pinus resinosa Ait., during the first few years after planting in the
Lake States, are vulnerable to several injurious agents, including white grubs, the larvae
of May beetles, Phyllophaga spp. (Kittredge, 1929; Craighead, 1950).
The pesticide aldrin3 has frequently been applied at planting time to protect seedlings
from white grubs. More than 12,000 acres of national forest land were treated with aldrin
from 1960 t o 1967 in the Lake States; almost 10,000 of these were o n the Hiawatha
National Forest (Fowler, 1973).
Definitive studies were begun in 1967 on the Hiawatha National Forest t o assess
white grub injury and to determine the effectiveness of three different aldrin treatments
on white grub populations. The studies revealed that white grubs killed many trees and
reduced vigor, but that improper planting practices, diseases, and other agents combined,
accounted for more than half of the total mortality during the f i s t five years after
planting (Fowler and Wilson, 1971a, 1974).
Because of restrictions on the use of hard pesticides, such as aldrin, in 1974 we set
out to determine what degree of damage was tolerable before a pesticide should be used
for grub control. To do this we assessed the overall impact of grubs and other agents by
projecting the growth and yield of the remaining trees in the affected plantations used in
the previous studies.
STUDY AREA AND TREATMENTS
Four white-grub-infested research areas on the Hiawatha National Forest were
machine planted with 3-0 and 2-1 nursery stock in 1967. A randomized complete block
design replicated five times in each planting was used to evaluate three aldrin treatments.
As all aldrin treatments were equally effective, the treatment results are pooled for
analysis in these studies. Further detail of the methods and results of the tests are found
in Fowler and Wilson (1971b, 1974).
The four study plantations, designated Bird, Raco, Townhall, and Townline Lake,
were planted at various stockings from 450 t o 1037 treestacre because of variability in
'Northeastern Area, State and Private Forestry, U.S. Department of Agriculture, Upper
Darby, Pa. 19082.
Z ~ o r t hCentral Forest Experiment Station, U.S. Department of Agriculture, East
Lansing, Michigan 48824.(office maintained in cooperation with Michigan State University
&%is publication reports research involving pesticides. It does not contain recommendations for their use, nor does it imply that the uses discussed here have been registered.
All uses of pesticides must be registered by appropriate State and/or Federal agencies
before they can be recommended.
CAUTION.: Pesticides can be injurious t o humans. domestic animals, desirable plants,
and fish or other wildlife-if they are not handled or applied properly. Use all pesticides
selectively and carefully. Follow recommended practices for the disposal of surplus
pesticides and pesticide containers.
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terrain and obstacles. The Townline Lake area, converted from a poorly stocked
hardwood stand, had the lowest stocking.
White grubs, improper planting, and diseases and other agents reduced the stock
considerably in the first three years after planting. Thereafter, most such "juvenile"
problems diminished and mortality nearly ceased by the fifth year after planting (Fowler
and Wilson, 1974). We thus considered the plantations stable at that time, and
disregarding uncertain future problems from other agents, we began the growth and yield
projections based on the trees remaining at plantation age 5.
GROWTH AND YIELD PROGRAM
Projected values for the study plantings were determined using the "red pine growth,
yield and evaluation" computer program developed by A. L. Lundgren4. Basic inputs
include the following:
1. Nature of the stand (new plantation).
2. Site index of stand (55 and 65, Table 1).
3. Age of stand (3 years at planting).
4. Number of trees per acre (number surviving 5 years after planting, Table 1).
5. Value of expected products (cordwood a t $5.00/cord, sawtimber at
$20/1000 bd. ft.).
The management provisions of the program were drawn from the Timber Management
Plan of the Hiawatha National Forest which basically provides for the growing of red
pine for timber under relatively long rotation. In compliance with the plan, the projected
stands were thinned at 10-year intervals beginning at age 30 or 35 by cutting the stand
back t o 90 square feet of basal area. Twenty years before harvest a shelterwood cut was
made by removing half the remaining basal area. The residual stand was then projected,
the last 20 years without thinning, t o final harvest at 115 or 120 years depending upon
the age at which thinning could begin.
At the start of the program all plantations were considered t o be age zero, but the
trees were actually three years old, the age of the planting stock. We programmed the
computer for projections at five year intervals from age zero (three years) to rotations
age (115 or 120 years).
The model assumes 67 percent of the trees are within 2 inches in diameter of each
other at d.b.h. of 1 0 inches (i.e., 9 to 11 inches), and 95 percent of the trees are within
4 inches in diameter of each other (i.e., 8 t o 12 inches). Cubic foot volume is the total
stem volume, not limited by a merchantable top. Board foot volume is the volume of
saw-timber in trees 9.0 inches d.b.h. and larger using the International 114 inch rule. A
cord includes all mechantable volume in trees 5.0 to 8.9 inches d.b.h.
Interest rates expressed as internal rates of return (IRR) were also computed for each
stand after each projection period, beginning at about stand age 70 years. Lundgren
(1966) gives the IRR as the rate earned over an investment period on all the invested
capital. It is the rate of interest that would make the sum of all compounded costs equal
t o the sum of all compounded incomes. The 1RR is one measure frequently used to
indicate the period during which the stand should be harvested t o realize maximum
profits.
The white grubs and other injurious agents that reduced the planted stock seldom kiu
randomly, which is important to the forest manager because of the resulting "clumped"
distribution of living trees. Pockets of dead trees and the remaining live trees were not
clumped badly enough t o cause concern and we expect that the uneven distribution will
be evened out during the early thinnings.
The costs of the chemical and application were not included in the basic inputs into
the computer program. The chemical itself cost less than $l/acre. Except for periodic
4 ~ r . Lundgren is Principal Economist North Central Forest Experiment Station, St.
Paul, Minnesota 55101. The computer program, not yet published, is based o n growth
and yield equations developed by Dr. Robert Buckman (1962) and Dr. Robert Wambach
(1967), formerly with the North Central Station.
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filling of the dispensing apparatus on the planting machine, extra time or effort was not
expended when the granular form of aldrin was used. Other forms of the chemical and
application methods may add to the cost.
Table 1. Total financial return from red pine cordwood and sawlogs in aldrin-treated and
untreated plots for white grub research areas (in dollars).
Cordwood value*
Research area
Bird
Raco
Townhall
Townline Lake

Treated

608
6 09
783
739

Untreated

566
638
773
68 1

Sawlog value

Total value

Treated

Untreated

Treated

Untreated

1120
1152
1589
1760

1197
1196
1603
1753

1728
1761
2372
2499

1762
1834
2376
2434

*Values are derived from projected growth and yield analyses and are anticipated totals
at time of harvest at 115-120 years rotation.
RESULTS AND DISCUSSION
The growth and yield projections indicated that the plots not treated by aldrin
yielded greater financial returns than the ones treated in all plantings except Townline
Lake, suggesting that the seedling mortality caused by white grubs was beneficial to most
of the stands (Table 1). This apparent benefit occurs because at the higher stocking levels
at the Raco, Townhall, and Bird areas (Table 2); the wood that is produced is spread over
more trees, resulting in smaller diameter trees in any given year. At Townline Lake the
treated plots yielded greater financial returns, presumably because there were too few
trees left in the untreated plots t o completely utilize the site after grub-caused mortality.
The stocking level was near optimum before grub activity, and the aldrin treatment
simply kept the stocking level near optimum on the treated plots by preventing grub
injury. Had grubs killed more trees in the untreated Townline Lake plots, the loss in
yield would have been significantly greater.
The apparent inefficiency of a "well stocked" stand can further be seen by comparing
the financial returns from the Townhall and Townline Lake stands (Table I), which are
on similar sites. The Townline Lake stand earned the most money, yet it had only about
one-third as many trees (Table 2) as the Townhall stand.
Sawlogs provided a slightly greater proportion of the financial return at Townline
Lake (about 72 per cent) compared to Bird, Raco, and Townhall (68, 65, and 67 per
cent). Pulpwood was less abundant at Townline Lake because of the lower stocking, but
the pulpsticks were larger and could be harvested sooner than those in the other stands.
Site played a significantly greater role in growth and yield than white grubs in this
study. The two stands with site indices of 65, Townhall and Townline Lake, yielded far
greater returns than the Raco and Bird stands with site indices of 55, whether they were
treated for white grubs or not.
Table 2. Number of trees per acre for aldrin-treated and untreated stands at plantation age
5 years old.
Trees/Acre
Research area

Site index

Bird
Rado
Townhall
Townline Lake

55
55
65
65

Treated

628
737
829
346

Untreated

45 9
609
745
25 2
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The calculated internal rates of return (IRR) for the plot ranged from 2.8 to 3.6 per
cent-the higher rates occuring on the site index 65 areas. Maximum IRR's were achieved
between plantation ages of 75 and 85 years at the Townline Lake and Townhall plots,
whereas rnaximunl IRR's wcre reached at 85 and 90 years in the Bird and Raco plots.
Based on an econonlic rotation, those stands on the best sites could be harvested up to
1 5 years earlier than the others.
CONCLUSION
White grubs, which are normally considered destructive, may actually be beneficial in
plantations where stocking densities are far above those necessary for optimum growth
and yield. Although further research is needed to determine the best stockin,. densities
for optimum growth and yield under different grub population levels. our experience
indicates that a stand planted in excess of 1000 treeslacre certainlj- could lose one-half or
more of its trees before growth and yield losses from grubs would be significant.
Thus,
where trees are planted at more than 1000 treeslacre and the management plan caUs for
sawtimber production, chemical treatment for white grub control would k of no value
(or of negative value) and should not be recommended.
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GENETIC VARIATION I N RESISTANCE OF SCOTCH
PlNE T O ZIMMERMAN PlNE MOTH1
Jonathan W. Wright, Louis F. Wilson and John N. ~ r i ~ h t ~
Scotch pine (Pinus sylvestris L.), a forest tree introduced from Eurasia, is commonly
planted for Christmas tree and timber use in northeastern United States. In this country
it has numerous insect enemies. Among the most important are European pine shoot
moth, Rhyacionia buoliana (Schiffermiieller); pine root collar weevil, Hylobius radicis
Buchanan;,European pine sawfly, Neodiprion sertifer (Geoffroy); and eastern white-pine
shoot borer, Eucosma gloriola Heinrich. Previous studies (Wright et al., 1967; Wright and
Wilson, 1972; Steiner, 1974) have revealed large genetic differences in resistance to some
of these pests.
Another destructive pest is the Zimmerman pine moth, Dioryctria zimmermani
(Grote). In 1968 this insect, native to the United States, was found attacking trees in a
Scotch pine provenance test in southwestern Michigan. The attack rate was heavy and by
1973 it was obvious that some rams or varieties were attacked more heavily than others.
This is a report o n those differences.
THE INSECT DAMAGE
Zimmerman pine moth larvae injure several native and exotic species of pine, but
prefer open-grown, sapling-size Scotch pine. The larvae may attack lateral shoot tips, the
base of the terminal shoot, or the main stem. After the adult females lay their eggs on
the bark in late summer, the larvae hatch in a few days but do not start feeding until the
following spring. In May or June of the next year they tunnel through the bark into the
cambial region where they feed on wood and adjacent cambium. The injured tree exudes
pitch or oleoresin which becomes coagulated and mixed with frass. This material
accumulates outside the entrance holes. These pitch accumulations may be 1-3 inches in
diameter and are the most visible signs of attack.
An injured lateral or terminal shoot usually dies rapidly and ultimately falls off. Many
attacks are along the main stem, a t the bases of branches (Fig. 1). An injured branch may
die, or it may become weakened and break off during an ensuing storm. Lightly damaged
trees may recover completely with little external evidence of injury.
If several larvae feed at the same level on the main stem, the tree may be completely
girdled. If this happens, the tree may die within 2-3 years. Or, only the portion above the
girdle may die, in which case a lateral branch assumes the place of the leader and the tree
becomes misshaped. Heavily damaged trees are of no value commercially and may be
esthetically undesirable.
TREE MATERIALS AND METHODS
The host materials in this study are part of a Scotch pine geographic origin study
started in 1959 as part of the NC-99 (formerly NC-51) regional project, "Improvement of
Forest Trees Through Selection and Breeding". They include trees grown from seed
collected in 108 natural stands located in all parts of the species' natural range in Europe
and Asia (Fig. 2). Test plantations were established in various parts of Michigan and other

11he work reported here was supported in part by regional research funds from the
U.S. Dept. of Agriculture allotted to Project NC-99, "Improvement of Forest Trees
through Selection and Breeding". Approved for publication as Journal Article No 7196 of
the Michigan Agticultural Experiment Station.
2Professor of Forestry, Associate Professor of Forestry, and Resident Forester of
Dunbar Forest Experiment Station of Michigan State University, respectively. Dr. Wilson
is also Principal Insect Ecologist and Project Leader, U.S.D.A. Forest Service, North
Central Forest Experiment Station, headquartered at East Lansing, Michigan 48824.
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Fig. 1 . Top of a young Scotch pine tree showing a branch (upper left) broken as the
result of feeding by Zimmerman pine moth larvae and the pitch mass exudations
(lower center) typical of larval feeding along the main stem. Such feeding along
the main stem can result in branch breakage, death of the leader and subsequent
stem deformity, or complete girdling and death of the entire tree.
north central states. Information on growth rate, foliage color, minter hardiness, etc. in
those plantations is contained in a paper by Wright e t al. (1966).
The Zimmerman pine moth outbreak occurred in plantation MSFGP 7-61 located on
the Fred Russ Forest near Volinia, Cass County, southwestern .M-i.
The plantation
occupies a level site with a sandy loam soil favorable for the growth of Scotch pine. The
108 seedlots were planted as 2-year-old seedlings in 1961. A randomized complete block
design with 1 0 replicates was used Each replicate contains one 4-tree plot per seedlot.
Original spacing was 8 X 8 ft. As of 1967, when the Zimmerman pine moth damage was
first noticed, mortality in the plantation averaged 19%. Mean height in 1971 was 14.9 ft,
about 10% lower than in the best of 12 similar plantations established in the state.
The Russ Forest plantation was pruned during the summer of 1966, to one-third of
total height. Other observers have noted that adult Zimmerman pine moth females are
attracted t o fresh pitch. That appeared t o be true a t the Russ Forest. During 1966 and
1967 a heavy infestation started to develop. By 1968, up to 50% of the trees of some
seedlots had fresh pitch masses. By the next year, the attack rate had risen to 8 6 5 in
some seedlots, and 2% of all trees had died as a result of girdling by the larvae. Xiany
new attacks were visible again in 1970 although by then the infestation had begun to
decline. By 1973, 49% of all trees had been attacked and 2m were dead as the result of
girdling or were girdled so badly that they seemed destined to die. However, by 1973 the
new attack rate had decreased to a low level and some trees which had been injured i-R
1968 or 1969 were completely recovered. Thus it appears that the infestation has run its
course and that additional damage will be slight.
Two other Scotch pine experimental plantations were established at the Russ Forest
in 1961 and 1963. Thcy wcre left unpmned until the winter of 1974-75. They were
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Fig. 2. Natural range (shaded), points of seed collection for the Russ Forest plantatioq
(black dots) and varieties of Scotch pine. The varieties mentioned in this paper
are AQUitana, ARMena, CARpatica, HAGuenensis, HERcynica, IBErica, ILLyrica,
LAPponica, PANnonica, POLonica, RIGensis, PHOdopaea, SCOtica, SUBillyrica
and URAlensis. The Siberian range of var. MONgolica is not shown. Varieties
PYRenaica (probably resistant), ROManica, ROSsica and VINdelica (all probably

susceptible) were not represented in the plantation.

situated one-fourth to one-half mile distant from plantation 7-61 and have contained
some Zimmerman pine moth damage since 1967. However, the infestations have never
reached epidemic proportions and less than 1% of the trees have died or been seriously
deformed as the result of attack. Light infestations have also occurred in similar
experimental plantations in other parts of the state.
Plantation 7-61, last measured in 1971, has been measured several times previously for
height, foliage color, cone production, and other characters. Zimmerman moth damage
was assessed in 1968, 1969 and 1973. Each time number of trees attacked, number of
trees dead, and number of trees with larvae<aused bole crooks larger than 2 inches were
counted. Each set of measurement data was subjected to analysis of variance.
VARIETAL DIFFERENCES IN SUSCEPTIBILITY
Scotch pine is a genetically variable species. It has been subdivided by taxonomists
into a number of geographic varieties (Ruby and Wright, in press), whose ranges are
shown in Fig. 2. In Michigan plantations as a whole, differences among these varieties
account for 75-9076 of the total genetic variation in traits such as growth rate, foliage
color, and oleoresin composition. The same is true with regard to the data presented here.
Differences among seedlots belonging to the same variety were not statistically significant
although there were large and important differences among varieties. Thus, for convenience, the data are summarized in terms of the geographic varieties (Table 1).
Fast growing timber-type varieties from England and central Europe suffered most.
That is true no matter what the criterion-per cent attack, per cent mortality or per cent
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Table 1. Differences among Scotch pine varieties in growth rate, susceptibility to Zirnmerman moth attack and larval-caused bole crooks.

-

Trees attacked by Zimmerman pine moth

Variety

Country of
origin*

Average
Total trees
height
attacked
in 1971
atage 11 1969
1973
feet

Trees
dead
1973

per cent of trees liv-0

lapponica
septentrionulis
rigensis
mongolica
uralensis

Varieties from northern Eurasia
FIN SWE SIB
7.5
11
SWE NOR
12.1
30
SWE LAT
14.3
46
SIB
12.9
50
SIB
14.4
58

polonica
hercynica
carpatica
haguenensis
pannonica
'E. ,4ngliaY

Varieties from England and Central Europe
POL
17.4
55
62
GER CZE
17.1
56
57
66
65
CZE
18.0
BELFRAGER
18.0
74
71
HUN
16.5
55
62
ENG
16.4
63
75

scotica
iberica
aquitana
subillyrica
illvrica
rhodopaea
armena

Trees
dead
or with
crooked
boles
1973
in 1966

7
18
22
39
31

8
32
40
46
49

25
22
26
35
19
37

55
48
49
70
57
69

Varieties from Scotland, S. Europe and Asia Zfinor
SCO
14.8
41
-i
,7
26
SPA
14.3
43
33
3
-I
FR A
16.1
33
29
ITA
15.1
46
48
YUG
15.4
48
43
9
GRE
16.1
42
41
6
TUR GEO
14.7
37
29
3

49
18
22
38
20
31
18

15
38
47
55
61

7

*BELgium, CZEchoslovakia, ENGland, FINland, FR-ince, GEOrghn S.S.R., GERmany
(East and West), GREece, HUNgary, lTAly, LATvian S.S.R., SORa-al--,F'OLand, Scotland,
SlBeria, SPAin, SWEden, TURkey, YUGoslavia.
crooked trees. In most of these varieties the attack rates were above 605 and more than
50% of the trees died or became severely misshaped.
Next most heavily attacked were the slower growing varieties from Scotland or
northern Eurasia. They are also regarded as timber variedes because in man!- h a t i o n s
they grow straight and have relatively f i e branches. Houever, a l l except var. lappunica
suffered almost as much mortality as did those from central Europe and had a high
proportion of misshaped trees.
One northern variety, lapponica, was exceptional 11s narive r a n e is close to the
Arctic Circle and trees of this variety g o w very slo\vl>-.AI the hekht of the epidemic
they were only 2-4 ft tall, so small as to present littIe attraction to a flying insect.
Probably because of its small size, this variety also has been relatively free from darnage
by other types of insects at other tests plantations.
The least damaged varieties were from southern Europe and Asia Minor. The) are
characterized by moderate g o w t h rates and foliage which remains nearIy as e e n d u r i q
the winter as during the summer. Accordingly they are most in demand by Christmas
tree growers. Among the southern seedlots, 3040% of the trees were attacked, but there
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were usually only one or two pitch masses per tree. Several trees with visible signs of
attack in 1968 or 1969 had completely recovered by 1973. The mortality rate was low,
averaging only 3-9%. For the southern varieties as a whole, only 23% experienced severe
stem crooks or mortality, as compared with 32-70% for trees of more northern origin. If
the plantation had been composed entirely of southern trees, the Zimmerman moth
infestation would probably have amounted to no more than a light thinning.
POSSIBLE NATURE OF THE RESISTANCE
This is the fourth insect for which resistance data have been obtained from plantings
similar to plantation 7-61. One of our first concerns was to learn whether the resistance
is general for all insects or specific for particular insects. This can be done by comparing
attack patterns, as follows:
Varieties which are
Insect

Most resistant
uralensis
scotica & southern
northern
southern

European pine sawfly
Pine root collar weevil
Eastern white-pine shoot borer
Zimmerman pine moth

Most susceptible
iberica
central & northern
southern
central & northern

There was a general similarity between the attack patterns for the pine root collar
weevil and the Zimmerman pine moth. However, even in that case there were important
differences. Variety scotica was resistant t o the pine root collar weevil but not to the
Zimmerman pine moth whereas trees from one place in Greece succumbed to the pine
root collar weevil but not t o Zimmerman pine moth. The attack pattern is totally
different for the other insects, indicating that the resistance mechanism of the trees to
each insect is probably different.
The six southern varieties resistant to Zimmerman pine moth larvae have two
morphological features in common. They have shorter needles (45-57 mm) than more
northern trees (60-75 mm), and have greener winter foliage (less green in var. subillyrica
than in var. scotica) than more northern trees. It is doubtful whether either of these
foliage characteristics explains the relative freedom from damage from an insect which
feeds o n the cambium Certain features of the oleoresin content of the cortex (inner
bark) seem to offer a more probable explanation. The cortical oleoresin composition was
studied by Tobolski et a1 (1971). According to their data there are striking differences in
concentration of two monoterpenes, as follows:
Concentration in cortical oleoresin of
Monoterpene
3-carene
terpinolene

6 resistant southern varieties
1-6%*
0.3-0.9%*

Other, non-resistant varieties
26-58%
2.44.6%

--

*The single seedlot representing resistant var. illyrica had 20% and 1.8% concentrations
of 3-carene and terpinolene, respectively, higher than in other southern trees but still below that found in non-resistant trees.
These monoterpenes are volatile substances present in the fresh pitch. They have
characteristic odors recognizable to humans and some insects. One or both mgy be
attractants to female moths seeking oviposition sites, or may contribute to the nutrition
of the larvae. The possible importance of 3carene was indicated by the study of Renwick
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and Vitd (1970). Working with western pines, they observed that 3carene combined with
beetle pheromones was a potent attactant during the initial attack phase of the western
pine beetle (Dendroctonus brevicornis LeConte).
PRACTICAL APPLICATION
Zimmerman pine moth is one of the most important pests of Scotch pine, especially
in the western part of the lower Peninsula of Michigan where ,Christmas tree plantations
are abundant. It may be that Christmas tree plantations are more prone t o attack than
others because of the practice of annual shearing which creates many small wounds and
fresh oleoresin which can act as an attractant t o female Zimmerman pine moths. Two
decades ago, much of the Christmas tree planting stock was of central European origin.
Because they are among the most susceptible, their use helps to explain why the moth
has been such a pest in some of the early plantations. Now, most growers plant the
winter-green varieties, most of which are resistant to Zimmerman pine moth and the pine
root collar weevil. However, two Susceptible varieties, scotica and 'East Anglia' are still
planted on a large scale. Their further use should probably be restricted in areas where
either of these pests has been important.
For timber production it is necessary to use a fast growing, susceptible variety,
otherwise growth rate is too slow. That being the case, any pruning or mechanical
thinning should be done during the winter if Zimmerman moth damage is t o be avoided.
SUMMARY
A heavy infestation of Zimmerman pine moth started in 1966 in an experimental
plantation established in 1961 at the Fred Russ Forest, Cass County, Michigan. The
plantation consists of 108 seedlots of Scotch pine, representing the species' entire natural
range. The plantation consists of 1 0 replicates, each containing one 4-tree plot per
seedlot. The infestation abated in 1972. As of 1973, six southern varieties suffered an
attack rate of 2 9 4 8 % and a mortality rate of 3-9%; northern and central varieties
suffered an attack rate of 38-75% and a mortality rate of 18-37%. Resistance may be
owing t o low levels of 3carene and terpinolene in the cortical oleoresin of the varieties
from southern Europe and Asia Minor.
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ABUNDANCE OF INSECTS INHABITING
THE M A L E STROBlLl O F RED PINE
William J. Mattsonl
Southwood (1973) concluded that pollen feeding was probably the first step in
the development of the phytophagous habit in insects, because pollen, compared with plant
foliage, is rich in nutrients and low in sewndary defense substances. Surprisingly, little is
known about insects that feed mainly o n pollen. For example, in a bibliography of
insects that feed o n reproductive structures of North American conifers (Barcia and
Merkel, 1972), less than three per cent of 719 references pertained to pollen feeders. This
note reports o n the kinds and abundance of insects found inhabiting clusters of fresh
staminate or male strobili (MS) of 60- to 65-year-old red pine trees in two seed
production areas (SPAs) in northern Minnesota.
METHODS
Just before pollen dispersal in the first week of June 1969, at the Birch Hill and
Portage Lake SPAs, I selected ten trees at random and stratified the crown of each tree
into six cells (upper, middle, and lower levels, of both north and south sides). I counted
all branches in each cell and picked one at random. Then I randomly selected the right or
left side of each sample branch and collected all MS from the side for later counting and
dissection in the laboratory to recover the insects in the MS. To estimate the total
numbers of insectsltree, I added the branch counts and multiplied by the number of
branches in that level, and then summed all levels. To determine if there were significant
differences in insect and flower density associated with the various strata, I subjected the
data t o analyses of variance. Finally, I regressed insect densities against flower densities
per branch and per tree to determine if there were significant relations between these
variables.
RESULTS AND DISCUSSION
Xyelid sawflies (Xyek sp., probably minor), considered to be among the most
primitive Hymenoptera, were clearly the most abundant insects in MS. Other common
species were the jack pine budworm (Choristoneura pinus Freeman: Tortricidae), the
flower moth (Eucordylea sp.: Gelechiidae), the cone worm (Dioryctrkz disclusl Heinrich:
Pyralidae), the Zimmerman pine moth (D. zimmermani (Grate)), and occasional immature
lacewings (Neuroptera: Hemerobiidae), plant bugs (Hemiptera: Miridae), and thrips
(Thysanoptera: Thripidae). Color photos of and biological notes o n most of these insects
can be found in Rose and Lindquist (1973). The relative abundance of each species in
both study areas is shown in the following tabulation:
(in per cent)
Xyek sp.
Birch Hill SPA
Portage Lake SPA

96.3
51.5

C. pinus
1.2
27.2

Dioryctria spp.
1.5
3.6

Eucordylea sp.,
and other species
1.0
17.7

Mean counts k one standard error per tree and per acre, respectively, for all species
combined were 10.6 k 2.1 and 672 2 130 thousand at Birch Hill, and 3.7 k 1.1 and
419 2 126 thousand at Portage Lake.
llnsect Ecologist, North Central Forest Experiment Station, USDA Forest Service, St.
Paul, Minnesota 5 51 08.
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Insect densitieslbranch were least in the upper and greatest in the middle-crown
(Table 1). Differences in insect density were significant (p _< .05) between upper and
middle-crowns but not between other levels, nor between north and south sides. MS
densities were also least in the upper crown but were not different between lower and
middle-cro wns.
Densities of Xyela sp. increased as a power function of MSIbranch in all levels except
one (upper crown at Portage Lake) (Table 2). Densities of other species increased as a
linear function of MSIbranch in all but two levels. Covariance analyses revealed that the
regressions for Xyela were significantly different among crown levels at Birch Hill but not
at Portage Lake. The regressions for other species were different among all crown levels
at both areas. This implies, therefore, that the differences in insect density among levels
were due in most cases to other factors besides variations in MSIbranch.
Differences in the mathematical relations between densities of Xyela and other species
and MSIbranch probably stem from the fact that X y e h sp. deposit their eggs directly in
MS or expanding buds, whereas other species deposit their eggs on foliage or branches
and the resulting larvae must search for MS. Little is known about the behavior of adult
Xyelids except for Ebel's (1966) report that they often form large warms around
flowering pines to mate and feed.
Table 1. Mean insect densities per one-half branch in different crown levels at two seed
production areas. Means followed by the sameletters a?e not significantly @ 1 . 0 5 ) different.
BIRCH HILL
Insect species
Xyela sp.
Other spp.
Ratio:
Insects/male strobilus cluster

Upper

Middle

Lower

Overall
mean

52.la
2.2a

116.5b
4.9b

73.lab
3.0ab

80.5
3.4

3.3b

4.9

36.4a
10.3ab

25.7
8.7

2.2a

2.1

8.7a

5.5ab

PORTAGE LAKE
Xyela sp.
Other spp.
Ratio:
Insects/male strobilus cluster

10.5a
4.4a
2.la

30.la
11.5b
2.0a

Table 2. Mathematical relations between the numbers of insects ( Y ) and male strobili (XIS)
per branch in different crown levels at two seed production areas.
BIRCH HILL
Crown
level

Xyela sp. log(Y) =

r2

Other species Y =

Upper
Middle
Lower

.51 + 1.31 1ogMS
.73 + .98 1ogMS
.53 + .93 1ogMS

.71
.74
.65

1.39 + .19MS
.05 + .22MS
-.50 + .15MS

?

n

n.s.*
.40
.49

14
19
20

PORTAGE LAKE
Uvver
~iidle
Lower

.61 + 7 5 2 loeMS
- .55 + 1.73 1 0 ; ~ s
.67 + 1.69 logMS

-

n.s.*
.74
.77

-.51 + .75MS
3.58 + .25MS
-.67 + .50MS

.74
n.s.*
.93

9
10
10
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The abundance of aU species was highly correlated (I = .93, p = .01) with MS/tree at
Birch Hill but only weakly correlated (I = 5 5 , p = .lo) at Portage Lake. Densities of
MS/tree were roughly equal at both areas but Birch Hill had nearly three times as many
insects/tree. Birch Hill may have had more insects in 1969 because of greater MS
abundance in the preceding years. One would suspect this t o be true because the Birch
HiU stand was only half as dense (63 stems/acre) as the Portage Lake stand and
productivity of male and female strobililtree is known t o increase with decreased tree
density.
LITERATURE CITED
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HABITATS AND POPULATIONS OF THE ANT
STENAMMA DlECKl EMERY I N SOUTHERN MICHIGAN
Mary ~ a l b o t l
The four species of the genus Stenamma recognized for the northeastern United States
are all found in the two square miles of the Edwin S. George Reserve, Livingston County,
Michigan. They are Stenamma diecki Emery, brevicorne (Mayr), impar Forel and schmitti
Wheeler. These ants are not abundant o n the George Reserve as they are in certain
habitats further north. Near Montreal, Qudbec all four are present and diecki, together
with Lasius alienus Foerster and L. pallitarsis (hovancher), are the most abundant and
widespread species of ants in the woods (Francoeur, 1966; Letendre and Pilon, 1972,
1973).
At the George Reserve diecki is also the most common and widespread of the four
Stenamma. During the period between 1954 and 1975 forty-two colonies, or parts of
colonies have been found, and individuals have been picked up at eight other places on
the Reserve. Stenamma brevicorne was next in number of collections (25 colonies and
seven individual ants) primarily because a restricted habitat in which they lived was
studied intensely (Talbot, 1965). S. impar and schmitti were rare. The f i s t was found
eight times and the second only six times.
Stenamma diecki was characteristic of swamps and their edges and was also present in
low places in oak-hickory woods. Most of the colonies were found in three locations. One
was within the tamarack-poison sumac swamp (Larix laricina (DuRoi) K. Kock-Rhus
vernix L.). In this place the large tamarack trees were spaced so that there was enough
light for a thi&, four or five foot high growth of shrubs and forbs such as dogwood
(Cornus sp.), shrubby cinquefoil (Potentilla fmticosa L.), meadow-sweet (Spirea alba
DuRoi) and Joe-Pye-weed (Eupatorium maculatum L.). Under this was a dense layer of
ferns, sedges and grasses. A variety of mosses covered the floor which was uneven, with
many raised humps over loose, moist, black, muck soil.
A second favorable location was a thoroughly moist strip of wood-swamp ecotone just
above the tall fern and shrub border of the swamp and where trees such as aspen
(Populus tremuloides Michx.) and red maple (Acer rubrum L.) bordered the woods. The
ground was loose and its surface was covered with a trashy layer of twigs and leaves. The
ants took advantage of any place where the soil was firm and most of the colonies were
on tree roots which were an inch or two below the surface. Often the soil above the nest
was covered with a small moss. Other colonies were in little raised mounds of soil, with
or without moss wvering. Sometimes tangled fern or shrub roots made a firm base.
Usually the nest sites were free of mold hyphae although hyphae were numerous in the
looser soil.
Outside the swamp environment the most favorable location for diecki nests was in
the kettle holes which occurred in the oak-hickory woods. These small, roughly circular,
glacier-made depressions, with steep slopes, were moist habitats with large trees of black
cheery (Prunus serotina Ehrh.), soft maple U c e r saccharinum L.), hickory (Carya ovata
(Mill.) K. Kock), and white and black oaks (Quercus alba L. and Q. velutina Ehrh.).
There was a definite shrub layer of young cherry, blueberry or hazelnut but few ground
plants. The soil, which was loose and much tunneled, was covered by an accumulation of
leaves and twigs, often riddled with mold hyphae. Colonies lived only in the small places
where the ground was firm. As in the swamp, most were found in the inch or two of soil
on roots near the bases of trees and a few were in small, moss covered mounds of soil.
Sometimes an acoIn, buried in leaves, was used for some or all of a colony. Only
occasionally did the ants use wood. One colony lived in very soft wood under a rather
solid log sunk into the soil and one was in an old stump, down below the soil level where
it would not dry out.

lThe Lindenwood Colleges, St. Charles, Missouri 63301.
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Nests were similar wherever found. They consisted of one, two or three small, smooth
chambers. Most were very near the surface, often just beneath a covering of a small moss
or within the fust inch of soil, but some were two, three, four or five inches down in the
ground. Two chambers of a nest might be at different levels, one almost under the other,
or they might be side by side. Usually they were within two or three inches of each
other but they could be as far away as a foot. Some chambers were rounded and some
were irregular in shape. They ranged from one-half to one inch in diameter and from
one-fourth to three fourths inch in height.
When a colony was disturbed the ants moved slowly but most would start down out
of sight immediately. Queens were especially good at disappearing in this manner. Later,
workers returned to pick up scattered brood. A good collecting technique, when trying to
get a whole colony, was t o return next day t o see if any stray ants had reorganized near
the disturbed area.
Other ants characteristic of the diecki environment, either deep woods or swamp,
were: Amblyopone pallipes (Haldeman), Myrmica punctiventns Roger, Mynnecina americam Emery, Leptothorax longispinosus Roger and Lasius alienus (Foerster). Other
characteristic ants, more or less restricted t o the swamp environment, were: Leptothorax
muscorum (Nylander), Camponotus novaboracensis (Fitch), Lasius pallitarsis (Provancher),
Lasius speculiventris Emery and Lasius minutus Emery.
Eggs and larvae of diecki were present o n June 10, the time of the earliest record and
worker pupae were found by June 22. All three were present all summer. On September
16 (the latest collection) a great many to-beqverwintered larvae were in the nest, along
with a few e g s and one worker pupa. Pupae of alates were found from July- 1 t o
September 1. Adult alates were found from July 19 t o September 8 but there were none
in colonies collected September 10 and 16. It seems possible that fhghts had been taking
place at about this time. M. R. Smith (1957) states that mating fhghts may rake placc
from spring t o fall with a tendency for older colonies t o overwinter the alarer Letendre
and Pilon (1972) report finding a fertile alate female alone on the s o u n d on
September 15.

Table 1. Populations of 15 colonies of Stenamma diecki'Emery at the E. S. George Resen-e,
Livingston County, Michigan.
Adult
Date

Total
Mean

Pupa

Queen Worker Male Female

16
1.0

840
56.0

143
9.5

56
3.7

Male Female Worker

124
8.3

156
10.4

565
37.7

Larvae Eggs Total

1173
78.2

446 3519
29.7 234.5
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Colonies were small. The largest one collected was taken in the fall when worker and
larva populations had been built up for the winter. A total of 413 were captured of
which 221 were workers (Table 1). Females were elusive and colonies are considered to
be monogynous. Thus some collections showed no nest queen. The two collections when
there were four and three dealate females were taken when there were alates in the nest
and the extra females may represent some of those which had lost their wings. Ten
colonies which had alates (pupae or adults) averaged 47.9 alates of which 26.7 were
males and 21.2 were females. Alates made up 24.13% of these colonies.
OTHER STENAMMA OF THE GEORGE RESERVE.

Stenarnrna brevicorne differs from diecki in several ways. Although it is known to live
in woods, all the collections but one were made in a low field bordering a marsh (Talbot,
1965). This field, was only slightly higher than the marsh and had ground water very
near the surface during spring rains, but could become quite dry in mid-summer. It was
characterized by a great variety of flowering forbs mixed with grasses and there were a
few scattered woody plants such as shrubby cinquefoil, meadow-sweet and trailing
blackberry. The soil was clay-loam for four or five inches and then almost solid clay.
On this field brevicorne was a common ant, and was found 23 times on 40 yard
square plots. It and Lasius flavus (Fabricius) were the characteristic ants of the habitat.
Other common species were Brachyrnyrrnex depilis Emery, Ponera pennsylvanica Buckley,
Myrmica sp. and Leptothorax ambiguus Emery.
Nests of brevicorne seemed slightly larger than those of diecke (one to four chambers)
and some extended deeper. Most were within the first six inches of soil but some went as
deep as 1 3 inches. Chambers were larger, most over an inch in diameter and a half inch
high. All were very smooth walled.
Larvae were present all summer and were overwintered. Worker pupae were recorded
on June 23 (the first collection) and were still present on September 10 (the last
collection). Alate pupae were found from July 9 through August 11, and adult alates from
August 1 0 through September 10. Perhaps some fly in the fall on warm days. They may
Table 2. Populations of 15 colonies of Stenamma brevicorne (Mayr) at the Edwin S. George
Reserve, Livingston County, Michigan.
Adult
Date

Total
Mean

Pupa

Queen Worker Male Female

8
.5

854
56.9

13
.9

76
5.1

Male Female Worker

75
5.0

45
3.0

592
39.5

Larva Eggs Total

1004 337 3004
66.9 22.5 200.3
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be overwintered, t o fly the next spring. Paul Kannowski (1958) reported a swarm of
males o n the afternoon of May 2 at about 70°F and he took a female in flight in the late
afternoon of May 30.
Table 2 gives a record of populations of 15 colonies taken from the low field.
Stenamma impar and schmitti were rare but their distribution seemed similiar t o that
of diecki-low, moist woods. Alates of impar were found o n August 19 and alate pupae
of schmitti on August 6. Winter records from a moist woods in Missouri (Talbot, 1957)
give a better account of them Stenamma impar was found o n 1 0 of 40 yard square plots
dug. Eight complete colonies averaged 108 individuals of which half were workers. Larvae
were overwintered and a few eggs were still present in November. Winter chanbers ranged
from four t o 1 6 inches deep with a mean of 10.1 inches. Usually there was only one
chamber per colony. No dates were found between September 6 and April 28.
Stenamma diecki was collected seven times in this same Missouri woodland. Colonies
might have one, two, three, or four chambers and their winter depth ranged from five to
15 inches with a mean of 10.5 inches. Larvae were overwintered and four complete
colonies had a mean population of 227 of which 121 were workers. The largest colony
(September 29) consisted of 310 workers, 67 larvae, 9 eggs, 35 males and 31 females.
Males and females were found in September and October.
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A LIST OF THE ANTS (HYMENOPTERA: FORMICIDAE) OF THE
EDWlN S. GEORGE RESERVE, LIVINGSTON COUNTY, MICHIGAN
Mary ~ a l b o t l
The Edwin S. George Reserve is located in southern Michigan. Here live a very large
number of species of ants for an area this far north and consisting of only two square
miles. This large number of species is apparently owing to the variety of terrain which
has resulted from glacial activity.
High parts tend to be sandy and dry. They are covered with dense to sparse
oak-hickory woods, with prairie-like fields supporting a heavy covering of grasses and
forbs, or being so dry that plants are spaced. Low areas are filled with deep woods such
as those in glacial kettle holes, are occupied by moist meadows where ground water is
sometimes near the surface, or they are covered by marshes of reeds and cat-tails, by
swamps of tamarack and poison sumac or by Chamaedaphne-Sphagnum bogs.
Characteristic ants are found in these varied habitats. The western thatching ant,
Formica obscuripes builds its mounds on the high, dry fields, while Formica ulkei
mounds are found only near water. Lasius pallitarsis, common farther north, is restricted
t o swamps and their edges. Myrmica incompleta has been collected only on a floating
bog, and Dorymyrmex pyramicus is known only from a gravelly, barren slope.
Twenty-four summers of field work o n the ant life of the Reserve have yielded
discoveries which might not have been made under less exhaustive efforts. The workerless
social parasites of Formica obscuripes were first seen while flights of obscuripes were
under observation, and the workerless parasites of Monomorium minimum were dug out
during a population study of minimum.
SPECIES OF ANTS KNOWN TO OCCUR ON
THE EDWIN S. GEORGE RESERVE^
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Amblyopone pallipes (Haldeman)
Proceratium silaceum Roger
Ponera pennsylvanica Buckley
Myrmica arnericana weber3
Myrmica incompleta Provancher
Myrmica discontinua Weber
Myrmica emeryana Fore1
Myrmica fracticornis Emery
Myrmica monticola Wheeler
Myrmica spatulata M. R. Smith
Myrmica pinutorum Wheeler
Myrmica punctiventns Roger
Stenamma brevicorne (Mayr)
Stenamma diecki Emery
Stenamma impar Forel
Stenamma schmitti Wheeler
Aphaenogaster fulva Roger

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Aphaenogaster rudis Emery
Aphaenogaster tennesseensis (Mayr)
Aphaenogaster treatae Fore1
Crematogaster lineolata (Say)
Crematogaster cerasi (Fitch)
Monomorium minimum (Buckley)
Monomorium-undescribed workerless
parasite of Monomorium minimum
Solenopsis rnolesta Say
Myrmecina arnericana Emery
Leptothorax ambiguus Emery
Leptothorax curvispinosus Mayr
Leptothorax 1on.gispinosus Roger
~ e i t o t h o r a xschauki Roger Leptothorax texanus Wheeler
Leptothorax muscorum (Nylander)
Leptothorax duloticus L. G. Wesson

l ~ h Lindenwood
e
Colleges, St. Charles, Missouri 63301.
2 ~ h ant
e names in this list follow Creighton (1950) except where more recent papers
have been available. These studies and the genus or species involved are Amblyopone
(Brown, 1960); Ponera pennsylvanica (Taylor, 1967); Crematogaster (Buren, 1958);
Leptothorax muscorum (Brown, 19 55); Smithistiuma (Brown, 1953); Lasius (Wilson,
1955); Acanthomyops (Wing, 1968); Formica (sanguinea group) (Buren, 1968); Formica
(fusca group) (Francoeur, 197 3):
3All of the species of Myrmica have been verified using the old classification. Andre'
Francoeur is beginning a much needed revision of the genus. When this is completed any of
the names may be changed.
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Leptothorax hirtimrnis Emery
Smithistruma pergandei (Emery)
Smithistruma pulchella (Emery)
Dolichodems rnariae Fore1
Dolichodems plagiatus (Mayr)
Dolichodems pustulatus Mayr
Dolichoderus taschenbergi (Mayr)
Dorymyrmex (=Conomyrma?) pyramicus
(~oger)
42. Tapinoma sessile (Say)
43. Brachy myrmex depilis Emery
44. Camponotus americanus Mayr
45. Camponotus pennsylvanicus (DeGeer)
46. Camponotus noveboracensis (Fitch)
47. Camponotus caryae (Fitch)
48. Camponotus nearcticus Emery
49. Paratrechina parvula (Mayr)
50. Prenolepis imparis (Say)
5 1. Lasius pallitarsis (Provancher)
52. Lasius alienus (Foerster)
53. Lasius neoniger Emery
54. Lasius f7avus (Fabricius)
55. Lasius nearcticus Wheeler
56. Lasius umbratus (Nylander)
57. Lasius speculiventris Emery
58. Lasius minutus Emery
59. Acanthomyops claviger (Roger)
60. Acanthomyops intejectus (Mayr)
61. Acanthomyops latipes (Walsh)
62. Acanthomyops murphyi (Forel)

34.
35.
36.
37.
38.
39.
40.
41.

63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.

86.
87.
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Acanthomyops subglaber (Emery)
Formica lasioides Emery
Formica neogagates Emery
Formica vinculans Wheeler5
Formica pergandei Emery
Formica subintegra Emery
Formica rubicunb Emery
Formica subnuda Emery
Formica creightoni Buren
Formica-undescribed sanguinea
P"'P
Formica dakotensis Emery
Formica obscuripes Forel
Formica obscuriventris Mayr
Formica nepticula Wheeler
Formica sp.? (microgyna group)
Formica (microgyna group)
undescribed workless parasite of
Formica obscuripes
Formica exsectoides Fore1
Formica ulkei Emery
Formica glacialis Wheeler
Formica subsericea Say
Formica fusca Linnaeus (subaenescens
type)
Formica neorufibarbis Emery
Formica pallidefulva nitidiventris
Emery
Formica schaufussi Mayr
Polyergus lucidus Mayr
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%hen the genus Dorymyrmex is revised, this may be an incorrect identification.
5Although Creighton (1950) placed Formica vinculans Wheeler in synonymy, it seems to
be a good species.
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