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A LIST OF THE ODONATA OF THE LA RUE-PINE HILLS
ECOLOGICAL AREA
T. E. Vogt and 1. E. McPherson'
ABSTRACT
.\ suryey of the adult odonate fauna of the La Rue-Pine Hills Ecological Area, Union
C:mnty. Illinois, was conducted during 1983-1985. Thirty six. species were collected
in..;;uJing the damselfly Telebasis byersi Westfall; this damselfly is known to occur in
mioois only at Pine Hills.

The La Rue-Pinc Hills Ecological Area (hereafter referred to as Pine Hills) is part of the
Sh.l.'ii.IJee :-\ational Forest and located in the northwest corner of Union County, lIlinois,
2
'::3.. I S. miles northeast of Cape Girardeau, Missouri. It encompasses only ca. 3 miles , but
is "'ell kDovon for its high plant and animal diversity (McPherson and Mohlenbrock 1976).
Pine HHis includcs dry forests and hill prairies atop limestone bluffs, and moist forests at
Ie !:\L,<s of the bluffs that surround La Rue Swamp and Winters Pond. The topography
.GJ \ egetation of the area were discussed in detail by McPherson and Mohlenbrock
, i9-6,.
During the past several years, one of us (JEM) has been involved with a series of studies
of the Pine Hills insect fauna including surveys of the Pentatomoidea (McPherson and
~lohlenbrock 1976) and butterflies (Sites and McPherson 1981). This paper presents a
SUf\ey of the Odonata.
literature on the Odonata of Illinois is limited and scattered. The most recent
.::omp>ehensiye faunal lists are found in Needham and Westfall's 1955 manual on the
&-agontlies of :-\orth America and Montgomery's 1967 paper on the Odonata of the north
.:entral stales. Since their publication, only 10 species have been added to the state list
induding Dromogomphus spoliatus (Hagen) (Westfall and Tennessen 1979), Tetrago
neuna coswiis Selys 'Dunkle 1983), Anax longipes Hagen, Neurocordulia xanthosoma
,WiHiaIlL"<-"lIl! (Brigham and Brigham 1979), Telebasis byersi Westfall, Tachopteryx
rhoreyi .Hagenl . .4.eshna mutata Hagen, Celithemis fasciata Kirby, Ladona deplanata
!Ramoon and DYlhemisfugax Hagen (Vogt and McPherson 1985).
Be.::au..<e so little is known about Illinois Odonata, we also here include the distribution
of the Pin.': Hills species in southern Illinois and the range of collection dates for both
areas: all data are based on adults. Southern lllinois is defined here as that part of the state
south of a line from St. Louis, Missouri, to Vincennes, Indiana (Fig. 1).

The

MATERIALS AND METHODS
Collecting trips were made at about one week intervals from March through October in
1983 and through November in 1984, and from March through May in 1985. Selective
coIle..:ting was made to concentrate on those species known to be poorly represented in the
Southern Illinois Cniversity Entomology Collection, Zoology Research Museum (SIUEC)
: Depamnent of Zoology, Southern Illinois University, Carbondale, IL 62901.
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Fig. 1. Counties of southern Illinois.

and, therefore, numbers of specimens of each species in the SIUEC are not necessarily
representative of relative numbers in the field. Records of flight activity for both Pine Hills
and southern Illinois were supplemented with those from specimens deposited in the
SIUEC by us prior to this study or by other collectors.
RESULTS AND DISCUSSION
Thirty six species were collected at Pine Hills, and most of these are widely distributed
in southern Illinois. However, Lestes inaequalis Walsh and T. byersi were represented
only by Pine Hills specimens. T. byersi prior to its discovery at Pine Hills was known only
from North Carolina, Florida, Alabama (Westfall 1957), and South Carolina (Huggins and
Brigham 1982).
Based on the species now known to occur in Illinois, ca. V3 were represented in the Pine
Hills fauna. This appears to be rather high diversity judging from the uniformity of the
aquatic environment (i.e., swamp).
ODONATA IN THE LA RUE-PINE HILLS ECOLOGICAL AREA
LESTIDAE
Lestes inaequalis Walsh. 10 May-13 Sept.
Lestes rectangularis Say. 27 April-lO Oct., also from Franklin, Jackson, Union", and
Williamson counties, 27 April- JO Oct.
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COENAGRIONIDAE
Ar.,_-''''.uJGf?rion haSranll71 I Say). 6 June-26 July, also from Jackson, Wayne, and William
SoOn .::ounties_ ~5 _-\pril-2-1- Aug.
Er..~.::ul"'.u ilspersum 'Hagen!. 13 July, also from Jackson, Pope, and Williamson
'::0Cntic< 9 .... lay-27 Oct.
Er~-:uz",.u rusidens-Cahen. -1- May-19 May, also from Jackson, Union", Wayne, and
Willi~<on coumies_ 26 April-12 Oct.
E..~·i·uf!"..u (i-.iie I Hagen). 24 April-2 Oct., also from Jackson, Union", Washington,
W.1Y=_ .md Williamson counties, 18 April-3 Oct.
Er..:;..-:tlvr.u [[eminarum Kellicott. 3 May-IO Aug., also from Jackson and Williamson
'::('WIues_ .' .... lay-17 Sept.
E,..u.-:.:;:[r!'W Sif?rUlrum (Hagen). 9 May-24 July, also from Jackson and Pope counties, 30
_-\,-roori1--6 Sept.
E".u:.:.:;V'".u '.-esperw71 Calvert. 3 May-17 May, also from Jackson and Williamson
~ClliIties_ .3 .... lay-12 Sept.
hCf:.r.iirtl posira iHagen). 15 March-I 2 Oct., also from Franklin, Jackson, Pope, Saline,
L-ni0n"_ and Williamson counties, IS March-18 Oct.
Isc':.r...rtl 'emealis (Say). 3 April-23 July, also from Jackson, Marion, Pope, Richland,
Saline. L-mon", Washington, and Williamson counties, 3 April-IS Sept.
T<:e~..:;.s;s byersi \Vestfall. 6 July-20 Sept.

C-·ri;.,.Zu~rer
b~~

CORDULEGASTRIDAE
obliqlla (Say). 4 June, also from Pope and Union a counties, 29 May-7

GOMPHIDAE
A";"c',..._"hus slIbmedialllls (Williamson). 27 June, also from Jackson, Monroe, and St.
- crill- c0Umies_ 29 May-8 Aug.
AESHNIDAE
A.r.GX >,,;flL5 i Drury). 6 April-30 Aug., also from Alexander, Franklin, Jackson, Perry,
P0?'!_ L-mon". and Williamson counties, 6 April-II Oct. (sight record, 16 March,
Ja..::t.:_·;on County).
EpiGes,·::l'.u heros IFabricius). 17 April-22 July, also from Pope, Jackson, and Williamson
'::0'.mUcs. II .-\pril-22 July.
Sils;.:;esctuw penraeanrha (Rambur). 3 May-29 July, also from Jackson, Perry, Pope and
L-nion" .::ounties. 3 May-29 July.
CORDULIIDAE
Te"'tlf!(·r.e"ril1 coswlis Selys. 19 April-IO June, also from Jackson, Perry, Pope, and
WiHiarIL'On counties, 16 April-IO June.
TemJ.!!.oneuria cynoSliTa (Say). 4 April-16 May, also from Jackson, Pope, and Williamson
'::0umies. 2-1- .... larch-26 May.
LIBELLULIDAE
C t!iirhemis elisa (Hagen). 24 April-24 May, also from Franklin, Jackson, Perry, Pope,
and \\-illiarnson counties, 24 April-12 Sept.
Celirhemis eponina (Drury). 3 July-I Sept., also from Jackson, Johnson, Pope, and
Cman" counties. 3 July-17 Sept.
Eryrizemis simplicicollis (Say). 16 April-IO Oct., also from Jackson, Jefferson, Pope,
Cnian". and Williamson counties, 16 April-IO Oct.
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Libel/uia cyanea Fabricius. 26 May, also from Franklin, Jackson, and Pope counties, 15
May~9 Aug.
Libellula incesta Hagen. 24 May-26 Aug., also from Alexander, Franklin, Jackson, Pope,
Uniona, and Williamson counties, 20 May-9 Sept.
Libellula luctosa Burmeister. 7 May-29 July, also from Jackson, Jefferson, Monroe,
Pope, Saline, Sl. Clair, Union", Wayne, White, and Williamson counties, 22
April-21 Sept.
Libellula pulchella Drury. 25 May, also from Jackson. Johnson. Pope, and Union"
counties, 23 May-19 Aug.
Libellula vibrans Fabricius. 24 May-20 July, also from Alexander, Jackson, Johnson,
Pope, Union", and Williamson counties, 30 April-24 July.
Pachydiplax longipennis (Burmeister). 24 April-IO Oct., also from Alexander, Jackson,
Pope, St. Clair, Union', and Williamson counties, 24 April-IO Oct.
Pantala .f7avescens (Fabricius). 19 Sept., also from Jackson, Perry, and Williamson
counties, 24 April-IO Oct.
Perithemis tenera (Say). 24 May-3 Sept., also from Franklin, Jackson, Marion, Pope, St.
Clair, Union', Wayne, White, and Williamson counties, 20 April-13 Oct.
Plathemis lydia (Drury). 14 April-S Sept., also from Jackson, Monroe, Pope, Saline, St.
Clair, Uniona, Washington, Wayne, and Williamson counties, 11 April-7 Oct.
Sympetrum ambiguum (Rambur). 2 July-IS Oct., also from Monroe, Pope, and William
son counties, 2 July-IS Oct.
Sympetrum internum Montgomery. 8 Oct., also from Williamson County, 8 Oct.-23 Oct.
Sympetrum vicinum (Hagen). 16 JuIy-1O Nov., also from Jackson, Johnson, Pope, and
Williamson counties, 12 July~IO Nov.
Tramea carolina (Linnaeus). 3 May, also from Jackson, Pope, and Williamson counties,
15 April-2 Aug.
Tramea lacerata Hagcn. 9 May 21 Aug., also from Jackson, Johnson, Monroe, Pope,
Union", and Williamson counties, 3 May-I 7 Sept.
a

also collected in Union County outside Pine Hills.
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SE.\IlA.QUATIC HEMIPTERA OF WISCONSINI
William L. HilsenhofP
ABSTRACT
T';;<enty-six species in five families of semi aquatic Hemiptera were collected in Wis
':0Dsrn and as many as four more may occur. Keys to all of these species are provided
it0!]§: with notes on their distribution, abundance, and identification. Most species were
disLli(:>:Jted statewide, except that GelTis insperatus and RhagoveUa obesa were most
,0ffim0n in the north, and Garis marginatus, Rhagovelia oriander, and Neogerris
ilcs:,·,r;€ were most common in the south. Metrobates, Neogerris, Rheumatobates,
JfesOl·elia. and Rhagovelia apparently overwintered as eggs since adults were
-,,!:>,:;.cm in the spring. Adults of other genera were collected from early spring to autumn.

In 1951 Bennett and Cook published a study of the semiaquatic Hemiptera of Minne

r

S,::'::"::' • .mJ most of the species they found in Minnesota are the same ones have collected
~ WL<';;;"OSin. I haye made no extensive effort to collect semiaquatic Hemiptera, but have

,-;·[je,::!N almost 11.000 specimens over the past 20 years, enough to provide a rather clear
of the distribution and abundance of most species that occur in Wisconsin. My
studies are limited to the five families of Gerromorpha in this region that are capable of
""'l.;ing on water. and do not include the riparian family Saldidae, which was thoroughly
studiN in .\linnesota by Bennett and Cook (1981). Studies of the aquatic Nepomorpha in
Wi<.;;;oosin were completed earlier (Hilsenhoff 1984).
The systematics of the semiaquatic Hemiptera have been thoroughly discussed by
.-\n&r,:;.cn ; 1982; and in somewhat less detail by Polhemus and Chapman (1979) and
Ber:n~u and Cook I 1981). Polhemus and Chapman (1979) reviewed the morphological
an.! reha\loral adaptations of the various genera and their life cycles, biology, and
pr<eI<erred habitat. Bennett and Cook (1981) also reviewed these same subjects, and 1 will
n01 repeat this information.
Tnc distribution and abundance of the various species in Wisconsin is summarized in
TJble 1. The collecting effort in the nine areas of the state (Fig. 1) was not equal, with
lTIQre ':011ections
made in the south-central region because of its proximity to
.\lJdi5-0n. ~umbcrs
lotic species in the northeast were unusually high because of
;:o~le-.:tions made in a study of the Pine-Popple River (Hilsenhoff 1972), and numbers of
:enti.:: ,pecies were low in the southwest because of a general absence of lentic habitats in
this ungiaciated part of the state. County records corresponding to numbers in Figure I are
re}X'rted under each species along with information on general abundance, distribution,
habitat. life cycles. and identification. Keys are provided to adults of all species that have
!:;.een collected or are likely to be collected in Wisconsin.

·Re-se.ir.::h supported by the College of Agricultural and Life Sciences, University of Wisconsin
.\1a.:t5-0r;.
:Dep:.:a:ment oi Entomology, University of Wisconsin. Madison, WI 53706.
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Figure 1. Location of the nine 8-county areas of Wisconsin and number assigned to each county.

Key to Families of Semi aquatic Hemiptera in Wisconsin
l.
1'.
2(1).
2',

3( I').
3'.
4(3').

4'.

Claws of at least protarsi inserted before apex. . . . . . . . . . . . . . . .. ......... 2
Claws of all tarsi inserted at apex .. . . . . . . . . . . . . . .. ............ ....... 3
Metafemur very long, greatly surpassing apex of abdomen ..... . .. Gerridae
Metafemur short, not, or only slightly surpassing apex of abdomen ........ .
. .. ... . . . . . . . . . .. . . ... . ..................................... Veliidae
Head as long as entire thorax, very slender with eyes set about halfway to base;
length 7.5-10.0 mm ................ Hydrometridae: Hydrometra martini
Head short and stout, eyes near posterior margin ........................ 4
Lower part of head grooved to receive rostrum; legs without bristles ....... .
....................................................
Hebridae
Lower part of head not grooved; legs with scattered stiff, black bristles ..... .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ....... Mesoveliidae
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Table I. -"umbers of each species of semiaquatic Hemiptera collected in nine areas of Wisconsin (Fig.

1 1 bel" cen 1962 and 198-L

Gcrris b:.itfl1oi
G, ",~:'f!J';[i.i5
G _ :r:~"Pt" r .:;.nlS
G, ":u,-.zinilnlS
G. Tt"n:igis
L,;mr:t"·ptYU5

dissorris

.\!~m.-·btr!es

hesperills

NE

we

85

138

32

53

12
27

54
11
118

84
38
I
99
22
178

216
28
523

23
3
22

179

18

122

10

28

46
98

85
.-13
9

33

_Vt!(lf!r:.rris hesione

RikiJ%l[{Jbares palos;

Trep"ruus knight;
T. ~iL':US
T. 5"bniridlls
He,,"'s buelloi
H. D;'.rmeisleri
_\!<n-<.i~ala brllllllea
.\!. i:!.-bmides
H:..1nwlelra marlilli

.Hts"·.'i'iia mu/sami
.Ui,·r,','elill albollorala
.\f. u;rttericana
.\1 {lUenoi
,\!.

I

142

28

I

2

24
6
34
6
35
126
859
89
139
89
2
62
38
116
12
25
39

35

_"f'~_-;1:irnilli5

'\f. ~;';d
.\f ,:'lJ..-ciJella
Ri:.:;:zc,-tiia abem
R. l7:.;r.der

39
2
69

e
50
75
6
I
76

Ee

SW

se

SE

Total

41
50
4

17
33
I

131
84

95
54

672
488
122
97
787
90
1154
5

26
54

132

115

12
50

74

11

3
63
I
14

22
5
21
44
I

185

107

98
130

21
4

47

11

14

28

2

I
80

29

8

126

9

3

I

50
105
10
74
4
56
2
2
181

19
28
1
11

84
5

86
29

2

5

65

3
100
11
106

97
650
2
260

43

490
2

49

8
1
299
131
50
100
195
312
2
30
4
154
378
151

I

434
134
202
16
78
173
273

6

85
24
1
4
223
139

623
1
28

301
955
61
1384
2
550
180
2
lIS
1499
580
646

GERRIDAE--WATER STRIDERS
.-\lmv-st half of the species of semi aquatic Hemiptera found in Wisconsin are Gerridae.
They arc the largest and perhaps the most important semiaquatic Hemiptera. Adults of all
spe~ie5 can be identified and so can the nymphs of most, if not all species. Calabrese
I 1'r -1-1 pn:wided keys to all nymphal ins tars of Gerris and Limnoporus. Nymphs of the
other genera arc sufficiently similar to adults in at least the last two instars that they too
~an be identified with reasonable certainty. Because of their large size, Gerridae are often
readily visible on the water's surface, but they move rapidly when disturbed. To collect
them one must stalk them and then sweep them from the water with a net; they are
infrequently capmred unless a specific effort is made to catch them .
.-\Jults of all species of Gerris were collected from April to November, and from my
collections and what is generally known about their life cycles, I assume that they are
mostly bi\olrine in Wisconsin, Limnoporus dissortis adults were collected from April to
September. most of them in late summer, which suggests a univoltine life cycle. Adults
oD/ar(lbares. Rheumatobates, and Trepobales were collected only from July to October,
which indicates that they overwinter as an egg. A peak abundance of adults in August and
early September. with only occasional nymphs being found in September, suggests that
they arc mostly unh'oltine with some completing a second generation. All Neogerris
hesi<'ne were colkcted in September, but their rarity makes it impossible for me to
speCUlate on their life cycle in Wisconsin. Drake (1915) stated that they probably
(werv.-imer as an egg.

to
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Two additional species of Genis, G. alacris Hussey, 1921 and G. argenlicollis
Parshley, 1916 may occur in southern Wisconsin. Both have been reported from north
western Indiana and they are included in the key to species. Trepobates inetmis Esaki,
1926 has also been reported from Indiana (Kittle 1977), but farther south and east, and is
unlikely to occur in Wisconsin. Kuitert (1942) reported a specimen of Getris conformis
(Uhler. 1878) from Wisconsin in the University of Kansas Collection. The only label data
for this specimen is "Wisconsin" and I believe the specimen was mislabeled.

Key to Species of Adult Gerridae in Wisconsin

1.
I' .
2(1).
'1'

.:...

3(2').

Inner margin of eyes concave behind middle; length 4.7 mm or greater. '" 2
Inner margin of eyes convexly rounded; length 4.8 mm or less .......... 10
Second tarsal segment of prothoracic leg twice length of first segment;
pronotum shining; head with a broad, transverse, basal pale mark; length
4.7-6.5 mm .... , .................................... Neogerris hesione
Second protarsal segment less than jl/2 times length of first segment; pronotum
dull; head with narrow, broadly V -shaped pale mark at base. . . . . . . . . . .. 3
Pronotum black, contrasting sharply with red-brown mesonotum, and having
broad yellow median and lateral stripes; length 11.5-15 ..5 mm...... ,' .... ,'

.......... , .... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Lnnnoporus dlssorlls
3'

4(3').

4'.

5(4').
5'.
6(5).

6'.

7(5').

7'

8(7').

8' .
9(8').

9',

Pronotum similar in color to mesonotum, with lateral stripes lacking in species
greater than 9 mm long ........................................ Gettis 4
Gerris-Large, longer than II mm; prominent connexival spines curve slightly
outward; length 11.0-16.0 mm............. " ............... G. remigis
Smaller, less than 11 mm long; connexival spines usually curve slightly or
distinctly inward. . . . . . . . . . .. ........ . ......... ,.. . .............. 5
Pronotum with a narrow lateral pale stripe . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6
Pronotum without a lateral pale stripe. . . . . . . . . . . . . . . . . . . . . . . . .. .. ..... 7
First genital segment of male as broad as long; notch in last abdominal sternum
of male subrectangular, wider than long: connexival spines of female not
reflexed dorsally; antennal segment 2 slightly longer than 3, their combined
length slightly longer than I; length 6.8-8.6 mm .............. G. bue/wi
First genital segment of male twice as long as wide; notch in last abdominal
sternum of male narrow with side diverging posteriorly; connexival spines of
female reflexed dorsally; antennal segment 2 and 3 equal, their combined
length equal to segment I; length 7.0-8.5 mm ........... G. argenticollis
First genital segment of male with a conspicuous ventral brush of long hairs on
each side; connexival spines of female not reaching apex of first genital
segment and with long (0.1 mm), dark setae at and near tip; length
8.5-10.6 mm. .. .. . . . . . . . . . . . . . . . . ... . . . . . .. ....... . ..... G. comatus
First genital segment of male without a conspicuous ventral brush of long hairs;
connexival spincs of female with setae at tip short « 0.05 mm), if slightly
longer. tips of spines reach or surpass apex of first genital segment ... " 8
Male with omphalium strongly protuberant; connexival spines of female short,
not reaching midpoint of first genital segment; length 7.0-10.0 mm ... " ..
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , ............... G. alacris
Male with omphalium not protuberant; connexival spines of female longer,
projecting past midpoint of first genital segment .................... . 9
Male with first genital segment impressed on each side ventrally to form a broad
median carina; connexival spines of female project to or past tip of fIrst
genital segment and are covered at tip with setae about 0.05 mm long; length
9.1-10.8 mm ...................... ,', ......... , ........ G. marginatus
Male with first genital segment plump, evenly rounded ventrally, with a
posterior convexity; connexival spines of female do not project posteriorly to
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tip of fiN genital segment and are covered at tip with setae about 0.03 mm
long: length 8.7-10.1 mm ......................... " .... G. insperatus
10,1 '. First antennal segment subequal to remaining three together; length 4.2-4.8
mm .............................................. Met/'obates hesperius
First antennal segment mueh shorter than remaining three together. . . . . .. II
10
11, I» '. Third antennal segment with stiff bristles; length 2.7-3.5 mm ............. .
· . . . .. ......... . .............................. Rheumatobates palos!
Third antennal 5egment with fine pubescence only. . . . . . . . . .. Trepobates 12
Trepobates-Without a lateral mesonotal streak posterior to black postocular
stripe on pronotum; mesonotum mostly black; length 3.43.9 mm ....... .
· . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . .. T. subnitidus
With a lateral meso notal streak posterior to black postocular stripe on pronotum;
mesonotum with yellow stripes or large yellow areas ................. 13
~lesonotal streak posterior to black postocular stripe on pronotum short; anten
nal segment 3 of males with long hairs; females often with long connexival
spines and never with a mesonotal projection; length 3.2-3.9 mm ....... .
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. T. knighti
~lesonotal streak posterior to black postocular stripe on pronotum extcnds entire
length of mesonotum; males without long hairs on antennal segment 3;
mesonotum of females with a large posterior projection; eonnexival spines of
female not projecting; length 3.2-4.0 mm ...................... T. pictus

Garis buenoi Kirkaldy, 1911
Distribution and Abundance. Very common throughout Wisconsin in all types of
habitats and occasionally in streams. County records: 1-6, 8·-44, 46-50, 53-55,
"~l.

63----'

Idi!ntification. The only other Gen'is with a lateral pale stripe on the pronotum is the
m0re southern G. argenticollis, which has not been collected in Wisconsin. Garis buenoi
i,
distinguished from that species by cbaracters in the key.
Garis comafUS Drake and Hottes, 1925
Distribution and Abundance. Common statewide in a wide variety of lotic and len tic
habitats with ('pen water. County records: 1. 3-20,23-25,27-28,30--31,33-44,46-52,
5+--2.
Idi!ntification. The large tufts of long setae ventrally on both sides of the first genital
,eg:nem of the male are distinctive, but some females can be confused with G. margina
TIl' In G. l'Ollwtl/S females the setae at and near the end of the connexival spines are about
t\\
.1S long as those of G. marginatus and also blacker in mature individuals. The
-:onnexhal >pines also do not extend to the apex of the first gential segment as they do in
G. n:arginu.nl'l . ..'\.lthough the connexival spines of G. comatus tend to curve inward, this
inward cune is an artifact of preservation and may be present or absent in both species.
Garis illsperarus females have very short setae on the connexival spines and should be
,;>r,'>r,,'.'·" from G. comatus. Micropterous G. comatus are fairly common; apterous
are rare. I did not find micropterous females of Gerris insperatus and G.
I"nilTginanis _

Garis insperatus Drake and Holtes, 1925
Distribution and Abundance. Common north, uncommon to rare sOllth. Most were
c('llecteJ tmm streams but some were collected from ponds. County records: 1-2, 8-15,
'--19. ::. ~'7. 29-34. 39,42-44,53,57,61,70. The predominantly northern distribution
in Wisconsin and also in Minnesota (Bennett and Cook 1981) is interesting since the
is reported to range south into Mexico (Calabrese 1974).

12

THE GREAT LAKES ENTOMOLOGIST

Vol. 19, No. I

Identification. The ventrally rounded first
segment of the male with its posterior
convexity is distinctive. The female is difficult to separate from the more southern G.
marginatus, but the setae at the tip of the connexival spines are shorter in G. insperatus
and the spines do not project posteriorly as far as the tip of the first genital segment. In
G. marginatus they project to or slightly beyond the tip of the first genital segment. I have
one brachypterous female that I believe is this

Gerris marginatus Say, 1832
Distribution and Abundance. Fairly common south, but rare north and central. A
male was collected as far north as Vilas County. It inhabits all types of lentic and lotic
habitats. County records: 11,37,51-58,60-64,67-68,70-72.
Identification. Ventrally, the first genital segment of the male is concave on each side
of the middle, thus forming a broad carina. Separation of females from G. comatus and
G. in:,peratus is discussed under those species.
Garis remigis Say, 1832
Distribution and Abundance. Very common on streams 4I1d spring ponds throughout
the state. County records: 1-3, 5-6, 8-22, 24-26, 28, 31-40, 42-46, 48-58, 60-64,
67-71.
Identification. This large, dark strider is easily identified by characters in the key.
Limnoporus dissortis (Drake and Harris, 1930)
Distribution and Abundance. Fairly common in all types of lotic and lentic habitats
throughout the state. It is difficult to capture and many were seen that could not be
collected. County records: 1-4,9,11-13,15,17-20,28,31. 33, 35,37,51,53-61,70.
Identification. Its very large size and the red-brown coloration readily distinguish it
from other Gerridae.

Metrobates hesperius Uhler, 1871
Distribution and Abundance. Common statewide on larger streams and occasionally
on impoundments and lakes. County records: 1,3-5,7,9,12,14-18,20-21,23,26-27,
30,33,35,39-41,43,48-49,51,53,56-57,60-61,63-64,66-68,70.
Identification. The short, broad body and very long first antennal segment readily
separate this species.
Neogerris hesione (Kirkaldy, 1902)
Distribution and Abundance. Rare in southern half where it was found on ponds and
small impoundments. County records: 39, 58, 64.
Identification. The shining nota, broad instead of linear pale mark on the pronotal disc,
and wide transverse basal pale mark on the head separate it from Gerris, but in the field
the common apterous form may readily by mistaken for Gerris nymphs.

Rheumalobates palosi Blatchley, 1926
Distribution and Abundance. Common in quiet open waters oflakes. large ponds, and
streams statewide. County records: 2, 4, 6, 8, 11, 14-15, 17-18,20,24,26-28,30,33,
35, 38-39.41-44,46-49, 53-54, 57-58, 61. 63-64, 70-71.
Identification. The small size, elongate shape, and bristles on the third antennal
segment readily distinguish this species.
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Trepobates knighti (Drake and Harris, 1928)
Distribution and Abundance. Rare in small open streams in extreme southem
Wis.:::onsin. Countv records: 62, 64,
Identification. identification of the three species of Trepobates that occur in Wisconsin
and T. inermis. which occurs to the southeast of Wisconsin , has presented many problems.
Kinle 119771 did much to solve these identification problems. Of the four species, the
thoraci.:: nota of T. illermis and T. pictus are predominantly yellow, in T, subnitidus they
are mostly black. and in T, k!lighti the coloration is intermediate, Unfortunately there are
dark and light specimens of all species, Trepobates k!lighti can be mostly easily separated
from T, 5ubllitidus and T, pictus by a short yellow mark on the mesonotum just posterior
to the IX)stocular dark stripe on the pronotum, a characteristic also shared by T, i!lerrois.
~Iales of T. knighti have long hairs on thc third antennal segment, a character shared only
by T. inero!is. but the pubescence on abdominal segment 8 is darker than in T. inermis,
Females of T, knighti often, but not always, have elongate connexival spines, a charac
terislic not found in other species.
Trepobates pictus (Herrich-Schaffer, 1848)
Distribution and Abundance. This species is apparently rare statewide, with all
collections being made from woodland streams. County records: 14,27,30,57,
Identification. The large amount of yellow on the mesonotum and the broad yellow
stripe that is located directly behind the postocular dark stripe of the pronotum and extends
the enIire length of the mesonotum are distinctive. Females have a pointed posterior
mesonotal projection that is distinctive,
Trepobates subnitidus Esaki, 1926
Distribution and Abundance. Common statewide where it frequents sheltered bays of
lakes. larger ponds, and larger streams, County records: 2-8, 11-12, 14, 18, 23-24, 27,

30.32-33.35-36,38-39,41,43-44.46-47,52-54,56,58-61, 63-64, 67-69.
Identification. Most individuals have a black mesonotum with four yellow spots
dorsally. one near each comer. In some individuals the posterior spots extend mesally and
then anteriorly to form a right-angle shaped mark on each side of the middle, This is the
characleristic pattern of T. knighti, but in T. subnitidus there is no yellow mark on the
mesonolUm posterior to the postocular black stripe of the pronotum. Trepobates pictus and
T. i!lennis haye much more extensive yellow marks on the pronotum and mesonotum,
HEBRIDAE-VELVET WATER BUGS
Because of their \'ery small size, Hebridae are not often noticed running on the surface
of the water. One genus. Hebrus, is mostly riparian, while the other, Merragata, is found
in shallow shoreline areas, I have made no special effort to collect Hebridae, but have
collected them while sweeping through shallow water with an aquatic net Because I did
not collecl in riparian habitats, my collections of Hebrus undoubtedly do not reflect the
Collections were made from April to November, and suggest
rrue abundance of this
a multivoltine life
with overwintering adults,
Key to Species of Adult Hebridae in Wisconsin
L
I'.

211 I.

Antennae
with last segment not thickened. , ...... ' .. Hebrus 2
Antennae
with last segment distinctly widened, , .. Merragata 3
Hebrus-Vertex of head with distinct median longitudinal groove; head black
except for posterior margin; length 1.9-2,2 mm .... , ... , ..... , H. buenoi

14
2'.

3(1 ').
3' .
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Vertex of head without median longitudinal groove; head brown or tan; length
1.8-2.1 mm ............................................ H. burmeisteri
Merragata-Pronotum with deep, median longitudinal groove; macropterous,
membrane with 4 white spots on a darker background; length 1.7-2.2 mm
........................................................ M. hebroides
Pronotum lacking deep, median longitudinal groove; usually brachypterous,
macropterous form with opaque white membrane; length 1.4-1.8 mm .....
......................................................... . M. brunnea

Hebrus buenoi Drake and Harris, 1943
Distribution and Abundance. The single collection probably does not reflect its true
abundance, and since it was collected in much of Minnesota (Bennett and Cook 1981) it
is probably distributed throughout Wisconsin. County record; 71.
Identification. The median longitudinal groove on the vertex of the head is distinctive.
The head and pronotum are black; in H. burmeisteri they are tan or brown, although in
some specimens the pronotum is dark brown.
H ebrus burmeisteri Lethierry and Severin, 1896
Distribution and Abundance. It probably occurs statewide at the edges of shallow
len tic habitats, and very likely is more common than my collections indicate. County
records: 17,25,31,39,50,56,58,60--61,65,67-69,72.
Identification. Its separation from H. buenoi is discussed under that species.
Merragata brunnea Drake, 1917
Distribution and Abundance. Fairly common statewide in margins of len tic habitats.
County records: 1-3,6,13,19-22,25,27,35-36,38,57-58,61,63-64, 67-68, 70-72.
Identification. The pronotum lacks the deep, median longitudinal groove of M.
hebroides. Most (97%) are brachypterous, while all M. hebroides I have collected are
macropterous. In macropterous forms, the hemelytral membrane is an opaque white; in M.
hebroides the membrane has four white spots. Both species of Merragata are readily
separated from Hebrus and Microvelia by their enlarged fourth antennal segment.
Merragata hebroides White, 1877
Distribution and Abundance. Very common south, less common north in shallow
margins of lentic habitats. County records: 2, 4--5, 10, 12, 15-19, 21-24, 27-28, 30,
34--35, 37-40, 42-44, 46-49, 51-52, 54, 56-72.
Identification. Its separation from M. brunnea is discussed under that species.
HYDROMETRIDAE-MARSH TREADERS
There is only one species in Wisconsin and it has been collected mostly by sweeping
through shallow lentic habitats with an aquatic net. It is, however, large enough to be seen
walking among vegetation on the water's surface and several have been collected with a
net after being sighted. It overwinters as an adult and has been collected in Wisconsin from
I May to 8 October. Its multivoltine life history was thoroughly documented by Sprague
(1956).
Hydrometra martini Kirkaldy, 1900
Distribution and Abundance. Uncommon throughout the state. County records: 3-4,
6,9-10, 12-13, 18-20,25,33,56,58,60-61,68-69.
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Identification. They are readily identified by their small size and stick-like appearance.
:\oout 13'C were macropterous, almost all of the rest were apterous.

MESOVELIIDAE-WATER TREADERS
Three species probably occur in Wisconsin, only one of which has been collected. The
other tWO species. M. cryptophila Hungerford, 1924 and M. douglasensis Hungerford,
19~-1-. which may be a junior synonym of lvt. amoena Uhler, 1894 (Polhemus and
Chapman 1979). both occur in Michigan (Hungerford 1924). The former has also been
collected in Minnesota (Bennett and Cook 1981). Both specics occur in bogs among
tloating Chamaedaphne, but my efforts to collect them from such habitats in northern
Wisconsin have thus far been unsuccessful. The third species, M. mulsanti, is abundant.
It o\erv;inters as an egg and has several summer generations. They are readily seen
running among the vegetation.
Key to Species of Adult Mesoveliidae in Wisconsin

~,

1. I

Pro- and mesofemur with a row of black spines on ventral margin; larger species
2.7-1..0 mm long ........................................ M. mulsanti
Pro-- and mesofemur without a row of black spines: smaller species ....... 2
Two broad longitudinal bands on head with a slender line between them: length
of first antennal segment no more than % width of head through eyes; length
1.8-2.2 mm .......................................... M. douglasensis
Two slender longitudinal bands on head; length of first antenna! segment 0/10
width of head through eyes; length 1.9-2.7 mm .......... M. cryptophila

Mesovelia mulsanti White. 1879
Distribution and Abundance. Abundant throughout Wisconsin, with adults present
from June to ~O\'ember and peak numbers in August and September. They occur in
sheltered lotic and lentic habitats with emergent vegetation, Lemna, or mats of algae.
Count\ records: I-31. 33-40,42-72.
Identification. The yellow-green coloration and black bristles on the legs are distinc
the. They can be separated from the two small Mesovelia species by characters in the key.
'.lales and females of M. mulsanti are always larger than the same sex in the other species.
'.105! aduIL~ are apterous, but macropterous forms are common.
VELIIDAE-SMALL WATER STRIDERS
This is probably the most abundant family of aquatic Hemiptera in Wisconsin, but
be.::ause of their small size they are easily overlooked and not often collected. There are
tW0 spedes of Rhagorelia and six species of Microvelia in Wisconsin. Rhagovelia was
re\'ised by Bacon in 1956; the most recent keys to Microvelia are in Smith and Polhemus
I 197& t. Both species of Rhagovelia are lotie, living below riffles and in eddies of streams
where they are easily seen skating in schools on the surface of the water. The species of
jJicron?lia are mostly lentic, being found on sheltered margins of ponds, marshes, bogs,
and eyen slower streams. Two species, however, M. americana and M. fontinalis, are
lotk. living under the banks of streams and spring ponds, or in springs. Most of the species
of .Uicrovelia oyerwinter as adults and are found from April to October, but adults of the
common .\!. pulchella have not been collected before June, which suggests they may
o\erwinter as an egg in Wisconsin. All are probably multivoltine. Rhagovelia adults have
not been collected before July, and they probably overwinter as an egg at this latitude.
Bacon (1956) suggested that they overwinter as adults, but Cheng and Fernando (I971)
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presented evidence that R. obesa overwinters as an egg in southern Ontario. They are
probably mostly univoltine, with some completing a second generation. Most Microvelia
are apterous, but macropterous individuals occur with regularity; I have seen no macrop
terous Rhagovelia from Wisconsin.
Key to Species of Adult Veliidae in Wisconsin
Mesotarsi with plumose hairs and leaf-like claws; greater than 3.3 mm
long. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Rhagovelia 2
l' .
Mesotarsi without plumose hairs, less than 3.3 mm long ...... Microvelia 3
2(1).
Rhagovelia-Posterior margin of pronotum of apterous males and females
rounded and not projecting past mesonotum; length 3.7-4.4 mm ......... .
............................................................ R. obesa
Posterior margin of pronotum in apterous males acute and projecting posterior
past mesonotum and metanotum, in apterous females formed into a long
projecting process; length 3.4-4.1 mm ....................... R. oriander
3( 1').
Microvelia-Apterous adults ........................................... 4
3' .
Macropterous adults. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ............ 9
4(3).
Pronotum covering entire dorsum of thorax; length 2.0-2.3 mm ........... .
· . . . . . .. ... . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . ... . ...... M. fontinaZis
4'.
Two or three nota on dorsum of thorax ..............................
5
5(4').
Dorsum of thorax appearing 3-segmented ... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6
Dorsum of thorax appearing 2-segmented ... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7
5'.
6(5).
Large, length 2.4--3.1 mm ............................... M. americana
6'.
Small, length 1.4--1.8 mm .................................. M. pulchella
7(5').
Thoracic and abdominal terga with extensive pale marks in addition to those on
connexivum; large, length 2.2-2.5 mm ................... M. albonotata
7'.
Thoracic and abdominal terga black or dark brown, with a yellow mark
anteriorly on pronotum and occasionally yellow spots on connexivum ... 8
8(7').
Thoracic and abdominal terga black, dark brown when teneral, and without pale
spots on connexivum; pruinosity distinct and confned to lateral edges of last
three abdominal terga; larger, length 1.6---1.9 mm ............. M. bueno!
Thoracic and abdominal terga dark brown, often with indistinct yellow spots on
8'.
connexivum; last three abdominal terga indistinctly pruinose, except for a
narrow medial line; smail, length 1.2-1.5 mm ................ M. hinei
9(3').
Very large, 2.7-3.2 mm long; vertex of head uniformly dark .............. .
· ...................................................... J.f. americana
9'.
Smaller, less than 2.7 mm long; if near 2.7 mm long, vertex of head with dark
median stripe ...................................................... 10
10(9'). Large, more than 2.2 mm long; vertex of head with dark median stripe ... 11
10'.
Smaller, less than 2.2 mm long; if near 2.2 mm, vertex of head not striped
. .................................. , .............................. 12
11(10). Last antennal segment as long as width of head through eyes; 2.2-2.6 mm
long. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ............... M. albonotata
11' .
Last antenna I segment as long as % width of head through eyes; 2.2-2.5 mm
long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. M. fontinalis
12(10'). Very small, 1.5-1.6 mm long; thorax dark brown, head lighter and usually with
a pale area on each side of vertex, leaving a dark stripe on vertex ....... .
.. ... .... ... .... . . ... .. ... ..... . ... . .. .. .. .. .......... ... ... ;14.. hinei
Larger, 1.8-2.1 mm long; head color similar to thorax and without a dark stripe
12'.
on vertex ........................................................... 13
13(12'). Head and thorax black, or nearly so; pale marks absent or obscure on con
nexivum; venter black, except in teneral individuals; length 1.8-2.1 mm ..
· ......................................... : ................ M. buenoi
Head and thorax brown; distinct pale marks on connexivum; venter pale; length
1.8-2.0 mm ............................................. M. pulchella
1.
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Microrelia albonotata Champion, 1898
Distribution and Abundance. Apparently rare in Wisconsin, with the only collection
from the margin of a spruce-tamarack swamp in the north. County record: 13
Identification. The relatively large size, an extremely long fourth antennal segment that
is equal to the distance between the outer edge of the eyes, and a pale dorsum of the head
with a median dark stripe and another dark stripe just above each eye, are distinctive
characters that separate both apterous and macropterous forms from all other Microvelia.
In the apterous form the extensive pale areas dorsaUy and ventrally on the thorax and the
pale first abdominal tergum are distinctive. The wings of the macropterous form have
large clear areas in each of the six cells. In all forms the base of the femur is distinctly paler
than the tarsus, tibia, and apical portion of the femuL This characteristic is shared only
by the smaller M. buenoi and M. pulchella.

Microvelia americana (Uhler, 1884)
Distribution and Abundance. Very common along margins of streams and spring
ponds throughout the state. County records: 1,36,8-9, 11-23,26-32,34-35,37-40,

-15--+6_ -l-8-50. 53-61, 63-64, 67-68, 70, 72.
Identification. Its large size separates it from other species. The three thoracic nota of
apterous individuals readily separate it from M. albonotala and M. fontinalis, the only
that approach it in size. Only 1.2% of Wisconsin specimens were macropterous.
of the cells in the wings have clear areas. Their large size, a uniformly dark vertex
(If the head_ and their antennae separate macropterous forms from the smaller M.
albon()[ata and M. fontinalis. The fourth antennal segment is much shorter than in M.
albonotata and the second antennal segment is about 2/1 the length of segment 4, while in
,\1 fontinalis it is only slightly more than half as long.

Microvelia bueno! Drake, 1920
Distribution and Abundance. Common throughout the state in a variety of lentic
habitats. County records: 1-2,4, 11-18,20--21,23,25,32-33,38-40.44-45,47,49-50,

56. 58-62.

6..j.,

66-72.

Identification. Apterous individuals that are not teneral are readily identified by the
black coloration dorsally. They are easily separated from the much paler M. pulchella,
which is about the same size. The two other species in Wisconsin in which the thorax has
two dorsal scIerites are of a different size and coloration. Microvelia hinei is distinctly
smaller and dark brown rather than black. Microvelia albonatata is larger and has
extensiye pale markings dorsally. The macropterous form, however, is common and
comprised 22<;;: of Wisconsin specimens. It is similar and the same size as M. pulchella,
but blacker. In M. buenoi the middle cell of the hemelytra is clear or with two clear areas
separated by a narrow opaque band. In M. pulchella this cell is opaque or with one or two
very small clear areas distally. Microvelia hinei is distinctly smaller and the vertex of the
head is pale with a median dark stripe. In M. buenoi pale marks on the connexivum are
lacking. or they may be obscure in some teneral specimens. They are readily visible in all
.\1. pulchella and M. hinei.

Microvelia fontinalis Torre-Bueno, 1916
Distribution and Abundance. Apparently rare in Wisconsin, occurring in streams,
springs, and spring ponds (Bennett and Cook 1981). I have not collected intensively in
springs. which may account for its apparent rarity. County records: 17,70.
Identification. The two Wisconsin specimens are both apterous females, 2.0--2.1 mm
long. This is the only Wisconsin species with a single dorsal thoracic sclerite. The dark
brown color with orange spots on the anterior of the pronotum and the middle of the first
alxiominal tergum is distinctive. Macropterous forms most closely resemble the larger M.
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americana, but the second antennal segment is shorter and there is a dark median stripe
on the vertex of the head, which is not easy to see in dark individuals.
Microvelia hinei Drake, 1920
Distribution and Abundance. Fairly common statewide in lentic habitats. County
records: 4, 6, 10-11, 13, 17,20,29,31,38,51,55-56,58,61,67-68.
Identification. This is the smallest Wisconsin species. Only M. pulcehlla and M.
buenoi approach it in size, but the dark brown color and paler vertex of the head with a
median dark stripe are distinetive. Some teneral specimens have extensive pale areas on
the eonnexivum and dorsum of the abdomen. Macropterous forms comprised 8.1 % of the
population in Wisconsin. They too can be identified by their small size, dark brown
coloration with yellowish connexival spots, and the pale vertex of the head with a dark
median stripe. In very dark individuals the vertex of the head is not pale, but the dark
median stripe can still be seen. The middle cell of the hemelytra has two small clear areas
separated by a broad infuscation through the middle.
Microvelia pulchella Westwood, 1834
Distribution and Abundance. Abundant throughout Wisconsin in lentic habitats.
County records: 3-5, 7-19, 22-29, 33-40, 43-44, 47,49-50,52-58,60-61,63-64,
6670,72.
Identification. Apterous individuals have three sclerites dorsally on the thorax, which
separates them from all other species except the much larger M. americana. The pale
venter, brown dorsal coloration that sometimes has extensive mesal yellow marks, and the
yellow connexival spots are distinctive. Macropterous forms made up only 2.7% of the
population, and were most similar to M. buenoi and M. hinei. Their separation is discussed
under those species. All males have distinctly curved metatibiae, which separates them
from all other species.
Rhagovelia obesa Uhler, 1871
Distribution and Abundance. Common on streams north, rare south. County records:
L 3, 7, 9-10, 12-20, 22, 25-26, 53, 57. Its distribution in Minnesota (Bennett and Cook
1981) and Wisconsin io that of a boreal species, but it has been recorded from many more
southern states (Bacon 1956).
Identification. Only apterous forms have been collected. The pronotum is rounded in
both sexes and does not project past the mesonotum.
Rhagovelia oriander Parshley, 1922
Distribution and Abundance. Common on streams in southern half. rare north.
County records: 13, 19, 33, 35-36, 40-41, 43, 45-46, 48, 50-51, 54, 56--57, 60-63,
66-68,70.
Identification. Only apterous forms were collected. The pronotum of the male is
pointed posteriorly and extends over the meso- and metanotum. In the female the
pronotum is greatly enlarged posteriorly to form a projecting elevated process.
ACKNOWLEDGMENTS
I wish to thank Dr. Paul Kittle for verifying identifications of Trepobates, Dr. Leonard
Ferrington and Dr. George Byers for providing label information from the Wisconsin
specimen of Gerris conjormis in the University of Kansas Collection, and Dr. John
Polhemus for providing specimens of macropterous Microvelia jontinalis and also for
many suggested improvements in the manuscript.

1986

THE GREAT LAKES ENTOMOLOGIST

19

LITERATURE CITED
:\ndersen. :K. y1. 1982. The semiaquatic bugs. Phylogeny adaptations, biogeography and
classification. Entomonograph Vol. 3. 456 pp.
Bacon. J. A. 1956. A taxonomic study of the genus Rhagovelia of the Western
Hemisphere. Cni\". Kansas Sci. Bull. 38:695-914.
Bennett. D. V. and E. F. Cook. 1981. The semiaquatic Hemiptera of Minnesota
iHemiptera: Heteroptera). Tech. Bull. Minnesota Agric. Expt. Sta. 332. 59 pp.
Calabrese. D. y1. 1974. Keys to the adults and nymphs of the species of Gerris Fabricius
occurring in Connecticut. Mem. Connecticut Entomol. Soc. (1974):228-266.
Cheng. L. and C. H. Fernando. 1971. Life history and biology of the riffle bug RhagoveUa
obesQ Uhler (Heteroptera: Veliidae) in southern Ontario. Canadian 1. Zool.

-1-9:·1-35-492 .
Drake. C. J. 1915. Life history notes on Gerris conformis and Limnof{onus hesione. Ohio
::"at. 15: 503.
Hilsenhoff, W L. 1972. Aquatic insects of the Pine-Popple River, Wisconsin: aquatic
and semi-aquatic Hemiptera (bugs). Tech. Bull. Wisconsin Dept. Nat. Resources
5·U2-35.
1984. Aquatic
of Wisconsin. Great Lakes Entomol. 17:29-50.
Hungerford. H. B. 1924. A second new Mesovelia from Douglas Lake, Michigan region
'.Hemiptera-y!esoveliidae). Ann, Entomol. Soc. Amer. 17:453-456.
Kittle. P. D. 1977. A revision of the genus Trepobates Uhler (Hemiptera:Gerridae). Ph.D.
thesis. Lni\". Arkansas. 255 pp.
Kuiterr. L. C. 1942. Gerrinae in the University of Kansas Collection. Univ. Kansas Sci.
Bull. 28:1 !}-1-1-3.
P0lhemus. J. T. and H. C. Chapman. 1979, Families Mesoveliidae, Hebridae, Hydrome
:..ridae. Veliidae. and Gerridae. pp 34-45. 49-69 in A. S. Menke (ed.) The semi aquatic
and aquatic Hemiptera of California. Bull. California Insect Surv. 21
Smith. C. L. and J. T. Polhemus. 1978. The Veliidae of America north of Mexico-kevs
and check list. Proc. Entomol. Soc. Washington 60:56-68.
<
I. B, 1956. The biology and morphology of Hydrometra martini Kirkaldy, Univ.
Sci. Bull. 38:579-693.

1986

THE GREAT LAKES ENTOMOLOGIST

21

PREFERENCE FOR SOME NURSERY-GROWN HYBRID POPULUS
TREES BY THE SPOTTED POPLAR APHID AND ITS
SUPPRESSION BY INSECTICIDAL SOAPS
(HOMOPTERA: APHIDIDAE)
Louis F. Wilson and Lincoln M. Moore'
ABSTRACT
Susceptibility ranking of more than 50 clones of hybrid Populus whips showed a wide
range of attack ranging from none to very heavy. Clones with P. x jackii parentage were
the most susceptible, whereas Carolina poplar was unscathed. Growth loss differed little
between very heavily aphid-attacked whips and unattacked whips. Two insecticidal soaps
adequately controlled the aphid but one caused some phytotoxicity to Populus.

The spotted poplar aphid, Aphis maculatae Oestlund,2 has long been an incidental pest
of young: Populus stands in northern North America. The summer hosts normally are
a"pens and cottonwoods (Palmer 1952), and dogwoods, Comus spp., are the winter hosts
I Patch 1938). Spring migrants move from dogwood to Populus during the summer and
form colonies which sometimes exceed 2500 individuals (Osgood 1962). Nymphs and
adults feed on the apical meristem and the newly emerging leaves, and large colonies may
completely cover several centimeters of the growing tips. Aphids move upward with the
advancing growth and leave behind tiers of distorted or puckered leaves.
In the past decade. the aphid has been observed in the Lake States in young plantings
and nurseries of hybrid Populus. In 1979, numerous aphid colonies were found in
~Iichigan scattered throughout the clonal nursery owned by Packaging Corporation of
America (PCA). The infestation from the start indicated that some clones had many aphid
colonies while others had far fewer or none. This suggested a probable wide range of host
resistance. so we sct out to determine host preference by the aphid for the various clones
in the nursery. Additionally we measured growth impact of feeding by large colonies of
aphids and sought colony suppression with two insecticidal soaps.
MATERIALS AND METHODS
The
was conducted at the Packaging Corporation of America nursery at Freesoil,
\tichigan.
nursery has both rooting beds and cutting (stool) beds. Irrigation is by
overhead sprinkler in one portion and by trickle irrigation in another portion. Each year
the rooting beds were planted with I8-em hardwood cuttings cut the previous fall from
various clones of hybrid Populus whips grown in the stool beds. Cuttings were planted 4-6
cm apart in rows about 0.75 m apart. There were from one to three rows for each clone,
and each clone was usually planted in two or more locations in the nursery. Single, and
'CSDA Forest Service. North Central Forest Experiment Station, 1407 S. Harrison Road, East
Lansing. ~H 48823
'Determined by M. B. Stoetzel, Systematic Entomology Laboratory, HBIII, USDA, Beltsville,
~ID 20705.
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occasionally double or triple shoots (whips) grew from the cuttings in this study. By fall,
the whips were 0.6-1.5 m tall and ready to lift as rooted stock or to bc made into hardwood
cuttings.
In a trial sample in 1979, we examined II clones for aphid colonies in a rooting bed
in the overhead irrigation area near the center of the nursery where the infestation was
heaviest. Colonies were assessed on 35-100 whips of each clone on 22 August. The
terminal of one whip of each cutting was examined for aphids. Then the colonies were
ranked by habit and size on a geometric scale as follows:
O-no aphids
I-a few aphids or small colony on the growing tips on one or two leaves
2-small colony on the growing tip and covering two or more upper unfolding leaves
4-medium colony covering 2-3 em of the growing tip and leaves; a few leaves curled
and distorted
8-large colony covering 4-5 ern of the growing tip and leaves; some curled or cupped
leaves
16--very large colony covering more than 5 ern of the growing tip and leaves; several
leaves tightly curled and wrinkled
Colony size was considered in the analysis because it could influence growth of the
whip. Each clonal sample then was assigned an infestation index based on mean number
and size of the colonies on that clone. Sampling was repeated in 1980 on 50 whips of all
the clones in both the overhead and trickle irrigation areas.
Growth impact was assessed in 1979 on a small scale on two P. x jackii clones
(DBJ2-1 and DBJ2-2) which were the most heavily attacked clones that year (Table 1).
The test included 36 whips with large aphid colonies and 18 comparable whips without
aphids. Half (18) of the aphid-infested whips were sprayed on 22 August with a
conventional dosage of malathion to kill the aphids in order to observe growth recovery
of the Whips. Height of the whips was measured on 19 October after the aphids were gone
and the trees had hardened off.
Two insecticidal soaps were tested in 1981 against large aphid colonies on two clones
(DN-22, DN-55) at the PCA nursery. The chemicals tested were Safer Insecticidal Soap®
concentrate containing 50.5% potassium salts of fatty acids, and 10% Mono-L- Pesticide
IV (MLP-IV) developed in the Department of Biomechanics at Michigan State University.
Both soaps were tested as 0.5 and 1.0% active ingredients. Number of aphids per colony
was estimated just before the test and then the colonies were sprayed on 12 August
between 0930 and 1500 h. Post-spray estimates of aphids were made on 13 August. Ten
whips with one colony each were used in each data set.
Additional spray tests were made with MLP-IV on clones DN-28 and Reverdeau at the
Raymor Nursery at Manistee, Michigan. Dosages and number of trees were the same as
in the PCA test. Spraying was done on 14 August between 0900 and 1000 h and post-spray
estimates of control were made at 1500 h the same day.

RESULTS AND DISCUSSION
The clones from the overhead irrigation area show a near continuous though wide range
of infestation with indices ranging from 0 to 9.7 for 1980 (Table 1). Several clones with
Populus x jackii parentage were the most vulnerable to attack and nearly always ranked
highest in both 1979 and 1980. Location within the nursery apparently did not affect the
degree of attack because two of the most heavily attacked clones (DBJ2-2 and LUJ-7)
flanked two of the least attacked clones (NE-19 and NE-20). Several clones were never
attacked throughout the study, which may mean they are highly resistant or perhaps
immune to the aphid. Carolina Poplar (DN-34), which is one of the favored clones for
plantings and windbreaks, was not attacked and faired as well as native cottonwood (D-38)
(Table 1).
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Table I. Susceptibility ranking of hybrid Populus clones to the spotted poplar aphid in the overhead
inigation regime at the PCA 1\ursery, 1979-1980.
Infestation Index·
Parentage

Clone
U-I.+
OB12-::
0B1::-1
£U- J.+
,\E-36O
:\E-::09
:\E-298
LU-~

:\E-386
'\E-1O
:'\£--.11

:,\E-265
,\E-26-+
:,\E-359
GRl-6
:,\E-:25
0:'\-22
:'\£-387
:'\£-1
:,\E-388
:'\[:-252
0:'\-::8
:'\£-300
0:'\-55
0:'\-17
0:'\-18
:'\£-299
:,\E-207
:'\E-318
:'\£-255
'.;£-351
0'\-19
:'\£-206
'.;£-308
0:'\-30
:'\£-19
'.;C-5258
:'\£-37.+
"~-373

:'\E-3'+6
'.;E-2J.+
01\-96
;\£-20
14551
R..\Y
'.;£-375
:'\£-238
,,'E-2::..J.
0:'\-3'+
0-38

P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.

x jack;i

x jacka
x jackii
x jackii

deltoides x P. nigra var. caudina
delroides x P. tr;ci!ocarpa
nigra vaL betuiifolia
P. trichocarpa
x Jackii
calldicans x (P. x berolinensis)
nigra x P. trichocarpa
maximoH'iczii x P. trichocarpa 'Androscoggin'
deltoides vaL angulaw x P. nigra 'Volga'
deltoides var. angulata
P. nigra 'Volga'
deltoides x P. nigra var. caudina
x Jackii
deltoides x P.
var. caudina
p, euramericana
P. candicans x (P. x berulinensis)
P. nigra X P. lallrijolia 'Strathglass'
P. maximolt'iczii X P. trici!ocarpa
P. deltoides vaL angufata x P. trichocarpa
P. euramericana 'Ostria'
P. nigra var. hetll/ifo/ia x P. trichocarpa
P. x fllralilericana
P. x euromericana 'Robusta'
P. X euramericana Tardif de Champagne'
P. nigra vaL betulifolia x P. trichocarpa
P. deltoides x P. trichocarpa
P. deltoides var. charkowiensis x P. deltoldes
P. deltoides var. angulata x P. trichocarpa
P. deltoides x P. nigra var. caudina
P. x ellmmericana 'Blanc du Poitou'
P. deltoides x P. trici!ucarpa
P. nigra vaL charkowiensis x P. nigra 'Incrassata'
P. X euramericana 'Canada Blanc'
P. nigra var. charkowiensis x P. nigra var. caudina
Populus sp.
P. delroides vaL angulata x P. trichocarpa
P. delroides vaL anglliata x P. trichocarpa
P. deltoides x P. trichocarpa
P. de/toides x P. trichocarpa
P. X ellramericana
P. nigra vaL charkowiensis x P. nigra var. caudina
P. x ellramericalla '1-45i51'
P. x euramericana 'Raverdeau'
P. deltoides var. angu!ata
P. nigra Vat. plantierellsis
P. deltoides x P. nigra 'Volga'
P. deltoides x P. nigra var. caudina
P. x euramericalla 'Eugenei'
P. deltoides

alndex calculated from mean number and size of colonies. range 0-16.

1980

1979

9.7
9.1
8.3

3.2
8.2

7.4
6.5
6.4
6.3

10.7
7.4

0.8

5.5
4.8
4.4
4.4
4.0
3.9

1.8

3.5

1.9

3.1
3.1

2.8
2.6
2.2

1
2.0
1.9
1.7
1.3
1.2

1.1

0.6
0.6
0.5
0.5
0.4
0.3
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

1.8

0.1

0.1
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Fig. 1. Relation between aphid infestation level and percentage of Populus whips with aphid colonies.

Data from the 50 clones plotted in Figure 1 show that there was a full range of
percentage of whips attacked (0-100%). Further, the data approximate a regression line
corresponding to Y = 20X and conveniently may be used to delimit clones that are most
resistant (below the line) and those that are most susceptible (above). Most points fall
within the range expected about the line, but there are a few exceptions. For example, the
may signify
wide range of infestation indices at the 100% level of attack (I.e.,
an unknown resistance in some clones, so clonal indices may vary by a factor of more than
two, a difference of 1000 insects or more. However, we should not discount the possibility
that a large colony is the product of the offspring of a few or several migrant female aphids
and thus a union of several colonies rather than one. In either instance, most P. x jackii
clones were 100% attacked and colonies on them were so large that their indices suggest
a heavy or very heavy infestation (Fig. I). In contrast NE-359, which was also 100%
attacked, generally had smaller colonies and was ranked as moderately infested. DN-55
is especially noteworthy as having 88% of the whips infested, but with an infestation index
of about I. 7, a low infestation level.
Clones from the trickle irrigation area of the nursery showed far less attacks than in
the overhead area. NE-225 had the highest index (2.2), but still a low infestation level,
a rank it also held in the overhead irrigation beds. The only jackii clone present in this
part of the nursery was JAC-7 with a very low index of 0.4. This clone was not in the
overhead irrigation beds and could not be compared. There were, however, 14 clones
common to both areas (Table 2). Differences are generally unenlightening except per
haps for clone NE-386, which shows a difference of 4.9 by comparing a ranking of 0.6
(very low) to 5.5 (heavy). NE-386 was one of two P. candicans x (P. x berolinensis)
hybrids; the other one (NE-387) had a low infestation. Comparisons between the two
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Table 2. Infestation indices of Aphis maculatae on hybrid Populus clones in overhead and trickle
irrigation areas of the PCA Nursery.
Clone

RAV
NE-238
NE-206
NE-318
DN-17
NE-300
NE-225
DN-18
DN-28
DN-55
NE-252
NE-387
NE-264
NE-386

Overhead

Trickle

Difference

0.0
0.0
0.3
0.5
1.3
1.9
3.1
1.2
2.0
1.7
2.1
2.8
4.0
5.5

0.0
0.0
0.1
0.0
0.8
1.2
2.2
0.0
0.4
0.0
0.3
0.7
1.3
0.6

0.0
0.0
0.2
0.5
0.5
0.7
0.9
1.2
1.6
1.7
1.8
2.1
2.7
4.9

areas are especially difficult because the clones in the stool beds in the overhead area
were 2 years older, and they also produced much larger and apparently more vigorous
whips. Osgood (1962) noticed that A. maculatae colonies were more numerous and
much larger on vigorous aspen suckers than on less vigorous young trees. This may
have been one of the reasons some of the clones in the overhead areas sustained heavier
attacks. Even though we found a wide range of infestation among clones, further testing
in provenance plantings is needed in order to get statistically sound mean and variance
estimates.
The two jackii clones showed no significant differences in end-of-season height growth
between whips that had large aphid colonies and the uninfested controls. Height of all
whips average 155 cm and the two clones with the aphid colonies averaged 1.0 and 2.5
cm shorter than the controls which was inconsequential to future growth and biomass
production. Similarly, whips treated to remove aphids were only 1.0--2.3 cm shorter than
the controls.
Although our tests showed no important growth loss, Osgood (1962) has shown that the
aphid can reduce growth and cause deformities. He found that quaking aspen suckers grew
very little during the entire first growing season and took on a bushy appearance when
infested for 2 months with a large aphid colony. When he compared growth between
several aspen sucker test-pairs (pairs uninfested and fully infested for 2 weeks), he found
by the end of the season the infested ones were about 30% shorter. These, however, caught
up in height by mid-August of the second year. Also, he noted that the lateral buds
burst on these suckers and caused much branching, a trait reserved mostly for 2-year
growth.
In the two insecticidal soap tests, both formulations and dosages controlled the aphids
about equally on the three clones DN-22, DN-28, and RA V (Table 3). Control was slightly
less on DN-55. We saw no reinfestation of the test whips, although reinfestation often does
occur after a colony vacates or is removed from aspen suckers (Osgood 1962). We
concluded that the insecticidal soaps gave sufficient control to disrupt the aphids for the
remainder of the season.
MLP-IV may in time have some advantages over Safer's soap. It contains the most
active hydrocarbon chain in pure form. Also it is a lipophilic compound, unlike Safer's,
which is water soluble, and thus may be less likely to wash off in the rain. The MLP-IV
dosage, however, caused some burning of the foliage and thus needs further formula
adjustments before it is used on Populus species and clones.

26

Vol. 19, No.1

THE GREAT LAKES ENTOMOLOGIST

Table
Insecticidal soap tests for Aphis maculalae on hybrid Populus clones at Packaging
Corporation of America Nursery and Raymor Nursery. 1981.

Clone
PCA Nursery
DN-22

ON-55

Raymor Nursery
DN-28
RAV

Insecticide

Safer
Safer
MLP-IV
MLP-IV
Safer
Safer
MLP-IV
MLP-IV
MLP-IV
MLP-IV
MLP-IV
MLP-IV

Percentage
Dosage

No. Aphid
Colonies
Treated

Mean
Infestation
Index

0.5
1.0
0.5
1.0

10
10
10
10

0.5

!O

1.0

10
10

7.2
5.3
7.2
6.0
6.0
68
8.4
7.2

0.5
1.0
0.5
1.0
0.5

1.0

10
10
10
!O
!O

Percentage
Aphids
Controlled

88

91
90

94
76

77
86
84

96
91

16.0
16.0
16.0

93

16.0

88
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EMERGENCE AND ADULT BIOLOGY OF AGRILUS DIFFICILIS
(COLEOPTERA: BUPRESTIDAE), A PEST OF HONEYLOCUST,
GLEDITSIA TRIACANTHOS I
Rodney C. Akers,2 Daniel A. Herms,3 and David G. Nielsen4
ABSTRACT
Emergence and adult biology of Agrilus difficilis were examined in relation to its host
Gleditsia triaeanthos.
began as early as 5 June in 1982 and completed as late
as 22 July in 1983. Females lived significantly longer, 48 days, than males, 29 days.
Average fecundity was one egg per day during a 36-day oviposition period.

Honeylocust, Gleditsia triacanthos L., is endemic to the eastern United States and has
been widely used as a landscape tree since the 1950's after thornless and fruitless cultivars
were developed (Wyman 1965). Once considered pest free (Webster and St. George
1947), honey locust now has several serious insect pests, including mimosa webworm,
Homadaula anisocentra Meyrick (Webster and St. George 1947), a spider mite, Eote
tranyehus multidigituli (Ewing) (English and Snetsinger 1957). the pod gall midge,
Dasineura gleditschiae (Osten Sacken) (Neiswander 1959), and the honey locust plant
bug, Diaphnocoris ehlorionis (Say) (Wheeler and Henry 1976).
Three wood-boring Agrilus beetles (Coleoptera: Buprestidae ) are known to colonize
honeylocust: A. fallax Say, A. egenijormis Champlain and Knull, and A. difficilis Gory
(Hespenheide 1969, 1976). Only A. diffieilis has been recognized as a pest (Schuder 1958,
Westcott 1973, Pirone 1978, Wilson et al. 1982). Larval feeding scars the cambium and
restricts translocation of nutrients and water. Schuder (1958) reported that exudation of
large quantities of gum around infested nodes is commonly the first symptom of attack.
Drought-weakened trees have been reported to be most susceptible to borer colonization
(Westcott 1973).
Information about seasonal emergence and adult biology of A. diffieilis is limited. In
Indiana, adult emergencc has been reported in June (Schuder 1958). If A. difficilis is
similar to other buprestids, emergence varies with local temperature (Dunbar and Stephens
1974, Akers and Nielsen 1984). This study was conducted to investigate emergence and
adult biology of A. difficilis in northeastern Ohio.
MATERIALS AND METHODS
On 2 June 1982, four dying 'Ruby lace' honey locust trees, 1.9 cm dia. I m above
ground, were felled in the Wooster vicinity and placed in a laboratory at the Ohio State
1Salaries and research support provided by State and Federal funds appropriated to the Ohio
Agricultural Research and Development Center, The Ohio State University.
2BASF Wyandotte Corp., 103 BASF Road, Greenville, MS 37801.
3The Dow Gardens, 1018 W. Main Street, Midland, MI48640.
4Depaltment of Entomology, Ohio Agricultural Research and Development Center, The Ohio
State University, Wooster, OH 44691.
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Fig. I. Weekly adult emergence of Agrilus difficilis from honeylocust near Wooster, Ohio in 1982
and 1983.

University, Ohio Agricultural Research and Development Center (OARDC), Wooster.
Trees were inspected daily for A. difficilis emergence; new holes were marked with a wax
pencil.
In 1983, emergence and adult biology of A. difficilis were investigated. Two 'Skyline'
honey locust (32.8 cm dbh, 11.1 m in height and 25.8 cm dbh, 11.3 m in height) exhibiting
dieback were felled 9 May and 1 June, respectively, at the OARDC and placed in an
insectary. Adult emergcnce was monitored as in 1982. Newly emerged, unmated A.
difficilis beetles were collected daily and separated by sex. Influence of adult host on
reproductive biology was determined by caging pairs of 1- to 2-day-01d virgin beetles on
attached leaves of 'Moraine' or •Skyline , honey locust. Three beetle pairs were caged on
each of four trees/cultivar (12 pairs/cultivar). Cages were made of 19.2 cm 3 transparent
plastic petri dishes with tops and bottoms partially replaced with nylon mesh to provide
ventilation. All cages were positioned on the north side of the tree to minimize heat
build-up within cages.
were moved to fresh foliage at least every other day when
they were inspected for eggs and dead beetles. When eggs were found, beetles were
moved to a new cage. Cages with eggs were positioned in the interior of the tree canopy
and examined daily for egg hatch.
In 1983, adult longevity, length of the maturation feeding period, fecundity, incubation
period, and egg viability were compared between the two cultivars using Student's f-Test.
Each beetle pair was considered an experimental unit.
RESULTS AND DISCUSSION
Emergence. A. difficilis adults began emerging from 'Rubylace' 5 June; peak emer
gence occurred 24 June, with last emergence on 28 June in 1982. In 1983, emergence
began II June, peaked 28 June, with last emergence on 22 July (Fig. 1). The overall
emergence period was 18 days longer in 1983 than 1982. In 1982, all beetles emerged
from small-diameter stems of 'Rubylace' honeylocust. The small diameter of the infested
wood may have resulted in all larvae and pupae being exposed to similar temperatures,
thereby synchronizing development and reducing the adult emergence period. In 1983,
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emergence from relatively large 'Skyline' honeylocust was monitored. Nearly all beetles
emcrged from branches larger than 1.5 cm in diameter. A longer emergence period would
be expected from larger diameter wood, as reported for carpenter worm, Priolloxystus
robilliae Peck (Solomon and Neel 1972).
Adult Biology. In 1983, reproductive biology did not vary witj1 host (Student's I-Test,
P"';; 0.05), so data for all beetles were pooled and expressed as X ± S.D. Females lived
significantly longer (48 ± 35
than males (29 ± 20 days) (P
0.09). The
maturation feeding period was 18
days; females averaged 1 ± 1 egg per day during
a 36 ± 32 day oviposition period. Eighty-five percent of all females oviposited.
Incubation averaged 15 ± 3 days; 30
22% of eggs hatched.
To our knowledge. this is the first report on A. difficilis biology, although it is
reeognized as a pest of honey locust (Schuder 1958, Westcott 1973. Pirone 1978, Wilson
et al. 1982). Beetles lived twice as long and were twice as fecund as the closely related
bronze birch borer, Agrilus allxius Gory (Akers 1985). However, difficilis egg hatch was
only half that of allxius.
Detection of A. difficilis as a casual agent in honeylocust decline may be difficult. since
emergence holes and raised areas of bark associated with subcortical larval galleries are
cryptic. Careful inspection is required to detect these symptoms of borer attack on
honcylocust.
A. difficilis colonizes large and small trees successfully. Its apparent preference for
stressed trees would indicate that it can be expected to be more common in the landscape
than in nurseries. However, since it colonizes even small trees, producers of honey locust
within the range of this beetle should be vigilant for its presence in unirrigated trees during
periods of summer drought when oviposition occurs.
It is not known whether Agrilus beetles oviposit selectively only on trees of low vitality
or on all host trees they encounter. The former scenario is more likely, since fecundity and
egg hatchability are low. Further investigations of A. dif/icilis reproductive behavior and
biology are needed before effective management programs can be prescribed for hon
eylocust.
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THE GE~ETICS OF PHYMATODES TESTACEUS
(COLEOPTERA: CERAMBYCIDAE)
D. C. L. Gosling'
ABSTRACT

Phenotype ratio for elytral coloration among reared offspring of Phymatodes testaceus
suggests that this trait is controlled by a single gene with a dominant allele producing
brown elytra and a reeessive allele for blue elytra. The brown-elytra phenotype previously
has been reported as recessive in this species.

The genetics of a natural population of insects can be difficult to determine. Lampert
(1973) attempted to explain the heredity of color variation in Phymatodes testaceus (L.),
basing his observations on 91 adults collected over a span of three years as they emerged
from oak logs stored inside a woodshed. Lampert stated, without further justification, that
this sample was" a good random cross section of the population." When sorted into the
two principal color variations, blue or brown elytra, there were 67 beetles with blue elytra
and 24 with brown. This nearly 3: I phenotype ratio was interpreted by Lampert as
supporting his hypothesis that this trait is controlled by a single gene with a dominant allele
producing blue elytra and a recessive allele for brown elytra.
Although not stated in his paper, Lampert's conclusion depended upon another impor
tant assumption. If the hypothesis were correct, and if it were indeed a random sample of
the population, the 3 blue: 1 brown phenotype ratio could be expected only if each of the
two alleles had a frequency of 0.5 in the gene pool. If we propose a competing hypothesis
that blue elytra is a recessive phenotype rather than a dominant one, the same 3 blue:1
brown phenotype ratio would be predicted for a population in which the recessive allele
for blue elytra had a frequency of 0.866.
Lampert did not present any information that would support his assumption of equal
allele frequencies, nor any substantiation for his assertion about the validity of the sample,
and his conclusion must be regarded as questionable. Nonetheless, Lampert's paper was
successful in prompting further observations of this phenomenon, which I belicve was his
principal intent.
The first series of Phymatodes testaceus adults I reared came from I-m bolts of Carya
glabra that had been cut in April 1979 and placed in oak-hickory woodlands near
Tamarack Lake in St. Joseph County, Michigan (Gosling 1981). The bolts were recovered
in August 1979 and placed in rearing cages. One adult emerged in 1980, 85 in 1981, and
four in 1982. Twelve (13.3%) of these had brown elytra.
In April 1983 I cut I-m bolts of Quercus velutina and placed them in an oak-hickory
woodland near Klinger Lake, about 5 km from the sites used in 1979. These bolts were
transferred to a rearing cage the following spring and 38 adults were collected as they
subsequently emerged in early June 1984. Five (13.2%) of the 38 beetles exhibited the
brown phenotype.
Phymatodes testaceus is unusual among Michigan cerambycids in that the adults are
active in the early evening. While making a daily inspection of the rearing cage at dusk
169063 Wallowa Road, White Pigeon, MI 49099.
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on 4 June 1984, I found a single adult had emerged. As it was a female with brown elytra,
and a check of the cage found no other adults present, this seemed an opportunity for an
experimental mating. I transferred the female to another cage in which I placed several
freshly cut bolts of Quercus velutina. Over the next two days, four adult males with brown
elytra emerged and were transferred to the cage with the female. I observed one copulation
but do not know if other mating activity occurred. All of the beetles died by II June.
Although I cannot identify which of the males may have fathered the subsequent
offspring, I am at least reasonably sure the parents had brown elytra. Their progeny
emerged in mid-May 1985; 32 (76%) with brown elytra and 10 showing the blue
phenotype. While this sort of rearing lacks the controls desirable for genetic research. the
data obtained do provide a better basis than was available to Lampert for speculation about
heredity in P. testaceus.
If Lampert's hypothesis were correct, beetles with brown elytra must be homozygous
for the recessive allele, and two such parents could produce only offspring with brown
elytra. This is clearly not consistent with my observations. Rather, the results of my
experiment support the competing hypothesis that brown is the dominant trait and blue the
recessive (x 2 = 0.0317, P > 0.8). According to the Hardy-Weinberg model, the
frequency of the dominant allele for brown elytra in this gene pool would be 0.067. In such
a population 96.5% of the beetles with brown elytra would be heterozygous. But is there
support for the point common to both hypotheses, that this trait is determined by a single
gene?
When a series of specimens is examined a range of coloration is apparent. At one
exreme are light-colored beetles with dark pigmentation confined to the metepisternal
sclerites; at the other are beetles that are entirely dark except for the tarsi, tibia, femoral
bases, and terminal abdominal segment. There is no continuum of variation, however. and
at least five seemingly independent traits involving dark pigmentation are apparent:
(1) some ventral pigmentation is always present, ranging from just the metepisternal
sclerites to all exposed sclerites of the mesothorax, metathorax, and abd0men;
(2) pigmentation of the head, generally but not invariably including the antennae and
(or) anterior margin of the pronotum;
(3) pigmentation of the distal portion of the femora;
(4) pigmentation of the elytra; and
(5) pigmentation of the disk of the pronotum extending to the entire prothorax.
These traits can be found in at least six different combinations (Table I), indicating they
are, to a large degree, independent. The dark pigmentation of the ventral sclerites, head,
and prothorax each show a range of variation that suggests polygenic inheritance.
Pigmentation of the femora and elytra, however, presents only two contrasting phenotypes
and may well be determined by a single gene in each case.
Lampert also speculated on the possibility of local populations that might be homozy
gous or exhibit different phenotype ratios. Phymatodes testaceus is noted for its color
variation throughout its range in eastern North America and the western Palaearctic. It
seems clear that selection is maintaining heterozygosity in this species, although we may
Table I. Combinations of five independent traits involving pigmentation observed in adult Phyma
todes testaceus. Solid symbol indicates presence of dark pigmentation.
Combinations

Pigmentation
Ventral sclerites
Head
Femora
Elytra
Prothorax

•
0
0

•
•
0

0

0

0

0

•
•
•
0

0

•
•
•
0

0

•
•
•
•
0

•
•
•
•
•

---------------------~.-----------------------------------------------------------------
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never succeed in determining why. There is no indication of any trend toward gene
fixation, and genetic drift is unlikely to accomplish this in so common and mobile a beetle,
even in localized populations. However, there may be a pattern of differences in variation
among local populations that would provide clues to the adaptive significance of hetero
zygosity in this species.
Because my principal concerns are with cerambycid ecology and behavior, I was
particularly interested to note that the :phenotype ratio among adults reared from Carya
glabra bolts was virtually identical (x = 0.0007, PO. 97 5) to that among a second
group reared from Quercus velutina bolts five years later and 5 km away. This suggests
that these borers do not have innate or learned host-plant preferences, at least between C.
glabra and Q. velutina, sufficient to disrupt gene flow within their gene pooL I shall
probably have to look elsewhere for an explanation of why the beetles completed their life
cycle in one year in oak while nearly all those boring in hickory required two years.
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THE GROWTH AND SURVIVAL OF EARLY INSTARS OF BELLUR4
OBLlQUA (LEPIDOPTERA: NOCTUIDAE) ON TYPHA LATIFOLlA
AND TYPHA ANGUSTlFOLlA
J. M. Penkol and D. C. Pratl'·'
ABSTRACT
Larvae of the noctuid moth Bellura obliqua are frequently encountered on Typha
tali/olia, but less commonly on Typha angusti/olia. Experiments were conducted to
compare the growth and survivorship of early B. obliqua instars on the two species of
cattaiL In short-term growth chamber experiments there were no significant differences in
the survivorship, relative growth rate (RGR), relative consumption rate (RCR), or the
vHl""~l".y of conversion of ingested food (ECI) between first-instar larvae reared on leaves
of the two species. Third-instar larvae fed stems, however, had a greater RGR and higher
ECI when reared on T. lalifolia. Differences in growth are apparently not related to
differences in hostplant nitrogen or acid-detergent fiber content. In a long term greenhouse
experiment, using transplanted cattails, larvae reared on T. latifolia grew somewhat larger
and had a significantly higher survival rate than those reared on T. angustifolia. Host plant
structure is postulated to influence larval survivorship. Typha is under consideration for
use as a bio-energy crop and planting T. angustifolia may help to reduce infestations in
cultivated stands.

Larvae of the noctuid moth Bellura obliqua Walker feed primarily on cattails (Typha
spp.). In Minnesota, egg masses and larvae are encountered more frequently on T. latifolia
than on T. allgllstifolia (Penko 1985). Elsewhere, B. obliqua has been reported to utilize
T. tatifolia or Typha, but not specifically T. angustifolia (e.g., Claassen 1921, Kellicott
1883).
The apparent ovipositional preference for T. Eatifolia suggests that this species may be
a more suitable host plant for B. obliqua larvae. To test this hypothesis, studies were
conducted to compare the growth and survivorship of early B. obliqua instars on leaves
and stems of T. angusti/olia and T. tatifolia. The results may be of some agronomic
significance because Typha, a highly productive aquatic macrophyte, is under consider
ation as a possible bio-energy crop (Pratt et al. 1984). Small cultivated stands of T.
latifolia and T. glauca can be heavily infested by B. obliqua (Andrews et al. 1981, Pratt
et al. 1982).

'Department of Ecology and Behavioral Biology, University of Minnesota, Minneapolis, MN
55455.
'Department of Botany and Bio-Energy Coordinating Office, University of Minnesota, St. Paul,
MN 55108.
3Address correspondence to Bio-Energy Coordinating Office, 220 Biological Sciences Center,
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MATERIALS AND METHODS
Typha spp. are perennial aquatic macrophytes with tall (ca. 1.5-3 m) vegetative shoots
composed entirely of erect, linear leaves. In mature stands new aerial shoots are produced
each spring, for the most part, from rhizomes (underground stems) produced during the
previous growing season (see Linde et al. 1976). Leaves are produced sequentially from
a centrally located meristematic
situated at the base of a shoot (Kaul 1974, Yeo
1964). For several decimeters above the shoot base, leaves of a mature shoot are in close
contact and form a well defined stalk or "stem."
Both T. tatifalia and T. angustifalia are widely distributed in the eastern United States
(Smith 1967) and are found in habitats ranging from roadside ditches to extensive
marshes. In Minnesota, 1'. glauca (or 1'. x glauca), a hybrid between 1'. angustifalia and
1'. latifalia (Smith 1967), is also common. Vegetative shoots of 1'. latifolia have broader
and more numerous leaves, and a greater basal diameter than those of 1'. angustifolia.
The life history of Bellura abUqua has been studied in the northern United States by
Claassen (1921) and Penko (1985).
are deposited in masses on cattail leaves in June
and July. First-instar larvae are leaf
Second-instar larvae feed on leaf sheaths Of
stems. Later instars are typically solitary stem borers which kill the central leaves of
infested plants. Mature larvae overwinter in cattail stalks Of upland locations and pupate
in the spring.
Leaves, stems, and young shoots used in these experiments were collected from a
natural stand at the Carlos A very Wildlife Management Area (Anoka County, Minnesota).
Leaves and stems were transported on ice and stored at 4°C until use (always within 12
h of collection).
Egg masses used in these experiments were collected from roadside populations of T.
latifalia near Aitkin and Zim, Minnesota on 14 and 26 June 1982. Third-instar larvae used
in experiments 2 and 3 were reared in Typha glauca leaves and stems collected from stands
ncar the St. Paul campus of the University of Minnesota.

Experimental Design and Methodology

Experiment Number 1. This experiment was designed to compare the growth of
first-instar larvae on upper leaves of T. angustifolia vs. those of T. latifolia. The relative
growth rate (RGR) , relative consumption rate (RCR), and the efficiency of conversion of
injested food (ECI) were determined on a dry weight basis using standard gravimetric
techniques (Scribner & Siansky 1981, Waldbauer 1968). Mean larval biomass was
calculated as the average of initial and final weights (Waldbauer 1962).
Leaf material was obtained from 10 to 26 cm below the tip of mature leaves. The central
8-cm section of this sample was weighed and placed in a 9. O-cm by 1. 5-cm plastic petri
dish lined with moistened filter paper. The remaining leaf material (two 4-cm sections)
was weighed and dried at 60°C for two days (as was all material) to determine a
dry/wet-weight ratio. The initial dry weight of the 8-cm section was calculated from this
ratio and its initial wet weight. Leaves were sampled in this manner primarily to account
for possible gradients in leaf moisture or leaf nitrogen content.
Six 4-lO-h-old larvae were weighed and placed onto each 8-cm leaf section. Additional
larvae were weighed, killed by freezing (as were all larvae), and dried so that an initial
dry- to wet-weight ratio could be estimated. The mean initial dry weight (fresh weight x
dry/wet weight ratio) of a larva was 0.12 mg. Larvae were allowed to feed for l-i h under
controlled conditions (IS: 9 h photoperiod; 25°C day, 19°C night; approximately 70'k
R.H.). Larvae were reeovered from leaves, killed, and dried. Larval weight gain was
calculated as the final minus the estimated initial weight. Leaves were carefully washed
of frass, dried, and weighed. Consumption was calculated as the estimated initial leaf
weight minus the final weight. The experiment was replicated 25 times and conducted
over a three-day period in five blocks as larvae became available for use. To account for

1986

THE GREAT LAKES ENTOMOLOGIST

37

any changes in leaf weight during the experiment not related to consumption by larvae,
controls were run in which no larvae were placed on leaves.
Experiment Number 2. This experiment was conducted to compare RGR, RCR, and
ECl of third-instar larvae on stems of T. angustifolia vs. those of 1'. lat(folia. Stem
material (without older dried leaves) was obtained from 12 to 24 cm above the shoot base.
The central 6-cm section was weighed and placed in a 9-cm by 2.5-cm plastic petri dish
lined with moistened filter paper. The remaining stem material (two 3-cm sections) were
weighed and dried for determination of a dry- to wet-weight ratio. The initial dry weight
of the 6-cm section was estimated using this ratio and its initial wet weight.
One third-instar larvae was weighed and placed onto each 6-cm stem section. Addi
tional larvae were weighed, killed, and dried for determination of an initial dry- to
wet-weight ratio. The estimated initial mean dry weight of a larva was 2.38 mg. Larvae
were allowed to feed for 36 h under controlled conditions (see above). At the end of the
experiment larvae were recovered from stems, killed, dried, and weighed. Stems were
washed offrass, dried, and weighed. Larval weight gain and consumption were calculated
as above. Controls (as above) were run concurrently. The experiment was replicated 32
times.
Experiment Number 3. This experiment was conducted to compare the long-term
survival of larvae on live shoots of T. latifolia and T. angustifolia. Young shoots were
collected in mid-May and planted in 19 1-1 plastic pails. In early July, 30 shoots of each
species were selected, and randomly
along a single greenhouse bench. 1'.
latifolia shoots had a mean
of 133 cm
SE 5) and a basal diameter (as measured
0.2). T. angustifolia shoots had a mean height of 168
by a micrometer) of 4.4 cm (
em (±SE 6) and a diameter of 2.8 cm
SE 0.1). One third instar larva was placed on
the inner surface of an outer leaf of each
Larvae were allowed to feed for one month.
At the end of the experiment, plants were inspected for insect damage and for larvae.
Larvae were killed, dried, and weighed.
Upper Leaf and Stem Composition.
stem and upper leaf sections used in
experiments 1 and 2 were analysed for nitrogen, phenolic, and water content. Tissues
analysed for nitrogen and phenolics were ground in a Willcy mill (I mm mesh). Nitrogen
content was determined for 10 stem and JO upper-leaf samples using a micro Kjeldahl
analysis. Phenolic content was determined for JO stem samples and four composite
samples of leaf sections using the folin-dennis determination (Swain & Hillis 1959).
Phenolics were extracted with 50% methanol for 6 h at room temperature. The tissues were
oven dried and had been stored at room temperature for approximately eight months prior
to analysis, so it is necessary to view concentrations in relative, rather than absolute terms.
3) tissue was also determined (Association of
Acid-detergent fiber content of stem (n
Official Analytical Chemists 1980).
Statistical AnalySiS. Data were analysed by ANOV A (Weisberg 1982) or by the
non-parametric Mann-Whitney U test (normality approximation; Zar 1974).
RESULTS
Experiment Number 1. All larvae were recovered and were alive at the end of the
experiment. There were no significant differences in the RGR, RCR, or ECI between
larvae reared on leaves of T. angustifolia and 1'. latifolia (Table 1).
Experiment Number 2, Again, all larvae were recovered and were alive at the end of
the experiment. Third instar larvae reared on stems of T. latifolia grew significantly larger
than those reared on stems of T. angustifolia (Table 1). Differences in growth were
probably related to differences in ECI between larvae reared on the two species (P
0.07). because RCR was not significantly different.
.
Experiment Number 3. While there was no significant difference in the number of
larvae that became established on the two species. a greater proportion of those established
on T. latifolia were recovered at the end of the experiment Crable 2). Most missing larvae
had probably migrated in search of new host plants. Some were collected on offshoots
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Table I. RGR, RCR, and ECI of Bellura obliqua larvae reared on leaves or stems of T. angustifo/ia
and T. iafij()/ia.
Species

T. anguslifolia

T. latifalia

RGR
1st instar b
3rd instar

0.71 ± 0.04"
0.30 ± 0.03

0.74
0.50

RCR
1st instar
3rd instar

6.48 ± 0.44
6.38 ± 2.09

6.41 ± 053
5.08 ± 1.54

ECl
1st instard
3rd instar

12.35
LlO
5.51 ± 1.17

13.45
8.73

0.04
0.03

L29
1.67

For Z"

P

0.34
23.04

n.s.
<0.001

0.14"
0.21a

n.s.

0.45
1.84"

n.$..

n.S.

0.066

aMann-Whitney U test.
performed on log 10 transformed data.
C ± standard error.
"One case deleted as outlier.
b Anova

Table 2. Long term growth and survival of Bellum ab/iqua larvae reared on T. anguslifolia or T.
laIifolia shoots.

T. anguslifolia

T. laIifolia

27

24

Established Larvae

Significance

(xc

18

13

Surviving Larvae

P

n.s.
l.l81
=

0.0':;

(Xc = 3.i',.j.1

Mean Weight (mg)
of Surviving Larvae

192.8

16.5"

249.9

25.3

0.05<P<0.1O
{/ = 1.:31

a± standard errOL

produced by host plants. No dead larvae were found inside damaged stems. For damaged
shoots of both T. latifolia and T. angustifolia the initial diameter of shoots in which lar..-ae
remained throughout the experiment was greater than for shoots without larvae at the end
of the experiment (Table 3). Larvae remaining on T. latifolia at the end of the experiment
were somewhat larger than those on T. angustifolia, but this difference was not quite
significant (Table 2). Although not a statistically significant outlier, one larva found on T.
latifolia was very small (34 mg) and appeared similar to stunted larvae occasionally noted
in other experiments. If the data were reanalysed excluding this case, larvae growing on
T. latifolia were significantly
than those growing on T. anguslifolia (262.6
13.1
mg vs. 192.8
16.5 mg, df
28, P < 0.05).
Upper Leaf and Stem Composition. Upper leaves of both T. angustifolia and T.
latifo/ia had significantly higher nitrogen levels than stems (Table 4; P < 0.00 I). Nitrogen
content of the two species, however, was not significantly different for upper leaves or
stems.
Phenolic content in upper leaves was significantly higher than that of stems (Table .t:
P < 0.(01). T. angustifolia stems had a significantly higher phenolic content than T.
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Table 3. Influence of initial shoot diameter on larval survivorship.
Initial diameter of plants (em)
with larvaec

Species
T. angustitolia

T. latifolia

without larvae"

3.1

0.2"

2.6

0.2

(n

13)

(n

14)

4.8

0.3
18)

3.7

0.3

(n

6)

(n

0.07
0.06

standard error.
test.
C At the end of the experiment.

bt

Table 4. Typha nitrogen. phenolic, and water content.'
Species
Kje\dah\ nitrogen
T. angustifolia
T. latifolia

Upper Leaves

Stems

(%)

2.87 ± 0.13
3.10±0.22

Phenolic content b
T. angustifolia
T.latifolia

1.80 ± 0.05
1.77 ± 0.08

Water content (%)
T. angustifolia
T. latifolia

74.2 ± 0.4
72.8 ± 0.4

1.03 ± 0.!3

0.98

0.06

0.70

0.03

OA5 ± 0.07

87.6 ± 0.6
0.3

92.5

standard error.
bPolin-dcnnis determination (mg tannic acid equiv. per 100 mg dry tissue).

latifolia stems (P < 0.001). Phenolic content of upper leaves did not differ significantly
between species.
Water content differed significantly between species, and between upper leaves and
stems (Table 4; P < 0.001).
DISCUSSION
The results of experiment 2 suggest that the nutritional quality of T. angustifolia and T.
latifolia stem tissue may differ. The higher growth rate of larvae reared on T. latifolia was
probably related to differences in ECI, but not RCR. Differences in ECI were apparently
not related to tissue nitrogen concentration. Differences in nitrogen "quality" (Mattson
1980). however, cannot be ruled out. Phenolics may play an anti-herbivore defensive role,
but their importance in T}pha requires further study. Typha spp. contain a variety of other
secondary compounds (Chandler & Hooper 1979, McClure 1969, Smolenski et al. 1972,
Su et al. 1973, Wall et al. 1959). Unidentified alkaloids have been detected in T.
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angustifolia, but not T. !atifolia. Also, young leaves of T. angustifolia appear to contain
cyanogens, while thosc of T. latifolia do not (Gibbs 1974). Although significantly
different, tissue water content in both species was high (i.e., above 60%). and thus was
probably not a critical nutritional factor (cf. Scribner 1977). Differences in growth were
also apparently not related to acid-detergent fiber content of stem tissue, which. in
experiment 2, was approximately 40% for both species.
Larvae appeared more likely to remain on T. latifolia and on the larger diameter shoots
shoots are
of both species. If one assumes (I) that Bellura larvae which utilize
required to switch host plants less frequently, and (II) that immigration in search of new
host plants in the field would expose larvae to an increased risk of mortality due to
predation, parasitism, or abiotic factors, selection would favor moths with an oviposition
preference for T. latifolia relative to T. angustifolia. T. iatifolia may also be a more
suitable host morphologically because it tends to flower less frequently than T. angUSli
folia (Grace & Wetzel 1982, McNaughton 1966, Penko 1985). Flowering stems contain
a tough central core, which is undoubtedly an inferior food resource for B. obliqua or other
stem-boring insects.
The conclusions drawn from studies are tentative. A true measure of host plant
suitability would consider the fecundity of moths reared on the two species. Also, the
extent of intraspecies populational variation in Typha nutritional quality is unknown.
Finally, although T. la/ifolia may be a more suitable host because of nutritional or possibly
structural characteristics, the actual importance of these factors in the evolution of
oviposition behavior remains uncertain since other ecological or abiotic factors may be
ultimately responsible for the evolution of oviposition behavior in insects (Gilbert 1979,
Holdren and Ehrlich 1982, Rausher 1981, Smiley 1978). Differences in larval growth and
survivorship on the two species may simply indicate that B. obiiqua is more finely adapted
bioehemically or morphologically to T. latifolia because T. angustifolia is less frequently
utilized for entirely different reasons.
Because T. angusfifolia is frequently noted to grow in deeper water than T. latifolia
(e.g., Detmers 1912; see Grace & Wetzel 1981), water depth is one factor which could
influence the relative suitability of the two species for B. obliqua. Although B. obliqua
larvae may be competent swimmers (Fletcher 1903, Kellicott 1883), it is likely that
mortality associated with dispersal, especially among early instars and overwintering
larvae, may be higher in deep-water habitats where T. angustifolia predominates. If this
is true, an oviposition preference for T. latifolia may have evolved because this species
is more likely to grow in favorable shallow water habitats.
RGR and ECI of first-instar larvae reared on both species of Typha were higher
than those of third-instar larvae. For other insects, RGR typically declines in latter
instars and ECI may increase, decrease, or remain the same (Scribner & Slansky 1981).
Changes in RGR and ECl are probably related both to differences in food quality between
leaves and stems (nitrogen content was much lower in stems) and to ontogenetic changes
in the digestive physiology of B. obliqua larvae. First-instar larvae may also have
consumed less indigestible fiber than third- instar larvae because they were much smaller,
and able to feed more selectively on leaf tissue. Typha stem tissue is quite low in nitrogen
relative to mature leaves of other plants (see Mattson 1980, Scribner 1984). Low stem
nitrogen content may explain the relatively low ECI and high RCR observed in this
study.
B. obUqua can greatly reduce the productivity of T. !atifolia shoots and may have
reduced yields by up to 15% in some cultivated stands (Penko & Pratt, in press). Although
cultivated T. angustifolia stands are not completely free of damage caused by Belilira.
planting this species may offer an opportunity for partial biological control of B. obliqua.
Other factors, however, must also be eonsidered. T. lalifolia may be more tolerant of stem
borer damage than T. angustifolia so higher levels of infestation in T. /atifo/ia may be
acceptable. Also, information concerning the productivity. resource allocation patterns,
nutrient and water requirements, ease of stand establishment, and harvestability, as well
as susceptibility and tolerance to insect damage must all be evaluated when determining
which Typha species is best suited for development as a bio-energy crop.
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AVIAN MALARIA AMONG HOUSE SPARROWS: A SURVEY OF
DISEASE AND MOSQUITO VECTORS (DIPTERA: CULICIDAE) IN
REED CITY, MICHIGAN
Luanne R. Gogolin' and Jerome E. Freier"
ABSTRACT
Nine of 350 house sparrows caught in Reed City, Michigan, had malaria parasites
detectable on Giemsa-staincd thin films. All of the infected birds were juveniles,
present.
Parasitemias were too low to permit identification of the Plasmodium
restuans
Collection of potential vector mosquitoes showed that Culex pipiens and
were present, but in low numbers.

The parasite causing malaria in birds was first described nearly 100 years ago by
Danilewsky (1891) and, since that time, this organism has been the subject of numerous
laboratory studies. Although early investigations involved the cultivation of the avian
Plasmodium by direct blood passage from bird to bird, it was not until Ross's (1897)
discovery of mosquito transmission that the full life cycle of avian malaria could be
realized. For many years, studies have employed avian malaria as a model system for
experimental work that might provide information relevant to the problems associated with
human malaria. Investigations concentrating on the field aspects of avian malaria have
been few in comparison with the number of laboratory studies conducted. Many of the
early field studies were aimed at determining the seasonal incidence and geographic
distribution of these parasites. However, most field studies have generally not taken into
consideration the role of mosquito vectors in the natural maintenance of avian malaria in
endemic foci; therefore, determination of field infection rates among mosquitoes vectors
was seldom attempted.
The species of Plasmodium that cause avian malaria have been divided into four
subgenera; however, only those involving birds in the order Passeriformes will be
discussed in this report, Malaria among passerine birds is widely distributed throughout
the tropical, subtropical, and temperate regions of the world< It is found on every continent
and in nearly every country of the world (Garnham 1966). Migratory flights of birds have
helped to bring about this cosmopolitan distribution< In North America, nine species of
Plasmodium have been described from natural infections of birds. These are p, cather
meriurn, P. circumflexum, P. elongatum, P. hexamerium, P. nUcleophilum, P. polare, P.
relictum, P. row:i, and P. vaughani, However, only P. relictum, P. elongatum, and P.
circurnflexum have been reported in passerine birds from Michigan (Stuht 1979). Once the
parasite has been introduced into an area, the establishment of a transmission cycle
depends on the presence of a suitable vector. The species of Plasmodium found in
Michigan are all transmitted by culicine mosquitoes of the genus Culex. Species of Culex
lDepartment of Biology, Central Michigan University, ML Pleasant, MJ 48858. Present
address: Department of Biological Sciences, Ferris State College, Big Rapids, MI 49307.
2Department of Biological Sciences, Ferris State College, Big Rapids, Michigan 49307. Present
address: Yale Arbovirus Research Unit, Department of Epidemiology and Public Health, Yale
University School of Medicine, P.O, Box 3333, New Haven, CT 06510,
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mosquitoes found in Michigan include Cx. pipiens, Cx. restuans, Cx. salinarills, Cx.
tarsalis, Cs. territans, Cx. erraticlls, and Cx. peccator (Cassani and Newson 1980). The
first six of these species are known natural vectors of at least one or more species of avian
malaria (Garnham 1966). In addition, natural avian hosts for passerine malaria are
extensive; 109 species of birds have been found naturally infected with P. relictllm alone.
Thus, it is likely that many migratory and nonmigratory birds in Michigan might sen'e as
suitable hosts for locally occurring species of Plasmodium.
The purpose of the present study was to determine the overall prevalence and seasonal
incidence of avian malaria in a small town in west-central Michigan. We wished to
observe the population dynamics of avian malaria parasites among a nonmigratory bird
population in relation to the species composition and population density of mosquitoes that
may be acting as vectors. The house sparrow, Passer domesticlls, was selected for study
because it is nonmigratory and has been shown to be an excellent reservoir host for avian
malaria parasites (Herman et al. 1954). Also, house sparrows and Clilex mosquitoes have
been shown to be associated with the maintenance cycle of St. Louis encephalitis virus
(McLean and Bowen 1980, Mitchell, et al. 1980). It was hoped that information from this
study in the form of a field infection rate for parasites among vector mosquitoes and the
incidence rate of this disease among house sparrows might be developed as a relative
measure of mosquito vector competence. Such a factor could then be applied. in a
predictive way, to those components of the natural transmission cycle of St. Louis
encephalitis virus that relate to vector efficiency.
MATERIALS AND METHODS
Study Site. Reed City is located in Richmond Township of Osceola County (lat. ·+3=-1-5'
N long. 85°30' W; T7N, RI0W). The city limits of Reed City occupy 453 ha and the
human popUlation in 1980 was 2221. The town is surrounded by agricultural lands. mostly
dairy farms, that are under varying intensities of crop cultivation. Active gas and oil wells
are located north of the city limits. In addition, several small lakes and streams are in the
immediate vicinity and the Hersey River flows through the northeast section of the city.
Specific study sites were selected along and on either side of a transect line extending from
the northwest to the southeast corner of the city's boundaries. Eight sites (Fig. 1) were
selected for the capturing of house sparrows and five sites were chosen for trapping
mosquitoes. The exact location of each site depended upon identifying those residences
containing habitats that appeared to be most suitable for both house sparrows and Clilex
mosquitoes. This study was conducted between 14 June and 12 September 1980.
Meterological data for Reed City and the surrounding area was obtained from the c.s.
Weather Station at Houghton Lake, Michigan.
Birds. House sparrows were captured using rigid walk-in traps (Tomahawk Trap
Company) that were baited with cracked corn. These traps are designed specifically for
house sparrows and only rarely are other species of birds caught in them. The house
sparrow population was sampled three times each week on Monday, Wednesday. and
Friday. Birds were allowed to enter the traps from 1600 h on the afternoon prior to the
sampling day until 0900 h on the following morning. After each bird was removed from
the trap, 0.1 ml of blood was withdrawn by veinipuncture of the jugular vein and a thin
blood smear prepared. Each slide was coded according to the date of collection and
location of the site. The thin blood smears were allowed to air dry before being transported
to the laboratory where they were fixed for 10 min in absolute methanol and then stained
for 25 min with Giemsa stain (Harleco Stains, diluted 1:20 in distilled water). Before
release, the age and sex of each house sparrow was determined on the basis of plumage
(Robbins et al. 1966) and skull ossification (Sudia et al. 1972, Summers-Smith 1963).
Birds were also examined for the presence of ectoparasites. Before being released. each
captured bird was marked with a non-toxic acrylic paint that was applied to the feathers
on the throat region.
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REED CITY
COLLECTION SITES

Mosquitoes 0

Figure 1. Sites for the collection of house sparrows (Ol and mosquitoes (D) in Reed City, Michigan.

Mosquitoes. Ylosquitoes were caught with CDC-miniature light traps that were oper
ated three times per week on Sunday, Tuesday, and Thursday evenings. Specimen bags
were removed by 0900 h on the following morning. Bags containing live mosquitoes were
transported to the laboratory in an insulated container refrigerated with a synthelic coolant.
Ylosquito specimens werc sorted on a chill tablc and the species identity of each individual
determined (Stojanovich 1961). Female Culex spp. were placed separately in vials and
stored at - 70°C until they could be examined for the presence of mosquito stages of
malaria parasites.
Parasites. The presence of blood stages of malaria parasites was determined by
microscopic examination of the Giemsa stained thin blood smears with a 100X pan
achromatic oil immersion objective. Each slide was screened for the presence of parasites
by examining a minimum of 50,000 erythrocytes before a smear was considered negative.
If any of the blood stages of malaria parasites were observed, the percentage parasitemia
was determined by counting directly the number of parasites observed per an estimated
50,000 erythrocytes. Therefore, the level of infection for the blood sample obtained was
expressed as a percentage of the erythrocytes examined.
Infection of mosquitoes by avian malaria parasites was determined by dissecting the
midgut and salivary glands from each female in a drop of physiological saline. After
placing a cover glass over the dissected organs, they were examined at a 200X magni
fication using phase contrast optics to reveal the presence of oocysts on the midgut or
sporozoites in the salivary glands.
RESULTS
A total of 350 house sparrows was captured and bled from the eight sites studied in
Reed City. The age and sex distribution of the birds sampled is shown in Table I. Juvenile
birds of both sexes constituted 78.3% of the overall collection. Also, both sexes of
juvenile birds seemed to be about equally likely to be captured in the traps since the
male:female sex ratio among the birds caught was 1.06: 1. However, among the adult
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Table 1. Seasonal distribution of each age and sex of house sparrows captured.

Collection
interval

------_.
June

Total no.
birds

14-20
21-27
28- 4

44
24

511
12-18
19··25
26- 1

64
45
33
23

August 2- 8
9-15
16-22
23-29
30-- 5

20
15
25
4
8

July

Sept.

37

6-12

Totals

(%)

JM

and sex"

JF

A:-l

(12.6)
(6.9)
(106)

16
8
19

16
7
7

(18.3 )
(12.8)

20
15
15
12

27

(9A)

(6.5)
(5.7)
(4.3)
(6.9)

10
5
II
2
5

(1.1)

(2.3)
(2.6)

9

No. each

350

Af

ry

5
0

I

9
6

:5

10
6

18
16
8

6
I
I

::.

::.

7

::.
::.

:5
11
2
3

.3
1
0
0

0
0

3

6

0

0

141

133

47

29

aJM·-juvenile male, JF-juvenile female, AM-adult male, AF·-adult female.

Table 2. Distribution of mosquito species caught in light traps from each site.
Site number
Mosquito species

2

- - - - - -..

Aedes canadensis
Aede., dorsalis
Aedes sollicitans
Aedes stimulans
Aedes vexal1S
Aedes species
Anopheles pUl1ctipennis
Anopheles quadrimaculatus
Culex pipiens
Culex restuans
Totals

9
1

4
15

46
6

2
4
5
10
55

0

2
10
2
1
0

86

91

3
1

1

3
7

4

10

8
4
0
16
49
I
6

3

2

8
4

2

189

89

10

0
24
119
4

5

Totals
4

30

5
I

2-1.
10
84

19
67

2
11
9
8
0
126

336
15
40
17

20
5
581

birds, more males than females were captured (male:female sex ratio of 1.62: 1). During
the entire collection season, only 10 house sparrows were recaptured and all of them were
juvenile birds. The number of birds from either age group caught in the traps during each
collection interval tended to vary in a cyclic manner. The collection peak was between
5-11 July. Although, when the data in Table 1 are plotted (not shown), smaller peaks were
also observed for 14-20 June and 16-22 August. Also, no ectoparasites were found on any
of the house sparrows captured.
From the five sites sampled, a total of 581 mosquitoes was collected. These specimens
represented nine different species. Table 2 shows the distribution of mosquito species
caught in light traps from each site. Aedes vexans and Ae. stimulans were the two most

1986

THE GREAT LAKES ENTOMOLOGIST

47

Table 3. Seasonal distribution of mosquito species caught in light traps.
Collection interval
Mosquito
species

1~20

Aedes
((lJ1adensis
soflicifam

0
0
0

stimulans

dorsalis

21 ..·27

28- 4

3

5

14

18

vexans

10

9

species

0

10
I

]2... 18

5-11

19-25 26- I

2-8 9-15

4

9

3

3

4
I
14
32

10
3

0

10
90

5
66

I

0

0
0
I
33
I

lO
29

Sept,

Augu:;t

July

June

0

16-22

0
0

30- 5

0
0

0

0
0

0
I
15

17

0
0
0
I
II

0

0

84
336
15

5

40

0

17

20

()

I

Total
collected

~12

30
10

Anopheles
0
Culex
pipiens
restuans

0

0

4

0

6
0

0
0

J
0
0

1

1

0

0

0

14

23

18

SpeCies totals

for ead: week

IS

36

90

.'

80
u::

0_

~

::>

~

70

69

42

66

135

• ..............~...•......•..

77

.... ...

28

45

!O

1.8
"

..

. .

.

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

~

".

Average
High

60

1.6

1.4
1.2

'"

co.

1.0

E
~

.?:>

40

0.8

'"'"

30

0.6

'!:
..::

20

0.4

10

0.2

';;j

'"

~

581

~
'"::>'"
~

-,

x

::::J'

ro

.c.
~
0

June

~

!C:l

N

..,.

~

.

'"

~

~

-c: !
i'

!

""

July

N

'",

""

August

-.0

.!,..

'"

"i
N

tv

.

'"
""
N

..0

0
'"
J,

.!,..

'"

September

Collection Interval
Figure 2. Average daily temperature (oF) and total rainfall (in,) for the vicinity of Reed City,
Michigan, between 14 June and 12 September 1980.

predominant species comprising 57.8% and 14.5% of the total collection respectively. Of
the potential vectors of avian malaria. 20 Cx. pipiens and five Cx. restuans accounted for
4.3% of the mosquitoes caught. Except for site number 3, the number of mosquitoes and
distribution of species among the collection sites were similar. Site number 3 had
approximately twice as many mosquitoes as any other individual site and this was due to
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a large abundance of Ae. vexans mosquitoes. The majority (80%) of the Culex species
collected were from sites 3 and 5.
The seasonal distribution of the mosquitoes caught is shown in Table 3. The overall
number of mosquitoes caught increased gradually from 14 June until reaching peak during
the collection interval of 19-25 July and then the number steadily declined for the
remainder of the season. For each species, the seasonal distribution varied. Aedes
stimu/ans, Ae. canadensis, Ae. dorsalis, and Ae. sollicitans were most abundant during
the first 6 weeks of the season. However, Ae. vexans was most abundant during the last
8 weeks of the season. Anopheles prlllctipennis and An. quadrimaculatus were caught in
low numbers throughout most of the summer. Although the number of Culex species
collected was small, about one to six specimens were collected each week. Forty percent
of the total Culex collection was obtained between 12-25 July.
The meterological conditions during the summer of 1980 are shown in Figure 2. The
average daily low and high temperatures extended between 15°C and 28°C for most of the
collection season. There were no prolonged periods of unseasonably cold weather that
might adversely affect mosquito activity. However, heavy rainfall did occur periodically
during the season with the greatest amounts falling during 28 June-4 July, 2-8 August,
and 16-22 August intervals. While some reduction in the numbers of mosquitoes caught
was noted during the weeks with heavy rainfall, the differences were due primarily to a
decrease in the number of Ae. vexans mosquitoes entering the traps. Three weeks
following the heavy rainfall between 28 June and 4 July. Ae. vexans, the only floodwater
mosquito species collected, reached a peak in the number caught.
Microscopic examination of Giemsa stained thin films showed (Table 4) that nine of
350 birds tested (2.6%) were infected with Plasmodium parasites. The first infections were
observed in late June and early July, but the highest prevalence (67%) was detected from
middle to late August. All of the infections observed were from juvenile birds; however,
the distribution of infections between sexes was nearly equal. Except for an infected house
sparrow collected on 30 June with a parasitemia of 8.3%, all of the other infection levels
were less than 1.0%. Identification of the Plasmodium species obtained from the birds
tested in this study was not possible because the number of parasites and stages of
development needed were insufficient to establish identities with certainty. Infected house
sparrows were caught at five of the eight collection sites with site 8 yielding three infected
birds, each of the birds was caught approximately 10--14 days apart from 13 August to 10
Table 4. Plasmodium infections in house sparrows captured and examined from each site.
Date of
collection

Site

No.
examined

No.
positive

(%)

Percentage
parasitemia

Age-Sex·

1
2
3

80
37
24

1

(1.3)

13.()()

JF

30 June

0
2

(8.3)

4
5
6

27
7
47

1
0
2

0.02
0.20
0.06

JM
JM
JM

18 August
18 August
4 July

(4.2)

0.01
0.07

JM
JF

18 August
27 August

7
8

73
55

0
3

(5.4)

0.Q1
0.02
0.01

IF
IF
JF

15 August
29 August
10 September

Totals

350

9

(2.6)

(3.7)

aJM--juvenile male; JF-juvenile female.
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September. From the five sites in which infected birds were captured, the house sparrow
infection rates in relation to the total sample size from each site were quite similar.
Although only 25 Culex mosquitoes were caught in this study, each one was dissected
and tissues of the midgut and salivary glands examined for the presence of malaria
parasites. No ookinetes were observed on the exterior of the midgut. nor were sporozoites
detected in any of the salivary glands examined from any of these mosquitoes.
DISCUSSION
This study has demonstrated that avian malaria does occur among house sparrows in
Reed City, Michigan. The overall infection rate that we observed was 2.6%; however, it
is likely that the actual rate of Plasmodium infection is greater than this since many birds
may have inapparent infections not detectable on a single thin blood smear. Herman et al.
(1954) found that on the basis of a time course analysis of blood smears prepared at
periodic intervals after infection that parasites were evident in peripheral circulation for
only about 24 h. Thus, many infections may be missed by a single blood smear obtained
from a bird at a given point in time. In addition to a parasitemia following the initial
infection, avian hosts frequently have relapses with recurring parasitemias, making it
difficult to pinpoint when a bird first became infected. However, because all of the birds
found infected in this study were juveniles, it is assumed at least that these infections were
obtained during the summer of 1980.
In other studies of naturally occurring Plasmodium infections among house sparrows,
rates of infection have been relatively high. For example, Micks (1949) found an overall
incidence of 13.8% in 210 house sparrows tested in Maryland and Jordan (1943) found
16.7% of 418 house sparrows examined in Athens, Georgia, to be infected. In house
sparrows eaught either in or near Syracuse, New York, Manwell and Herman (1935)
found seven of 245 (2.9%) infected with malaria parasites. In the detailed studies of
Herman et al. (1954) in Kern County, California, the incidence of infection was shown
to vary considerably from year to year and in relation to the type of habitat utilized by the
house sparrows. Rural areas containing a predominance of either orchards or cultivated
fields had Plasmodium infections as high as 40%. In contrast, house sparrows from urban
habitats had a substantially lower infection rate of 3.2%. This rate more closely approx
imated the one that we observed for Reed City, Michigan.
As reported by Herman et al. (1954), we also observed a seasonal peak in the incidence
of Plasmodium infections which occurred in July and August. In our study, the first
appearance of malaria parasites in the blood of house sparrows was during the last week
of June, It should be noted that following the introduction of sporozoites from an infected
mosquito into the avian host, a period of prepatency occurs which lasts from several days
to a few weeks. Therefore, the greatest incidence of infection among the house sparrows
would be expected to occur soon after the greatest amount of Culex activity. About
three-fourths of the house sparrows that we found infected were collected between 9 and
15 August. Unfortunately, the numbers of Culex mosquitoes collected were too few to
permit the detennination of seasonal peaks.
Of the eight species of Culex mosquitoes known to occur in Michigan, six have been
shown to be either natural or experimental vectors of avian malaria (Garnham 1966).
However, only Cx. pipiens and Cx. restuans were collected in the Reed City study site.
This does not exclude other species of Culex from being present since the light traps used
for mosquito collection may not have been attractive to other species in this genus. Other
surveys of mosquitoes in urban areas in southern Michigan, using larval collections
intended to detennine species composition of an area, have shown Cx. pipiens and Cx.
in most urban and suburban habitats
restuans to be the predominant Culex
(McGroarty et al. 1976).
The number of Culex mosquitoes caught in this study represents less than 5% of the total
number of mosquitoes caught. This low density of potential vectors that we observed may
have been due to the placement of traps in inappropriate locations or the natural population
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of Culex mosquitoes may have been low due to an insufficient number of larval breeding
sites to support a large population. Although the presence of potential Culex breeding sites
was determined at the beginning of this study, no attempt was made to detennine the
existence or number of Culex mosquitoes in these larval sites.
To determine whether the low density of Culex mosquitoes was responsible for the low
level of Plasmodium infections among the house sparrow population would require
additional observations over several seasons. Also, further analysis of the population
dynamics of avian malaria in relation to mosquito vector popUlations should in\'ol\'e
additional study sites for a comparative analysis. Both urban and rural sites in areas with
a varying abundance of Culex mosquitoes might be more desirable for further studies.
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