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AQUATIC HYDROPHILIDAE AND HYDRAENIDAE OF WISCONSIN
(COLEOPTERA). II. DISTRIBUTION, HABITAT, LIFE CYCLE AND
IDENTIFICATION OF SPECIES OF HYDROBIINI AND
HYDROPHILINI (HYDROPHIUDAE: HYDROPHILINAEJ 1
William l. HilsenhofP

ABSTRACT
Nine genera and 30 species of Hydrobiini and 3 genera and 12 species of
Hydrophilini were found in Wisconsin, including a new species of Laccobius.
Life cycles of all species of lentic Hydrobiini were similar; adults overwinter
in terrestrial habitats, return to aquatic sites in spring to mate, oviposit ad
jacent to these sites, and eventually die. The riparian larvae complete devel
opment, pupate, and emerge sometime during the summer depending on the
species and habitat, and teneral adults disperse to suitable aquatic habitats.
Adults enter overwintering sites in late summer or early autumn. Lotic
species of Cymbiodyta have a similar life cycle, with larvae probably develop
ing along stream banks. Other lotic species, Crenitis digesta, Hydrobius
melaenus, and Sperchopsis tessellata, apparently are semivoltine with both
larvae and adults overwintering along margins of streams. In Hydrophilini,
life cycles of Hydrochara and Hydrophilus are the same as described above for
lentic Hydrobiini, except larvae are aquatic, developing in lentic habitats. Life
cycles of Tropisternus also differ in having aquatic larvae; they differ further
in having adults that overwinter in aquatic habitats, especially streams, deep
ponds, and lakes, which they enter in late summer and autumn. Tropisternus
ellipticus is lotic, with larvae and adults inhabiting streams, and larvae com
pleting development in mid-summer. Keys to species of adults are included
along with information about each species, which includes distribution and
abundance in Wisconsin, range in North America, habitat, life cycle, and notes
on identification.

Part I (Hilsenhoff 1995) contains a Materials and Methods section, a key
to genera, and a map of Wisconsin that divides the state into nine regions and
assigns a number to each county. Areas of the state and county records in the
"Distribution and Abundance" section under each species refer to this map.
Part I covers species of Hydraenidae and three genera of Hydrophilidae,
Helophorus (Helophorinae), Hydrochus (Hydrochinae), and Berosus (Hy
drophilinae: Berosini); until recently (Newton and Thayer 1992), Berosini had
subfamily status.

lResearch supported by the College of Agricultural and Life Sciences and the Grad
uate School at the University of Wisconsin-Madison.
2Department of Entomology, University of Wisconsin, Madison, WI 53706.
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HYDROPHll..INAE: HYDROBIINI
While adults of Hydrobiini are aquatic and variously adapted for swim
ming by having long setae on their meso- and metatarsi, their larvae are ri
parian, living near the land-water interface (Richmond 1920). Larvae of
Enochrus, Hydrobius, and Sperchopsis, which probably live in closer contact
with the water than other Hydrobiini larvae, were sometimes collected while
sampling aquatic habitats. In these genera, however, much fewer larvae were
collected in relation to numbers of adults than in genera of Berosini and Hy
drophilini, which have aquatic larvae. Richmond (1920) described eggs and
larvae of Anacaena, Cymbiodyta (2 species), Enochrus (5 species), Hydrobius,
Laccobius, and Paracymus, and added notes on their habitat and life history.
Upon emergence, adults apparently return to nearby aquatic habitats or dis
perse widely, but remain only a short time in aquatic habitats before flying to
terrestrial overwintering sites. Most species were univoltine.
Most Hydrobiini adults were collected with a D-frame aquatic net, and
only Hydrobius fuscipes adults were collected in significant numbers by bottle
traps (Hilsenhoff 1991). Substantial numbers of many species were collected
by light traps, which is noted under those species.
Anacaena Thomson, 1859
Anacaena needs revision in North America. Berge Henegouwen (1986) re
vised Anacaena in Europe, finding five species; he reported one, A. lutescens,
also occurred at Alexandria, Minnesota. Since 1926, when Winters syn
onymized A. infuscatus Motschulsky, 1859 with A. limbata (Fabricius, 1792),
reports of Anacaena from the northern United States and Canada have been
attributed to A. limbata. Apparently only one species occurs in Wisconsin; it
probably is parthenogenetic since no males were found among more than
1,000 adults that were sexed. Females fit Berge Henegouwen's description of
A. lutescens, except that the shiny area at the apex of the metafemur is
slightly smaller than he illustrated; they differed greatly from his description
of A. limbata. Berge Henegouwen reported males of A. lutescens were rare,
and speculated that the species may be parthenogenetic in acid situations. He
also suggested A. lutescens may be a species complex. I refer to Wisconsin
specimens as A. lutescens, but believe a future revision may show them to be
a related, but as yet undescribed species.
Anacaena lutescens (Stephens, 1829)
Distribution and Abundance: Abundant statewide (Table 1). County
records: 1-72. Range: Uncertain.
Habitat: Adults were collected from all types oflentic habitats, especially
from shallow ponds and marshes; they also occurred frequently along margins
of streams. Only three were collected at lights.
Life Cycle: Adults occurred 27 March-27 October, with most overwinter
ing adults being collected in April and May (41%). Teneral adults (725) oc
curred 11 June-23 September, 31% in July and 66% in August. Adults appar
ently overwinter in terrestrial habitats, mate and lay eggs in the spring, and
then die as suggested by rapidly declining numbers in June. Low numbers in
July (7%), large numbers in August (31 %), and declining numbers in Septem
ber (9%) probably represent recently emerged adults that soon will enter ter
restrial overwintering sites to complete a univoltine life cycle.
Identification: The small size, black head, piceous pronotum with

Table 1. Numbers of Hydrobiini adults collected 1962-1994 from nine areas of Wisconsin (Fig. 1 in Hilsenhoff 1995), McKenna Pond
(McK), and Leopold Memorial Reserve (LMR).

Species

NW

NC

NE

WC

C

EC

SW

SC

SE

McK

LMR

TOTAL

Anacaena lutescens
Crenitis digesta
Cymbiodyta acuminata
C. blanchardi
C. chamberlaini
C. minima
C. semistriata
C. toddi
C. vindicata
Enochrus cinctus
E. collinus
E. consort us
E. diffusus
E. hamiltoni
E. horni
E. ochraceus
E. perplexus
E. pygmaeus nebulosus
E. sayi
Helocombus bitidus
Hydrobius fuscipes
H. melaenus
Laccobius agilis
L. fuscipunctatus
L. minutoides
L. reflexipenis
L. spangleri
L. truncatipenis
Paracymus subcupreus
Sperchopsis tessellata

619
2
31
0
0
14
0
0
41
5
0
0
0
37
17
189
2
0
0
8
92
3
2
0
0
0
1
0
57
4

441
1
16
0
0
8
0
0
69
4
2
1
0
26
28
198
1
0
0
6
138
8
1
0
2
1
5
0
70
0

498
1
14
0
0
1
1
0
35
5
0
2
0
13
14
95
0
0
3
3
101
2
6
0
7
1
5
0
42
1

142
1
0
0
0
0
0
0
3
5
0
3
0
40
13
223
2
3
1
1
33
5
2
0
3
0
1
0
21
4

205
3
15
0
0
8
0
1
0
12
2
8
0
32
23
207
2
1
2
5
44
0
3
0
4
0
3
1
52
4

376
0
28
1
1
8
0
1
3
12
3
1
1
55
83
110
0
0
0
6
108
5
2
0
0
0
2
0
33
0

196
2
4
1
11
9
0
1
10
39
1
5
0
115
53
263
2
12
9
3
61
4
1
17
0
0
17
0
58
7

476
1
4
4
21
11
4
0
11
257
3
12
1
98
109
434
3
52
152
5
154
48
11
110
0
0
21
0
114
6

599
5
3
0
0
10
0
1
10
37
3
7
4
120
108
387
1
1
3
9
70
1
0
0
0
0
8
0
138
0

0
0
0
0
131
0
0
1
7
0
169
1
441
6963
11446
4
13
88
5
102
0
0
0
0
0
16
0
956
0

18
0
0
0
0
1
0
0
0
3
1
2
0
23
26
99
0
0
8
0
20
0
0
0
0
0
0
0
34
0

16
115
6
33
201
5
4
183
386
15
210
7
1000
7437
13651
17
82
266
51
923
76
28
127
16
2
79
1
1575
26
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broadly pale lateral margins, and brown elytra are distinctive; in recently
emerged adults the pronotum and elytra are similar in color. The transverse
mesosternal carina is sharply peaked, unlike in adults of Crenitis digesta.
Crenitis Bedel, 1881
One species was found in Wisconsin; others occur farther south and in
mountainous regions.
Crenitis digesta (LeConte, 1855)
Distribution and Abundance: Rare statewide (Table 1). County
records: 2, 3,9, 17,26,38-39,50,61, 70.
Habitat: All adults were collected from streams, except one from a
swamp.
Life Cycle: Adults occurred 27 April-24 October, most before June 21;
teneral adults (4) were found 27 April-21 June, and again 17 September. Ap
parently both adults and larvae overwinter, with eggs being laid from spring
into summer and larvae completing development in late summer, autumn, or
the following spring. Because the habitat adjacent to spring-fed streams is
often cold, the life cycle may be semivoltine instead of univoltine.
Identification: Adults are slightly larger than most Paracymus and
Anacaena, which they resemble. They can be readily identified by characters
in the key (Hilsenhoff 1995).
Cymbiodyta Bedel, 1881
Smetana's revision (1974) provided descriptions of all species, a species
key, and additional information on distribution, bionomics, and identification.
Except for one Palearctic species, all species are restricted to North America.
Seven species were collected in Wisconsin, and Smetana's distribution records
suggest no other species occurs here. Three species were predominantly lentic
and four almost exclusively lotic; the normal, but not exclusive, habitat is
noted in the key below. Identifications oflotic species from lentic habitats, and
vice versa, should be carefully checked. Adults resemble those of Enochrus,
but their maxillary palpi are quite different. The pseudobasal segment curves
inward and the last two segments are subequal in length. In Enochrus, the
pseudobasal segment curves outward and the penultimate segment is dis
tinctly longer than the apical segment.
Both lentic and lotic species apparently have a similar univoltine life
cycle. Adults enter aquatic habitats in early spring to mate, and oviposit at
the margins. Larvae complete development in adjacent riparian habitats and
pupate mostly in mid-summer, with adults emerging shortly thereafter. After
returning to aquatic habitats for a short period, adults enter terrestrial over
wintering sites, which likely are adjacent riparian habitats.

Key to Species of Adult Cymbiodyta in Wisconsin
1.

Clypeus with orange spot in front of each eye, which may be obscure;
apex of last abdominal sternum distinctly emarginate; lotic ........ 2
Clypeus entirely black; rarely, adults of toddi and semistriata have or
ange clypeal spots, but their sternal apex is never emarginate ..... 3
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2(1). Elytra and pronotum piceous to black; apical abdominal notch almost as
wide as apex of metatibia; larger, 5.0-6.3 mm long .... chamberlaini
Elytra reddish brown to brown; apical abdominal notch narrow, < half
width of metatibia at apex; smaller, 3.9-4.6 mm long .... blanchardi
3(1). Elevated middle of mesosternum formed into a large tooth; lentic;
3.8-5.0 mm long........................................... acuminata
Elevated middle of mesosternum with at most a small tooth .......... 4
4(3). Small, 3.0-3.8 mm long; elevated middle of mesosternum narrowly
transverse, often with a small tooth; anterior of pronotum broadly
testaceous; lentic ............................................. minima
Larger, > 4.0 mm long; elevated middle of mesosternum an arcuate,
transverse ridge; anterior of pronotum narrowly testaceous ........ 5
5(4). Non-pubescent area ofmetafemur confined to no more than apical fifth;
apex of last abdominal sternum shallowly emarginate; inner margin
of parameres abruptly narrowed before rounded apex (Fig. 0; len tic;
4.2-5.5 mm long ............................................ vindicata
Non-pubescent area of metafemur confined to about apical fourth; apex
of last abdominal sternum evenly rounded; inner margin of parameres not abruptly narrowed before apex (Figs. 2-3); lotic ......... 6
6(5). Parameres sinuate laterally before sharply pointed apex (Fig. 2); prono
tum not rapidly narrowed from base to apex; 5.0-5.4 mm long.. toddi
Parameres convex laterally before rounded apex (Fig. 3); pronotum
rapidly narrowed from base to apex; 4.4-5.0 mm long... . semistriata

Cymbiodyta acuminata Fall J 1924
Distribution and Abundance: Fairly common in northern two-thirds,
uncommon in southern third (Table 1). County records: 2-3, 6, 8-9,11-12,14,
17-19,34, 40, 42, 45, 47-48, 51, 54, 57, 59, 63, 67. Range: AK-ME-NY-WA.
Habitat: Adults were collected from shallow ponds, marshes, and mar
gins of swamps, which often are dry by late summer.
Life Cycle: Adults were found 27 March-22 August, 31% in April and
40% in June. Teneral adults (8) occurred 19 July-22 August.
Identification: The very large tooth on the mesosternum is diagnostic.

Figures. 1-4. Male genitalia (same scale) of Cymbiodyta (ventral view). 1. C.
vindicata. 2. C. toddi. 3. C. semistriata. 4. C. minima.
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Cymbiodyta blanchardi Horn, 1890
Distribution and Abundance: Rare in east-central, southwest, and
south-central areas (Table 1). County records: 46,56-57. Range: ON-PQ-GA
MO-WI.
Habitat: Six adults were collected from small, spring-fed streams or
springs.
Life Cycle: Adults occurred 28 February-30 April, and 11 August--1 No
vember; the August specimen was teneral.
Identification: The broad orange spot in front of each eye, which may be
obscure in dark specimens, is also found in C. chamberlaini, but the smaller
size and brown elytra distinguish C. blanchardi.
Cymbiodyta chamberlaini Smetana, 1974
Distribution and Abundance: Uncommon in southwest and south-cen
tral areas, rare in east-central area (Table 1). County records: 46, 50--51, 54,
56--58,60-61. Range: WI-VT-FL-TX.
Habitat: Almost all adults were collected from small streams or springs;
one was found in a river slough and another in a pond.
Life Cycle: Twenty-six adults occurred 21 March-12 May; three teneral
adults were found 5 August-13 October along with five mature adults.
Identification: Separation from C. blanchardi is discussed under that
species. The orange spot in front of the eye is frequently obscure in mature
adults. Such adults could be confused with those of the smaller C. vindicata,
which infrequently occur in lotic habitats. Elytra of C. vindicata are more
coarsely punctate, with punctures laterad of the second stria separated by
about the width of a puncture or less, while in C. chamberlaini punctures are
often separated by twice their width.
Cymbiodyta minima Notman, 1919
Distribution and Abundance: Uncommon statewide (Table 1). County
records: 2-4, 6,8-10,12-15,19,33,36-37,39,44-45,47-48,51,54,57-58,
60-61,64,66--68,71-72. Range: BC-ME-AL-AR-MB-WA
Habitat: Adults were collected from shallow ponds, marshes, swamps,
and occasionally from margins of streams. Sixty-nine percent were collected
by blacklight traps, almost all at McKenna Pond.
Life Cycle: Adults occurred 4 April-l October, 91% from May-August,
with peak numbers in July. Teneral adults (73) were found 10 July-3 Sep
tember; 64% of adults collected July-September were teneral.
Identification: Adults are smaller than those of other species. Their
small size, broadly testaceous anterior pronotal band, extremely shallow api
cal notch on the last abdominal sternum, and very small tooth on the
mesosternal crest of most individuals is distinctive. The apically narrow and
parallel parameres with rounded tips (Fig. 4) are diagnostic for males.
Cymbiodyta semistriata (Zimmermann, 1869)
Distribution and Abundance: Very rare statewide (Table 1). County
records: 18,33,57,60. Range: ON-NB-SC-CO-WI.
Habitat: All adults were collected from small, spring-fed streams.
Life Cycle: Adults occurred 12 April-29 September; one found 11 June
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was teneral. The early occurrence of a teneral adult suggests both adults and
larvae may overwinter in habitats adjacent to small streams.
Identification: Adults of C. toddi are very similar. Males have distinctive
genitalia (Figs. 3), but females are not easily separable from C. toddi females,
which are more elongate, somewhat longer, and do not have a pronotum that
is rapidly narrowed from base to apex.

Cymbiodyta toddi Spangler, 1966
Distribution and Abundance: Very rare statewide (Table 1). County
records: 38, 42, 56, 67. Range: MB-NY-GA-OK-ND.
Habitat: All adults were collected from small streams with warmer water.
Life Cycle: Adults occurred 3 May-21 August; one collected 3 August was
teneral.
Identification: Separation of adults from those of C. semistriata is dis
cussed under that species.
Cymbiodyta vindicata Fall, 1924
Distribution and Abundance: Common in northern third to uncommon
in southern third (Table 1). County records: 1-5,8-9,11-15,17-19,22,24,30,
32-33,36,44,47,50,54,56-58,60-61,64-66,72. Range: BC-NF-FL-MS-ND
WA+CO.
Habitat: Adults were collected from a variety of lentic habitats and occa
sionally from streams; most frequently they were found in swamps and other
boggy situations.
Life Cycle: Adults occurred 25 February-19 October, 94% April-August;
teneral adults were found 26 June-19 October, 76% in August.
Identification: The low, arcuate, transverse mesosternal ridge of adults
differs significantly from the narrowly arcuate ridge of C. minima and the dis
tinctly toothed ridge of C. acuminata, the two other lentic species. Specimens
collected from lotic habitats should be identified with care.

Enochrus Thomson, 1859
Gundersen (1977) described six new species and seven new subspecies
from the Nearctic region, designated severallectotypes, and subsequently re
vised Nearctic Enochrus (1978). In the subgenus Lumetus Gundersen syn
onymized E. conjunctus (Fall, 1901), E. collinus Brown, 1931, and E. homi
Leech, 1950, with E. hamiltoni Horn, 1890, and recognized only two other
species, E. diffusus and E. reflexipennis (Zimmermann, 1969). The latter is an
East Coast species. He treated E. hamiltoni as a polymorphic species with
three color forms, "light", "typical", and "dark". Unfortunately his "light" form
"(horni-form, totally light)" does not conform with Leech's (1950) description
of E. homi "pronotum black discally", and his "typical" form "(hamiltoni-form,
only pronotal center dark)" differs somewhat from the color of the lectotype he
designated. The color forms are sympatric in Wisconsin and differ from each
other and from E. diffusus in size, color, and the shape of the clypeal emar
gination. I have chosen to recognize the three color forms in Wisconsin as
species, namely E. collin us , E. homi, and E. hamiltoni.
When Leech (1950) described E. homi, he believed it was "an inland
species" that differed from E. hamiltoni, which he believed to be "a brackish
water species, rarely occurring at any distance inland." He also suggested that
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Horn's type series of E. hamiltoni "was composite", consisting of more than
one species. Leech (1950) illustrated the clypeus of an E. hamiltoni adult from
Staten Island, NY, as not being emarginate, but in Gundersen's lectotype ofE.
hamiltoni from New Jersey, which I examined, the clypeus is emarginate as
in Figure 11 and distinctly different from that of E. homi and similar to that
of E. diffusus as illustrated by Figs. 9 and 10 and Leech's Figs. 6B and 6C.
Miller (1964) designated cotype 4 as the lectotype from four cotypes of E. dif
fusus because it was the only specimen that fit the accepted concept (Leech
1950) of the species. I believe names I assigned to Wisconsin specimens of
Lumetus are correct, but suspect additional species occur in other areas of
North America. The subgenus Lumetus needs further revision and Gundersen
(personal communication) concurs.
Enochrus is the most abundant and widely-distributed hydrophilid genus
in Wisconsin, primarily because E. homi and E. ochraceus are among the
most abundant species of Hydrophilidae. Ten species were collected; two oth
ers may occur in Wisconsin. All are predominantly lentic and have a similar
univoltine life cycle, which is not repeated below. Adults apparently overwin
ter in terrestrial habitats and fly to breeding sites in spring, usually in April
and May. There they mate, oviposit, and die. Larvae begin development in ri
parian habitats in spring, but most do not pupate, emerge, and enter aquatic
habitats until mid- to late summer. Mter emergence they disperse widely, as
evidenced by numerous adults in black1ight traps; they probably enter terres
trial overwintering sites within a week or two after emergence. County
records marked with an asterisk are from Gundersen (1967).

Key to Species ofAdult Enochrus in Wisconsin
L

2(1).
3(2).

4(3).

5(4).

6(3).
7(6).

Apex of last abdominal sternum at least slightly emarginate, with a
fringe of stiff golden setae in emargination ...................... 2
Apex of last abdominal sternum not emarginate, lacking stiff golden
setae, and having only a fringe of fine, dark setae ............... 9

Me~~~~~~~~~ ~~~.s.t. ~~~~ .~~~. ~~~~~~;.~~~~'. ~:~~.~. ~~.l.oo~~';~~~~~

Mesosternal crest medium to large, with a definite anterior angle ... 3
Black or piceous, with no more than lateral margins of elytra, prono
tum, and clypeus paler; large, > 6.0 mm long .................... 4
Pronotum and elytra testaceous to dark brown, if black, emargina
tion on apex of last abdominal sternum is obscure; smaller, < 6.0
mmlong.......................................................... 6
Mesosternal crest truncate, undercut at posterior end (Fig. 5); pro
tarsal claw of male not toothed basally; 6.5-7.9 mm long . . cinctus
Mesosternal crest triangular, not undercut posteriorly (Fig. 6); protarsal claw of male enlarged basally to form a tooth ............. 5
Pronotum pale laterally; clypeal emargination evenly arcuate;
6.8--8.3 mm long ................ , ................. , , ..... consortu8
Pronotum uniformly black; clypeal emargination straight in middle
third; 6.8-8.2 mm long (Gundersen 1978) .. , .. , ........... consors
Prosternum not carinate, ......... , .. , . , , ....... , ........ , ......... , 7
Prosternum distinctly carinate....... , ....... , .... , , .... , , .......... 8
Emargination on last abdominal sternum very deep; pronotum and
elytra testaceous to dark brown; 3.0-4.4 mm long (Smetana 1988)
, , ........................................................ blatchleyi
Emargination on fifth abdominal sternum inconspicuous, shallow;
pronotum and elytra mostly black; 4.7-5.4 mm long ... . perplexus

1995

THE GREAT LAKES ENTOMOLOGIST

105

8(6).

Prosternum distinctly paler than metasternum; posterior and ante
rior parts of mesosternal crest subequal, forming an obtuse angle
(Fig. 7); 4.0-5.0 mm long...................................... sayi
Prosternum same color as metasternum; posterior part of mesoster
nal crest shorter than anterior part, and meeting at an acute or
right angle to form a blunt tooth (Fig. 8); 3.8-4.8 mm long ...... .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . pygmaeus nebulosus
9(1).
Black dorsally, with a uniform testaceous border around lateral third
of pronotum and in basal half of elytra; 4.5-5.4 mm long .. collin us
Pronotum and elytra testaceous to dark brown, often with infusca
tions, and with pronotum very broadly testaceous laterally .... 10
10(9). Center of clypeal emargination arcuate (Fig. 9); disc of pronotum with
a large black or piceous spot; anterior portion of elytron with dark
mark at humerus in dorsal view; smaller, 4.3-5.6 mm long .. homi
Center of clypeal emargination straight for at least 114 width of
emargination (Figs. 10-11); disc of pronotum similar to color of
elytra and with 4 black spots usually visible; anterior portion of
elytron with at most an obscure infuscation at humerus in dorsal
view; larger, 4.9-6.9 mm long ................................... 11
11(10). Straight center of clypeal emargination more than 1/3 width of emar
gination (Fig. 10); tooth of anterior protarsal claw of male everted
so that in ventral view the apical half is in full view; pronotum and
elytra testaceous; larger, 5.9-6.9 mm long ...........•.... diffusus
Straight center of clypeal emargination 1/4 to 1/3 width of emargina
tion (Fig. 11); tooth of anterior protarsal claw of male slightly
everted and partly hidden for entire length in ventral view; prono
tum and elytra testaceous to brown, darker on disc; smaller,
4.9-6.1 mm long ........................................ hamiltoni

Enochrus blatchleyi (Fall, 1924)
Distribution and Abundance: Not yet found in Wisconsin. Range: FL
TX-MO+IL+MB+MA+CT.
Identification: Adults are similar in size and color to those of E. pyg
maeus nebulosus, E. sayi, and E. ochraceus, but lack the prosternal carina of
the former two and the low, rounded, mesosternal crest of the latter. The
mesosternal crest is very sharply peaked and the apical abdominal emar
gination is about as deep as wide, separating adults from other Wisconsin hy
drophilids.

Enochrus cinctus (Say, 1824)
Distribution and Abundance: Common in southern third to uncommon
in northern third (Table 1). County records: 1,3,7, 11, 14,17,21-23*,27,29,
33,37-42,44,46-52,54,56-61,63-64, 66-68,71-72. Range: SK-NB-FL-TX
SD.
Habitat: Most adults were collected from shallow ponds and marshes;
244 were collected by blacklight traps, almost all of which were teneral.
Life Cycle: Adults occurred 20 April-17 September, with less than 2%
being found in April and September. Teneral adults (273) were found 19
June-17 September, 99% July-August; 97% of adults collected after June
were teneral.
Identification: Because of their large size, black color, and emarginate
abdominal apex, adults resemble only those of E. consortus and E. consors.
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5

J7

9

11

10
Figures. 5-12. Mesosternal crest (same scale) of Erwchrus (right lateral
view). 5. E. cinctus. 6. E. consortus. 7. E. sayi. 8. E. pygmaeus nebulosus. Fig
ures. 9-12. Clypeus and labrum (same scale) ofEnochrus (anterodorsal view).
9. E. homi. 10. E. diffusus. 11. E. hamiltoni. 12. E. collinus.

The truncate mesosternal process with an anterior spine and undercut poste
rior portion is diagnostic. The testaceous borders of the pronotum and elytra
are more distinct and wider than in E. consort us; E. consors lacks pale bor
ders.

Enochrus collinus Brown, 1931
Distribution and abundance: Rare statewide (Table 1). County
records: 9, 11,39,45,47-48,54,57,61,68,72. Range: MB-PQ-VT-MN.
Habitat: Adults were collected from ponds, marshes, and a bog.
Life Cycle: Adults occurred 31 March-16 September, 88% before mid
June. No teneral adults were collected.
Identification: The predominantly black elytra and pronotum are dis
tinctive. Some adults of H. hamiltoni are dark brown, but their clypeal emar
gination is broadly straight at the center
11); in adults of E. collinus the
clypeus is narrowly straight (Fig. 12) to arcuate (Fig. 9) in the center. Adults
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resemble those of E. perplexus, but are slightly smaller and lack any trace of
an apical emargination on the last abdominal sternum.

Enochrus consors (LeConte, 1863)
Distribution and Abundance: Not yet found in Wisconsin. Range: PQ
MA-FL-LA-MN.
Identification: Adults resemble those of E. consortus, but lack a pale
margin on the pronotum and have black or piceous apical segments on the
maxillary palpi.
Enochrus consortus Green, 1946
Distribution and Abundance: Uncommon in southern third to rare in
northern third (Table 1); most (81%) were collected by blacklight traps at
McKenna Pond. County records: 9, 17-18*, 25-26, 32-33, 36, 38-39, 46,
50-51,54,57-58, 60-61, 64, 67-71. Range: MB-ON-ME-FL-LA-MN.
Habitat: Adults inhabited ponds, marshes, and margins of lakes and
streams.
Life Cycle: Adults occurred 20 April-6 October, 94% from June-August.
Teneral adults (15) were found 10 July-22 September, and unlike E. cinctus,
comprised only 6% of the 175 adults collected at lights.
Identification: The key separates adults from those of E. cinctus and E.
consors. Apical segments of maxillary palpi are mostly pale, rarely dark
brown in the middle.
Enochrus diffusus (LeConte, 1855)
Distribution and Abundance: Very rare in southeastern third (Table
1). County records: 44, 61,65, 71. Range: BC-MB-NY-SD-NM-CA
Habitat: Four adults were collected from ponds, one from a marsh, and
one by a blacklight trap.
Life Cycle: Adults were collected 11 May-6 October, with teneral adults
(3) being found 3 July and 21 September.
Identification: Adults are very similar to those of E. hamiltoni, but are
distinctly larger and lack a darkening of the pronotal disc and clypeus. In
males the protarsal claws are about 40% longer than in E. hamiltoni (> 14411
long), and the dorsal strut of the aedeagus usually extends past the tip of the
penis a distance equal to more than twice its width, but this character is vari
able in E. hamiltoni and may not be reliable. Ventrally the metafemora are
testaceous or rufotestaceous over much of the anterodistal surface; in most E.
hamiltoni the metafemora are solidly dark on the ventral surface.
Enochrus hamiltoni (Horn, 1890)
Distribution and Abundance: Fairly common north to common south
(Table 1). County records: 1-4, 6-8, 10-18, 20-21, 23-29, 31-33, 35-72.
Range: uncertain.
Habitat: Except for 39% collected at blacklight traps in the south, espe
cially at McKenna Pond, adults were found mostly in shallow ponds and
marshes; a few occurred in other lentic habitats and along margins of streams.
Life Cycle: Adults occurred 17 March-13 October, 98% April-August and
60% June-July. Teneral adults (157) were found 2 June-11 October, with peak
numbers (82%) occurring July-August.
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Identification: Most adults are readily separated from those of H. komi
by the key. They are relatively broader and somewhat larger than adults of H.
komi. Discs of the pronotum and elytra are usually darkened, but never
black, and the piceous humeral mark on each elytron is lacking or obscure
when viewed from directly above. The shape of the clypeus is the most im
portant character for separating these two species. Adults most resemble
those of H. diffusus, but are smaller. The color of the pronotum and elytra is
quite uniform, ranging from light to dark brown, and the clypeus usually is
mesally infuscate. Pro tarsal claws of males are < 13011long.
Enochrus horni Leech, 1950
Distribution and Abundance: Fairly common north to common south
(Table 1). County records: 1-3, 6, 10, 12-19, 21, 23, 25-35, 37-49, 51-69,
71-72. Range: BC-PQ-NY-CA.
Habitat: About 91% of adults were collected by blacklight traps in south
ern Wisconsin, almost all at McKenna Pond. Other collections were mostly
from ponds, but some adults were found in marshes, sloughs, seeps, and mar
gins of streams.
Life Cycle: Adults occurred 27 March-27 October, with more than 99%
occurring April-August and 96% being found June-August. Teneral adults
(796) occurred 2 June-5 October, with 97% occurring from late June-August.
Adults of E. komi and E. kamiltoni frequently occurred together.
Identification: Characters in the key separate adults from those of E.
hamiltoni, and are discussed under that species. The black disc of the prono
tum is usually evident, even in teneral specimens.
Enochrus ochraceus (Melsheimer, 1846)
Distribution and Abundance: Abundant statewide (Table 1). County
records: 1-21, 23-27, 29-72. Range: NT-NF-FL-NM-MB+CA+WA.
Habitat: Most adults (79%) were collected by blacklight traps, especially
at McKenna Pond. Net collections were mostly from ponds, but adults occa
sionally occurred in other lentic hahitats and along margins of streams.
Life Cycle: Adults occurred 3 April-7 November, with 71% being found
June-August and only 1% after September. Almost all teneral adults (716) oc
curred 11 June-17 October, with 94% occurring before September. Two ten
eral specimens 27 April and one 3 May apparently overwintered as larvae.
Identification: Adults are distinctive among small hydrophilids, having
a brown pronotum and elytra, a low, rounded, longitudinal, mesosternal crest,
and elongate maxillary palpi with the second (pseudobasal) segment curved
outward. They are larger than adults of Anacaena lutescens and Crenitis di
gesta, and smaller than adults of other Enockrus, all of which have a peaked
mesosternal crest. The maxillary palpi, which normally project forward and
are easily seen, are especially helpful for separating adult E. ockraceus from
similar-sized adults of species in other genera, such as Cymbiodyta minima.
Enochrus perplexus (LeConte, 1855)
Distribution and Abundance: Rare statewide (Table 1). County
records: 5-6, 12, 16,26-27,33,38-39,54,58,61,63,68, 70*. Range: MB-NS
FL-CA-ND.
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Habitat: Most adults were collected from ponds; three occurred in other
habitats, a marsh, a bog, and the margin of a stream.
Life Cycle: Adults occurred 20 April-17 September; teneral adults (6)
were found 3 July-27 August.
Identification: Adults of E. consortus and E. cinctus are also mostly
black, but are larger and have a distinct apical emargination on the last ab
dominal sternum. Separation from E. collin us is discussed under that species.
Enochrus pygmaeus nebulosus (Say, 1824)
Distribution and Abundance: Uncommon in south-central and south
west areas, rare elsewhere (Table 1). County records: 23*, 28, 33, 37, 52-54,
56,60-64,71. Range: MB-PQ-FL-NM-WY; two other subspecies occur to the
south and west.
Habitat: Most adults inhabited ponds; a few occurred along margins of
streams. Almost 70% of the adults were collected by blacklight traps.
Life Cycle: Adults occurred 19 June-17 November; teneral adults (11)
were found 16 July-17 November.
Identification: The only other Enochrus having a carinate prosternum
and occurring in Wisconsin is E. sayi, adults of which can be distinguished by
the key. In addition to the prosternum, the anteromesal area ofthe epipleura
is more darkly pigmented than in adults of E. sayi.
Enochrus sayi Gundersen, 1977
Distribution and Abundance: Uncommon in southern third, rare far
ther north (Table 1). County records: 23, 28, 36, 39, 49,52,54,56-58,60-61,
63,70-71. Range: ON-CT-FL-TX-NB-WI.
Habitat: Almost all adults inhabited ponds. Nearly 80% were collected by
blacklight traps.
Life Cycle: Adults occurred 9 April-8 October; teneral adults (67) were
found 19 June-8 October.
Identification: The elongate posterior portion of the mesosternal crest
with a small tooth at the anterior end (Fig. 7) differs significantly from the
peaked tooth-like angle on the crest of E. pygmaeus nebulosus (Fig. 8), the
other Wisconsin species with adults having a carinate pronotum.
Helocombus Horn, 1890
The only species in this monotypic genus occurs in Wisconsin.
Helocombus bifidus (LeConte, 1855)
Distribution and Abundance: Uncommon statewide (Table 1). County
records: 2-3, 6-8, 10, 12, 14-15, 18-21, 27, 33-35, 39, 42, 44-46, 48-49, 52,
57, 60-61, 63, 66-68, 70. Range: ON-NB-FL-MN.
Habitat: Most adults were collected from shallow lentic habitats, espe
cially ponds and marshes; 36 of 42 collections were single specimens. Five ten
eral adults were collected at blacklight traps, and 19 teneral adults in the
University of Wisconsin Insect Research Collection (UWIRC) were likely also
collected in light traps.
Life Cycle: Adults were found 3 April-3 October, all except two before
September. Teneral adults (32) occurred 29 June-29 August. Adults probably
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overwinter in terrestrial sites, invade lentic habitats in spring to mate, and
oviposit in adjacent riparian areas. Larvae complete development in early to
mid-summer and pupate; emerging adults return briefly to water before en
tering overwintering sites.
Identification: Adults are easily recognized because of impressed elytral
striae (10 per elytron) and a black dorsal color with rather narrow testaceous
borders on the pronotum and elytra. The only similar hydrophilid with im
pressed elytral striae is Hydrobius fuscipes, which is more convex, and has a
greenish pronotum and elytra. Perkins and Spangler (1981) described the
larva.

Hydrobius Leach, 1815
Two species were collected; a third species, H. tumidus LeConte, 1855, oc
curs as far north as southern Illinois (Wooldridge 1967).
Key to Species of Adult Hydrobius in Wisconsin
1. Oval, elytra 1.5 times as long as wide; rows of elytral punctures impressed;
pronotum and elytra greenish-olive; mostly lentic; 6.0-9.0 mm long ....
................................................................. ·fuscipes
Globose, elytra slightly longer than wide; rows of elytral punctures not im
pressed; pronotum and elytra rusty-olive; lotic; 8.2-9.7 mm long ...... .
.............................................................. .. melaenus

Hydrobius fuscipes (Linnaeus, 1758)
Distribution and Abundance: Common statewide (Table 1). County
records: 1-4, 6, 8-27, 29-49, 52-55, 57-68, 70-72. Range: AK-NF-VA-CA.
Habitat: Adults were collected from ponds, marshes, swamps, and other
lentic habitats; several also were found along margins of streams. Blacklight
traps accounted for 13% of adults, mostly at McKenna Pond. About half of the
Hydrophilidae in the UWIRC were this species; most were collected in mid
August, probably at light traps, and many were teneral.
Life Cycle: Adults occurred 4 March-1 November, almost all (98%) before
September and most before July (74%). Teneral adults (227) were found 2
June-1 November, 95% June-August, with peak numbers from mid-July-Au
gust. After June, 74% of all adults were teneral. Adults apparently enter ter
restrial overwintering sites shortly after emergence and fly back to aquatic
habitats early in the spring to mate and oviposit in adjacent riparian areas.
Larvae complete development, pupate, and emerge mostly in mid-summer to
complete a univoltine life cycle.
Identification: The greenish elytra with impressed striae separate this
species from other aquatic Hydrophilidae.

Hydrobius melaenus (Germar, 1824)
Distribution and Abundance: Uncommon statewide (Table 1). County
records: 2, 10, 12, 14, 18,26,32,46,48,53-54,57,60-61,65. Range: ON-NS
NC-IN-WI.
Habitat: Adults and larvae were collected from under hanks of small,
spring-fed streams.
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Life Cycle: Adults occurred 9 January-26 November, but were scarce in
June (4%) and not found in July. Teneral adults were found 10-26 August, and
larvae occurred from October-July. Adults and larvae overwinter under banks
of spring-fed streams, with adults probably mating and ovipositing in spring
and then apparently dying. Occurrence of small and large larvae together, and
larger larvae from late October-July, suggest slow development in the cold
habitat along spring-fed streams, and a semivoltine life cycle.
Identification: Because of their globose shape, adults resemble those of
Sperchopsis tessellata, which occur in a similar habitat. Adults of S. tessellata
are brown above instead of rusty-olive, and have alternate elytral intervals
raised to form low ridges; elytra of H. melaenus adults are smooth.

Laccobius Erichson, 1837
The genus was revised by Cheary (1971), who privately published and dis
tributed his Ph.D. dissertation to give status to new species he described
(Hardy et.al 1981). Cheary's descriptions were very brief, but he illustrated
pronotal patterns and male genitalia for all species. Earlier, Willson (1967) de
scribed two new species from Michigan (L. arenarius and L. spangleri) in a
M.S. thesis that was never published; authorship for these species was later
attributed to Cheary (Hardy et. al. 1981). Gentili (1985) provided a key (in
Italian and English), and illustrated dorsal, lateral, and ventral views of male
genitalia for the five known species that occur in Wisconsin. He also syn
onymizedL. arenarius withL. truncatipenis, although Cheary (1971) believed
they were distinct species, with L. truncatipenis confined to the Pacific North
west. Gentili did not study the holotype and paratypes of L. arenarius from
Michigan, but he did study specimens from Saskatchewan, so I followed his
synonymy as did Smetana (1988). Gentili (1986) also published a key (in Ital
ian and English) to 22 species that occur south of Canada, but did not include
illustrations.
Adults of Laccobius are distinctive because of their small size, tan color,
and lack of a sutural elytral stria. Males, which are readily recognized by a
modification of the second and third protarsomeres, have distinctive genitalia;
photomicrographs (Figs. 13-18) show the distinctive parameres (which are
splayed outward due to monnting) and their distinctive ventral membranous
lobes. Females are less distinctive and sometimes difficult to identifY. Six
species were recognized from Wisconsin, one of which is new. All probably
have a similar univoltine life cycle, which is not repeated below. Adults over
winter in terrestrial habitats and fly to breeding sites in spring where they
mate, oviposit, and eventually die. Larvae complete development in riparian
habitats from early summer to late October, depending on the species and
breeding site.
Key to Species ofAdult Laccobius in Wisconsin
1.

Distinct pale area in front of each eye; dark discal area of pronotum sep
arated laterally from anterior margin by pale areas ................ 2
Area in front of each eye at most somewhat pale laterally; dark discal
area of pronotum reaching anterior margin behind eyes; 2.6-3.6 mm
long ............................................................. agilis
2(1). Most punctures on disc of elytra arranged in longitudinal rows ....... 3
Most punctures on disc of elytra not arranged in longitudinal rows .... 5
3(2). Rows of punctures quite regular in size and spacing; punctures larger,
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with a light brown pigment that is confined mostly to the punctures;
2.5-3.1 mm long .......................................... minutoides
Rows of punctures with irregular alignment and spacing; punctures
smaller, with area around punctures deeply infuscate .............. 4
4(3). Infuscate areas around punctures often contiguous on disc of elytra; an
terior of elytra infuscate mesally, contrasting sharply with golden
pronotum; 2.2-3.1 mm long .......................... . fuscipunctatus
Infuscate areas around punctures rarely contiguous on disc of elytra;
elytra similar in color to pronotum, with infuscations confined to
punctures; 2.3-3.4 mm long (Smetana 1988) ............. refZexipenis
5(2). Pigmented elytral punctures extending almost to margin anterolater
ally; elytra apically with at most a small area with one or two indis
tinctly pigmented punctures; 2.6-3.6 mm long ............. spangleri
Anterolateral margin of elytra broadly pale and lacking pigmented
punctures; a distinct, round, pale area anterior to apex of elytra
caused by obsolete pigmentation of several punctures; 2.5-3.1 mm
long (Willson 1967) ..................................... truncatipenis

Laccobius agilis (Randall, 1838)
Distribution and Abundance: Uncommon statewide (Table 1). County
records: 2, 8, 12, 20, 22, 26-27, 35, 38, 46-47, 54, 58-59, 61. Range: BC-NF
PA-CO-CA.
Habitat: Adults were collected from ponds, spring ponds and seeps, and
margins of streams.
Life Cycle: Adults occurred 6 April-1 October, 61% from April-June and
32% August-September; teneral adults (3) were found 20 September and 1
October.
Identification: Because adults lack a distinct pale spot in front of each
eye, they differ from those of other Wisconsin species; some individuals have
an indistinct pale spot laterally. The male genitalia are unusually long, with
parameres that have a distinctively shaped apex (Fig. 13).

Laccobius fuscipunctatus NEW SPECIES
Distribution and Abundance: Common along Wisconsin River in south
west and south-central areas (Table 1). County records: 54, 56-58, 60-61.
Habitat: Adults were collected from sandy river pools, bank vegetation,
and a spring pond; 81% were collected by blacklight traps.
Life Cycle: Adults occurred 20 April-7 September, 80% in July. Teneral
adults (19) were found 3 July-1 September, 95% in July. Most adults emerged
earlier than those of other species.
Identification: Adults most resemble those of L. refZexipenis, but the
rows of elytral punctures are more in line and more deeply infuscate (metal
lic blue-black), with infuscations of punctures often confluent. Parameres are
deeply bilobed ventrally, with elongate ventral lobes that meet and appear to
from a spatulate median lobe (Fig. 14-lobes not joined because of mounting).
Description: Form broadly oval. Head, pronotal spot, and scutellum
piceous with metallic reflections that cause these areas to appear bright
golden-orange, except when viewed at an angle. Head with a pale spot in front
of each eye extending to inner margin of eye. Pronotum with dark spot small,
only as wide as head, and almost reaching basal and apical margins at mid
dle; broadly testaceous laterally. Elytra infuscate basally and medially, much
darker than pronotum; anterolateral margins broadly testaceous and lacking
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Figures. 13-18. Male genitalia (same scale'larameres splayed outward) of
Laccobius (ventral view). 13. L. agilis. 14. . fuscipunctatus. 15. L. minu
toides. 16. L. reflexipenis. 17. L. spangleri. 18. L. truncatipenis.

infuscate punctures; punctures small and arranged in rows that are some
what irregular in alignment and spacing of punctures; each puncture with a
large, infuscate, metallic spot with bluish-black reflections; spots often con
fluent on disc; some scattered punctures between rows. Ventrally, head, tho
rax, coxae, and abdomen rufopiceous, except epipleurae and lateral half of
prothorax, which are flavotestaceous; all appendages flavotestaceous, except
antennal club and extreme tips of palpi are slightly infuscate. Male genitalia
unique, with parameres having broad, laterally incised, membranous,
mesoventral lobes that appear to unite to form a ventral, spatulate lobe.
Length 2.2-3.1 mm; width 1.3-1.9 rum.
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Type Specimens: HOLOTYPE MALE (length 2.8 mm), allotype female
(length 2.8 mm), 65 paratypes: Hwy 14 BLT, Wisconsin R., Iowa Co. WI, 23
July 1986 KS.. The type series was collected with a blacklight trap by Kurt
Schmude. The holotype, allotype, and 20 paratypes were deposited in the Uni
versity of Wisconsin Aquatic Insect Collection. Additional paratypes are in the
U.S. Museum of Natural History (15), Canadian National Collection (15), and
Museum of Comparative Zoology at Harvard University (15).

Laccobius minutoides d'Orchymont, 1942
Distribution and Abundance: Rare in northern two-thirds to very rare
in southern third (Table 1). County records: 15-18, 21, 30-31, 33-34, 37.
Range: ON-NB-SC-OK
Habitat: All adults were collected from margins of streams.
Life Cycle: Eight mature adults were found 2 May-ll June, 1 mature
adult 12 August, and 8 teneral adults 26-27 August.
Identification: The regular spacing and size of punctures in rows on the
elytral disc and the pale infuscations of punctures that blend with the back
ground color are distinctive. Females could be confused only with those of L.
reflexipenis, but are more spherical in shape; males have distinctive narrow
parameres (Fig. 15).

Laccobius re/lexipenis Cheary, 1971
Distribution and Abundance: Very rare in north-central and northeast
areas (Table 1). County records: 16, 22. Range: NT-NB-VA-MO-MN.
Habitat: One adult was collected from the margin of a stream on 15 May,
and another from a pond on 4 August.
Identification: Rows of punctures on the elytral disc are smaller and
more irregular than in L. minutoides, with several punctures between rows in
the vicinity of the scutellum. Elytral punctures are similar in size, but not as
well aligned as those of L. fuscipunctatus; their infuscations are dark brown
instead of metallic bluish-black, and are infrequently confluent. Parameres in
dorsal view are similar to those of L. spangleri, but in ventral view have a ven
trallobe with a uniquely shaped apex (Fig. 16).

Laccobius spangleri Cheary, 1971
Distribution and Abundance: Fairly common in southern third, un
common farther north (Table 1). County records: 3, 12, 15, 18-19, 23, 26,
34-35,39,44,50,54-58,60-61,63,65,67. Range: SK-NF-VA-KS-ND.
Habitat: Most adults were collected from margins of small streams and
ponds, while others were found in spring ponds and medium-sized streams;
32% were collected by blacklight traps.
Life Cycle: Adults occurred 13 April-18 October, becoming most numer
ous in July and August when 56% were collected; teneral adults (12) were
found 26 July-18 October, with 7 occurring in August and 3 in October. Adults
emerged a little later than those of other Wisconsin species.
Identification: Because most elytral punctures are not arranged in rows
and both the elytra and pronotum are broadly dark brown, adults resemble
those of L. agilis. The pale area in front of each eye is broad and distinct in L.
spangleri and lacking, or obscure and narrow, in L. agilis. Separation from L.
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truncatipenis is discussed under that species. Parameres have a distinctive
ventral lobe (Fig. 17).
Laccobius truncatipenis Miller, 1965 = L. arenarius Cheary, 1971
Distribution and Abundance: Very rare in central area (Table 1);
County record: 37. Range: NT-ON-MI-IL-WY-CA.
Habitat: The only adult, a male, was collected from the margin of a
stream on 4 May.
Identification: Adults are most similar to those of L. spangleri, from
which they can be separated by the key. The Wisconsin specimen fits perfectly
Willson's (1967) description of L. arenarius and his figures of the male geni
talia (Fig. 18), which differ greatly from all other Wisconsin species.
Paracymus Thomson, 1867
In 1966 Wooldridge competed a study of Nearctic Paracymus in which he
described five new species and keyed all species. Only P. .,;ubcupreus was
found in Wisconsin, but P. despectus undoubtedly also occurs here. Two other
species, P. confluens Wooldridge, 1966, and P. confusus Wooldridge, 1966 occur
farther south and east and probably do not occur in Wisconsin. Adults of the
former can be recognized by their 7-segmented antennae. Adults of P. confusus
are very similar to those of P. subcupreus; males differ by having the apical
protarsomere not widened apically. The key below separates adults of P. sub
cupreus from P. despectus.
Key to Species of Adult Paracymus in Wisconsin
1. Antenna 8-segmented; pronotum and elytra without reticulate microsculp
ture; larger, 1.7-3.0 mm long ................................ subcupreus
Antenna 9-segmented; pronotum and elytra with reticulate microsculp
ture; smaller 1.2-1.7 mm long (Smetana 1988) ............... despectus

Paracymus despectus (LeConte, 1863)
Distribution and Abundance: Not yet found in Wisconsin. Range: AB
PQ-MA-IL-MN.
Habitat: Smetana (1988) suggests "shallow water with plenty of organic
debris" is the normal habitat.
Identification: The reticulate microsculpture and very small size are
distinctive.
Paracymus subcupreus (Say, 1825)
Distribution and Abundance: Common statewide (Table 1). County
records: 1-6,8-21,23-27,29-32,34-51,53-72. Range: BC-NT-NS-FL-CO.
Habitat: Adults were collected from a wide variety of shallow lentic habi
tats and occasionally from margins of streams. Blacklight traps accounted for
50% of collections; 61% of adults were found at McKenna Pond.
Life Cycle: Adults occurred 27 March-l November, and teneral adults
(266) 11 June-17 October, except one 15 May and another 1 November. Less
than 9% of adults were found before June, when substantial numbers (17%)
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appeared; peak numbers occurred in August (46%), with a rapid decline there
after. Adults apparently overwinter in terrestrial habitats, with some return
ing to len tic habitats in early spring, and most returning in late spring. After
larvae complete development in riparian habitats and pupate, adults emerge
to complete a univoltine life cycle. Peak adult emergence occurred from July
into September (94% ofteneral adults).
Identification: Separation from other Paracymus is discussed above.
The greenish elytral reflections and shiny metafemora readily separate adults
from those of Anacaena lutescens, which they resemble.
Sperchopsis LeConte, 1861
The only species occurs in Wisconsin.
Sperchopsis tessellata (Ziegler, 1844)
Distribution and Abundance: Uncommon western two-thirds, rare
eastern third (Table 1). County records: 2-3, 8, 18, 26, 28-29, 36-39, 49-50,
53, 60-61. Range: PQ-NS-FL-MS-AR-WL
Habitat: Adults were collected from small, cool streams that often had
sandy bottoms. They usually occurred in slightly larger streams than Hydro
biu8 melaenus; only one was found in the same stream as that species.
Life Cycle: Adults occurred 16 April-4 June (40%) and 18 August-23 Oc
tober (60%). Three teneral adults were collected 18 August, and larvae were
found in May and June (2nd and 3rd instar), and November (3rd instar). Like
H. melaenu8, this species apparently is semivoltine with adults emerging in
late summer, overwintering along margins of streams, mating and ovipositing
in spring, and then dying; larvae, which begin development in spring, spend
the following winter adjacent to streams and pupate the next summer.
Identification: The brown, globose adults of this monotypic genus are
distinctive; their separation from HydrobiU8 melaenU8 is discussed under that
species. Spangler (1961) described the larva and contributed notes on biology
and distribution.

HYDROPHILINAE: HYDROPHILINI
Three genera and 12 species of Hydrophilini were collected in Wisconsin,
Hydrophilus triangularis, Hydrochara (5 species), and Tropi8ternus (6
species). DibolocelU8 ovatus also may occur in Wisconsin, but no specimens
were collected. Both adults and larvae of Hydrophilini are aquatic. Adults are
excellent swimmers, and most were collected with bottle traps, especially
those of Hydrophilu8 and Hydrochara (Hilsenhoff 1991). Larvae were more
frequently collected with a net, except those of Hydrophilu8. Unlike adults in
other subfamilies and tribes, those of Hydrophilini were only occasionally col
lected at lights. One adult of Hydrophilus, 0.5% of Hydrochara, and less than
4% of Tropi8ternu8 adults were collected by light traps.
Dibolocelus Bedel, 1891
One species occurs in the eastern United States.
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Dibolocelu8 ovatu8 (Gemminger and Harold, 1868)
Distribution and Abundance: This species has not yet been collected in
Wisconsin, but occurs in southern Michigan (Willson 1967) and south of Lake
Michigan in Illinois (Wooldridge 1967). Range: MI-ON-NY-FL-TX.
Habitat: Adults occur in deep lentic habitats, and are attracted to lights.
Identification: Adults resemble those of Hydrophilus triangularis, but
are broader and more convex. Separation is discussed under H. triangularis.
Immature stages were described by Archangelsky and Durand (1992). The
aquatic larvae resemble those of H. triangularis, but differ in having lateral
setiferous lobes on abdominal segments 1-8.
Hydrochara Berthold, 1827
In 1980 Smetana completed a worldwide revision. Subsequently Hilsen
hoff and Tracy (1982) discovered and described a new species from Wisconsin,
keyed species in the western Great Lakes region, and provided notes on iden
tification of females as well as males. Male genitalia of all species are large,
distinctive, and easily extruded; they provide the easiest way to identify
males. Separating females of the three most common species is difficult, but
most can be reliably identified.
All species are univoltine. Adults overwinter in terrestrial habitats and
return to breeding sites in early spring to mate and oviposit. Larvae complete
development in lentic habitats between late June and September, depending
on habitat and species, and pupate in nearby terrestrial sites. A general ab
sence of mature adults from aquatic sites after early July suggests overwin
tering adults die and newly emerged adults enter overwintering sites soon
after emergence. Descriptions of the life cycle are not repeated below.
Key to Species of Adult Hydrochara in Wisconsin
1.

20).

3(1).

4(3).

5(4).

Terminal segment of maxillary palp entirely testaceous ............... 2
Terminal segment of maxillary palp with a dark ring near tip ........ 3
Anterior half of profemur usually pale; penultimate segment of maxil
lary palp of female > 1.4 mm long; penis broadly concave dorsally
(Fig. 19); 16.0-18.8 mm long .............. , .......... '" ... spangleri
Profemur almost entirely black or rufopiceous; penultimate segment of
maxillary palp of female < 1.3 mm long; penis convex dorsally with a
narrow groove (Fig. 20); 14.8-18.1 mm long ......... obtusata (most)
Metasternal portion of sternal keel strongly dilated, about twice as wide
as mesosternal portion; 15.0-18.5 mm long ................... . leechi
Metasternal portion of sternal keel at most weakly dilated, not more
than 1.5 times as wide as mesosterna} portion ...................... 4
Metasternal portion of sternal keel narrow, 1.0-1.2 times width of
mesosternal portion, and parallel-sided in region of sulcus; para
meres broad at apex and distinctly curved inward before apex (Fig.
21); 14.8-18.6 mm long ....................................... .. soror
Metasternal portion of sternal keel dilated, at least 1.25 times width of
mesosternal portion, and distinctly narrower at posterior end of sul
cus than near middle of sulcus; parameres narrowed toward tip and
only slightly incurved (Figs. 20, 22) ................................. 5
A distinct mesal carina on metasternal keel between metatrochanters in
males, less distinct and occasionally absent in females; penultimate
segment of maxillary palp of female < 1.3 mm long; penis dorsally
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convex and narrowly grooved entire length (Fig. 20); 14.8-18.1 mm
long ................................................. . obtusata (some)
No carina on metasternal keel between metatrochanters in males or fe
males; penultimate segment of maxillary palp of female > 1.3 mm
long; penis dorsally depressed and concave near base (Fig. 22);
15.1-18.9 mm long ............................................ simula

Hydrockara leecki Smetana, 1980
Distribution and Abundance: Very rare in south (Table 2). County
record: 61 (3 specimens in the UWIRC collected at Madison 20 July 1915 and
28 May 1916; none collected since). Range: ND-PA-TX-NM.
Habitat: The three adults were probably collected at lights.
Life Cycle: The life cycle is likely similar to that of other species.
Identification: The greatly widened metasternal portion of the ventral
keel is distinctive. Parameres are similar to those of H. soror (Fig. 21), but the
penis is concave dorsally before the apex.
Hydrockara obtusata (Say, 1823)
Distribution and Abundance: Very common statewide (Table 2).
County records: 1-3, 5-21, 23-27, 29-30, 32-34, 36-40, 42-61, 63-72. Range:
NT-PQ-NJ-SD-WA
Habitat: Adults were collected from shallow ponds and marshes, and oc
casionally from other lentic habitats; six were collected by light traps.
Life Cycle: Adults occurred 27 March-18 October, with 89% being found
before July and less than 2% after August. Teneral adults (42) occurred 27
June-10 October, with 95% occurring July-September.
Identification: In a random sample of 150 adults, 84% of females and
69% of males lacked a dark apical ring on the maxillary palpi and keyed to H.
obtusata at couplet 2. Females with an apical ring on the maxillary palpi are

21

22

Figures. 19-22. Male genitalia (same scale) of Hydrochara (dorsal view). 19.
H. spangleri. 20. H. obtusata. 21. H. soror. 22. H. simula.
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Table 2. Numbers of Hydrophilini adults and Hydrophilus larvae collected 1962-1994 from nine areas of Wisconsin (Fig. 1 in Hilsen
hoff 1995), McKenna Pond (McK), and Leopold Memorial Reserve (LMR).
Species

NW

NC

NE

WC

C

EC

SW

SC

SE

McK

LMR

TOTAL

Hydrochara obtusata

105

21

55

27

82

231

176

146

242

76

50

1211

42

34

46

45

21

50

95

73

158

28

13

605

I
m

H. soror

0

0

0

0

0

2

169

41

97

0

12

321

m

H. spangleri

0

0

0

1

1

2

12

1

1

0

180

193

~
);:

Hydrophilus triangularis

3

0

1

1

2

5

5

74

13

193

8

305

m

-I

H. simula

Q
;00

;><;
~

m

H. triangularis larvae

5

0

2

2

17

4

0

8

4

40

0

82

Tropistemus columbianus

0

0

0

7

8

13

40

74

33

39

0

214

T. ellipticus

0

0

0

1

0

1

10

5

10

0

0

27

79

56

23

72

118

37

91

126

87

216

26

931

T. lateralis nimbatus

161

85

57

545

248

159

464

800

162

705

1481

4867

T. mixtus

507

311

286

293

603

307

247

736

341

4618

1393

9642

3

2

8

9

22

63

146

259

50

13

49

624

T. glaber

T. natator
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very similar to those of H. simula and H. soror, but most can be identified by
characters in the key. Occasional females lack a carina at the apex of the
metasternal keel, but this area of the keel is not as narrow and convex as in
H. simula, and has smaller and more widely spaced punctures medially. The
metasternal keel is subequal in width at each end of the sulcus and widest
near the middle of the sulcus; in H. simula it is widest near the posterior end
of the sulcus and in H. soror it is parallel-sided and narrow along the entire
length of the sulcus.

Hydrochara simula Hilsenhoff and Tracy, 1982
Distribution and Abundance: Common statewide (Table 2). County
records: 2-3, 5-8, 10-12, 17-19, 21, 23-26, 29-35, 38-40, 42-43, 45-49,
51-52,54,57,60-61,63-68,70-72. Range: Unknown (included asH. obtusata
in Smetana 1980).
Habitat: Most adults were collected from shallow ponds and marshes; a
few occurred in swamps and other lentic habitats or were collected by light
traps.
Life Cycle: Adults occurred 27 March-17 September, 92% before July.
Teneral adults (17) were found 29 June-16 September, most occurring Au
gust-September.
Identification: Male genitalia are distinctive. Separation of females
from H. obtusata and H. soror is discussed under H. obtusata. The apical por
tion of the metasternal keel in both sexes is strongly convex ventrally, with
many punctures occurring mesally where a carina occurs in H. obtusata and
H. soror; occasionally these punctures form a narrow groove. The penultimate
segment of the maxillary palpi is distinctly longer than in H. obtusata.
Hydrochara soror Smetana, 1980
Distribution and Abundance: Locally common in southern half (Table
2). County records: 41, 49-52, 54-57, 60, 63, 66,71-72. Range: WI-CT-FL-TX
KS.
Habitat: Almost all adults were collected from shallow lentic habitats in
flood-plains of rivers; three were collected by light traps.
Life Cycle: Almost 97% of adults occurred 20 May-30 June. Teneral
adults (4) were found 6 July-5 August.
Identification: The fine carina on the keel between the metatrochanters
is lacking in H. simula, similar in H. obtusata females, and pronounced in H.
obtusata males. The penultimate segment of maxillary palpi of females is
thinner than in H. obtusata and shorter than in H. simula; it is about 1.25 mm
long. The penis is convex dorsally with a narrow groove, as in H. obtusata, but
the broad, apically-incurved parameres are distinctive (Fig. 21).
Hydrochara spangleri Smetana, 1980
Distribution and Abundance: Uncommon in the southern half (Table
2). County records: 32-33, 36, 41, 49-50,52,57,60-61,72. Range: WI-OH-FL
TX-NE.
Habitat: Adults were collected from shallow lentic habitats in flood
plains of rivers; 91% were found in shallow ponds at the Leopold Memorial
Reserve in the flood-plain of the Wisconsin River.
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Life Cycle: Adults occurred from 20 April-9 August, most in late June
and early July when all teneral specimens (19) were collected.
Identification: Adults are most easily recognized by the pale apical half
ofthe profemur and the lack of a dark apical ring on the maxillary palpi. Most
H. obtusata adults also lack this dark palpal ring, but the penultimate seg
ment is distinctly shorter and stouter than in H. spangleri. The metasternal
keel is narrow and parallel-sided, as in H. soror, and not widened near the
middle as in H. obtusata.
Hydrophilus O.F. Miiller, 1764
A single species occurs in the northern United States and Canada.
Hydrophilus triangularis Say, 1823
Distribution and Abundance: Fairly common in southern third to un
common in northern third (Table 2). County records: 4, 6-8, 24, 27-28, 34-36,
38-40,44-49,54,56-59,61-62,64,66-67,69-72. Range: BC-PQ-FL-CA.
Habitat: Adults were collected from permanent ponds and marshes.
Life Cycle: Adults occurred 24 April-6 October, 61% being found in June.
Thneral adults (4) occurred 3-17 August and larvae (79) 24 May-18 August,
with third instar larvae being found as early as 5 June. Adults apparently
overwinter in terrestrial habitats and return to lentic habitats in mid- to late
spring to mate and oviposit. Aquatic larvae probably complete development
and pupate in terrestrial sites from mid-June through August, with emer
gence occurring about 10 days later to complete a univoltine life cycle.
Identification: Because of their large size, adults can be confused only
with those of Dibolocelus ouatus, from which they can be separated by the
generic key (Hilsenhoff 1995). The first abdominal sternum is entirely pubes
cent and the remaining sterna are mostly glabrous. In D. ovatus the first two
abdominal sterna are pubescent and the last three are glabrous only in the
middle. Larvae of H. triangularis are also distinctive because of their large
size, rounded head, 4-segmented antennae in the second and third instars,
and lack of setiferous lobes on abdominal segments.
Tropisfernus Solier, 1834
Spangler (1960) revised Trapistemus, a New World genus, elevating four
subgenera to genus, one of which contains all Wisconsin species. Because this
valuable revision was not published, I continue to use Tropistemus as did
Smetana (1988). Six species were found in Wisconsin; a seventh, which occurs
in Michigan and northern Illinois, may also occur in southern Wisconsin.
Life cycles were predominantly univoltine and are not repeated below.
Adults overwintered in aquatic habitats, mated and laid eggs in mid- to late
spring; larvae completed development in aquatic habitats and adults emerged
from terrestrial pupal cells in mid- to late summer.
Key to Species of Adult Tropisternus in Wisconsin
1.

Pronotum and elytra with a pale border; legs mostly testaceous;
8.0-10.6 mm long ...... , ......................... . lateralis nimbatus
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Pronotum and elytra without a pale border; legs black or piceous with
testaceous or rufous markings ...................................... 2
Densely setose area at base of metafemur large, trapezoidal, extending
along posterior margin from apex of trochanter a distance subequal
to width of basal metatarsomere (Fig. 23) .......................... 3
Densely setose area at base of metafemur smaller, triangular, not ex
tending along posterior margin from apex of trochanter (Figs. 24-25)
...................................................................... 4
Elytra with dense, dual punctation on disc, appearing rugose from base
to apex; apical half of metafemur rufotestaceous, except narrowly
black along posterior margin; 9.4-11.2 mm long .............. mixtus
Elytra with dual, rugose punctation absent on disc; apical half of
metafemur mostly piceous; 8.6--10.3 mID long (Spangler 1960) ..... .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . blatchleyi modestus
Densely setose area at base of metafemur extending to apex of
trochanter (Fig. 24); sternal apex with a spine or low carina ....... 5
Densely setose area at base of metafemur confined to anterior half of
area adjacent to trochanter (Fig. 25); sternal apex with a pronounced
carina; 9.3-11.3 mm long .............................. . columbianus
Apex of fifth abdominal sternum with a distinct spine; mediolateral se
ries of punctures on pronotum linear ............................... 6
Apex of fifth abdominal sternum with a small carina; mediolateral se
ries of punctures on pronotum reduced to a setiferous pit; 9.9-11.9
mm long .................................................... ellipticu8
Mesosternal portion of keel wide (> 1.2 mID), depressed or flat medially,
coarsely punctate apically; sternal keel usually extending to middle
of third abdominal sternum; 9.8-12.0 mID long............... natator
Mesosternal portion of keel narrow « 1.0 mm), slightly convex, finely
punctate apically; sternal keel extending slightly beyond posterior
margin of second abdominal sternum; 9.6--12.1 mID long ..... .glaber

TropisternU8 blatchleyi modestus d'Orcbymontt 1938
Distribution and Abundance: Not yet found in Wisconsin. Range: NY
MD-AR-IL-MI. Another subspecies, T. blatchleyi blatchleyi occurs farther
south.
Identification: The densely setose area at the base of the metafemur is
similar to that found in T. mixtus (Fig. 23), but adults are readily recognized
by their darker femora and distinctly wider mesosternal keel. In the much
more southern T. blatchleyi blatchleyi the apex of the metafemur is rufotesta
ceous.
Tropisternus columbianus Brownt 1931
Distribution and Abundance: Common in southern third to uncommon
in central third (Table 2). County records: 28, 32, 36--37, 40, 46--51, 54-59,
61-67. Range: BC-ON-OH-TX-CA.
Habitat: Adults were collected from shallow ponds and other lentic habi
tats from May into September, with earlier and later collections often from
spring seeps or spring ponds.
Life Cycle: Adults occurred 31 March-9 November, most being collected
in June (42%) and September (29%). Teneral adults (6) were found 18 Au
gust-27 September, five occurring in September. Adults probably overwinter
in spring ponds and seeps; most fly to shallow lentic habitats in late spring.
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Figures. 23-25. Left metafemur and apex of trochanter of Tropisternus (ven
tral view with densely punctate setose area stippled). 23. T. mixtus. 24. T.
glaber. 25. T. columbianus.

Identification: Adults are easily recognized by the abbreviated, densely
setose area at the base of the metafemur, which extends only half-way to the
apex of the trochanter (Fig. 25). They have a carina instead of a spine at the
apex of the abdomen, which is more pronounced than in adults of E. ellipticus,
the only other species lacking a spine.

Tropisternus ellipticus (Leconte, 1855)
Distribution and Abundance: Uncommon in southern third, rare in
central third (Table 2). County records: 28, 44, 54-57, 61--62, 68, 70--72.
Range: BC-WI-TX-CA.
Habitat: Almost all adults were collected from streams, spring ponds, or
ponds adjacent to streams.
Life Cycle: Adults (26%) occurred 4 March-30 May; the remainder (74%)
were found 5 August-8 November, most in August and November. The only
teneral adult occurred 6 August. Adults apparently overwinter in the lotic
habitats in which larvae develop.
Identification: Adults most resemble those of T. glaber, which also occur
in lotic habitats in spring and autumn. The anterolateral setiferous pit on the
pronotum, instead of a row of punctures, and the low carina instead of a spine
or strong carina at the apex of the last abdominal sternum, separate adults of
T. ellipticus from those of all other species ofTropisternus.
Tropisternus glaber (Herbst, 1797)
Distribution and Abundance: Common statewide (Table 2). County
records: 1--61, 64--68, 70-72. Range: ON-NS-NJ-SD.
Habitat: In late spring and summer, adults were collected mostly from
ponds, but also were found in marshes and other lentic habitats. In autumn
they occurred along margins of streams and in deeper lentic habitats.
Life Cycle: Adults occurred 2 March-ll December; most collections be
fore May and after September were from lotic habitats where they overwin
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ter. Most (83%) were collected May-September; 13% were found after Sep
tember. Adults returned to lentic breeding sites mostly in May and June; ten
eral adults (25) occurred 29 June-26 October, almost all before October, indi
cating most larvae develop in late spring and summer.
Identification: Because of a similar densely setose area at the base of the
metafemur, adults may be confused with those of T. ellipticus and T. natator.
Separation is discussed under those species.

Tropisternus lateralis nimbatus (Say, 1823)
Distribution and Abundance: Very common in northern third, abun
dant elsewhere (Table 2). County records: 1-21, 23-72. Range: AB-NS-FL
NM-WY Other subspecies occur south of the United States or west of the
Great Plains.
Habitat: Adults were collected primarily from ponds, but occasionally
were found in other lentic habitats and along margins of streams; 3% were
collected by light traps. Most overwintered in deep lentic habitats.
Life Cycle: Adults occurred 22 March-12 December. Only 5% were col
lected before June, after which numbers increased rapidly to reach a peak in
September; 35% of adults were found September-October, when adults, many
of which had recently emerged, were entering overwintering sites. Teneral
adults (264) first occurred a month earlier than in other species of Tropister
nus. Peak emergence was in August (36% of teneral adults), with significant
emergence equally distributed 31 May-July, and September-7 November.
Overwintering eggs may account for the early emergence, but adults are the
principal overwintering stage as evidenced by an extended emergence period
with a peak in August. The early emergence of many adults and significant
number of late-emerging adults (19% of teneral specimens after September)
suggests a substantial second generation in some years.
Identification: The continuous pale border on the pronotum and elytra,
and the predominantly testaceous legs are diagnostic.
Tropisternus mixtus (LeConte, 1855)
Distribution and Abundance: Abundant statewide (Table 2). County
records: 1-72. Range: MB-NS-WV-NE.
Habitat: Most adults were collected from ponds and other shallow lentic
habitats, except in autumn, when most overwintering adults were found
along margins of streams. Five percent of adults were collected by light traps.
Life Cycle: McKenna Pond, a breeding site, was sampled regularly from
1977-1981, when 4,236 adults were collected. Adults first appeared in
McKenna Pond 3 April and reached peak numbers (1,812) in July, with 82%
occurring June-August and less than 0.5% occurring after September; most
teneral adults (97 of 99) were found 28 June-31 August, suggesting a typical
univoltine life cycle. Other collections statewide had peak adult numbers in
June, August, and September, with 57% occurring June-August, 22% in Sep
tember, and 17% after September, the latter almost all in streams; teneral
adults (239) were found 28 June-19 November, 73% occurring before Septem
ber and 19% in September. Late emerging adults probably resulted from a
partial second generation or retarded development in cold habitats.
Identification: Because of the pale apical half of the metafemur, adults
resemble many adults of T. glaber; they can be distinguished by the distinctly
wider setose area at the base of the metafemur (Figs. 23-24) and by the nar
rower apex of maxillary palpi.
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Tropisternus natator d'Orchymont, 1938
Distribution and Abundance: Uncommon in northern third to very
common in southern third (Table 2). County records: 4, 14, 21, 23-24, 26,
28-30,35-72. Range: ON-PQ-GA-TX-SD.
Habitat: In spring and summer, adults were collected from ponds and
river sloughs; in late summer and autumn, they were found in overwintering
sites along margins of streams, lakes, and deeper ponds.
Life Cycle: Adults occurred 4 March-12 December, with 65% collected
May-September and 31% collected after September. Teneral adults (47) were
found 28 June-8 November, 89% occurring by October 10.
Identification: Adults resemble those of T. glaber, but are darker ven
trally with the ventral pale area ofthe metafemur limited to the anterior api
cal edge; in most T. glaber adults the pale area is more extensive, often ex
tending to near the posterior margin. The apex of the metasternal keel is
usually more strongly curved ventrally than in T. glaber and distinctly longer.
The wider and more coarsely punctate mesosternal keel, which is flatter and
often somewhat sulcate, is the best character for separating T. natator from T.
glaber.
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RAPD PCR CONFIRMS ABSENCE OF GENETIC VARIATION BETWEEN
INSECTICIDE RESISTANT VARIANTS OF THE GREEN PEACH APHID,
MYZUS PERSICAE [HOMOPTERA: APHIDIDAEI
A AI-Aboodi and R.H. ffrench-Constant 1,2

ABSTRACT
Previous allozyme analysis has revealed an apparent absence of enzyme
variability in the green peach aphid, Myzus persicae (Sulzer). We are inter
ested in determining the genetic relatedness of individual M persicae clones
carrying different numbers of esterase 4 (E4) gene copies conferring resis
tance to insecticides, in order to determine how many times and in what geo
graphic locations resistance via gene duplication may have evolved. We have
therefore extended the analysis of genetic variability in M. persicae to the
DNA level using random amplification of polymorphic DNA (RAPD) with sin
gle 10 mer oligonucleotide primers. Here we report a lack of variability be
tween resistant clones in Wisconsin populations even at the DNA leveL Fur
ther, 'fast' E4 (FE4) variants appear to be absent from Wisconsin populations,
despite FE4 variants of moderate resistance (Rl) being the most common
clones in the United Kingdom. These results suggest that resistance in M. per
sicae may have evolved a very few times and that North American populations
may differ from those in Europe by founder effects.

Previous reports on the levels of allozyme variation in the green peach
aphid, Myzus persicae (Sulzer), have revealed a striking absence of enzyme
variability. Thus in surveys conducted in the United Kingdom (Wool et aL
1978; Brookes and Loxdale 1987) , Germany (Tomiuk and Wohrmann 1983)
and North America (May and Holbrook 1978) all enzymes were found to be
monomorphic except for two esterase loci (El/2 and E4). This means that the
predominant reported genetic variability for this aphid is associated with
gene duplication of the esterase 4 (E4) gene (Field et al. 1988), which can se
quester (Devonshire and Moores 1982) and hydrolyze (Devonshire 1977) a
wide range of insecticidal esters.
E4 variants can be classified as E4 or FE4 depending on their mobility on
polyacrylamide gels (FE4 or 'fast'E4 shows higher mobility) and S, Rl' R., or
Ra in relation to the apparent level of activity observed using artificial napihyl
ester substrates (Devonshire 1989) . Clones of Rl activity appear to carry the
FE4 enzyme, whilst Rand Ra clones carry E4 (although there is some over
lap of E4 and FE4 aclivities within the resistance classification). Interest
ingly, recently reported sequence data from these two genes has shown that
the DNA flanking this gene is the same within E4 and FE4 clones and differs
only between E4IFE4 types (Field et al. 1993). However, the precise number
ofamplified copies of each of the E4IFE4 genes and the number oflocations at
IDepartment of Entomology, University of Wisconsin-Madison, Madison, WI 53706.
2To whom correspondence should be addressed.
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which they have been amplified in the genome of individual clones remains
unpublished. Therefore it is not currently possible to exactly correlate the
number of amplified E4IFE4 genes with the levels of resistance (S, R 1 , R2 or
R 3 )·

Temperate populations of M. persicae, away from their woody host
(peach), appear to be largely anholocyclic (asexual reproduction) overwinter
ing as nymphs or adults instead of eggs (Blackman 1971) . These observations
therefore raise the fascinating possibility that resistance via duplication ofE4
(or FE4) may have arisen a limited number of times and has been driven
through asexually reproducing populations within a few clonal variants. We
are therefore interested in documenting the number of individual clones car
rying E4IFE4 mediated resistance. Despite the high level of controversy gen
erated over the reproducibility of random amplified DNA (RAPD) markers
(Hederick 1992; Riedy et al. 1992; Ellsworth et al. 1993), previous studies
have shown that if care is taken over DNA to primer ratios (Ellsworth et al.
1993) , that these arbitrary DNA markers can be reproducible. RAPD mark
ers have thus been used to address questions in population ecology in a range
of insects (Hadrys et aL 1992) and to detect polymorphisms within (Black et
aL 1992), and distinguish between (Cenis et aL 1993), aphid species. RAPD
markers have also been successfully used to trace clonal lineages within var
ious protozoa (Tibayrenc et al. 1993). We were therefore interested in using
RAPD markers to understand the genetic relationships between resistant
clonal variants of M. persicae in temperate North American populations, in
order to address the two related questions. 1) How many times and in what
locations has resistance arisen? 2) Do North American and European popula
tions show genetic differences? RAPD PCR markers were chosen in order to
represent a random sampling of genetic variation in the Myzus genome.
Here we report, following analysis of 35 clones of differing E4 activity with
27 random 10 mer oligonucleotides, that no reproducible variability in RAPD
banding patterns was observed between any of the clones. Further, elec
trophoretic analysis of the E4 variants in Wisconsin shows an apparent ab
sence of FE4 variants, despite the fact that Rl clones of FE4 mobility are the
most common clones found in crop populations in the United Kingdom. This
suggests that resistance caused by gene duplication ofE4 has arisen in a very
limited number of genetically similar clones.
MATERIALS AND METHODS

Aphid clones. Aphids were collected from crop plants, predominantly
potatoes, in July and August of 1992 and 1993 in Wisconsin USA. The num
bers of clones collected from different counties (Dane, Oneida, Langdale,
Waushara, Columbia, Oconto, Juneau and Adams) are shown in Table 1.
Clones were established from individual females on excised potato leaflets
kept in small plastic cages at room temperature in the laboratory. Three ref
erence Rl FE4 clones were collected in September 1992 in the United King
dom from autumn sown rape near Cambridge, England.
Electrophoresis and RAPD peR.
crylamide gel electrophoresis
was performed as described elsewhere (
sand Loxdale 1987). Five in
dividuals from the same aphid clones were also used to make genomic DNA
for RAPD PCR. DNA preparation was as for individual Drosophila and has
been described elsewhere (ffrench-Constant et al. 1993). DNA was resus
pended in sterile distilled water to a concentration of 1 ng/JlL 1 ng of DNA was
added to a PCR reaction containing; 0.4 mM magnesium chloride, 0.1 mM
dNTPs, 0.2 J1M of a single random 10 mer primer (purchased from J. Carlson,
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Table L Number and location of Myzus persicae clones collected in counties within Wis
consin, USA and East Anglia, UK. Their E4 activity as scored by polyacrylamide gel
electrophoresis is shown,
E4 activity
County

S

Rl

R2

Adams
Columbia
Dane
Juneau
Langdale
Oconto
Oneida
Waushara
Cambridge, UK

0
1
0
0

1

0
2
0

5

5

0
1
2

0
4
0

0
0
0
1
0
2

0

1

5
1
1

R3
0
0
0
0
2
0
0
0
0

University of British Columbia, Canada) and 0,8 units ofTaq polymerase, 27
primers (Table 1) were tested on 47 individual clones of differing resistance
status, After 3 min, denaturation at 94°C, amplification was performed by 45
cycles of: 1 min denaturation at 94°C, 1 min annealing at 35°C and 2 min ex
tension at noc, Products were loaded onto a 4% agarose gel and visualized
using ethidium bromide fluorescence, Product sizes were estimated by refer
ence to a 1 kb reference ladder (Bethesda Research Laboratories). Each
primer clone combination was repeated at least three times or until a repro
ducible result was achieved.
RESULTS

E4 Electrophoresis, Clones were classified into susceptible (8, with no
discernible E4 activity in individual aphids on a polyacrylamide gel), moder
ately resistant (R l ), highly resistant (R2 ) and extremely resistant (Ra) based
on the levels of esterase activity observed at this locus in relation to the Rl
standards from the United Kingdom (Fig. 1), Within Wisconsin clones were
predominantly Rl (38%, n = 32), with similar frequencies of 8 and R (both
28%), and a lower frequency of R3 (6%), The collection location and E{ activ
ity are shown in Table 1, There was no apparent geographic structure to the
observed levels of resistance within the state. However, none of these variants
had the higher mobility FE4 enzyme associated with the English Rl stan
dards, which are the commonest variants in UK field populations (Fig, 1, lane
with asterisk),
RAPD peR, Following the testing of 27 random primers against 34 (32
from Wisconsin and 2 from the UK) clones of differing resistance status no re
producible variations in DNA banding patterns could be documented, A rep
resentative set of reaction products for six primers is shown in Fig, 2. The
number and size of the products formed from each random primer, alongside
the sequence of the primer is listed in Table 2.
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Fig. 1. Polyacrylamide electrophoresis gel of nine Myzus persicae clones of dif
fering E4 status: S, susceptible; Rl' moderately resistant; R" highly resistant
and Ra. extremely resistant. E4's of differing mobility are arso indicated, thus
the European Rl clone (asterix) has 'fast' E4 or FE4.

1.018

A

506
220
B

E

c

F

Fig. 2. Amplification products from six different RAPD primers (A, 178; B,
169; C, 177; D, 182; E, 170 and F, 192) used on DNA from six (eight in F)
Myzus persicae clones of differing E4 resistance status. Sizes of DNA markers
are given in base pairs.
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Table 2. Sequence of RAPD primers used in this study and size of amplification prod
ucts observed in base pairs (bp). Primer numbers refer to those designated by J. Carl
son, University of British Columbia.
Primer
number sequence

Approximate size of products (bpJ
- - = - - - - - : c - - - - - - - - - - - - - - - - - - -.........- - 

144
148
159
165
166
168
169
170
171
175
176
177
178
179
180
181
182
183
184
186
187
188
189
190
191
192
193

AGAGGGTTCT
TGT CCACCAG
GAG CCC GTA G
GM GGC ACT G
ACT GCT ACA G
CTA GAT GTG C
ACG ACG TAG G
ATC TCT CCT G
TGA CCC CTC C
TOO TGC TGA T
CM OOG AGG T
TCA OOC AGT C
CCG TCA TTG G
TCA CTG TAC G
GGG CCA CGC T
ATG ACG ACG G
GTT CTC GTG T
CGT GAT TGC T
CMACG GCA C
GTG CGT CGC T
MC GGG GGA G
GCT GGA CAT C
TGC TAG CCT C
AGAATC CGC C
CGA TGG CTT T
GCAAGT CAC T
TGC TGG CTT T

800,1000
550
480
290, 340, 390, 520, 650, 950, 1000
520
200, 300, 370, 550, 750, 900
700, 800, 1000, 1500
900
700, 750, 800, 950, 1000
390, 450, 900, 1000
200, 300, 400, 500, 750, 1000, 1500
200, 250, 280, 300, 500, 700, 1000, 2000, 3000
250,300,350,400,450,550,600,800,850,950, 1000
300, 390, 500, 750, 800, 1000
150, 450, 500, 700, 800, 900, 1000
150, 200, 250, 300, 350, 400, 700, 800
140, 150, 350, 390, 750, 900, 1000
300, 350, 400, 550, 800, 1000, 1300
220,280,300,500, 1000, 1600
170,250,290,390,450,500,550,700,750,800,900
300, 400, 500, 1000, 1500, 2000
200, 400, 500, 1000
150, 200, 300, 350, 700, 1000, 1500
350, 700, 1000, 1500
200, 250, 700, 800, 1000, 1500, 2000
300,330,370,390,600,700,800,900, 1200, 1700
280, 380, 450, 600, 700, 800, 900, 1500

DISCUSSION
The presence of the highly resistant variants R z and :a, has been corre
lated with control failures both in potato crops sprayed witfi a range of com
pounds (ffrench-Constant and Devonshire 1988) and field experiments re
peatedly sprayed with pyrethroids (ffrench-Constant et aL 1988). Their
occurence in Wisconsin therefore indicates a potential for control failures
within potato crops given appropriate conditions for aphid resurgence late in
the season (ffrench-Constant et al. 1988; Harrington et aL 1989).
The absence of any variability in the RAPD markers among any of the
aphid clones, representing all four resistance variants (S, Rl' Rz or Ra), stands
in contrast to a recent paper where two primers (OPA-02 and OPA-07) were
reported to show interclonal variation in M.persicae (Cenis et aL 1993). How
ever, in our hands, following repeated analysis of any primerlDNA combina
tions showing variable bands, in a larger number of clones and with a larger
number of primers, we were not able to show any reproducible variability. Any
variation found between clones was attributable to differences in primer:
DNA concentration ratios. This result shows that genetic variability between
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M. persicae clones is also very low at the DNA, as well as the allozyme, level.
The main documented genetic differences between between insecticide resis
tant clones are therefore the differences between the DNA flanking the E4
and FE4 genes themselves (Field et al. 1993) . Although the precise genetic re
lationship (in relation to number and location of amplification events) be
tween the E4IFE4 mobility variants has not been described, they have been
postulated to have been originally allelic before their independent duplication
and divergence (Field et al. 1993). This absence of genetic variability be
tween resistant clones thus supports the hypothesis that E4 or FE4 gene du
plications have recently arisen within a very few clones that are highly re
lated. However, this similarity of both E4 sequences and RAPD markers,
however, does not preclude the possibility that the number of locations in the
genome at which these genes have been amplified may differ between clones.
The apparent absence of FE4 variants from Wisconsin populations is ex
tremely interesting. Although this observation obviously needs confirmation
across the rest of the USA, one explanation is that the absence of these vari
ants from North America is due to a 'founder effect'. That is to say that FE4
variants have simply not colonized the US from Europe and that resistant
variants in North America are thus all descended from E4 clones. The hy
pothesis that aphids within the Myzus group may have originated from a lim
ited number oflocations and spread worldwide is not unprecedented. Thus de
tailed morphological analysis of tobacco-adapted populations has suggested
that populations from various parts of the world share a common origin and
that the species M. nicotianae was only introduced into America as recently
as over 40 years ago (Blackman 1987). Further, other examples of insecticide
resistance evolution in similar resistance conferring amplified esterase genes
in Culex mosquitoes (Raymond et al. 1991), and an altered 'Y-aminobutyric
acid receptor conferring cyclodiene resistance in D. melanogaster (ffrench
Constant et al. 1993), support the contention that resistance can arise a lim
ited number of times (probably only once in the case of cyclodiene resistant D.
melanogaster) and spread by migration. In contrast to sexually reproducing
mosquitoes and fruit flies, this would be particularly applicable for an aphid
whose predominant mode of reproduction in temperate regions appears to be
asexual and clones of which can readily be transmitted on plants and cuttings.
These results may therefore have important implications for the exclusion of
insecticide resistance strains or clones via quarantine.
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ADULT TRICHOPTERA OF THE DEVIL TRACK RIVER
WATERSHED, COOK COUNTY, MINNESOTA AND THEIR
ROLE IN BIOMONITORING.
David B. Maclean 1

ABSTRACT
Thirty two light trap collections of 7,797 adult Trichoptera made from
1990-1992, show that the Devil Track River Watershed in northeast Min
nesota includes at least 16 families, 41 genera, and 101 species of caddisflies
including three new state records: Agyrpnia colorata, Agrypnia obsoleta, and
Polycentropus glacialis. The greatest number of species were represented by
the families Limnephilidae (21), Leptoceridae (19), Hydroptilidae (13), Poly
nidae (10), and Hydropsychidae (9). Twenty two
centropodidae (12),
species were collected
sites and 46 at one or two sites. The greatest num
ber of species (81) was collected from the Devil Track River and Devil Track
Lake with fewer (64 and 40) from two sites on Junco Creek. Most species are
widely distributed and inhabit cool streams and lakes throughout eastern and
northern North America. The high species diversity at all sites and the low
number of tolerant species indicate that water quality within the watershed
is good to excellent. However, increased water temperature, acidity, and/or or
ganic enrichment could adversely affect at least one third of the Trichoptera
species inhabiting the Devil Track River Watershed.

Based on an analysis of sediment cores from the profundal region of seven
lakes in Minnesota and Wisconsin, including Thrush Lake which lies just
west of the Devil Track River Watershed, Swain et a1. (1992) concluded that
the atmospheric deposition rate of mercury has increased by a factor of 3.7
during the past 140 years. High mercury levels reported in the common loon
(Ensor et a1. 1992), as well as northern pike, walleye (Swain and Helwig,
1989) and lake trout caused The Minnesota State of Health to issue an advi
sory in 1989 to limit consumption offish from several northeastern Minnesota
lakes. The Minnesota Pollution Control Agency concluded that mercury con
centrations in northeastern Minnesota lake sediments have increased 2-5 per
cent per year and that mercury contamination in food chains, including fish,
is due to air pollution (Minnesota Pollution Control Agency, News Release, 23
January 1990; Swain and Helwig 1989).
Four of the ten precipitation monitoring sites in 1991 and three of twelve
through September, 1992 exceeded the Minnesota wet sulfate deposition stan
dard (11 kglha.) (Orr et at 1992). The Minnesota Pollution Control Agency es
timates that, over a period of time, up to 2,200 lakes and 600,000 ha of forests
in Minnesota could be damaged by precipitation with a pH of 4.7 or less. Dur
ing the second quarter of 1992, the average precipitation pH at ten Minnesota
lDepartment of Biological Sciences, Youngstown State University, Youngstown,
OH,44555.
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monitoring sites ranged from 4.6 to 5.2. For this period, the mean quarterly
pH at two sites near the Devil Track River Watershed, Cascade and Hovland,
was 4.4 and 4.5, respectively (Minnesota Pollution Control Agency, News Re
lease for 17 August 1992). Results of these and other studies (Burton et al.
1985, Simpson et al. 1985, Smith et al. 1990) show the need to monitor not
only birds and fish but also macroinvertebrates which inhabit watersheds
that are highly susceptible to acid precipitation, heavy metals and climate
change (Johnson et al. 1993).
The present study was undertaken to survey the Trichoptera (caddisflies)
of the Devil Track River (DTR) watershed, an area of approximately 145 km2
located mostly within the Superior National Forest of Cook County, Min
nesota. Trichoptera were chosen because caddisflies are generally susceptible
to environmental pollutants (Moore et al. 1991, Norris and Georges 1993, Usis
and Foote 1991) and are important components of benthic macroinvertebrate
communities. Caddisflies contribute to the secondary productivity, energy
budgets and decomposition processes of streams, rivers and lakes (Benke and
Wallace 1980, Benke et al. 1984, Cudney and Wallace 1980, Hynes 1970,
Mackay and Kersey 1985, Parker and Voshell 1983, Waters 1979, Wiggins and
Mackay 1978) and wetlands (Garono and MacLean 1988, MacLean and
MacLean 1984, Usis and MacLean 1986a,b; Flannagan and Macdonald 1987).
Adults were surveyed because, while specific identifications are possible for
about one-third oflarval Trichoptera in North America (Schefter and Wiggins
1986, Schuster and Etnier 1978, Schmude and Hilsenhoff 1986, Wiggins
1977), the taxonomy of adults is much better known (Wiggins, 1978). Faunis
tic and taxonomic studies by Etnier (1965), Hilsenhoff (1981), and Lager et al.
(1979) have provided important data on the Trichoptera fauna of the Great
Lakes region.
The primary objective of this study was to obtain a list of adult Tri
choptera that currently inhabit the Devil Track River Watershed and based on
their published tolerances to acidity, organic pollution and water tempera
ture, identify species that are potentially environmentally threatened. A sec
ondary objective was to provide data on species abundance, sex ratios, and
community characteristics that might be useful in interpreting any short or
long term changes in biodiversity, of caddisflies or other aquatic insects, due
to the effects of acid rain, heavy metal contamination or climate change (Allan
and Flecker 1993). A better understanding of community structure and envi
ronmental conditions will of course depend on quantitative surveys (Norris
and Georges 1993, Resh 1979) of immature aquatic insects and water quality
data.

The Devil Track River Watershed
The largest body of water within the DTR watershed (Fig. 1) is Devil
Track Lake which lies in an east-west direction and covers approximately
1080 ha (9.0 x 1.2 km) and reaches a depth of 18 m. The only inlets into the
lake are Junco Creek which originates approximately 12 km to the North and
flows into the northwest end of the lake and an unnamed stream that enters
the lake along its north shore. For much of its distance, Junco Creek flows
through small ponds, lakes, and wetlands. Water from a number of small
lakes in the northern portion of the watershed flows into a small unnamed
stream which empties into Junco Creek 1 km. north of Junco Lake.
The Devil Track River flows out of a small bay at the east end of the lake.
A small dam at the outlet regulates the level of the lake and the flow of water
into the river. The Devil Track River flows east through several beaver ponds
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Figure 1. Location of the Devil Track River Watershed, Cook County, Min
nesota. Only the major lakes, rivers, creeks, roads and collecting sites are
shown. 'IWo Island Lake, the South Brule River and Northern Light Lake lie
outside of the watershed. Collection sites were: DTR Devil Track River,
DTL = Devil Track Lake, JC27 = Junco Creek 27, JC57 Junco Creek 57.
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and is crossed by County Rd. 8 approximately 750 m east of the lake. Elbow
Creek flows south from Elbow Lake, the second largest body of water in the
watershed, for 4.7 km before entering the Devil Track River. East of County
Rd. 8, the river turns sharply southward and 2.5 km downstream enters the
Devil Track Gorge. Water from wetlands and several small lakes south of
Devil Track Lake are drained by the Little Devil Track River which flows east
for 8 km where it enters the larger river near the head of the gorge. The river
descends more than 210 m through the steep walled gorge for approximately
3.0 km until it enters Lake Superior 4.0 km east of Grand Marais, Minnesota.
Cabins and homes occur along the north shore and the eastern third of the
south shore. A small airport, located for many years along the north shore of
Devil Track Lake, has been relocated just north of County Rd. 8. Much of the
watershed supports a dense white pine-northern hardwoods forest, including
white and jack pine, balsam fir, white spruce, paper birch and quaking aspen.
Black spruce and tamarrack occur in bogs and poorly drained areas. Much of
the watershed was extensively logged during the early 1900s when nearly all
the white pine was cut. Relatively few primitive forest roads, logging roads,
and snowmobile trails penetrate the watershed.
The Devil Track River Watershed, like many in northeastern North Amer
ica, is characterized by small amounts of exchangeable basic cations (e.g.
Ca++and Mg++), greatly limiting the capacity to buffer inputs of acidic anions
(e.g. SO - and NO a') (Driscoll and Newton 1985). Surface waters deficient in
natural buffering capacity are thus susceptible to atmospheric deposition of
acidic anions and acid shock during spring melt. In addition, H+, AI, and trace
metals are often released from the soil into surface waters (Driscoll and New
ton, 1985, Smith et al. 1990). Based on field and laboratory analyses done by
the Minnesota Department of Natural Resources, Division of Fisheries (Table
1), pH values for the Devil Track River (n = 23) in the 1980s ranged from 6.45
to 7.27. Values ranged from 6.78 to 7.50 for Devil Track Lake (n = 6) and 6.16
to 7.03 for Junco Creek (n = 6). Total alkalinity values ranged from 4.8 ppm
for Junco Creek to 21.4 ppm for the Devil Track River.
MATERIALS AND METHODS
A total of thirty two light trap collections of adult Trichoptera was made
by means of portable 8 w blacklight traps at four sites. Traps were operated
for 4 to 5 hr beginning shortly after sundown. Locations and collection dates
were: (1) the Devil Track River (DTR) ca 650 m downstream from where it
flows out of the lake: 16,26 August 1990, 16, 24 June, 5 July, 4 September
1991, 30 July, 6 August 1992; (2) the east end of Devil Track Lake (DTL): 14,
23, 26 August 1990, 16, 24 June, 5 July 1991, 5 September 1991, 29 July, 6,
16 August 1992; (3) Junco Creek (JC27) where it flows beneath Forest Rd. 27:
17,27 June, 9 July 1991, 26 July, 8,15,19 August 1992; and (4) Junco Creek
(JC57) where it flows below Forest Rd. 57, shortly before the stream enters
Devil Track Lake: 17, 27 June, 7 July 1991; 26 July, 8, 15, 19 August 1992.
Voucher specimens are currently housed in The Youngstown State University
insect collection.
Simpson's index of diversity (D = N(N l)/S Il; (n. - 1), where N is the total
number and n the number of species i collected) and Sorenson's community co
efficient (S 2C/Il;' + fi;j., where C is the fewer number of individuals n of
species i collected at sites j and k) were calculated for each site. Tolerances of
caddisfly species to acidity, organic enrichment and temperature were based
on values compiled by Harris and Lawrence (1978) and Hilsenhoff(1987). Bi
otic indices (Bl) were based on the number of adult caddisflies collected only
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Table 1. pH and total alkalinity for selected sites within the Devil Track River Water
shed. Data provided by The Minnesota Department of Natural Resources, Division of
Fisheries. Single values were recorded as the low for that date.
pH
Site

Date

low

Devil Track River
km from mouth
0.00
n.r.
n.r.
nx.
n.r
0.25
12.00

1941
03/82
04/82
05/82
06/82
10/86
10/86

7.60
6.85
6.45
6.80
7.02
6.91
6.89

07/52
07177
08/83
07/86
07/87
08/90

7.00
7.50
7.24
7.38
6.78
6.99

07/86
08/86

6.16
6.91

Devil Track Lake

Junco Creek
0.3 - 16.0 km from
Olson Creek

alkalinity"
low

7.27
7.00

37.5
23.5
8.0
2.9
16.6
21.4
14.9

27.0
17.5

n.r.
20.5
14.1
13.4
12.1
15.5
7.03

4.8
12.4

25.6

aalkalinity values recorded as mgfl for 1941 and 1982. Values for all other years are
ppm.

for those species whose tolerance values (T.V.s: 0-10, where 0 the most in
tolerant, 10 = the most tolerant) are known (Hilsenhoff 1982, 1987, 1988).
Species were assigned to larval functional categories according to Anderson
and Wallace (1984) and Cummins et al. (1984). Trichoptera nomenclature was
based on Morse (1993 and per. com.).
RESULTS
Values of Simpson's diversity index (D) were 4.15 for DTL, 8.15 for DTR,
8.53 for JC27 and 11.33 for JC57 (Table 2). Even though both the DTR and
DTL sites had the same number of species (81), diversity at the lake was only
half that of the river site. The relatively low value for Devil Track Lake was
no doubt due to the large number (1388) of Nyctiophyiax affinis (Banks) col
lected at this site. Sorensen's community coefficient was highest for DTR and
DTL (0.841) and lowest for JC57 with all other sites. Collectors and shredders
were especially numerous at the river and lake sites with fewer numbers of
piercers, predators and scrapers present at all sites.
Results of this survey demonstrate that the DTR supports at least 16 fam
ilies, 41 genera and 101 species of Trichoptera (Table 3). Included in this list
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Table 2. Community characterists of adult Trichoptera collected by light traps from
1990-1992 at four sites located within The Devil Track River Watershed, Cook County,
Minnesota.
Survey Site
DTR

DTL

JC27

JC57

81

81

64

40

No. of individuals

2788

2908

1615

486

Simpson's index
of diversity (D)

8.15

4.15

8.53

11.33

1.000

0.841
1.000

0.731
0.694
1.000

0.590
0.532
0.590
1.000

No. of species

Sorensen's Community
Coefficient (S)
DTR
DTL
JC27
JC57

are three new state records: Agyrpnia colorata Hagen, Agrypnia obsoleta
(Hagen), and Polycentropus glacialis (Ross). The greatest number of species
were represented by the families Limnephilidae (21), Leptoceridae (19), Hy
droptiIidae (13), Polycentropodidae (12), Phrygaenidae (10) and Hydropsychi
dae (9). Ten additional families had three or fewer species. Caddisflies that
emerged prior to the onset of light-trapping in mid June (e.g. possibly some
Banksiola species) would not have been collected.
Species present at all sites were: Anabolia bimaculata (Walker), Banksi
ola crotchi Banks, Ceraclea transversa (Hagen), C. diluta (Hagen), Ceratopsy
che slossonae (Banks), C. sparna (Ross), Cheumatopsyche pettiti (Banks), Chi
marra obscura, Hydatophylax argus (Harris), Hydropsyche bettini Ross,
Hydroptila hamata Morton, Lepidostoma togatum (Hagen), Limnephilus in
divisus Walker, N. af{inis, Platycentropus radiatuB (Say), PolycentropuB
cinereus Hagen, Polycentropus confusus Hagen, Polycentropus remotus
Banks, Ptilostomis ocellifera (Walker), Ptilostomis semifasciata (Say), Pyc
nopsyche guttifer (Walker) and Pycnopsyche lepida (Hagen). Except for
Oxyethira rivicola Blickle & Morse, common or abundant hydroptilid species
were collected only from the river and lake. Forty species were collected at
only one or two sites. Only one species, N. af{inis, was represented by more
than 1,000; three between 400-500; six between 200-399; seven between
100-199; 13 between 50-99; and 72 by fewer than fIfty individuals.
Females outnumbered males overall (F:M 1.33) and >2:1 in the follow
ing common or abundant species: Ceraclea ancylus (Vorhies), C. sparna, Chi
marra feria Hagen, H. bettini, Ithytrichia clavata Morton, Oecetis ochracea
Curtis, O. riuicola (no males recorded), P. confusus and Psychomyia flauida
Hagen (no males recorded). Interestingly, while the sex ratio for C. feria was
heavily in favor offemales, the M:F ratio for C. obscura was nearly 1.0. Males
greatly outnumbered females (M:F > 2:1) for only A bimaculata, Ceraclea
canceZZata (Betten), Ceraclea tarsipunctata (Vorhies), Mayatrichia ayama
Mosley, Oecetis persimilis (Banks) and P. guttifer. However, the numbers of
each species collected by light traps and the resulting sex ratios may have

Table 3, Species of Trichoptera collected by light traps operated at four sites within the Devil Track River Watershed, Cook County,
Minnesota from 1990 -1992. Included are species reported pH and temperature ranges, tolerance values (T.V.s), numbers collected and
sex ratios, The sites were The Devil Track River (DTR), Devil Track Lake (DTL), Junco Creek at Forest Rd, 27 (JC27) and Junco Creek
at Forest Rd, 57 (JC57).

-0
-0
tI1

environmental tolerances and no, of Adult Caddisflies at site
------------

Taxon
lae
feria Ross
Chimarra obscura (Walk)
Dolophilodes
distinctus (Walk.)

pHa

Tem.b

T.v.e

DTR

DTL

JC27

JC57

Total

F:Md

n.r.
5.9-8.9

n.r.
E,M,O,S

1
4

424
306

1
16

1
128

0
1

426
451

13:1
0.9:1

5.9-8.0

M,O,S

0

1

0

2

43

46

5.6:1

-l

:c
m
G)
;:0

Psychomyiidae
Psychomyia
flavida Hagen

m

~

6.0-8.7

M,O

2

0

5

3

75

83

all F

s;:
7'\

m

Polycentropodidae
Neureclipsis
crepuscularis (Walk.)
Neureclipsis
valida (Walk.)
Nyctiophylax
affinis (Banks)
Phylocentropus
placidus (Banks)
Polycentropus
aureolus (Banks)
Polycentropus
cinereus Hagen
Polycentropus
confusus Hagen
Polycentropus
crassicornis Walk.

(.f)

m

Z

n.r.

n.r.

7

13

3

0

0

16

8.0:1

n.r.

n.r.

5

1

11

2

0

14

3.6:1

n.r.

n,r.

5

115

1388

195

27

1725

0.8:1

0
~
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(.f)

-I
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5

5
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0

5
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1

1
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environmental tolerances and no. of Adult Caddisflies at site
Taxon
Polycentropodidae (Cont.)
Polycentropus
flavus (Banks)
Polycentropus
glacialis (Ross)
Polycentropus
interruptus (Banks)
Polycentropus
remotus Banks
Hydropsychidae
CeratoPsYche
morosa (Hagen)
CeratoPsY che
altemans (Walker)
Ceratopsyche
slossonae (Banks)
sparna ,tWss)
CheuJ1U1;topsyche
aphanta Ross
Cheumatopsyche
pettiti (Banks)
Cheumatopsyche
speciosa (Banks)
Hydropsyche
betteni Ross
HydroPsYche
dicantha Ross

pH"

Tem. b

T.v.c

DTR

DTL

JC27

JC57

Total

F:Md

n.r.

n.r.

6

12

9

6

0

27

4.4:1

n.r.

n.r.

6

0

8

0

0

8

7.0:1

n.r.

n.r.

6

5

4

1

0

10

all M

n.r.

n.r.

6

8

13

1

7

~

m

G)

29

13.5:1

'm"
~

);:
7'\
m

6.2·8.5

M,O,S

2

10

34

0

2

46

3.6:1

7.7·8.5

M,O

3

9

14

0

0

23

3.6:1

4.6-8.2

M

4

290

33

11

17

351

1.5:1

4.6-7.0

M,O,S

1

157

57

6

99

319

4.1:1

5G)

8.0

n.r.

5

18

3

1

0

22

1.2:1

-l

5.9-8.2

M,O,S

5

219

46

44

1

310

0.7:1

n.r.

n.r.

5

2

0

1

0

3

all F

5.9-8.5

M,O,S

6

20

14

69

22

125

41:1

en

m

Z

-i

20
Ui

~
tv

00

n.r.

n.r.

2

0

0

77

2

79

6.2:1

Z
p
tv

Rhyacophilidae
Rhyacophila
fuscula (Walk.)

3.8-9.1

M,O,S

0

0

0

0

10

10

0.1:1

GloRRoHomntidu()
AgapeteN illini HOSR
GloslI(momu niRrior Bunks

8.0-8.7
6.0-8.2

M
M,O,S

0
0

1
1

0
0

0
0

12
7

13
8

0.9:1
1.7:1

n.r.

n.r.

6

0

0

0

3

3

all F

n.r.

n.r.

6

0

1

6

2

9

8:1

Hydroptilidu()
Hydroptila
albic()miN Hagen
Hydmptila
amonea ROils
Hydroptila
(~()n.~imiluN Morton
Hydroptila
hamata Morton
Hydroptila
Halma Hoss
H.yriroptila
Ilcolop.~ Hoss

Hydroptila
waubesiana Betten
Denning
Morton
Mayatrichia ayama Mosely
Neotrichia okopa Ross
Oxyethira
michiganensis Mosely
Oxyethira
rivicola Blickle & Morse

Phrygaenidae
Agrypnia colorata Hagen
Agrypnia obsoleta (Hagen)

-.0
-.0

6.8-9.1

M,O

6

3

9

0

0

12

aUF

6.0-8.2

M,O,S

6

4

13

1

1

19

3.8:1

01

-I

:c
m
Q

'"'

m

~
);
7'\

m

U'J

n.r.

n.r.

6

0

2

0

0

2

all M

m

n.r.

n.r.

6

6

14

0

0

20

1.2:1

6.8-7.2
n.r.
n.r.
<7.0-8.4
n.r.

M
n.r.
n.r.
M,O
n.r.

6
6
n.r.
n.r.
n.r.

0
0
51
166
21

64
0
5
24
6

0
1
0
2
0

0
0
0
0
0

64
1
56
192
27

all F
all M
3:1
0.1:1
1.7:1

0
3::
0
.-

n.r.

n.r.

3

2

1

1

0
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aUF
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0
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all F
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°

7
7

2
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0
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2
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Taxon
Phrygaenidae (Cont.)
Agrypnia improba (Hagen)
Agrypnia
Macdunnoughi (Milne)
Agrypnia vestita (Walk.)
Banksiola crotchi Banks
Hagenella
canadensis (Banks)
Phryganea cinerea Walk.
Ptilostomis
ocellifera (Walk.)
Ptilostomis
semifasciata (Say)

pHa

Tem. b

T.V."

DTR

DTL

JC27

JC57

Total

F:Md

6.8-9.6

°
n.r.

7

14

14

3

0

31

0.5:1

n.r.
n.r.

7
7
n.r.

5
7
24

6
15
61

1
3
8

0
0
7

12
25
100

0.7:1
1.8:1
1:1

n.r.
n.r.

n.r.
n.r.

n.r.
8

0
1

1
2

1
6

0
0

2
9

all M
0.1:1

7>8.5

M,O,S

5

45

14

15

4

78

1.2:1

n.r.

n.r.

5

12

31

4

7

54

0.7:1

n.r.
n.r.
n.r.
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m
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;>0

m

~
~

7'\

m
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Brachycentridae
Micrasema wataga Ross
Lepidostomatidae
Lepidostoma
bryanti (Banks)
Lepidostoma
sackeni (Banks)
Lepidostoma
togatum (Hagen)
Limncphilidae
Anabolia
bimaculata (Walk.)
Anabolia
consocia (Walk.)
Arctopora
pUlchelia (Banks)

m

n.r.

n.r.

2

2

0

2

1

5
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0
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1

2

1

0

0
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1

4

4

0

0

8
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1

2
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7
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2
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8

6
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n.r.

n.r.

n.r.

0

1

0

0

1

all M

7.0-8.2

n.r.

2

1

4

1

7

1:3

12:1

6.2-9.4

M,O,S

3

2

0

0

0

2

all F

7.0-8.2

M,O,S

3

2

1

1

1

5

0.6:1

n.r.

n.r.

3

4

6

2

0

12

0.7:1

n.r.

n.r.

3

10

2

0

0

12

1.8:1

7.3-8.5

M,O

3

3

0

0

0

3

aUF

s;:

n.r.

n.r.

3

10

12

0

2

24

0.4:1

m

n.r.

n.r.

n.r.

0

2

1

0

3

1.0:1

8.4-8.5

M

3

1

3

0

0

4

3:1

n.r.

n.r.

4

1

0

0

0

1

all M

5G)

7.0-8.2

M,O,S

4

6

14

2

4

26

3.3:1

Vi

n.r.

n.r.

4

0

0

16

0

16

all F

4.6-8.3

M,O,S

4

70

29

15

14

128

0.6:1

6.3-8.2

M,O,S

4

28

6

13

8

55

all F

n.r.

n.r.

4

0

0

1

7

8

0.3:1

6.5-7.3

M,O,S

4

5

1

0

4

10

0.6:1

(Walk.)
Walk.
Limnephilus
moestus Banks
Limnephilus
ornatus Banks
Limnephilus
rhombicus (L.J
Limnephilus
sericeus (Say)
Limnephilus
sublunatus Provancher
Limnephilus
submonilifer Walk.
Platycentropus
amicus (Hagen)
Platycentroplls
radiatus (Say)
Pycnopsyche
aglona Ross
Pycnopsyche
guttifer (Walk.)
Pycnopsyche
lepida (Hagen)
Pycnopsyche
limbata (McLachlan)
Pycnopsyche
sllbfasciata (Say)

'<l
'<l
VI
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m
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Table 3. Continued

.!:>
0

environmental tolerances and no. of Adult Caddisflies at site
Taxon

pHa

Tem.b

T.V."

DTR

DTL

JC27

JC57

Total

F:Md

Odontoceridae
Psilotreta sp.

- 7.0

M,O,S

n.r.

0

1

0

0

1

all F

Sericostomatidae
Agarodes distinctus Ulmer

n.r.

n.r.

3

25

2

0

0

27

2.0:1

Molannidae
Molanna blenda Sibley
Molanna tryphena Betten
Molanna uniophila Vorhies

5.4-6.9
6.1-7.0
n.r.

M,O,S
M,O
n.r.

6
6
6

4
0
1

8
0
11

0

3
0
4

15
1
16

0.1:1
all M
0.3:1

Heliopsychidae
Heliopsyche
borealis (Hagen)
Leptoceridae
Ceraclea
alagma Ross
Ceraclea
ancylus (Vorhies)
Ceraclea
annulicornis (Stephens)
Ceraclea
cancellata (Betten)
Ceraclea
diluta (Hagen)
Ceraclea
resurgens (Walk.)
Ceraclea
tarsipunctata (Vorhies)
Ceraclea
transversa (Hagen)

1
0

1
m

.,.,m

Gl

~
~

'"

m

6.5-8.5

(fl

M,O

3

4

5

1

0

10

all M

m

Z
-j

n.r.

n.r.

3

3

5

1

0

9

allM

7.9

M

3

112

197

38

0

347

5.9:1

0
!:
0.
0
Gl
Vi

-i

n.r.

n.r.

3

2

0

1

0

3

0.5:1

n.r.

n.r.

3

6

11

61

0

78

0.3:1

n.r.

n.r.

3

34

41

404

5

484

1.1:1

Q:.

n.r.

n.r.

3

9

0

2

0

11

0.1:1

,00

7.5-8.2

M,O

3

0

0

248

0

248

0.4:1

Z
9

n.r.

n.r.

3

117

79

10

2

208

0.9;1

t--)

t--)

Mystacides
sepulchralis (Walk.)
Oecetis
cinerascens (Hagen)
Oecetis
inconspicua (Walk.)
Oecetis
ochracea Curtis
Oecetis
persimilis (Banks)
Trianodes
abus Milne
Trianodes
Ross
Trianodes
flavescens Banks
Trianodes
injustus (Hagen)
Trianodes
marginatus Sibley
Trianodes
tardus Milne
Totals::

6.5-8.8

M,O

4

n.r.

n.r.

8

5.9-8.8

M,O,S

n.r.

-0
-0

2

0

0

3

0.5:1

8

8

0

0

16

0.6:1

8

22

115

44

0

181

1.0:1

n.r.

8

29

25

23

0

77

all F

n.f.

n.r.

8

67

4

a

0

74

0.3:1

n.r.

n.r.

6

0

3

0

0

3

0.5:1

I

n.r.

n.r.

6

2

2

1

0

5

all F

n.r.

n.r.

6

4

22

2

0

28

13:1

""m~

n.r.

n.r.

6

0

1

0

0

1

all M

<.Jl

-i

m

Q

);:
;;><;
m

t.J)

m

n.r.

n.f.

6

5

6

2

0

13

0.6:1

n.r.

n.r.

6

3

4

0

0

7

all F

13
36
81
2788

14
34
81
2908

12
29
64
1615

13
25
40
486

Families: 16
Genera: 41
Species: 101
No. 7797

Z

0
~

5Q

~

7797

"Range of reported pH values and tolerances:: acidobionic < 5.0; acidophilic < 7.0; alkaliphilous - 7.0; alkalibionic > 8.5, n ..r.. not
recorded (Harris and Lawrence, 1978).
bTemperature tolerances:: S, stenothermal
or 5C); 0, oligothermal (O-15 C); M, mesothermal (15-30); euthermal (> 30 C), n ..f.. not
recorded (Harris and Lawrence, 1978)..
<T.V., Tolerance Vlaues:: 0-1, very intolerant; 2-4, intolerant; 5-7, moderately tolerant; 8-10, very tolerant (Hilsenhoff, 1987).
dF:M, ratio of female to

«

.I>
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been biased due to the collection method since not all caddisflies are attracted
to light. This may explain the few number of Brachycentridae collected.
The largest number of caddisfly species (81) and individuals (2908 and
2788) were collected at the Devil Track River (DTR) and Devil Track Lake
(DTL) sites respectively (Table 3). Considerably fewer species (64 and 40) and
individuals (1615 and 486) were collected at the two Junco Creek sites (JC27
and JC57). Collections in 1992 were generally much smaller than other years
due to below normal temperatures (nightime temperatures were often below
lOOC).

Based on published tolerances to reduced dissolved oxygen, organic en
richment (Harris and Lawrence, 1978 and Hilsenhoff 1987), water tempera
ture and pH, all sites included both tolerant and intolerant species (Table 3).
The greatest number of species were moderately tolerant (T.Vs = 5-7), while
relatively few were either intolerant (T.V.s = 0-4) or very tolerant (T.V.s
8-10). Intolerant species were: A. illini, Ceratopsyche morasa (Hagen), C.
sparna, C. feria, Dolophilodes distinctus (Walker), Glossosoma nigrior Banks,
H. argus, H. dicantha, Lepidostoma bryanti (Banks), Lepidostoma sackeni
(Banks), L. togatum, Micrasema wataga Ross, P. flavida and Rhyacophila fus
cula (Walker). Species recorded to be the most tolerant to one or more or the
conditions listed above were: A. colorata, A. obsoleta, A. improba (Hagen), A.
macDunnoughi (Milne), A. vestita (Walker), Neureclipsis crepuscularis
(Walker), N. Valida (Walker), Oecetis cinerascens (Hagen), O. inconspicua
(Walker), O. ochracea (Curtis), O. persimilis, and Phryganea cinerea Walker.
Many species have been reported from a very wide range of water tem
peratures (0°_30° C). Two of the most abundant species, C. feria and C. ob
scura, can tolerate water temperatures above 30°C. Agrypnia improba, A. col
orata, and C. tarsipunctata have been reported from a narrower range of cool
water temperatures (0°-15° C). The range of pH tolerated by most species has
been reported to be < 5.5 (acidobionic) to >7.0 (alkaliphilous). Agrypnia im
praba, C. tarsipunctata, Ceratopsyche alternans (Walker), Limnephilus sub
monilifer Walker, and P. ocellifera reportedly have a narrow pH range of
7.0> 8.5 (alkaliphilous to alkalibionic). The pH of the Devil Track River, was
lower (6.45-7.27) than previously reported for A. colorata and Agapetes illini
Ross (Table 3). Biotic Index (BI) values (Table 4) calculated from species abun
dances and published tolerance values showed water quality to be either good
or excellent for the four Devil Track River Watershed sites. The inclusion of
primarily lentic species, e.g. phrygaenids, was not thought to bias the BI cal
cutions at these well aerated sites due to stream flow or wave action.
DISCUSSION
The large number of Trichoptera species reported in this study demon
strates that The Devil Track River Watershed supports a large and diverse
aquatic fauna. The actual number of Trichoptera species that inhabit the wa
tershed is no doubt greater than that reported here. For example, the pres
ence of species found only at the Junco Creek 57 site suggests that additional
species may inhabit the small lakes and streams in the northern portion of the
watershed, the Devil Track River Gorge, and numerous bogs and wetlands
that typically support a characteristic caddisfly fauna (Garrono and MacLean
1988). Unfortunately, light trap data provide only an indirect means of evalu
ating the Trichoptera community and their aquatic microhabitats. However,
it is reasonable to assume that the diversity reported here is typical of Tri
choptera and other aquatic insects that inhabit the watersheds of the vast and
relatively unpolluted region of northeastern Minnesota and adjacent Ontario.
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Table 4. Biotic Index values OffOUT sites within the Devil Track River Watershed, Cook
County, Minnesota based on light trap collections of adult Trichoptera
Devil Track
River

Devil Track
Lake

Junco Creek
F. R. 27

Junco Creek
F. R. 57

3.68
Very Good

4.83
Good

3.95
Very Good

2.92
Excellent

Most caddisfly species that populate the Devil Track River Watershed, in
habit cool streams and lakes throughout the Deciduous Forest Biome of east
ern North America (Holzenthal and Monson (per. com.), Nimmo, 1986, Ross,
1944). Ranges of A. colorata A. obsoleta, A. improba, A. macDunnoughi, A.
montanus (Banks), Asynarchus mutatus (Hagen), Hagnella canadensis
(Banks), H. argus and Limnephilus sublunatus Provancher, extend through
out the Boreal Forest Biome to the north and west (Marshall and Larson,
1982, Nimmo, 1971, 1986). No species was endemic or considered to be threat
ened or endangered (Holzenthal and Monson (per. com.). The caddisfly fauna
of the heavily shaded JC57 site was the least similar with the other sites. The
relatively warm JC27 site showed a greater similarity with the Devil Track
river and lake (S= 0.73 & 0.69) than with the other Junco Creek site (JC57,
S=0.59). This relatively low faunal similarity was due to the presence of cool
water intolerant species at JC57 that were absent from the other sites. Not
surprisingly, the Devil Track River and Devil Track Lake showed the closest
faunal similarity (S=0.84).
Much remains to be learned about tolerances of many species of Tri
choptera and other aquatic insects to heavy metals, low pH, organic pollution
and warm water (Johnson et a1. 1993, Lehmkuhl 1979, Moore et al. 1991,
Mance 1987). Literature summarized by Jonhson et al. (1993) indicates that
many Trichoptera taxa tolerate pH values < 4.7, but fewer (e.g. Anabolia and
Hydropsyche spp.) tolerate reduced oxygen concentrations due to organic en
richment. However, predictions based on generalizations may be incorrect as
tolerances to low pH, heavy metals and other environmental factors depend
on life history traits such as larval size (instar), growth rate, voltinism, phe
nology and reproductive behavior (Lehmkuhl, 1979).
Community level effects would include secondary production, changes at
the functional group level (e.g. collectors, grazers, piercers, predators and
shredders) (Johnson et al. 1993) and decomposition rates (Kimmel et al. 1985,
Mackay and Kersey, 1985). Smith et al. (1990) found that stream pH was pos
itively correlated with mayfly density and richness and, while total inverte
brate density was not affected, collector-gatherer richness, and scraper den
sity and richness were positively correlated with stream acidity. Mackay and
Kersey (1985), Kimmel et al. (1985), and Simpson et a1. (1985) found
markedly fewer benthic macroinvertebrates in acidic streams, and decreased
decomposition rates of leaf litter as well. A similar response of filter feeding
Trichoptera (collectors) to increased acidity would have a major impact on the
structure of the benthic macroinvertebrate community of the Devil Track
River.
Trichoptera are not as sensitive to low pH as Ephemeroptera (Johnson et
a1. 1993, Mackay and Kersey 1985, Smith et a1. 1990), however, increased
acidity and heavy metals would surely affect many caddisfly species (Johnson
et a1. 1993, Moore et a1. 1991) and functional groups, e.g. hydropsychid and
polycentropodid collectors. Values of pH, often reported from field observa
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tions carried out under "norma]" conditions, may be of limited use when de
termining tolerances to acidity. For example, references given in Johnson et
al. (1993, Table 4.1) record tolerances for Agrypnia and Limnephilus species
to be less than 4.7. However, older references in Harris and Lawrence (1978)
record A. improba and L. submonilifer, as well as C. tarsipunctata, C. alter
nans and P. ocellifera, from slightly to quite basic habitats (pH 7.0 > 8.5).
Limnephilids and other shredders may be more tolerant of low pH and heavy
metals than most other benthic macroinvertebrates (Mackay and Kersey
1985, Moore et al. 1991). Armitage and Tennessen (1984) concluded that
short-term increases in acidity and aluminum concentration did not adversely
affect the diversity and density of caddisflies inhabiting a North Carolina soft
water stream. While species such as Frenesia difficilis (Walker) and R. fus
cula may survive in acidic streams (pH < 5.0, Mackay and Kersey 1985, Simp
son et al. 1985), exposure to low pH over long periods would surely affect the
life cycles of many species of caddisflies and other aquatic insects (Johnson et
al. 1993). Smith et al. (1990) reported that Glossosoma, Pycnopsyche and Tri·
a7wdes were absent from the most acidic sites and together with Hydropsyehe,
might be good indicators of acidic conditions. While insects are in general
more tolerant to increasing heavy metal concentrations than Crustacea and
gastropods (Mance 1987), caddisflies exhibit most of the characteristics of
"ideal" sentinel organisms (Hellawell 1986, Johnson et al. 1993, Norris and
Georges 1993).
Based on tolerance values (Hilsenhoff 1987), species that could be ad
versely affected by increased organic pollution (Table 5) include six net-spin
ning caddisflies, C. sparna, C. morosa, Chimarra feria, D. distinetus, H. di
eantha and P. flauida; two grazers, A. illini and G. nigrior; three case-building
species, H. argus, L. bryanti and L. saekeni; and a predator R. fuscula. The
number of species affected would no doubt be higher as little is known about
tolerance values for most species of caddisflies. Populations of more tolerant
species such as A. obsoleta, A. improba, A. maeDunnoughi, A. uestita, N. ere
puseularis, N. ualidus, O. cineraseens, O. inconspicua, O. ochracea and O. per
similis that inhabit the slower portions ofThe Devil Track River, Junco Creek
and Devil Track Lake could increase as a result of organic enrichment or re
duced oxygen levels.
While many caddisfly species recorded from The Devil Track River Wa
tershed inhabit a wide range of temperatures, it is interesting that two of the
most abundant species, C. feria and C. obseura can tolerate warm water, i.e.
>30°C. Because of insufficient data on thermal tolerances, the actual number
of species that would be affected by rising water temperatures is no doubt
higher. Increased water temperatures would directly affect the life cycles of
aquatic insects (Lehmukuhl 1979, Waters 1979) and indirectly affect their
food quality, growth rates, and size (Anderson and Cummins 1979). Higher
water temperatures and extended developmental seasons could, because of
faster larval growth, result in a second generation for some hydropsychid cad
disflies (Mackay 1979) or prevent diapause and thus disrupt the life cycles of
cool water species (Lehmukuhl1979). While tolerant species might not be ad
versely affected by increased water temperatures, coo water species such as
A. illini, Agrypnia colorata, A. improba, G. nigrior, Psilotreta sp. and R. fus
cula (Table 5) could become locally extinct.
The high species diversity, the presence of intolerant species at all sites
and the relatively low Biotic Index values indicated that water quality was
good to excellent throughout the watershed. However, increased levels of or
ganic pollution and/or decreased levels of dissolved oxygen could stress small
populations of intolerant species. At the same time populations of more toler
ant species would likely increase. Both changes could greatly affect commu
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Table 5. Trichoptera of the Devil Track River Watershed, Cook County, Minnesota po
tentially threatened by increased acidity, heavy metals, organic pollution and/or water
temperatures. Potentially threatened species of Agrypnia, Ceraclea, Lepidostoma,
Psilotreta, and Pycnopsyche are presented in the Discussion.
Reported Tolerance Ranges
for Environmental Factor
organic
pollutionb

water
tempc.oC

5.9
5.9

4
0

< 5 - > 30
< 5 - 30

Psychomyiidae
Psychomyia /Zavida

6.0 - 8.7

2

Hydropsychidae
Ceratopsyche (4 spp.)
Hydropsyche dicantha

d
4.6 - 8.5
n.r.

Rhyacophilidae
Rhyacophila fuscula
Glossosomatidae
Agapetes illini
Glossosoma nigrior

Family / Genus
Philopotamidae
Chimarra (2 spp.)
Dolophilodes distinctus

Phrygaenidae
Agrypnia (2 spp.)
Ptilostomis ocellifera
Brachycentridae
Micrasema wataga
Lepidostomatidae
Lepidostoma (3 spp.)
Limnephilidae
Hydatophylax argus
Limnephilus submonilifer
Pycnopsyche (5 spp.)
Odontoceridae
Psilotreta (1 sp.)
Leptoceridae
Ceraclea (2 spp.)

acidity"

heavy
metals

d
d

o-

30

1,2,3
2

< 5 - 30
n.r.

3.8 - 9.1

0

< 5 - 30

8.0 - 8.7
6.0 - 8.2

0
0

15 - 30
< 5 - 30

6.8 - 9.6
7.0 > 8.5

0
5

< or = 5
< 5 - 30

n.r.

2

n.r.

n.r.

1

n.r.

2
3
4

n.r.
15 - 30
< 5 - 30

7.0

0

< 5 - 30

7.5 - 8.2

3

d

7.0 - 8.2
8.4 - 8.5?
4.5 - 8.3

d

o-

30

a pH ranges: < 5.5 - Acidobionic, < 7.0 - Acidophilic, 7.0 - 8.0 - AIkaliphilous, > 8.5 - AI
kalibionic (Harris and Lawrence 1978).
b 'Thlerance Value ranges: 0 - 3, intolerant; 4 - 6, moderately tolerant; 7 - 10, tolerant.
(Hilsenhoff 1987).
C Temperature tolerances: < or = 5, Stenothermal; 0 - 15, Oligothermal; 15 - 30,
Mesothermal; > 30, Euthermal (Harris and Lawrence 1978).
d Moore et al. (1991)
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nity structure and food chains. Therefore biomonitoring of benthic macroin
vertebrates, including Trichoptera, by traditional or automated methods
(Johnson et al. 1993, Morgan et al. 1987) is essential in order to evaluate the
status of environmentally threatened watersheds.
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OBSERVATIONS OF SPRING LARVAE OF LYCAEIDES
MELISSA SAMUEUS [LEPIDOPTERA: LYCAENIDAE)
IN CENTRAL WISCONSIN
Ann B. Swengel 1
ABSTRACT
At 36 sampling sites in central Wisconsin 1991-94, 358 spring larvae of
the Karner blue (Lycaeides melissa samuelis) ranged from 1.9-17.0 mm in
length, with only two >15.0 mm. The number of attending ants (mean 2.0,
range 0-25) covaried strongly with larval size, with ants attending all larval
instars. Height of wild lupine (Lupinus perennis), this butterfly's only larval
food plant, correlated significantly with larval length, and larvae did not ap
pear to hatch too soon in cool springs to have adequate forage. Larval pres
ence and size correlated significantly with five of seven types of feeding signs
on the lupines. Larval perching sites, feeding locations, and disturbance be
haviors varied somewhat by instar. In 1991-93, no larvae were found in seven
samplings of recently burned areas, although larvae were found in unburned
sites nearby. In 1994, two larvae were found in a very patchily and incom
pletely burned area. Many larvae were found in areas mowed since or during
the previous adult flight. Larval counts correlated positively with adult
counts later in the same year. Adult surveys appeared more efficient than lar
val surveys, which are more effective when based on a knowledge of larval
phenology, feeding signs, perching sites, feeding locations, and disturbance
tolerances.

The Karner blue (Lycaeides melissa samuelis Nabokov) was listed as fed
erally endangered in December 1992 (Clough 1992). This taxon has two adult
flight periods rangewide (usually late May to mid-June and mid-July to mid
August, but varies by seasonal phenology and locality), feeds as larvae only on
wild lupine (Lupinus perennis L.) (Fabaceae), has a non-obligatory mutualis
tic relationship with a variety of ants, overwinters as an egg, and occurs
within a narrow, generally east-west range from eastern Minnesota through
the Great Lakes region to New England (Ittner et a1. 1992, Bleser 1993, Dirig
1994, Savignano 1994).
This study was designed to examine larval and lupine phenology in the
spring, larval and ant behavior, larval detection relative to recent manage
ment, concentration areas of larvae vs. adults, and relative efficacy of larval
and adult surveys for monitoring purposes. These issues are among those rec
ommended for research related to species-oriented conservation of Lycaenidae
(New 1993: 1-21). I was especially interested in studying how well synchro
nized lupine and spring larval phenology might be in years with delayed
lupine emergence. Asynchrony of larval and food plant development in un

1909 Birch Street, Baraboo, WI 53913.
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usual climatic conditions has been observed in other butterflies (Dobkin et aL
1987), and was a research concem raised at the Kamer Blue Population and
Habitat Viability Analysis meeting in Zanesville, Ohio (April 1992). Since we
did not study summer larvae, we did not investigate the opposite possibility
of premature lupine senescence before second brood larvae have finished de
velopment.
METHODS
My assistant and I informally surveyed for Kamer blue larvae in May
1991 and 1994, when we noted larval length, location, behavior, and number
of attending ants. In 1992-93 we conducted a formal study, with data collec
tion varying by week in May:
First week: At each site, we selected a set number (20 in 1992, 30 in
1993) of representative discrete lupine plants, defined as clusters of adjacent
lupine stems. We measured lupine height (tallest stem), rosette cover diame
ter, maximum leaf diameter, and approximate average leaf diameter. On each
plant, we counted the number and type of feeding signs (damage types). After
thoroughly searching each plant, we noted the number of Karner blue larvae
present per plant, their length, the number of ants actively tending them, lar
val location and behavior and whether these appeared undisturbed or in re
sponse to our activities, and how the larvae responded to our intrusion. After
completing the sample of 20-30 lupines, we often continued larval searching
but only recorded lupine and larval data if a larva was found. We minimized
disturbance to the larvae by not handling them or touching them with the
measuring ruler.
Second week: We searched for Karner blue larvae, focusing on plants
with more evidence of feeding signs to increase the likelihood of locating lar
vae. When we found a Karner blue larva, we took all larval data as in the
week before and noted the lupine height and number of feeding signs by type
on its associated lupine.
Third and fourth weeks: We searched for and recorded data on Karner
blue larvae as in the second week, but discontinued noting lupine height and
feeding signs because this took too much time away from our larval observa
tions (the plants were larger and had more signs on them).
Adult surveys: The adult butterfly transect surveys, similar to that in
Bleser (1993) adapted from Pollard (1977), occurred during May-August
1990-94 on similar routes within each site over the years. Only surveys in
suitable weather (partly to mostly sunny, wind <20 km/hr) during the Karner
blue's main flight periods were used in this analysis.
Sites: We chose sites on public property in Jackson, Juneau, Monroe, and
Wood Counties based on (1) known presence of a substantial Karner blue pop
ulation based on our previous adult surveys, (2) likelihood we would subse
quently survey for Kamer blue adults at the site, and (3) variability in man
agement and phenology, with sites often divided into subsites to increase the
potential to make comparisons among these variables.
Analysis: I defined larval instars based on geometric increases in larval
length: first (1.9-3.5 mm), second (3.6-5.9 mm), third (6.0-9.9 mm), and
fourth (10.0-15.0 mm). Although these size classes cannot be assumed to cat
egorize each larva correctly, it should categorize most correctly. For samples
>5, I used the Spearman rank correlation (ABstat 7.20 software, 1994, An
derson-Bell Corp., Parker, Colorado) to correlate both the larval number per
plant and/or larval length with lupine measurements, number of attending
ants, number of each type of feeding sign, and maximum number of Karner
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blue adults counted at the same site in the subsequent spring and summer
flights. All larval observations are included in analyses of larval location, be
havior, and development, but only the samples of 20-30 lupines and associ
ated larvae are included in analyses comparing lupine and larval phenology.
RESULTS AND DISCUSSION
Detection: We found 358 spring Karner blue larvae at 36 sites in
1991-94: 32 first, 22 second, 68 third, 235 fourth instar, and 1 unmeasured.
Up to two larvae, occasionally very near each other, were observed on lupine
parts associated with the same main stem (Fig. 1), and up to four larvae on
one plant but different stems. Larvae ranged from 1.9-17.0 mm long (n=357),
with only two >15.0 mm. We found the fewest larvae in the second instar be
cause we sampled the least when they would most likely occur (second week
of May 1992-93). Butterfly larvae typically experience high mortality (Warren
1992), even those species tended by ants (Brakefield et al. 1992), including the
Karner blue (Savignano 1994: fig. 2). Thus, the most abundant cohort should
be first instar, with fourth scarcest, but detectability improves considerably

Figure 1. Two adjacent Karner blue larvae, 11 mm (upper) and 14 mm (lower),
feeding on wild lupine flower buds and tended by ants, Wood County, 21 May
1992.
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Figure 2. One 3 mm Karner blue larva in typical first-instar location, tended
by one ant, Wood County, 6 May 1992.

with increasing larval size, so that the sample nearly uniformly skews to
larger larvae. Grimble and Beckwith (1993) also found their searches for lar
vae of Mitoura spinetorum Hewitson (Lepidoptera: Lycaenidae) skewed to
ward more mature instars since younger instars were very difficult to find,
and searches for them required considerable disturbance.
Larval and lupine phenology: The main period for fmding spring
Karner blue larvae was the first to third weeks in May, with a sharp drop in
larval number in the fourth week (Table 1). Spring was phenologically ad
vanced in 1991, average to slightly advanced in 1994, but delayed in 1992 and
1993. Larvae generally developed slower in 1992-93, when lupine growth
above ground and larval hatching had just commenced in the first week of
May. In 1992-93, the number oflarvae in early May did not correlate with any
measure of lupine size, but larval length correlated positively with one mea
sure, lupine height (r=O.64326, N=65, p<O.Ol). All larvae but one on lupines
<6 em tall were small (:::;4 mm long), and no larvae were on plants <2.5 em tall.
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Table 1. Number of Karner blue larvae and their mean ± SD length (mm) by date.
1992

1991
May

n

mean±SD

2
4
5
6
10
11
14
15
16
17
18
19
20
21
22
23
26
27
28

3

5.0 ± 1.7

3
4
4

n

mean± SD

17
10

2.6 ± 0.7
3.4 ± 0.7

1993
n

mean±SD

3
6

3.4 ± 0.5
3.1 ± 0.6

29

8.0 ± 2.7

10.0 ± 0.0

1994
n

mean±SD

19
21

10.3 ± 3.3
11.3 ± 2.8

2
12

13.0:t 2.8
12.6 :t 3.1

2

14.5:t 0.7

12
5

11.2 ± 4.1
13.8 ± 2.3

8.5 ± 4.1
9.0 ± 2.3
34

11.8 ± 3.0

33
83

12.9:t 2.8
12.2 ± 2.3

43

1
7
1

13.0 ± 0.0
14.0 ± 1.0
9.0 ± 0.0

3

10.4 ± 3.0

14.0 ± 1.7

The one large larva (12 mm) on a lupine stem 2.5 cm tall because of apparent
mammalian herbivory was next to a lupine stem 13 cm tall. We found no evi
dence that spring lupine and larval phenology are inadequately synchronized
in cool springs. It is true that our surveys would likely not detect larvae apart
from lupines, which would happen if a larva hatches before its associated
lupine has sprouted. However, larvae were never found at a site with tiny
lupine plants and relatively few larvae occurred in the lupine samples in the
first week of May (26 larvae out of 1054 lupines, 0.025/plant). While some of
these lupines likely had larvae we failed to find, many probably had not had
their larvae hatch yet. If asynchrony were a problem, we would have expected
to find larger larvae on smaller plants more reduced by larval feeding.
Ants: The number of attending ants correlated positively and strongly
with larval size (r=0.381, p<0.001, N=333) (Table 2) and aided larval detec
tion. While ants tended all larval instars (Figs. 1,2), unattended larvae of all
instars were also found (Table 3). A wide variety of unidentified ants tended
Karner blue larvae, from tiny brown ants 1-2 mm long to large black or red
and-black ants >10 mm long. Savignano (1994) identified 19 ant taxa from 3
subfamilies tending Karner blue larvae of both broods (mainly second) in the
Albany Pine Bush, New York. Upon our approach, some ants suddenlyaccel
erated their activity and ran wildly around the larva. This usually elicited a
disturbance response from the larva, which would then often drop off the
plant. Some ants, usually large ones, remained calm but vigorously defended
the larva, reaching out to bite the ruler or us. Other ants, especially small
ones, were not defensive and sometimes even fled rapidly when we searched
or measured. We saw no ant aggression toward larvae, but Savignano (1994)
observed ants "removing" Karner blue larvae. Sometimes ants followed the
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Table 2. Mean:!: SD oflarvallength (mm) by number of at
tending ants.
n

Mean:!: SD

87
76
66
46
16
27
15

7.6:!: 4.3
10.5:!: 3.5
1O.6:!: 3.5
12.1:!: 2.8
12.4 ± 2.1
12.7 ± 2.7
13.2 ± 3.1

n ants
0
1
2
3
4

5
>5

1.9 15.0
3.0 -15.0
2.5 - 15.0
4.3 - 16.0
8.5 - 15.0
5.5 15.0
4.5 17.0

Table 3. Mean:!: SD of tending ants by larval instar.
Instar
1
2
3
4

all

n

Mean± SD

32
21
65
215
333

0.3:!: 0.7
2.0:!: 5.4
1.4 :!: 1.4
2.4:!: 2.0
2.0 ± 2.3

% tended
0-2
0-25
0-6
0-10
0 25

22%
52%
69%
85%
74%

larva post-disturbance, especially if the larva's response was mild (e.g. crawl
ing away rather than dropping off plant) or if the larva did not drop far.
Savignano (1994) also found a high percentage of Karner blue larvae
tended by ants. Of 497 larvae collected for captive rearing (79% second brood),
only 6 were found unattended by ants (instar unspecified) in searches based
on fmding feeding signs, not ant activity. Peterson (1993) studied the faculta
tive ant association of IcaT'icia acmon Westwood and Hewitson (Lepidoptera:
Lycaenidae). He found that tending rates for fourth instar larvae were greater
than for third (54--89% vs. 11-43% respectively, depending on species of lar
val host plant), as we did, but he generally found a lower incidence of ant
tending than we did (Table 3). By Fiedler's (1991) scale of degree of myrme
cophily (1=not ant associated to 4=obligatorily myrmecophilous), the Karner
blue appears to be 3=steadily myrmecophilous (most if not all mature larvae
ant-associated) (Table 3). Our results appear consistent with Ballmer and
Pratt's (1991) laboratory test quantifYing degree of ant attendance of 59 taxa
of last-instar Lycaenid larvae, including another subspecies of L. melissa W.
H. Edwards, which ranked 28th v.rith attendance 76% of the time.
This study did not investigate benefits of ant tending to Karner blue lar
vae, but Savignano (1994) demonstrated Karner blue larval survival was sig
nificantly enhanced by ant attendance, as demonstrated for other lycaenids
(reviewed in Porter et al. 1992 and Savignano 1994). By contrast, Peterson
(1993) found that ant attendance did not significantly affect larval mortality,
but this could vary spatiotemporally (e.g. by variation in predator/parasite
abundance).
Location and behavior at first detection: Microsites with the most
larvae (undisturbed) varied by instar (Table 4), with a variety of micro sites on
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Table 4. Number and percent Karner blue larvae first observed undisturbed in each lo
cation, by instar.
First

Instar:
bud, flower
bud, leaf - at growing point
ground or leaf litter
hanging by thread
leaf, young
leaflet, intermediate - folded
leaflet, mature l
leaflet, small - basal
petiole
seedling
stem
stem, previous year's dead
underground near stem/root
other

Second

Third

Fourth

%

n

%

n

%

n

%

15
1

54%
4%

1
2
5

5%
11%
26%

6
7
14

10%
12%
23%

3

10%

2

11%

1

4%

2

11%

7

25%

5

26%

5
1
2
1
10

8%
2%
3%
2%
17%

2

11%

12
2

20%
3%

48
19
24
1
13
14
36
1
30
1
33
2

22%
9%
11%
0.5%
6%
6%
16%
0.5%
13%
0.5%
15%
1%

1

0.5%

n

1

4%

IBreakdown of mature leaflet locations:
leaflet, mature both surfaces
leaflet, mature dorsal surface 1
leaflet, mature - ventral surface
leaflet, mature unidentified surface

2

1
1

3
10
20
3

and near lupines important at one or more periods of larval development. The
fIrst behavior noted for each larva (Table 5) skewed toward perching, the de
fault category when no other behavior was obvious. Non-perching behaviors,
including disturbance responses, were easier to detect in larger larvae, but be
havioral details were hard to distinguish for any instar since non-intrusive
larval detection was difficult. The most extreme example of cover taken by a
larva was a 2.5 mm larva found 17 mm below the soil surface in the space
around lupine stem and root. We do not know whether disturbance affected
its location, but the larva could plausibly have gone there before our approach.
We cannot know how frequently larvae might be underground (see another
example in "Disturbance" below) because of the difficulty in detecting them
there.
Disturbance: Although we tried not to disturb larvae, some disturbance
was inevitable (Table 6). 19% oflarvae exhibited a detectable disturbance re
sponse, but this estimate might be low because such responses, especially in
smaller larvae, could easily go unnoticed. Although disturbance was more dif
ficult to detect in smaller instars, second-instar larvae showed the highest
percentage of any disturbance response. This may result from the greater in
trusion required to fInd smaller larvae, but second instar larvae are large
enough to observe disturbance responses readily. Of the four aspects of our
survey method, larval measuring was most likely to elicit a disturbance re
sponse (Table 7). The most extreme disturbance response was a 4.5 mm larva
tended by 25 ants that dropped off the plant upon our approach and dove un
derground into the sandy soil completely out of view.
Weather effects: In three out of four years, sampling occurred in rea
sonably good weather, but much 1993 sampling occurred in inclement
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Table 5. Number and % Karner blue larvae first observed in each type of behavior, by
instar.
First

Instar:
crawl
disturbed
feed
hang by thread
perch

Second

Third

Fourth

n

%

n

%

n

%

n

%

3

9%

2
1

11%
5%

1
8
1

2%
13%
2%

30

91%

16

84%

53

84%

1
11
40
1
154

1%
5%
19%
1%
74%

Table 6. Number and % larvae exhibiting any and specific types of disturbance re
sponses, by instar.
Instar

Any
response
%

n

%

1st
2nd
3rd
4th

5 16%
6 33%
14 21%
44 19%

3
2
6
10

9%
11%
9%
4%

all

69

19%

21

6%

n

Curled
up

Crawled

Dropped
off

%

n

%

0%
0%
1%
0%

2
4
6
34

6%
18%
9%
14%

1 0.3%

46

13%

n

1

Knocked
off
n

1
1

%
0%
0%
2%
0%
0.3%

Table 7. Number and percent larvae disturbed by each step in study method. Since not
all larvae were photographed but I did not tabulate how many were, the percentage of
larvae disturbed by photography was actually higher.
Instar
1st
2nd
3rd
4th
all

Approach

Search

Measure

Photograph

n

%

n

%

n

%

n

%

0
0
3
10
13

0%
0%
4%
4%
4%

0
2
5

0%
9%
7%
5%
5%

5
4
6
20
35

16%
18%
9%
9%
10%

0
0
0
3
3

0%
0%
0%
1%
1%

11

18

weather. Weather effects on the detectability and behavior of smaller larvae
were hard to measure since it was difficult to find them and, if found, to see
disturbance. However, weather thresholds for activity of larger larvae were
apparent. On the windless overcast morning of 19 May 1993, larvae remained
unresponsive and immobile, either in the litter or on lupine plant parts, as the
temperature increased from 9-11°C, except for one that tolerated much re
search activity until eventually dropping off its plant when photographed. As
the morning warmed to 12-14.5°C, larvae began feeding and showed more
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disturbance responses and ant attendance occurred. In the overcast and
breezy (northwest wind, 8-15 kmJhr) afternoon, as the temperature dropped
from 16-ID c e, ant attendance ceased, and larvae became immobile and unre
sponsive either at the bases of plants or in adjacent litter. Thus, with complete
cloud cover, larval activity apparently requires a threshold temperature of
about 12-13°e. Larval detection was hindered when they were inactive or
hidden in cover.
Larval detection relative to feeding signs! The number of larvae per
plant in early May correlated positively with four types offeeding signs, while
larval length significantly correlated with three types, one different than in
the first analysis (Table 8). Although the "windowpane" (Fig. 3) is the stereo
typical sign of Karner blue larvae, they make other signs too. Windowpanes
covaried strongly and significantly with number of early May larvae but not
with larval length throughout May (Table 8). However, spring larvae make
windowpanes throughout their development, for we observed mature larvae
making them (Table 9). Several factors might have confounded these correla
tions. (1) Different instars may tend to make different signs. For example,
smaller larvae might have made most "pinpricks," with the holes becoming
more detectable as the leaf grows and opens. We never saw pinpricks made,
but larger larvae were observed making holes (Table 9, Fig. 4). Both pinpricks
and holes often occurred in pairs (Fig. 5), as did windowpanes (Table 9), when
made on young folded leaflets. (2) While an individual larva might make more
signs during the course of its development, ever fewer larvae should be pre
sent because of high mortality. (3) Larvae (especialy larger ones) may corre
late more with size than with number of feeding signs. (4) Organisms other
than Karner blues made some signs. Like Bleser (1993), we noted other in
sects making windowpanes on lupine, including Vanessa cardui L. (Lepi
doptera: Nymphalidae).
Feeding locations and signs: We observed 42 larvae feeding, all but 2
fourth instar (Table 9, Figs. 1,4,5). Feeding by larger larvae was easier to see
at a greater distance, with less chance of disturbance. Larvae were seen mak
ing 4 of 5 types of feeding signs (Table 9) significantly correlated with larval
presence and/or size (Table 8). Feeding location may be affected by (1) plant

Table 8. Spearman rank correlation of number of each type of feeding sign (Figs. 3,4)
with (1) number of Karner blue larvae present in lupine samples early in May and (2)
Karner blue larval length. A "windowpane" is an irregularly shaped shallow scrape in
the leaflet, with a "pane" of whitish plant tissue remaining in "window" (i.e., "skele
tonized leaves" in Savignano 1994). Subsequent loss of the "pane" could result in
leaflets missing part of a side. NS == not significant.
Larval length

n Karner blue larvae
.............

n
n
n
n
n
n
n

n

r

p

n

r

p

<0.0001
<0.001
<0.01
<0.05
NS
NS
NS

52
52
23
20
21
9
9

0.241
0.603
0.218
0.477
0.686
0
0

NS
<0.01
NS
<0.05
<0.01
NS
NS

--~

"windowpanes"
holes (>1 mm, oval or circular)
pinpricks (d mm hole)
leaflet sides partly missing
leaflet tips missing to any degree
"windows" without "panes"
leaflets missing

1027
1028
683
683
683
683
683

0.435
0.154
0.149
0.118
0.015
-0.009
-0.015
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Figure 3. Wild lupine with "windowpane" (Le. "skeletonized") feeding signs
(and water drops), with one 15 mm Kamer blue larva (indicated by white
arrow), tended by one ant, Jackson County, 27 May 1993.

geometry-lupines change greatly in size during May, (2) differential forage
quality of lupine plant parts at various stages of growth, and (3) differences
in food volume required by larvae of different sizes.
Larval numbers relative to management: In 1991-93, all 285 larvae
occurred in areas unburned since at least the previous spring. No larvae were
found in the 7 samplings of recently burned units (burned since eggs were laid
the previous summer, usually burned when the Karner blues were eggs), al
though adult Karner blues were observed in all these areas during the year
before the fire (Bleser 1993, Swengel pers. obs.). However, larvae were found
in unburned areas immediately adjacent to recent bums. These results agree
with others' observations oflarval absence after recent fire (Bleser 1993). The
1991-93 fires were consistent with typical management bums. On 11 May
1994, we found 2 larvae in fire-exposed areas of a Wood County site burned
very patchily and incompletely in the spring of 1994, possibly after Kamer
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Table 9. Feeding location and sign by instar. Significant and non-significant feeding
in tests in Table 8 are marked with * and - respectively.
Instar:
Feeding location
bud, flower
bud, leaf - at base of petiole
bud, leaf· at growing point
leaf, young
leaflet, folded (intermediate maturity)
leaflet, mature - dorsal surface
leaflet, mature ventral surface
leaflet, mature - both surfaces
leaflet, mature - unspecified surface
leaflet, basal - small
stem

Feeding sign
eaten area in mature leaflet (dorsal)
eaten flower bud
eaten growing point
-eaten leaflet or leaf
*eaten leaflet side
*eaten leaflet tip
eaten area in stem
eaten leaflet bud at petiole base
*hole in leaflet - single
*hole in leaflet - paired (folded leaflet)
*windowpane - single
*windowpane - paired (folded leaflet)
unspecified

Second

Third

Fourth

2
1
2
5
1

8

4

12

1

1

3
1
1

2
2
2
5
4
4
1
1
1

1

1
3
9
3
3

blue egg hatch. But on 21 May 1992 we found 18 larvae in the same area when
unburned. This suggests that a fire designed to reduce typical larval fire mor
tality can result in greater larval survivorship of the burn, but substantiallar
val mortality still occurs in fire-exposed areas. By contrast, in areas mowed
since or during the last adult flight, we have found many larvae. At a Wood
County site, many larvae in spring 1992 were in areas mowed the previous
late summer. In fact, this sampling resulted in the highest larval density of
any site. Larvae at several other sites occurred in roadsides usually mowed
annually and in rights-of-way managed by occasional mowing and bTIlsh cut
ting.
Correlations of larval and adult numbers within site: Bleser (1993)
and Leach (1993) provided adult survey counts for the several sites in Juneau
and Monroe Counties where we surveyed for larvae but not adults. All other
adult data are from our surveys. A high positive coefficient (r>O.4) resulted in
13 of 15 correlations (87%) oflarval and adult totals per site, with 9 of 15 cor
relations (60%) significant (Table 10). Since the eight tests with N>1O were
significant, but only one was of the seven with samples of 6-10, small samples
impaired statistical power. Spring larval counts usually correlated more
strongly with spring adult counts than with the same year's summer adults.
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Figure 4. One 12 mm larva feeding by making a paired hole in a small folded
leaflet and tended by an ant, Wood County, 19 May 1993.

Research summarized in Pollard and Yates (1993: 31) also indicate that tran
sect counts for adult butterflies correspond well to counts of other life stages.
Larval and adult concentration areas: Little segregation occurred be
tween larval and adult concentration areas at a site. One minor exception was
a powerline where lupine and larvae concentrated on the north side up on a
hill while adults consistently concentrated in a low area on the south side «30
m away), Even so, larval locations were predictable from the lupine distribu
tion and adult locations seemed to track nectar availability, Another minor ex
ception was a site where all adults and most larvae were found in an open
grassy area with abundant lupine, while a few larvae but no adults were
found in an open wooded area with few lupine plants. Otherwise, adequate
nectar appeared available at our study sites within areas of dense lupines,
and both larvae and adults concentrated in these lupine patches.
Sampling efficacy for larvae and adults: Our larval and adult corre
lations indicate that either method of population indexing should produce
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Figure 5. Wild lupine (left) with paired hole feeding signs, with location of
Karner blue larva indicated by white arrow. This 15 mm Karner blue larva
(right), tended by ants, is feeding on edge of immature leaflet, Juneau County,
14 May 1991.

similar results. However, Karner blue adult surveys appear more efficient,
less physically demanding, and more likely to produce larger survey totals
and ranges (i.e., more statistically robust samples) than larval surveys. In
those instances where larval surveys would be desirable, informal surveys for
appropriate types of feeding signs might adequately substitute for more in
tensive (and expensive) surveys for actual larvae. Larval surveys are more ef
fective if based on knowledge of larval phenology, feeding signs, perching
sites, feeding locations, and disturbance tolerances. Our 1994 searches for
Karner blue larvae (n=73 larvae), incidental to adult butterfly transects, were
rather successful given the effort expended. This appeared to result not only
from propitious weather and favorable population fluctuations, but also from
application of our research results to enhance larval detection.
CONCLUSION
This study's examination of larval and lupine phenology in the spring
found that these appeared well synchronized even in years with delayed

0

ro

Table 10. Spearman rank correlation oflarval counts in the first, second, and third week of May and the maximum count of spring lar
vae with maximum spring and summer Karner blue adult counts at the same sites in the same year. NS = not significant.
1-7 May

8-14 May

Maximum count

15-21 May

---------------

n

r

p

n

r

p

--------

n

r

p

r

n
-.---.~

p

------------

Adults:

--l

I

m
G')
;l<;I

~

>
m
;><;

spring 1992

10

0.648

<0.025

0

11

0.725

<0.025

12

0.921

0.573

<0.025

17

0.649

<0.01

<0.01

c.n

m

Z

summer 1992

16

0.429

<0.05

0

15

spring 1993

8

0.591

NS

4

4

8

0.630

NS

0~

summer 1993

9

0.044

NS

5

4

10

0.389

NS

5G')

18

0.664

<0.01

~

14

0.778

<0.01

spring 1994

15

0.631

<0.025

6

summer 1994

10

0.513

NS

5

0.555

NS

0

~
N

::0
Z
P
N
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lupine emergence. Larval perching sites, feeding locations, and disturbance
responses varied among the instars and affected their detectability. Ant asso
ciation covaried strongly with larval size, with ants attending all larval in
stars and appearing to influence larval disturbance responses. Larval detec
tion varied dramatically relative to recent management, with virtually no
larvae in recently burned area but many larvae in areas mowed since or dur
ing the previous adult flight. Larval counts correlated positively with adult
counts at the same places later in the same year. Adult surveys appeared
more efficient and robust than larval surveys, which were more effective when
based on a knowledge of larval phenology, feeding signs, perching sites, feed
ing locations, and disturbance tolerances.
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SURVEY OF PREDATORS ASSOCIATED WITH EUROPEAN
RED MITE IPANONYCHUS ULMI; ACARI: TETRANYCHIDAEI
IN OHIO APPLE ORCHARDS
Celeste Welty 1

ABSTRACT
A survey was conducted to identify the types and relative abundance of
predatory arthropods associated with Panonychus ulmi in 21 Ohio apple or
chards. Mite populations were sampled by leaf brushing, and insects and spi
ders were sampled by limb jarring. A state-wide survey was conducted in early
July and in late August 1992, and five blocks were evaluated periodically from
May until August 1992 at one farm in central Ohio. Predatory mites were de
tected in only 27% of the blocks surveyed in early July, but in 74% of the
blocks surveyed in late August. The ratio of predatory mites to motile P. ulmi
was ~0.1 in 20% of blocks in July and in 26% of blocks in August. In commer
cial orchards, the predominant species was Neoseiulus (Amblyseius) fallacis
(Acari: Phytoseiidae), but Agistemus fleschneri (Acari: Stigmaeidae) and Zet
zellia mali (Acari: Stigmaeidae) were found in several blocks. In orchards
monitored throughout the season, N. fallacis was rarely detected until July,
and reached the highest density in August when P. ulmi was at a seasonal
peak. Important predators of P. ulmi that were detected in limb-jarring sam
ples were Stethorus punctum punctum (Coleoptera: Coccinellidae), green
lacewings (Neuroptera: Chrysopidae), the black hunter thrips (Leptothrips
mali; Thysanoptera: Phlaeothripidae), and the insidious flower bug (Orius in
sidiosus; Heteroptera: Anthocoridae). No regional differences were observed
in types of predatory mites or insects; the same types were found in all parts
of Ohio.

European red mite, Panonychus ulmi (Koch) (Acari: Tetranychidae), is one
of the most difficult foliar pests to manage in Ohio apple orchards. Due to a
lack of effective registered acaricides and their current high cost, there is
great interest among apple growers in using indigenous predators for biolog
ical control of this pest. Many growers have observed that mite problems are
lessened if they avoid using pesticides known to be highly toxic to natural en
emies, although they are not sure which natural enemies are present in their
orchard. Knowledge of the specific predators present in individual orchards is
important because different species are not equally influenced by pesticides
(Thistlewood 1991, Croft 1990, Croft 1975), and species differ in food prefer
ences, prey consumption rates, and seasonal activity patterns (Lienk et al.
1980, Croft 1975, McMurtry et al. 1970).
Mites known to prey on P. ulmi in orchards include Neoseiulus (Ambly-

IDepartment of Entomology, The Ohio State University, 1991 Kenny Road, Colum
bus, OH 43210-1090.
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seius) fallacis (Garman) (Acari: Phytoseiidae); Typhlodromus pyri (Nesbitt)
(Acari: Phytoseiidae); Zetzellia mali (Ewing) (Acari: Stigmaeidae); and Agis
temus fieschneri Summers (Acari: Stigmaeidae). Although Phytoseiids are
considered to be the most efficient predators of P. ulmi, Stigmaeids can con
tribute significantly to mite suppression in spring and fall (Laing & Knop
1993). Most of the predatory mite species in orchards do not specialize in one
food source; apple rust mite [Aculus schlectendali (Nalepa); Acari: Eriophyi
dae] and pollen are alternate foods for many species (Overmeer 1985).
A predatory insect that specializes on spider mites in orchards is a black
lady beetle, Stethorus punctum punctum (LeConte) (Coleoptera: Coccinelli
dae); S. p. punctum occurs in eastern North America and is the key mite
predator in Pennsylvania orchards (Hull et al. 1977). Generalist predators
that feed on spider mites as one of several kinds of prey (Putman & Herne
1966, McMurtry et al. 1970, Parrella et al. 1981) include the black hunter
thrips, Leptothrips mali (Fitch) (Thysanoptera: Phlaeothripidae); the insidi
ous flower bug, Orius insidiosus (Say) (Heteroptera: Anthocoridae); green
lacewings (Neuroptera: Chrysopidae); and brown lacewings (Neuroptera:
Hemerobiidae). Panonychus ulmi is fed upon by other generalist predators
but is not a significant part of their diets; these include Coccinellid beetles
other than S. punctum (Putman 1964); hover flies (Diptera: Syrphidae) (Put
man & Heme 1966); and spiders (Arachnida: Araneida) (Putman 1967).
Stethorus punctum, Chrysopa oculata (Neuroptera: Chrysopidae), an un
specified species of predatory thrips, and three unspecified species of preda
tory mites were noted by Cutright (1951) to be the major predators of P. ulmi
in Ohio orchards. Holdsworth (1968, 1972a, 1972b) documented the presence
of a similar complex of predatory mite and insect species in a research apple
orchard in central Ohio in the 1960s. The project reported here also docu
mented presence of predators but was conducted in co=ercial apple orchard
locations throughout Ohio in 1992. It is possible that the predator complex
has changed as pesticide use patterns have changed during the past 25 years.
Although some of the standard pesticides used in the 1960s are currently
used, such as azinphosmethyl, carbaryl, and endosulfan, others such as lead
arsenate and DDT are no longer registered for use on apples, and others such
as permethrin and methomyl are used now but were not used in the 1960s.
The major objective of this study was to identifY the species of predatory
mites and families of predatory insects associated with P. ulmi in Ohio, and to
evaluate their relative abundance in Ohio orchards. This study was designed
as a first step in a long term project on the development of integrated biolog
ical and chemical control of P. ulmi in Ohio.
MATERIALS AND METHODS
Extensive Survey. A predator survey was conducted in 21 orchard blocks
in 16 counties from 2 to 16 July and from 17 to 27 August 1992. Twelve blocks
were surveyed in both July and August by two sampling methods; two addi
tional blocks were included in only the July survey, five additional blocks were
included in only the August survey, and two additional blocks were included
in both months but not with both sampling methods. Blocks were not ran
domly chosen; an effort was made to identifY blocks of mite-susceptible culti
vars where mites were not usually an important problem and thus where
predator activity was suspected. Block 12 was part of the same orchard where
studies were conducted by Holdsworth (1968). Block 16 was one of the blocks
included in the intensive survey described below. Blocks were also chosen to
expand the geographical coverage of the survey.
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Orchard managers provided information on orchard history and manage
ment practices, and pesticides used during the previous three years; charac
teristics of blocks sampled are shown in Table 1. All blocks were typical com
mercially managed blocks with the exception of Blocks 1, 2, and 11. Block 1
had been previously abandoned but was being brought back into production;
it was pruned and mowed but not sprayed with pesticides. Block 2 was a small
block of young trees that was just beginning to bear fruit. Block 11 was aban
doned after the 1990 harvest and was not sprayed with pesticides in 1991 or
1992. All blocks were Red Delicious apples or a mixture of Delicious and other
cultivars, except for Block 1, which was Winesap apples.
Intensive Survey. To document seasonal trends in predator populations,
a survey was conducted every one to three weeks from 11 May until 31 August
1992 in five apple blocks at a commercial farm in Licking County, central
Ohio. Four blocks of Rome (LR, ND, OP, WW) and one block of Red Delicious
(RU) trees were evaluated. The 30-year old Delicious-RU block had a history
of large populations of P. ulmi, while the 24-year old Rome blocks varied in
their history of mite problems: the Rome-LR block had a history of few mite
outbreaks, the Rome-ND block had a history of frequent mite outbreaks, and
Rome-OP and Rome-WW blocks had variable mite problems.
Pesticides were applied to these five blocks on the farm's normal schedule
until a hail storm on 24 June damaged much of the fruit crop; a minimal
schedule was used during the rest of the season. Insecticides used in these
blocks were endosulfan at the pink bud stage (28 April), azinphosmethyl at
petal-fall (14 May in Delicious; 20 May in Rome), and phosmet in cover sprays
(27 May and 8 June in Delicious; 2 and 22 June in Rome; 22 and 27 July in
all blocks as alternate row applications). Acaricides used were oil at the half
inch green bud stage (17 April) in all blocks, and propargite on 22 June in only
the Delicious block. Fungicides used were benomyl at the half-inch green bud
stage (17 April), dodine and myclobutanil at pink (28 April), captan and my
clobutanil at bloom (11 May), and captan plus metiram or mancozeb at petal
fall, first and second cover sprays, and captan alone in the mid-summer cover
spray (22 July). Streptomycin was also used for disease control in the Rome
blocks (24 June).
Sampling Methods. Populations of P. ulmi and predatory mites were
sampled by leaf brushing. A sample of25 randomly selected leaves, from spurs
in May and June and from terminals in July and August, was removed from
each of ten randomly selected trees per block, held in a paper bag, and chilled
until processed in the laboratory. Mites and mite eggs were brushed from each
sample onto a glass plate by a mite-brushing machine (Leedom Engineering,
San Jose, CA); a thin layer of dish-washing detergent (Joy, Proctor & Gamble,
Cincinnati, OR) was spread on plates as an adhesive. Plates were examined
under a microscope to determine the mean density of spider mites and preda
tory mites per 25-leaf sample. For predatory mite counts, the entire plate was
always examined. For P. ulmi counts, the entire plate was examined for low
density samples «50 mites per plate = <2 mites per leaf) while portions rang
ing from 1116 to 112 of the plate were examined in higher density samples (>50
mites per 1116 plate = >32 mites per leaf). The mean number of mites per leaf
in ten samples and standard deviations were calculated for each block using
the JMP microcomputer program (SAS Institute 1989). The ratio of mean
predatory mites per leaf to mean motile P. ulmi per leaf was calculated for
each block. Presence or absence of apple rust mite (Aculus schlectendali) was
noted for trees sampled in August. Predatory mites were preserved in alcohol
and later mounted in Royers solution on glass slides. Species identifications
were determined at Ohio State University's Acarology Laboratory.
Populations of predatory insects and spiders were sampled by limb jarring

Table 1. Characteristics of orchard blocks
Block

Location
(County)

Southern Ohio
10F
2PK
3AM
4HD
5WG
6SW

Brown
Highland
Clinton
Jackson
Washington
Morgan

1992.

for

Status l

Cultivar

Size
(Al

pab
com
com
com
com
com

Wns
Del
Del
Del
Del
Del

1.5
1
10
1
1
0.2

Age

20
4
22
27
22
27

(yr)

Ground
mgmt. 3
mow
bare
bare
bare
mow
mow

40
20
20
113
400

"

,jl>..

Volume4
(gal)

No.
covers

all
all
all
all
all

8
6
4

-i

I

Central Ohio:
70L
8WN
9WE
lODW
11 SH
120T
13 LA
14GB
15HW
16RU
17 CM
Northern Ohio:
18PV
19MR
20AC
21 ES

m

Greene
Preble
Preble
Darke
Fairfield
Fairfield
Franklin
Licking
Licking
Licking
Union

com
com
com
com
aba
res
res
com
com
com
com

Del
Del
Del
Del
Del
Del
Del
Del
Del
Del
Del

3.5
7.2
5.4
0.1
10
1
1.6
15
7
14
3

39
24
8
22
35
9
8
12
29
30
20

bare
mow
bare
mulch
mow
bare
bare
bare
bare
bare
bare

45
28
31
200
100
50
90
57
20
50
50

all
ARM
ARM
all
all
all
all
ARM
all
all
all

6
6-7
6-7
5
6-8
6
6
5

Columbiana
Columbiana
Medina

com
com
com
com

Del
Del
Del
Del

15
2.5
4
1

24
19
9
28

mow
bare
bare
bare

66
40
30
30

all
all
ARM
all

5
5-6
7
7-8

'"m
~

s;:
A

m

C/'l

m

Z

-i

4

0

5
3---4

0

Status: com '" commercial, res = research (managed as commercial), aba '" abandoned, pab partially abandoned (pruned and mowed
not sprayed).
Cultivar: Del = Delicious, WNS = Winesap
3 Ground management: bare =herbicide strip; mow = mowed grass; mulch = corn cob mulch.
4 Volume: volume of spray per acre, in gallons.
5 Spray technique: all = full spray every row; ARM = alternate row middle.
6 No. cover: typical number of cover sprays.
1

G)

~

5G)
~

9:
t-.)

,00

Z
9
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in each of ten randomly selected trees per block. Each of five branches per tree
was hit twice with a rubber mallet over a taut 1 m 2 white nylon beating sheet
(BioQuip Products, Gardena, CA), and the resulting five-branch sample of dis
lodged arthropods was stored until it could be sorted and classified. For most
of the season, the sample was collected by sweeping dislodged material from
the beating sheet into a dry plastic cup that was covered with a tight-fitting
lid and chilled until the contents were sorted and preserved in alcohol. Start
ing in mid-August, arthropods were removed from the beating sheet with an
aspirator and the contents immediately put in alcohol; this allowed for un
damaged capture of delicate soft-bodied larvae and reduced the chance of pos
sible predation within the chilled cups. Lacewing larvae were categorized as
Chrysopids or Hemerobiids according to characteristics in Tauber (1991).
Identifications of the dominant lady beetle and thrips species were verified at
USDA's Systematic Entomology Laboratory in Beltsville, MD.
RESULTS
Extensive Survey. Panonychus ulmi density in most orchards surveyed
throughout Ohio was low «5 mites per leaf) in early July, but reached dam
aging levels in many blocks by late August (Table 2). Predatory mites were de
tected in only 4 of 15 blocks (27%) surveyed in July, but in 14 of 19 blocks
(74%) surveyed in August. A ratio of at least one predatory mite to ten P. ulmi
was detected in three blocks in July and five blocks in August. Predatory mite
density was highest (0.6 per leaf in August) in Block 4, in which P. ulmi was
scarce but A. schlectendali was abundant. High predator density (0.4 per leaf
in August) was also found in Blocks 16 and 20, but predator to prey ratios
were low in these two blocks (Table 2).
The predominant species of predatory mite was Neoseiulus fallacis, which
was found in two blocks in July and in fourteen blocks in August. Stigmaeid
mites were less common: Agistemus fleschneri was found in one block in July
and in one additional block in August; Zetzellia mali was the only predatory
mite species in one block (Block 19) in August. In Block 4, where density of
predatory mites was highest, a mixed population of N. fallacis and A.
fleschneri was present on both sampling dates; N. fallacis was more abundant
in early July while A. fleschneri was more abundant in late August. The only
other predatory species found was Typhlodromus pomi (Parrott) (Acari: Phy
toseiidae) in Block 11 which was one of the two abandoned blocks included in
the survey; a single specimen of T. pomi was found in a managed commercial
block (Block 12) that was just 100 m away from the abandoned block (Block
11). A few Cunaxid, Tydaeid, and other mites were occasionally found but not
determined to species.
In limb-jarring samples, the presence of specific predator types varied
among orchards, but no trends of regional differences within Ohio were de
tected. The most frequently occurring predator category and the most abun
dant predator was Araneids, although their impact on P. ulmi populations is
assumed to be negligible (Putman 1967). The most frequently occurring
predatory insects were Chrysopid lacewings, black hunter thrips (Leptothrips
mali), a black lady beetle (Stethorus punctum punctum), and insidious flower
bug (Orius insidiosus) (Table 3). The most abundant predators were S. punc
tum and L. mali. Leptothrips mali was most numerous in Block 15 and S.
punctum was most numerous in Block 19; both of these blocks are managed
on a lower than typical spray schedule, where at least one mid-summer in
secticide cover spray is omitted ifkey pests such as codling moth are not pre
sent at above threshold levels. Other predators found only occasionally were

Table 2. Mean density of P. ulmi and predatory mites, and presence (+) or absence (-) of A. schlectendali (A.s.), in leaf-brush samples
(N 10 trees) from Ohio orchards, 1992.
2-16 July

17-27

Mean (:t SO) number per leaf
Block

10F
2PK
3AM
4HD
5WG
6SW
70L
SWN
9WE
10DW
11 SH
120T
13 LA
14GB
15HW
16RU
17 CM
ISPV
19MR
20AC
21ES

P. ulmi
motile

P. ulmi
eggs

0.hO.1
0.hO.2
1.1±2.1
l.hO.6
1O.5±6.2
0.hO.1
0.2±0.2
0.7±0.9
69.2±23.1
1O.9±10.0

0.1±0.1
0.1±0.1
1.4:t2.5
0.9±0.6
50.4±31.6
0.1±0.1
0.2±0.2
1.1:t2.0
92.0±20.4
15.6±13.6

2.9±3.2
0.2±0.1
4.4±4.7
5.7±6.2
O.hO.l

Mean (± SO) number per leaf

Predators 1 Ratio2
0
0.02±0.04
0
0.54±0.31
0
0
0
0
0
0

'I

0-

0
0.19
0
0.49
0
0
0
0
0
0

20.6±16.6 <O.OhO.Ol <0.01
0.2±0.2
0
0
0
5.5±6.4
0
0
4.6±5.5
0
0.1±0.1
0.15±0.12 1.65

Pred.
species 3

P. ulmi
motile

P. ulmi
eggs

Predatorsl

Ratio2

122:t38
0.hO.1
49.9±22.3
<0.1±0.1
O.hO.l
44.5±34.2
44.5:t14.5
137:t50
0.2±0.2
47.2±26.6
0.2±0.2
3.3±6.0
27.2:t20.5
1O.h7.4
3.6:t5.9
0.6±0.5
0.1±0.1
29.4±25.2
38.8±3S.5

163±27
O.hO.l
90.7±49.0
0.3±0.3
0.4±0.4
52.9±38.S
56.9±20.0
59.S:t35.0
0.7±1.2
114±62
0.1±0.1
6.7±11.3
26.7±12.4
13.0±9.1
1.4±2.2
1.1±1.0
O.hO.l
27.9±23.0
62.2±33.0

0
0.65±0.31
0
0.02±0.03
0.05±0.05
0.04±0.06
0.01±0.03
0
0.11:t0.11
0.1O±0.10
<0.01±0.01
0.16±0.16
0.04:t0.06
0.45±0.20
0
0
0.09±0.20
0.37±0.22
0.02±0.03

0
6.48
0
0.57
0.20
<0.01
<0.01
0
0.76
<0.01
0.02
0.05
<0.01
0.04
0
0
0.96
0.01
<0.01
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speciesB

A.s.

(undet)
Nf,M

(undet)
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Nf
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+
+
+
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+
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Table 3. Mean number of predatory insects in limb-jarring samples (N = 10 trees) from Ohio orchards, 1992.
Mean (± SD) number per 5-branch sample
2-16 July
Block
10F
2PK
3AM
4HD
5WG
6SW
70L
BWN
9WE
lODW
11 SH
120T
13 LA
14GB
15HW
16RU
17CM
IBPV
19MR
20AC
21 ES

17-27 August

Chrysopidae

L. mali

S. punctum

O. insidiosus

0.2±0.4
0
0
0
0
0.4±0.7
0.2±0.4
0
0
0.hO.3

0.4±1.0
0
0
0
0.4±0.7
0.5±0.5
0.2±0.6
0
0
0

0.3±0.5
0
0.hO.3
0.5±1.0
0
0.3±0.7
0.hO.3
0
0.2±0.4
0

0
0.hO.3
0
0
0
0
0
0
0
0

0
0.2±0.4
0
0

0.hO.3
0.hO.3
0
0

3.hl.B
1.5±l.B
0
0.7±1.1

0.hO.3
0
0
0

Chrysopidae

L. mali

S. punctum

O. insidiosus
-i

I

m

0.2±0.4
0
0.4±0.5
0.3±0.5
0.2±0.4
1.6±1.3
0.6±1.1
0.6±0.B
0.hO.3
0.3±0.7
0.5±0.7
0.2±0.4
O.B±O.B
0.4±0.5
0.4±0.5
0
0.B±1.3
0.5±0.7
0.2±0.4

0
0.2±0.4
3.h1.9
5.h2.6
0.2±0.6
0.2±0.4
0.2±0.4
0.2±0.4
0
0.hO.3
0.hO.3
5.2±2.5
12.3±6.4
1.6±2.0
3.0±3.1
0.hO.3
3.5±1.6
1.2±1.6
0

0
0.hO.3
0
0
0
0.3±0.5
0
0
0
2.5±2.4
0
0.3±0.5
3.6±2.B
0.2±0.6
0.2±0.6
4.B±4.7
20.hlB.4
0.7±1.0
0

0.4±0.7
0.hO.3
l.hl.O
0
0.2±0.4
2.h3.0
0.2±0.4
1.3±1.1
0
0.3±0.7
0
0
0.6±1.0
0
0
0
0.4±0.5
0.hO.3
0.hO.3

G)
70

m

~
}:
A
m

Ul

m

Z

-i

0

~

0
0
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Coccinellid beetles other than S. p. punctum, brown lacewings (Neuroptera:
Hemerobiidae), hover flies (Diptera: Syrphidae), rove beetles (Coleoptera:
Staphylinidae), and soldier beetles (Coleoptera: Cantharidae).
Intensive Survey. Panonychus ulmi populations developed slowly in
May and June. Mter they began to build to the threshold level of five mites
per leaf in some blocks in mid-July and again in mid-August, they were
greatly reduced by heavy rains on 26 July and 27 August. The Delicious block
sustained higher densities of P. ulmi than the Rome blocks (Fig. 1); the only
acaricide application was to the Delicious block on 22 June, although the P.
ulmi population was below threshold at that time. P. ulmi density was lowest
in the Rome-OP and Rome-W'W blocks, where populations never exceeded one
mite per leaf.
.
The only species of predatory mite found in these five blocks was N. fal
lacis. Predatory mites were rarely detected in these five blocks from May
through mid-July, which was the period when P. ulmi was present at low den
sity. From late July through late August, predatory mites were more fre
quently detected (Fig. 1). They reached the highest density, 0.4 mite per leaf,
in the Delicious-RU block in late August when P. ulmi was at a seasonal
of 10 mites per leaf. Although the Delicious-RU block had shown no detec ble
predatory mites in Mayor June, and only traces of predators in July and early
August, its density of predatory mites was one of the highest of blocks in
cluded in the extensive survey in August. The Rome-LR block compared with
the Rome-ND block did not show lower numbers of P. ulmi or higher numbers
of predatory mites as would have been expected based on orchard history;
these two blocks had similar densities of P. ulmi and predators throughout the
1992 season.
Categories of predators detected in the limb-jarring samples in the inten
sive survey were the same as in the extensive survey. Greater densities and
diversity were found in the Delicious block than in the Rome blocks, which
may have been due to lower prey density in Rome trees, and to sparser foliage
in Rome than in Delicious trees. Predator populations in the DeIicious-RU
block are used to illustrate seasonal trends (Table 4). The most abundant
predator and the only type found throughout the season was Araneids. Preda
tors found predominantly in May and June were Syrphid flies and Coccinellid
beetles other than S. p. punctum. Coccinellids and Syrphids were more likely
associated with prey other than P. ulmi; they were found when Rhopalosi
phum fitchii (Sanderson) and Aphis pomi De Geer (Homoptera: Aphididae)
were present. Predatory insects that were more likely associated with P. ulmi
were found predominantly in August: L. mali, Chrysopid lacewings, S. p.
punctum, and O. insidiosus. Differences among blocks are summarized by
mean numbers of predators per 5-branch sample per week (Table 5); the most
predators were found in blocks that had the most P. ulmi.
DISCUSSION
The presence of predatory mites in 74% of blocks surveyed in August is en
couraging for the development of a biological control component of an inte
grated mite management program in Ohio. If a ratio of at least one predatory
mite to ten P. ulmi is needed for biological control, as suggested for the P. ulmi
and N. fallacis system by Croft (1975), then 26% of blocks sampled in August
showed promise for biological control. Where predatory mites were detected
but at ratios below 0.1, which occurred in 47% of blocks sampled in August,
integrated control should be possible but acaricides would be needed to sup
plement predators for P. ulmi suppression.

THE GREAT LAKES ENTOMOLOGIST

1995

20

..................... J ......
Delicious-RU fh
r le5
-e- mot i
......···egg
i
:

0.6+" ..·· .. , ,· ..·,,·.. ,,.. ,

'T:\I· . :· . ·. ··l·.. ·

~:

:~:::T':l-:+
o.
·111

II

!!!Iii

iIf-mmmm...

mm.J

20

!

Rome-LR

179

Delicious-RU

OA

'1_ predator 1m

0.2

.....m..m.

i

!

!

....,., ...,...,.,....................+

15lr--------~

-e-motile

.

~ ,:~~e~~.~ =:1.J

,..$
I-;

20
15

,

!

!

m

::;

!

-'-

.......

Rome-ND

Qj

(:l.
<Jl

!

Ll

~1 -e- motile

I

10

-1 ......... egg

20

me. .........•.. ~,..:::......'.................." ..." .........'..............

::.....a..

:§
,.Q

S

....L

::I

Z 15

-j

10 ~1

Rome-OP
-e- motile I

....•.... egg

0.6

Rome-OP

-

I·.... ·..."" ............,......+

OA

5+.. ,.. ,..·, ....·· .. ·,··......·..····..·,,··,,··· .. ···············..... +

o .
20
15

III

III

1111 Ill!!!:;".'! 1111 .. m,,1! mT

Rome-WW

0.6

......... egg

0.4

II -e- motile I

10 ~I

5 r'.... ·······..···..··....·....·,·....·..·..,·....,·,·........,·······..·...

o

'111

III

+

Rome-WW

j -predator I'

0.2+....·........·........,....·..·....·.. ·..,··,···....····....,·..·,·....··"..,......,...,+

• •• • •
,.... t"C'I
""":>. C'I -a """
co ;; ::I -a

• . ++----...

0 .,.+

~

co

~

[

[

'J

::I
'J

,.... iXl
,....
,.... ,....
"""

;::.

.s

§;! lib lib
'"::I

::I
'J

::I

-< -<

Fig. 1. Number of P. ulmi motiles, P. ulmi eggs, and predatory mites per leaf
in one block of Delicious and four blocks of Rome apples from 11 May to 31 Au
gust 1992 in Licking County, Ohio; mean of 10 trees sampled (± standard de
viation, for P. ulmi motile and predatory mites).
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Table 4. Density of predatory arthropods in limb-jarring samples (N = 10) on cleven dates in 1992 in Delicious-RU block; Licking
County, Ohio.
Date
11 May

Mean (± 8D) number
8yrphids

Araneids
O.5±0.5

S. punctum

Hemerobiids
0.hO.3

0

0

0

0

0

O.

in..~idiosus

0

22 May

0.6±O.7

O.2±OA

O.hO.3

0

0

0

0

0

9 June

0.2±0.6

0

0

0

0

0

0

0

15 June

O.hO.3

0.2±0.6

0

O.hO.3

0

0

0

0

~

I

m
Q
;;0
m

~
);:
A

m

U'I

m

23 June

0.3±0.5

0

0

0

0

0

0

0

29 June

O.hO.3

0

0

0

0

0

0

0

Z
~
0

20 July

0.1±0.3

0

0

0

0

0

0

0

0

27 July

0

0

0

0

0.1±D.3

0

0

0

10 August

0

0

0

0

O.I±0.3

0.2±OA

0

0

24 August

O.5±0.8

0.hO.3

0

0

OA±O.5

1.6±2.0

0.2±O.6

0

31 August

O.I±0.3

0

O.2±OA

0

O.hO.3

O.8±0.9

O.2±O.6

O.2±OA
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Table 5. Summary of differences among five orchard blocks in density of major
predatory insects in limb-jarring samples between 11 May and 31 August
1992, Licking County, Ohio; grand mean of all sampling dates per block (N =
9-11 dates), based on means of 10 samples per block per date.
Mean (:!: SD) number per five-branch sample per date
Block

N

L.mali

Delicious-RU
Rome-LR
Rome-ND
Rome-OP
Rome-WW

11

O.24±O.49
O.O8±0.18
O.O2±O.O6
O.Ol±O.OS
O.O2±O.O4

10
10
9
9

O. insidiosus
O.O6±O.12
0.02±O.O6
O.OS±O.06
O.OhO.OS
0

O.O2±O.06
O.OhO.OS
O.O2±O.O6
0
0

S.
O.04±O.O8
0
0
0
0

There was no unusual orcbard characteristic common to the five blocks
witb predator to prey ratios ~0.1 or to the three blocks with the highest preda
tor density; like most of the blocks surveyed, most of the high-predator blocks
had bare ground under the trees, most used the spray technique of covering
all rows rather than alternate row middles, and they were variable in pres
ence ofA. schlectendali as alternate prey. Preliminary analysis of associations
between predatory mites and pesticide products used during the previous
three years also did not show any trends that explained differences in preda
tor presence, but much more detailed data on pesticide use patterns would
need to be collected before conclusions could be made about pesticide influ
ences on predators. It is likely that pesticide use could explain differences in
predator occurrence, as has been shown elsewhere (e.g., Thistlewood 1991,
Croft 1975).
The fmding that N. fallacis is the most common predatory mite species in
commercial apple orchards in Ohio shows that Ohio is similar to most other
areas in the midwestern and eastern North America where similar surveys
have been conducted. N. fallacis has been reported as the most common
predatory mite in commercially managed orchards in Pennsylvania (Hors
burgh & Asquith 1968), Michigan (Strickler et al. 1987), Iowa (Owens & Hart
1978), Ontario (Thistlewood 1991), Wisconsin (Oatman 1973), Missouri
(Childers & Enns 1975), North Carolina (Farrier et al. 1980), New Jersey
(Knisley & Swift 1972), eastern New York (Weires & Smith 1979), Massachu
setts (Hislop & Prokopy 1979), and Maine (Berkett & Forsythe 1980). The oc
currence of T. pomi as a common predatory mite in an abandoned orchard is
consistent with studies in Michigan (Strickler et al. 1987), New Jersey (Knis
ley & Swift 1972), and Massachusetts (Hislop & Prokopy 1979).
The predominance of a predatory mite other than N. fallacis has been re
ported from commercial apple orchards in several regions. Typhlodromus pyri
has been reported as the most common predator in western New York (Lienk
et al. 1980) and Nova Scotia (Rasmy & MacPhee 1970), but T. pyri was not de
tected in this Ohio survey. Although one or both of the Stigmaeid species A.
fleschneri and Z. mali have been reported as present in most of the predator
surveys cited above, they are usually less abundant and found in fewer or
chards than the Phytoseiids. These Stigmaeids were reported as the predom
inant predatory mites in Ohio in the 1960s (Holdsworth 1968, 1972a, 1972b),
although these reports were limited to one orchard in central Ohio. The find
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ing that N. fallacis was the predominant predatory mite species in Ohio apple
orchards in 1992 shows either a difference due to sampling multiple locations,
i.e. that Stigmaeids may have been the most common predatory mite in some
but not most Ohio orchards in the 1960s, or that a shift in the components of
the predator complex has occurred during the past 25 years. Species composi
tion may have shifted due to changes in pesticide use; insecticides that were
common in the 1960s but no longer used include lead arsenate, DDT, and
phosalone. Methomyl and formetanate hydrochloride were introduced in the
1970s, and permethrin and oxamyl in the early 1980s. Many of the newer
broad-spectrum insecticides such as permethrin and methomyl are highly
toxic to predatory mites (Thistlewood 1991).
The insect components of the predator complex in Ohio in 1992 were sim
ilar to what Holdsworth (1968, 1972b) described; L. mali, O. insidiosus,
Chrysopid and Hemerobiid lacewings, and S. p. punctum were present in the
1960s and in 1992, but predatory Mirid bugs were common in the 1960s and
uncommon in 1992. As with changes in occurrence of predatory mites, the
change in occurrence of Mirids may be due to shifts in pesticide use. The com
plex of insects that prey on P. ulmi in Ohio is similar to that reported from
apple orchards in Virginia (Parrella et al. 1981), Pennsylvania (Horsburgh &
Asquith 1968), and Missouri (Childers & Enns 1975).
The results of this study will be helpful to fruit specialists who are devel
oping integrated pest management strategies for Ohio apple growers. Grow
ers and scouts will need to be trained to recognize predators. The findings that
N. faliacis is the predominant predator and that S. punctum can reach high
densities in Ohio means that growers should be encouraged to adopt practices
such as maintaining broadleaf plants under trees as overwintering refuges for
predators, using alternate row middle spraying techniques to provide un
sprayed refugia for mobile predators, and choosing pesticides that are not
toxic to predators. Future work on biological control of P. ulmi in Ohio should
address the questions of how to establish predators in blocks where natural
populations of predators are absent, how to increase the density in blocks
where predators are present but at low predator to prey ratios, and whether
these ratios are also suitable for Stigmaeid species. The introduction of T. pyri
should be considered based on its absence in this survey and its recent suc
cess in other areas (Hardman et al. 1991, Walde et aL 1992). Information is
also needed on how to conserve natural populations of the full complex of
predatory insects that inhabit apple orchards, and on what densities of insect
predators are needed for biological control of P. ulmi. Studies that address
these questions would benefit apple growers who want to implement a biolog
ically sound program for mite management.
ACKNOWLEDGMENTS
Thanks to W. C. Welbourn at OSU's Acarology Laboratory for assistance
with mite identification, to R. D. Gordon at USDA for lady beetle (S. p. punc
tum) identification and to S. Nakahara at USDA for thrips (L. mali) identifi
cation, to K. D. Magnuson for technical assistance, to F. R. Hall and D. J.
Shetlar for manuscript review, and to the Ohio Fruit Growers Society and the
Fruit Growers Marketing Association for partial funding. This research was
supported by State and federal funds appropriated to the Ohio Agricultural
Research and Development Center, The Ohio State University; this contribu
tion is manuscript no. 22-95.

,..,.....

1995

THE GREAT LAKES ENTOMOLOGIST

183

LITERATURE CITED
Berkett, L. P. & H. Y. Forsythe, Jr. 1980. Predaceous mites (Acari) associated with apple
foliage in Maine. Canad. Entomol. 112:497-502.
Childers, C. C. & W. R. Enns. 1975. Predaceous arthropods associated with spider mites
in Missouri apple orchards. J. Kansas Entomol. Soc. 48:453-471.
Croft, B. A. 1975. Integrated control of apple mites. Mich. State Univ. Extension Bull.
E-825. 12 pp.
1990. Arthropod biological control agents and pesticides. Wiley-Interscience,
New York. 723 pp.
Cutright, C. R. 1951. Late season control of European red mite. J. Econ. Entomol.
44:363-367.
Farrier, M. H., G. CRock, & R. Yeargan. 1980. Mite species in North Carolina apple or
chards with notes on their abundance and distribution. Environ. Entomol. 9:
425-429.
Hardman, J. M., R. W. L. Rogers, J. P. Nyrop, & T. Frisch. 1991. Effect of pesticide ap
plications on abundance of European red mite (Acari: TetranYchidae) and Typhlodro
mus pyri: (Acari: Phytoseiidae) in Nova Scotia apple orchards. J. Econ. Entomol.
84:570-580.
Hislop, R. G. & R. J. Prokopy. 1979. Integrated management of phytophagous mites in
Massachusetts (U.S.A) apple orchards. 1. Foliage-inhabiting mite complexes in com
mercial and abandoned orchards. Protection Ecology 1:279-290.
Holdsworth, R. P. 1968. Integrated control: effect on European red mite and its more im
portant predators. J. Econ. Entomol. 61:1602-1607.
1972a. Zetzellia mali and Agistemus fleschneri: difference in spatial distribu
tion. Environ. Entomol. 1:532-533.
___. 1972b. Major predators of the European red mite on apple in Ohio. Research
Circular 192, Ohio Agric. Res. & Dev. Center, Wooster, OH. 18 pp.
Horsburgh, R. L. & D. Asquith. 1968. Initial survey of arthropod predators of the Euro
pean red mite in south-central Pennsylvania. J. Econ. Entomol. 61:1752--1754.
Hull, L. A., D. Asquith, & P. D. Mowery. 1977. The mite searching ability of Stethorus
punctum within an apple orchard. Environ. Entomol. 6:684-ti88.
Knisley, C. B. & F. C. Swift. 1972. Qualitative study of mite fauna associated with apple
foliage in New Jersey. J. Econ. Entomol. 65:445-448.
Laing, J. E. & N. F. Knop. 1993. Potential use of predaceous mites other than Phyto
seiidae for biological control of orchard pests. pp. 28-35 In: Hoy, M. A, G. L. Cun
ningham, & L. Knutson (eds). Biological control of pests by mites. Univ. of Calif.,
Agric. Exper. Stn., Special Pub. 3304. Berkeley, CA.
Lienk, S. E., C. M. Watve, & R. W. Weires. 1980. Phytophagous and predaceous mites
on apple in New York. SearchAgric. 6.14 pp.
McMurtry, J. A, C. B. Huffaker, & M. van de Vrie. 1970. Ecology of Tetranychid mites
and their natural enemies: a review. I. Tetranychid enemies: their biological charac
ters and the impact of spray practices. Hilgardia 40:331-390.
Oatman, E. R. 1973. An ecological study of arthropod populations on apple in north
eastern Wisconsin: population dynamics of mite species on the foliage. Ann. Entomol.
Soc. Amer. 66:122-131.
Overmeer, W. P. J. 1985. Alternative prey and other food resources. In: W. Helle & M.
W. Sabelis (eds.). Spider mites. Their biology, natural enemies and control. Vol. lB.
Elsevier, Amsterdam, The Netherlands.
Owens, E. D. & E. R. Hart. 1978. Mite complexes associated with apple foliage in Iowa
(Arachnida: Acarina). Iowa State J. of Research. 53:153-159.
Parrella, M. P., J. P. McCaffrey, & R. L. Horsburgh. 1981. Population trends of selected
phytophagous arthropods and predators under different pesticide programs in Vir
ginia apple orchards. J. Econ. Entomol. 74:492-498.

184

THE GREAT LAKES ENTOMOLOGIST

Vol. 28, No.2

Putman, W. L. 1964. Occurrence and food of some Coccinellids (Coleoptera) in Ontario
peach orchards. Canad. Entomol. 96:1149-1155.
_ _ _. 1967. Prevalence of spiders and their importance as predators in Ontario peach
orchards. Canad. Entomol. 96:1149-1155.
Putman, W. L. & D. H. C. Herne. 1966. The role of predators and other biotic agents in
regulating the population density of phytophagous mites in Ontario peach orchards.
Canad. Entomol. 98:808-820.
Rasmy, A. H. & A. W. MacPhee. 1970. Mites associated with apple in Nova Scotia.
Canad. Entomol. 102:172-174.
SAS Institute. 1989. JMP User's Guide, Version 2 of JMP. Cary, NC. 584 pp.
Strickler, K., N. Cushing, M. Whalon, & B. A. Croft. 1987. Mite (Acari) species compo
sition in Michigan apple orchards. Environ. Entomol. 16:30-36.
Tauber, C. A. 1991. Order Neuroptera. pp. 126-143 in: Stehr, F. W. (ed.). Immature in
sects, volume 2. Kendall!Hunt, Dubuque, Iowa.
Thistlewood, H. M. A. 1991. A survey of predatory mites in Ontario apple orchards with
diverse pesticide programs. Canad. Entomol. 123:1163-1174.
Walde, S. J., J. P. Nyrop, & J. M. Hardman. 1992. Dynamics of Panonychus ulmi and
Typhlodromus pyri: factors contributing to persistence. Exp. Appl. Acarol.
14:261-291.
Weires, R. W. & G. L. Smith. 1979. Mite predators in eastern New York commercial
apple orchards. J. New York Entomol. Soc. 87:15-20.

1995

THE GREAT LAKES ENTOMOLOGIST

185

THE GONOTROPHIC-AGE STRUCTURE OF A POPULATION
OF THE SIMULIUM VENUSTUM COMPLEX (DIPTERA: SIMULIIDAEJ
IN ALGONQUIN PARK, ONTARIO
Stephen M. Smith 1 and Alan Hayton 1.2

ABSTRACT

Eight techniques for the determination of parity and gonotrophic age were
assessed for the obligatorily anautogenous blackfly-species complex,
Simulium venustum Say. All females could be age-graded by the presence or
absence of dilatations on the ovarioles. However, multiple dilatations on a sin
gle ovariole were not found and the Polovodova method could not be used to
determine the number of completed gonotrophic cycles. Most females could be
age-graded by the appearance of the Malpighian tubules, which undergo mor
phological changes, probably as a result of a bloodmeal. In some cases, the size
of the fat body, the presence of retained (relict), mature ova and the presence
of meconium in the gut could be used as accessory age-grading criteria. In
semination status, the volume of the esophageal diverticulum, and the stage
of development of the terminal ovarian follicles could not be used to age-grade
females. The literature of age-grading in blackflies is reviewed, with special
reference to the interpretability of the Polovodova method.
Seasonal changes in the gonotrophic-age structure of a population of the
S. venustum complex in Algonquin Park, ON, Canada, were examined over
two years. The maximal proportion of parous females in the population was
75 and 62% in the two years, respectively. There was weak evidence that
parous females were more likely to host seek in the morning and nulliparous
females in the afternoon. Parity declined in mid-season, due to the recruit
ment of newly emerged adults to the population.

Although Simulium venustum Say is among the most important blackfly
pests in eastern North America, knowledge of the population dynamics of the
adults is poor; only two studies (Davies 1963; Magnarelli and Cupp 1977)
have explored the gonotrophic-age structure (sensu Klowden and Lea 1980).
Knowledge of the age structure of adult populations can be useful in evaluat
ing features of the physiology and life history (e.g. autogeny, calendar aging
and life span, voltinism, vector potential), and age-structure data can also be
used to assess the efficacy of suppression efforts.
A wide diversity of criteria have been used to assign female Diptera to
gonotrophic-age categories (Detinova 1962, Anderson 1987), almost all based
on techniques originally devised for mosquitoes. Many workers have atIDept of Biology, University of Waterloo, Waterloo, ON Canada N2L 3Gl.
2CuITent address: Coordinator, Sport Fish Contaminant Monitoring Program, Min
istry of the Environment, 125 Resources Rd., Etobicoke ON Canada M9P 3V6.
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tempted to age-grade blackflies using these tools, with strong biases toward
techniques based solely on assessment of ovarioles. Anderson (1987) recom
mended that workers should routinely monitor a suite of characters in stud
ies of aging in wild populations, a recommendation that may be particularly
relevant now, given recent work that has cast serious doubt on the inter
pretability of the often-used Polovodova (1949) technique for the determina
tion of parity in multiparous mosquitoes (Lange and Hoc 1981, Hoc and
Charlwood 1990, Fox and Brust 1994, Sokolova 1994).
Here we evaluate a number of criteria for their utility in age-grading fe
males of the S. venustum complex and apply them to the determination of the
gonotrophic age structure of a population over two field seasons. We also take
the opportunity to evaluate published studies of the gonotrophic age of hlack
flies in the light of the findings of the "New School" of gonotrophic aging in
mosquitoes (Fox and Brust 1994).
METHODS AND MATERIALS
All studies were conducted at the Wildlife Research Station in Algonquin
Park, Ontario, Canada, from May to August in 1974 and 1975. Female flies
attracted to a human host (AR) were captured with a standard insect net at a
single site adjacent to the North Madawaska River (45°36'N; 78 20'W; UTM:
17TPA937511). The collection site was in a sheltered clearing surrounded on
three sides by forest in which the most common species were white pine
(Pinus strobus), white birch (Betula papyrifera), white spruce (Picea glauca)
and sugar maple (Acer saccharum), and on the side adjacent to the river by
speckled alder <Alnus rugosa). In year 1, 15 females were collected 5 h after
sunrise and 15 females 2 h before sunset at 7-d intervals. In year 2, 50-80 fe
males were collected 2 h before sunset at 3-4-d intervals. Flies were stored on
ice until they were dissected (within 4 h of collecting). Flies were identified ac
cording to Davies et a1. 1961.
Females were dissected in a saline solution (Lum 1961) to which a small
quantity of liquid detergent had been added. The abdominal cuticle was torn
along the pleuron from the first abdominal segment to the genitalia and the
viscera exposed. The volume of the ventral esophageal diverticulum ("crop")
was assessed on an 3-level ordinal scale (O::::empty, no visible fluid; l=a small
quantity of fluid present, crop wall wrinkled; 2=large quantity of fluid pre
sent, crop distended, surface unwrinkled). The quantity of abdominal fat also
was judged on a 3-level ordinal scale ("small", "medium", and "large"). The
color and morphology of the Malpighian tubules were recorded, as well as the
color of any material in the gut. The ovaries were inspected for relict eggs.
The female reproductive tract was removed by severing the tracheal con
nections to the ovaries and oviducts and the spermathecal connections to the
oviduct. The ovaries were gently teased apart with minuten nadeln and ex
amined under a compound microscope; phase-contrast microscopy was used in
year 2. The stage of development of the terminal follicles was scored accord
ing to the scheme in Watts and Smith (1978). The ovarioles were inspected for
dilatations and, if present, the color of follicular relics was recorded. The sper
matheca was examined for spermatozoa, also under compound microscopy; if
sperm could not be seen emerging from the severed spermathecal duct, then
the spermatheca was crushed.
Based on the results in year 1, flies in year 2 were scored only on the basis
of the presence or absence of dilatations, relict eggs, and the morphology of
the Malpighian tubules.
Statistical analysis. A between-year comparison of the stage of develop
Q

1995

THE GREAT lAKES ENTOMOlOGIST

187

ment of the terminal ovarian follicles was made by an exact, 2-tailed Jonck
heere-Terpstra (JT) test of the 2 x 2 contingency table (Hollander and Wolfe
1973); this test is appropriate for contingency tables in which both the row
and column classifications have a natural ordering. An exact, 2-tailed likeli
hood-ratio test (G) (Agresti 1990) was used to examine the frequency offollic
ular stages as a function of parity. All exact tests were computed with Stat
Xact (Mehta and Patel 1992). Asymptotic chi-squared tests were used to
examine seasonal fluctuations in the parity rate of the population. The fre
quency distributions of relict eggs were tested for randomness by fitting Pois
son and negative-binomial distributions. Goodness-of-fit of the Poisson distri
bution was assessed by a chi-square procedure, with classes pooled to yield
expect
. s ;::':5. The negative-binomial distribution was fitted by
maximum
lihood (Bliss and Fisher 1953); goodness-of-fit was assessed by
the statistics in Evans (1953). Both Poisson and negative-binomial models
were fitted and evaluated in MATLAB (Matlab 1990). A log-linear model and the
Mantel-Haenszel test, computed in Systat (Wilkinson 1990), were used to ex
amine the hypothesis that the proportion of parous females was independent
of time of day; the log-linear model was fit by backward selection. Exact con
fidence limits for proportions were computed in Systat (Wilkinson 1990) using
the F distribution (Zar 1984). All hypothesis tests were 2-tailed and, for each,
the maximal probability of a type-1 error was set at 0.05.
RESULTS

Ovariolar morphology. Parous females were easily diagnosed by the
presence of distensions of the ovariolar intima that comprised three morpho
logical types (n=94 females): (1) elongate, sacculate dilatations with pale,
translucent follicular relics (51.1 %); (2) small, nodular dilatations with yellow,
optically dense, follicular relics (37.8%); (3) dilatations intermediate between
(1) and (2) (above) (11.1%). In most females all ovariolar dilatations were of a
single type, but occasionally females were found that had both sac-like and
small dilatations. Multiple, nodular dilatations on individual ovarioles were
not found.
Developmental stage of terminal follicles. Discrimination between
follicular stages Ib and IIa in living ovarioles was not possible without phase
contrast microscopy; therefore, the results presented here relate to year 2
only. Follicular stage was independent of parity (JT=3.6 x 10 4 ; p=0.15; nnulli_
=400; n =194); 18.9% of females were at stage Ib and 79.8% were at stage
jfa. A smlff number (1.3%) of nulliparous females, all with traces of blood in
the midgut, had follicles at stage IlIa.
Relict eggs. Apparently normal, chorionated eggs were not uncommon in
females diagnosed as parous by the presence of ovariolar dilatations; 14.5%
(n=117) of the parous females in year 1 had from 1 to 12 retained eggs and
11.6% (n=481) of the parous females in year 2 had from 1 to 27 relict eggs (Fig.
1); the proportion of parous females with relict eggs was independent of year
(G=0.70, p=0.43). Parous females with relict eggs appeared soon after the first
appearance of parous females in the population (Fig. 2, 3). The proportion of
parous females with relict eggs and the mean number of relict eggs per parous
female increased as the population aged, but the rates of increase were not
uniform (Fig. 2). In both years, the mean number of relict eggs per parous fe
male remained relatively constant during June and then abruptly increased
in mid-July.
In both years, the frequency distribution of relict eggs in parous females
was highly non-random (p«O.OOOl), fitting a negative-binomial distribution
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eggs have been omitted.

189

THE GREAT LAKES ENTOMOLOGIST

1995
0.30
(JJ

• Proportion with relict eggs
• Mean number of relict eggs per female

A

5
OJ

ai

Q)

8'
:1J

E

.22

025

4

~

£

.~

Cl

w

0.20

OJ

3

(JJ

~
IJJ

0.15

o

2 0

m

0.10

.D

5c

c

o

0;::;

o

~
:§

1!!

:::>

o

in0.

m

0.05

c

0.

(1j
(J)

o

0:

o

000

2

Date

0.30

a

• Proportion with relict eggs
• Mean number of relict eggs per female

B

5
(J)

ai

E

Ol
QJ

12

.22

0.25·

4 a;

e

Cl

~ 0.20

(j)

OJ

3

(JJ

.9!

12

;;:::

'" 0.15

~

:J

o

2 '0

3

m

'0 0.10

.D

E
:::>
c

c

o

o
g
o:
0;::;

~

0.05

c

<Il
OJ

o

0.00
27

fIf.ay

10

17

24

8

15
~

June

22

29

5

2

12

Aug;st

Date

Figure 2. Seasonal change in the proportion of parous females of Simulium
venustum with relict eggs and the mean number of relict eggs per parous fe
male in year 1 (A) and year 2 (B).

Vol. 28, No.2

THE GREAT LAKES ENTOMOLOGIST

190
1.0

... 5

h < SU'{ise

A

• Pode<l data
• 2 h < stnS<3t

0.8

0.0
May

August

July

June

Date

B

10

08

'"
::l

~ 0,6

Q

§

::;:;:

5
g 0.4

0::

02

00
27
May

10

17

24

8

15

July

.June

22

29

5

12

August

Date

Figure 3. Seasonal change (±95% confidence limits) in the proportion of
parous females in samples of Simulium venustum attracted to man in year 1
(A) (sample n=30) and year 2 (B) (n=50-80).

1995

THE GREAT LAKES ENTOMOLOGIST

191

but with values of k approaching zero (i.e. approaching a logarithmic series)
(year 1: k,,=0.12±0.OiM, U=O. 0.38±0.37; year 2: k 3=0.11±0.022, U=0.053±0.11).
Malplghian tubules. In recently emerged flies the Malpighian tubules
were densely packed with opaque material and individual cells were swollen,
giving the tubules a coarse, moniliform appearance. The tubules in young flies
were bicolored, with the distal portion (free end) light brown and the proximal
three-quarters yellow-brown to orange-brown. In parous flies the tubules
were no longer densely packed with opaque material and they no longer had
a moniliform appearance. The little remaining opaque material was red to
red-brown and transparent sections were visible in the tubules. In some cases,
especially late in the season, the amount of opaque material in the tubules de
creased even more, so that large sections of the tubules were transparent.
From late May, when adult females of S. uenustum fIrst appeared, until
the end of .June, most females could be readily age-graded as parous or nulli
parous based solely on the appearance of the tubules. A small number of nul
liparous females misdiagnosed as parous on the basis of the tubules showed
evidence of having taken a partial bloodmeal-there were small quantities of
blood residue in the midgut and the terminal ovarian follicles had progressed
beyond stage lIa. By the end of June, changes in the tubules of nulliparous
flies were apparent; there was a reduction in the amount of opaque material
in the tubules but not enough to produce transparent sections; the remaining
opaque material was light red. These changes were similar to those that ap
peared in the tubules of parous flies but, in most cas
les could still be
graded on the basis of the tubules. Tests of the relia
y of the Malpighian
tubules as a dialb'l10stic character were carried out in year 2; females were in
dependently scored for parity on the basis of the appearance of the
Malpighian tubules and on the basis of ovariolar dilatations. During June
there was an exact correspondence between the two methods. In July, 90.1%
(n= 172) of females were correctly age-graded on the basis of the tubules. One
nullipar was erroneously scored as parous and only 16 females (9.3%) could
not be diagnosed because ofthe indeterminate nature of the tubules; of these,
12 were nullipars and 4 pars.
The Malpighian tubules of several other species of blackflies were exam
ined to aid in the interpretation of the age-related changes that occurred in S.
uenustum. Obligatorily anautogenous (Crosskey 1990) species (Eusimulium
aureum Fries and S. parnassum Malloch) exhibited the same physiological
age-related changes in the Malpighian tubules as did S. uenustum. However,
in S. uittatum Zetterstedt, a species autogenous for the fIrst gonotrophic cycle
(primiparous autogeny), the females showed no age-related changes in the
morphology of the Malpighian tubules when compared to newly emerged in
dividuals.
Meconium. In year 1 the presence or absence of meconium was not
scored until 10 June, by which time parous females were present. At this time,
the midgut of both parous and nulliparous flies was empty. In year 2, a pulse
of females in early July (6-9 July) had yellow or yellowish-green material and
yellow fluid in the midgut. Thereafter, midguts were clear, as in year 1.
Fat. From late May until early June, most nulliparous females had rank-2
fatbodies. Thereafter, fat stores declined. Parous females were always rank 1.
Insemination. Without exception and irrespective of gonotrophic age,
host-seeking females were inseminated.
Crop. Most females, regardless of gonotrophic age, had large quantities of
translucent, viscous fluid, probably carbohydrates, in the ventral crop; there
was no relationship between quantity of stored fluid and gonotrophic age.
Seasonal changes in parity. In year 1, female S. uenustum were fIrst
collected on 27 May but host seeking had begun several days earlier. The fIrst
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parous flies were encountered on 10 June (Fig. 3), more than 2 weeks after the
initiation of host seeking. Over the following 2-week period, parity increased
to nearly 75% (Fig. 3) and then declined significantly (p<0.05) on 2 July, a de
cline that coincided with the re-appearance in the population of females with
rank-2 fatbodies. About 2 weeks later, parity again peaked. From 9 July to the
end of season, parity fluctuated from a low of about 30% on 23 July to a sea
sonal high of 75% on 6 August. Density of host-seeking females declined after
9 July and females were not encountered after 6 August.
With one exception (1 July), the observed proportion of parous females
was higher in morning than in afternoon collections (Fig. 3). As expected,
given the seasonal changes in parity, a log-linear model showed that most
changes in parity were a function of day rather than time of collection (good
ness of fit for the model PARITY_DAY_OF_YEAR: G16=6.73, p=0.98). However, there
was weak evidence that the proportion parous differed in morning and after
noon collections (G1 =3.29, p=0.07), a result that was confirmed by a Mantel
Haenszel test of the PARITY_TIME_OF_DAY interaction stratified by DAY_OF_YEAR
(C2:::3.76, p=0.05).
In year 2, host-seeking flies were first collected on 28 May, by which time
4% of the females were already parous. As in year 1, parity peaked in late
June and then declined, coincident with the appearance in the population of
females with rank-2 fatbodies and meconium in the midgut. The proportion of
presumably newly emerged flies was 0.14 (n=I71) on 8-9 July. After 9 July,
apparently newly emerged females were not encountered and parity rose and
remained steady at about 60%.
DISCUSSION

Ovariolar dilatations. The presence of dilatations on the ovarioles of
parous S. venustum had been noted by Davies (1963). In the present study,
ovariolar "dilatations" were either large and sac-like, indicating relatively re
cent oviposition, or small and compact. Few flies were found witb dilatations
in an apparently intermediate stage. There are a number of competing hy
potheses to explain this observation: (1) dilatations arise from post-oviposition
sacs but females do not host seek when the dilatations are at an intermediate
stage of contraction; (2) contraction of the sac-like dilatations is rapid (i.e. re
quiring less time than the normal interval between oviposition and resump
tion of host seeking); (3) dilatations do not arise from sacs. If we assume that
dilatations arise from sacs, then data on the rate of contraction of the follicu
lar sac are contradictory; Arkhipova (1966) found that the sacs contract within
a few days following oviposition whereas both Lewis (1960) and Cupp and
Collins (1979) reported that the sacs in were fully contracted in about 24 h.
Multiple dilatations were not found on the ovarioles of S. venustum, so the
Polovodova (1949) technique could not be used to subclassify the parous com
ponent of the population. Only a few workers (Detinova and Bel'tyukova 1958,
Shipitsina 1962, Magnarelli and Cupp 1977, Gryaznov 1993) have reported
multiple (up to 5) dilatations in blackflies, interpreting each set of dilatations
as evidence of a gonotrophic cycle. All other workers have reported at most a
single ovariolar dilatation (see review in Anderson 1987) or occasional multi
ple dilatations in females held for oviposition in the laboratory (Riihm 1970).
The premise of the Polovodova (1949) technique for age grading blood
sucking insects is that, following each oviposition, the stretched ovariolar
sheath (the "sac") contracts to form a dilatation on the ovariolar stalk and that
each successful gonotrophic cycle leaves a permanent dilatation, so that the
number of dilatations is equal to the number of gonotrophic cycles completed.
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In mosquitoes it is now established that the sac does not contract to form a se
quential and permanent dilatation; rather, each new sac that is formed fol
lowing oviposition in successive gonotrophic cycles merges with the remnants
of previous sacs at the ovariole-calyxjunction (Sokolova 1983, 1994). Multiple
follicular dilatations in mosquitoes arise only as a result of abortive or abnor
mal oogenesis. If one uses only dilatations as an age-grading tool, then an
ovariole that is reliably diagnostic of the gonotrophic age of the female is a
normal ovariole (Sokolova 1994) in which the terminal follicle aborted in each
gonotrophic cycle; the number of such diagnostic ovarioles, not surprisingly,
declines with age (Hoc and Charlwood 1990). By using both ovariolar dilata
tions and the neutral-red-stainable granulation zones that form as a result of
lysis and apoptosis of the saccular tissue (the follicular epithelium and tropho
cyte remnants), it is possible to reliably diagnose the gonotrophic age and to
retrospectively assess the fertility of mosquito females up to the end of the
third gonotrophic cycle (Sokolova 1983, 1994). The lesson from this work on
mosquitoes is that reliable age grading requires painstaking dissection, usu
ally employing oil-injection techniques (Lange et al. 1981, Sokolova 1994) and
that large numbers of normal ovarioles must be examined in each female,
numbers that may have to increase with age because of the progressive rarity
of diagnostic ovarioles. As well, there are significant species-specific differ
ences in ovariolar
ics, requiring individual approaches for each species
(Sokolova 1983, 19 ).
In part, these studies of mosquitoes may suggest an explanation for the
common observation in blackflies that only single, terminal dilatations are
found, even in females whose gonotrophic age is thought to be >2. However,
aborting follicles are common in blackflies and, if the ovariolar morphology
and dynamics are similar to those of mosquitoes, diagnostic ovarioles with
multiple dilatations should be formed (see Gryaznov 1993). It may be that in
some species of blackflies the likelihood of a single ovariole aborting in each
gonotrophic cycle is rare; alternatively, workers, especially western workers,
may have failed to examine sufficient numbers of ovarioles in each female,
thereby overlooking diagnostic ovarioles, or the dissection techniques em
ployed have been so crude that most diagnostic ovarioles are destroyed dur
ing dissection by mechanical and osmotic stress (Sokolova 1994).
Gryaznov (1993)3 has recently modified the Sokolova technique for use in
blackflies. Instead of an oil-injection technique, which he found to be ineffec
tive with the relatively more robust ovaries of blackflies, the whole ovary is
gently removed from the female, avoiding stretching and distortion; in a 0.9%
saline solution to which a minute quantity of neutral red has been added (to
stain necrotic tissue) the ovary is opened by slitting it lengthwise and then in
verting it to lie calyx-side up; the preparation is very gently stretched using
minuten nadeln and then spread by the application of a drop of paraffin oil to
the surface ofthe saline; this preparation is subsequently viewed under a com
pound microscope in a hanging-drop preparation. These gentle procedures re
sult in the preservation of a considerable amount of the ovarian structure, in
cluding the crucial ovariole-calyxjunction, enabling a more powerful resolution
of the ovariolar architecture. The combination of ovariolar dilatations and
granulation zones can permit the recognition of 1- and 2-parous and possibly
even gonotrophically older females (Gryaznov 1993). Studies of the age struc
ture of North American blackflies and especially of vector species here and
elsewhere, employing these new techniques, are clearly needed. Recently, Hoc
3An English translation of Gryaznov's diagnostic table is available from the first
author.
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and Wilkes (1995) have employed an oil-injection technique to diagnose the age
structure of Simulium woodi, an East Mrican vector of onchocerciasis.
Developmental stage of terminal follicles. In agreement with the ob
servations of Davies (1963), the developmental stage of the terminal ovarian
follicles did not differ between nullipars and pars. This character, therefore,
has no value for age grading S. uenustum.
Relict eggs. In comparison to other groups of blood-sucking insects, relict
eggs in parous blackflies are common (Davies 1957, 1963; Lewis 1960) and are
therefore useful in a differential-diagnosis procedure. Up to 25% (15% in the
present study) of a parous population can be diagnosed as parous solely on the
basis of the presence of relict eggs, a procedure that requires only a few sec
onds per individual. In common with the findings of other workers (Davies
1963; Ruhm 1970), the proportion of parous S. uenustum with relict eggs in
creased with time and possibly gonotrophic age, a feature that can make relict
eggs increasingly valuable as a diagnostic tool as a population ages. In year 2
of the present study, the larger sample sizes showed that the proportion of fe
males with relict eggs and the mean number of relict eggs per female followed
a step function, suggesting that the probability of egg retention following
oviposition increases with parity (see also Davies 1963). A definitive test of
this hypothesis will require large samples and modern age-grading tech
niques. The reasons
relict eggs are so common in simuliids and why their
frequency increases
age are not known but Davies (1963) speculated that
ovulation might "become slightly less efficient with increasing age", a hy
pothesis that does not account for the relatively high frequency of relict eggs
in young, parous simuliids.
The frequency distribution of relict eggs in parous females was highly con
tagious' fitting a negative-binomial distribution. This distribution can arise in
a number of contexts so the model is more useful as an empirical descriptor
rather than a hypothesis test of the factors leading to the observed distribu
tion. With respect to relict eggs in females, a negative-binomial distribution
could arise because of true contagion resulting from individual-based differ
ences in the population-some females are inherently more likely to retain
eggs than are others. On the other hand, the distribution could be Poissonstopped logarithmic (
las 1980); if the distribution of relict eggs is a loga
rithmic series and the
ution of females with relict eggs is Poisson, then
a negative-binomial would result. Some observations of S. uenustum in the
present study suggested that the distribution of relict eggs within an ovary
might be non-random.
Malpighian tubules. Age-related changes in the Malpighian tubules
were useful in age-grading S. uenustum. As for relict eggs, Malpighian tubules
offer advantages in a differential diagnosis because of the speed with which
the tubules can be assessed. Early-season parous females had tubules with
little granular material so that transparent sections were apparent; this loss
of granularity was also noted by Lewis (1957) and Riihm (1970). The color of
the granular material that remained changed from light yellow-brown in nul
lipars to red-brown in pars. The loss of granular material appears to be pro
gressive with age.
The age-related changes in the extent and color of the granulation of the
Malpighian tubules is clearly related to the blood meal and the red granules
are probably hematin (Anderson 1987). Anautogenous parous flies and par
tially blood-fed nulliparous flies exhibit changes in the tubules, whereas
parous flies that have completed an autogenous gonotrophic cycle do not show
changes. This has important implications for aging studies of vector popula
tions. The changes in the Malpighian tubules can be used to determine the
proportion of a population returning for at least a second blood meal but not
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necessarily the proportion of the population that has oviposited. Use of the
Malpighian tubules alone for species exhibiting primiparous autogeny could
result in an underestimate of the proportion of a population that had laid
eggs.
Meconium and Fat. In S. venustum, the presence or absence of the
meconium was of little value for age grading. Early in the season, the pres
ence of meconium may be used to rapidly identify some nulliparous females
but the meconium was apparently evacuated quickly, certainly before the ap
pearance of parous flies in the population. The presence of meconium was
valuable in detecting the arrival of a new cohort of nulliparous females into
the population.
The fat body was useful for age grading some flies, particularly for recog
nizing nulliparous females and detecting waves of mid-season, presumably re
cently emerged, nullipars. However, problems similar to those encountered by
other workers (e.g. Crosskey 1958, Ruhm 1970) would be encountered if all
flies were graded on the basis of this character alone; the amount of fat stores
in blackflies may vary not only as a function of gonotrophic age but as well to
differences in nutritional or environmental factors among breeding sites.
Anderson and Shemanchuk (1987) found that in a small sample offemales
of S. arcticum Malloch, there was little or no fat body remaining in the ab
dominal hemocoel and no meconium in the midgut by the time the ovarian fol
licles had reached
I-II or II. No meconium was found in any female >20
hold.
Insemination status. Every host-seeking female in the present study
was inseminated. Other workers report that variably small proportions of the
host-seeking population are apparently urunseminated. In a collection of 466
female S. venustum from New York State, Magnarelli and Cupp (1977) found
19 uninseminated females; the proportion of uninseminated females in the
population is not known because these workers reported only that they had
dissected "at least 75% of the captured females". Wenk (1965) reported that
98% of mammalopbilic host-seeking females were inseminated but much
lower rates (53%) for the ornithopbilic species Eusimulium lalipes. It is diffi
cult to reconcile these findings with those of the present study, but the most
parsimonious hypothesis relates to the techniques used to assess insemina
tion.
Seasonal change in age composition. The population of S. venustum
aged similarly in each year of the study. Following the initial detection of
parous flies in early June, parity rose steadily in each year, peaking at
60-75% parous in late June. The proportion of the population that succeeded
in laying eggs at least once was slightly lower than reported for S. venustum
in New York State (Magnarelli and Cupp 1977) and Ottawa (Davies 1963). A
second period of recruitment in late June resulted in declining parous rates,
followed by rebounds (Fig. 3), patterns that were not detected in either New
York (Magnarelli and Cupp 1977) or Ottawa (Davies 1963) where the S.
venustum season did not extend beyond the end of June. It is possible that the
multiple recruitment periods reflect large habitat-associated variance in de
velopmental rates but it is more likely that more than a single cytotype was
involved.
The Simulium venustum complex in North America is known to consist of
several reproductively isolated, virtually isomorphic cytospecies (Rothfels et
al. 1978; Rothfels 1981). Although we were confident of separating S. venus
tum females from those of S. verecundum, we were unaware of the isomorphic
species S. truncatum, which has host-seeking habits similar to those of S.
venustum (Hunter et al. 1993). In Algonquin Park, host-seeking Simulium
truncatum is earlier than S. venustum, so the late-June pulse ofnullipars may
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have been females of S. venustum. It is now possible to identify the cytotypes
of adult blackflies based on polytene-chromosome banding patterns in cells
from the Malpighian tubules (Procunier and Post 1986). Inasmuch as almost
all regional simuliid populations comprise isomorphic species complexes, cy
tological typing should be required in future age-grading studies.
Periodicities in host-seeking behavior. Host-seeking behavior in
many species of blackflies is strongly periodic, often bimodal (Crosskey 1990).
In some species, the host-seeking periodicity is dependent on the gonotrophic
age of the fly, the most common pattern being one in which young, nulliparous
flies are more abundant in morning collections and older, parous (often soon
after oviposition) flies predominating in afternoon or evening collections
(Crosskey 1990). The year-1 collections in the present study suggest a pattern
considerably at odds with that norm, parous S. venustum predominating in
morning collections. The differential age-related periodicities are often a func
tion of times of emergence and oviposition and might therefore be expected to
show geographic and weather-dependent variation; certainly populations are
known in which nullipars predominate in the late-afternoon collections (Duke
1968, Disney 1972).
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