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THE GREAT LAKES ENTOMOLOGIST 

OBSERVATIONS ON THE BIOLOGY OF THE OAK TWIG PRUNER, 
ELAPHIDIONOIDES PARALLELUS, (COLEOPTERA: 

CERAMBYCIDAE) I N  MICHIGAN 

The ,a& ~ ~ i g  pruner, Elaphidionoides parallelus (Newman) (Coleoptera: Cerambyc- 
idart. B mther common in southern Michigan where it attacks living oaks and other 
h3=d.roLds. The damage it inflicts is rarely serious, but it may be considered a pest insect 
if c d )  fzr ;he nuisance it creates for those who must clean up the often numerous small 
b r s n 4 s  p n m d  from street, lawn, and park trees. 
Pfilbtrd accounts of the habits of parallelus are seldom encountered, largely owing 

ia -he zoniuiion of this species for many years with Elaphidionoides villosus (Fabricius) 
ahi:h i: reumbles closely. E. parallelus was described by Newman (1840) who placed it 
in -3r c a n s  .€.@hidion. However, Hamilton (1887) declared parallelus could not be 
Y ~ F - ~ T ~  irom r&sus. Casey (1912) resurrected parallelus and transferred it with 
rilbslli 12 *k genus Hypermallus. Knull (1946) returned both species to Elaphidion, and 
Lir,lk?- t 1963, placed them in the new genus Elaphidionoides. Both Knull and Linsley 
des.+d -he habirj of pmallelus simply as similar to those of villosus. 

Thr n m r  recrni detailed treatment of the life history of parallelus was given by 
Pack-d 4 1899.  only to be qualified by a footnote accepting Hamilton's interpretation 
that i- rfi q-nonl-mous with villosus. Chittenden (1910), Craighead (1923, 1950), and 
0 t h ~ -  FaT? published accounts of the habits of villosus, but it is difficult to evaluate to 
n-ha: ;lcgx their observations may have involved parallelus, since they did not recognize 
ii as 2 d i x i n c ~  qxcies. I cannot at this time corroborate their accounts of the habits of 
rilloar. bn: I am abIe to describe those of parallelus in southern Michigan and record 
snme ~. ' rwruxions of predators, parasitoids, and various symbionts. 

METHODS 

hf+s;z ra* u-hich had fallen to the ground were collected at  two Iocalities in St. 
Joseph Caunq- in southwestern Michigan. Such twigs were easily distinguished by the 
rmoo-S!- L ~ I .  "pruned" surface and the 2 mm opening, usually plugged with a wad of 
shreddeii wood. in -he proximal end of the stem. The twigs used in Lot 2, as described 
k l o a .  ae r?  picked up around the edge of a small, 0.4 hectare oak and hickory woodlot 
n e a  zhe aesr a d  of Klinger Lake in White Pigeon Township (R.1 1W.,T.8S.,S.11). Those 
in Lo? 1 and Lor 3 a-ere collected along an access road and around the edge of a clearing 
in a lz-ger. -13 hectare a-oods at the west end of Tamarack Lake in Sherman Township 
I ,R.~~?Q-- .T.~S. ,S .~~) .  The portion of the woods where these twigs were collected was also 
dorninared b>- oak and hickory. The three batches of infested twigs were handIed as 
d e ~ x i i d  lxlca. 

Lei  1: ' 5  rais were collected in mid-July, 1976, tagged, and placed on the floor of 
the .r&s at 2 m inten-als along a transect through a typical oak-hickory habitat. The 
TW& u212 k i t  until mid-October when 67 were recovered, opened, and examined. Eight 
nip =ere not recovered owing to the tags having been detached or destroyed by 
rodens. 

LDT 2: 55  raigs a-ere collected in early July, 1976, the leaves removed, and the twigs 
placed in a small  re- cage. The cage was kept in a sheltered location until autumn, 
and then m f e r r e d  ro a cool basement area for the winter and spring. These twigs were 
o p e d  d examined in July, 1977. 

Lor 3: 435 twigs were picked up at  various times through July and early August, 
19-6. &2 kaves removed, and the twigs placed in screened, outdoor rearing cages. The 
wigs were opened and examined in July, 1977. 

- 

1R.R.l. Box 149, White Pigeon, Michigan 49099 
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Information derived from these procedures was supplemented by examination of 303 
specimens of parallelus and villosus from Michigan, contained in the collections of the 
University of Michigan Museum of ZooIogy, the Department of Entomology, Michigan 
State University, and the author. 

RESULTS 

The data from the three batches of infested twigs are summarized in Table 1. The 
twigs in Lot 1 were exposed to predation, and 31.3% of these twigs were chewed open 
by rodents and the larvae removed. The size of the marks made by thc incisors of these 
predators indicated they were red squirreIs (Tamiasciurus hudsonicus Erxleben), although 
no squirrel was observed attacking an infested twig. Red squirrels were present in the area 
where the twigs were placed, and in all other locations where this distinctive form of 
predation was observed. The twigs in Lot 1 also showed a high proportion (40.3%) of 
cases in which boring had been terminated prematurely and the larva removed from its 
gallery. The cause of this form of larval mortality has not been determined. No adult 
emergence figures are given for Lot 1 as these larvae and pupae wcre removed before that 
occurred. 

Table 1. Observations of three lots of hardwood twigs infested by Elaphidionoides 
parallelus. 

Resu l t  
Lot I Lot 2 -- -- Lot 3 

Number-Percent Number-Percent Kumber-Percent 

Adult  emergence 50 9 0 . 9  207  47 .5  
Liv lng  l a r v a  o r  pupa 1 3  19 .4  0 0 4 0 . 9  
Dead pupaa 0 0 0 0 44 10 .1  
Dead l a r v a a  3 4 .5  1 1 . 8  57 13 .1  
P a r a s i t i z e d  l a r v a  3 4 .5  0 0 3 1 7 . 1  
Eaten by s q u i r r e l s  21 31 .3  
Boring te r rn ina t  eda - 27 40 .3  4 7 . 3  92 21.3 - 
T o t a l s  6 7 55 4 35 

'cause o f  m o r t a l i t y  no t  de termined.  

The twigs in Lot 2 were effectively protected from attack by predators and 
parasitoids soon after they fell to the ground, and suffered no mortality attributable to 
these factors. Boring terminated through unknown causes was also relatively minor, and 
nearly 91% of the borers survived to adult emergence. However, only 10% of these adults 
exited successfully from their twigs, and about half the unsuccessful adults also failed to 
expand their elytra fully after emergence. This mortality was probably owing to the 
abnormally dry and cool conditions under which these twigs were stored. 

Twigs used in Lot 3 were also protected from vertebrate predators, but were exposed 
to some attack by invertebrate predators and parasitoids. These twigs were stored under 
outdoor conditions which, although probably drier than normal, may have been 
associated with the high proportion of larvae and pupae found dead in their galleries. The 
actual cause of this mortality was not discovered but probably included fungus or virus 
infection. Two larvae and two pupae were found alive in twigs opened in July, 1977, 
after emergence of the rest of the brood. These might have completed their life cycle if 
left until the following year. Five adults failed to exit their twigs successfully after 
cclosion. 

All adult beetles recovered from these twigs have been identified as parallelus; no 
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ex impks  of villosus were found. E. villosus occurs in the localities used for this study, 
an3 was a commonly collected as parallelus at light traps operated near Tamarack Lake 
in J d y .  13--. The habits of villosus in this area are the subject of current investigation. 

I d u l s  of parallelus and villosus are shown in Figure 1. E. villosus adults can usually 
be iden%-kd b y  their larger size, pronotum as broad as long, and third antennal segment 
dk?inzl\- lunser than fourth. Adult parallelus are usually more slender, pronotum longer 
:han hrosd. and third and fourth antennal segments subequal. The shape of the pronotum 
alone : m o t  be used reliably t o  separate these species as both show great variation in 
rhic h - a a e r  as well as pronotal punctation and vestiture. A larva and pupa of parallelus 
are %can in Figure 2, and a larval head is shown in Figure 3. 

Fig 1. .ldulr fsmales of Elaphidionoides villosus (bottom) and E. parallelus (top). 
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Fig. 3.  Head of Elaphidionoides para22e2us larva, dorsal view. 

LIFE HISTORY 

The following description of the life history of parallelus differs in some details from 
pre\ioudy published accounts, and from those recorded for villosus to which it is 
suppoi-dl>- similar. Most of these differences may result from the fact that the 
popula~ion in this study was from an area near the northern limits of the distribution of 
rhis species. and these observations may not be valid for other populations of parallelus. 

E. pmaRelus is a twig pruner which attacks a variety of living hardwoods. In this area, 
black oak (Quercus velutinus Lam.) and red oak (Q. rubra L.) are the preferred host trees. 
More than 600 infested twigs were examined in the course of this study, all from black 
or red oak except 14 twigs from white oak (Q. alba L.) and four from pignut hickory 
[ C c v r  &bra IJiilL) Sweet]. I have also reared parallelus from twigs of bur oak (Q. 
macrocarpu Jfichs.) in St. Joseph County, and Linsley (1963) records Juglans, Malus, 
Pnmus, and I'itis as other host plants. 

Th- adult female seems to prefer host trees located at  the edge of a woods or in 
expoxd jiruarions in a fencerow, field, or lawn. This selection may be affected by an 
apparent pref2rence for twigs at the ends of the middle branches of a tree rather than the 
lower branches or those in the crown. A typical oviposition site is at the base of the 
cIuste: of buds at the tip of a short (100-150 mm) twig, originating about 200 mm from 
thz end of a branch that is, at that node, about 10 mm in diameter. Oviposition in 
southern Jlichigan presumably occurs in June and early July. 

The larva bores beneath the bark of the twig and feeds on the woody portion of the 
stem. B:- rhe end of its first summer the larva will consume virtually all the woody part 
of rhe & o n  mi:: and extend its gallery into the node of the main branch where it will 
rzmain dormant through the winter. The following spring the larva resumes feeding, and 
zsm\-ares an extension of its gallery just beneath the bark of the branch. Here the larva 
opens a hole about 1 mm in diameter through the bark which it will use thereafter for 
zxpek:  i r m .  During its second summer of feeding a larva will expel more than 1 gm of 
frass in rhis manner, alloning virtually no accumulation inside its gallery. 

In earl:- summer the larva bores a gallery proximad from the node, in the approximate 
mnwr of rhe srem, for a distance of 20 to  30 mm. Here it makes its "pruning" cut, 
cheain,~ aaa>- the wood in progressively larger arcs (but not as a flattened-spiral gallery) 
unril only rhe bark of the branch remains. The larva then firmly plugs its gallery at this 
point u-ith a s a d  of shredded wood. This cut is made in late June or early July in 
souAhern Michi-gan, and the branch is nearly always broken off by wind or rain shortly 
afternards and falls to  the ground. 

The patiern of feeding by the larva during the rest of its second summer varies 
according to  the size of the branch it occupies. If the branch is relatively stout, the larva 
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bores a gallery 3 mm in diameter, roughly down the center of the stem, for a distance of 
about 130 mm,  occasionally more. The larva then creates a pupal chamber by firmly 
plugging the gallery with a single wad of shreddcd wood, 20 to 30  mm from the distal 
end. Pupation occurs in this chamber in September or later, the pupa oriented with its 
head toward the plug and the proximal end of the gallery. Adult emergence occurs the 
following June, and the beetle pulls the plug apart and makes its way down the gallery, 
exiting through the first appropriate opening. There are often two available; the hole 
made for expelling frass which is easily enlarged, and a second exit created if, as is 
frequently the case, the short twig hollowed out during the larva's first summer has 
broken off when the branch fell to the ground. The adult does not normally exit through 
the proximal end of the gallery, although presumably it would do so if that were 
necessary. 

A larva occupying a slender branch will extend its gallery distad as long as there is an 
adequate woody portion in the stem. When there is little but  bark surrounding its gallcry, 
the larva will retreat into the main stem, sometimes plugging the abandoned portion with 
shredded wood, and proceed to  bore into other, lateral twigs as necessary for adequate 
feeding. In this situation the larval galleries terminate in slender twigs and are not 
enclosed by wood at the ends. The larva consequently returns to  a thicker part of the 
branch for pupation, whcre it creates a chamber by placing two firm plugs of shredded 
wood, the proximal one first, about 35 mm apart. The pupa in this situation is oriented 
with its head toward the distal end of the chamber, and the adult, after emergence, tears 
away the distal plug and exits through the bark of one of the slender twigs. 

Nothing is known of the breeding habits of this species. Adults are nocturnal and are 
frequently attracted to lights in June and early July. They may be  found in oak-hickory 
woods throughout the Lower Peninsula of Michigan (Gosling, 1973). 

Numerous accounts have been published of the life history of villosus; the more 
recent ones bascd on Craighead (1923, 1950). With the exception of Hamilton (1887), 
the authors of these accounts state that the life cycle of villosus, and by inference of 
parallelus as well, takes only one year to complete. Although this may be true in other 
areas within the range of this species, in Michigan parallelus rcquires two years to 
complete its life cycle, as described above. The data from 243 specimens (excluding those 
reared in this study) collected in Michigan between 1891 and 1977, support this 
observation, and also show that parallelus is probably represented in this area by only a 
single brood (Table 2). Consequently, adults are usually present only in odd-number 
years, with occasional adults in other years probably the result of prolongation of the 
larval stage of some individuals through dry or otherwise abnormal conditions. I have 
observed in St. Joseph County that pruning of twigs was only evident in even-number 
years, as would be expected. Examination of 5 3  specimens of villosus collected in 
Michigan (Table 2) indicates this species probably is also single-brooded and normally 
requires two years to  complete its life cycle in this area. This phenomenon should be of 
particular interest t o  persons concerned with the collection or control of these two 
species in Michigan. 

The valuc of the pruning behavior of the larva to the survival of parallelus has not 
been considered in the literature, but that of villosus has been the subject of much 
speculation. Packard (1890) and others felt that the larva required the moister conditions 
provided when the twig is on the ground than would prcvail if it were attached to the 
tree. Clarkson (1885) took the opposite view that pruning benefited the larva by cutting 
off the normal flow of moisture from the tree into the infested twig. Chittendon (1910) 
rejected both these theories and suggested that villosus amputated the twig it occupied 
to provide an appropriate exit for later use by the adult beetle. Insofar as parallelus is 
concerned this cannot be the case as the adult does not  normally use that opening in 
leaving the twig. 

An unusual behavior observed in a branch in which two larvae were boring 
simultaneously may offer a clue to the origins of pruning behavior. One larva excavated a 
gallery and made i ts  pruning cut in the normal manner described above, while a second 
larva began boring atypically from the tip of the distal twig on the branch and simply 
continued its gallery down the stem. The first larva, possibly in response to the presence 
of the other borer, extended its gallery 50 mm distad and then made a reversed but 
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Table 2. Tears in \vhich Elaphidionoides parallelus and E. villosus have been collected in 
Michigan. 

Odd-number Years 
' f e a r -  Sumber C o l l e c t e d  

Even-number Years 
Year - Number C o l l e c t e d  

a~- - , . . ;  ...LALces n i n e  r e a r e d  spec imens .  
bT- - . - 2 e ~ - e n  r e a r e d  specimens 

o thern iv  typical pruning cut, severing the distal portion of the branch, before boring 
into a lateral twig. The second larva eventually also made a pruning cut at the proximal 
end of its gallery. It may be that the benefit derived by  parallelus larvae from pruning 
beha\ior is simply isolation from potential competition with other stem-borers. 

PREDATION 

Toa-mend (1886) made observations in southern Michigan on  oak and hickory twigs 
inksred by purallelus, and recorded that after the twigs had fallen (in 1884) "nearly all 
of the lan-ae are destroyed by insectivorous buds, which extract them from their 
bunoas ,  if they have not  already been dislodged." Other authors refer to birds as 
predarors of villoms, and the Downy Woodpecker (Dendrocopus pubescens L.), Blue Jay 
(Cyanocirra cristata L.), and Black-capped Chickadee (Parus atricapillus L.) have been 
recorded (Chittenden, 19 10). However, I have not  observed birds feeding upon parallelus 
h - a e ,  nor found any indication on twigs examined in this study that a bird had 
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extracted a larva from its galIery. The only vertebrate predator observed was the red 
squirrel which, in localities where it was present, was a significant cause of larval 
mortality. 

In this study a high percentage of larval mortality occurred soon after the twigs were 
pruned and fell t o  the ground, but I was unable t o  identify the cause(s). No signs of 
entry were apparent, except that in a majority of cases the plug of shredded wood was 
missing from the proximal opening to the gallery. It was not evident, however, if the plug 
had actually been removed by a potential predator or had been dislodged accidentally. 
Termination of boring was found about twice as often in twigs lacking the plug as in 
those with the plug intact, but  absence of the plug was not  always associated with larval 
mortality. 

No remains of the larva were found in such twigs, and several authors who have 
recorded this phenomenon have speculated that the larva had fallen out as the twig came 
to earth after pruning. From my observations of the tenacious capabilities of these larvae, 
I d o  not  believe it probable that a living larva could b e  so easily dislodged from its 
gallery. It does appear that a predator enters the larval gallery after a twig has fallen, and 
removes or totally consumes the larva. Ants would seem t o  be the most likely predators 
responsible for this frequent termination of boring. 

PARASITISM 

The larvae in 34 (6%) of the 557 twigs from the three lots described above were 
consumed by parasitoid insects. Four species were reared from 20 of the cocoons and 
puparia recovered from these twigs (Table 3). It was not possible t o  obtain a positive 
identification of the tachinid Minthozelia ru,ficauda Reinhard as only male flies were 
reared and the male of this species has not been described.2 In terms of the number of 
larvae attacked, the braconid Meteorus tibialis Muesebeck was the most significant 
parasitoid of E. parallelus in this study. Odontobracon elaphidivorus Rohwer and Bracon 
eurygaster Brulle have been recorded as parasites of E. villosus (Linsley, 1963) and may 
also attack E. parallelus. 

The normal degree of parasitism is probably higher than the 6% recorded here. It is 
probable that some of the Iarvae eaten by squirrels had been parasitized, and it is also 
possible that the presence of parasitoid larvae may have been overlooked when the twigs 

Table 3. Adult parasitoids reared from cocoons or puparia associated with larvae of 
Elavhidionoides oarallelus. 

P a r a s i t o i d  
A d u l t s  Larvae 
Reared  Consumed 

HYMENOPTERA: Ichneumonidae 

Agonocryptus discoidaloides V i e r e c k  1 1 

HYMENOPTERA: Braconidae  

Iphiaulm eurygaster B r u l l e  
Meteorus t i b i a l i s  Muesebeck 

DIPTERA: T a c h i n i d a e  

Minthozelia rmficauda Reinhard  (?)  3 3 

2 ~ e r s o n a l  communication, C. W. Sabrosky, Systematic Entomology Laboratory, U.S. 
National Museum. 



1978 THE GREAT LAKES ENTOMOLOGIST 9 

in Lot 1 a-ere examined. It is interesting that none of the twigs in Lot 2, which were 
c o l l e c d  and enclosed soon after falling to the ground, contained parasitized larvae. This 
suEests that attack by parasitoids may be largely or entirely made after the twigs have 
fallen from the trees. If this is the case, it would be interesting to  know how and when 
ovipsirion occurs, and what alternate hosts may be utilized by these parasitoids. 

OTHER INTERSPECIFIC RELATIONSHIPS 

Eight colonies of four species of ants were found inside twigs examined in this study, 
some of a-hich may represent a form of commensalism. Four colonies of Leptothorax 
cunispinosus Mayr and one colony of Tapinoma sessile (Say) were encountered in the 
proximal portion of larval galleries, and there was no evidence that the ants had disturbed 
the borer larvae. In fact, the Tapinoma colony was removed from a twig containing an 
apparenrly healthy E. parallelus pupa. Two colonies of Camponotus subarbatus Emery 
and a colony of C. nearcticus Emery were found in the distal portion of larval galleries, 
and no races of the borer larvae remained. There was no clear indication, however, that 
any of these species is predacious on E. parallelus larvae. 

Several specimens of the pyralid moth Zanclognatha jacchusalis Walker were reared 
from pupae found on the screen bottom of the rearing cages containing the twigs in Lot 
3, and one pupa found within a borer gallery. It seems probable that the pyralid larvae 
had been feeding on frass produced by the borers, although this was not observed. I 
could not determine how the pyralids entered the cages; presumably on or in the twigs as 
all leaves had been removed. The nature of this relationship remains uncertain, and may 
be only casual. A clearly casual relationship was demonstrated by potter wasps (Vespidae: 
Eumeninae) which utilized as nest sites the galleries in three twigs lacking proximal plugs. 

Chittenden (1910) stated that twigs pruned by villosus "serve as a breeding place for 
hosts of other wood borers, many of which are injurious to shade trees and to standing 
timber." This seems improbable as the species of borers normally ovipositing in dead or 
dying harda-ood twigs are not likely to injure healthy trees. I found only two twigs in 
which other cerambycid larvae were feeding, these just beneath the bark, and conclude 
that such secondary infestations are of little or no economic significance. The nature and 
extent of these possibly commensal relationships between species of Cerambycidae are 
being investigated. 

CONTROL 

It is doubtful that parallelus under normal circumstances ever inflicts sufficient injury, 
even ro ornamental trees, to justify the use of the type of insecticides necessary to 
attempt control by that means. Anyone contemplating such an effort in Michigan should 
note that the adults will not be present until the year following that in which the damage 
is apparenr. The most practical means of reducing future injury would be the simple 
expedient of gathering and burning the infested twigs, as has been suggested by several 
authon for control of villosus, especially if this is done as soon as possible after the twigs 
have faUen from the trees. 

The present study indicates that most or perhaps all attack by parasitoids occurs 
during the borer larva's second summer of feeding, so twigs destroyed promptly after 
falling in late June or early July would be expected to contain few if any parasitoids. 
The desuuction of twigs at a later time would be, to  a degree, counterproductive by 
eliminatinz a relatively high proportion of parasitized larvae. Consequently, the recom- 
mendadons that twigs be gathered in the winter (Felt, 1905; Duffy, 1960) or spring 
(Baker, 1972) would be less effective for control of parallelus in Michigan, and probably 
~il losus as a-ell. 
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CRAWLING WATER BEETLES O F  WISCONSIN 
(COLEOPTERA: H A L I P L I D A E ) ~  

William L. ~ i l s e n h o f f ~  and Warren U. ~ r i ~ h a m ~  

Haliplidae are smail water beetles, less than 5 mm long, that frequently occur in 
abundance in ponds, marshes, sloughs, and swamps and also along the margins of slow 
streams or lakes where there is not severe wave action. Adults are readily recognized by 
their yelloa- to orange ground color with black maculations on the elytra and sometimes 
on the head and pronotum (Figs. 1,3,4). They have a distinctive shape, being broadest at 
the basss of the elytra and tapered toward the posterior end. The metacoxae are covered 
by d i s ~ c t i v e  plates that are unique among water beetles (Fig. 2). The tarsi and tibiae of 
the adults are modified for swimming, and the beetles can swim quite well, although they 
mostly crawl among the vegetation. Adults and larvae are found among vegetation upon 
which they feed, filamentous algae being the primary source of food for most species, 
but detrims and animal material may form a portion of the diet in some species. In 
Wisconsin most species probably have a one-year life cycle and overwinter as adults. Eggs 
are laid during spring and early summer, usually in or upon algae. There are three larval 
instars, and pupation takes place in moist soil above the water line. Larvae have been 
d e r r i h d  for only a few species, so identification is based upon adult characteristics. 

In his 1912 paper on the Haliplidae of North America, Matheson recorded seven 
species from Wisconsin. Wallis (1933) included records of two species from Wisconsin, 
but these had been on Matheson's list. Recently Hilsenhoff (1972) reported two 
additional species from the Pine-Popple River in Wisconsin bringing the number of species 
repor id  from the state to nine. 

Roberts ( 19 13) critically reviewed Matheson's 19 12 paper, which redescribed Haliplus 
lewisii Crotch 1873 from Dane County specimens in the W. S. Marshall collection. All 
previous records were from Texas. Wallis (1933) suggested that Marshall's specimens 
might have been H. ohioensis Wallis 1933, since this species resembles H. lewisii and is 
found in central Illinois, Indiana, and Ohio. The W. S. Marshall collection has been 
examined and all species reported by Matheson from that collection were present, except 
for H. Imin? and H. triopsis Say 1823, but many specimens from the Marshall collection 
have been lost  Xo specimens remain that fit Matheson's description of H. lewisii, so we 
will never be sure of the true identity of Matheson's species. 

The prevnt study is based mostly on more than 14,600 adult Haliplidae collected in 
Wisconsin since 1961. These specimens are preserved in 70% ethanol and housed in the 
Universiw of Wisconsin Insect Collection, except for some specimens at the Illinois 
Satural Histop Survey. A few Wisconsin specimens have also been seen in other 
collections. From 1961 to 1970 lotic habitats in Wisconsin were sampled intensively, but 
lentic habitats were sampled only occasionally until autumn, 1970, when an effort was 
made to sample at least three ponds in every county of the state. After 1970, lentic 
habitatc a-ere sampled whenever the opportunity permitted, and in 1976 a special effort 
was made to collect Halipidae from throughout the state. Almost half of the specimens 
a-ere collected in 1976. 

The key that follows includes all 19 species known to occur in Wisconsin and two 
species, &chius hungetfordi Spangler 1954, which was described from the northern tip 
of loa-er Michigan; and Peltodytes lengi Roberts 1913, which has been found in northern 
Illinois. Southern species that have been found only as far north as central Illinois were 
nor included, although they may be encountered in Wisconsin on some future date. The 
male peniralia of several species are distinctive and are illustrated in Figure 5,  but 

l~esea rch  supported by the College of Agricultural and Life Sciences, University of 
Wisconsin-Madison, and by the Wisconsin Department of Natural Resources. 

2~epa r tmen t  of Entomology, University of Wisconsin, Madison, WI 5 3706. 
3 ~ q u a r i c  Biology Section, Illinois Natural History Survey, Urbana, IL 61801. (Contri- 

bution Sumber V t o  Nearctic Haliplidae) 
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Fig. 5 .  Dorsal view of aedaegus and left paramere of (A) Peltodytes duodecimpunctatus, 
(B) P: edentulus, (C) P. lengi, (D) P. sexmaculatus, (E) P. tortulosus, (F) Haliplus 
triopns, (G) H. leopardus, ( H )  H. pantherinus, ( I )  H. connexus, ( J )  H. fasciatus, ( K )  H. 
tortilipenis, ( L )  H. apostolicus, (M) H. canadensis, (N)  H. cribrarius, (0)  H. sub- 
guttatus, (P) H. nitens (paramere only), (Q) H. immacdlicollis, ( K )  H. borealis, (S) H. 
blanchardi, and ( T )  H. longulus. 

Fig. 1-4. 1, Dorsal n e w  of Peltodytes sexmaculatus. 2 ,  Ventral view of P. sexmaculatus. 
3 ,  Dorsal view of Haliplus triopsis showing location of blotches. (MB) Medial Basal 
Blotch, (PoHD) Posthumeral Discal Blotch, (PrMD) Premedial Discal Blotch, (MS) 
Medial Sutural Blotch, (MSm) Medial Submarginal Blotch, (MD) Medial Discal Blotch, 
(PoMD) Postmedial Discal Blotch, (PoMSm) Postmedial Submarginal Blotch, and (A) 
Apical Blotch. 4, Dorsal view of Brychius sp. 
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Fig. 6-15. 6, Left metacoxal plate and metafemur of Peltodytes duodecimpunctatus. 7, 
Left metacoxal plate and metafemur of P. lengi. 8, Black humeral mark on left 
elytron of P. duodecimpunctatus. 9, Obscure black humeral mark on left elytron of P. 
duodecimpunctatus. 10, Pronoturn oC Haliplus longulus. 11, Left elytron of H. 
canadensis. 12, Left elytron of H. nitens. 13, Infuscate carina (C) on left met- 
episternum of H. pantherinus. 14, Apical margin of left elytron of  f1. connexus 15, 
Apical margin of left elytron of H. tortilipenis. 
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characters of the genitalia have not been included in the key because they are not 
essential for identification of Wisconsin species. They can, however, be very helpful in 
separating males of certain species and in confirming identifications. 

KEY TO HALIPLIDAE OF WISCONSIN (ADULTS) 

F'ronotum with sides of basal 213 nearly parallel (Fig. 4); 4.0-4.5 mm . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Brychius hungerfordi 
Pronotum with sides widest at base, convergent anteriorly. . . . . . . . . . . .  2 
Last segment of maxillary palp as wide and as long or longer than next to last; 
pronoturn with a pair of black basal impressions (Fig. 1) . . . . . .  Peltodytes 3 
Last segment of maxillary palp narrower and much shorter than next to last; 
pronotum without surface pigmentation or with anteromedial black mark, but 
without paired basal black impressions (Fig. 3) . . . . . . . . . . . . . .  Haliplus 7 
Peltodytes-Apical 213 of metafemur black with pale subapical band (Figs. 6,7) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Apical 213 of metafemur uniformly black or tan . . . . . . . . . . . . . . . . . .  6 
Vertex of head with a broad, crescent-shaped infuscation; 3.3-4.0 mm . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. edentulus 
Head unicolorous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Metacoxal plate distinctly angulate, margin concave just laterad of apex (Fig. 6): 
small black spot or dash at base of tenth stria (Figs. 8,9): 3.5-3.9 mm . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.duodecimpunctatus 
Sietacoxal plate subangulate, margin linear just laterad of apex (Fig. 7); no black 
spot or dash at base of tenth stria: 3.44.0 rnrn . . . . . . . . . . . . . . .  .P. lengi 
Metafernur very dark brown or black (Fig. 2); 3.5-3.9 mm. . . .  .P. sexmaculatus 
3letafemur tan; 3.9-4.5 mm . . . . . . . . . . . . . . . . . . . . . . . .  P. tortulosus 
Haliplus-Small beetles, 3.4 rnrn or less in length (front of head to apex of 
elytra); if near 3.4 mrn elytral maculations are indistinct. . . . . . . . . . . . . .  8 
Larger beetles, 3.5 rnrn or more in length; if near 3.5 mm maculations are 
distinct . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Vertex deeply infuscate or black; pronotum without basal plicae; 2.5-3.0 rnrn . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H. borealis 
Vertex unicolorous or slightly infuscate; pronotum with basal plicae (Fig. 10) . . 9 
F'ronotal plicae more than 113 length of pronotum (Fig. 10) (measured on line 
of plica); elytral maculation absent from basal half and mostly coalesced in distal 
half into a large postmedial sutural blotch; 2.7-3.4 mm . . . . . . . .  H. longulus 
F'ronotal plicae less than 113 length of pronotum; each elytron with 4 or 5 
distinct blotches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .10 
Apical margin of elytron strongly sinuate; pronotal plicae about 114 length of 
pronotum; 2.5-3.1 mm . . . . . . . . . . . . . . . . . . . . . . . . . . .  H. blanchardi 
Apical margin of elytron not sinuate; pronotal plicae about 115 length of 
pronotum; 2.5-3.1 mm . . . . . . . . . . . . . . . . . . . . . . . .  H. immaculicollis 
Anterior margin of pronotum with a dark medial blotch . . . . . . . . . . . .  .12 
Anterior margin of pronotum without a dark medial blotch. . . . . . . . . . .  .18 
Base of pronotum with deep, black, or fuscous punctures; elytral maculations on 

. . .  disc elongate and mostly confined to area between 2 striae (Figs. 11,121 .13 
Punctures at base of pronotum not infuscate or black; elytral maculations 

. . . . . . . . . . . . . .  irregular, broad, and usually covering 3 striae (Fig. 3) .16 
Mid-metastemum widely and strongly margined between mesocoxae 4.24.4 rnrn 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H. apostolicus 

. . . . . . . . .  Mid-metasternum not distinctly margined between mesocoxae .14 
Length 4.4-4.9 rnm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .H. cribrarius 
Length less than 4.2 mm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .15 
Color pale yellow; elytral maculations small, indistinct (Fig. 12); medial tri- 
angular projection at base of pronotum not infuscate; 3.5-4.0 mm . . .  .H. nitens 
CoIor reddish-yellow; elytral maculations large and distinct (Fig. 11); medial 

projection at base of pronotum infuscate; 3.6-4.1 mm . . H. canadensis 
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16(12'). Mesotrochanter elongated distally with coarse, deep punctures ventrally 
4.1-4.6 mm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H. leopardus 

. . . . .  16'. Mesotrochanter rounded, without or with only very small punctures .17 
17(16'). Carina on anterior of metepisternum infuscate (Fig. 13); protarsal claws long, 

more than 0.15 mm; 3.3-4.1 mm . . . . . . . . . . . . . . . . . . . .  H. pantherinus 
17'. Carina on anterior of metepisternum not infuscate, although it may appear 

darker than rest of sclerite; protarsal claws short, less than 0.13 mm; 3.5-4.2 mm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H. triopsis 

18(11f). Elytral maculations elongate and mostly confined to area between 2 striae; base 
of pronotum with deep, black punctures; 3.8-4.2 mm . . . . . . .  H. subguttatus 

18'. Elytral maculations large and irregular, often covering 3 striae; base of pronotum 
without deep, black punctures . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .19 

19(18'). Apical margin of elytron not denticulate; sutural black stripe reaching first stria 
anterior to medial sutural blotch; 3.8-4.2 mm . . . . . . . . . . . . . .  H. fasciatus 

19'. Apical margin of elytra distinctly serrate-denticulate (Figs. 14,15); sutural black 
stripe narrow, not reaching first stria anterior to  medial sutural blotch . . . .  .20 

20(19'). Denticulations at apex of elytra distinct and extending to mesal edge (Fig. 14); 
postmedial submarginal blotch on elytron close to  apical blotch, separated from 
it by a distance less than width of postmedial submarginal blotch; 3.54.2 mm. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H. connexus 

20'. Serrations at apex of elytra becoming indistinct mesally and not reaching mesal 
margin (Fig. 15); postmedial submarginal blotch separated from apical blotch by 
a distance as great or greater than width of postmedial submarginal blotch; 
4.2-4.5 mm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H. tortilipensis 

SOUTHERN SPECIES THAT COULD OCCUR IN WISCONSIN 

Haliplus ohioensis Wallis 1933 will key to couplet 8, but does not have the deeply 
infuscate vertex and sinuate elytral apices of H. borealis, and does not have the distinct 
pronotal plicae of species that key through couplet 8'. Also, the extremely small size 
(less than 2.5 mm) is distinctive. 

Haliplus variomaculatus Brigham and Sanderson 1973 will key to  H. triposis but is 
smaller than that species (less than 3.5 mm). It can be further separated from triopsis by 
its fuscous basal blotch and pronotal maculation (black in triopsis), posthumeral discal 
blotch and premedial discal blotch usually broadly joined (separated or narrowly joined 
in triopsis), and by the evenly curved aedeagus of males, which differs markedly from the 
abruptly bent aedeagus of triopsis (Fig. 5F). 

Peltodytes dunavani Young 1961 will key to P. sexmaculafus, but the medial sutural 
blotch is coalescent with the sutural stripe. 

Peltody tes pedunculatus (Blatchley) 19 10, like P. dunavani, will key to  sexmaculatus, 
but has the medial sutural blotch coalescent with the sutural stripe. In P. pedunculatus 
the posthumeral blotch is elongate, whereas it is broadly triangular in P. dunavani. The 
aedaegus in P. dunavani is toothed; in P. pedunculatus it is not. 

Peltodytes litoralis Matheson 1912 will key to  couplet 6, but the metafemora are 
yellow and it is distinctly smaller than P. tortulosus, which has tan femora. 

STATUS AND IDENTIFICATION OF WlSCONSIN SPECIES 

Genus BRYCHIUS Thomson 1860 

Four species of Brychius are currently recognized from North America, and the genus 
is easily distinguished from Haliplus and Peltodytes by characters in the key. 

I 

hungerfordi Spangler 1954. Not yet collected in Wisconsin but found in the Maple River, 
Emmet County, Michigan, which is across Lake Michigan from Door County, 
Wisconsin. It is to be looked for in lotic habitats among plant roots. Identification: 
Very unlike any other Wisconsin haliplid in general appearance (Fig. 4), this species is 
easily separated by the piceous elytral stripes and characters in the key. 



1978 THE GREAT LAKES ENTOMOLOGIST 

Genus PELTODYTES Regimbart 1878 

Eghteen species are recognized from North America north of Mexico; four have been 
collected in Wisconsin. A fifth species has been found in northern Illinois and may occur 
in Wisconsin. 

duodecirnpunctatus (Say) 1823. (seven collections, 11 individuals) Rare, with a probable 
statewide distribution (Fig. 16). All specimens were collected from margins of streams. 
Identification: The lack of an infuscation on the vertex readily separates it from 
edentulus, which also has a black metafemur with a pale subapical band. It closely 
resembles lengi, from which it can be most readily separated by characters in the key. 
The black posthumeral spot or dash at the base of the tenth stria is sometimes 
obscure (Fig. 9). The pale band near the apex of the metafemur is much narrower 
than the black middle band (Fig. 6), while in lengi it is as wide or wider than the 
dark middle band (Fig. 7). 

edentulus (LeConte) 1863. (452 collections, 2946 individuals) It was very common 
throughout the southern half but uncommon in the extreme north (Fig. 16). Most 
specimens were collected from ponds, although several were found in a variety of 
other lentic habitats and along margins of streams. It was most abundant from August 
through November. Identification: The conspicuous crescent-shaped infuscation of the 
vertex is distinctive, especially in conjunction with the dark metafemur with a pale 
subapical band. 

lengi Roberts 1913. This species has not been collected in Wisconsin, but has been found 
in northern Illinois and may occur sparingly in the southern counties. Identification: 
Similar to duodecimpunctatus, it can be separated from that species by characters in 
the key and its much wider subapical band on the metafemur. 

sexmaculatus Roberts 1913. (four collections, five individuals) Although considered a 
southern species, three of the five specimens were collected as far north as Rusk 
County (Fig. 16). All collections were made from streams or river-bottom ponds. 
Identification: This is the only Wisconsin species in which the apical two-thirds of the 
metafemur is black. 

tortulosus Roberts 19 13. (107 collections, 2 11 individuals) Although fairly common 
statewide (Fig. 16) it was never found in numbers at any site. I t  was most frequently 
found from June through September, usually being collected from ponds, and only 
occasionally from other lentic habitats or margins of streams. Identification: Its very 
large size, pale metafemur, and pronounced mesa1 depression of the basal portion of 
the elyba are distinctive. The vertex may be somewhat infuscate in some individuals, 
but does not have the black crescent-shaped infuscation of edentulus. 

Genus HALIPLUS LatreiUe 1802 

Forty-six species of Haliplus are currently recognized from North America north of 
Mexico. Fourteen have been collected from Wisconsin in the present study and a 
fifteenth, nitens, was reported by Matheson (19 12) from Bayfield County. 

apostolicus Wallis 1933. (nine collections, nine individuals) All were collected from lentic 
habitats in the northwest half (Fig. 16). Identification: H. apostolicus closely 
resembles m~brorius and conadensis, but the broad elevated margin of the mid- 
metasternurn between the mesocoxae is distinctive. It is generally smaller than 
rn-brmius and larger than canadensis and nitens. The infuscation on the anterior of the 
pronotum is rectangular and only 1% times as wide as long, while in cribmrius and 
conadensis this mark is wider mesally and about 3 times as wide as long. Elytral 
maculations are broader, the posthumeral discal blotch and postmedial submarginal 
blotch covering three or four striae. 

b l a n c h d i  Roberts 1913. (61 collections, 272 individuals) Most were collected in August 
and Seprember from ponds and swamps; none were found in streams. Although 
possibly stateaide in distribution (Fig. 16), most were found in the northwest. 
Identification: The sinuate elytral apex separates it from all other small haliplids in 
Wisconsin, except borealis, which has no pronotal plicae and has an infuscate vertex. 
It most closely resembles immaculicollis, and can be further separated from that 
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Fig. 16. Wisconsin distribution of  Pel todytes  and five species of  Haliplus. 
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H. trioprir a 

Fig. 17. Wisconsin distribution of ten species of Haliplus. 
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species by a deep sulcus in the prosternal process at the anterior bend (immaculicollis 
has a shallow sulcus) and usually a more distinctly marked posthumeral discal blotch. 

borealis LeConte 1850. (64 collections, 359 individuals) This species was most common 
in the southern fourth, but also occurred in some northern and western counties (Fig. 
16). It was not found in the northeast. Most were collected in August and very few 
were found before June. It was found mostly in ponds, but also occurred along 
margins of lakes, sloughs, and streams. Identification: This is the only small Haliplus 
in Wisconsin with a deeply infuscate vertex and no pronotal plicae. 

canadensis Wallis 1933. (10 collections, 43 individuals) Found only in lentic habitats, 29 
were from a pond in Door County on 3 August, 1976. Its distribution in Wisconsin is 
apparently confined to the east (Fig. 17). Wallis (1973) found it in Manitoba, but not 
in Minnesota. Identification: fl. canadensis is readily separated from the very similar 
cribrarius by its much smaller size and the wide, dark (usually black) band around the 
middle of the metafemur. It can be distinguished from the paler nitens by its larger, 
more elongate, and more pronounced maculations (Fig. l l ) ,  but there is great 
variation in both species. There is a black mark that runs forward from the medial 
sutural blotch along the second stria and usually connects with the premedial discal 
blotch. The medial basal blotch is usually distinct, although sometimes reduced. In 
nitens the medial basal blotch and medial sutural blotch are obscure or absent (Fig. 
12). The triangular projection of the pronotum at the base of the elytral suture is 
infuscate in canadensis but not in nitens. Punctures on the elytral striae are slightly 
larger in canadensis and more deeply impressed, causing some stria1 rows to be 
impressed on the disc. There are usually less than 50 infuscate punctures on the base 
of the pronotum, while in nitens there are about 60. 

connexus Matheson 1912. (84 collections, 209 individuals) It apparently occurs throughout 
the state (Fig. 17) mostly in ponds and swamps, but also in other lentic habitats and 
along margins of streams. It was not collected from any of the counties borderjng on 
Minnesota, and Wallis (1973) reported only one specimen from that state. Identifica- 
tion: Distinct denticulations on the apex of the elytra readily separate it from the 
similar fasciatus, which has no denticulations. It closely resembles tortilipenis, but the 
denticulations are stronger and extend mesally to the elytral suture, although they 
become weak in this region. The postmedial submarginal blotch in connexus is much 
closer to the apical blotch than in tortilipenis, the separation generally being much 
less than the width of the postmedial submarginal blotch. 

cribrarius LeConte 1850. (61 collections, 139 individuals) Most were collected in July 
and August from swamps and ponds; a few were found along streams. While fairly 
common in the northern third, none were found in the southern third (Fig. 17). 
Identification: Its very large size usually separates it from all other Haliplus. 
Separation from related species is discussed under those species. Wallis (1933) 
discusses the confusion over separation of apostolicus, canadensis, nitens and subguttatus 
from cribrarius, so many early literature records of cribrarius may be erroneous. 

fasciatus AubC 1838. (one collection, one jndividual) This southern species was collected 
only from Bong Flowage, Kenosha County, 3 August, 1971 (Fig. 16). It probably 
occurs only in the extreme south, where it is rare. Identification: The lack of 
denticulations at the apex of the elytra separates it from the similar connexus and 
tortilipenis. Also, the black sutural stripe anterior to the medial sutural blotch is much 
wider, extending to the first striae. 

immaculicollis Harris 1828. (616 collections, 9639 individuals) Easily Wisconsin's most 
abundant haliplid, 84% of the Haliplus collected were this species. It was found in 
every county (Fig. 17) and was frequently encountered in a wide variety of lentic and 
lotic habitats. It was most abundant in August and September, but was numerous 
from April through November. Identification: I t  can be separated from other small 
Haliplus as discussed under blanchardi, borealis, and longulus. The intensity of elytral 
maculations varies, but they are never as obscure as in longulus and rarely as intense 
basally as in blanchardi. 

Ieopardus Roberts 1913. (eight collections, 10 individuals) Collected mostly from ponds 
and sloughs, its distribution may be statewide (Fig. 16). Published records of 
leopardus include Massachusetts, Connecticut, New York, Virginia, and South Carolina 
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(Roberts, 1913; Wallis, 1933; Matta, 1976). Additional records (Brigham, unpublished) 
include New Jersey, Pennsylvania, North Carolina, Georgia, and Louisiana. Thus, the 
Wisconsin records presented here represent a substantial discontinuity in the known 
distribution of leopardus. Critical examination of Wisconsin and coastal specimens 
revealed no differences between the two populations. Identification: H. leopardus is 
usually larger than triopsis and pantherinus, which it resembles. It is most readily 
separated from these species by the elongate, deeply punctured mesotrochanter; the 
mesotrochanter is rounded and at most weakly punctured in pantherinus and triopsis. 
The metepisternal carina is not infuscate as in pantherinus. 

longuIus LeConte 1850. (1 00 collections, 44 1 individuals) This species was found 
statewide (Fig. 17), mostly in ponds, but occasionally along streams. Unlike most 
other haliplids, which reach peak abundance in late summer, longulus was usually 
collected in May and June and only sparingly after July. Since ponds in many parts of 
the state were sampled only in late summer, the uneven distribution of longulus in 
Fig. 17 probably represents a sampling bias. Identification: H. longulus is generally 
larger and more elongate than either blanchardi or immaculicollis. Elytral maculations 
are indistinct and in most specimens consist of a very large postmedial sutural blotch 
and a smaller postmedial submarginal blotch on each elytron. In blanchardi and 
immaculicollis there are four or five small blotches on each elytron. 

nitens LeConte 1850. (no collections) Although described by LeConte from St. Ignace 
Island in northern Lake Superior and also collected in Bayfield, Wisconsin? (Matheson, 
1912), we have seen no specimens from Wisconsin. Wallis (1973) did not report it 
from Manitoba or Minnesota; it probably occurs infrequently in extreme northern 
Wisconsin. Identification: The pale straw color, extremely small, sometimes indistinct, 
elytral maculations (Fig. 12) and smaller size readily separate it from cribrarius and 
apostolicus. The pale coloration and reduced maculation readily distinguishes most 
specimens, but separation from canadensis may sometimes bc difficult and is discussed 
under canadensis. 

pantherinus AubC 1838. (18 collections, 47 individuals) Most specimens were collected in 
October. It was found in ponds, lakes, and the margins of streams (Fig. 17) in 
scattered areas throughout the state. Identification: It is readily separated from the 
similar leopardus and triopsis by the infuscate metepisternal carina (Fig. 13) and 
longer protarsal claws. It most closely resembles triopsis, and can be further 
distinguished from that species by the prosternal process, which is about as wide 
posteriorly as anteriorly and is constricted between the procoxae. In triopsis the 
prosternal process is gradually widened anteriorly. 

subguttatus Crotch 1873. (24 collections, 83 individuals) This species was collected only 
from ponds in the southeast third (Fig. 17). Identification: Because of its elongate 
elytral maculations and large black punctures at the base of the pronotum it resembles 
apostolicus, canadensis, cribrarius, and nitens, but it does not have the anterior mesa1 
infuscation of those species. I t  also has no depressions of the metasternum behind the 
mesocosae, and no basal elytral maculation or infuscation. The elytral maculations are 
frequently rather obscure. Roberts (1912) in his description mentions an apical pronotal 
infuscation, but there was no hint of this in any Wis,consin specimen. Wallis (1933) 
states that specimens may or may not have a pronotal infuscation, and both he and 
Roberts mention wide variations in maculation. 

LeConte first used the name subguttatus in a manoscript for a series of specimens 
from Lake Superior that he felt were distinct from cn5w-arius. The name subguttatus 
n-as fust published by Crotch (1873) under cribrarius with the comment that "other 
specimens marked H. subguttatus, Lec. MSS. are darker in color but not otherwise 
distinct." Blatchley (1910) further described subguttatus, with credit to the LeConte 
manuscript and specimens, and included it as a subspecies of cribrarius. Roberts 
(1913) described subguttatus from Massachusetts, believing that the species had not 
yet been described, but may have been looking at a species that is different from that 
described by LeConte, Crotch, and Blatchley. This perhaps accounts for the wide 
variation in subguttatus noted by Roberts (1913) and Wallis (1933). 

tortilipenis Brigham and Sanderson 1972. (one collection, one individual) One female 
collected from a pond in Walworth County, 4 August, 1975, is the only Wisconsin 
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record (Fig. 17). Identification: H. tortilipenis is very similar in appearance to 
connexus. It is generally larger, but small individuals are the same size as large 
connexus. The serrations at the apex of the elytra are less distinct than those of 
connexus, and do not extend to the mesa1 margin as in connexus. The postmedial 
submarginal blotch is separated from the apical blotch by a distance equal to or 
greater than the width of the postmedial submarginal blotch; in connexus these 
blotches are usually much closer together. 

triopsis Say 1823. (45 collections, 162 individuals) In Wisconsin, this species is confined 
to the southern half of the state where it is fairly common (Fig. 17). Almost all 
specimens were collected from ponds or sloughs; only one was collected from a 
stream. Identification: H, triopsis resembles the generally larger leopardus from which 
it can be readily separated by its rounded unpunctured mesotrochanter. It closely 
resembles pantherinus, but does not have an infuscation on the metepisternal carina, 
has shorter protarsal claws, and has a differently shaped prosternal process as 
mentioned under pantherinus. 
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AN ANALYSIS OF 'THE SHORE BEETLE COMMUNlTlES OF SOME 
CHANNELIZED STREAMS IN NORTHWEST OHIO   COLE OPT ERA)^ 

Paul M. Holeski and Robert C. craves2 

ABSTRACT 

The present shore beetle communities of some northwest Ohio streams channelized 
between 1937 and 1973 were studied. Quantitative and qualitative analyses were made to 
determine the effects of channelization on the community and the results are discussed. 
Ninety species, chiefly Carabidae, Heteroceridae and Staphylinidae, were collected; at 
least 20 not previously reported from Ohio. In addition, some species associations are 
noted. 

Stream margins form very narrow and often unstable ecological situations which are 
inhabited by a diverse but specific collection of insect species. The present study is 
limited to  the Coleoptera. In the habitats studied, the vast majority of shore beetles 
belonged to the families Carabidae, Staphylinidae and Heteroceridae. These either live on 
the surface or excavate burrows in the soil a few inches to a foot or more from the 
waters edge. They often venture out from the shore onto algal mats and debris or may 
live in the saturated mud of the land-water interface rather than on the drier soil. 
Lindroth (1961-69) has indicated that many of these species are highly restricted 
ecologically and are sensitive indicators of specific habitats. 

The shore beetles are not completely terrestrial and certainly not truly aquatic but 
provide an interesting population of species closely tied to the narrow band on the land 
side of the land-water interface. Small ecological changes in this restricted habitat will 
alter the composition of the shore beetle population and, although several authors have 
briefly considered the shore beetles in their overall studies of habitat change (Hefley, 
1937; Stehr and Branson, 1938; and Richardson, 1921), very few ecological studies of 
the insects themselves have been made. Lindroth (196169) discussed many of the 
shore-inhabiting Carabidae in his study of this family in North America. Andersen (1969) 
investigated the life histories and habitats of some members of the Bembidiini (Carabidae) 
on river banks in northern Norway. Andersen (1968), Joy (1910), and Jenkins (1960) 
reported on the effects of flooding on certain shore beetle species. 

The ecology of shore beetles has been neglected and no studies of ecological 
succession among these species could be located. The "Little Auglaize Watershed Project" 
in northwestern Ohio (located in portions of Mercer, Van Wert, Putnam and Paulding 
counties) offered an unusual opportunity to study shore beetle populations and commu- 
nities. 

Many of the streams in this watershed were periodically channelized for flood 
prevention and cropland protection. These streams have undergone similar, but much less 
extensive channel modification several times in the past. Study sites were selected on 
streams channelized in 1971 and 1973 as part of the current watershed project, and on 
streams which were modified 15-30 years ago. 

In this study shore beetle populations were sampled and compared with the dates of 
stream channelization in the manner in which "old field" studies have been used to 
determine plant succession. 

l~esea rch  supported in part by grants from the Ohio Biological Survey. 
2 ~ e ~ a r t m e n t  of Biological Sciences, Bowling Green State University, Bowling Green, 

Ohio 43403. 
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THE AREA AND ITS HISTORY 

The Black Swamp region of northwest Ohio is an irregular strip about 30 miles wide 
lying roughly parallel to the east bank of the Maumee River from Lake Erie southwest 
for 120 miles to the present city of New Haven, Indiana (Fig. 1). It covers some 2,000 
square miles and includes all or portions of 11 Ohio and two Indiana counties. Most of 
the area was originally covered with dense swamp forest with occasional oak openings 
and wet prairies. The wetness of the area retarded settlement even after the land to 
north, south and west had come under cultivation (Kaatz, 1955). 

In order to make the area suitable for cultivation the Black Swamp had to  be ditched 
and drained. Public ditch laws were enacted to construct ditches and modify the existing 
streams to facilitate the removal of excess water. 

The streams which form the Little Auglaize Basin are almost wholly within the Black 
Swamp region. There is no recorded modification of these streams until 1880 when a 
portion of the Little Auglaize River was modified. Channelization of the other streams in 
the system began soon afterward and by 1905 at least parts of all major streams had 
undergone some modification. Until the present Watershed Project was initiated in 1965, 
stream treatment was done on a limited local basis with only short portions of a stream 
undergoing construction at any one time. This usually consisted of dredging the existing 
channel and removing vegetation from the channel and banks. In the recent projects, 
modifications consisting of dredging, vegetation removal, channel straightening, and 
construction of entirely new channels were done on most of the length of a stream. 
Table 1 shows the approximate stream modification dates in the areas where the sampling 
sites were located. 

Table 1. The approximate dates of major modifications of streams in the Little Auglaize 
Watershed which included the areas of sample sites, from Van Wert-Paulding Counties 
Joint Ditch Records, Paulding County Engineer's Office, Paulding, Ohio. 

Stream 
Date o f  Locat ion  i n  

mod i f i ca t ion  Paulding County, Ohio 

L i t t l e  Augla ize  River  

Dog Creek 

Middle Creek 

Town Creek 

FZaddox Creek 

West Branch Creek (Hoagl i n )  

Hagerman Creek 

P r a i r i e  Creek 

Sec.  15, Washington Twp. 

Sec .  34 ,  Washington Twp. 

Sec .  2 1 ,  Washington Twp. 

Sec .  36,  La t ty  Twp. 

Sec.  35, La t ty  Twp. 

Sec .  18,  Washington Twp. 

Sec. 29, La t ty  Twp. 

Sec. 15 ,  La t ty  Twp., and 
Sec .  7 ,  Washington Thy. 



THE GREAT LAKES ENTOMOLOGIST 

Fig. 1. The locations of sample sites on the streams of the lower Little Auglaize 
Watershed. 1, The Little Auglaize River; 2, Dog Creek; 3, Town Creek section of 
Middle Branch Creek; 4, Maddox Creek section of Middle Branch Creek; 5, Middle 
Branch Creek; 6, West Branch or Hoaglin Creek; 7, Hagerman Creek; 8, Prairie Creek; 
9, Prairie Creek. Straight lines represent roads. The Black Swamp Region (stippled) 
and the Little Auglaize Watershed (black) are shown on the Ohio map outline. 

COLLECTING SITES 

Collecting sites were established at  various points along the six streams included in the 
study. There were nine sites, all located in Paulding County, Ohio (Fig. 1). 

Site 1. The sample site on the Little Auglaize River is shown in Figure 2. At this point 
the channelized stream had a bed 85 feet wide and the bank was graded to a standard 
2: l  side slope. Channelization of the Little Auglaize River was completed in 1971. 

At nor~nal water levels there was an exposed silt deposit extending 20-30 inches from 
the shore into the streatn (Fig. 2). Under conditions of high water which normally occur 
in the spring, this area of the shore was completely inundated while at low water levels 
much of the stream bed was exposed (Fig. 3). This was true for all of the streams. 
Samples were taken from the shore up to 24 inches back from the waterline. There was 
very little or no vegetation present on the exposed shore, but the graded bank was 
densely covered with seeded grasses and legumes. 

Site 2. This area of Dog Creek was last modified in 1944, 27 years before the present 
study was begun in 1971. The stream channel at this point was normally 15-20 feet wide. 
The bank sloped gradually to the water with little vegetative cover below the high water 
line. Above the high water line and extending several yards to the cultivated fields there 
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was a thick cover of herbaceous and woody vegetation. Some of the trees overhung and 
shaded areas of the shore during part of the day. Because of the shade a damp strip of 
shore near the water remained fairly uniform in width throughout the year. This differed 
from the conditions found in the recently channelized streams where most of the shore 
became dry during the late summer due to the lack of shading vegetation. 

Sites 3, 4, and 5. Three collecting sites were located on the Middle Branch Creek 
complex of the Little Auglaize Watershed, one each on Maddox and Town Creeks and 
one on the combined channels. The Maddox Creek site (4) was located in a wooded 
cattle pasture. At this site the stream contained large amounts of debris, and, except 
under high water conditions, could best be described as a series of connected pools rather 
than a flowing stream. Modifications of the stream channel in this area last took place in 
1937. Large trees heavily shaded the stream and maintained a damp shore throughout the 
season. Although this site was in an area used as a cattle pasture the shore was rarely 
disturbed. 

On Town Creek the collection site (3) was also in a pasture, but unlike the Maddox 
Creek site this site was almost totally open, and was regularly disturbed by cattle. Water 
levels in this stream remained constant throughout most of the year and herbaceous 
vegetation grew almost to the edge of the water. A suitable habitat for shore insects was 
provided only on a narrow strip (seldom more than 15 inches wide) before a steep rise in 
the bank. This narrow area consisted of very soft, wet mud and cattle dung which was 
regularly trampled by these animals. The site was located in an area last channelized in 
1942. 

The nine miles of stream known as Middle Creek from the junction of Town and 
Maddox Creeks to the Little Auglaize River was channelized in 1972. At the location of 
the collection site (5) the stream was modified to a 60 foot wide bottom (USDA, 1966) 
as shown in Figure 4, a photograph taken in June, 1973. In August, 1973 a narrower 
channel was cut in the existing bottom (Fig. 5). The spoil removed in constructing the 
new channel consisted mainly of clay and broken rock. This material was dumped on the 
shore and graded to form a thin, level layer over the preexisting shore. This site was of 
unusual interest in that there were two major modifications of the shore within a three 
year period. 

Site 6. At this location West Branch is a rather shallow stream with one steeply sloped 
bank. This section of stream was last channelized in 1949 but now shows little evidence 
of that work. The stream channel contained some areas of dense emergent vegetation 
(Potamogeron) and there were numerous fallen trees in the channel, all of which tended 
to "pond" the stream. During late summer the stream generally had no flow, the water 
being restricted to isolated pools. The actual sample location was the shore area of one of 
these pools. 

Site 7. Hagerman Creek is a small stream last modified in 1956. Because of its small size 
and deep cut in relation to  width, water levels can fluctuate rapidly and shore areas can 
be completely inundated within a few hours after a rain which would have little effect on 
the water levels of the other streams. 

Sites 8 and 9. Two sites were established on Prairie Creek, one a few miles from the 
other. Site 9 was located in a woodlot while site 8 (Fig. 6) was a tree-lined portion of 
the stream in an open area of cultivated fields. The collection areas of both sites 
appeared similar in that the shores were composed of soft, wet mud containing large 
amounts of debris. These areas seldom became dry even during long periods of dry 
weather. 

During the season of insect activity specimens were collected at each sample station 
on a regular basis, usually every three to four weeks. The insects became active in the 
spring as soon as the daily temperatures rose and the high seasonal water levels subsided. 
Normally this is in early April but can be as late as June depending on local conditions. 
Collecting ceased in the fall when cold curtailed insect activity. 

The samples were made by placing a foot square (30.5 X 30.5 cm.) metal and screen 
frame on the shore at each collecting site, permitting a quantitative sample of a constant 
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area (1 foot2 or 0.092 m 2 )  to be taken. Water was splashed into the frame to force those 
beetles not on the surface to emerge from cracks and burrows. As most shore beetles do 
not readily take flight when disturbed, this method of sampling allowed the capture of 
most of the insects within the area of the frame. Two samples were made at each 
collection. Taxa were determined according to Arnett (1968), Lindroth (1961-69), and 
Pacheco (1963). 

QUANTITATIVE RESULTS 

Quantative data were tabulated and analysed by a series of information measures 
which included the diversity indices of Margalef (1951) and Shannon & Weaver (1963). 
Margalef's index, 

d = (S - l ) / lnN 

relates the number of species to the number of individuals and thus is a measure of 
diversity in terms of species richness. It has been found in other studies (Wilhm, 1967) 
that higher values (usually above 3.) indicate an increased balance of species while lower 
values indicate an unbalanced community consisting of few species. 

The Shannon & Weaver index, H = -C(Pi log Pi) does more than show the relationship 
between total numbers of species and individuals, it expresses the relative importance of 
each individual belonging to each species and thus is an expression of dominance diversity 
rather than species richness. Values from this index can range from 0 (when all 
individuals belong to the same species) to various positive values. 

Quantitative data for each station are summarized in Table 2. In the three-year study 
more than 5,000 individuals belonging to 90 species were collected. Yearly samples were 
obtained by pooling totals from the six to eight collections made per year. 

QUALITATIVE RESULTS 

Quantitative measurements such as species diversity are useful in that they provide 
measurements of numbers of taxa, however, they do not provide information about the 

Fig. 2. The sampling location on the Little Auglaize River ( I ) ,  showing the narrow shore 
area exposed at average water depth. 
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Fig. 3. The sampling location on the Little Auglaize River showing the shore area 
exposed at low water levels in late summer. 

Fig. 4. The sample site area of Middle Creek (5) in June, 1973, one year after 
channelization. The seeded vegetation on the upper banks has been established but 
very little silt deposit shore has been built-up. 
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Fig. 5. The same location as shown in Figure 4, August of the same year. A new 
narrower channel has been cut changing the nature of the shore. 

Fig. 6. Site 8 on Prairie Creek, a tree-lined area in cultivated fields. 
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similarities of the taxa themselves. Two areas with identical species diversity could, for 
example, share all their species, none of their species or any combination (Wiegert, 1974). 
T o  measure relationships among species qualitative methods must be used. This study 
used the SIMGRA computer program based on Estabrook (1973) to  test for the 
similarity of the communities at the collecting sites. The program allowed a comparison 
of species and of the number of individuals present in a species. Thus if in a comparison 
of two sites the species and the number of individuals in each species were the same a 
value of 1.0 would be obtained. 

Sites were analysed through the SlMGRA program by pooling all individuals collected 
at a site in one year into a group and then comparing each of the groups with every 
other group. Table 3 was constructed from these data and shows each collection site and 
the four sites most similar in species and individual composition. 

Table 4 lists all of the shore dwelling species collected in this study of the Little 
Auglaize Watershed. The total number of species collected at the sites over the three year 
period ranged from 28 at site 7 on Hagerman Creek to 47 at site 2 on Dog Creek (yearly 
totals are shown in Table 2). 

Table 3. Stations most similar in species and individuals composition based on Coefficient 
of Similarity (C.S.) values as determined by the SlMGRA computer program. 

- 

Four most s i m i l a r  s t a t i o n s  and C.S. va lue  
S t a t i o n  

S ta t i0n :C .S .  S t a t i 0 n : C . S .  S ta t i0n :C .S .  S ta t i0n :C .S .  
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Table 4. List of shore beetles collected in the Little Auglaize Watershed, 1972-1974. 
Number(s) following the species name show the station(s) at which it was collected; the 
letter A indicates the species was collected at a11 nine stations. Species most commonly 
collected are indicated by *, and species apparently not reported previously from Ohio 
are indicated by +. 

CICINDELIDAE 

CicindeZa repanda Dej ean (1)  C.  duodecimguttata Del ean ( 1 , s )  

CARARIDAE 

*Bernbidion rapidwn LeConte (A) *+T. v i v m  LeConte ( 1 , 3 , 4 , 5 , 6 )  
' B .  p s t r u e l e  Dejean (A) Chlaenius ser iceus  F o r s t e r  ( 8 )  
+B. frontale LeConte ( 7 , s )  CZivina b ipus tu la ta  F a b r i c l u s  (7 ,9 )  

*+B. yracil i fbmne Hayward (2,4,6,91 C. inpress i f rons  LeConte (3)  
*+B.  impotens Casey (A) D ~ s c i i i r i u s  sphaer icoZl i s  Say (1) 
*B. inaequaze Say ( 1 , 2 , 5 , 6 )  D. haeniol~rhoidslis Dejean (1 ,2 ,3 ,7 )  
+B. texanun Chaudoir (8 )  Omophru~z cmierics?z~m Dej ean (1 ,2 ,7 )  
*B. vcriegatwn Say ( 2 , 6 , 8 , 9 )  StenoZopiilcs ochropszus Say (1 ,3 ,6 ,7 ,8 ,9 )  
*B.  versicoZor LeConte (A) S .  lecoritei Chaudoir (1,3)  
B. rnimus Hayward ( 1 , 2 , 3 , 4 , 6 , 9 )  S .  conmia F a b r i c i u s  (8)  

*+B. s p .  (A) BradyceZlus s p .  (7)  
+Tachys anceps LeConte (1 ,6 )  ~ c u ~ a l p u s  s p .  (2 , s )  
+T. coruscus LeConte ( 1 , 6 , 7 , 8 , 9 )  Agonlm ex tens ico le  Say (8) 
+T. incur.uus Say ( 1 , 2 , 3 , 5 , 8 , 9 )  A.  J e r r e m  tialdeman (8) 
+T. obliquus Casey ( 2 , 6 , 7 , 8 , 9 )  * E l a p i m s  ruscar ius  Say ( 1 , 2 , 3 , 4 , 5 , 6 , 8 , 9 )  
:". prosirnus Say (8,Y) Patrobus longicornis (Say) (1 )  

+T. saturatus Casey ( 1 , 2 , 4 , 8 )  Stenocrepis cuprea Chaudoir  (1 )  
*+T. s c i t u l u s  LeConte ( 1 , 2 , 3 , 4 , 6 , 7 , 8 , 9 )  Ahacidus p e m n d u s  Say ( 7 , s )  

HALIPLIDAE 

PeZtodytes endentulus (LeConte) (1 )  P. duodecenpunctatus (Say) ( 1 , 2 , 3 , 6 , 7 , 9 )  

DYTISCIDAE 

Eidessus s p .  (4)  
Brzachyvatus s p .  (3)  
CopeZatus s p .  (2) 

Hydrovatus s p .  (1) 
Hygrotus s p .  (6)  
Laccophilua rnacuzosus Say ( 1 , 2 , 3 , 4 , 6 , 9 )  

HYDROPHILIDAE 

Enochr~us perplems  (LeConte) (2 ,3 ,6 ,9 )  Laceobius s p .  ( 1 , 2 , 4 , 5 , 6 , 7 , 9 )  
E. pypaens  complex (3,Y) HeZophorus s p .  (A) 
Creni t i s  s p .  (3 ,8 )  Berosus s p .  (2,3,9)  
H e l o c h r e s  s p .  (8 ,9 )  Tropisternus s p .  (2 ,5 ,9 )  
Cercyon s p .  ( 3 , 4 , 6 )  Paracyms s p .  ( 2 , 3 , 4 , 5 , 6 , 8 , 9 )  

STAPHYLINIDAE 

*+Acylophorus fZavicolZis Sachse 
( 2 , 3 , 4 , 6 , 7 , 8 , 9 )  

Acy Lophorus s p .  (pronus group) (2.3) 
+Erichsonius nanus Horn (2 ,3 ,3 ,6 ,8 ,9 )  
*Humeotar,sus bicoZor Gravenhorst  (A) 
+Lohrst?!%~un grande (LeConte) (9)  
L o b r a t h i ~ o ~ ~  s p .  (1,Y) 

*+Neobisnius a g m t u s  Er ichson  (A) 
*+N. paederoides LeConte ( 1 , 2 , 3 , 4 , 5 , 6 , 9 )  
+PZatystethus cornutus Gravenhorst  (2 ,3 )  

*+Psephidonus brunrieus Say (A) 

*+PhiZonthus flavolinibatus Er lchson  (A) 
Philonthus s p .  (2 ,4 ,6 )  

*Carpelinus s p .  # I  (A) 
*CarpeZinus s p .  #2 (A) 
Deinopsis s p .  (2)  
O L o p h m  s p .  (8)  
OxyteZus zns igni tus  Gravenhorst  (9)  
Tach~iporus s p .  ( 4 )  

*Stenus spp.  (A) 
Aleochar inae  spp.  ( 1 , 2 , 3 , 4 , 6 , 9 )  

SCARABAEIDAE 

Ataenius s p .  (2 ,6 ,7 ,8 ,9 )  

ELMIDAE 

Dubiraphia sp .  (3) 
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Table 4 (Continued) 

HETEROCERIDAE 

La.*.:err.ai%us rnoZZirius (Kiesenwetter) ( A )  +Neohe te iucems  sandersoni  Pacheco 

Zei.::x*ia:?.s mrornicans (Kiesenwetter) (Z,.?,h) 
(r,5) +W. p~7ll ld:is  (Say) ( 6 )  

* A-... ,  ---7---.. AS t g l Z a r i s  (Kiesenwetter) *+N. iorzgli:obiiius Pacheco (A) 

( 1 , 2 , 3 , 4 , 5 , 6 , 7 , 9 )  *Tr>opicus pusiZZus (Say) (1,2,3,3,5,6,8,9) 
uilCa:us (blelsheimer) ( A )  *Lapsus t r > i s t i c  (Mannerheim) ( 3 ,  7 , 9 )  

The largest numbers of species and individuals were distributed in three families: 
Carabidae, Heteroceridae, and Staphylinidae. The species in these three major groups were 
further analysed to determine their relationships. To simplify computation, any rare 
species (15 or fewer individuals) were eliminated, resulting in a total of 26 remaining 
species. These are indicated in Table 4 by an asterisk (*). 

The Little Auglaize Watershed is a poorly collected area and several species were 
collected in this study, which, as far as could be determined, had not previously been 
reported from Ohio. These species are indicated in Table 4 by a +. 

One species, Lapsus  tristis (Heteroceridae), was not collected at six of the nine sites 
and was the only species not collected at site 6 (West Branch). Seven of the 26 species 
were not collected at site 7 (Hagerman Creek). 

DISCUSSION 

In a series of sites, 1, 2, 3, 16, 25 up to 37 years post-channelization, various sera1 
stages of succession should have been evident. In fact, however, the quantitative results of 
the study did not show distinct evidence of succession. Site 5,  which was actually being 
channelized during most of the study period, had low numbers of species and individuals 
present. However species diversity index values (Margalef's index) were never extremely 
low in comparison to the other sites, and although the Shannon index values obtained 
did indicate an unequal distribution to individuals among species, the inequality was not 
extreme. 

The oldest site, 4 (37-39 years post-channelization) showed some of the lowest 
diversity values; the lowest Shannon diversity (1.62) of the study was computed at  this 
site in 1 9 7 4  (Table 2). This was contrary to what would have been expected had the 
community been undergoing succession in the classic pattern. 

When all sites were compared on the basis of quantitative results, no definite patterns 
of change in the progression from younger to older sites were evident. In an analysis of 
variance there was no significant difference among the sites, nor was any significant 
difference shown in analysis of sites pooled into groups based on age. 

The qualitative comparisons of actual species present and numbers of individuals in 
each of these species likewise did not show evidence of succession. Sites of a similar age 
should have had high Coefficient of Similarity values indicating that the composition of 
their shore beetle communities was similar. Sites 1 and 5 should have had high C.S. values as 
they were both only a few years post-channelization, and sites 6, 8, and 9 should have 
been similar as all were last channelized in 1949. As can be seen in Table 3, this was not 
necessarily true. 

Sites 8, 1974, and 9,  1974, did have the greatest similarity of species composition 
(0.776) but otherwise there were younger and older sites which had degrees of similarity 
to any particular site as great or greater than the other sites in an age group. In the tabIe 
of most similar sites there did not appear to be any pattern of grouping by time 
post-channelization. In fact, in terms of species make-up of the shore beetle community, 
all of the sites were fairly similar, only a few comparisons (not shown on table) produced 
C.S. values less than 0.500. 

Some interesting relationships among the species of the three most abundant families 
(Carabidae, Heteroceridae, Staphylinidae) were observed. In many instances, if a particu- 
lar species was collected at a site, another particular species would also be found, thus 
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Table 5. Species always found in association with one another, indicated by X. This table 
was compiled from the 26 most commonly collected species. 

Dmpfius undatus 

Bernbidion patruei-e 

6'. irnpotens 

Neobisnius agnatus 

Homeotarsus bicoZos 

CCU-pelinus s p .  ' # 2  

forming pairs of species always found together (Table 5). Interestingly, reverse pairing did 
not always occur, i.e., the second member of a pair could be present in the absence of 
the first. Possibly both species of a pair shared a similar range of tolerance to certain 
environmental conditions, but the second species had slightly broader limits allowing it to 
exist when or where the first could not. When all of the species pair associations for all 
sites during the three year period were analyzed it was found that five species: 
Neoheterocerus longilobulus, Lanternarius mollinus, Bembidion patruele, B. sp., and 
Neobisnius agnarus were always found in association with one another. When one species 
was present, the others were also present. 

There were also pairs of species which did not occur together (Table 6). When the 
first species of the pair was present at a site, the other species was never collected at that 
time (the second species may have been collected at the site at a different time, but if so, 
the first species was not present). When all of these associations were analyzed it was 
found that there were three species, Bembidwn inaequale, Bembidion variegatum, and 
Lapsus tristis, which were never in association. Some factor(s) favorable to any one of the 
species apparently was unfavorable to either of the other two. 

The relationships did not appear to be the results of seasonal "peaks" in population 
nor did there appear to be any correlation between channelization of the sites and either 
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Table 6. Species not found in the presence of one another. This table was compiled from 
the 26 most collected species. 

I'ieobisnius paederoides 
3embidion inaequale 

Acy lophorns f l av i co l l i s  
Bembidion inaequale 

Bembidion variegatwn 
Bembidion inaequa l e  

Lapsus t r i s t i s  
Bembidion graciliforme 

Lapsus t r i s t i s  
aembidion variegatwn 

Acy lophorus f l av i co l l i s  
Bembidion variegatwn 

Bembidion graciliforme 
Bembidion inaequcle 

Carpelims sp .  #1 
Bembidion variegatum 

Bembidion graciliforme 
Tachys v i v a  

Bernbidion variegatwn 
Tachys v i v m  

Lapsus t r i s t i s  
Bembidion inaequa le  

the positive or negative species associations. Both relationships existed at sites regardless 
of the age of the site. 

The results of neither the quantitative nor the qualitative data appeared to  show any 
definite relationships between the shore beetle community and channelization. In fact, 
within a few weeks after the extreme destruction of a stream shore by the channelization 
process, shore beetles had recolonized the area, and although fewer individuals were 
present, the composition of the community was essentially the same as those of streams 
not channelized for 30-40 years. Never more than 19 species were collected at site 5 ,  the 
area of active channelization during 1972-73 (only 13 in 1972), but at site 1, 32 species 
(equaling the study high) were collected during the first year post-channelization, and this 
high species diversity continued over the following years. Although site 5 did superficially 
appear to differ in species composition from the other sites, statistically it was shown 
that there was no real difference. 

On the basis of the results of the study it would appear that channelization of streams 
was not a major long term disruptive influence on the shore beetle community, and that 
succession in the sense of a series of seral stages eventually reaching a climax community 
did not occur. 

The shore beetle community exists in the restricted habitat of the stream margin, the 
zone of inhabitation extending only a few inches either way from the water-shore 
interface. Small ecological changes such as humidity and soil moisture levels can alter the 
limits of the zone. It may seem surprising then, that after a major ecological change such 
as the massive disruption of channelization, that the shore beetle community could return 
virtually intact. Perhaps, however, this is not as unusual as it would seem. Each spring the 
habitat is completely inundated by flood water for periods of up to two weeks and after 
the water has subsided the area is quickly recolonized. Another extreme may occur in 
late summer and early fall when the streams may dry up completely. Even after a 
summer flash flood, in the height of seasonal insect activity, the shore beetle community 
appears to return to normal within a few days. 

It would seem that the shore beetle community is subject to frequent periodic 
disruption and for this reason could be pre-adapted to a man-made event such as 
channelization. These species may be thought of as "perennial pioneers" adapted to rapid 
recolonization of an area after disruption. If this is the situation, then no important 
successional stages would occur after channelization because in fact, the community is 
adapted to this type of event. Also, if the effects of channelization on the community do 
not differ greatly from the effects of a natural event such as a flood or drought, then 
channelization would not actually be as great a disruptive force as it might appear. 
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It is proposed then, that the shore beetle community found in the Little Auglaize 
Watershed is a community made up of "perennial pioneer" species which, although 
closely tied and restricted to a narrow ecological zone of habitation at  the water-shore 
interface, are also adapted to rapid recolonization of this area after major d i~ ru~ t ions .3  
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THE GREAT LAKES ENTOMOLOGIST 

PRE-MANAGEMENT ASSESSMENT OF AQUATIC 
MACROINVERTEBRATES I N  A SMALL, SEDIMENTARY DRAINAGE 

AREA OF THE MAUMEE AND LAKE ERIE  BASIN^^^ 

In order to establish baseline data adjunct to the research and development of soil 
conservation practices for sediment reduction in the Maumee River and Lake Erie, the 
aquatic macroinvertebrates of Black Creek and adjacent areas in northeastern Indiana 
were studied from 1974-1975. A total of 90 species of Insecta and Crustacea were taken, 
69 from Black Creek. Species diversity indices ranged from 1.04 to 2.75 in two 
downstream locations and were generally reflective of stressed conditions related to 
channelization and sedimentation from the agrarian drainage area. Benthic species from 
the adjacent Maumee River potentially contribute in part to population maintenance in 
Black Creek. 

A field study was carried out from 1974-1975 on the macroinvertebrates of the Black 
Creek drainage system of Allen County, in northeast Indiana. Both quantitative and 
qualitative baselincs wcrc sought in order to facilitate biological monitoring of the 
environmental effects related to developing land use practices and physical alteration of 
the creek. 

Black Creek (Fig. 1) drains a watershed of approximately 12,000 acres, located about 
13  miles northeast of Fort Wayne, Indiana. The creek and associated tributaries are 
entrenched and drain a primary farming area, being subject to sedimentary erosion and 
other "run-off" pollutants. Flow is highly intermittent, ranging from virtually no flow at 
times to approximately 1 cubic meter/second at high run-off times in the lower reaches. 
Substrate is predominantly silt-marl-clay with only occasional deposits of sand or mixed 
fine gravel and rareIy stones. Natural pool-riffle sequences are not present due to  previous 
channelization practices. Banks are mostly bare or with grasses and weeds. Only on sites 
15 and 16 (Fig. 1) were forest tracts adjacent to both sides of the stream. Some wooded 
areas exist on the southwest bank at site 10. 

Black Creek runs its course for approximately 7.5 miles eastward and then southward, 
emptying into the Maumee River. This drainage area was chosen as being representative 
of the physical, geologic, and socio-economic characteristics of the Maumee Basin of 
Indiana and Ohio. The Maumee Basin is a major drainage contributor to  Lake Erie and is 
a major source of lake sedimentation. The study of macroinvertebrates was designed, 
therefore, to compliment the larger prototype research and development of soil conserva- 
tion practices for the reduction of sediment and reIated pollutants in the Maumee River 
and Lake Erie. The deleterious effects of suspended and 'settled sediments on aquatic 
biota, particularly macrobenthos, have recently been reviewed and studied by Rosenberg 
and Snow (1975). 

METHODS 

Macroinvertebrates were qualitatively sampled from 16 Black Creek sites (Fig. 1) using 
kick screen, tea-strainer, and hand picking techniques, twice during July, 1974, and twice 
during August, 1974. Similar samples were taken from the Maumee River at sites 17 and 

1Supported by funds from U.S. EPA Grant No. G005103. 
Z~urdue  Agricultural Experiment Station Journal No. 6829. 
3 ~ e ~ a r t m e n t  of Entomology, Purdue University, West Lafayette, Indiana 47907. 
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Fig. 1 .  Sampling sites of the Black Creek drainage area and Maumee River. 

18 (Fig. 1) and three sites along Wann Brook, a small stream about 5 miles east of Black 
Creek, and similar to Black Creek except that it has not been channelized since 1968. 

Quantitative measurements were secured by regular artificial substrate samples taken 
at sites 9 and 10 on Black Creek and the Maumee River sites beginning in August, 1974, 
and continuing through December, 1975. Samples consisted of cylindrical wire BBQ 
baskets, 10.25" X 6.5" diameter, and were charged with approximately 15 clean limestone 
rocks (Beak et al., 1973). Samplers remained in place for at least 4 weeks to provide 
maximum colonization time (Weber, 1973). Specimens were preserved in Parnples 
Solution. 

Sorting and identification were carried out on the aquatic Crustacea and Insecta which 
were retained by a No. 30 U.S. Standard sieve. Where species determinations could not 
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be made, specimens were sorted to consistent "kinds" assumed t o  approximate species. 
Species diversity indices were-computed (Cairns and Dickson, 1971) for the artificial 
substrate samples in terms of d = -2 (Ni/N) log, (Ni/N). Voucher material from the study 
is deposited in the Purdue University Entomological Collection. 

RESULTS AND DISCUSSION 

A systematic list of the 90 species taken during this study is presented in Table 1. 
Site distribution of the species within Black Creek is indicated in the table. A total of 69 
species were taken from Black Creek; totals for individual Black Creek sites and Wann 
Brook and the Maumee River are indicated at the end of the table. 

Table 1. Macroinvertebrates sampled in the Black Creek Study Area. Numbers following 
each species indicate Black Creek sites where sampled; M = Maumee River; W = Wann 
Brook. 

EPHEHEROPTERA 

Baetidae 

Baetis in tercalar is  group sp. (9,1O,M) Callibaetis fluctuans (2,5,6,12,13,15) 
B. sp. A (M) Cioeon aimance (3,10,11,13) 
B. sp. B (M) Pseudocioeon sp. (M) 

Heptageniidae 

Heptagenia diabasia (W) Stenonema nepoteilwn (9) 
H .  macuzipennis (g,M, W) S. terminatwn (9, M,W) 
Stenacron interpunctatwn (2,9,10,M,W) S.  sp. A (9,M) 
Stenonema i n t e g m  (9,M,W) S. sp. B (M) 

Tricorythidae 

Tricoiythodes atratus (9,M, W) 

Caenidae 

Caenis simulans (3,4,9,10,M,W) Caenis sp. (3 ,15)  

Potamanthidae 

E'oomar.thus myops (M, W) 

Ephemeridae 

iiexagenia iimbata (Iv) 

Polymitarcidae 

Ephoron album (9,W) 

ODONATA 

Aeshnidae 

Boyeria v i fwsa  (9,10,W) 

Gomphidae 

Dromogomphus spinosus (3,9,10,W) 

Libellulidae 

LibeZZuZa sp. ( l o )  

Calopterygidae 

CaZopteqx macuiatwn (2,10,14,16,M,W) Hetaerina americana (W) 
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Table 1 (Continued) 

Coenagrionidae 

Argia a p i c a l i s  (C1) 
A. .r"mipenn,is (lil) 
A. rnossta (9,M) 
A. ceuzcia (hi) 

tnallagma sp. (3,M) 
Isc:muro  posit^ (M) 
I .  u c i . t i c a l i s  (3,9,10,14,16,Ml 

PI.ECOI'TE!U 

Perlidae 

Taeniopterygidae 

Corixidae 

Signra  motfesta (2,7,15,14,15,16,W) Trici ioaoi7i .c~ sp . (IV) 
I r ichocor ixa  ceZua (2,5,4,5,7,10,15,W) 

Gerrldae 

Gerr i s  remig ic  (I\') 

Veliidae 

Rhagoveiia obesa (9,ll) 

b1ECALOPTERA 

Sialidae 

Haliplidae 

P e l t o d y t e s  duodecimpunctatz~s (5,7,9,10,12,15) 

Agabus sp. (2,3) 
De120?ectes g r i s e o s t r i a t u s  (9) 
Hydroporus wickhami (4) 

,?yiiigrotus s a ~ j i  (4,14,16) 
LaacophiZus f a s ~ i o t - u s  (2,5,6) 
L. sp. (3,5) 

llydrophilidae 

Bemsus  per>egrinus (2,4,6,9,10,11,15) Laccobius sp. (2,11,12,13,14,15) 
E. sp. (W) Paracymus subcbpl~eus (9) 
Enochrus nebulosus ,4,6,15) Tropis ternus  l a t e r a l i s  (4,5,10,14,16,W) 
E. perp lexus  (14,16) 7 .  mix tus  (11,15) 
Helophorus sp. ( 16, W) 

Dryopidae 

Helici'us f a s t i g i a t u s  ( 9 )  

Elnidae 

Ancyronyx var iega tus  (I+') Stene lmis  s e x l i n e a t a  (9,15 ,bl. W )  
n~hirapiphia b i ~ l i t t a t a  (9,lO) 

TRICIIOPTERA 

Hydropsychidae 

Cheumatopsyche p e t t i t i  Hydrcpsyche sirnulans (M, W) 
(2,g,ll3l3,l5,~1,W) A. sp. (9,10,M,W) 

Hydropsy~he  o r r i s  (bl)  
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Table 1 (Continued) 

Phryganeidae 

PtiZ~st: ,rnis oceZZifdra (10) 

Limnephilidae 

Lirnnzyhiius sp. (14) 

DIPTERA 

Tlpulidae 

Tipuia  sp. ( 9 )  

Culicidae 

Ceratopogonidae 

Poipomyia sp. (9,lO) 

Chironomidae 

sp. A (2,3,4,5,6,9,10,14,15,11I,YI) sp. F (3,9,10,13,16) 
sp. B (2,9,10,13,1S,hI,W) sp. G (9,W) 
sp. C [9,10,13,14,16,:.1,1:') sp. H (9) 
sp. D (9,10,~1) sp. I (10) 
sp. C (9,M) sp. J (9,lO) 

Sinluliidae 

SimuZiw7 sp. (3,9,11,bi) 

Stratiomyidae 

Stratiamys sp. (9,11,13) Euparyphue sp. (9) 

Tahanidae 

Chrysops sp. (9,W) 

Empididae 

s P  ( M I  

sp. A (3,111) 

Ephydridae 

sp. B ( iV )  

&LIPHI PODA 

Hyoid!La az teca  (2,9,10,15,M,W) 

ISOPODH 

Lirccus 5p. (2,9,10,11,13,15,M,W) 

DECAPODA 

Orconectm r u s t i c u s  mirus (2,5,9,10,15, 15,M,hr) 
0.  sp. (LI) 

Total species collected: Black Creek sites, 1:0, 2:16, 3:15, 4:8, 5:7, 6:5, 7:3, 8:0, 
9:43, 10:27, 1 1 ~ 9 ,  12:4, l3:12, 14~11, 15~16, 16:9; Maumee River: 39; Wann Brook: 37. 
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If numbers of species at Black Creek are compared and sites 9 and 10 are excluded 
because of sampling bias, it can be seen that sites 2, 3, and 15 were the richest with at 
least 15 species each. Numbers of species of Ephemeroptera, Plecoptera, and Trichoptera 
(which are generally dependent on high DO concentrations) contributed largely to 
richness differences between these sites and others. The absence of any species at sites 1 
and 8 may be explained by the fact that site 1 on Killian Drain was essentially dry 
during sampling times, and site 8 was affected by immediate effluent from the 
community of Harlan. 

When qualitatively sampled species from Black Creek and Wann Brook were com- 
pared, only 16 species were found in common between the two systems. All Wann Brook 
sites yielded relatively high numbers of Ephemeroptera, Plecoptera, and Trichoptera, 
having at least twice the number of these "clean water" insects than the richest site 
similarly sampled at Black Creek. 

Benthic species made up all aquatic arthropods sampled in the Maumee River, 24 of 
which were found in common with benthic species taken in Black Creek. Most of the 
species in common were taken in the rock fiied basket samplers in Black Creek, a 
substrate type generally atypical for Black Creek, but typical of much of Maumee River 
bottom in this area. Although severely limited by habitat availability in Black Creek, the 
proximal populations of these benthic species in the Maumee River may provide a 
constant enough source of colonization to maintain some presence of these species in 
Black Creek. 

Species diversity data from two sites at Black Creek are summarized in Table 2. 
Species diversity indices range from 1.04 to 2.75, and the mean for the samples taken is 
2.00 for site 9 and 2.50 for site 10. Species diversity values for the same periods on the 
Maumee River ranged from 1.42 to 3.53 with a mean of 2.30, 

Wilhm and Dorris (1968) pointed out that in general, for d generated as herein, values 
of less than 1.00 are typical of heavy or catastrophic pollution, values of between 1.00 
and 3.00 are indicative of moderate pollution, and values greater than 3.00 are typical of 
clean water situations. Accordingly, only Fall values for Black Creek (site 9) consistently 
indicated a critically polluted or stressed environment. All other values indicated a 
moderately polluted or stressed situation. 

Interestingly, the substrate samplers in Black Creek apparently acted somewhat as a 
refugium, yielding species not easily found otherwise in Black Creek. In this sense, species 
diversity may have actually been overestimated by this technique. On the other hand, 
typical heavy silting in the rock sampler after each 4 week period may have offset this 
bias somewhat. 

Obviously Black Creek was far from optimal regarding its carrying capacity for diverse 

Table 2. Species diversity data for Black Creek. 

Sample Number of  Number of  Species  
S i t e  Date Species  Ind iv idua l s  D ive r s i t y  
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aquatic communities during this study period, and several apparent factors may have 
contributed to this situation. Channelization and lack of natural pool-riffle environments, 
agricultural run-off, heavy siltation limiting substrate types, and the general lack of cover 
and adequate habitat for terrestrial adults may all have contributed to the stressed 
condition of Black Creek. Subsequent soil conservation practices and morphometric 
modifications in the stream may affect the faunistic composition and community 
diversity in the future. If the environment can be improved, it appears that the Maumee 
River and neighboring tributaries hold considerable potential as sources for rapid faunal 
recolonization into Black Creek. 
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ON THE FEEDING HABITS OF PHASGANOPHORA 
CAPITATA (PLECOPTERA: PERLIDAE) 

I William P. Kovalak 1 

I ABSTRACT 

Gut  contents of 230 nymphs of Phasganophora C ~ p i t ~ t a  (Pictet) from the Pigeon 
River, Otsego County, Michigan were analyzed in relation t o  season, current velocity, 
time of day, predator size and prey abundance. Diet changed seasonally, related in 
part to seasonal changes in prey abundance. The diet of large and small nymphs was 
similar except that small nymphs ate smaller individuals. At lower current velocities 
c ~ p i t ~ t ~  fed primarily on mayflies whereas at  higher current velocities they fed primarily 
on  caddis and dipterans. 

Studies of the feeding habits of perlid stoneflies (e.g., Siegfried and Knight, 1976a; 
1976b) have attempted to  elucidate the role of invertebrate predators in the economy of 
streams. During a recent study of die1 changes in stream benthos density (Kovalak, 1975) 
sufficient numbers of Phasganophora capitata (Pictet) were collected to analyze changes 
in feeding habits in relation to  season, current velocity, time of day, predator size, and 
prey abundance. Because little is known about the feeding habits of capitata (see Shapas 
and Hilsenhoff, 1976) and because its feeding habits differ somewhat from other perlids 
studied to  date, results of this analysis are reported here. 

METHODS 

This study was conducted at the Pigeon River in the vicinity of the Pigeon River 
Trout Research Station, Otsego County, Michigan. For a description of the Pigeon River 
see Kovalak (1976). 

The insect fauna colonizing bricks placed in a riffle where current velocity ranged 
between 50  and 100 cm/sec was sampled on  four dates between August and November, 
1973. Forty sand-cast bricks were positioned in the riffle with their longitudinal axes 
parallel to direction of flow and pushed 1 cm into the stream bottom. Bricks were 
exposed for colonization about four weeks before sampling. 

T o  facilitate sampling and analysis, current velocities on  the riffle were grouped into 
five 1 0  cm/sec intervals covering the 50-100 cm/sec range. From August to  October 
samples were collected from the 50-90 cm/sec intervals and in November samples were 
collected from the 50-100 cm/sec intervals. On each date at  least two bricks were 
collected at  noon and at  midnight from each current interval. Current velocities were 
measured at both sides of the bricks using a Gurley pygmy current meter (Model 625). 

Samples were collected by placing a small hand net (.I56 p mesh) immediately 
downstream of the bricks, and then carefully lifting them free of the bottom. Bricks were 
taken to  the laboratory, soaked for 10-15 minutes in tepid water and the insects scraped 
from the surface with a toothbrush. Insects were sorted under 10X magnification, 
identified and counted. Headcapsule width of capitata nymphs was measured to  the 
nearest 0.05 m m  with an ocular micrometer and then the fore- and midguts were 
removed and the contents identified and counted. A total of 230 nymphs were examined. 

l ~ e ~ a r t m e n t  of Biology, Allegheny College, Meadville, PA 16335. 
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RESULTS 

Over all dates Ephemeroptera comprised 33.8% of the diet of P. capitata, Trichoptera 
36.6%, Simuliidae 22.9%, and Chironomidae only 3.7%. Prey taken by P. capitata 
changed seasonally with Baetis spp. (primarily B. intercalaris McDunnough and B. levitans 
McDunnough) and Chimarra aterrima Hagen predominating in August, C. aterrima, 
Paraleptophlebia mollis (Eaton) and~Glossosoma nigrior Banks predominating in Septem- 
ber and October, and Simuliidae and P. mollis predominating in November (Table 1). 
These seasonal changes in diet were related in part to seasonal changes in prey 
abundance. Baetis supp. were most abundant in August, P. mollis, C. aterrima and G. 
nigrior generally were most abundant in September and October, and Simuliidae were 
most abundant in November (Table 2). 

Comparison of the occurrence of prey species in guts of P. capitata with occurrence 
on the bricks suggested P. capitata selected a very restricted portion of the total fauna. 
For the dominant food items listed above, with the exception of G. nigrior, electivity 
values (Ivlev, 1961) generally were greater than +0.60. The abundant taxa, Hydro- 
psychidae and Chironomidae, were avoided by P. capitata (electivity values generally less 
than -0.50). 

Variations in the diet relative to predator size (three size groups: 2.1-3.0, 3.1-4.0, 
4.1-5.0 mm head width) were small. In August, large nymphs (4.1-5.0 mm) fed primarily 
on mayflies and dipterans whereas smaller nymphs (2.1-4.0 mm) fed primarily on 
caddisflies. Between September and November there were no appreciable differences in 
diet among size groups. 

Variations in diet relative to current velocity were greater (Table 1). In August, at 
higher current velocities, P. capitata fed primarily on mayflies whereas at lower current 
velocities mayflies and caddisflies were of subequal importance. In September and 
October, at lower current velocities, P. capitata fed primarily on mayflies, but at higher 
current velocities they fed on caddisflies and dipterans. In November, at lower cunent 
velocities, mayflies were of primary importance, whereas at higher current velocities 
Simuliidae were of primary importance. 

Over all dates the mean number of prey consumed per predator was 2.60 (range 
0.0-8.0). Prey consumption decreased between August (3.10) and November (2.10) and 
the number of prey per predator was always slightly greater during the day than at night, 
but this difference was not significant (t-test). There was no consistent pattern to number 
of prey consumed per predator relative to current velocity or predator size. In August 
consumption was greatest in the 50-59 cm/sec current interval and for nymphs with 
3.1-4.0mm head width whereas in November consumption was greatest in the 
90-99 cm/sec current interval and for nymphs with 4.1-5.0 mm head width. 

Only a small percentage (12.6%) of the nymphs examined had empty guts. There was 
no significant difference in the percentage of empty guts between day and night but the 
percentage of empty guts increased between August (7.4%) and November (20.2%). This 
seasonal increase in the percentage of empty guts accounts for most of the decrease in 
the mean number of prey consumed per predator between August and November. 

DISCUSSION 

Overall the diet of P. capitata was similar to those reported for other perlids (e.g., 
Hynes, 1941; Brinck, 1949; Jones, 1949; 1950; Mackereth, 195 1; Minshall and Minshall, 
1966; Sheldon, 1969; Richardson and Gaufin, 1971; Tarter and Krumhoh, 1971; 
Siegfried and Knight, 1976a) and included large numbers of mayflies, caddisflies, and 
dipterans. In marked contrast to results of earlier workers (Hynes, 1941; Brinck, 1949; 
Jones, 1949; Richardson and Gaufin, 1971; Tarter and Krumholz, 1971; Siegfried and 
Knight, 1976a), P. capitata consumed very few Chironomidae and Hydropsychidae 
although together these taxa constituted as much as 53% of total fauna. The small 
number of chironon~ids consumed by P. capitata may be related to the size range of 
nymphs examined (2.1-5.0mm head width) because SheIdon (1969) reported that 
dipterans were consumed primarily by small Acroneuria californica Banks (> 3.0 mm 
intraorbital head width). In general, the diet of large and small P. capitata was similar 



Table 1. Monthly percent contribution of various prey taxa to diet of P. capitata in relation to current velocity (cm/sec). 

August September 
-- -- 

Taxon 50-59 60-69 70-79 80-89 50-59 60-69 70-79 80-89 50-59 

October November 

Plecoptera 
Baetis spp. 
Paraleptophlebia mollis 
Ephemerella subvaria 
Other Ephemeroptera 
Hy dropsy chidae 
Chimarra aterrima 
Glossossoma nigrior 
Simuliidae 
Chironomidae 
Other 
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Table 2. Monthly mean density (2 1 SD) of selected taxa on bricks in the Pigeon River. 

Taxon August September October November 

Baetis spp. 
Paraleptophlebia rnollis 
Hydropsychidae 
Chimarra aterrima 
Glossosorna nigrior 
Simuliidae 
Chironomidae 
Total Fauna 

except that small nymphs ate smaller individuals following the observations of Jones 
(1950), Tarter and Krumholz (1971), Sheldon (1969), and Siegfried and Knight (1976a). 

Seasonal diet changes of P. capitata differed from those reported for A. californica 
(Sheldon, 1969; Siegfried and Knight, 1976a) and Paragnetina rnedia (Walker) (Tarter and 
Krumholz, 1971). These differences are undoubtedly related to specific, seasonal and 
geographic differences in prey abundance. 

Although seasonal changes in diet were related in large part to  seasonal changes in 
prey abundance, changes in prey availability also were important. G. nigrior was preyed 
on most intensively in September and October during a period of rapid growth (Kovalak, 
unpublished). As G. nigrior grows, it must periodically leave its case to construct a new, 
larger one making the unprotected larvae highly vulnerable to predation. P. mollis also 
was preyed upon most intensively during a period of rapid growth (Kovalak, unpub- 
lished). During this growth period, P. mollis probably reached some minimal size for 
predation by P. capitata (cf. Siegfried and Knight, 1976a). 

P. capitata swallowed their prey whole and prey recovered from P. capitata collected 
at midnight were intact and undigested whereas prey from P. capitata collected at  noon 
were at least partially digested. These observations, coupled with the fact that the 
number of prey per predator was only slightly greater for P. capitata collected at noon, 
suggested that most of the feeding occurred early in the evening, before midnight. This 
period of feeding corresponds to the period of maximum drift activity of prey species 
(Water, 1972) and suggests drift may in part result from predator avoidance. This seems 
plausible because perlids locate prey thigmotactically, using their antennae (Hynes, 1941; 
Brinck, 1949). To escape, prey touched by the antennae may release their hold from the 
substrate and swim upward where they are caught by the current and drifting ensues. 

Thigmotactic prey location also may account for some of the more subtle differences 
in prey selection relative to current velocity. Efficient use of antennae for prey location 
probably depends on foraging on the open, exposed surfaces (top and sides) of stones. 
Consequently, prey availability depends on the proportion of the fauna present on the 
exposed faces. Scott (1958) and Kovalak (1976; in press) observed that there was an 
inverse relationship between the proportion of various species on exposed faces of stones 
and bricks and current velocity. Greater consumption of taxa of Ephemeroptera and C. 
aterrima at lower current velocities probably was attributable to  greater occurrence of 
these taxa on exposed faces of bricks at lower current velocities. At higher current 
velocities, particularly between September and November, P. capitata fed primarily on G. 
nigrior and Simuliidae, taxa which normally occur on exposed faces of stony substrates 
regardless of current velocity. These observations question the validity of using Ivlev's 
(1961) electivity index to assess prey selection (e.g., Seigfried and Knight, 1976a) because 
a simple comparison of the frequency of occurrence of prey in areal bottom samples and 
in the predators guts ignores changes in prey availability on a microhabitat scale. 
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NEW DISTRIBUTION RECORDS FOR MOSQUITOES 
I N  MICHIGAN (DIPTERA:  C U L I C I D A E ) ~  

John R. Cassani and Roger G. ~ 1 a n d ~  

Since the late 1940's very little information has appeared in the literature dealing with 
the geographical distribution of mosquitoes in Michigan. The earliest attempt at establish- 
ing a comprehensive list of species was made by Irwin (1941) who catalogued 43 species 
by county. A survey by Pederson (1947) resulted in the collection of 48 species and 
provided the most extensive distribution list of mosquitoes in Michigan. Recent studies 
by Newson et al. (1975), McGroarty et al. (1976) and Grimstad (1977) have contributed 
several new distribution and state records. 

Prompted by the 1975 St. Louis encephalitis outbreak in Michigan, and a lack of 
current information on the species of mosquitoes in Isabella County, a survey of 
mosquitoes was conducted in the Mount Pleasant area. 

METHODS 

The survey was conducted from 1 June to 22 October, 1976, and 3 March to 29 May, 
1977. Adult mosquitoes attracted to human bait during the day and night were collected 
with a tube aspirator as they attempted to land and bite on an exposed arm or leg. 
Night-biting mosquitoes were collected for 1 hour starting 15 minutes before sunset at 
various locations on a weekly basis throughout the survey. Resting adults were sampled 
from low-lying vegetation during the day with a 38 cm diameter sweep net. New Jersey 
light traps (25 W incandescent bulbs) were used to sample adult mosquitoes at two 
locations in Union Township and at one site in Coe Township, Isabella County. The light 
traps were operated five nights per week from 2 August to 22 October, 1976, and every 
night from 29 March to 29 May, 1977. Larvae were collected with a fine wire food 
strainer attached to a 2 m pole for dipping in hard-to-reach areas. 

RESULTS 

The mosquito species and number of individuals collected by the five sampling 
methods are listed in Table 1. Specimens of Culiseta impatiens (Walker) represent the 
only 'distribution record of this species outside Cheboygan County. The genus Ortho- 
podomyia previously has been reported only from Berrien (Grimstad, 1977) and Calhoun 
(Pederson, 1947) counties. Culex erraticus (Dyar and Knab) has been collected only in 
Bay (Newson, 1975) and Van Buren (Pederson, 1947) counties. 

Aedes mosquitoes were captured in greatest numbers by using the night-biting 
. collection method while the light traps attracted the largest numbers of Culex, Culiseta 

and Anopheles. The sweep net method was more effective for species that aggregated in 
Iarge numbers in and around low-lying vegetation, but often left the specimen damaged 
and unidentifiable. 
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Table 1. Number of female and larval mosquitoes recorded from five collecting methods 
in the Mount Pleasant area, Isabella County, Michigan. Species which are new records for 
Isabella County are indicated by *. 

Spec i e s  
Night Day- Sweep Li<;1< 

B i t i n g  B i t i n g  S e t  T r q s  
Lar:-ae To t a l  

Aedes i i h s e r ~ r ~ ~ ~ t u s  ( F e l t  & Young) 
& A .  punctor* (Kirby)  complex 

'A. a u r i f e r  ( C o q u i l l e t t )  
A .  canadensis ('l 'heobald) 
A. cinersus (Meigen) 

*A. dorsa l i s  (bleigen] 
*A. e.ccrucians (l l 'alker) 

A .  f i t c h i i  ( F e l t  & Young) 
A. s t i c t l c u s  (Meigen) 
A. stimuZarls (Walker) 

*A. trichurzis (Dyar) 
A.  t r i s e r i a t u s  (Say) 
A .  t r i v i t t a t u s  ( C o q u i l l e t t )  
A. veoans (Pleigen) 

*AnopheZes e a r l e i  Vargas 
A. punct ipo?znis (Say) 
A. q~adrirnaculatus Say 

*A. uazkeri  Theobald 
*Cu7oz e r r a t i c u s  (Dyar 4 Knab) 
*C. pipions Linnaeus 

C. res tuans Theobald 
*C. tei-ri'tans Walher 
*Culiseta i n p a t l a i s  (Walker) 

C .  inornata ( I i i l l i s t o n )  
C. niorsitsns (Theobald) 
idansoriia perturbans (Walkcr) 

*Ortliopodornyiu s p .  
*Psorophora c i i k s t a  ( F a b r i ~ i u s ) ~  
*Urwnotaenia sapph i r i m  

(Osten Sacken) 

"one a d u l t  female from t h e  C e n t r a l  I~ l ichigan U n i v e r s i t y  i n s e c t  c o l l e c t i o n .  



1978 THE GREAT LAKES ENTOMOLOGIST 

THE NORTHERN GREAT LAKES WHITE, PIERIS VIRGINIENSIS, 
(LEPIDOPTERA: PIERIDAE) IN COMPARISON WITH ITS 

SOUTHERN APPALACHIAN COUNTERPART 

Warren Herb Wagner, ~ r . '  

For many years, the so-called "West Virginia White," Pieris virginiensis Edwards, was 
confused with P. napi Linnaeus or treated as a form or subspecies of it. Until recently 
there was difference of opinion as to whether it should be recognized as a separate 
species or not. Hovanitz (1962, 1963) regarded the matter as one of personal preference 
and he placed it with napi. Nevertheless, most writers today (e.g., Ehrlich and Ehrlich, 
1961; Howe, 1975; Klots, 1951) uphold virginiensis as a distinct species. In Michigan we 
first reported it in the state over twenty years ago (Voss and Wagner, 1956), and we now 
realize that it occurs over a tremendous area of the northern Great Lakes region. 
Probably some populations are overlooked because of confusion with other whites, 
especially napi, with which it is sympatric in Michigan, often occurring together in the 
same woods. In our experience napi tends to fly in more open spaces (especially marshy 
areas), and its flight pattern is bolder and swifter. Pieris virginiensis is a butterfly of rich, 
deciduous forest, and it has a relatively sluggish flight. 

It may be that virginiensis is more common and widespread in northern Michigan than 
it is in any other part of its range. Practically any large wooded site in the northern 
Lower Peninsula and the Upper Peninsula with dominant sugar maple (Acer saccharun~) 
and basswood (Tilia arnericana) will yield populations in May or June. Nielsen (1970) 
reported it in early Spring "before full leaf development." His flight records (Nielsen, 
pers. comm.) for one county (Emmet) run from 5 May t o  19 June. East of Marquette, 
American beech (Fagus grandifolia) is a common dominant associate. In the understory, 
the larval food plant, the toothwort, Dentaria diphylla, is found. In Ontario, virginiensis 
is evidently rare and known mainly from the Niagara Escarpment region (Holmes, 1975). 
In eastern Canada and eastern United States in general, the butterfly seems to be 
everywhere very rare and local, and the colonies are mostly widely scattered, mainly in 
the Appalachian region. 

Botanical studies in recent years have taken me to  areas along the western side of the 
Appalachians in eastern Kentucky and western Virginia in the southern part of the range 
of virginiensis. Much to my surprise, the woodland pierid that flies in the spring in this 
region resembles the summer form of napi. The butterflies are slightly larger, and the 
wings somewhat broader and more rounded. The main differences, however, involve the 
markings. As shown in Figures 1 and 2, the individuals of virginiensis from the southern 
Appalachians have much reduced dark markings, and indeed some individuals are nearly 
immaculate. The northern Great Lakes specimens are much more richly marked, the gray 
scaling conspicuously more extensive, especially on the hind wings below. The following 
key, based on over 40 specimens of each form, separates the two extremes: 

Dorsal dark markings on forewing tip extending 3-6 mm, commonly reaching the 
juncture of R j  and R4, especially in females; markings at forewing base running 
out 2 4  mm along lower side of discal cell; dorsal surface of hindwings of fcmalcs 
usually with more or less g a y  scaling; ventral surface of hindwings (both sexes) 
with all veins usually heavily shaded with gray scaling which may become nearly 
confluent in the cells between the veins. . . NORTHERN GREAT LAKES EXTREME 

Dorsal dark markings on forewing tip extending 1-3 mm, not reaching the juncture 
of Rg and R4; markings at a forewing base running out usually only 1-2 mm along 
lower side of discal cell; dorsal surface of hindwings of females usually without gray 
scaling; ventral surface of hindwings (both sexes) with veins entirely unmarked to  
lightly shaded mainly along the lower side of the discal cell, less along the cubital 
veins, and still less along the radial veins . . . SOUTHERN APPALACHIAN EXTREME 

Botany , The University Michigan, Ann Arbor 
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Fig. I .  Pieris virginiensir males, undersides. Left-hand column, northern Great Lakes 
extreme; right-hand column, southern Appalachian extreme. a. M1, Cheboygan Co. 
(Wagner) b ,  d, e. MI, Charlevoix Co. (Preston) c, Ontario, Halton Co. (Catling). f-i. 
VA, Lee Co. (Wagner), j. KY, Owsley Co. (Wagner). 



THE GREAT LAKES ENTOMOLOGIST 

Fig. 2. Pieris virginiensis females, dorsal view. Left-hand column, northern Great Lakes 
extreme; right-hand column, southern Appalachian extreme. a, c, d, MI, Charlevoix 
Co. (Wagner and Preston). b ,  MI,  Cheboygan Co. (Wagner). e, g, VA, Lee Co. 
(Wagner). f ,  h, KY, Owsley Co. (Wagner). 
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DISCUSSION 

Because the northern Great Lakes representative of virginiensis can be readily 
distinguished from the southern Appalachian does not mean that they are necessarily 
discrete taxonomic entities worthy of nomenclatural designation. The point is that there 
are well known differences along a north-south gradient in many pierid (and other 
butterfly) species. These trends include increasing size southward, and decrease in the 
extent of markings on the ventral surfaces of the secondaries. Part of the "northern 
look" in pierids involves a change from practically unmarked hindwings to heavily 
suffused hindwings below. In the case of virginiensis we are very likely dealing with a 
clinal series from the smoky northern Michigan type to the nearly immaculate southern 
type. All degrees of intermediates should be found in the areas between, such as southern 
New York, Pennsylvania, Maryland. The presence of numerous intergradient, clinal forms 
prevents the logical delimitation of true geographical subspecies. 

It is pertinent to this study that Arthur Shapiro (1971) experimentally produced 
forms of virginiensis even more immaculate than those from Virginia and Kentucky 
illustrated here. Normally virginiensis is univoltine, unlike napi in eastern North America 
which is bivoltine. The single brood of virginiensis appears only in spring, but Shapiro 
succeeded in producing a second brood artificially by using photoperiod control 
(continuous light and 80°F temperature) of larval development, so that they failed to go 
into their normal diapause and simply pupated and eclosed as adults the same season. 
These individuals had no trace of darkened areas and were indistinguishable from summer 
phenotypes of eastern U.S. napi. Comparison of his illustrations of the experimentally 
produced forms (op. cit., Fig. 1) and mine of the southern Appalachian region (this 
paper, Fig. 1) show how similar they are. It seems unlikely, however, that the differences 
between northern and southern counterparts of virginiensis can be accounted for by 
photoperiod alone. The photoperiod during larval deveIopment of the northern is actually 
longer than the southern, the reverse of what we might expect from Shapiro's experiment. 
The northern Great Lakes flight period is mainly in May, and the larval development 
occurs presumably during June; the southern Appalachian flight period is mainly in April, 
and the larval development occurs during May, a month earlier. On the basis of latitude 
and season, the daily light regime of the northern larvae may be as much as two hours 
longer than the southern (cf. Leopold, 1964, Fig. 13-9). 

Subspecies can be easily erected for perhaps the majority of nonmigratory species 
with broad north-south ranges, if only the extreme ends of the variation pattern are 
considercd. In the present case, it is tempting to designate the northern Great Lakes and 
the southern Appalachian forms as subspecies. However, unless a definite stepwise 
boundary or gap can be established, such action would be untenable2 from a biological 
standpoint. 
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=A questionable example of naming "new subspecies" in eastern North America is 
that of Lethe appalachia leeuwi Gatrelie and Arbogast (1974). They state that "The 
northern population of L. appalachia ranging from Massachusetts and Maryland westward 
to Wisconsin and Illinois were found to be sufficiently distinct from southern nominate 
appalachia populations to warrant a subspecific name." Nevertheless, the specimens they 
examined of "nominate appalachia" came from only South Carolina, Georgia, Florida, 
and Mississippi. They examined no specimens from North Carolina, Tennessee, Kentucky, 
southern Ohio, Virginia, a?d West Virginia, where the criticalintergradient forms would 
be expected to occur. 
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DEGREE-DAY SUMMA'I'ION AND HATCHING OF THE FOREST TENT 
CATERPILLAR, MALACOSOMA DlSSTRlA 

(LEPIDOPTERA: LASIOCAMPIDAE) 

William J. Mattson, Jr. and Glen W.  rickso on' 

The forest tent caterpillar, Malacosoma disstria (Htibner), is a common defoliate1 of 
deciduous trees throughout most of the United States and Canada. It is a well known 
outbreak species, whose populations erupt periodically (every 10 to 16 years) when forest 
conditions are suitable. Typical outbreaks last three to six years in a given geographic 
area and then collapse as quickly as they arise. 

This note documents the relation between forest tent caterpillar egg hatching in the 
field and heat accumulation (degree-days) leading up to hatch. This information will 
permit (a) predicting the date on which eggs will hatch by summing degreedays during 
the insect's overwintering period, and (b) comparing with populations in other years and 
areas. The data came from an outbreak in northern Minnesota that began near 
International Falls in 1966 and collapsed in 1972 (Witter et al., 1975). 

METHODS 

Dates of egg hatch were observed for eight consecutive years near International Falls, 
Minnesota. Degree-day accumulations up to the day of hatch were calculated using the 
formulas in Ives (1973) which require knowing daily air temperature maxima and 
minima, the developmental threshold temperature (see Lin et  al., 1954 for a discussion of 
thresholds), and the length of the overwintering period. Temperature maxima and minima 
were derived from records of the National Oceanic and Atmospheric Environmental Data 
station at International Falls. We arbitrarily selected two threshold temperatures (32' and 
40°F) because they were suggested by the laboratory studies of Hodson and Weinman 
(1945). We arbitrarily selected two dates, October 13 and November 13, for beginning 
the overwintering period because lves (1973) had selected the former date and Hodson 
and Weinman (1945) concluded that larvae terminate diapause and enter their overwinter- 
ing condition sometime in November in Minnesota. 

Hodson and Weinman (1945) reasoned that the hatching threshold was somewhere 
between 41" and 50°F because the larvae would not chew through the egg chorions or 
hatch at temperatures lower than 41°F. However, this does not imply that the 
developmental threshold is between 41" and 50". On the contrary, Hodson and 
Weinman's (1945) data suggest that it must be lower because the longer eggs were held at 
overwintering temperatures of 35.6"F and 23"F, the quicker they hatched when brought 
to temperatures of 77°F. For example, eggs held for three and six months at  35.6"F 
hatched in 11.7 and 4.8 days, respectively, when temperature was increased to 77OF. 
Thus, the data clearly show that larvae were developing or becoming more prepared to 
hatch at temperatures lower than 41°F. 

RESULTS & DISCUSSION 

Eggs required an average of 178 and 261 degree-days to hatch for overwintering 
periods beginning November 13 and October 13, respectively, using 40°F as the 
developmental threshold (Table 1). The corresponding coefficients of variation (CV) were 
14 and 19 percent, respectively. 

Eggs required an average of 416 and 615 degreedays to hatch for overwintering 

l ~ r i n c i ~ a l  Insect Ecologist and Biological Technician, respectively, North Central 
Forest Experiment Station, USDA Forest Service, 1992 Folwell Avenue, St. Paul, 
Minnesota. 
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Table 1. Degree-days required for hatching forest tent caterpillar egg masses in the field 
near International Falls, Minnesota, using two developmental threshold temperatures and 
starting dates for overwintering. 

32" F Threshold 40" F Threshold 

Hatch 0ct: 13- Nov. 13+ Oct. 13+ Nov. 13- 
Year datea hatch hatch hatch hatch 

1967 May 21 
1968 Apr 30 
1969 May 1 
1970 May 12 
1971 May 6 
1972 May 11 
1973 May 6 
1974 May 16 

Mean May 9 

Standard deviation 

Coefficient of variation 

Standard error 21.3 12.2 19.0 9.1 

aYears 1967 to 1969 are from Witter et al. (1972). 

periods beginning on November 13 and October 13, respectively, using 32°F as the 
threshold (Table 1). The corresponding CV's were 8 and 10 percent. 

These data reveal that using 32OF as the threshold and November 13  as the beginning 
of the overwintering period gives the least variable degree-day totals. For example, the 
standard error for 32°F (November 13) was only 3 percent of the mean. Other standard 
errors expressed as percentages of their respective means were as follows: 4 percent (32'F, 
October 13); 5 percent (40°F, November 13); 7 percent (4O0F, October 13). The results 
suggest that selecting the lower develop~nental threshold is more important in reducing 
variability than is manipulating the beginning date of the overwintering period. 

Degreeday accumulations for 1970 and 1972, years with lowest and highest totals, 
respectively, show that 57 to 70 percent of the heat accumulates after April 1, and 30 to 
52 percent accumulates before November 13, if one uses October 13 as the starting date. 
On the other hand, if one uses November 13 as the starting date, then 9 1  to  99 percent 
of the heat accumulates after April 1. In other words, few degree-day heat units 
accumulate between November and April because of persistently low winter temperatures 
in the International Falls area. 

Data from two studies (in Ives, 1973) indicated that an average of 370 (range: 
326403) and 340 (range: 231-450) heat units above 40°F are required for hatching 
forest tent caterpillar eggs. Still another study (Table 4, Hodson and Weinman, 1945) 
indicated that about 355 (range: 294403) heat units above 40°F are required for 
hatching. However, our field studies near International Falls (1967 to  1974) and 
Ontonogan, Michigan, (1977) indicated that only 261 (range: 181-322) and 264 heat units 
are required. 

Some of this discrepancy may be attributable to different populations of insects, but 
probably much may also be attributable to differential heating of eggs by short- and 
long-wave radiation (varying with years and environments), thereby causing egg tempera- 
tures to differ markedly from ambient air temperatures (Porter and Gates, 1969; Casey, 
1976). For example, Wellington (1950) reported that a forest tent caterpillar egg mass 
was as much as 9' warmer than ambient air on a February day. Brief exposures to 
temperatures above the threshold can often start development and cause it to continue 
even after temperatures fall below the threshold (Lin et al., 1954). Such influences of 
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radiant heating must vary between environments and so contribute significantly to 
observed variations in degree-day estimates required for hatching. 

We know little about variations between populations, but presumably the hatching of 
each will be synchronized with the leaf flushing of its primary host plants just as 
Wickman (1976) reported for the Douglas-fir tussock moth, Orgyk2 pseudotsugata. 
Therefore, one may expect differences, particularly among populations adapted to  feed 
on host plants that have different vernal phenologies. For example, preliminary labora- 
tory studies indicate that forest tent caterpillar eggs from sugar maple, Acer saccharum, 
in Indiana may require 60 to 8 0  percent more heat to hatch than eggs from trembling 
aspen, Populus tremuloides, in northern Michigan. 
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THE EFFECT OF REPEATED LOW TEMPERATURE ON EGGS 
OF THE ALFALFA WEEVIL (COLEOPTERA: CURCULIONIDAE)~ 

L. J. Crain and E. J. Armbrust2 

ABSTRACT 

Three ages of alfalfa weevil, Hypera postica (Gyllenhal) eggs were exposed to repeated 
exposures of -15 and -20°C. Fresh-laid eggs were quite susceptible and 3- and 5 d a y  old 
eggs were relatively resistant to  -15'C, but all ages of eggs showed considerable 
susceptibility to -20°C, with an average LT50 of 2.2 days. Comparison of this data with 
similar studies utilizing constant low temperature exposures showed the effect to be 
independent of temporal interruptions. 

The alfalfa weevil, Hypera postica (Gyllenhal), is the principal pest of alfalfa in the 
United States. In many areas, once adults reach sexual maturity in the fall, they have the 
capability to oviposit throughout the winter whenever temperatures reach ca. 10°C 
(Hamlin et al., 1949). Fall- and winter-laid eggs may account for 50% of the spring larval 
populations (Evans, 1959), while the remainder of the larvae hatch from spring-laid eggs. 

The importance of temperature as a mortality factor of overwintering eggs has been 
discussed by several workers (Drea, 1969; Hsieh and Armbrust, 1974; Miller and Shaw, 
1967; Niemczyk and Flessel, 1970; Roberts et al., 1970; and Streams and Fuester, 1966), 
most of whom based their observations on field sampling data. 

Armbrust et al. (1969) found the supercooling point of exposed eggs to be as low as 
25 .2"C and Morrison and Pass (1974) tested the survival of eggs of various ages at  a 
wide range of temperatures and constant exposure times. These researchers provided 
temperature mortality thresholds, but did not consider the effect of repeated exposures 
to  low temperatures interspersed with sublethal temperatures, conditions which often 
occur naturally. This study was undertaken to study the effect of repeated low 
temperature exposures on alfalfa weevil egg mortality and to provide parameter values for 
simulation and predictive models of alfalfa weevil biology. 

METHODS AND MATERIALS 

Eggs used in this study were obtained from fall-collected adults from Washington 
County, Illinois. Adults were stored at a constant 4 + 2°C until needed for oviposition, at 
which time they were held at 15 t 3OC, 30 + 5% relative humidity with bouquets (10 
stems) of fresh greenhouse alfalfa. Eggs were extracted from stems daily using a 
modification of the blender method developed by Pass and Van Meter (1966). For 
temperature testing, eggs were placed on filter paper in inverted glass petri dishes with a 
thin plaster of paris layer on the bottom. The plaster was saturated with a ,001 aqueous 
solution of benzalkonium chloride for mold inhibition. The inside edge of the dish was 
ringed with cotton dental wicks. Both cotton wicks and filter paper were saturated with 
the benzalkonium chloride solution to inhibit mold during incubation. When the 

l ~ h i s  publication was supported by the Illinois Natural History Survey, the Illinois 
Agricultural Experiment Station, National Science Foundation, and the United States 
Environmental Protection Agency, through a grant (NSF GB-34718) to the University of 
California. The findings, opinions and recommendations expressed herein are those of the 
authors and not necessarily those of the University of California, the National Science 
Foundation or the Environmental Protection Agency. 

2~esea rch  Assistant, and Associate Entomologist and Associate Professor respectively, 
at Illinois Natural History Survey and Illinois Agricultural Experiment Station, Urbana, 
Illinois 6 180 1. 
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incubation dishes were tested for possible insulative properties, it was found that the 
interior of the dish required 5.3 minutes to cool from 22.S°C to 2.0°C and 22.6 minutes 
to reach the chamber temperature of 0°C. When the environmental chamber was set at 
-20°C, the dish required 5.1 minutes to cool to -lS°C and 27.0 minutes to cool to 
-20°C. Thus any influence of the incubation dish on cooling data was considered 
inconsequential to the data. 

To determine the effect of repeated exposure to low temperature, 50 eKes at three 
stages of deveIopment (fresh, 3-, and 5-day old) were exposed to each test temperature of 
-15 and -20°C for either 1, 2 ,  3, 4 and 5 repetitive 6 hour periods. The test 
temperatures of -15 and -20°C were selected in light of the mortality th~esholds 
obtained by Morrison and Pass (1974). Eggs were stored at 4 + 2'C for 18 hours between 
each exposure. 

RESULTS AND DISCUSSION 

The percent hatch of three ages of alfalfa weevil eggs after repeated exposures to -15 
and -20°C is presented in Table 1 and a regression analysis is illustrated in Figure 1. At 
-lS°C, fresh eggs showed a marked drop in hatch with time; the time required to kill 
50% of the population (LT50) was 1.2 days. Eggs that had been aged for 3 and 5 days 
were relatively resistant to -lS°C. Eggs of all ages showed a steady decrease in hatch at 
-20°C although aged eggs withstood lodger exposures, as evidenced by the LT50 values 
of 2.1, 2.7, and 4.0 days for fresh, 3- and 5day-old eggs, respectively. Regression 
formuIae and correlation coefficients for Figure 1 are presented in Table 2. With the 
exception of the equations for fresh and 3-day-old eggs exposed to  -20°C, none of the r 

40 I 0-0 = FRESH -15Oc\\ 
*-a = FRESH - 2 0 ' ~  

-= 3-DAYS OLD - 2 0 ' ~  
---- - - 5-DAYS OLD -15 '~  \ 

lo i = 5-DAYS OLD -20 '~  

(DAYS = COLD DEGREE DAYS FOR -20°C EGGS ONLY) 

Fig. 1. Percent hatch of alfalfa weevil eggs of various ages exposed to  -15 and - 2 0 " ~ .  
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values were significant at the .05 level. For this reason, the data for exposures showing 
no decrease in hatch with time (3- and 5-day at -15OC) were lumped as were those 
exposures showing a decrease in hatch (15°C fresh eggs and all ages at -20°C). The 
resulting formulae are found at the bottom of Table 2 and the regression lines in Figure 
2. After lumping, the 3- and 5day-old eggs showed no significant correlation at -15OC as 

---- --- - 

- 
- 

- 

- --- 
- 

= - 1 5 ' ~  FRESH AND - 2 0 ' ~  FRESH, 

1 3 -  AND 5 -  DAY-OLD EGGS 

(DAYS = C O D  DEGREE DAYS FOR -20°C EGGS ONLY) 
Fig. 2. Percent hatch of 3- and 5-day old alfalfa weevil eggs exposed to  - 1 5 ' ~  and fresh 

and 3- and 5-day old eggs exposed to -20°c. 

Table 1. Percent hatch of three different ages of alfalfa weevil eggs after repeated exposure 
to -15 and -20°C. 

Age of eggs (days) and exposure temperature ("C) 

Number of 0-1 3 5 

repeated exposuresa -15 -20 -15 -20 -15 -20 

aOne exposure consisted of 6 hours at -15 or -20' and the remaining 18 hours at 4 + 2 ' ~ .  
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Table 2. Alfalfa weevil egg mortality regression equations. 

Temperature (OC) Age (days) Equation 

Fresh y = .5776 - , 0 4 9 7 ~  -.3613 
3 y = .8332 - .0001x -.4245 
5 y = .8021 - .0132x -.5793 

Fresh y = .8964 - , 1 8 9 5 ~  -.9280a 
3 y = .8543 - .1297x -.7633a 
5 y = .7139 - , 0 5 2 9 ~  -.6306 

-15' Fresh 
-2Oc Fresh, 3 & 5 y =  .7610 - .1174x -.6861a 

aSignificant at .05 level. 
!'combined mortality values for 3- and 5-day-old eggs at -15 '~ .  
CCombined mortality values for fresh at -15O~ with fresh 3- and 5-day-old eggs a t  - 2 0 " ~ .  

would be expected with such a low slope value. All the remaining values combined 
showed significant correlation at .05 and an LT50 of 2.2 days. If this LT50 value is 
converted into hours of constant exposure it becomes 13.2 hours. Treating data presented 
by Morrison and Pass (1974) in a similar manner resulted in an LT50 of 12.8 hours for 
eggs of comparable age exposed to -15 and -20°C for constant pcriods. This LT50 was 
97% of the value obtained in the repeat exposure study. 

The results of the present study are quite comparable with those of Monison and Pass 
(1974) and it appears that the effect of low temperature on alfalfa weevil egg mortality is 
an additive phenomenon; i.c., the effect of cold on egg mortality with time is 
independent of any temporal interruption during the low temperature exposure. This 
finding suggests that if the rate of accumulation of low temperatures in nature could be 
determined, laboratory studies involving constant temperature exposures could be de- 
signed to simulate natural conditions more efficiently. 
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FEEDING PREFERENCE STUDIES OF ADULT 
NEZARA VlRlDULA (HEMIPTERA: PENTATOMIDAE) 

MORPHS FROM INDIA AND THE UNITED STATES 

Jerald R. ~ e ~ i t t l  and Edward J. ~ r m b r u s t ~  

ABSTRACT 

Nezara viridula (Linnaeus) morphs from India and the United States were studied in a 
laboratory comparison of feeding preferences for pods of soybeans, Glycine max, and 
green beans, Phaseolus vulgaris. Adults of a morph from the U.S. apparently selected 
pods at random, while three sympatric morphs from India generally preferred green bean 
pods. 

Nezara viridula (Linnaeus), the southern green stink bug, is a polymorphic pest of 
cosmopolitan distribution. Although nine distinct morphs of adults (f. = forma) showing 
variations in color have been described, only three morphs are relatively common 
(Yukawa and Kiritani, 1965; Singh, 1972). In North America only a single morph f. 
smaragdula, is found, but in Asia several sympatric morphs are common: f. smaragdula, f. 
viridula, and f. torquata. 

N. viridula is a polyphagous feeder attacking a wide variety of hosts including at  least 
27 legume species (Hoffman, 1935). Soybeans, Glycine max, in the United States suffer 
economic damage from this pest (Kilpatrick and Hartwig, 1955; Miner, 1961). Singh 
(1972) reported that soybeans are suitable, and at times preferred hosts for N. viridula in 
India. 

Few studies have been reported citing differences between N. viridula morphs. Kiritani 
(1970) concluded that f. smaragdula, f. viridula, f. torquata and a fourth type from Japan 
did not show appreciable differences in survival rate, developmental period of nymphs, 
fresh body weight of adults, or pre-oviposition period. It was reported that f. smaragdulq 
may be superior to other morphs in reproductive ability but inferior to f. viridula and f. 
torquata in overwintering survival. DeWitt and Armbrust (1973) showed that allopatric f. 
smaragdula from the U.S. and Asia did not differ in weight and body width and length, 
but both were larger than f. torquata and f. viridula from Asia. 

One adult morph from the United States and the three adult morphs from India were 
studied in a laboratory comparison of feeding preferences and frequencies on the pods of 
various legumes and the results are reported here. 

MATERIALS AND METHODS 

Adults were reared as nymphs on garden green bean Phaseolus vulgaris, pods, in clear 
plastic containers 13.5 cm tall by 11 cm diam, and were maintained at  26' l0C, 15 
hour light photoperiod, 60-70% relative humitity. Adults to be studied were randomly 
selected from cages containing individuals 5 to 15 days old. All adults were held without 
food for 12 hours before the initiation of the test. 

The test arena was a 15-cm-diam clear glass petri dish. Within the arena, four sections 
of legume pods (each 2.5 cm long) were placed in the four quadrants on a piece of filter 
paper. Each test consisted of two standard green bean pods at opposite sides in the arena 
and two soybean pods which were placed in the remaining two quadrants. An adult N. 

l~ssocia te  Professor Entomology, Dept. Entomology, Iowa State University of 
Science and Technology, Ames, Iowa 50011. 

2~ssociate Professor of Entomology, Illinois Natural History Survey and lllinois 
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viridula was placed within the test arena, and the lid was set in place. The insect was 
allowed to adjust to the test arena for one hour before observations were initiated. Ten 
consecutive observations were made at 112-hour intervals. The feeding of the insect on  
any pod was recorded at each observation. 

Nine varieties of succulent soybean pods were tested: Harosoy-N (normal pubescence), 
Harosoy-D (dense pubescence), Clark-N (normal pubescence), Clark-D (dense pubescence), 
Hill, PI 171451, PI 227687, PI 243519, and PI 243525. 

To determine pod preference between each soybean variety and green beans, 
Chi-square comparisons were made for each morph and for all morphs combined. 
Chi-square comparisons also were used to indicate general preference for green bean or 
soybeans without regard for variety. 

RESULTS AND DISCUSSION 

After data were analyzed, the feeding responses were reported as a) preference for the 
standard or .green bean pod (G), b) preference for the test or soybean pod (S). or c) no 
preference for either pod (np). Comparisons (Table 1) showed that more morphs 
generally preferred feeding on the standard or green bean pod than on the test or 
soybean pod. Morphs preferred the green bean pod in five of nine varietal tests. However. 
when PI227687 and PI243519 were tested, most morphs preferred the test pod or 
soybean pod over the standard. The latter pod was unusually large and was sliced to 
approximately the size of the standard or green bean pod. Perhaps increased volatility of 
certain chemicals present in the sliced pod caused the observed response. In two tests 
(varieties Clark-D and Hill) preference was not indicated by most morphs. The strongest 
overall indication of green bean pod preference was when PI243525 was tested. Only one 
morph, f. smaragdlcla from the U.S. ,  readily fed on this pod while all other morphs 
preferred the standard. 

Comparisons for combined soybean varieties for each morph indicated that only f. 
smaragdlcla from the U.S. did not show significant deviations in preference. These data 
indicate that the U.S. morph selected the host pods at random in these tests. The same 
morph from India and f. viridula and f. torquata did not select hosts a t  random, but 
significantly preferred the standard or green bean pod. 

These data suggest that the f. smaragdula population from the U.S. may tend to 
accept a different host more readily than most morphs from India. It did not show a 
preference in seven of nine tests. The U.S. morph, if confronted with a choice bera-een 
soybean and green bean pods, may more readily feed on the soybean pod than any of 
the Indian morphs. One Indian morph, f. viridula, preferred soybean pods in t h e e  tests 

Table 1. Comparisons of adult Nezara viridzila morphs feeding on pods of soybeans G t ~ c i n e  
max, and green beans, Phaseolus vulgaris. 

Preference by N. viridula morphs 

Soybean All 
variety f. smaragdula (Asia) f. smaragdula (U.S.) f. viridula f. torquata morphs 

Harosoy-N G 
Harosoy-D G 
Clark-N G 
Clark-D nP 
Hill G 
PI 171451 nP 
PI 227687 S 
PI 243519 nP 
PI 243525 G 

S = Glycine max, G = Pllaseolus vulgaris, np = no preference. Preferences are significant at 
0.05 level. 
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and fed on both soybean and green bean pods at random in three other tests. These data 
suggest that this morph may be more similar to the U.S. morph in host feeding than f. 
smaragdr~la and f. torquota from India. All Indian morphs, however, did prefer soybeans 
in at least one test. Singh (1972) observed that soybeans are fed on in central India by  N. 
viridula morphs when this crop fills a gap between the maturation of green gram and 
fruiting of red gram. He indicated' that the insect did not move into the field until 
fruiting structures appeared. DeWitt (1972) observed that f. smaragdula from the U.S. did 
not mate or oviposit when fed only nonfruiting structures of soybean leaves or celery in 
the laboratory. 

Although N. viridula is considered to be  a polyphagous insect (Hoffman, 1935) a 
morph which more readily accepts different hosts may have a competitive advantage in 
dispersion and establishment in new regions. The spread of the southern green stinkbug 
has been marked by the initial observation of only f. smaragdula in almost all new 
regions of expansion. The initial record of this insect in the western hemisphere was of f. 
smaragdula in the West Indies in 1798 (Fabricius, 1798). This was followed by this 
morph's discovery in Cuba in 1857 (Sagra, 1857). The first observation in the U.S. was 
of f. smaragdula in Texas in 1880 (Distant, 1880). Although data from this study show 
that f. viridula from India may be similar to f. smaragdula from U.S. in host preference, 
DeWitt (1972) observed that the latter morph possesses greater fertility and fecundity 
than the former morph. These factors, perhaps, would tend to  negate the ability of f. 
viridula to readily accept a new host and successfully establish in a new region. 
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THE GREAT LAKES ENTOMOLOGIST 

SENSITIVITY OF IMMATURE THYANTA CALCEATA 
(HEMIPTERA: PENTATOMIDAE) TO PHOTOPERIOD AS 
REFLECTED BY ADULT COLOR AND  PUBESCENCE^ 

ABSTRACT 

Dimorphism in color and pubescence of adult Thyanta calceata, in response to 
8L:16D and 16L:8D photoperiods, resulted from an accumulation of photoperiod effects 
on two or more immature stages. More immature stages were receptive to 8L:16D than 
to 16L:8D photoperiod influence. 

Thyanta calceata (Say) occurs from New England south to Florida and west to  Illinois 
(Blatchley, 1926) and Missouri (Oetting and Yonke, 1971). Ruckes (1957) felt it was 
seasonally dimorphic, with brown "autumnal-vernal" adults clothed in long seta-like hairs 
and "summer" adults in short hairs (less than diameter of tibiae). Recently, McPherson 
(1977a) confirmed Ruckes' belief that calceata is seasonally dimorphic and demonstrated 
that the "autumnal-vernal" and "summer" adults can be produced in the laboratory by 
rearing immatures under 8L (light hours):16D (dark hours) and 16L:8D photoperiods, 
respectively (McPherson, 1977b). McPherson (1977b) also reported the ability of adults 
to  change color when switched to the reciprocal photoperiod (16L:8D or 8L:16D). Not 
determined was whether adult dimorphism resulted from the effects of photoperiod on 
one (sensitive stage) or more (accumulative effect) immature stages. Results bearing on 
this question are presented here. 

MATERIALS AND METHODS 

Adults and 3rd-5th instars were collected July-September, 1976, in the La Rue-Pine 
Hills Ecological Area, Union County, Illinois, and placed in incubators (23.9 i 1.l0C) 
under a 16L:8D photoperiod (ca. 130ft-c, 15W Daylight F15T8/D). They were kept in 
mason jars and fed green snap beans, Phaseolus vulgaris L., as described by McPherson 
(1971). 

Parents for experiments were selected from field-collected nymphs as they reached 
adulthood, or from the offspring of field-collected adults. All parents and their offspring 
were kept under essentially the same conditions as field-collected individuals, with the 
only variable being photoperiod. Fifteen males and 15 females were selected for the 
"sensitive stage" experiments, and an identical number for the "accumulative effect" 
experiments (five of each sex/mason jar for both experiments). Half the resulting egg 
clusters were placed in a 16L:8D photoperiod, half in an 8L:16D photoperiod. The 
rearing technique was described by McPherson (1971). 

To determine if adult dimorphism results from photoperiod effects on a single 
developmental stage (sensitive stage), immatures were reared through one stadium in the 
8L:16D or 16L:8D photoperiod (Original and Reciprocal Experiments, respectively), 
through the remaining stadia in the other (e.g., egg-2nd in 16L:8D, 3rd in 8L: 16D, 
4th-adult in 16L:SD). All combinations of instars and photoperiods were tested. If a 
"sensitive stage" exists, the resulting adults should be identical to controls reared in the 
same photoperiod. 

l~ inancia l  support was provided by the Office of Research and Projects, SIU-C 
Graduate School. Project No. 09-07-34. 
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To determine if adult dimorphism results from photoperiod effects on several 
developmental stages (accumulative effect), immatures were atlowed to begin development 
in the 8L: 16D or 16L:8D photoperiod (Original and Reciprocal Experiments, respec- 
tively), but complete it in the other (e.g., egg-1st in 16L:8DI 2ndadult in 8L:16D). -A11 
combinations of instars and photoperiods were tested. If more than one irnmatur? stage is 
receptive to photoperiod influence, the resulting adults should most closel>- resemble 
controls reared under the same photoperiod as these immatures. 

Controls consisted of animals reared from egg to adult in either the 8L:16D or 
16L:8D photoperiod. 

Adult characters compared were color and length of pubescence. Differences between 
experimental groups were tested with the 2 x 2 x2 test for independan sampks unless 
expected cell values were less than 3.0, thus affecting the validity of the tesr. or an 
observed cell value was 0; in both cases, the Fisher exact probabi€ity tesr was used. The 
0.05 level of significance was used for all tests. All intermediate inditiduals l rhov uirh 
greenish patches or tinge) were scored as green. 

ADULT COLOR AND PUBESCENCE, SENSITIVE STAGE 

Animals were compared in sequential pairs of tested stages from FZ through 5th  
instar (Table 1). For example, adults from 1st instars reared in the 8L:16D p h o t o ~ r i o d  
were compared with both adults from eggs, and adults from 2nd instars. rezed in rhe 
same photoperiod (Table 1,  Orig. Exp.). Rearing eggs, lst ,  2nd, or 3rd inl-rars in 8L:16D 
did not affect dorsal or ventral coloration of males (i.e., adults u-ere e e n )  (Table 1, 
Orig. Exp.). Rearing 4th instar males in 8L:16D produced signiiican?k morr brou-n 
adults than did earlier instars, and 5th instar males more brou-n adults -&an 4-&r Fititth 
instar sensitivity was strong enough to produce 95% brown adults not s igd i~an t ly  
different from the 8L:16D controls. Fourth and 5th insrar males r2ared in 8L:16D 
produced more adults with long pubescence than did earlier instars, bur not enough to 
equal the 8L:16D controls (Table 1, Orig. Exp.). 

Sensitivity of female dorsal and ventral coloration to rhe 8L:16D phoropsiod =-as 
most evident in the 5 th  instars, with 50% of the resulting adults being broun. This a-as 
intermediate between the two controls (Table 1, Orig. Exp.). Fourrh and 5th innar 
females reared in 8L:16D produced more adults with long pubesence (2071 rhan did 
earlier instars, but not enough to equal the 8L:16D controls (Table 1, Or@. Exp.:). 

Males reared in the 16L:8D photoperiod for one instar showed no sG@icanr effect; 
the resulting adults were brown with long pubescence as were the 8L: 16D controls (Table 
1, Recip. Exp.). 

Rearing 5th instar females in 16L:8D produced more geen  adults (6E) rhan did 
earlier instars, the number intermediate between the two controls. There was no 
difference in hair length between sequential pairs of adult females iie., r h e  immatures 

Table 1. Comparison of color and pubescence between Thyanta calceata adulrs trsred for 
single instar sensitivity to  8L:16D or 16L:8D photoperiod influence. 

Color  
I )orsa l  :e~ . t rs :  

Green and Green ari -~ - ~ < - = - - -  .. c 
, - - ~ 

Sf , ipe  T e s t c d  Sex I n t f r r n c d l a t e  Urown ~ e s t ~  1ntcrr.edia:e S r a i r  .esr- l:r; 5 - ; r  ::it2 

ORIGINAL EXPERI>IE\ I  

16L:8D C o n t r o l  M 20 0 1 0  
. .- 
. -. 

E ~ ~ = B L :  1 6 ~ d  M 20 o r o o b  2 ci i' 1 . ~ ~ 2  c :Z 1.1:" 
E ~ ~ = ~ L :  16Da M 20 0 20 0 0 22 
l s tz8L: lbD M 20 0 1 . 0 0 ~  20 0 1 . 0 0 ~  d :C :. :c5 
l s t = 8 ~ : 1 6 ~ '  M 20 0 20 0 10  
2nd-8L:lbD I.$ 14 0 1 . 0 0 ~  1 J  0 1 . 0 0 ~  : 11 1 . : ~ ~  

M 0 1 J  
-- 

2 n d = 8 ~ :  16Da 14 0 I' !1 
3rd=SI.: 16D )I  18 2 0.3.1b 1 9  1 0.59h 5 15 G.26' -- 

j r d = 8 ~ : 7  M 18 ljp 1 9  
4th=8L: 16D, M 7 13 10.67*' 9 11 9 . 6 4 ~ ~  1 J  6 6.J:"' 
4th=8~:16Ll'  M 7 13  9 11- v 
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TabIe 1 (Continued) 

Color 
I)orsni Ventral 

Grcen and Green and  Pubescence 
Stage Tested Sex Intermediate Blown lesta Intermediate Brown l.esta long Short 'lesta 

5th=8L: l6D >I- 19 3,9ltc - 18 4.51*' 9 11 1.64' 
5th=8L:l6~~ M 19 2 I T  9 I!-- 
8L:16D Control t.1 0 20 0.511~ 20 0.24' 20 0 O.OO*~ 
5th=SI.: 1606 M 9 11 p 

16L:8@ Control M 0 20 U. 00*b 
16L:8D Control M 20 0 20 0 0 20 
8L:16D Control M 0 20 0.011"~ 0 20 0.110*b 20 0 0.00'b 
16L:SO Control F 20 0 2 0 0 - 
Egg=8L: 160d F p  2 0 0 1.00~ 20 0 1.00~ 0 20 1.00~ 
Egg=8L:16D" 20 0 20 0 0 20 
lst=8L:16D F 17 0 1. Oob 17 0 1.00~ o 17 1 . 0 L  
lst=8L: 16D" F 17 0 17 0 0 17 
Znrl=RI.: 16D F 16 1 0.50b 17 0 1.00~ 0 17 1.00~ 
2nd=8L:16~~ F 16 1 17 0 17 
3rd=8L:l6D F 19 1 0.80~ 1.00~ 0 20 1.00~ 
3rd=8L:16DU F 19 1 20 0 20 

20 - 

- l t h = B L :  16D F 18 2 0.50'' 19 ___ 1 0.50' 4 16 0 . 0 5 ' ~  
lth=8L: 1 6 ~ ~  F 18 2 19 1 4 16 
Sth=8L: 160 F 10 10 5.83*= 12 8 5.16*' 4 16 
5th=8L:16D" F 1 0 10 12 8 4 16 
SL: 160 Control F 0 20 0.00ib 0 20 - O.Oo*b 20 0 0 . e  
5 t h = ~ ~ : 1 6 ~ ~ -  F 10 10 12 8 4 16 
16L:80 Control F ? 0 0 O . O O * ~  20 0 0.00'~ 0 20 u*! 
16L:8D Control F ? 0 0 20 0 0 20 
8L:16D Control F 0 20 0.00-' 0 20 0.00'~' 20 0 O . O O * ~  

REClPROCAL EXPERIMENT 

8L:16D Control M 0 2 0 0 20 20 0 
Egg=16L:8De 0 18 1.00~ O -- 18 1.00~ 1 8  0 1.00~ 
Egg=16L:8De M 0 18 1 R 18 0 
lst=16L:8D b! 0 12 1.00~ 0 - 12 1.00b 12 0 1.00~ 
lst=16L:8De M 0 I2 12 12 1' 
2nd=16~:8D t.! 0 20 1.00~ 20 1.00~ 20 0 1.00~ 
Znd=l6~:8~' 

0 -  
M 0 20 20 20 0 

3rd=16L:8D bl 0 20 1 . 1 1 ~ ~  0 20 1.00~ 19 1 0.50b 
3rd=16~:8D~ t.1 0 20 0 20 19 1 
4th=l6L:RD IN 0 10 1.00~ 1 9 O.iib 9 1 0.5& -- 
4th=16L:RDC M 0 10 1 9 9 1 
5th=16L:8D hl 18 0.14b 2 18 O.7ib 19 1 0.56'- 

-- 

5th=l(lL:8UP t.1 18 2 18 19 1 
16L:SD Control H 2 0 0 0.00*~ 20 0 0.00"~ 0 20 O . O O * ~  
5th=16L:8DC bl 2 18 18 19 1 
8L:16D Control M 1' - 20 0 . ~ 4 ~  0 20 0 . ~ 4 ~  20 0 0.50~ 
8L:16D Control M 0 20 0 20 20 0 
16L:8D Control M 20 0 0.00'~ 20 0 O.OO*~ 0 20 O.OO*~ 
8L:16D Control F 0 2 0 0 20 20 0 
m 6 L : 8 D e  F 0 20 1.00~ 0 20 1.00~ 20 0 1.00~ 
Egg=16L:8De F 0 2 0 0 20 20 0 
:st=16L:SD F L-- 12 1.00~ 0 12 1 . 0 0 ~  12 0 1.00~ 
lst=16L:8De F 0 12 0 12 12 0 
2nd=lbL:8D F 0 0 
-- 12 l.Oob 12 1.00b 12 0 1.00~ 
2nd=1bL:8De F 0 12 0 12 12 0 
.ird=16L:8D 2 -- F 1 19 O.bjb 18 0 . 3 ~ ~  16 4 02k 
5rd=16L:8De F 1 19 2 1 S 16 4 
4th=lbL:8D F 2 -. 11 0 . ~ 9 ~ ~  2 - 11 11.36b 10 3 d 
4th=16L:8De F 2 11 11 10 3 
5th=16L:8D F -- 12 8 4.72" 13 7 5.95*' 15 5 LO& 
5th=16L:8DC F 12 8 13 15 5 
16L:BD Control F -- 20 o O . O O * ~  20 o . o o L o  20 O.OO+ 
5th=16L: 8De F 12 8 13 15 5 
aL:16D control- b -- 0 ?a O.OO*~ 0 2; O . O O * ~  20 o 0.02*b 
8L:16D Carrtral F 0 20 0 20 20 0 
16L:BD Control F 20 0 0.00'~ 20 0 0.00'~ 0 20 0.00*~ 

a~ignificant at the 0.05 level. 
b~isher exact probability. 
'Chi2. 
dother inunature stages reared in 16L:8D photoperlod. 
%the= ir!miaturz stages reared in 8[.:16D photoperlod. 
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were apparently unaffected by 16L:8D). However, the sample size of adults from 2nd 
instars reared in 16L:8D was only 12,  which possibly explains the lack of significance 
between the 2nd and 3rd instar comparison when individuals (3 rd~)  with short p u b e ~  
mnce first appeared (Table 1, Recip. Exp.). Also, 5 th  instar females reared in 16L:8D 
resulted in 25% adults with short hairs; this was significantly different from both 
controls, and thus showed they had been mildly sensitive in this instar to 16L:8D. 

ADULT COLOR AND PUBESCENCE, ACCUMULATIVE EFFECT 

There was no significant difference in adult dorsal and ventral coloration between 
sequential pairs of males or females reared for increasing lengths of time in the 8L:16D 
photoperiod (i.e., most were green) until the 4th instar, but the percentage of brown 
adults increased progressively (Table 2, Orig. Exp.). Rearing male and female immatures 
through the 4th instar in 8L:16D resulted in enough brown adults to be nonsignificantly 
different from the 8L: 16D controls. Rearing immatures in 8L: 16D through the 3rd instar 
in males and 2nd instar in females, produced significant numbers of adults with long 
pubescence (male = 75%, female = 25%) with these numbers increasing progressively 
through the remaining instars (Table 2, Orig. Exp.). Rearing both males and females in 
8L:16D through the 4th instar produced only adults with long pubescence, as in the 
8L: 16D controls. 

Rearing males and females in 16L:8D through the 4th instar produced more green 
adults than did earlier instars, but not enough to equal the 16L:8D controls (Table 2. 
Recip. Exp.). Rearing males in 16L:8D through the 4th instar produced 95% adults with 
short pubescence, similar to the 16L:8D controls, and significantly different from earlier 
instars. In females, an increase in the number of adults with short pubescence was 
significant when immatures were reared through the 2nd and 4th instars in 16L:8D; with 
the 4th instar, the number was similar to the 16L:8D controls (Table 2, Recip. Exp.). 

DISCUSSION 

The 4th and 5th instars were most sensitive to 8L:16D photoperiod influence in both 
males and females, causing brown adults and long pubescence. However, the "accumula- 
tive effect" experiment (Table 2,  Orig. Exp.) indicated that adult pubescence was also 
partially determined by the sum total effect of 8L:16D on younger instars 
(male = egg-3rd, female = egg-2nd). 

The 16L:8D photoperiod influence was weaker than that of 8L:16D as evidenced by 
the "sensitive stage" experiment (Table 1, Recip. Exp.). No male instar was sensitive 
enough to  produce a significant number of green adults and short pubescence. The 5 th  
instar females were receptive to 16L:8D influence on color (i.e., most adults were green) 
but no immature stage individually produced a significant number of adults with short 
pubescence. However, the "accumulative effect" experiment (Table 2, Recip. Exp.) 
showed that the sum total effect of 16L:8D on egg-4th i n s t ~  in both males and females 
did result in significant numbers of green adults with short hairs and in addition, on 
egg-2nd instar females, a smaller, but significant, number of adults with short hairs. 

Thus, the seasonal dimorphism exhibited by calceata adults (green with short 
pubescence in summer, brown with long pubescence in fall) (McPherson, 1977a) results 
from photoperiod influence on the immatures over most of the developmental period, 
with older instars being most receptive. 
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Table 2 .  Comparison of color and pubescence between Thyanta calceata adults reared 
from immatures kept for increasing lengths of time (accumulative effect) in 8L:16D or 
16L:8D photoperiod. 

Color 
Uorsal Ventral 

Green and Green and Pubescence 
Inatar Sex Intermediate Brown Testa Intermediate Broil" Testa Long Short Testa 

-- 

ORIGIhAL EXPERIhIFNT 

16L:YD Control M 2 0 0 2 0 0 0 20 
Egg-8L: 16Dd !I 1 0 . . ~ 8 ~  11 1 0.3nb 2 10 0 . 1 3 ~  
Egg=8~: 16Da 

11 
b1 11 11 2 10 

Egg-lst=8L:l6D M 
-- 

19 1 0.5ib 19 1 0 . 8 7 ~  0 20 0 . 1 2  
-- 

Egg-lst=8L:16D" M 19 1 19 0 20 
Egg-2nd=8L:l6D M 1 d 5 0.08~ 15 0 . 1 6 ~  3 160.11~ 
Egg-2nd=8L.16DU # 14 5 15 4 3 16 
Egg-3rd=aL:16D M 8 4 0.18' 9 3 O z b  9 3 8.52*' 
Egg-3rd=BL: IbDa M 8 1 9 3 Q 3 
Egg~dth=8L:lbD M I 19 11.22*C 19 14.0OhC 20 0 O.Odbh 
Egg-4th=8L:16DU M 

1 
19 19 20 0 

Egg-Sth=8L:l6D 
(-8L:16D Control) M 0 20 0.50~ 20 0.50~ 20 0 1.00~ 
16L:8D Control bl 

0 
20 0 20 0 20 

8L:16D Control M 0 20 O.OO*~ 0 2: 0 . 0 0 * ~ 2 0  0 0.003 --- 
16L:8D Control F 20 0 2 0 0 0 20 
Egg=SL: 16~: F 13 0 1.00~ 13 0 1.00' 1 1 2  0 . 3 ~ ~  
Egg-8L: 16Da F 13 0 13 1 12 
Zgg-lst=8L: 16D, F 18 2 0.36b 20 1.00~ 0 20 0 . 3 ~ ~  
Egg-lst=8L:16Da F 18 2 2 0 0 0 20 
Egg-Znd=RL: 160 F 18 Z 0.70' 2 0 . ~ 4 ~  5 15 0& 
Egg-Zndz8~: 16Da F 

18 - 
18 2 1 S 5 15 

Egg-3rd=8L:16D F 3 0 . ~ 9 ~  lo - 2 0 . ~ 2 ~  9 4 4 . 6 3 2  
~g~-3rd=8~- 

11 - 
10 11 9 4 

Egg-4th=EL: lhD F 1 16 17110*c 1 16 15.8Y*C 17 0 0.03*~ 
Egg-4th=8L: 16na F 1 16 1 16 17 0 
Egg-Sth=BL:160 
(=BL:I6U Control) F 0 20 0.46~ 0---- 20 0.46~ 20 0 1 . 0 0 ~  
16L:8D Control F 10 0 20 0 20 
8L:16D Control F 0 20 0.00" 0 20 O . O O * ~  20 0 O . O O * ~  

RECIPROCAL EXPERIMENT 
XL:16D Control M 0 20 0 20 20 0 
Egg=16L:8De &4 0 20 1.00~ 20 0 1.00~ - 20 1.00b 
Egg=16L:8Ue 20 0 20 10 0 
Egg-lst=l6L:BD t4 I 16 0 . 4 6 ~  15 0.20~ 17 0 1 . d  2-- 
Egg-1st=16L:8De M 1 16 15 17 0 
Egg-2nd=16L:8D M I ___, 19 0.80~ 19 0.44b 18 2 0 . K  
~ e r - 2 n d = l 6 ~ : 8 ~ ~  M 19 19 18 2 

Egg-Sth=16L:BD 
i=lbL:8D Control) M 20 0 O . O O * ~  20 0 0.02'~ 0 20 0.50b 
8L:16D Control M 0 20 0 2 0 20 0 
16L:8D Control M 20 0 0.00" 0 0 . 0 0 * ~  0 20 0.00'~ 20 - 
8L:16D Control F 0 20 20 20 0 
Egg:16L:8DC F 1 19 0.50~ 1 19 0 . 5 0 ~  20 0 1 . 0 0 ~  

-- 

Egg=16L:8De F 1 19 1 19 20 0 
Egg-~lst=lbL:ED F 2-pp 18 0.50~ 4 16 0 . 1 7 ~  10 0 1.00~ 
Egg-lst=16L:8De F 18 16 20 0 
Egg-2nd=lbL:8D F 5 4---- 15 0.69' 16 O.OOC 16 4 0.05'' 
Egg-2nd=16L: 80- 15 16 16 4 
Egg-3rd=16L:8D F 18 0.69' 2 --- 18 0.20C 18 2 0.20' 
Egg-3rd=16L:8Dc F 2 18 2 18 18 2 
Egg-4th=l6L: 8D 15 5 14.73*' 16 4 17.07*C 2 18 22.50'C F pp-ppp--- 

Egg-4th=16L:RDe' F 15 16 2 16 
Egg-Sth=16L:SD 
(-l6L:aD Control) F 20 0 0.02*~ 20 
pppp-- 

0 0.05*b 0 20 0 . ~ 4 ~  
8L:16D Control F 0 20 0 20 20 0 
16L:8D Control F 20 0 0.00" 20 0 O.OO*~ 0 20 0.00*~ 

a~ignificant at the 0.05 lcvel. 
b~isher exact probahllity. 
'chi2. 
dother immature stages reared in 16L:8D photoperiod. 
e~ther imnature stages reared in 8L:16D photoperiod. 
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MALE BEHAVIOR IN EVAGETES SUBANGULATUS 
(HYMENOPTERA: POMPILIDAE) 

Edward M. Barrows 

Males of Evagetes subangulatus patrolled primarily among shrubs in an area where 
females dug in soil. Twenty-nine individually-marked males were seen from 0 to 16 days 
after marking. They shared a home range space of about 400 m3. Although they did not 
exhibit territoriality, they chased and pounced upon one another and upon unmarked, 
conspecific males and females. 

Evagetes subangulatus (Banks) is a medium-sized, totally black spider wasp that occurs 
across North American in the Hudsonian and Transition Zones (Muesebeck et al., 1951). 
Behavior of this wasp has not been reported. Moreover, knowledge of male hymenopteran 
mate-location behavior is meager, especially with regard to Pompilidae (Alcock et al., in 
press); therefore, I attempted to investigate mate-location behavior and, in particular, 
space partitioning in male E. subangulatus. 

Male pompilids were observed from 12 to 29 July at the University of Michigan 
Biological Station, Cheboygan County, Michigan. By 29 July, males were scarce at the 
study site. Searches for males were made from 0630 to 2030 from one to five times on 
each day during the observation period. Males were captured and marked for individual 
recognition on their scuta with fast-drying enamel paints. 

Twenty-nine marked males of E. subangulatus were seen in the study site for from 0 
to 16 days (x= 4.6, M = 3) after the days on which they were first marked (Figure 1). 
All males were captured and marked in region 1. Thirty+ne percent of the males 
subsequently appeared in region 2; 35% in region 4; and 17% in region 3 during the 
entire observation period of 18 days. Region 1 included bushes of Diervilla lonicera Mill., 
Vaccinium spp., and a 4@cm high sapling of Quercus rubra L. Region 2 was a 1-m Q. 
rubra sapling on which pompilids and other hymenopterans obtained honeydew or other 
substances from kermesid scale insects. Polistes fuscatus (Fabricius) (Vespidae) workers 
established individual feeding territories and chased E. subarzgulatus and other insects 
from these kermesids (Barrows, in prep.). Region 3 has only bushes of Gaylussacia 
baccata (Wang.) K. Koch; and region 4 has the same species of plants as region 1 plus G. 
baccata. Males of E. subangulatus were primarily in shrubby areas in a larger area of 
about 400 m2. They appeared most frequently from about 0800 to 1000 and from 1600 
to 1900 on warm, clear days. 

Male E. subangulatus flew from a few cm to 1 m above the ground, and crawled over 
soil, dead leaves, Pinus strobus L. cones, and bushes. Males did not appear to  move among 
landmarks in particular sequences, perch in constant places, or establish territories; 
however, they were constant to an about 400 m3 space which they shared. Crawling 
males frequently flicked their wings and groomed. They were less common at their 
partolling sites during midday and early afternoon, perhaps because sand temperatures 
became too high. Males of Episyron quinquenotatus (Say) were occasionally seen 
patrolling in the same space as males of E. suba)zgulatus. 

Marked males often chased and pounced upon one another and upon unmarked 
conspecifics which were males and females, but no copulations were seen. E. subangulatus 
possibly mates early in its flight season (when I was unable to observe it); females mate 
once or only a few times, or both. One male pounced upon a piece of charcoal that was 

- 

l ~ e ~ a r t r n e n t  of Biology, Georgetown University, Washington, D. C. 20057, and The 
University of Michigan Biological Station, Pellston, Michigan 49769. 
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Fig. 1 .  Distribution of male Evagetes srlbangulatus from 12 to 2 9  July, 1977.  in a female 
digging area. Large dots indicate areas of trees and saplings, small dots indicate areas 
harboring low shrubs, and absence of dots indicates open sand or sandy areas 111th 
sparce forbs. BP is a brush pile and E is wasp E. "1" is the area where wasps X to  Z 
and AA t o  CC were captured, marked, released and many of which were seen on days 
subsequent to  marking. "2" is an oak sapling (5 dots) that harbored kermesid scale 
insects from which wasps E, H, I, M, 0, Q, Y, V, and CC were seen obtaining 
honeydew. "3" is a shrubby area where wasps A, F, H, K, N, 0, Q, T, U. and V a.ere 
seen. "4" is another shrubby area where wasps B, C, R, Q, and Z were seen. 

about the size and shape of a conspecific female. Other male hymenopterans, for 
example, bees, also evidently waste time and energy orienting toward and pouncing upon 
other conspecific males, unreceptive females, or dark, female-sized objects (Barrows, 
1975; 1976a; 1976b). 

Male V, for example, was noted as he patrolled for 3 minutes; his path is diagrammed 
in Figure 2. He spent most of the 3 minutes crawling over soil, leaves, and pine cones on  
the soil; however, he occasionally crawled over bushes of Diervilla lonicera. He moved a 
total of about 21  m during this observational period. 

Some aspects of pompilid reproductive biology have been reported by Richards and 
Hamm (1939), Evans (1948), Evans et al. (1953), and Wasbauer (1955, 1957). E. 
subangulatus is similar to other pompilids in that males search for females a t  nesting sites, 
and they may mate or attempt to  mate with females on the ground. 
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