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EYALUATION OF PIT-TRAP TRANSECTS WITH VARIED TRAP
SPACING IN A NORTHERN MICHIGAN FOREST}
Renate M. Snider and Richard J. Snidcr'
ABSTRACT
1be study compared effects of four distances between traps (range 0.5-4.0 m) on
arthropod capmres. Twelve traps were aligned in each of four transects, and 20
samples. trap were obtained during summer and fall in a northern Michigan deciduous
forest. Catcbes proved to be unaffected by trap spacing. Rather, they reflected local
v.ithin-site differences in abundance of dominant species.

In Augusl 1982. we began preparing for a long-term investigation of forest-floor
arthropods in Michigan's Upper Peninsula. Knowing that pit-trapping would be one of our
research tools. we used the fIrst half-season for a preliminary trapping experiment in
hardwood forest. We intended to obtain taxonomic information on arthropods of the area,
which is fau:nistically poorly described, as well as to quantify potential effects of different
distances between traps on catch sizes.
SITE AND CLIMATE
1be site was located in an extensive deciduous forest in Dickinson County (T44N,
R29W. 519). in the south-central portion of Michigan's Upper Peninsula. It was
dom.ina1ed by Populus grandidentata Micbx. (55%), with Acer saccharum Marsh
subdominam I 34'k). Amelanchier canadensis (L.) Medic. dominated the understory.
Saplings and seedlings of Picea mariana (Mill.) and Abies balsamea (L.) Mill. were rare.
Herbaceous vegetation was dense and even, with Pteridium aquilinum (L.) Kuhn,
LycopodiJOfl obSC1U1l11l L. and Aster macrophyllus L. its most conspicuous components in
mid- and late summer. Typical of this once-glaciated region, the site consisted of an
elongate ridge flanked by shallow depressions.
TIle area bas a temperate continental climate of the cool-summer type (30-year average
temperamres for July: 26°C maxinIum, 3-4°C minimum). Annual normal precipitation is
76 em. evenly distributed, with snowfall occurring from September to May.

MATERIALS AND METHODS
Four transects ...-ere laid out, each containing 12 traps, and each facing no more than
one neighboring mmsect at a distance of ~ 10 m (Fig. I). Distances between traps in
transects 1-4 ...·ere 4. 2. I and 0.5 m respectively.
, Support for this research was provided by the Naval Electronic Systems Command through a
subcontract ID lIT Resean:h Institute under contract NOOO39·81·C-0357.
2 Depamnent of Zoology. Michigan State University, East Lansing. MI48824.
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Fig. I. Disposition of trapping transects in the Silver Lake site.

Ethylene glycol was used as the collecting medium, in uncovered clear plastic cups
(8.S-cm dia.) installed one week prior to the first trapping date to avoid a digging-in effect
(Joosse and Kapteyn 1968). Traps were approached along the same pathway at all times
and were handled from a distance of ~ 0.5 m.
At intervals of approximately three weeks, traps were activated and emptied on five
consecutive days: 3-7 and 26-30 August, 13-17 September and 4-8 October. Twenty
samples were thus obtained from each trap.
RESULTS
Winged Diptera, Hymenoptera, and Lepidoptera were excluded from totals discussed
below. Hypopi (phoretic deutonymphs of mites, mainly Acaridae) tended to outnumber
all other mites combined, especially in traps with larger arthropods. They were also
excluded because they did not actively enter traps.
The first sampling period yielded the largest catches, probably due to seasonally high
active densities (Table 1). If trap distance had affected capture rates, ranking of transects
should have been possible (Le., I through 4 based on increasing or decreasing numbers
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Table L Mean ::!:: SE arthropods caught per trap, using total five-day catch per trap (n
12 traps
per transect.>. Winged Diptera, Hymenoptera, and Lepidoptera, and hypopal mites, excluded.

TRANSEcr

2
(Trap spacing)
3-8 Au.",oust
26-30 Au!!llS1

13-17

SePrember

4-8 October

(4.0 m)
89.0
13.3
35.1
3.4
36.2::!:: 4.3
30.8::!:: 3.8

(2.0 m)
64.1 ::!:: 5.3
23.6 ::!:: 2.8
32.7 ::!:: 3.3
28.2 ::!:: 2.4

4

3

0.0 m)
80.6
35.5
36.2
32.4

::!::
::!::
::!::
::!::

5.3
5.5
3.1
1.9

(0.5 m)
69.1 ::!:: 6.0
22.7 ± 2.3
32.0 ± 3.8
27.6 ± 2.0

caught). However, mean catches were essentially equal in 1 and 3 and in 2 and 4, and
seasonal changes in numbers. minor after the first period (Table 1), were parallel in all
transects.
Among the six most frequently captured orders, Collembola, Acarina, and Coleoptera
were pre\'alenl (Fig. 2). Mites and Collembola, both more abundant in transects I and 3,
were responsible for the larger catches in those transects (Table 1). Diplopoda (Fig. 2)
consisted mainly of Uroblaniulus canadensis (Newport), with distinctly stage-specific
acti"ity (86lk adult and subadult). Spiders (Fig. 2) were predominantly unidentifiable
immatures. Of 16 families total, four contributed almost equally to total catches:
Lycosidae 121lk), Micryphantidae (22%), Linyphiidae (21%), and Agelenidae (20%).
Acti.... ity of adults was distinctly seasonal in some species. Bathyphantes pallida (Banks)
and Centromerus persoluta (O.-P.-Cambri
disappeared entirely after 30 August.
Centromerus sylmticus (Blackwell) and W
tes calcaratus (Keyserling) were trapped
exclU5ively in October. On the other hand, the common Iycosids Pirata marxi Stone and
P. m.aculatus Emerton were active throughout the study period.
If distance between traps had taxon-specific effects, then only Opiliones seemed to be
affected and were captured more efficiently by traps spaced 4 m apart (Fig. 2). Catches
of other ta'(a were transect-related in a non-linear way. Collembola totals, for instance,
maintained a constant proportionality between the four transects, i.e., 3 > I > 4 > 2,
through all periods (Fig. 2). This suggested that catches were proportional to different
arthropod densities in different parts of the site.
In order to assess distributional (transect location) factors, three groups were further
analyzed at the species level: Collembola (high species diversity, apparently transect
dependent numbers), Carabidae (few species, no apparent transect-catch relations),
and Opiliooes (least diverse, catches potentially affected by trap spacing).
COLLEMBOLA
Hypogastruridae

OdonulJa subSlriata Wrav***
Xem'IJa acawJa Gisin***'
Necinura mu.sconun lTempleton)*
Pseudaclwflltes spp. complex
Isotomidae
Isotoma (D~sorial nigrifrons Folsom**
I. (Isoromal liridis Bourlet*
Entomobryidae
Tomocerus IPogollOgnathellus) jlavescens Tullberg*
T. (Tomocerina) lamelliferus Mills**
Orchesella hajasciata Harvey*
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100
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Aug

Sep

Aug

flTh
4-8
Oct
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Fig. 2. Total catches per transect and period (summed over five days) of the most frequently trapped
orders.

Table 2. Total number of each family of Collemboia trapped over the study period, and percent
dominance of the prevalent species within each family (Ni I NT x JOO).
TRANSECT
2
n

n

Sminthuridae
S. henshawi
S. lepus

500

391

Entomobryidae
T. jlavescens
O. hexfasciata

268

3
%

n

167
67.1
16.4

%

415
71.3
16.4

63.4
24.6

4

77.3
9.4

67.7

!l.S
288

369

71.9
14.2

66.9
17.6

66.4
13.2
36

n
356

67

Isotomidae
I. nigrifrons
I. viridis

50

84

Hypogastruridae

37

15

70

11

Total species

17

17

20

21

55.6
44.4

50.0
50.0

57.1
42.9

76.1
23.9
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150
Total

100

fUl

other Sminthuridae

(summed over all transects)

50

3-7

26-30 13-17
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Aug

Sep

4-8
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TRAPPING DATE
Fig. 3. T.:ulllltlllb::r of selected sminthurids captured per transect and period (bars), and overall
toods per ~ period lsolid line, sum of all transects).

Lepi£lix!TIJIJ N!~ Snidet**
L hirrus Christiansen and Bellinger***
L Ii ~fIOf'lDPI I Fabricius 1*
L pCrado:as ezcl"'*
L -.-iolJ:JcrotU ~.*

ElIIomobrya ,~oitkS) purpurascens (Packard)*

E. assllUl Folsom*'"

E. clilellario Gu!brie*
Arrhopaliur IlRMUIIS Olri...'liansen***
A. beninLS I~t*

Sminthuridae

SmillIlu.uitks lq;ws Mills*
SmimJutr-iJws ~i IFolsom 1*
S. com:Ir>Jionis Saider"''''*
S. inte~tiillJ Saio.ier''''''
S. quadrimiJe.""Jtlmas I R.~de:ns
Bourletielln I&~' horumsis IFitch

,*
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Fig. 4. Catches of selected entomobryids per transect and period (bars) and overall totals per period
(solid line, sum of all transects).

Table 3. Total carabids caught over the study period, and percent occurrence, within each transect,
of the four most common species.
TRANSECT
2

Carabidae
P. melanarius
P. pensytvanicus
S. impunctatus
P. coracinus
Totals (%)
Total species

167

40.2
26.8
15.9
8.5

88.6
9

n

n
165
42.4
16.4
17.6
11.5

22.0
34.0
20.7
9.3
86.0

91.4
9

%

150

164
25.1
30.5
22.2
10.8

4

3

%

n

n

II

879
9
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Fig. :;. C3l:;;bes of isotomids per transect and period (bars) and totals per period (solid line, sum of
all U"'3a"'¢..~ I.

5minrJ..J.ITUS buuheri Snider**
Dicyr:oMa ,PrenorhriT:) marmorata (packard)*
" :Se'llo fe\."OCd £0£ Dickinson County
* x :Se'" fe\.'\.'IIli for the Upper Peninsula
b x :Se'" record for :\Iichigan

:\1(151 indhiduals belonged to the families Sminthuridae and Entomobryidae, each
dominated b~ one species (S. henshawi and T. flavescens respectively) Cfable 2). In all
tr1m.~'1:S. !he same two species furnished approximately 80% of each family total, the
remainder o....:umng in very low numbers or singly.
TraIL~, ~ yielded the highest number of species (Table 2), but unidentifiable
imrnanm:s male diversity comparisons inconclusive. All transects had a number of
Enwmobncl and LepidocyrtILS spp. unique to them. Again, immatures of both genera also
were .::aprurai in all transects. The six species listed in Table 2 together furnished 80% of
the grand tOl:als caprured in each transect.
a.-eralL sminthurid active density increased as the season progressed. S. henshawi
dete1Tl1ll:lUi this trend. counteracting that of all other species (Fig. 3). Entomobryid
a.::ti\·j~ dn--reased I
41. lsomma nigrifons was particularly active in September (Fig.
5). ;:,1in.:-iJcm v.ith its marl;.ed vertical migration from litter into the soiL
The rropomol(),aIi~' discussed earlier (numbers in transect 3 > 1 > 4 > 2) was
repeatN ooly by T. f!m·escens. and only on three of four dates (Fig. 4). Whether a
transc.::t 'locatioo I effect existed was assessed by testing effects of season (four trapping
periods) and effects of transects for their independence <X2 approximation). Lack of
indepenJen..<: "'as significant for catches of S. henshawi (P < 0.001) and Tflavescens
IP < 0.0)5,. and for total catches of Sminthuridae (P < 0.025) and Entomobryidae (P <
0.0051.
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Fig. 6. Transect-specific catches of three common species of carabids in each trapping period.

Table 4. Number of individuals and species of opilionids caught in each transect over the study
period, and percent occurrence of the four most common species.
TRANSECT

2
q~

n
Opiliones

82

6

%

n

12.5
12.5
300
25.0

20.0
[6.7
40.0
23.3

11.6
7.0
62.8
14.0

100.0

95.4
5

<Jc

n

40

30

43

97.6

Totals (9t)
Total species

n

17.1
6.1
68.3
6.1

C. boopis
O. pictus
L. nigripes
S. crassipalpi

4

3

4

800
7
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COLEOPTERA
Carabidae
Prerostichus melanarius lIIiger
P. pensyh'anicus LeConte
P. coracinus ~ewman*
P. m:,,'us Straneo
P. adoxus Say
P. adstriCtU5 'Eschscholtz*
Synuchus impuncrarus Say*
Calathus inl/ratus Dejean*
C. '.!re2arius Say
Cl'mindis cribricollis
Carabus nA(>sus
Sori(>phiiUs aeneus
x

'sew record for Dickinson County

CaJ"3I:Iidat: constituted 62-87% of all Coleoptera captured per period. Total numbers per
transect. summed over all dates, were clearly equal, four species together furnishing
approxim.ately ~ of the site's carabid fauna in summer and fall (Table 3). High
numbers of P. melanarius and S. impuncfatus in early August (Fig. 6) reflected the end
of their summer activity period (Barlow 1970, Lindroth 1979). The October activity peak
of p, pt'1!sylmnicus (Fig 6) represented the second of the season, mainly due to
appe.aran.."e of tenera1 adults (Barlow 1970, Nesmith 1985).
Traps in the eastern part of the site (transects 2 and 4) caught relatively more P.
melulW."'riI.tS and fewer P. pensylvanicus than 1 and 3 (Table 3). Tests of independence
tsea.""l{! and trarL'<Ct effects). however, gave results which were not significant for three
of the common species. and only marginally so for P. melanarius (P < 0.1).
OPILIONES
Phalangiidae
C addt.',
Cros!,,""'"
Odie:lJ.S ;J;crus «woOd I'"
LeiobW7.Um. "l~ripe5 Weed""
L p<.,jt:.L"'I Weed
L i<'r;;n;>.!s 'Weed""x

IschyropsaJidae

....." "" ..."f" IL Koch,"''''

Nemastomatidae

x .\'e\\ ::-c,:-0Cd ic£ Di.."i:.mson Count..·
"X .\'e\lo :-e.:<.....-J ic£ the L-pper PenIDsula

Tmuse.:'! :: tr.1pS ~l the lowest number of individuals and species (Table 4).
Transe.::r.! ~1C:1da! the IIIOSl diyerse catch. consisting of all seven species, while transects
1 and::: v.a-e
d.."iffiin.al:ed by one. L nigripes (Table 4),
O. pictlLS showed declining activity in the fall, while S. crassipalpi
Both C.
became
a.....'[i\e in September and October. and L. nigripes activity peaked in
-I. High a..."'tive density of L. nigdpes was probably associated with
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Fig. 7. Total catches (summed over transects) of four species of Opiliones during each trapping
period.
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Fig. 8. Transect-specific catches of S. crassipalpi and L. nigripes during each trapping period.

maturation to adulthood. Frequency of irnrnatures, in percent of total catch, progressively
declined from 60% in early August to 48% in late August, 8% in September, and 4% in
October.
Catches were transect (location) specific. Transect 4 traps captured more S. crassipalpi
than any other traps, and transect I yielded most individuals of L nigripes (Fig. 8). Since
the latter was numerically dominant (55% of all specimens), transect 1 seemed superior
to all others for catching opilionids as a group (Fig. 2). Lack of independence (season and
transect effects) could be shown only marginally for S. crassipalpi as well as L nigripes
(P < 0.1), probably due to frequent low catches.
DISCUSSION

In other studies, disposition of traps relative to each other varies from random (e.g.,
Benest and Cancela da Fonseca 1980) to a number of different patterns such as concentric
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circles (Carter 1980) or grids (Dennison and Hodkinson 1984). In non-random designs,
distance between traps is generally held constant within anyone habitat. In the present
study. transect distribution over the site essentially resulted in one line of 12 traps versus
three lines of 36 traps total (Fig. 1). Removal of arthropods was thus three times more
pronounced along the eastern side of the site. Conceivably, depletion of populations could
have been further compounded by closely spaced traps, at least for smaller, less mobile
species . .so such effect materialized, possibly because all transects were equally open to
immigration on one side, and the study period was relatively short.
The data showed, however, a transect (location) effect. Assuming that activity patterns
of the species inhabiting the site did not differ over a distance of 30 or 40 m, then catches
reflected transect-specific density variations of several populations. Indeed, had a
trap-distance effect existed, these variations over different parts of the site would not have
become apparent.
L"nexpectedly, the results thus indicated that trapping can be a valid means of
comparing faunal densities in relative terms. By extrapolation (from two parts of a site to
t....o different sites), trapping could be used to compare the faunas of two sites, as long as
their habitat and climate characteristics are closely similar. Ericson (1979), working with
a more extensiye set of data on field carabids, came to similar conclusions.
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FIRST DOCUMENTED RECORD OF OARISMA POWESHEIK
(LEPIDOPTERA: HESPERIIDAE) IN CANADA
P. M. Catling and J. D. Lafontaine l
ABSTRACT
During a brief survey of the prairie areas near Vita, Manitoba, July 1985, Oarisma
powesheilc Parker was found to be abundant, although often local. Specimens collected
constitute the frrst documented record for the species in Canada.

Tall-grass prames have survived in the general region of Vita, Stuartburn, and
Gardenton in southeastern Manitoba, because the shallow, rocky, and highly calcareous
soils baye permitted only grazing, and the ground has never been broken. The relatively
small size of some of these prairie glades, and periodic drought resulting in a rather sparse
and depauperate cover, has made even grazing unprofitable in some areas. Fires, a natural
prairie phenomenon, are encouraged to promote better pastures, and portions of the Vita
prairies are burned every year. These prairies are of particular interest since they represent
the northern limit of certain tall grass prairie elements (Catling, in press).
Oarisma poYo'esheik was found in each of seven natural prairies visited. Three
specimens are deposited in the Canadian National Collection in Ottawa.
THE DISTRIBUTION OF NORTHERN OAR/SMA SPP.
Although the early literature confused O. powesheik and O. garita (Reakirt), it has
become dear that O. powesheik is a species of wet, tall-grass prairie in the midwestern
United States. \ltirile O. garita occurs in dry prairie in the northern and western Great
Plains and Rocky Mountains (Johnson 1972, MacNeill 1975, Opler 1982). Opler (1982)
showed only ODe record of O. garita east of the Red River, but it is common farther west
in the Dakotas !T. L. McCabe, pers. comm.). There is, however, a remarkably disjunct
colony of O. garita 011 Manitoulin Island, Ontario, 1000 km east of the Minnesota colony
(Catting 1977). The distribution of O. powesheik shown by Opler (1982) and documented
elsewhere /Holzman 1972. Irwin and Downey 1973), indicates that it is widespread in
Minnesota and Iowa. and follows the prairie peninsula into the southern Great Lakes. It
is rare and local farther to the west (Johnson 1972; T. L. McCabe, pers. comm.). Judging
by Opler's map"'iIich showed O. powesheik near the Manitoba border, its occurrence in
southern ~faniroba. is DO( surprising, and certainly less remarkable than the disjunct
occurrence of O. garita in Manitoulin district, Ontario.

IBiosystematics Research Institute. Agriculture Canada, Research Branch, Central Experimen
tal Farm. Onav.a. Onrario KIA OC6.
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1cm
Fig. 1. Oarismn garita collected at Beulah, Manitoba by J. Dennis, the basis of an earlier report of
O. powesheik.

STATUS OF MANITOBA RECORDS OF OARISMA POWESHEIK
Gregory (1983) indicated that O. powesheik had been reported from Manitoba, and his
listing was apparently based on one, or both, of two reports. Klots (1951) noted that "it
enters our area in Minnesota and probably also in North Dakota and Manitoba." Thus
KIot's allusion is speculative. A much more relevant report was that of Masters (1973), who
reported nine specimens collected at Beulah, Manitoba, 10-20 July 1902-1920, by J.
Dennis. The Dennis collection is housed in the Manitoba Museum of Man and Nature,
and consists of 400 homemade Riker mounts. The nine specimens which Masters reported
as O. powesheik are together in one small Riker mount. They were originally labelled as
"0. garita," and reported as such by Brooks (1942). Our examination of these nine
specimens clearly indicates that they are O. garita. They are not generally dark above and
below; lack the solid black shading on the fold on the hind wing below and on the
underside of the forewing; have poorly defined, instead of pronounced white veins on the
hindwing below; and they are relatively small (Fig. I). All unpublished reports of O.
powesheik from dry prairie habitats in western Manitoba have turned out to be O. garita
(P. Klassen, pers. comm.). No Oarisma spp. have previously been reported from
southeastern Manitoba. With all previous records discounted, the discovery of O.
powesheik (Fig. 2) on the Vita prairies, although not an unexpected range extension,
represents the first authentic record for Manitoba, and for Canada.
HABITAT IN SOUTHERN MANITOBA
The Vita prairies vary from small (0.4-0.8 ha) to large (300 ha) elongate openings more
or less separated by groves of bur oak, aspen, and American hazel. The lower and
periodically wetter parts of the open prairies are dominated by Deschampsia caespitosa,
Agrostis stolonifera, Carex praegracilis, Carex tetaniea. Carex buxbaumii, ]uneus
baltieus, ]uneus dudleyi, ]uneus longistylis, Muhlenbergia richardsonis, Eleoeharis
elliptiea, Senecio paupereulus, Senecio aureus, Lysimaehia quadriflora and Prunella
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1cm
Fig. 2. Cpperside !left) and underside (right) of Oarisma powesheik from the Vita prairies, near Vita,
>"lanitoba. collected in 1985.

Fig. 3. HabiLill of Oarisma powesheik on the Vita prairies. The location shown is 1.5 miles east of
StuaI1bum.

l"Ullwris. ""ith xallered shrubs of Salix petiolaris. Potentilla fruticosa, and Betula
glanduios<l. The higher. drier parts are dominated by Sporobofus heterofepis,
Andropogon gerardii. A,ndropogon scoparius, and include many other prairie species
such as ZnJadenus elegans. Solidago rigida, Elaeagnus commutata and Liatris
lif!ulisn1is.
~ The' butter11ieS ""ere concentrated in areas where flowering Lobelia spicata was
abundant. and in the areas of transition between mesic and drier prairie (Fig. 3), but they
were occasionally seen in either extensive dry or extensive wet areas. The butterflies
frequently ,·isited the t10wers of Lobelia spicata. as reported for Ylichigan colonies
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(Holzman 1972) and the foodplant (Eleocharis elliptica; see McAlpine 1972, Holzman
1972) is frequent in lower places.
The habitat of O. powesheik in Michigan (Holzman 1972), and habitats farther west in
Minnesota, involve wet prairie meadows similar to that described above (T. L. McCabe,
pers. comm.).
In contrast, O. garita, in the more continuous western range (e.g. Riding Mountain
National Park), occurs in somewhat drier situations with a more sparse vegetation cover.
The same is true to some extent for the disjunct colonies of O. garita in Ontario, but these
locations, in their overall floristic composition (CatIing 1977), do correspond closely with
the Vita prairies. The principal difference being in the greater density, diversity and height
of the prairie vegetation near Vita, and in the more extensive development of the wet and
mesic phases.
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PARASITISM OF EARLY INSTAR JACK PINE BUDWORM
(LEPIDOPTERA: TORTRICIDAE) BY APANTELES SPP.
(ID~[£~OPTERA: BRACONIDAE) AND GLYPTA FUMIFE'RANAE
(HYMENOPTERA: ICH~EUMONIDAE)I
N. C. Elliott 2.3, G. A. Simmons2 • and C. Chilcote 2
ABSTRACT
G/ypfa fumiferanae and two species of Apameles parasitized 1st-4th instar jack pine
bud worm IChoristoneura pinus). Apparent parasitism of budworm in four Michigan
jXlpulations ranged from 10.6 to 30.9% for A. fumiferanae, 4.3-16.4% for A. morrisi,
and 2.1-9.1 C;C for G.fumiferanae. A. morrisi probably parasitized 3rd-4th instar jack pine
bud worm. Based on the results obtained, it is suggested that sampling overwintering
budworm larvae is appropriate for estimating apparent parasitism by A. fumiferanae and
G. fum~feranae. Sampling budworm larvae at ca. 500 degree-days (base 8.9°C) is
appropriate for estimating apparent parasitism by A. morris!.

StudieS have been done to determine the factors responsible for fluctuations of
jXlpulations of the jack pine budworm, Choristoneura pinus Freeman, (JPB) (Foltz et al.
1972. Batzer and Jennings 1980). However, none of the factors investigated were
consistently associated with observed fluctuations in IPB populations. Predators and
parasites were thought to be important at low IPB population densities and in populations
declining following an outbreak. However, natural enemies were thought to be of limited
imjXlnance in damping the release of populations to outbreak.
In studies of epidemic JPB populations. apparent parasitism rates of early instars
(lst4th instarl were high (Kulman and Hodson 1961, Allen et al. 1969, Batzer and
Jennings 1980 I. ApameleO' fumiferanae Viereck and Glypta fumiferanae (Viereck)
accounted for a large proportion of the observed parasitism. Other species of Apanteles
were present in the collections, but their contribution to total parasitism was not
distinguished from that due to A.fumiferanae.
A.fumifera1llle and G.fumiferanae are univoltine, monophagous, and well adapted to
their host !Bro,\\ll 19..uia, 1946b). Both species emerge from 4th to 6th instar JPB in June
and July and pupate on jack pine foliage for about 10 days. Adults emerge and parasitize
1st and 2nd instar JPB in July and August soon after JPB egg eclosion. Eggs of both
parasite specks oyerwinter in 2nd instar JPB and eclose in the spring, after 2nd instar JPB
emerge from hibernaculae and commence feeding (Brown 1946a, 1946b). The life
histories of od:ler species of Apanteles that parasitize JPB and also the spruce budworm
(C fumir'erana Clemens) are not well known, but most are believed to have alternate or
alternati\e oom I~lason 197-1-1.
Because the role of parasites and predators in the life system of JPB has not been
satisfactorily elucidated. further studies of natural enemies of JPB are warranted. In this
A;;rne.llu.ral Experiment Station Journal, Article No. 11626.

oi Entomology. ~!ichigan State
addn:s,: l'SOA. ARS. :-;orthem Grain
Brookings. SO :'-((10,
).-n,3rT1fTl<':nt

East Lansing, MI. 48824
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study. we detennined the species of Apanteles that parasitized early instar (1st-4th) JPB
in several populations in Michigan and apparent parasitism of early instar JPB by
Apanteles spp. and G.jumiferanae. Aspects of the life history of A. morrisi (Mason) were
also elucidated. Based on the information obtained, we suggest appropriate times for
sampling JPB to obtain estimates of apparent parasitism by these species.
MATERIALS AND METHODS
JPB collections were made at four locations [Grand Traverse Co. (GR), Wexford Co.
(WE), Crawford Co. (CR), and Oscoda Co. (OS)l in Michigan's Lower Peninsula during
the summers of 1983 and 1984. During the years this study was done, JPB populations at
the locations were in the latter stages of an outbreak which began in 1979 (Battenfield
1982, 1983). Study plots were constructed in the following manner. At each location a
random point was selected along a 0.5- km stretch of road passing through a mature jack
pine (Pinus banksiana Lamb.) stand. From the selected point an azimuth was followed a
random distance (between 60 and 160 m). The point reached by this method was
established as the plot center and a plot of ca. 25~m radius was established around the
center point. Samples were obtained by examining the terminal 46 cm of a single branch
taken from the lower crown and mid-crown of each of 15 dominant or codominant jack
pine trees selected randomly from within each plot. All larvae on each branch were
removed and placed in plastic cottage-cheese containers (10-15 larvae per container) with
0.5~cm holes cut in the top. The holes were covered with fine cloth which pennitted
enough air flow to prevent excessive moisture from building-up within the containers.
Freshly cut foliage was placed in each container daily. Parasites that had emerged from
hosts and pupated were removed, placed in I-dram glass vials, and reared for emergence
of adults.
In 1983, two host collections were made at the GR site; one when JPB were primarily
2nd-3rd instars (4 June 1983) and later when primarily 4th~5th instars were present (23
June 1983). A single host collection was made at the WE site when 4th-5th instars were
predominant in the population (22 June 1983).
In 1984, JPB were collected when 4th~5th instars predominated at the CR site (12 June
1984), and when 5th-6th instar JPB predominated at the OS site (20 June 1984).
Degree-day accumulations (DD) (Baskerville and Emin 1969), base 8.9°C. beginning
1 April of each year were obtained from records maintained by the Cooperative Crop
Monitoring System (CCMS) from the nearest weather station to each of the sites.
The seasonal activity patterns of adult parasites were studied during 1983 using Malaise
traps (Nyrop 1982) to measure the relative densities of adults of each species over time.
A single trap was positioned against the bole in the upper half of the crown of each of 25
randomly selected dominant or codominant jack pine trees in the GR site. The traps were
checked at 0800 h each day from 13 June through 20 August.
RESULTS AND DISCUSSION
A. morrisi was not reared from the sample of IPB collected at 194 DD (4 June) at the
GR sitc (Table 1). At this time JPB were in the flower-mining stage and 3rd instars
predominated. However, the species was reared from a sample taken at 475 DD (23 June)
from the same site. Assuming that parasitism by A. morrisi followed a binomial
distribution, the probability of obtaining no parasitized JPB in the early sample could be
calculated (Hogg and Craig 1978). If the true proportion of JPB parasitized by A. morris!
was 0.061 (Table 1), the probability of obtaining no parasitized JPB in the early sample
would be approximately 0.00002. In this simple calculation, we have used the estimated
proportion in place of the parameter's actual value, but the low probability obtained
indicates that it is unlikely that A. morrisi had parasitized a significant number of hosts
before 194 DD. The two periods of seasonal activity of A. morrisi (at ca. 375 DD and later
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Table l. Parasitism of C. pinus larvae in samples from four collection sites.
Collection site

Degree days
.so. hosts

GR

GR

WE

CR

OS

194
176

475
244

455
141

525
1I0

659
55

13.9 ± 2.2
6.1 ± 1.5
3.3
1.1

10.6 ± 2.6
4.3 ± 1.7
2.1 ± 1.2

3.7
19.1
16.4 ± 3.5
5.5 ± 2.2

30.9 ± 6.2
14.5
4.7
9.1
3.1

Percent parasitism (± se)
.4.. fiuniferanae
.4. momsi
G. fumiferanae

3.0
20.5
0
2.8 ± 1.2

at ca. 800 DD) (Fig. 1) provided further evidence that A. morris! parasitized JPB in the
(after ca. 200 DD), after JPB had emerged from overwintering hibernaculae and
commenced feeding. The second activity period corresponded with the emergence of
adults of the generation that parasitized lPB. The catch of females of all three parasite
species increased as accumulated degree-days increased beyond 700 DD (Fig. 1). Peak
emergence of adult A. morris! precedes emergence of A. fumlferanae which, in tum,
precedes that of G. fumiferanae (Elliott 1985). Female A. morrisi were caught in traps at
the earliest date. followed by female A. fumiferanae and then female G. fumiferanae. The
catch of A. fumiferanae and G. fumiferanae continued to increase to reach maxima
between 1100 and 1200 DD (Fig. I). Maximum catch per trap of A. morrisi in the second
period of activity was about 10% that obtained for A. fumiferanae or G. fumiferanae in
spite of the fact that the parasitism rate and henee density of A. morrisi adults was of the
same order of magnitude as that of the other species. No A. morris! were caught after ca.
860 DD. The discrepancy in the numbers caught and temporal pattern of catch of A.
morris; may have occurred because the species did not search jack pine for hosts after
emerging from JPB. or at least did not search in the same microhabitats on jack pine as
the other species. The first peak in activity of A. morris! was also low but a proportion of
the total acti\ity may have occurred before trapping began at ca. 325 DD.
Estimates of apparent parasitism ranged from 10.6 to 30.9,4.3-16.4, and 2.1-9.1 % for
A. fumiferanae. A. morris!, and G. fumiferanae, respecti vel y. No Microgasterinae other
than A. morris; and A. fumiferanae were reared from early instar JPB.
Based on the observed bimodal seasonal pattern of adult female A. morrisi activity it
is likely thai ovilXlSition was complete by 450--500 DD. At the GR site in 1983, the JPB
population was near peak 4th instar at 450--500 DD. If A. morrisi parasitizes 3rd-4th instar
JPB and there is no differential mortality among parasitized larvae and those not
parasitized from the time parasitization takes place and host collections are made, 500 DD
would be an appropriate time to sample to estimate apparent parasitism by A. morrisi. If
sampling is done earlier. some parasites would still be oviposting, and if sampling is done
later. some parasites would have emerged from hosts.
Lewis (\ 9(0) found that spruce budworm larvae parasitized by A. fumiferanae and G.
fum(feranae suffered proportionally fewer dispersal losses than unparasitized larvae.
However. :Mcleod ( 19771 observed no differential losses among parasitized and unparasit
ized lan·ae. PupaIion of A. fumiferanae and G. fumiferanae does not occur until after 550
DD I Elliott 19851: bence. sampling JPB larvae to determine parasitism rates by the two
species may be done at any point up to 550 DD. Until more is known regarding the
existence of differential mortality of unparasitized and parasitized larvae, the dissection of
O\'er,,;intering lan'ae as described by Kemp and Simmons (1976) would be the most
reliable method for estimating apparent parasitism by A.fumiferanae and G.fumiferanae.
Life table studies (Foltz et aL 1972, Batzer and Jennings 1980) indicate that
unidentified sources of mortality operating on 3rd-6th instars are significantly correlated
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with total generation survival. Parasitism by A. morrisi may have been responsible for a
portion of this unidentified mortality since in both studies the sampling intervals were
constructed in such a way that impact due to this parasite could go partially undetected.
Oviposition. larval development. and subsequent emergence from hosts could have
occurred in the time span between consecutive samples. Miller and Renault (1976) studied
parasitism in endemic populations of the spruce bud worm and found that parasitism by
Apameles species other than A. fumiferanae was generally low and sporadic. They
concluded that this was influenced bv the abundance of alternate or alternative hosts
which. in part. determined the abundance of the parasites. The ubiquity of A. morrisi in
the JPB populations suryeyed in this study indicates that parasitism by this species may
be an important source of mortality in outbreak and declining popUlations of JPB.
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THE INFLUENCE OF HOST CONDITION ON POST FIRST INSTAR
DEVELOPMENT OF THE BRONZE BIRCH BORER, AGRILUS
ANXIUS (COLEOPTERA: BUPRESTIDAE)
John Ball! and Gary Simmons 2
ABSTRACT
The bronze birch borer is a contributing factor in birch dieback. It is believed that host
condition has a major influence on the development of the borer. We found that the host
tree's apparent condition does not appear to influence post first instar development.

Birch dieback is a major ornamental problem in the Midwest. It is one of the complex
declines that cannot be traced to a single cause. Declines generally begin with an
environmental stress, followed by colonization by an insect or disease. The organism
associated with birch dieback is the bronze birch borer (Agrilus anxius Gory). This small,
bronze buprestid is native to the northern forests of North America. It is host-specific to
birch (Betula spp.); the principal urban host is the European white birch (B. pendula
Rom).

Host condition has long been considered an important influence on bronze birch borer
development. A healthy tree may influence the survival and development of the larvae.
Balch and Prebble (1940) found that larvae in healthy trees died after producing galleries
one or two feet long (30.5-61.0 cm). Barter (1957) observed that while the first instars
nonnally feed for a distance of three inches (7.5 cm) before molting, they may die after
feeding only a short distance in a healthy host.
Lm'ae feed on living phloem tissue (Anderson 1944) and tend to feed toward fresh
tissue (Barter 1957). Dead phloem tissue is unsuitable for larval development (Barter
19571. However. Balch and Prebble (1940) stated that maturing larvae can not reach the
pupal stage in a living branch. Therefore, according to these reports, the adult borer must
seek out a living tree for the larva but the tree, or the portion of it, containing the larva
must die for the borer to complete its life cycle.
Why they believed the phloem must die before the borer can emerge is unclear. In a
study of the bronze poplar borer (A. ligarus) Barter and Brown, Barter (1965) found it
could pupate in Ji\ing tissue but had difficulty emerging. This was due to the callus that
developed around me emergence hole. The emergence hole for the bronze birch borer and
bronze poplar borer is cut to just beneath the bark by the larva before pupation (Barter
19571.
The host condition is considered to be the doninant factor in the interaction of the birch
and the borer (Carlson and Knight 1969). However, at which life stage resistance is
occurring and what plant resistance mechanisms are involved have not been studied in
detaiL We elected to study the role of host condition in influencing the post first ins tar
development of the borer.

!Horticultural Technology Department. University of Minnesota Technical College, Waseca,
MN 56093.
eOepartmem of Entomology. !'.1:ichigan State University. East Lansing, MI 48824.
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Table 1. European white birch crown vigor classification
Ciass

Criteria
A full crown.

2

Scattered flagging at top of crown.

3

Upper crown twig and small branch dieback.

4

Dieback of at least 1 m in several branches.

5

More than one-half of the crown devoid of
foliage, but still having at least several
branches with foliage.

METHODS
The study was conducted in an abandoned tree nursery in Richland, Michigan. Twenty
European white birch trees representing four different stages of dieback were selected;
five trees each represented classes I through 4 (Table I) (Ball & Simmons 1980). The
trees were 4-10 cm DBH and 10-15 vears old. To test the influence of host tree condition
on the borer, larvae were implanted into the trees (Barter 1957, Carlson and Knight 1969).
Transfer techniques were similar to those of Barter, but the bark was held in place by duct
tape rather than beeswax. On I August 1981, a class 3 European white birch was felled.
Branches were cut and carried to the nursery where they were peeled to obtain bronze
birch borer larvae. Once a larva was located, the urogomphi length was measured to
determine the instaL Second instars were then placed into a 3-cm V-shaped groove cut
into the cambium region approximately 50 cm from the base of the tree. The bark was
replaeed over the cut and covered with duct tape. First instars would have been utilized
in this study but we were not able to successfully remove them from the host tree.
Since the purpose of the implant operation was to examine the effects of host condition
on borer development and survival, we did not want to altar the tree condition. A large
larvae popUlation could
a tree, adversely affecting tree health. To reduce this
possiblity, only one larva was transferred into each tree.
The following May (1982) cages were placed on the trees to collect emerging adults.
The cages were 70 em long, with separate zippers along one side. Cages were placed over
possible emergence sites for the implanted borers. Locating the sites did not present any
difficulties. A rusty brown spot often appears on the bark covering the pupal cell
(Slingerland 1906). This stain was a reliable indicator of a borer's location. The faint
outline of a D-shaped hole often was spotted in the stain. Cages were positioned over the
stains and checked daily.
At the end of June 1982, the trees were felled and the bark peeled back to expose the
cambium region. Galleries of the implant borers were measured with a plan measure
(Dietzgen model 1719B). The galleries were also followed to make sure the borers exiting
were the same ones implanted.
RESULTS AND DISCUSSION
Two days after the implant operation. the implanted larvae were checked. Most had
already moved into the tree, but seven had been crushed when bark was positioned over
the cut. This left three trees from each class successfully implanted, with four in class 3.
Thirteen of the implanted larvae completed their development and emerged. Our
sample size was small and our results and data interpretation must be viewed in that light.
However, in five trees that were otherwise not attacked. the implanted larvae successfully
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Table 2. Average gallery length (± SE) of Agrilus anxius in different crown vigor classes of Betula
pendula.
Classes

Average gallery length (em)

I and:?
3 and 4

26.33 ± 1.62
27.81 ± 1.36

n

6
7

t-statistic

-0.71a

aNot significant at 0.05 level.

completed their development. The condition of the tree did not appear to influence the
survival of the borers. There was no significant difference in gallery lengths of larvae in
high-vigor trees (class I and 2) versus low-vigor trees (class 3 and 4) (Table 2). The
beetles showed no apparent difficulty in emerging from healthy trees. The implants were
not prevented from emerging by tree growth. Generally, the area around the cell died
rather than producing callus tissue.
Our observations of the felled trees showed that borers only colonized class 3 and 4
trees. The class 3 trees had an average borer/bole density of 0.6 borersllOO cm2 of inner
bark. while class 4 was slightly higher, 10 borerslIOO cm 2 • A single borer was found in
a class I tree; otherwise the class I and 2 trees were not colonized, other than by the
implant operation. This is consistent with what we observed in an earlier study (Ball and
Simmons 1980). But if implant larvae were capable of surviving in all trees, regardless of
their condition, why weren't successful attacks found in all trees?
Healthy trees may prevent successful attack by killing the larvae before they reach the
second instar. Resistance could occur either before or after the first instar penetrates the
bark surface. Heering (1956) observed the newly hatched A. viridis L. larvae could be
repelled by sap flow as they attempted to penetrate the bark. The other possibility is that
the larvae may penetrate the bark but die soon after. However, Barter (1957) found that
early instars were better able to survive more vigorous inner bark than later instars, though
how he determined this was not stated.
The possibility exisits that the bronze birch borer may not be able to successfully attack
healthy trees because of resistance during the first instar. This will be examined in a future
study.
SUMMARY
The bronze birch borer is believed to be unable to complete its development in healthy
birch. However we found that second instars could complete their development in healthy
trees. The length of their galleries was not influenced by the condition of the host nor were
the adults prevented from emerging.
LITERATURE CITED
Anderson. R. F. 1944. The relationship between host condition and attacks by the
bronzed birch borer. J. Econ. Entomo!' 37:588-596.
Balch.R. E. and J. S. Prebble. 1940. The bronze birch borer and its relation to the dying
of birch in ~ew Brunswick forests. For. Cbron. l6:l79-20l.
Ball, 1. and G. Simmons. 1980. The relationship between bronze birch borer and birch
dieback. J. Arboricult. 6:309--314.
Barter. B. W. 1957. Studies of the bro07.e birch borer, Agrilus anxius Gory, in New
Brunswick. Canadian Entomol. 89: 12-36.
1965. Survival and development of the bronze poplar borer Agrilus liragus Barter
& Brown (Coleoptera: Buprestidae). Canadian Entomo!. 97:1063-1068.

76

THE GREAT LAKES ENTOMOLOGIST

Vol. 19, No.2

Carlson, R. W. and F. B. Knight. 1969. Biology, taxonomy and evolution for four
sympatric Agrilus beetles (Coleoptera: Buprestidae). Contrib. Amer. Entomol.
Instit. 4(3): 1-105.
Heering, H. 1956. Zur biologie, 6kologie, und zum massenwechsel des buchenprachtkiif
ers (Aqrilus vividis L.). Ztsch. Anqew. Entomol. 38:250-267.
Slingerland, M. V. 1906. The bronze birch borer: An insect destroying the white birch.
Cornell Agric. Exp. Sta. Bull. 234:63-78.

1986

THE GREAT LAKES ENTOMOLOGIST

77

EFFECT OF BETA·EXOTOXIN OF BACILLUS THURINGIENSIS ON
DEVELOPMENT OF THE MEXICAN BEAN BEETLE
(COLEOPTERA:COCCINELLIDAE)
George E. Cantwell', William W. Cantelo l , and Michael A. CantwelF
ABSTRACT
Mexican bean beetle larvae were fed several levels of Bacillus thuringiensis var.
thuringiensis that contained the beta-exotoxin to determine if this treatment would extend
or prolong their preadult life span. Feeding on bean foliage sprayed with a solution
containing 2 g/liter active ingredient diluted I: 10,000, extended the life by 7.5 days.
Dilutions of I: 15,000 and 1:20,000 extended the life by over 3 and 5 days, respectively.
By extending the time of larval development, enhancement of parasite or predator activity
may occur.

It has been established that the beta-exotoxin of Bacillus thuringiensis var. thuringi
ensis (B.t.t.) will kill the Mexican bean beetle, Epilachna varivestis Mulsant, (MBB)
larvae (Cantwell and Cantelo 1982), and that this material has no apparent effect on
certain predators and parasites of this and other beetles. One of the larval parasites of the
MBB, Pediobiusfoveolatus Crawford (Hymenoptera:Eulophidae), which is also effective
in reducing field populations of the MBB, has been used in conjunction with B.t.t.
beta-exotoxin by Cantwell et al. (985), the combination producing an additive killing
effect which resulted in excellent control of this pest.
Other researchers have shown that sublethal doses of B.t.t. will enhance the activity of
pard5ites of other insect species by extending the time of larval development, thereby
allowing a longer time period in which the parasite may operate. Ticehurst et al. (1982)
reported a one-week temporal lag in development of gypsy moth larvae when fed Dipel,
a commercial product of B.t. which does not contain the beta-exotoxin.
The purpose of this study was to determine if the B.t.t. exotoxin produced such a lag
in larval development of the Mexican bean beetle.

MATERIALS AND METHODS
Laboratory test, An experimental formulation of B.t.t. tested in this experiment was
supplied by Sandoz Inc., and referred to as SAN4IOSC-72. Dilutions of this material,
which contained 2!!:liter of the beta-exotoxin, were 1:5000, 1:10,000, 1:15,000, and
I :20,000. The test dilutions of B.u. were sprayed on upper and lower leaf surfaces until
run-off on greenhouse-produced lima bean (Phaseolus lunatus L.) foliage (cultivar
'Henderson'). Controls were sprayed with water. After drying, the primary leaves were
removed and placed singly on discs of moistened filter paper in large petri dishes (125 by
25 rnm). Neonate MBB larvae, one per petri dish. were transferred onto the leaf. All dishes
'Vel!etable Laborator... Al?licultural Research Service, USDA, BARe-East, Beltsville, MD
20705. 
2Plant Protection Section. '\-{aryland Department of Agriculture, Annapolis, MD 21401.
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were held at 20°C and 65% RH with 15:9 L:D regime. Fresh, treated foliage was added
as needed at least once every 4 days during instars 1 through 3, and at least once every
other day through instar 4. Each replication consisted of between lO to 30 dishes.
Observations were made daily and the stage of eaeh individual was noted.
All dishes were maintained until adult eclosion or death of the individual. Treatment
groups comparing the various levels of SAN4IOSC-72 were as follows: Control, five
replications with 90 individuals total; I :5000, two replications with 40 individuals total;
l:lO,Ooo, three replications with 60 individuals total; 1:15,000, three replieations with 60
individuals total; and 1:20,000, four replications with 80 individuals total.
The number of days per stage and the total development time of the MBB larvae were
calculated. The variances were analyzed to determine if significant differences existed in
the development time of each stage. Differences between the means were determined by
Duncan's multiple range test.
Field test. In 1984 a test was conducted at Beltsville, Maryland, using B.t.t. at
dilutions of 1:500 and I: 1000 on field-grown beans. Snap beans (Phaseolus vulgare L.),
'Provider' cultivar, were planted in rows 45 cm apart on 17 May at a depth of 25-30 mm.
After germination a field cage measuring 2 by 2 by 2m was placed over four adjoining
rows of beans at every 4 m along the row for a total of21 cages. On 8 June the cages were
separated into three treatment-level groups and the beans therein sprayed. Spray was
applied with compressed air sprayers. Controls were sprayed with water. After drying,
each cage was infested with 100 2nd instar, 96-h-old MBB larvae. Spray treatments were
repeated at weekly intervals for 4 weeks.
Weekly sampling commenced on 15 June and continued through 29 June. Sampling
procedure consisted of randomly selecting three different sections of plant rows 0.7 m in
length per cage, and recording the number and stage of individual MBB encountered.
Final data were collected on 6 July by recording all MBB in each cage.
RESULTS AND DISCUSSION
Feeding on foliage treated with sublethal doses of B.t.t. beta-exotoxin increased the
longevity of the MBB as the data in Table I indicate. Although feeding on the highest
concentration of 1:5000 resulted in 100% mortality before the 3rd instar, feeding on the
next lower concentration of 1: 10,000 extended the preadult time by nearly 7.5 days. This
represents a 40% increased beetle development time during which parasitism or predation
may take place. Feeding on more dilute concentrations I: 15,000 and 1:20,000 extended
the preadult life by over three and five days respectively. At the highest sublethal dose
tested, each of the life stages except that of the prepupa was extended significantly past
that of the untreated. All of the treatment levels significantly extended the insects time in
the 1st and 2nd instar. Extension of preadult life stages of the MBB may improve the
likelihood of parasitism by Pediobius foveolatus since its host range is the 2nd instar
through the prepupal stages of the Epilachnini.
This extension of the preadult life span is similar to the situation described by
Retnakaran and Bird (1972) in poxvirus-infected spruee budworm, Choristoneura
fumiferana (Clemens), (Lepidoptera:Tortricidae) and also by Doughterty et. al. (in press)
in granulosis-infected eabbage loopers, Trichoplusia ni (Hubner), (Lepidoptera:Noc
tuidae). It has also been reported that some microorganisms such as the protozoan parasite
of Tribolium confusum Jacquelin DuVal produce a substance that mimics juvenile
hormone and its effects are manifested by time extensions in preadult development (Fisher
and Sanborn 1964).
It may be speculated that the B.t.t. exotoxin has a directly or indireetly stimulating
effect on the beetle's eorpora allata thereby increasing the release of enough juvenile
hormone to maintain the larval state. Such false juvenilizing effeets have also been
produced by other compounds such as colchicine, oleic acid, methanol, and certain
carbamate insecticides. (Hintze-Podufal 1971, Slama 1961, Smith 1971). However, since
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Table I. Effect of the beta-exotoxin of Bacillus thuringiensis var. thuringiensis on longevity of the
Mexican bean beetle
Mean number of days in each life stage"
Treatment
dilutionb

I st and 2nd lnstar

3nd lnstar

4rd lnstar

Prepupa

3.8SB
S.S8A
S.27A
S.OOA
5.71A

4.16B
3.39C
4.16B
S.17A
dead

3.820
4.69C
SASB
7.2SA

4.ISA
4A6A
4.94A
4.57A

Control
1:20,000
1:IS.OOO
1:10,000
1:5000

Pupa

Total time
2nd-pupa

2.80B
3.90AB
4.06A
4.29A

18.8
22.0
23.9
26.2

aMeans followed by the same letters in the same column are not significantly different at the 5%
level using Duncan's multiple range test.
bSAN4IOSC-72 (2g/1 A.I.) supplied by Zoecon Corp., Wasco, California.

the treatments did not produce extra larval instars but an extended time in each instar, a
toxic suppression of feeding or metabolism may be as likely an explanation as stimulating
the release of juvenile hormone.
Another result of the upsetting or disruption of the delicate hormonal balance may be
the production of teratological conditions in insects. In the Coleoptera, feeding by larvae
of the Colorado potato beetle on sublethal doses of B.t.t. beta-exotoxin not only extended
the larval life-span but was responsible for teratologies in 6% of the adults as reported by
Burgerjon and Biache (1967) and Burgerjon et. al. (1969), and later confirmed by
Cantwell and Cantelo (1981).
Because of the high concentrations or frequency of B .t. t. applications used in the field
test. most of the 100 larvae released into each cage did not survive to the pupal stage,
hence we were unable to determine if feeding on the beta-exotoxin caused a time lag in
beetle development in the field. At the dilution of 1:500 and 1: 1000 only 11 of the 1400
beetles reached the pupal stage, and only three became adults, compared to the untreated
where 482 adults formed from the 700 larvae released.
Our work indicates that feeding on sublethal doses by preadult stages of the Mexican
bean beetle on Bacillus thuringiensis containing the beta-exotoxin does indeed extend the
time spent in the various larval stages. This extended time provides a longer time period
in which parasites and predators may operate in further reducing the beetle population.
Additional work is needed to determine if this added benefit of extended time is offset by
feeding damage that may occur during this period.

Table 2. Effect of Bacillus thuringiensis exotoxin on development of the Mexican bean beetle.
Total Number of Mexican Bean Beetles on Each Sampling Date a
Treatment
dilution
Control
1:1000
1:500

22 June

IS June

29 July

6 July

L

P

A

L

P

A

L

P

A

L

P

A

183
33
28

0
0
0

0
0
0

44
15
18

130

0
0
0

0
0
0

33

263
2
0

0
0
0

0
0
0

482
3
0

5

1

5

6

aTotai number of .\fexican bean beetles on 14-m row of caged beans per treatment (2-m row per each
of seven cages per treatment), L = larvae, P = pupae, A = adults.
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EFFECT OF BEAUVERIA BASSIANA ON UNDERGROUND STAGES
OF THE COLORADO POTATO BEETLE,
LEPTINOTARSA DECEMLINEATA
(COLEOPTERA: CHRYSOMELIDAE)
George E. Cantwel]l, William W. Cantelo!, and Robert F. W. Sehroder 2
ABSTRACT
Tests were conducted to determine the effect of the fungus Beauveria bassiana (B.b.)
on underground
of the Colorado potato beetle (CPB), Leptinotarsa decemlineata.
Two levels of B.h.,
g/m2 and 75 g/m2 , were suspended in water and sprinkled over
the surface of the ground in cages to which CPB were added, either as overwintering
adults or as 4th instar larvae of the 15t generation. Efficacy of treatments was determined
by counting emerged adults. Neither level of B .b. increased mortality in overwintering
adults. The highest level of B.h. caused a significant decline in emergence of adults
from the I st generation 4th instars. The 7.5 g/m 2 treatment levcl did not significantly
differ from control treatments.

Entomopathogenic fungi have been studied for over a century. However, it is only
within the past several decades that special efforts have been focused on fungi as possible
agents for biological control of insects. One of the fungi, Beauveria bassiana (B.h.),
shows some promise in insect control and is known to attack the Colorado potato beetle,
Leptinotarsa decemlineata (Say) (CPB). As with most fungal diseases, B.h. development
progresses from attachment of the infective unit to the insect's cuticle, to germination and
penetration of the body wall: The fungus then multiplies within the host and produces
toxic metabolites which eventually kill the insect.
A positive correlation between the number of infective spores and mortality by mycosis
has been established (Ferron 1978) and the Soviet authors Goral and Lappa (1973)
recommended their industrial preparation of "Boverin" at ca. 1-2 x lOLl spores/ha for
CPB control. The purpose of our study was to determine if a single soil application of an
experimental preparation of B .h. would reduce populations of the generation of the CPB
that oyerv.intered or of the first generation adults.
MATERIALS AND METHODS
From August 1984 until the summer of 1985 four separate tests were conducted using
the fungus B. hassiana against underground stages of the Colorado potato beetle. The
B.h. used in these tests was an experimental preparation supplied by Abbott Laboratories
of North Chicago. Illinois.

'Vegetable Laboratory. Horticulture Science Institute, Agricultural Research Center, USDA,
Agricultural Research Service, Beltsville, MD 20705.
2Beneficial Insect Laboratory. Insect Identification and Beneficial Insect Introduction Institute,
Agricultural Research Center. L'SDA, Agricultural Research Service, Beltsville, MD 20705.
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The first test was run to determine the effect of B.h. on overwintering adults. On 7
August 1984, two tomato plants were enclosed in each of21 2 by 2 by 2-m cages. Into
each cage were placed 100 field-collected adult CPB. Treatments consisted of two
levels of B .h., 75 gim2 or 7.5 gim2 , or water as a control. The B .h. powder, identified as
ID# 6112 8-2384; AARC- 012-129, contained I x 1010 sporesig and was suspended in
water and applied over the ground surface in 11.5 I watericage prior to seeding with
beetles. There were six replicates of each treatment plus three cages in which neither
beetles nor B.h. was added. The latter cages were used to detennine if a residual beetle
population existed in the soil. One cage in the control treatment was blown away during
the winter and had to be removed from the test.
Weekly counts of emerging adults were made from 22 April through 5 June 1985. The
data were analyzed using Duncan's Multiple Range test to detenrune differences among
treatments.
The second test was conducted in the late spring of 1985 at Beltsville, Maryland, using
202 by 2-m screened cages. Again, two B.h. treatments (Lot #76-015BR) were used, 75
g/m2 or 7.5 g/m2, each applied by sprinkling in 11.51 of water. There were nine replicates
of water control, six replicates of the low dose, and five replicates of the high dose. In this
test each cage contained three tomato plants and was seeded with 100 late 4th-instar CPB
larvae. Weekly counts of emerging adults were begun on 25 June and continued until II
July.
Test 3 was similar to test 2 except that it was conducted at Cheltenham, Maryland, and
consisted of 21 cages approximately 1 m-square with 50 late 4th-instars placed into each
cage. The B.h. was sprinkled over the surface in 3.8 I of water. Treatment levels were the
same as in test 2 with seven replicates of each treatment. Samples of collected adults from
tests 1-3 were held for three weeks for evidence of fungal infections.
A fourth test was started in early March 1985 in a field that harbored very large beetle
populations in previous years. This field had been planted yearly in tomatoes and potatoes
and was used primarily as a source of beetles for other tests. Each year the beetles in this
field totally stripped the foliage. The purpose of the test was to detennine the effect of
B.h. on a natural CPB overwintering popUlation.
The B.h. used in this test was ID# Lot 150-124-29056112. On 14 March 24 screened
cages were placed over rototilled soil. These consisted of 18 cages 1 by 1 m and 6 cages
2 by' 2 m. Two levels of B.h. were sprinkled onto the soil at the rates of 75 g/m2 or 7.5
g/m2 in 11.5 I of water in the large cages or 3.81 of water in the smaller cages. There were
eight replicates of each B.h. treatment and eight water controls. No CPB were placed into
the cages. Weekly observations for emerging adults were begun in late April and
continued through late June.
RESULTS AND DISCUSSION
Data for tests 1-3 are presented in Table 1. In each of these tests, statistical analysis of
the data revealed no significant differences among treatments (P < 0.05). In test number
one, in which 100 adults were placed into the cages, nearly 113 emerged from the soil the
following spring. In several cages over 50% emerged; the highest number counted was
62, which was in a cage with the 75 g/m2 level of B.h. The average number of
beetles/cage recovered in the unseeded cages was seven. This test was conducted in a field
that had a light CPB population which was not heavy enough to defoliate the tomato
foliage. The recovery of beetles in these three cages indicates that some of the natural
CPB population overwintered in this field.
In tests 2 and 3, 100 and 50 late 4th-instar larvae respectively were placed into cages
and allowed to pupate in the soil and emerge as adults. As in test I, the average number
of adults emerging was about 113 of those seeded and, as mentioned above, there were no
significant differences in emergence numbers among treatments.
When percent beetle emergence from tests 2 and 3 were combined there was a
significant difference in adult emergence between the highest level of B.h. treatment and
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Table I. Effect of Beauveria bassiana" on survival of underground stages of the Colorado potato
beetle. Leptinotarsa decemlineata.
Mean percent adult emergence from the soil b
1st generation adults
Soil
Treatment
B.b. 7.5 g/m2
B.b. 75 g/m2
Control

overwintering adults
Test I

Test 2

Test 3

Tests 2&3

29.8
35.3
33.8ns

38.8
28.0
49.2ns

62.6
43.6
62.0ns

50.8AB
36.5B
54.3A

"B.b. supplied by Abbott Laboratories and contained I X 1010 spores/g.
bMeans in the same column with the same letter are not significantly different (P < 0.05), by
Duncan's mUltiple range test.

the controls. However, emergence after the low treatment dose of 7.5 x 1010 spores/m2,
was not significantly different from the control treatment. Those adults from tests 1-3 and
held for observation exhibited no signs of B .h. infection after three weeks.
No data are presented for test 4, because there was no emergence into the cages from
the previous year's natural population. Weekly observations for emerging adults were
begun in late April and continued for two months. During this period only one adult CPB
was found in a total caged area of approximately 42 m2. One-acre plantings of potatoes
and tomatoes surrounding the test cages were subject to the usual annual heavy CPB
pressure and, as in previous years, the plants were completely defoliated. This indicates
that the 1984 natural beetle population did not diapause in the field that they had
completely defoliated, but migrated out of that field, probably in search of food. If this
migration is typical behavior, the use of B .h. or any other insecticide for control of
overwintering CPB populations in fields that have been completely stripped of foliage
would be futile because of the absence of a beetle population.
In spite of the extremely heavy dose of B .h. applied (75 x 1010 spores/m 2 of soil) in an
amount of water that drenched the soil, no significant reductions in CPB populations
could be effected. However, when results of both tests 2 and 3 were combined, a
reduction of 33% was obtained which was significant compared to that of the untreated
control. Our results are not as encouraging as those of Watt and LeBrun (1984); however,
our data cannot be directly compared because the test designs were not similar. These
authors used 2-3 x 1010 conidia or fresh blastospores/m 2 applied in water to soil under
cages. Their treatments were aimed at controlling first and second generation CPB. They
reported a 74% reduction of the 1st generation and a 77% reduction of the second. We
have no explanation for the obvious difference between the results of these tests.
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DEVELOPMENT OF CRANBERRY GIRDLER,
CHRYSOTEUCHIA TOP/ARIA (LEPIDOPTERA: PYRALIADAE)
IN RELATION TO TEMPERATURE
Sherri L. Roberts and Daniel L. Mahr l
ABSTRACT
The development of Chrysoteuchia topiaria was studied in controlled-temperature
chambers. Estimates of the threshold temperatures for the egg, larval, and prepupal-pupal
stages were 9.4,6.8, and 9.8°C, respectively. An overall threshold temperature for egg
to adult development was estimated to be 8.8°C. Degree-day summations above
thresholds averaged 107, 484, and 388 for the egg, larval, and prepupal-pupal stages,
respectively.

The cranberry girdler, Chrysoteuchia topiaria (Zeller), has been reported as a sporadic
but important pest on cranberries (Franklin 1950), commercial grass seed (Crawford and
Harwood 1959), and Douglas-fir nursery stock (Kamm et al. 1983). Larvae damage
cranberries by feeding on and girdling or severing the subterranean vines, resulting in vine
death. The larvae live hidden within and beneath the leaf litter under the aerial portions
of the vines, making larval monitoring unfeasible. Adult monitoring can be conducted by
sticky traps baited with sex pheromone (McDonough and Kamm 1979, Kamm and
McDonough 1982).
Degree-day (DD) accumulation can also be used to monitor development of insect
populations, but the developmental thresholds of stages monitored must be determined.
The effects of temperature on development of diapausing prepupae and developing pupae
of C. topiaria were studied by Kamm (1973). Kamm and MeDonough (1982) used a
prepupal developmental threshold of 5.5°C to investigate seasonal flight of C. topiaria in
grass fields. No indication was given as to how the 5.5°C value was obtained.
Although pheromone traps are eommercially available to growers to monitor seasonal
adult flight, additional information is necessary for precise timing of chemical control
applications. Adult control is impractical because flight activity occurs during cranberry
blossom time, when essential pollinators are active. Therefore, current control recom
mendations are aimed at the early larval instars. Development of seasonality models to
predict life stages of C. topiaria in commercial cranberry marshes in Wisconsin
conceivably can be based on a consideration of heat accumulation data and pheromone
trap catches. For a model to be predictive of egg hatch, it must include heat unit data for
egg development as well as adult eclosion.
The study reported here was designed to determine thresholds and thermal constants for
the development of all life stages of C. topiaria.

IDepartment of Entomology, University of Wisconsin, Madison, WI 53706. Present address for
S.L.R.: Cranberry Experiment Station, P. O. Box 569, East Wareham, MA 02538.
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METHODS AND MATERIALS
Developmental studies were conducted on individuals reared from eggs laid by
field-collected adult c'topiaria moths. Moths were collected in Wood County, Wiscon
sin, from commercial cranberry marshes by sweep-netting on 24 June, 2 July, and 15 July
1982, and taken to the laboratory. Laboratory studies were conducted in the Department
of Entomology, Russell Laboratories, University of Wisconsin, Madison.
Ovipositional cages were constructed using kerosene lantern globes and l-pt (473-ml)
cartons. The small mouth of the globe was covered with a cheesecloth square held in place
by a rubber band. A #2 filter paper was placed on the inside of the inverted carton lid.
A small hole was perforated in the center of the filter-paper-lined lid to receive a stem of
cranberry vine. The large mouth of the globe was placed on the carton and twisted into
place to form a seaL
Lighting was provided by four 91.4-cm fluorescent tubes located 15 em above the tops
of the globes. Five unsexed field-collected adults were placed in each cage and eggs were
collected daily.
Developmental studies were conducted in controlled temperature cabinets programmed
at constant temperatures of 12, 16,21,24, and 28°C. All experiments were conducted
under a 16:8 photophase:scotophase. Each insect was raised at the same constant
temperature through all stages of development.
Egg development. Egg development was studied at all five constant temperatures.
Eggs were removed daily from ovipositional cages and placed on 9-cm discs of moistened
filter paper in petri dishes (100 by 15 mm). The filter paper was remoistened as needed.
Table 1 lists the number of eggs tested at each temperature.
were checked daily for
hatching.
Larval development. Newly emerged first-ins tar larvae were transferred to 30-ml
plastic creamer cups provided with a cube of pinto bean diet (Bioserve diet, Bio-mix
#9240). Additional diet was provid<:d as needed. The larvae were observed every second
day and instar deternlinations were made by discarded head capsules; any mortality was
recorded. Last-instar larvae were provided with peat moss as a substrate for spinning
cocoons. Larval development was considered complete when the cocoon was spun.
Numbers of larvae tested at each temperature are shown in Table I.
PrepupaI-Pupal Development. In preliminary studies, high mortality occurred after
cocoons were opened to determine time of pupation. Therefore, development from
cocoon formation to adult eclosion ("prepupal-pupal development") was examined.
Cocoons within their 30-ml creamers were held in plastic boxes fitted with raised
hardware-cloth bottoms; water was added to help prevent desiccation. Developmental
rates were studied at 16, 21, 24, and 28°C. Because of 100% larval mortality at l2oe,
prepupal-pupal development was not investigated at that temperature. Table 1 lists the
number of cocoons at each temperature. The creamers were observed daily and numbers
of emerged moths were recorded.
Calculation of Developmental Thresholds. The threshold temperatures for develop
ment were estimated using the X-intercept and least-variability methods (Arnold 1959).
Experiments were observed every 1-2 days and hatching, cocoon spinning, and adult
eelosion were recorded. Average days at each stage were then converted to percent
development per day and plotted against respective temperatures. An extrapolation of the
computed regreSSion line to X-intercept provided an estimation of the temperature at zero
rate of development. This temperature is assumed to be the developmental threshold
(X-intercept method).
The second method involved calculation of the coefficients of variability over a range
of theoretical bases. Degree-day summations for each temperature were calculated at a
number of different base temperatures by using the formula
DD = Y (xt-bt)
where DD
degree-day summation, y = development time in days, xt
mean
temperature during development, and bt = base temperature. The coefficient of
variability was computed with the formula
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Table 1. Temperatures in relation to percent survival, average number of days required for
development, average developmental rates (percent development per day), and degree days above
calculated thresholds required for development of the egg, larval, and prepupal-pupal stages of
Chrysoteuchia topiaria.

Degree days
Stage

Avg.
temp.
eC)

No. of
viable
individuals

12
16
21
24
28

352
361
417
398
354

12
16
21
24
28

63
347
273
283
300

survival

Avg.
days for
development

development
per pay

Leastvariable

X-intercept

17
96
65
71
80

37.0
18.2
9.6
6.1
6.4

2.7
5.5
10.4
16.5
15.7

(9°C)"
111.0
127.7
114.8
90.9
121.0
113.1

(9A°C)a
96.2
120 A
111.0
88.5
118.5
106.9

(7"C)a

(7.3 o C)a

470.9
472.6
468.0
568.3
494.5

455.3
462.5
459.7
560.1
484.4

(8.9°C)"

(9.8°C)"

418.0
469.7
387.9

365.9
434.8
364.8

425.2

388.5

%

%

Egg

Avg.
Larval
15
35
16
6

52.3
33.8
27.5
27.1

1.9
2.9
3.6
3.7

Avg.
Prepupa
pupa
16
21
24
28

54
97
45
17

43
72
71

12

59.0
38.8
25.7
27.5

Avg.

1.7
2.6
3.9
3.6

"Calculated developmental thresholds.
CV = s100 I xDD
coefficient of variability, s
standard deviation of sample for DD
where CV
summations, and xDD
mean of degree-day summations above eaeh base temperature.
The base closest to the true threshold temperature for development should have the mean
with the lowest coefficient of variability (least-variability method).
RESULTS AND DISCUSSION

Embryonic Development. Percent survival at each of the five temperatures is shown
in Table 1. These percentages were calculated from the number of viable eggs, not the
total number of eggs tested in the experiment. The low survival at l2°C is similar to that
reported by Heinrichs and Matheny (1969), who reported only 3% survival at lOoC. At 25
and 15°C, they reported 93 and 67% survival, respectively.
Extrapolation of the regression equation (y = ~0.OO87 + 0.0094X) for egg
development vs. constant temperatures indicated an X-intercept developmental threshold
of 9.4°C (Fig. 1). The thermal requirement for embryonic development averaged over all
constant temperatures with 9.4°C as a base was 106.9 DD. The least-variability analysis
gave a similar estimate of the threshold temperature. The mean with the lowest coefficient

w
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Fig. I. Developmental threshold temperatures for egg, larval, and prepupal-pupal development of
Chrysoteuchia topiaria, as determined by the X-intercept method.

of variability (12.33) resulted in a base temperature of 9°C (Fig. 2) and was used to
calculate a thermal requirement for development of 113.3 DD. This value was slightly
above the 106.9 DD obtained with the X-intercept developmental threshold of 9.4°C.
Larval Development. Larval survival at the five temperatures is given in Table I. High
mortality during the first instar at all temperatures resulted from handling of delicate
larvae, and from the larvae being caught in the moisture present on the surface of the diet.
Total larval development took an average of 52.3 days at 16°C, 33.8 days at 21 DC, 27.5
days at 24D C, and 27.1 days at 28°C (Table 1). The three low temperatures showed a
linear increase in developmental rates. This coincides with the linear middle section of a
sigmoid developmental velocity curve. At 28 C development took less than one additional
day over the time required for development at 24°C.
The X-intercept method, with a linear regression equation of y
-0.0153 +
0.002.J.X, yielded a developmental threshold of 7 .3°C for the larval stage (Fig. 1). Larval
data for instars 6, 7, 8, and 9 were treated together, due to a low number of individuals
developing past the sixth instar. A developmental threshold of 7D C was calculated using
the least-variable method (Fig. 2). Average degree-day summations were calculated to be
484.4 DD for the X-intercept method and 494.5 DD for the least-variable method.
Prepupal-Pupal Development. Survival was 43% at 16°C, 72% at 21 DC, 71 % at
24°C, and 12% at 28 DC (Table I). At 28T only two adults eclosed; therefore, the data
were not used in calculating threshold temperatures.
Combined prepupal and pupal development took an average of 59.0 days at 16°C, 38.8
days at 21°C, and 25.7 days at 24°C. The X-intercept linear regression equation (y =
-0.0267 + O.0027X resulted in a developmental threshold of 9.8°C (Fig. 1), while
least-variable analysis gave a developmental threshold of 8.9°C (Fig. 2). Degree-day
summations for the prepupal-pupal stage were 425.2 DD with 8.9°C as a base threshold
and 288.5 DD using 9.8 D C. These threshold values are significantly higher than the 5SC
reported for overwintering larvae by Karrun and McDonough (1982).
Developmental thresholds for each stage, egg, larval, and prepupal-pupal, were
averaged to obtain a total developmental threshold of 8.8°C for C. topiaria and
D
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Fig. 2, Developmental threshold temperatures for egg, larval, and prepupal-pupal development of
Chrysoteuchia topiaria, as determined by the least-variability method.
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degree-day summations of 107, 484, and 388 DD, respectively. Total heat units of 979
DD are required for development from oviposition to adult emergence.
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CHEMICAL, NATURAL, AND CULTURAL CONTROL OF
HYADAPHIS TATAR/CAE (HOMOPTERA: APHIDIDAE)
ON HONEYSUCKLE
D. L. Mahr and T. G. Ditt]!
ABSTRACT

Hyadaphis tataricae is an aphid pest of honeysuckle relatively new to the Great Lakes
and midwestern regions of North America. Feeding results in severly deformed terminals
(witches' brooms). Studies were conducted on natural, chemical, and cultural control.
Foliar-applied systemic insecticides provided excellent knock-down and 3-4 weeks of
residual control. Although diazinon also provided good knock-down, its residual activity
was shorter. Malathion provided suppression but did not protect plants from injury. A tree
and shrub soap wash did not provide control. Oxydemeton methyl provided best results
of soil-applied systemics.
Of 385 aphidophagous predators collected, 85% were syrphid larvae. The remainder
were Coccinellidae and Chrysopidae. About 140,000 aphids were examined microscop
ically without visual evidence of insect pathogens and with only one mummified
(parasitized) individual. Dormant pruning of previously broomed terminals resulted in
increased vegetative growth of the plants and larger early season aphid populations. There
was no visible difference in pruned vs. unpruned plants at the end of the growing season.

Hyadaphis tataricae (Aizenberg) infests the terminals of tatarian honeysuckle,
Lonicera tatarica, its cultivars, and some related species (Boisvert et al. 198 L Voegtlin
1982). An introduced species, the first North American record was from Quebec, Canada
(Boisvert et al. 1981). The first United States record was from Lake Co., Hlinois
(Voegtlin 1981). Since 1979, it has spread rapidly throughout the Great Lakes states and
upper Midwest. Although found for the first time in Wisconsin in 1979, within two years
it had been recorded from 27 Wisconsin counties, primarily in the southern two-thirds of
the state.
H. tataricae damages Lonicera by feeding on the terminal portions of the stems.
Aphids first settle on the dorsal sllIface of developing leaves. Their feeding results in the
leaf tightly folding dorsally along the midrib, with the aphids found within the folded
leaves. Leaf growth stops shortly after feeding, but secondary vegetative bud develop
ment produces new terminals that are rapidly infested. The ultimate result is a profusion
of short, weak terminal stems with very stunted leaves. In late summer, infested foliage
dies prematurely. The following spring, the infested terminals are found to have been
killed, with unsightly dead "witches' brooms"persisting.
Until the arrival of ll. tataricae, Lonicera tatarica had been considered to be a
low-maintenance landscape plant, capable of thriving under a variety of soil, light, and
moisture conditions, and without major insect or pathogen problems. Although environ
mentalists have discouraged the use of the plant, primarily because it is rapidly invasive
and highly competitive in prairie and woodland habitats, it has been extensively
propagated by nurseries and widely used in landscaping. In some
tatarian
'Department of Entomology, University of Wisconsin, Madison, WI 53706.
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honeysuckle has been used as a hedge surrounding homes or institutional grounds and
removal and replacement would be very costly. Because of the severity and persistence of
injury, we undertook an evaluation of chemical, natural, and cultural controls of H.
tataricae.

METHODS AND MATERIALS
Chemical Control
Six chemical control tests of H. tataricae were conducted. Test I (1982) was a
comparison of foliar sprays. Tests 2-4 (1983) were also test~ of foliar sprays. Tests 5--6
(1983) were evaluations of soil-applied systemic insecticides. All studies were conducted
on established landscape plants in various commercial settings in Madison, Wisconsin. At
each study site except one, all plants were of the same cuitivar, but cultivar names were
not determined. All plants at all locations showed signs of prior infestation.
The following materials and rates were used in the foliar spray studies: acephate
(Orthene 15.6% EC) at 14.8 mlJgal (22.2 ml/gal in Test I), malathion (50% EC) at 9.9
ml/gal, oxydemeton methyl (MetaSystox-R 25% EC) at 7.4 mUgal, diazinon (50% EC) at
19.7 ml/gal, dimethoate (Cygon 2E) at 19.7 mllgal, and soap (ACCO Tree and Shrub
Wash, Acme Chemical Co.) at 18.9 ml/gal. All foliar sprays were applied with a Hudson
Industro sprayer to full coverage. Soil treatments will be described under the specific
tests.
Samples were collected by removing terminals with pruning shears and immediately
placing all terminals for a replicate in a labeled jar of 70% ethanol. Samples were returned
to the lab for sorting and counting under a stercozoom microscope. During microscopic
examination, all leaves were unfolded and all aphids washed from the plant material.
Samples were then floated onto a gridded filter paper in a Buchner funnel and returned to
the microscope for counting. Aphids which were dead at the time of field collecting were
collapsed and shriveled, and were readily distinguished from aphids which were collected
alive.
Test 1. This study was a preliminary comparison of a contact insecticide (malathion),
soap (ACCO Tree and Shrub Wash), and a systemic insecticide (acephate), and an
untreated check. The two treatment blocks were located on opposite sides of a 10m-wide
driveway, with each block consisting of four plants. each 2 m apart, in a diamond
configuration. The plants were first examined in April, before bud break, and all showed
light aphid damage in the form of broomed terminals from the previous season.
Examination of the persistent dead leaves in the damaged areas revealed the presence of
shiny, black overwintering eggs. The first aphids were observed on 14 May, shortly after
bud break, but with slight leaf folding already starting.
Malathion and acephate sprays were applied 18 May, 14 June, 9 July, 2 August, and
25 August. Soap sprays were applied 14 and 28 May, 14 and 28 June, 9 and 26 July, and
9 and 25 August. Two types of data were taken. The percent of damaged terminals was
determined by counting the number of damaged and undamaged terminals on each of six
major stems per plant. The number of aphids per terminal was determined by randomly
removing terminals from each plant, placing them in 70% ethanol, and counting aphids
under a stereozoom microscope in the lab. In early season, each sample consisted of six
lO-cm terminals per plant; this was reduced to four 5-cm terminals later in the season
when popUlations were large.
Test 2. This test evaluated four foliar applied materials, the systemics acephate,
oxydemeton methyl, and dimethoate, and the contact insecticide diazinon. Plants were in
a linear contiguous row at the back of a parking lot. Each trcatment consisted of two
replicates, each replicate consisting of two adjacent plants. There was a two-bush
untreated buffer between each randomly assigned treatment. Insecticides were applied
only after substantial population development. Application dates were 24 June and 19
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July. Samples consisted of four 5-cm terminals per replicate. The first aphids were found
on 3 May.
Test 3. In this test we compared three foliar applied systemic insecticides: acephate,
oxydemeton methyl, and dimethoate. The plants were in a single row at the back of a
parking lot. All bushes were separated by a space of 0.3 m or more and no buffers were
used between treatments. Each treatment consisted of three single-plant replicates in a
completely randomized design. Only one application was made, on 24 June; repopulation
was very slow. Samples consisted of two 5-cm terminals per plant. The first aphids were
found on 13 May.
Test 4. This was a comparison of acephate vs. diazinon. The test plants consisted of an
old, densely intergrown hedgerow. The hedge was maintained at a height of about 1.5 m
by bi-weekly pruning commencing 20 May. Each treatment consisted of three randomly
assigned replicates, with each replicate consisting of 3.05 m ofrow. There was a 0.61-m
untreated buffer between each treatment. Applications were applied 7 June and 7 July.
Samples consisted of 10 5-cm terminals per replicate. The first aphids were found on 11
May.
Test 5. This test was an evaluation of 2% disulfoton granules applied to the soil. The
test was conducted on two similar but separated beds, each consisting of a linear planting
of six contiguous plants. One bed was treated and the second was the untreated check. The
treatment was applied on 24 June as follows. Four equi-distant holes were cut with a
golf-course cup- cutter just inside the drip line of each of the six plants. The holes were
approximately 10-15 cm deep. To each hole, 113 g (1!4Ib) of 2% disulfoton granules
were added, followed by 1 I water. After percolation, the soil was returned to the holes.
Samples consisted of ten 5-cm terminals per treatment. The first aphids were seen on
May 3.
Test 6. In this study we evaluated two soil-applied liquid systemics: acephate and
oxydemeton methyl. Each treatment consisted of a cluster of four plants in a square
pattern. The two clusters of plants were on opposite sides of a driveway. Each plant in the
cluster was considered a replicate. No untreated checks were examined in this study. The
treatments were applied in the following manner. Six equally spaced holes 10-15 cm deep
were made with a golf-course cup-cutter just inside the drip line of each plant. One sixth
of the total insecticide for each plant was mixed with 1 I water and placed in each hole.
After percolation, the soil was returned to the hole. The first treatments of oxydemeton
methyl and acephate were applied 7 June and 13 June, respectively. The second
application of both materials was 4 July. The first application of acephate was at 60
mllplant, but because of incomplete control, this rate was increased to 120 mlIplant for the
second application. Oxydemeton methyl was applied at the rate of 72 mlIplant for both
applications. Samples consisted of four 2-inch terminals/replicate. The first aphids were
observed 13 May.
Natural Control
Weather. Weather conditions in 1982 vs. 1983 were quite different. This allowed us
to observe the effects of weather on plant growth and aphid population numbers,
especially as these factors influenced the need for insecticide applications.
Natural Enemies. During 1983, we evaluated natural enemy activity on plants not
treated chemically. As terminals were collected from untreated check plants in the
chemical treatment studies, all aphidophagous species were removed and counted. At the
same time, additional, arbitrarily chosen larval predators were reared to adulthood for
species identification. Larval rearing was accomplished in two ways. Some larvae were
caged on aphid-infested terminals in the field with "no-see-um-proof" mosquito netting.
These cages were periodically inspected until adult eclosion. Other larvae were brought
to the lab and placed in lantern globes with bouquets of aphid-infested honeysuckle until
pupation and adult eclosion. Additionally, observations of natural enemy activity and
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effectiveness were noted in the field. During routine microscopic counting of aphids from
all studies, we examined for mortality from parasitoid and pathogen activity.
Cultural Control-Pruning
A study was conducted at two locations to determine if dormant pruning of previously
broomed terminals would eliminate enough overwintering eggs to reduce the spring
population size. One location was a park planting of a row of 20 slightly intergrown
honeysuckle. Field examination of proportion and extent of broomed terminals indicated
a uniform amount of damage during the previous season. The row was divided into thirds,
with one end and the central portion pruned to remove all previous-season broomed
terminals. The other end was left unpruned. The two ends represented the two treatment5
and the center was a pruned buffer between the two treatments. The second location was
a vacant field near a residential area with wild seedling plants unevenly distributed over
an area of approximately 0.5 hectare. Six plants were arbitrarily chosen for pruning; all
others were left unpruned. Pruning at both locations was done 12 April, before egg hatch,
and prunings were removed from the area. Samples, taken approximately weekly from 3
May to 24 June, consisted of ten 5-cm terminals for each group of pruned and unpruned
plants. Samples were preserved in 70% ethanol in the field and microscopically counted
in the lab. Observations were made on plant growth and degree of aphid damage.
RESULTS AND DISCUSSION
Chemical Control
Test 1. Acephate and malathion provided better aphid control than did the soap, as
indicated in the first post-treatment sample (Table 1). There were no significant
differences in aphid numbers in subsequent samples because of the low number of
replicates. However, visual examination showed that the acephate-treated plants had
much less damage than the other two treatments or the checks, and this was confirmed by
the percent of damaged terminals for each treatment (Table 2). The acephate-treated
plants had significantly fewer damaged terminals than all other treatments, and the degree
of damage to each terminal was also less in the acephate treatments.
Test 2. Acephate, oxydemeton methyl, dimethoate, and diazinon all provided excellent
knock-down acitivity of honeysuckle aphid (Table 3). However, after each application
date the three systemic materials provided longer residual control than did diazinon.
Test 3. Acephate, oxydemeton methyl, and dimethoate all provided excellent knock
down activity at the rates used (Table 4). In this study, oxydemeton methyl apparently
provided the longest residual activity, followed by acephate, and then dimethoate,
although differences were not significant.
Test 4. Acephate and diazinon gave equal knock-down activity (Table 5). However,
unlike test 2, acephate did not provide longer residual activity than diazinon in late
summer. The long-term results of this test were somewhat confused by the regular pruning
which the plants received throughout the growing season. Pruning removed a substantial
part of the population (for example, compare Table 5 values for untreated check, on 16
June and 7 July dates).
Test 5. Table 6 shows the results of the evaluation of 2% disulfoton granules applied
to the soil. Differences in population levels between treatments did not change
appreciably after application.
Test 6. At the rates tested, oxydemeton methyl provided better control of H. tataricae
than did the liquid formulation of acephate, when both were applied as soil treatments. In
addition, marginal leaf bum was seen on the acephate plants after both the low and
high-dosage treatments. The soluble powder formulation was not, however, included to
determine if the phytotoxicity was caused by the acephate or its solvent-carrier.
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Table I. Results of a comparison of acephate, malathion, and a soap spray for control of Hyadaphis
tataricae, Test \, 1982. See text for treatment dates and sampling methods.
Mean Number Aphids per Inch of Terminal"
Material

24 June

9 Julyb

12 July

13 August

acephate
malathion
soap
check

SA
88 A
294 B
287 B

32 A
114 A
37 A
34 A

OA
16 A
29 A
24 A

OA
9A
13A
16 A

'Values within a column followed by same letter are not significantly different (P
compared by Duncan's Multiple Range Test.
bPre-treatment sample.

0.05) as

Table 2. Proportion of honeysuckle terminals damaged by Hyadaphis tataricae after treatments of
acephate, malathion, and soap.
Material

n

aeephate
malathion
soap
check

99
91
95
112

% Damage"

19
65
85
79

A
B
C
C

'Percentages followed by same letter are not significant! y different when compared by paired X2 tests,
< 0.05.

P

Table 3. Results of comparison of foliar applied treatments of acephate, oxydemeton methyl,
dimethoate, and diazinon for control of Hyadaphis tataricae, Test 2, 1983. Applications were made
24 June and 19 July.
Mean No. Aphids/4 Terminals'
Material

24 Juneb

acephate
oxydemeton
methyl
dimethoate
diazinon
check

1265 A
1126 A

0
0

670 B
201 A

0
0

9A
14 A

1447 A
1550 A
1239 A

0
0
1349

927 B
2174 C
982 B

0
0
1359

OA
563 B
80 A

27 June

19 Julyb

21 July

24 August

'Means in column followed by same letter are not significantly different (P = 0.05) as compared by
Duncan's Multiple Range Test. Post-treatment data were not normally distributed and were not
compared statistically.
bpre-treatment samples.
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Table 4. Results of comparison of foliar applied treatments of three systemic insecticides for control
of Hyadaphis tataricae. Test 3, 1983. Applications were made 24 June.
Mean No. Aphidsl4 Terminals'
-'--~"

24 Juneb

Material

1417
918
790
907

acephate
oxydcmeton methyl
dimethoate
eheck

A
A
A
A

27 June

15 July

24 August

0
0
0
294

8
0
168
437

60
0
176
272

0.05) as compared by
"Means in column followed by same letter are not significantly different (P
Duncan's Multiple Range Test. Post-treatment data were not normally distributed and were not
compared statistically.
bpre-treatment sample.

Table 5. Results of a comparison between the systemic insecticide acephate and the contact
insecticide diazinon for control of Hyadaphis tataricae. Test 4, 1983.
Mean No. AphidsilO Term.inals'
Material

24 June

acephate
diazinon
check

121 A
96 A
194 A

h

2 Juneb

305 A
280 A
582 A

10 June

o
a
1019

16 June

7 Julyh

5A
33 A
1683 B

293 A
178 A
362 A

11 July

a
a
1253

24 August
1I2A
47 A
645B

"Means in column followed by same letter are not significantly different (P
0.05) as compared by
Duncan's Multiple Range Test. Post-treatment data were not normally distributed and were not
compared statistically.
bPre-treatment sample.
Table 6. Results of evaluation of 2% disulfoton granules applied to soil for control of Hyadaphis
tataricae• Test 5, 1983.
No. AphidsilO Terminals
Treatment

24 June"

27 June

81uly

disulfoton
check
check, as proportion of disulfoton

5184
2502
0.48

2938
1635
0.56

2013
871
0.43

'Pre-treatment sample.
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Table 7. Results of a comparison of acephate and oxydemeton methyl as soil drenches for control of
Hyadaphis tataricae, Test 6, 1983.
Mean No. Aphids/4 Tenninals a
16 June

Treatment
acephate
oxydemeton methyl

214 A
398 A

232

o

179 A
13B

81uly

151uly

24 August

18

143

39

o

o

o

"Means within column followed by the same letter are not significantly different (P > 0.05) as
compared by two sample I-test (Ryan et al. 1976). Sample dates without significance indicators
consisted of non-normally distributed data and were not compared statistically.
bpre-treatment sample.

General Comments. Hyadaphis tataricae is readily controllable with insecticides
currently available to both the landscape manager and the homeowner. Of the materials
tested, the systemics oxydemeton methyl, acephate, and dimethoate provided rapid
knock-down activity and continued to provide residual control for 3-D weeks after
treatment. These same three systemic insecticides were also evaluated by Nixon, et al.
(1985), who found that all three materials reduced aphid damage to terminals, and that
reinfestation occurred about 4 weeks after application. Of the contact insecticides we
evaluated, diazinon provided good immediate control, even in folded leaves, but residual
activity was shorter than the three systemic materials. Malathion suppressed populations
but did not provide sufficient control to protect the plants from substantial brooming. The
one commercial soap product evaluated likewise did not protect the plants from damage.
The only soil application evaluated which provided adequate control without resulting in
plant injury was oxydemeton methyl. The length of residual effectiveness of the materials
tested was apparently dependent upon (1) material, (2) direct and indirect effects of
weather, (3) initial population size, and (4) proximity of other local popUlations
generating alates.
Weather
Weather conditions had substantially different effects on aphid population numbers in
1982 vs. 1983. In 1982, a cool, moist spring was followed by a "normal" summer of
temperature and rainfall. Honeysuckle plants grew throughout much of the summer.
Aphid populations rapidly built to high numbers in June, and then gradually tapered off
as the summer progressed. In 1983, a dry spring was followed by a very hot, dry summer.
All treatment plots were unirrigated and there was very little plant growth. Aphid
populations were slower to develop, and never reached the levels of 1982. The result in
1983 was that fewer treatments were necessary to control populations, and the extent of
brooming was considerably less on untreated plants than the previous year.
Natural Enemies
From 404 5-cm terminals examined, 385 aphidophagous predators were recovered
(Table 8). The majority of these (85%) were syrphid larvae. Of 33 predators raised to
adult stage for species identification, six were Allograpta obliqua Say (Syrphidae), 22
were Adalia bipunctata (L) (Coccinellidae) and five were Chrysopa plorabunda Fitch
(Chrysopidae). These numbers do not reflect relative abundance. In addition to the
coccineJlids reared, many adults were seen during observation of infested plants through
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Table 8. Aphidophagous predators recovered from 404 honeysuckle terminals infested with
Hyadaphis tatricae, Madison, WI, 1983.
Total Predators'
Sample Period

Total Number
Terminals Examined

2-10 June
16-27 June
7-\1 July
\5-21 July
24 August

130
138
70
22
44

0

2

75

404

6

48

329

Total
'CA
LL

CA

CL

SL

2
2
J

4
37
J
4

0
209
21
24

I

= coccinellid adults, CL = coccinellid larvae,

SL

LA

LL

All
Species

1

0
0
1
0
0

7
248
24
29
77

0
0
0
0

syrphid larvae. LA

385
lacewing adults,

lacewing larvae.

the two years of this study. Occasionally Coleopmegil/a maculata (DeGeer) could be seen
on the plants very early in the season, but apparently not feeding on aphids. They were
never observed on the plants after early June. However, adults of Adalia bipunctata (L.),
the reared species, were frequently seen in spring and summer feeding on the aphids.
These predators were not effective at regulating Hyadaphis tataricae at subdamaging
levels. The reasons for this are two-fold. First, although aphids were first seen on plants
by mid-May, predator populations did not start to increase until mid-June (Table 8).
Substantial leaf stunting and brooming had already begun by the time predator populations
started to build. Secondly, very few predators were found within the tightly folded leaves,
where the majority of the aphid population was located. Adult predators and the larger
larvae were unable to enter these folded leaves for feeding or oviposition. Most predators
were found within the loosely folded larger leaves, or foraging on those aphids on stems
or petioles.
Approximately 140,000 aphids were examined microscopically during this study. No
aphids showing obvious symptoms of disease were found. Similarly, only one mummified
aphid with emergence hole, indicating parasitism, was seen.
Pruning
The results of the dormant pruning study are shown in Table 9. At the park location,
there was earlier and more rapid buildup of aphids on pruned than unpruned plants. This
was unexpected and may relate to the colonization behavior of the aphid and differences
in structure between vegetative and reproductive terminals. The unpruned plants at this
location were highly florific with the majority of terminals ending in flower buds. The
terminal leaves of these stems were flat and perpendicular to the stem iFig. I). The
terminal leaves of vegetative stems were more parallel, forming a more enclosed bud area
(Fig. 1). Throughout this study, we observed that vegetatively growing stems were more
frequently colonized than stems terminating in a flower bud. By pruning. we removed
flower buds and promoted the development of vegetative stems, thereby increasing the
number of more suitable colonization sites.
The data from the vacant field location do not show distinct differences. This may have
partially resulted from the sampling of dissimilar wild seedling plants.
•
In both locations, the extent of brooming by the end of the season was similar on pruned
and unpruned plants. The dormant removal of old, damaged terminals will improve the
appearance of the plant and remove a portion of the overwintering population. But by
itself, pruning is not an effective management technique for preventing plant injury.
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Table 9.

The effects of dormant pruning of honeysuckle on spring population development of

Hvadaphis tataricae, Madison, Wisc., 1983.
No. Aphids/I 0 Terminals
Park
Pruned

Field
un pruned

Pruned

Unpruned

3

0

0

0

0

II

0

0

13
16
22
26
June 2
10
16
24

0
0

0

0
0

0
4
0

May

0
19
164
33
484
1369

0
0
0
0
8
60
240

0
0
0
0
6
146
129

0
2

0
406
113
226

Fig. I. Flowering terminal (right) as compared to vegetative terminal (left) of honeysuckle.
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DESCRIPTIONS 01<' NYMPHS OF ITZALANA SUBMACULATA
SCHMIDT (HOMOPTERA: FULGORIDAE), A SPECIES
NEW TO THE UNITED STATES
Stephen W. Wilson! and Lois B. O'Brien2
ABSTRACT
The 3rd, 4th, and 5th instar nymphs of ltzalana submaculata Schmidt are described
from southern Texas. Previously recorded only from Surinam, this is the first record of
this fulgorid from the United States and Mexico.

ltzalana submaculata Schmidt (Fig. 1) is a little-known fulgorid described from
Surinam (Schmidt 1905). The two other species in the genus have been described from
Mexico: I. formosa Distant from the Yucatan (Distant 1905) and E. rubescens Lallemand
from Oaxaca (Lallemand 1956). No other published information is available for these
species.
Adults and nymphs of I. submaculata were collected in Mexico and southern Texas.
Adults may be separated from the eight genera and 16 species of U.S. Fulgoridae by the
small, broad body (length 9-12 mm, width 5.8-7 mm); wide, short vertex bearing two
transverse ridges; and frons width which is 4X its length at base and 2X its length at
frontoclypeal suture. The body is yellow-brown with black bands on the anterior carina of
the vertex, frontoc1ypeal suture, legs, and abdomen. The forewings are opaque brown
with pale veins and orange spots in the basal 2/3 and transparent in the apical 1/3. The
hindwings are red basally, have a brown anal area, and are transparent apically. This
paper presents collecting data of adults and nymphs and descriptions of the 3rd, 4th, and
5th instar nymphs.
MATERIALS AND METHODS
The pinned specimens of the 5th instar are described in detail, but only major
differences for 4th and 3rd instars are described. Comparative statements (e.g., less
numerous) refer to later instars. Measurements are given in millimeters. Length was
measured from apex of vertex to apex of abdomen, thoracic length along the midline from
the anterior margin of the pronotum to the posterior margin of the metanotum, and width
across the mesothoracic wingpads.
Collecting data are UNITED STATES: TEXAS: Cameron Co., Brownsville, Sabal
Palm Grove, 29-IX-1976 (10, 1 <j!), coil. J. Wappes (JW) and R. Turnbow (RT);
1O-X-1977 (I <j!), RT; 13-X- 1977 (10,1 <j!) JW and RT; 20-21-X-1978 (1 <;?), JW: 26-27
V-1979 (29), JW; 27-X-1979 (29) JW; 29-30-V-1982 (10, I <j», JW and RT; all of the
above on Baccharis sp.; 14-IX-1982 (2-5th, 4-4th, 2-3rd instars), coil. C. and L.
O'Brien and G. Wibner. MEXICO: CHIAPAS: 33 mi. W. Tuxtla Gutierrez, Hwy. 190,
26-V-1983 (I <;?), colI. G. Marshall. MORELOS: Cuernavaca, 1959, (l <j!), coIL N.
1
2

Department of Biology, Central Missouri State University, Warrensburg, MO. 64093.
Department of Entomology, Florida A & M University, Tallahassee, FL. 32307.
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Fig. 1. I. submaculata: (A) dorsal view; (B) anterolateral view (body length
photomacrograph in camera magnification 2X, f8).

=

10 rnm; scanning

Krause. SAN LUIS POTOSI: El Saito, 27-IV-1969 (10), coil. Cambell and Bright at
blacklight. NICARAGUA: LA CALERA: Managua, 6-IV -1964 (l 9), "en vuelo," coll.
Livio Saena M. Specimens are in the collections of L. O'Brien; S. Wilson; Zoologisches
Institut und Zoologisches Museum, Hamburg; British Museum (Natural History),
London; National Museum of Natural History, Smithsonian Institution. Washington,
D.C.; and the Biosystematics Research Institute, Ottawa.
DESCRIPTIONS OF NYMPHS

Fifth Instar (Figs. 2--4). Length 4.2--4.4; thoracic length 2.1-2.3; width 3.3-3.6.
Form ovoid, convex dorsally, widest across compound eyes; light brown marked with
darker and fuscous.
Vertex ca. 12X broader than long, anterior margin sinuate; large dorsolaterally directed
spine on each side; sinuate transverse carina forming border with frons. Frons with width
ca. 3X length; oblique carina meeting transverse carina at juncture of frons and vertex and
extending ventrolaterally onto anterior aspect of blunt, spoonlike lateral processes (this
region between the two carinae represents the lateral aspect of the frons in other
planthoppers; in 1. submaculata it has become extended into spoonlike lateral processes);
dorsal aspect of blunt processes with 14-15 knoblike structures bearing pitlike sensoria
(hereafter referred to as sensoria); weak median longitudinal carina fading before juncture
with clypeus; weak carina on either side originating in middle of blunt lateral process,
curving ventromedially and ending as short triangular process just above juncture with
clypeus. Clypeus globose basally, subclyindrical distally, heavily marked with fuscous.
Beak three-segmented, extending to metatrochanters; segment 1 covered by clypeus,
segment 2 ca. 1.5X length of 3. Eyes reddish with pale stripes. Antennae three-segmented;
scape ringlike; pedicel ca. 3X length of scape, with numerous pitlike sensoria on dorsal
aspect; flagellum whiplike distidly, with small bulbous base.
Thoracic nota divided by longitudinal mid-dorsal line into three pairs of plates.
Pronotal anterior margin rounded laterally, posterior margin sinuate; each plate with
small dorsal triangular process near midline of notum and with large dorsposteriorly
directed spikelike process ca. IJ2 distance from midline to lateral aspect of notum; ca.
28 fingerlike sensoria extending from median posterior aspect of large process to lateral
border of plate; carina originating in middle of plate on anterior border, forming anterior
aspect of process and extending down process to posterior border of plate; second partial
carina extending laterally from just beneath compound eye to posterolateral border of
plate; plate marked with fuscous behind eyes. Mesonotal median length 1.5X that of
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Figs. 2-3. I. submaculata fifth instar: (2) lateral view; (3) frontal view of head. Horizontal bar
1.0 mm.

=

pronotum; each plate with short dorsally-directed triangular process near midline of
notum; elongate spikelike process in median 114, carina extending from anterior border
of plate onto anterior aspect of process and ca. 10 knob like sensoria scattered in lateral
1/3 of plate; carina in lateral 114 of plate extending from anterior margin to ca. O.7X
length of plate; wingpad extending to tip of metanotal wingpad. Metanotal median length
ca. O.7X that of mesonotum; each plate with small dorsally directed triangular process
near midline of notum; very large subtriangular process extending from anterior border of
plate in median 113 to posterior border; cluster of ca. 9-10 fingerlike sensoria just lateral
to large process; wingpad extending to tergite 4. Pro- and mesocoxae elongate,
posteromedially directed, metacoxae fused to sternum. Profemora heavily marked with
dark brown distally. Mesotibiae each with an elongate lateral spine proximally on shaft,
longitudinal row of four spines on shaft and transverse row of six-seven spines apically
on plantar surface. Pro- and mesotarsi each with two tarsomeres; tarsomere I
wedge-shaped, tarsomere 2 subconical and curved. Metatarsi each with three tarsomeres;
tarsomere 1 cylindrical with transverse row of eight spines apically on plantar surface;
tarsomere 2 ca. O.3X length of I with two tiny spines apically on plantar surface;
tarsomere 3 similar to terminal tarsomere of other legs. All legs with terminal pair of
dark brown curved claws and a pale median pulvillus.
Abdomen presumably nine-segmented as in other planthoppers (e.g., Wilson and
McPherson 1981, Wilson and Tsai 1982, Wilson and Wheeler 1984); tergum heavily
marked with dark brown and fuscous, median carina forming two highly elevated
processes on either side of midline; tergite I not visible, 2 and 3 short, 5 and 6 each with
a large subtriangular process in median 112 on either side of midline; tergites 5-7 each
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Fig. 4. I. submaculata fifth instar, dorsal view; venicaJ bar
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with numerous fingerlike and pitlike sensoria laterally on either side; terminal segments
telescoped anteriorly.
Fourth Instar. Length 3.2-3.5; thoracic length 1.6-1.8; width 2.6-2.7.
Vertex ca. 8.5X broader than long. Frons width 2X length; carinae more strongly
defined; blunt processes with 13-14 more strongly defined knob like sensoria. Clypeus
almost entirely fuscous. Antennal pedicel ca. 2X length of scape, sensoria less numerous.
Pronotal plates each bearing ca. 25 fingerlike sensoria. Mesonotal median length ca.
1.3X that of pronotum; ca. eight knoblike sensoria scattered in lateral 1/3; wingpad
covering ca. 112 of metanotal wingpad laterally. Metanotal plates each bearing
posterolaterally directed, elongate, slender, sinuate spine in lateral 114 and 3 knoblike
sensoria surrounding base of spine; wingpad extending to tergite 3. Legs more heavily
marked with fuscous. Metatarsomere 1 with transverse row of seven spines apically;
tarsomere 2 less weB-defined.
Abdomen with sensoria less numerous.
Third Instar. Length 2.3-2.4; thoracic length 1.2-1.4; width 1.8.
Vertex ca. 6X broader than long. Antennal pedicel ca. 1.2X length of scape, sensoria
less numerous.
Pronotal plates each bearing ca. 21 fingerlike sensoria. Mesonotal wingpads weakly
lobate and covering ca. 114 of metanotal wingpads laterally. Metatibiae each with
transverse row of six spines apically. Metatarsomere 1 with transverse row of five spines
at apex.
Abdominal tergal processes smaller and sensoria less numerous.
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A NEW SPECIES OF MITE (ACARI: PODAPOLIPIDAE) FROM A
MICHIGAN CARABID BEETLE, CHLAENIUS PENNSYLVANICUS
Robert W. Husband and Cheryl D. Swihart l
ABSTRACT
Eutarsopolipus regenfussi n. sp. is described from the Michigan carabid beetle,
Chlaenius pennsylvanicus (L.).

Regenfuss (1968) fully defined the genus Elltarsopolipus and described many European
species. The purpose of this paper is to describe a third North American species of
Eutarsopolipus, ElltarsopolipllS regenfllssi, removed from Chlaenius pennsylvanicus (L.)
(Coleoptera: Carabidae) collected near Douglas Lake at the University of Michigan
Biological Station. The species is named for the late Hans Regenfuss in tribute to his
detailed studies of Podapolipidae.
Measurements were taken with the aid of a Wild phase-contrast microscope with a
drawing tube calibrated with a stage micrometer. All measurements are in micrometers.
Terminology is based on Lindquist (1976, 1977). The most representative measurements
of the best mounted specimens were chosen, rather than averages of all mites.
Eutarsopolipus regenfussi new species
Female (Figs. I, 2). Gnathosoma longer than wide, length 50, width 43. Palps 10;
stylets smooth 42-45. Stigmata on stout stalks dorsolateral to base of gnathosoma.
Idiosoma oval, length 269-329, width 167-216. Plate C length 40-60, width 165-257;
plate D length 50-60, width 153-195; plate EF length 60, width 130-210. Setae h z 12.
Setae hz li2 length of setae SC2' Plate C width vs. length ratio is about 4:1.
Legs. Leg I with hook-like terminal claw: setal numberformula (FGTT) 2078. Setae tc
and tc "12, w and <P 6. Leg II setal formula 0046, leg III 0045.
Male (Figs. 3, 4). Gnathosoma length 30, width 30; dorsal gnathosomal setae. 12
(bent), ventral setae 2. Palps 12, stylets 22.
Idiosoma. Length 136, width 99. Prodorsal plate semicircular, setae Vi> V2 microsetae,
SC2 32. Setae CI, Cz, d and e all very short-no longer than the width of setal socket.
Aedeagus posterior. Genital capusle length 24, width at base 20, distal width 10.
Venter with apodemes I and 2 and sternal apodeme well developed. Coxae III fused.
Coxae I, 2 with very short setae. Coxal plate 3 with setae 3b twice length of setae 3a.
Legs. Tarsus I with a single ventro-terminal spine. Solenidion omega I 4, II 4,
solenidion phi 5, less than 1/3 width of tibia 1. Tarsi II, III with 2 terminal stout spine-like
setae. Claws much reduced. Setal number formula as in female.
Larval female (Figs. 5, 6). Gnathosoma length 37, width 38, dorsal gnathosomal setae
19, ventral setae no longer than width of setal socket, palps two-segmented, distal
segment with a ventral sclerotized structure. Stylets smooth 24-29,
Idiosoma length 137-151, width 98-118. Prodorsal plate semicireular, setae VI, V2 3,
SCl more than 40. Plates C,D fused mesally, all setae short. Plate EF with a single pair
of setae. Plate H oval, hI 25, h2 more than 75.
f

1

Biology Department, Adrian College, Adrian, MI 49221.
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1
Fig. l. Eutarsopolipus regenfussi n. sp., adult female. dorsal aspect.

Legs. Leg I with two parallel, terminal claws, solenidion omega I ..J.. II. -t: phi -to Ic' and
tc" 9. Leg II, III claws small and slender. Venter with apodemes 1 and 2 and sternal
apodeme well developed, la and 2a no longer than width of setal socket: setae 3a 2/3
length of 3b.
Type data: Hololype adult female: U.S.A., Michigan, Cheboygan Co .. University of
Michigan Biological Station on Douglas Lake, collected under elytra of Chlaellius
pellllsylvanicus (L.) collected by P. W. Fattig 6 August 1915. Deposited in the R. W.
Fattig Museum, University of Georgia, Athens, GA (RWH7385 .. 1).
Paratypes (three males, three females, seven larval females. three eggsi. Adult female
(RWH3.. 7385.. 2). male (RWH3 ..7385.. 1), and larval female (RWH2 .. 7385.. 1). and two
eggs (RWH7385 .. 5, RWH7385 .. 6) to the collection at Adrian College. Adrian Michigan.
Adult female (RWH7385 ..7) in Zoologisches Museum, University of Hamburg. Ham
burg, West Germany. Male (RWH7385 .. 2), larval females (RWH7385-4, RWH2 ..7385..
2), and eggs (RWH3 .. 7385-4) in the P. W. Fattig Museum. University of Georgia.
Athens, Georgia. Male (RWH7385 .. 3), larval females (RWH3 ..7383.. 3. RWH2 .. 7385.. 3) to
the Museum of Zoology, University of Michigan, Ann Arbor, Michigan.
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2
Fig. 2. Eutarsopolipus regenfussi n. sp., adult female, ventral aspect.

DIAGNOSIS OF SPECIES
Species characters are based in part on those used by Regenfuss (1968, 1974). Adult
female E. regenfussi resemble E. inermis in length of cheliceral stylets, in having one
plate C and in plate C width to length ratio greater than 3: 1. E. regenfussi resembles E.
latus in having plate EF wider than 150 jJ.m, leg I claw well developed, conspicuous hI
setae and in a shorter distance between setae VI-VI than between vI-V2.
The genital capusle of the male E. regenfussi is similar to that of E. latus. Both have
basal width to distal width proportions of 2: I in contrast to the 3:2 ratio in the genital
capsule of E. inermis. Setae CI are closer together in E. regenfuss! than in E. inermis or
E. latus. In larval female E. regen/ussi, setae VI are further apart than setae SC2 in contrast
to E. latus and E. inermis. Setae d are fnrther apart than setae V1 or e in contrast to E. latus
in which distances between setae VI, d and e are equal.
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Fig. 3. Eutarsopolipus regenfussi n. sp., male, dorsal aspect.
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Fig. 4. Eutarsopolipus regenfussi n. sp .. male. ventral aspect.

Vol. 19, No. 1

1986

THE GREAT LAKES ENTOMOLOGIST

III

E
E

5
Fig. 5. Eutarsopolipus regenfussi n. sp., larval female, dorsal aspect.

DISCUSSION

All stages of all potential species of North American Eutarsopolipus are not represented
as they are in E. regenfussi. It is difficult to distinguish some species of Dorsipes and
EutarsopoUpus by using larval and adult female characteristics. We have records of
EutarsopoUpus and Dorsipes from more than 12 species of North American Carabidae
and continue to look at additional specimens of these and other host species to get
adequate representation before descriptions are made.
Regenfuss (l 968 , 1973, 1974) reviewed the family Podapolipidae and dealt with
Eutarsopo!ipus and Dorsipes in considerable detail. A high degree of host specificity
appears in many Eutarsopolipus and this may be related to dispersal of mites during
copulation by the beetles. Mites are reproductively isolated on different hosts and on
different parts of the same host (Regenfuss 1972). In our limited studies it is not yet
apparent if Eutarsopolipus from several species of Chlaenius beetles share more
characters than Eutarsopolipus from two species of Evarthrus. Claw and setae h2
development in Eutarsopolipus from Chlaenius and lack of development in mites from
Evarthrus suggest a divergence of mite species on host species in these two genera. At
present, Eutarsopo!ipus from North America are not known as well as Eutarsopolipus

THE GREAT LAKES ENTOMOLOGIST

112

Vol. 19, No.2

E

,..E
o•

j

Fig. 6. Eutarsopolipus regenfussi n. sp., larval female, ventral aspect.

from Central Europe are and the types of comparisons made by Regenfuss (1968) cannot
be made for North Ameriean species.
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A NEW SPECIES OF CARABOACARUS (ACARI:
CARABOACARIDAE) FROM CALOSOMA ARGENTINENSE
(CARABIDAE) FROM CHILE
Robert W. Husband I
ABSTRACT
Caraboacarus calosomae n. sp is described from Caiosoma argentinense Csiki
collected in Santiago, Chile. This is the first record of this genus in South America. The
is recorded from North America, Europe, Asia. and Guadalcanal Island in the
Ocean.

In the process of examining beetles for parasitic mites of the family PodapoJipidae, an
undescribed
of Caraboacarus was discovered. Caraboacarus calosomae n. sp. is
described from Calosoma argelltinense Csiki (Carabidae) collected in Santiago, Chile.
Carahoacarus spp. were discussed in Husband and Husband (1984). There are no
previous records of this genus in South America.
Mites were examined with the aid of a Wild-Heerbrug phase- contrast microscope with
a drawing attachment. All measurements are given in micrometers. Terminology follows
that of Lindquist (1976, 1977).
Caraboacarus calosomae new species
Female (Figs. 1,2). Gnathosoma length 38, width 66. Dorsal setae 23, anterio-ventral
setae 8, posterio-ventral setae 10 (bent). Midventral gnathosomal setae stout and pointed.
length 6. Palps inconspicuous, pal pal setae always bent. basal segment seta about 30.
distal segment seta about 22. Chelieeral stylets 20 (at angle).
Idiosoma. Length 263. width 180.
Dorsum. Prodorsal plate broader than long. setae v, 32. SC, 52. Bothridial setae
club-like and smooth (no spines). 24. Conspicuous stigmata lateral and ventral to setae v I.
Plate C divided. median plate wider than long. setae c, about 35 (broken): C2 133, on
separate lateral plates. Setae d 33 (broken). Plates E. F fused. setae c 10 (broken), setae
f 33 (broken). Plate H with two pairs of setae, setae hi and h2 about 18.
Venter with apodemes well developed. Coxae I with large indistinct circular concav
ities, la setae 14. Coxae 2a pointed and stout 10, 2b 38. Setae 3a 23, 3b 20 (broken), 3c
pointed and stout 9. Setae 4a pointed and stout 7. 4c blunt and stout 8. setae 4b thin 32.
Adgenital setae 11. Opisthosoma extending well beyond base of tibiotarsus IV.
Legs. Leg segment sctal numbers as in Table I. Leg I slightly shorter and thinner than
legs II-IV, without conspicuous ambulacrum or claws. Femur I setae v" pointed and stout.
Tibia seta <fJ 12. adjacent seta k 5. Tarsus solenidion w 9. Leg II with a thick blunt femur
I' seta, seta <fJ shorter and more slender than seta w. Claws and ambulacrum well
developed. Leg III with trochanter setae 27, setae <fJ 5, claws and ambulacrum well

I
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1
Fig. l. Caraboacarus caJosomae n. sp .. dorsal

aspe~l.

developed. Leg IV with tibia and tarsus fused. no solenidion but with a broad blade-like
seta 88 in length. Ambulacrum developed but claws not well de\"e1oped.
Type data: Holotype, non-gravid female: Chile, Santiago. September 1968. from
Calosoma argentinel1se Csiki (Carabidae) collector unknown. Deposited in the :\luseum
of Zoology. University of Michigan, Ann Arbor, Michigan. C.S.A. I RWH096885-11.
Paratype. non-gravid female, same host data as holotype. Deposited in the collections
of Adrian College, Adrian. Michigan (RWH096885-2).
Diagnosis. C. calosomae has pointed setae 2a and 3c whereas these setae are blunt
androunded in C. stammeri, C. karenae and C. towsleYi. The idiosoma of C. calosomae
is larger than any described Caraboacarus. Setae C2 are distinctly longer than c: setae of
other species. The club of the bothridial seta is without spines. Additional differences in
proportions and setal lengths are noted in Table 2.
Discussion. Caraboacarus was erected bv Krczal (1959) for Caraboacarus stammeri.
Mahunka (1970) erected the family Caraboacaridae to include C. sTammen'. Kickel and
Elzinga (1969) described the second species, C. karenae from :\1ichigan and Kansas.
Kurosa (1980) reported C. stammeri from Japan. Husband and Husband I 198.+ I reported
C. stammeri from China and described C. IOws!e,'i from Guadalcanal Island. The record
of C. calosomae from S. America, the first record'from this continent. is an indication that
the genus may be worldwide in distribution in association with Carabidae. Only the adult
female stage of Caraboacarus spp. has been collected.
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Table I. Total setae and solenidia on leg segments of Caraboararus calosomae.
Coxa
Leg I
solenidion
Leg II
solenidion
Leg 1Il
solenidion
Leg IV
solenidion

Trochanter

Femur

Genu

Tibia

4

3

2

3

3

3

2

3

7
I
4
J
4

3

2

2

E
E

.

N

o

2
Fig. 2. Caraboacarus calosomae n. sp., ventral aspect.

Tarsus

II
J
7
I
7
I
0
Tibiotarsus IV
II
0
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Table 2. Comparison of measurements of C. calosomae with C. stammeri, C. towsleyi and C.
karenae.

Idiosoma Length
Idiosoma Width
Gnath. Width
Gnath. Length
Chel. Length
Dors. Gn. Setae
Bothridial Setae
Setae V t
Setae SC
Setae C,
Setae C 2
Setae d
Setae f
Coxae la Setae
Coxae 2b Setae
Coxae 3a Setae
Coxae 3b Setae
Coxae 4b Setae
Troch. III Setae
Tarsus IV
Longest Setae
Tibial
Solenidion <p

C. calosomae

C. stammeri

C. karenne

C. towsley;

173
65.5
37.5
19'
21.5'
24
32
50
35b
136
33b
33b
14
38
23
20b
32
33
88

124
64
30
25
26
27
28
46
34
104
37
33
12
23
22
20
18
30
64

132.6
61.2
30.2
27.3
23.8
22.8
25.5
42.5
31
93.8
32.6
29
12.6
21.3
21.2
20.4
20
263
58.5

114
62
24.8
22
18.5
18
17.8
21.5
18
48
19.5
21
7
10.6
8
8.4
10
15.2
36.4

12

1l

8

12

'Structure not flat, at an angle
bPart of setae broken off
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SCAVENGING BY JUMPING SPIDERS (ARANEAE: SALTICIDAE)
Robert J. Wolff!
ABSTRACT
Jumping spiders are usually considered obligate predators where ingestion is preceded
by visual or tactile stimuli which elicit hunting behavior. Hungry females of Salticus
seenieus were shown to feed upon dead houseflies.

Spiders are generally considered to be obligate predators, dependent upon mechanical
or visual signals to initiate predatory behavior. However, Knost and Rovner (1975)
demonstrated that wolf spiders (Lycosidae) will scavenge on dead arthropods, indicating
that ingestion by wolf spiders does not require predatory behavior.
Jumping spiders (Saiticidae) have the best eyesight of all arthropods (Foelix 1982,
Forster 1982) and might be expected to be more likely to require visual cues for predatory
behavior. Robinson and Valerio (1977) discussed the attack by jumping spiders (Phiale
sp.) against araneids. The spiders would not attack unmoving prey even after three days
of confinement together. Forster (1982) discussed prey capture by saiticids, and indicated
that Trite planiceps Simon could hunt and catch prey in the dark. She described how T.
planiceps captured living flies in the dark or when blinded, and attributed this to vibratory
stimulation. This species rejected freshly killed flies when they were contacted or offered
in the dark. Salticids are generally found higher in the vegetation. at locations where dead
prey would be unlikely to be encountered.
Artificial diets of homogenized insects have been used to rear salticid spiderlings
(Metaphidippus galathea Walckenaer) (Horner and Starks 1972). However, feeding by
spiderlings on liquid diets may be considered similar to their feeding on a mother's
regurgitated food. The question remains, will adult salticids scavenge?
METHODS
Thirteen mature, female zebra spiders, Salticus scenicus (L.), were captured and used
in this experiment. Following five days without any feedings, houseflies which had been
killed by freezing were weighed
0.1 mg), and then one fly was placed in a culture vial
with each of 13 spiders. After
each fly was removed and reweighed. Nine other dead
flies were placed in empty but otherwise identical vials.
RESULTS AND DISCUSSION
The nine control flies had weight losses of 61.2-71.5% while the 13 experimental flies
had losses of 67.4-78.2%. The means are significantly different (Student's Hest, P <
I
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0.01). These results indicate that salticids will feed on insect carrion when they are
deprived of live food. Thus predatory behavior does not have to precede ingestion by
jumping spiders.
Two factors may have infuenced the data. First, control flies may have lost relatively
more water due to being alone, whereas experimental conditions may have produced a
higher relative humidity because of the inclusion of a live spider in the system, thus
leading to smaller weight losses. Second, the experimental flies became entangled with
silk and usually ended up with some silk on them during the final weighing. Both of these
factors tended to increase the apparent relative weight loss in the control flies, and further
support the contention that salticids may scavenge.
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