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LONGEVITY AND WEIGHT LOSS OF FREE-FLYING MALE
CECROPIA MOTHS, HYALOPHORA CECROPIA
(LEPIDOPTERA: SATURNIIDAE)
G.P. Waldbauer, I J.G. Sternburg,l and D.H. Janzen 2
ABSTRACT
During their spring flight season, free-ranging male cecropia moths lived a maximum
of 12 days (one of 124 recaptured moths of 387 released moths). The number of survivors
declined precipitiously after day five; five to seven days is probably the usual life span.
The recaptured moths did not have different initial weights than those that were not
recaptured. The larger the moth the more absolute weight it lost and the faster it lost weight
during the first few days. A moth lost about 20% of its weight during the first night of
flight and accumulated about a 40% weight loss during the remainder of its life.

Adult saturniid moths do not feed and live only a few days in captivity (Rau and Rau
1912. 191~: Janzen, 1984). The details of their brief adult lives have not been studied with
free-living adults. Here we ask how long free-flying adult male cecropia moths live in
nature and how much weight they lose as they age. This information is important to
understanding how resource harvest as a larva is integrated with the duration of the
non-feeding post-larval stages, and how weight loss influences flight dynamics (Janzen
198~1.

Cecropia. Hmlophora cecropia (L.) (Lepidoptera: Saturniidae), ranges over the United
States and southern Canada east of the Rocky Mountains (Ferguson 1972, Lemaire 1978).
Its natural history and ecology have been most intensively studied in Illinois (e.g., Marsh
19~1. Waldbauer and Sternburg 1973, Sternburg et al. 1981). As part of the Illinois
studies. the rv.o senior authors released, weighed, and individually marked newly emerged
adult males in the contiguous cities of Champaign and Urbana during the natural 1968
cecropia tlight season (rnid-~lay to early July). Many were reweighed after being
recaptured in traps baited with virgin females.
Adult ca.LOpias usually emerge from the cocoon about 5 h after sunrise (ca. 1000 h).
Emergence is delayed on cool days. They crawl a few centimeters to a place where the
wings can expand and then remain there until sunset. Shortly after sunset both newly
emerged and old males make a dispersal tlight that, judging by the activities of caged
males. may continue for as long as an hour. The newly emerged virgin females are inactive
until an hour before da\\ n: then they evert the gland that produces the sex attractant
pheromon<:. The males. again active at this time. seek out the females by flying to the
pheromone source. These activities cease at dawn. Pairs stay coupled about 16 h, until the
following sunset. The males then disperse and the females fly for the first time, seeking
oviposition sites. ~lated females make oviposition flights every night but are not known
to mate or release sex pheromon<: again. ~lated males continue to disperse just after sunset
and to fly in search of unmated females just before dawn each day (Waldbauer and
Stemburg 19791.
:Depanrnem of Emornology. l"ruYersity of Illinois. Crbana. IL 61801.
-Depanrnem of Biology. l"ni\ersity of Pennsyhania. Philadelphia, PA 19104.
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MATERIALS AND METHODS
The moths emerged from overwintered cocoons that had been collected in Champaign
Urbana or reared outdoors from local stock as described by Waldbauer and Sternburg
(1973). All cocoons were held until emergence at ambient outdoor conditions. The moths
emerged synchronously with the wild population, putting our traps in competition with a
large population of wild females (Sternburg and Waldbauer 1969, Fig. 4).
Males were released on the day they
They were first numbered in sequence
with a waterproof felt pen on the underside
left hind wing and then weighed to the
nearest 10 mg between 1300 and 1500 h, long after they had excreted the meconium.
Some dribbled a bit of meconium afterward. These were reweighed except for a few that
dribbled slightly at the time of release. The males were released between 16 May and 30
June in a park near the center of Champaign-Urbana. Those released in daylight (40%)
were put in trees or shrubs where they were hidden by foliage. Those released around dusk
(60%) were tossed into the air and llew off. The number of moths recaptured and the
number reweighed differs because five recaptured moths that had been damaged by birds
were not reweighed.
The traps (Sternburg and Waldbauer 1969) were constantly baited with at least two
virgin females that were replaced at least every three days. A trap at the home of GPW
was 2.9 km west of the release point Another, at the home of JGS, was 3.9 km east of
the release point. The area between the traps consists mostly of urban residential areas with
many trees and shrubs. At the lime of the study it had a large wild cecropia population
(Sternburg et aL 1981).
The traps were examined daily. Recaptured males were reweighed at the laboratory
between 1300 and 1500 hand re-released at the trap in which they had been caught. in late
afternoon at the GPW trap and just after dark at the lGS trap. If released in daylight at the
lGS trap, they were attacked by blue jays (Cyanocitta cristata) and common grackles
(Quiscalus quiscula). Release time had no significant effect on the probability of
recapture; at the GPW and lGS traps, 38.5% and 36.0% respectively, of the re-released
moths were recaptured at least once more (x 2
0.016, P = 0.9, 1 d.t., continuity
corrected) .
RESULTS
Of the 387 released males, 68% were not recaptured. Of the remaining 124 (32%), 99
(79.8%) were first caught in the GPW trap, 24 (19.4%) in the lGS trap, and one (0.8%)
in a more distant trap in the country. Only one moth appeared at two traps. The GPW trap
was closer to the release point. but we believe it caught more moths mainly because it was
west of it. The prevailing winds were from the west, and males must tly upwind in search
of females (Wilson and Bossert 1963).
Figure I shows that males varied in how long they circulated in nature before they were
first recaptured. About 80% of the 124 recaptured males were first caught within four
days, but one did not appear until the 12th day.
The most recaptures (including re-recaptures) occurred on the third and fourth nights
after release (Fig. I), but 30% of them occurred five or more days after release. The results
were affected by competition from free-living females that were releasing sex attraetant
pheromone during the experiment, and a similar but ecologically less relevant experiment
done when wild cecropia females are absent (July and August) would probably give
different results.
The weight loss data for 119 males that were recaptured 180 times are combined in
Table 1. The live weight of all moths at the time of release varied from 1.05 to 4.48 g (x
= 2.41 g, SD
0.65). The mean initial live weight of the moths that were not recaptured
was 2.46 g (SD
0.65) while the mean initial live weight of those that were recaptured
was 2.33 g (SD
0.64); the difference is not significant (t = 1.821,385 d.f., 0.01 <
P < 0.05). The moths that were recaptured on the fifth or later nights had an initial mean
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40
no. re leased = 387
no recaptured = 124
% recaptured =32.0

I 2 3 4 5 6 7 8 9 10 II 12

Days After First Release
1. The numbers of adult male cecropia moths that were first recaptured on each day following
of e-closion.

weight of 2.-!-9 g (SD = 0.71). which is not different from either the entire set of released
moths or the entire recaptured subset (by inspection). The moth that was recaptured on the
12th day was one of the heaviest (3.49 g at release), but one recaptured on the 10th day
was one of the lightest (2.73 at release). There is no suggestion that heavy individuals
ha\<:: different life spans than
individuals.
~Iale cecropias lose weight as they age, rapidly at first and more slowly later (Table I,
.., and 31. For example. the weight of a male that was recaptured on the first-fifth
after release declined 22.6. -1-. 1. and 5% from the original 2.60 g on successive days,
day losing 22. 7. 6. 1. and 7C7c of the previous day's weight. For the entire set of
recaptured moths. the cumulatiVe a\'erage absolute weight loss stans at 0.38 g and
accumulates to 1.09 g by day fiVe. (Sample size for the sixth and following days is too
small to merit detailed examination.) These losses represent 16-47% of the weight of the
an:rage released moth. Owr the same five-night progression. the standard deviation in
absolute weight loss doubles from 0.18 to 0.38. The regression of absolute weight loss
initial liVe weight appears to have a progressively steeper slope each day after
(Fig. 2). but only day one is significantly different from the other days. It seems
clear that the larger the moth. the greater the absolute weight loss per day of life. The
correlation coefficients for the first five days of life (Fig. 2) are also high enough to
suggest a real relationship between the rate of weight loss and body weight.
The greatest absolute weight loss during the first 24 h was 0.72 g (27% of a 2.68 g
moth). while the smallest was 0.18 g (lICC of a 1.62 g moth). The greatest percent loss
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Moth Initial Live Weight (g)
Fig. 2. Relationship of initial live weight (x) to absolute weight (y) loss by free-ranging male cecropia
moths that were recaptured 1-5 days after the day of eclosion. The number of moths recaptured
and the regression equation for each day are (I) 17, Y
-0.2039
O.2768x; (2) 29, Y
-0.3682 + 0.4643x; (3) 39. Y = -0.3700 + 0.5047x: (4) 40. Y = -0.1911
0.4927x; (5)
26, Y
-0.0864 + 0.47l8x.

for the first 24 h was 28% of a 2.55 g moth. For all recaptures after any time, the greatest
absolute loss was 2.32 g, which was 52% of a 4.48 g moth by the sixth day after release.
The average cumulative loss in body weight per gram is highest on the first day and then
levels off at about 0.45 g by day six (Table I, Fig.3). The standard deviation of this
parameter also rises rapidly and then approaches an asymptote at about 0.09-0.10. The
longer the moth lives, the less it loses per gram of initial weight per day. The regression
of percent weight loss against initial live weight (Fig. 3) shows, as did Figure 2, that larger
moths lose weight at a faster rate than do small ones, but that this difference seems to be
disappearing by the fifth day of recapture (Fig. 3). However, the correlation coefficients
are so small (Fig.3) that this relationship must be viewed as very general, rather than one
that can be used to predict the behavior of a particular individual. Visual inspection of the
actual data points through which the regression lines in Figure 3 pass suggests that the low
correlation coefficients are due to great scatter rather than a tight but curvilinear relation
ship being forced onto a straight line modeL
DISCUSSION
The results show that at least half of the recaptured males survived for five or more
days, with one surviving for 12 days. Rau and Rau (1912, 1914) found that mated male
cecropias generally had a mean survival offrom 7.52 to 10.85 days when caged at ambient
St. Louis conditions during their natural flight period. However, they (1912) found that,
while males that emerged in June survived a mean of 10.62 days, males that emerged in
April and May survived a mean of 17.40 days, by far the longest mean life span that they
found for mated males. The difference is probably due to the cooler temperatures
experienced by the early emergers. Although all but two of our moths were recaptured in
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4 r= 26
r=.12
3 r=.34
2 days since
release
r=.40
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Moth Initial Live Weight (g)
Fig. Re!ati0n,hip (If initial live weight (x) to percent weight loss (y) by free-ranging male cecropia
m0U:, thaI .. ere recaptured 15 days after the day of eclosion. The number of moths recaptured
:.tnJ l.i:le regre"ion equation for each
are I) 17. Y = 7.8783 +
13.23
1:,9Sx:
39. Y = 25.1394
(4) 40. }' = 32.0828 +
26. }' =
39.t-~1:'(1
I 5362x.

,3.

June_ the difference between our results and those of the Raus suggests that living free in
nature de.::reases longeyitv.
The recapmred males probably flew much farther than the minimum 2.9 or 3.9 km
distance between the traps and the release point. Before its first recapture and between any
a male makes at least one evening dispersal flight and one morning flight
in
of a female. either of which may continue for an hour. These flights are probably
circuitous and long. A searching male could, for example, locate and follow several
pheromone trails that e\'entually fade out because another male reaches the female first.
Ymati,)n in the longe\'ity of our cecropia males may have been affected by at least the
folio"," ing: I II predation: (2) frequency of recapture (recaptured males were protected from
predation while they were in the trap or the laboratory); (3) number of days spent in copulo
Ithe male expends resources to fertilize the female, and a pair of moths may be more
~nr'''r,i'nr to predators than a single moth); (4) nutrient and water reserves at the time of
Iadult cecropia neither feed nor drink); (5) weather, distance flown, and rate of
eli.penditure ('f energy. \,~ater. and perhaps other reserves due to variations in body size;
161 .::hoke of diurnal and nocturnal roosting sites (this could intluence the probability of
predation and desiccation!.
The data at hand do not allow us to examine these causes of variation except to note that
there was no relation between initial body
and longevity as measured by recapture.
However. large moths lost body weight absolutely faster and faster per gram of their body
than did smaii moths. As the moths aged. this relationship was accentuated, at least
if one <:ompares the first night of tljght with subsequent nights. Perhaps it costs the most
to l1y when hea\·iest. or perhaps the moths tly the most on the first night. However. as the
moths age. the percent of their body weight lost per night becomes more nearly equal for
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Table I Weight loss parameters for recaptured male cecropia moths based on combined
data for 119 males that were recaptured 180 times, All losses are expressed in grams.

n.07

0.07

(UJI

O.Ol

0.05

0.05

12

all initial body weights. Presumably, this is because the non-expendable parts of the
moth's flight apparatus are more similar in initial weight across the variation in initial total
moth weight than are the initial weights of water, fat, and other expendable resources,
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ADULT EMERGENCE IN TWO UNIVOLTINE CALLOSAMIA
PRO,\IETHEA POPULAnONS: PREPONDERANCE OF THE EARLY
EMERGING MORPH IN THE NORTH AND OF THE LATE
E::\IERGING M:ORPH IN THE SOUTH (LEPIDOPTERA:
SATURNIIDAE)
G. P. Waldbauer and J. G. Sternburg 1
ABSTRACT
Callosamia promethea is common on wild black cherry, Prunus serafina, at the
Cniversity of Michigan Biological Station in northern lower Michigan. In this area the
early emerging morph is preponderant, while to the south in northern Indiana, the late
emerging morph is preponderant.

The diapause terminating mechanism determines the phenology of the active stages of
insects and thereby has a profound effect on their ecology. A number of insects exhibit a
biomodal emergence pattern, with an opportunistic group emerging early in spring and
another group delaying emergence for a month or more (Waldbauer 1978). This is a
bet-hedging strategy that avoids the possibility of losing all of the progeny of a pair to, for
example. a late cold spell in spring or a severe drought in summer. The bimodal
emergence of Hyalaphora cecropia (L.) (Lepidoptera: Saturniidae) was discussed in detail
by Sternburg and Waldbauer (1969, 1978) and Waldbauer and Stemburg (1973). The
bimodal emergence pattern of a univoltine population of Callosamia promethea (Drury)
(Lepidoptera: Satumiidae) from near Medaryville in northern Indiana was described by
Srernburg and Waldbauer (1984).
We here show that the late emerging morph predominates (over 99%) in the south near
~tedaryyille. Indiana. while the early emerging morph predominates (over 99%) in the
north at the Cniversity of ~1ichigan Biological Station in northern lower Michigan, near
the northern limit of promethea's range (Ferguson 1972).
COLLECTING AREAS AND METHODS
:\5 part of a project that involved the release and recapture of male promethea moths,
we deployed 5eyen promethea traps in a mile-wide circle in northern lower Michigan near
Pellston in Emmet County. The traps were on the property of the University of Michigan
Biological Station! C\IBS I. on a low. sandy plain locally known as the Pellston Flats.
They were in an area that includes second growth woodland. dominated by Populus
tremll[oides ~tichx... as well as savannah-like clearings with scattered woody plants.
including saplings of Prulllis serNina Ehrh .. which is often a promethea food-plant. The
traps. described by Sternburg et aI. 119 7 71. were baited with newly emerged. virgin,
pheromone-releasing female promethea moths from 1-1 June to 9 August 1983. The traps
were emptied of males and rebaited daily except from 20 July to 9 August. when they had

'Department of Entomology. Lnhersity of IlImois. l-rbana. IL 61801.
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Fig. I, Wild, male Callosamia promelhea moths caught in traps baited with virgin females at the
University of Michigan Biological Station near Pelbton in 1983,

bait in them only every second day, Captured wild males were not released. In 1984 we
ran a similar circle of traps from 14 June to 16 July just south of the central station
facilities. They had bait in them only every second day.
On 10 November 1983, we collected promethea cocoons in the area which had been
within the circle of traps as well as in areas from about 1.8 to 8 km west of the circle. The
cocoons were taken to Urbana, Illinois, the next day and held on a screened porch where
they were exposed to ambient outdoor temperatures, They were checked daily from the
beginning of May until emergence was complete.
RESULTS AND DISCUSSION
The 1983 daily trap catches of wild, male promethea moths at the UMBS are shown in
Figure 1. The great majority of the moths were eaught in the second half of June. There
was a peak on 21 June, and the last of the scattered late males were caught on 20 July,
although we continued to trap until 9 August. Four males were caught on 15 June, the first
day on which we ran the traps. The emergence of the moths could, therefore, have begun
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earlier but probably only a few days before. The average date of the last freeze is 6 June
at Pellston. and the trees do not leaf out until late May.
In 1982. during a two-week period of trapping, one male was caught on 23 July at the
station central facilities. In 1984 we trapped from 14 June to 16 July just south of the
central facilities. capturing 276 males between 14 June and 12 July. As in 1983, the great
majority of these moths (271) were caught in the second half of June, between 14 June and
26 June. Fifty·one males were caught on the first day of trapping, suggesting that the
emen>:ence may have started even earlier in 1984 than it did in 1983. Previous to these
collections. there were only two reeords of promethea from the UMBS area (Voss 1969).
On 10 November 1983, we eolleeted in the vicinity of the UMBS, 52 promethea
cocoons that appeared to eontain live pupae as judged by shaking the eocoons. All of the
cocoons were found on wild black cherry, Prunus serafina. The emergence of moths from
these cocoons was tightly clustered in late May and early June. Moths emerged from 39
of them at Lrbana on the following dates: 31 May, 1 male; I June, 3 males, I female; 2
June. 3 males. 2 females; 3 June, I male, 2 females: 4 June, 4 males. 2 females; 5 June,
7 males. 4 females: 6 June. 3 males. 6 females.
There was a possibility that some of the collected cocoons could have been spun by the
progeny of native females and the Indiana or Wisconsin males that we had released within
the circle of traps. If so. their emerge nee dates might not have been typical of the UMBS
moths. That this was not the case is shown by the fact that five coeoons collected well
away 11.8-8.0 kml from the circle emerged on I and 2 June with the moths from cocoons
collected within the circle.
We are confident that the group of male promethea moths that was caught in the second
half of June at the UMBS corresponds to the early emerging morph of the univoltine
promethea population from near Medaryville, Indiana (Stemburg and Waldbauer 1984).
The most convincing evidence is that when cocoons from the UMBS were moved to
Crb:ma. they produced moths in late May and early June, corresponding to the emergence
time at C rbana of the few early emerging promethea moths from Medaryville in other
years I Slemburg and Waldbauer 1984). The UMBS moths caught on 20 and 23 July in
1983 and 1982. respectively, and possibly some of the other moths caught in July 1983,
apparently correspond to the late emerging morph from Medaryville.
In the two years that it appeared, the early emerging morph from Medaryville was
represented by much less than I % of the entire emerging population. The late emerging
morph from ~Iedary\'ille. including over 99% of the samples, delayed emergence at
Crbana •.+0'6' ~ latitude) by more than a month (Stemburg and Waldbauer 1984).
(Cecropia cocoons from Chicago [41 °51' N] emerged about two weeks early if moved to
Crbana. Thus, we judge that the Medaryville promethea cocoons, which were moved a
lesser distance. emerged about 10 days early at Urbana.) At the UMBS the converse was
true, The early emerging morph constituted well over 99% of the males trapped, while the
late emerging morph constituted at most less than O.Ol % of the total number of males
trapped I Fig. II.
The preponderance of the late emerging morph in the south (Medaryville, Indiana 41°5'
:-; latitude; and its almost complete replacement in the north (UMBS, 45°40' N) is
presumably adaptive ..·\Imost all of the Medaryville moths emerge in early July. This is
well past the earliest possible date for emergence but avoids the uncertain weather of
spring ..-\t the C~IBS, almost all of the promethea moths emerge very early in the season,
probabl~ as early as they .:-an. depending upon ambient temperatures. In this instance, the
moths pfCIbably cannot emerge much later without the danger of their progeny encoun
tering a frost in .-\ugust or September before they spin the cocoon and molt to the pupa.
,-\t the C~IBS the awrage date of the first frost in fall is I September.
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':\IELA~ISTIC

MALES OF CALLOSAMIA PROMETHEA
(LEPIDOPTERA: SATURNIIDAE)
G. P. Wa1dbauer and J. G. Sternburg 1

During the summer of 1983 seven melanistic male promethea moths appeared among
sen:ral hundred males that emerged from cocoons we were holding in the laboratory. They
probably emerged from cocoons that had been reared from stock collected in central
Wisconsin but perhaps came from cocoons that had been reared by a dealer in northern

Fig. 1 .\dull Call().'ami,; r"'(IT.f[hf,;; I abv\e I upper- tlett) and underside Iright) of a normally
pigmented male: ,bejel" I upper- ddt I and underside {right! of a melanistic male.
'IX!panment of Emomolog:. Cni\ersity of Illinois. Crbana. IL 6[801.
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Indiana. There were no phenotypically melanistic females among several hundred females
that appeared.
The wing pattern of normally pigmented promethea males is composed of minute scales
of at least eight different colors. On the uppersides. the wings are blackish with
clay-colored borders along their margins. The dark areas distad of the postmedial lines are
suffused with a few gray and brownish scales, and there are some white and reddish scales
around the eyespots. The undersides of the wings are largely maroon and reddish-magenta
with clay-colored borders. The magenta areas distad of the postmedial lines have a
scattering of white scales, and the eyespots are similar to those on the upperside (Fig. I).
The melanistic males have only black, gray, and white scales, but the normal wing
pattern is dimly visible as blackish gray on black (Fig. I). On both the upper- and
black, the gray
undersides of the wings, the areas proximad of the postmedial lines are
scales being largely confined to the area distad of the postmedial lines. The white scales
are distributed as they are on nornmlly pigmented males, some in the vicinity of the
eyespots on the upper- and undersides and a
on the
areas distad of the
postmedial lines on the underside.
Normally pigmented promethea males are Batesian mimics of Battus philenor (L.)
(Waldbauer and Sternburg 1976, Stern burg et al. 1977). The melanistic male is even more
similar to B. philenor. and it may represent a way in which promethea could greatly
enhance its resemblance to its model in a single evolutionary step if the melanism is
genetically based (Clarke and Clarke 1983).
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P.HHIESE PERSTRUCTANA (WALKER) (LEPIDOPTERA:
TORTRICIDAE) IDE~TIFIED AFTER MORE THAN A CENTURY
William E. Miller'
ABSTRACT
Sciaphifa persIruCIan{l Walker has been known only from the female holotype, and
Pammelle slfmifera (Heinrich) only from males. Based on associated males and females
from the Great'Lakes area. the two names apply to one species. The resulting synonymy
leads to a new combination. Pammene perstructana, and finally associates a species with
this long-battling specitlc name.

Sciaplrila perSIructana Walker is among myriads of British Museum (Natural History)
insects laconically described by Francis Walker in the mid-19th century (Anon. 1874). It
i~ also among 37 Walker names in Nearctic Olethreutinae (Powell 1983). Identities of
many species represented by these names have been uncertain because Walker often
\\ <Irked from single specimens.
The Walker Nearclic olethreutine names have been resolved slowly. One reason is that
Heinrich (1923. 1926), the first reviser to use genitalic characters, did not examine Walker
synrypes. He relied instead on identifications made by Walsingham and C. H. Fernald,
both of whom predated taxonomic use of genitalia. Use of nongenital characters led to
many synonymical errors. Moreover, the Walker syntypes remained undissected until they
were prepared by N. S. Obraztsov after World War II. Obraztsov also selected many
Iectotypes. but Sciaphila pcrstructana, like many Walker species, was represented only
b~ a holotype. Photos of these types and their genitalia were deposited by Obraztsov in
the American ~luseum of Natural History, New York (Diakonoff 1966). These have
helped speed correction of errors, which has now progressed practically as far as specimen
condition and present taxonomic methods permit.
SciaphUa persIruCiana has continued to be an enigma, however. It has bcen hesitantly
referred to \'arious genera (McDunnough 1959), most recently to Cyciia (Powell 1983).
The ho!otype i<. female. and males are often necessary for generic placement. Also. having
been known only from the holotype, Sciaphila perstructana appeared to be an unusually
rare moth. After assembling more than 20 specimens of a Pammene occurring in the Great
Lakes area I Figs. 1. 31. I found that males matched the male holotype of P. signiiera
IHeinri~hl. The female of this species was hitherto unknown. That the female was the
long-baftling Sciaphila per51rI1CfanU became clear when I compared genitalia of Pall/melle
sif!II(t'era females with tho~e ot the Sciaphila perstructana holotype female (Fig. 2). The
ne\\ findings are summarized below.
P.llnmelle persIruCfalla (\Valkerl. New Combination
1-3 )
Sciaphila persIruCf<lIlU Walker, 1863: 3-D I Iholotype: female. SL Martin '5 Falls, Albany
RiYer. Hudson Bay. no date. Bamston. geniI. prep. 5319. forewing length 6.0 mm, in
British ~luseum I:\atural Histo~l. genitalia shown here in
2).
'Depanmem of Entomology. C nl\ ersilY of '\!innesola. 51. Paul. M:-.! 55108.
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Figs. 1-3. Pammene persrructana: (1) wings of an example from Lake Katherine, Oneida Co.,
Wisconsin; (2) genitalia of holotype female; (3) genitalia of a male from Cass Lake, Cass Co.,
Minnesota.

Hemimene signifera Heinrich (1926: 22) (holotype: male, Lake of Bays, Ontario,
I-VII-20, McDunnough, forewing length 5.5 mm, in Canadian National Collection,
genitalia illustrated by Heinrich 1926: Fig. 290). New Synonymy.
Pammene signifera; Powell (1983: 37).
I examined both of the above holotypes and the Obraztsov photos of P. perstructana.
Nontype voucher specimens are in the University of Minnesota, St. Paul; Michigan State
University Entomology Museum, East Lansing; University of Wisconsin Insectarium,
Madison; University of California, Berkeley; and the Illinois Natural History Survey,
Urbana.
There are five Nearctic
of Pammene (Powell 1983), and no larval hosts are
known. The Palaearctic
number nearly 60 (Danilevsky and Kuznetsov 1968).
Their larvae feed in
tied leaves, flowers, fruits, galls, and related tissues of
Quercus, Salix, AceI', Fagus, and other perennials (Swatchek 1958). Larvae of the
Palaearctic Pammene clanculana (Tengstrom), a species which closely resembles P.
perstructana, feed in seed-bearing catkins of Betula (Benander 1950). Should the latter
two prove conspecii1c, the name P. perstructana would take precedence because of
priority.
ACKNOWLEDGMENT
I thank curators of the above institutions for specimen loans and other help. Figure 2
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THE BRACHYCENTRIDAE (TRICHOPTERA) OF WISCONSIN)
William L. Hilsenhoff 2

ABSTRACT
Five species of Brachycentrus and three species of Micrasema were collected. Previous
records for Brachrcentrus latera lis in Wisconsin are incorrect and should be for B.
iflcaflUS. but B. lateralis larvae were collected recently in Douglas County. Brachycentrus
americallus. B. Ilumerosus. B. occidentalis, Micrasema kluane. M. rusticum and M.
lI'ataga usually occurred statewide in unpolluted permanent streams, but were generally
absent from southern and eastern agricultural counties where most streams are organically
enriched. More than one species and genus frequently occurred in the same stream. with
Micrasema larvae often being found in streams with less current than required by
Braclzycentrus larvae. Larval cases of each species were usually distinctive in the last two
instars. but there were variations due to habitat and ins tar. Brachycentrus americallus had
a semivoltine life cycle in the northern half of Wisconsin and was univoltine in the south.
Braclzycentrus flumerosus and B. occidentalis were always univoltine, but all Micrasema
species had semivoltine populations and may be semivoltine in all Wisconsin streams.

All larval and adult Brachycentridae in the University of Wisconsin Insect Collection
were identified to determine the distribution. abundance, life cycles, and habitats of the
various species. Completion of this study was made possible by a recent publication by
Flint (1984) on Brachycentrus in North America and a Ph.D. thesis by Chapin (1978) on
Nearctic Micrasema. Their publications allowed me to identify larvae and adult males of
all species likely to occur in Wisconsin, with one exception. Brachycentrus juligillosus
Walker. 1852 is known only from a few adults collected in Michigan, Ontario, and
Quebec and could possibly occur in Wisconsin, but its larva remains unknown. Efforts to
find larvae that did not fit descriptions of related species were unsuccessful, and since no
adults were collected it is likely that this species, if it occurs in Wisconsin, is rare.
Five species of Brachycentrus and three species of Micrasema were collected in
Wisconsin (Fig. I\. All of them tended to be absent from streams that had been subjected
to even small amounts of organic pollution, and probably for that reason they were mostly
absent from agricultural counties in the south and east. Their presence indicates high
quality water. and because of their relative abundance in many streams they are important
in biological monitoring. Records of Brachycelltrus lateralis (Say, 1823) from Woods
Creek in Florence County (Longridge and Hilsenhoff 1972. 1973) are in error; all were
subsequently found to be Brachycelltrus illcallus Hagen, 1861 (Flint 1984). However, B.
lateralis lanae were recently discovered in the Brule River in Douglas County, which
significantly extends the known range of this species. Brachycentrus americaflus (Banks,
1899). B. Ilumerosus (SaY. 1823), and B. occidelltalis Banks, 19I1 are all common
throughout the northweste~ two-thirds of the state, except for their apparent absence from
a few northcentral counties (Fig. 1). These counties are in the highest part of the state, and
'Research supported by the College of Agricultural and Life Sciences, University of Wisconsin
and bv Hatch Research Project 2785.
cDepartment of Entomology. l'niwrsity of Wisconsin. Madison, WI 53706.
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Fig. I. Distribution and abundance of Brachycentridae larvae in Wisconsin with records of adults in
counties where larvae were not also collected.
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divide two major drainage basins. Here, a general lack of high volume, fast-flowing
streams of the type in which Brachycentrus larvae usually occur, probably accounts for
their absence.
Micrasema laI".ae are probably much more common than my collection records indicate
because they are always closely associated with mosses and other plants from which they
are not easily dislodged by ordinary collecting techniques. All three species; M. kluane
Ross and ~Iorse. 1973: M. rusticum (Hagen, 1868): and M. wataga Ross, 1938 were
apparently more common in the Wisconsin River drainage than in the Mississippi River
drainage (Fig. 1). Larvae of Micrasema tended to occur in streams with somewhat less
current than those that contained Brachycentrus, although the two genera frequently
occurred in the same streams (Table 1).
Schmid (1983) synonymized Micrasema kluane with the Palearctic species M. gelidum
McLachlan, 1876, which earlier Botosaneanu (1974) had considered to be a senior
synonym of the Nearctic species M. scissum McLachlan, 1884. This action, which was
based on a study of adult males, made M. gelidum a circumboreal species with much
intraspecific variation. He did not study larvae or review the thesis by Chapin (1978). Ross
and Morse (1973), when describing M. kluane, pointed out significant differences
between males of that species and males of M. gelidum (as scissum) and differences in
larval habitat. Chapin (1978) reiterated these differences and also showed very significant
differences between larvae of these two species. I therefore believe that M. kluane is a
valid species and have continued to use that name for Wisconsin specimens.
Although streams have been sampled throughout the state, the sampling effort has not
been uniform and low numbers from some counties may have been due to inadequate
sampling. In 1970 and 1971 many larvae were collected when streams were sampled in
nine large areas that had been selected to be representative of the state (Longridge and
Hilsenhoff 1973). Most adults were collected from vegetation along these same streams
and with light traps. However, streams in other areas were also sampled, and in 1979 and
1980 more than 1000 streams were sampled in spring and autumn. Only B. american us
and M. rusticum were significantly attracted to light traps, creating proportionately larger
samples of adults of these two species. Because we were unable to identify larvae of
Micrasema in 1971, an effort was made that year to collect and rear larvae from selected
streams. Most adult Micrasema, except for the M. rusticum collected at lights, were
reared. All Micrasema that were collected or reared prior to 1976 were identified by
Chapin and recorded in his thesis (1978). Many Micrasema larvae and adults were also
collected from Sauk County as part of a study of the Trichoptera of Otter Creek (Steven
and Hilsenhoff 1984). Representative samples oflarvae and adults of Rrachycenlrus from
Wisconsin were identified by Flint and recorded in his recent publication (1984).
Life Cycles. In colder streams in the northern two-thirds of Wisconsin, B. american us
had a semivoltine life cycle, but it was univoltine in southern streams and as far north as
Adams County in central Wisconsin. All three species of Micrasema exhibited semivo
Itinism and may be semivoltine in all streams. Semivoltine M. wataga popUlations were
distinguished only as far south as Marquette County while semivoltine populations of the
other two species were found in the southern counties of Dane and Sauk. A single, short
emergence period and two distinct size classes of larvae were considered evidence of
semivoltinism.
All species had relatively short emergence periods, with emergence occurring two to
four weeks earlier in warmer and more southern streams. The first species to emerge was
B. lIumeroslls, with adult records from 29 March to 14 May. Populations of B. americanus
and B. occidentalis, which frequently occurred in the same stream, were temporally
separated by about two months, with B. occidentalis adults appearing from 13 April to 27
May and B. american us from 11 June to 25 August. Brachycentrlls incafllls emerged after
B. occidentalis and before B. american us , with adult collection records ranging from 28
May to 31 June in Florence County. The first Micrasema to emerge was M. kluane, with
adults present from 9 May to 7 July. The other two species emerged somewhat later, M.
rusticum from 5 June to 9 July and M. wataga from 25 June to 18 July.
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Table I. Numbers and co-occurrence of species of Brachycentrus and Micrasema in
Wisconsin.
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Habitat. All species occurred only in permanent streams. Brachycentrus, probably
because of its filter feeding habits, was found only in streams with a constant and
significant flow. Micrasema larvae, which lived mostly among mosses and other plants,
could withstand reduced flows and frequently occurred in relatively slow streams.
Brachycentrus amerh'anus often occurred in the same small streams as B. occidentalis
(Table I), but was found in larger streams also. Both species were found only in cold
streams, mostly in those with a significant flow from springs. Brachycentrus occidentalis
was usually the only species of brachycentrid in open streams that did not flow through
any forested areas. Brachycentrus numerosus preferred larger and warmer streams than the
above species, but at least 20% of the time it occurred in the same streams (Table I). It
was rarely found in streams that did not flow through forested areas. Brachycentrus
incanus was collected only from Woods Creek and the Pine River in Florence County and
the Potato River in Iron County. These are cool, medium-sized streams that flow through
forested areas. Brachycentrus lateralis was collected only from the Brule River in Douglas
County, a very large, cool trout stream. Here it occurred along with four other brachy
centrid species. Micrasema kluane was found mostly in smaller streams, usually along
with B. american us and B. occidentalis (Table I), but was able to live also in streams with
flows too reduced for Brachycentrus. Micrasema wataga also occurred in smaller streams
along with B. american us and B. occidentalis, but it was frequently found in large streams
as well. Micrasema rusticum, although sometimes found in small streams, exhibited a
definite preference for large streams and was frequently collected from the same streams
as B. numerosus.
Case Construction. Although cases built by most species were sufficiently distinctive
in later instars to aid in larval identification, differences due to habitat and instar were
often substantial. Micrasema cases were rounded in cross-section and tapered. The case
of M. rusticum was always constructed of sand grains while that of M. wataga was of silk
or silk with elongate transverse bits of vegetation that only infrequently contained a few
sand grains. The case of M. kluane was either of sand like M. rusticum, completely of
vegetation like M. wataga, or partly sand and partly vegetation. In Brachycentrus the type
of case often varied with the instar. In the first two instars of all species the case was square
in cross-section and made of elongate bits of vegetation laid transversely. Brachycentrus
occidentalis was the only Brachycentrus that incorporated sand into its case, which it
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frequently did, but in many streams the cases were of vegetation and silk as in the otber
species, and were very similar to cases of B. americanus. When the case was almost
totally silk, that of B. occidentalis was somewhat square in cross-section while that of B.
american us was round. In cases that were mostly vegetation, B. american us larvae
frequently used extremely narrow pieces of vegetation while B. occidentalis rarely used
vegetation that was not rectangular. The case of B. numerosus was distinctly more
elongate than that of other species, and the bits of vegetation used in construction were
more
and less elongate than in the other two common species, especially B.
when the case was mostly silk, which was unusual, it was distinctly
square in ross-s,eCl.lon Cases I have seen of B. incanus and B. lateralis were similar to
those of B. flumerosus, but had a rougher and more uneven surface.
Identification. Males and larvae of all of the species can be readily identified by using
the keys by Flint (1984) and Chapin (1978). Schmid (1983) also described and keyed adult
males. Additionally he described and figured females of both genera and provided a key
to female Brachycentrus, which allowed me to identify females as well as males. Since
larval key (Hilsenhoff
the larvae are so important in biological monitoring and because
to species of larvae
1982) does not separate Brachycentrus incanus from B. lateralis, a
in the western Great Lakes region is included below.
KEY TO SPECIES OF BRACHYCENTRIDAE LARVAE IN THE WESTERN
GREAT LAKES REGION'
1.
I'.
2(1).

2' .
3(2).

3'.
4(2').

4'.
5(4'}.

5'.
6(1 ').

7(6').

Metacoxa with a ventral, semicircular lobe bearing a row of long setae; meso
notum with 4 elongate sclerites; plates of metanotum heavily scerlotized
(Brachvcentrus) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2
Metacoxa without a ventral lobe bearing setae; mesonotum with 2 very wide
selerites that may be longitudinally divided near lateral margin; plates of
metanotum lightly selerotized ........................... (Micrasema) 6
Brachycentrus: head entirely dark. . . . . . . . . . . .. ,.................... 3
Head with distinct light markings ................................... 4
First abdominal sternum with 2 mesal setae; a long carina on gena from mandi
ble to past mesal margin of eye; metacoxal lobe surrounded by about
II setae. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. B. americanus
First abdominal sternum with 4 mesal setae; a short carina on gena adjacent
to
mandible; metacoxal lobe surrounded
by
more than 30
setae. .. ..... .................. . ................ . B. occidentalis
Pronotum without dark transverse stripes, pale anterior to lateral fold and dark
with pale muscle scars posterior; only anterolateral margins of frontoclypeus
with pale stripes ..................................... . B. numerosus
Pronotum with a dark transverse band on anterior margin and just posterior of
lateral fold; posterior third of frontoclypeus pale in addition to anterolateral
..................................................... 5
Meso- and metatibia with 1 large basomesal seta; median dark stripe on fronto
clypeus distinctly narrower than lateral pale marks ., ......... . B. lateralis
Meso- and metatibia with 3 large basomesal setae; median dark stripe on fronto
clypeus about as wide as lateral pale marks .................. B. incanus
Micrasema: head dark with pale stripes along frontal sutures and behind eyes;
mesonotum with a single seta at SA-I. .. .. . ............... .M. kluane
Head without pale stripes, but with dark muscle scars; mesonotum with a row of
several setae at SA-I. ............................................ 7
Case of sand grains; distinct dark, rounded muscle scars on back of head, most
nearly as large as eye; usually one or two pairs of pale spots on anterior of
frontoclypeus . . . . . . . . . . . . . . . . . . . . . . . .. . ............... M. rusticum

3Larvae of Brachycentrus fuliginoslIs are unknown.
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Case of fibers of vegetation; muscle scars on back of head variable in size and
shape, frequently contiguous, and often indistinct; frontoc!ypeus usually with
a pale spot at posterior angle, , , ... , . , . , . , ..... ' , . , , ...... , M. wataga
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DEVELOPMENTAL RATE AND LONGEVITY OF ILL/NOlA PEPPERI
(HOMOPTERA: APHIDIDAE) ON EXCISED BLUEBERRY LEAF
DISKSl
E. A. Elsner

2

and M. E. Whalon

3

ABSTRACT
The aphid Illinoia pepperi is the vector of blueberry shoestring virus, a serious disease
of cultivated high bush blueberry. We present a laboratory study of the developmental
rate of I. pepperi on excised blueberry leaf discs at different temperatures from 5 to
29°C. Growth rates were lowest at the upper temperature treatments (26 and 29°) and
at 10°C. Growth rate and duration in degree-days for each life stage are presented as
well as an overall regression equation for development. The lower developmental
threshold was calculated at 3.4°C. The results are being used in a phenological manage
ment system and an epidemiological model for predicting spread of blueberry shoestring
virus.

The aphid Illinoia pepperi (MacGillivray) is the vector of blueberry shoestring virus, a
serious disease of cultivated highbush blueberry, Vaccinium corymbosum L. Since the
description of I. pepperi as Masonaphis (Ericobium) pepperi (MacGillivray 1958), little
information has been available until the vector relationship was discovered in 1978
(Ramsdell 1980). Since that time, field biology (Elsner and Whalon 1980), impact of
insecticides (Whalon and Elsner 1982), and potential host plant resistance in Vaccinium
sp. (Hancock et al. 1982) have been reported.
This paper presents a laboratory study of the developmental rate of I. pepperi at
different temperatures. The data are being incorporated into a phenological prediction
system and epidemiological model for managing of the aphid vectored virus disease in
Michigan.

METHODS AND MATERIALS
Colonies of Illinoia pepperi were maintained at 20-24°C on two-year-old potted
blueberry plants (Vaccinium corymbosum cv. 'Jersey') in a greenhouse with a 16L:8D
photoperiod. All of the colonies were descendants of a single, field-collected, apterous,
viviparous female taken from a commercial planting of 'Jersey' blueberry in western
Michigan on 3 July 1980. This line had gone through several parthenogenetic generations
in the greenhouse prior to the beginning of the laboratory study.

IMichigan Agricultural Experimental Station Journal Article No. 11607. This research was
supported in part by USDA grant no. 59-2261-1-2-001-1 to Michigan State University.
2Department of Entomology, Pennsylvania State University, State College, PA 16802.
3Department of Entomology, Michigan State University, East Lansing, Ml 48824.
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Experiments were carried out in environmental chambers under 16L:SD photophase and
± 0.25°e temperature variation. The food source for experimental aphids was 14-mm
(dia.) circular leaf disks cut from vigorously growing' Jersey' blueberry plants maintained
in a greenhouse. Leaf disks were floated on a nutrient medium (eoon 1959) in 15 by 60
mm plastic petri dishes. The dishes were kept covered to maintain a constant humidity
inside and to prevent aphids from escaping. The leaf disks were changed regularly to avoid
problems of tissue senescence.
Test aphids were the progeny of mature apterous, viviparous females maintained on
potted blueberry plants in a growth chamber held at 23°e with a 16L:SD photoperiod.
Young were removed daily and moved to individual leaf disks with a small brush. These
first instar aphids were randomly assigned to one of six treatment temperatures (5, 10, 17,
23,26, and 29°e) and placed in the appropriate environmental chamber. All aphids were
observed daily; dates of ins tar changes and production of young were recorded. The
progeny of test aphids were removed to avoid possible influences of crowding on the
further production of young.
RESULTS
Table I presents the mean number of days per developmental stage as determined for
the six temperatures. In general, nymphal instars III and IV lasted longer than earlier
instars at a given temperature. At 10, 17, and 26°e, ins tars III and IV lasted significantly
longer than the early instars (P :S 0.05). At 5 and 23°e, only instar IV was significantly
longer than instars I or II. Instar IV lasted significantly longer than Instar III at 10, 17, and
23°e (P :S 0.05). Only in the lO oe treatment did the lengths of thc carly instars differ
significantly. For all nymphal instars, stadium times were significantly shorter at tem
peratures from 17 to 29°e than at 5 or lO o e (P :S 0.05).
Mortality was greatest at the highest two temperatures; no aphids reached adulthood at
29°C. The few aphids maturing at 26°e failed to reproduce. Survival was over 90'7c in the
10, 17, and 23°e treatments, with over SO% giving birth to young. At 5°e, survival to the
adult stage was 60%; over 21 % gave birth to young by the end of the study, at which time
several aphids were still alive and might have eventually reproduced.
For treatments in which aphids completed development and reproduced, the develop
mental rates in instars/day were caleulated and treatment temperatures used to obtain the
following regression equation using the least squares method (Gill 1978):
INSTARSIDAY = 0.Q25 (TEMrC) - 0.OS5.

The regression line crossed the X axis, the lower developmental threshold temperature, at
3.4°C. With this base value, the data were converted to degree-day units, as shown in
Table 2. At any temperature the mean number of degree-days per instar increased with
successive instars, except for ins tars I and II at 5°C. In general, aphids raised at a greater
temperature required more degree-days per nymphal instar, with the notable exception of
treatment 2 at 10°C. Aphids at 5°e required a significantly lower number of degree-days
per instar than at 10, 17, and 23°e, although some differences were demonstrated. For the
instars that were completcd by aphids at 26 and 29°e the dcgree-days per stage were
significantly greater than for all other temperatures.
Table 3 gives information on aphid maturation, generation time, and longevity.
Relatively large differences in the number of degree-days needed to reach maturity were
observed. As noted earlier, the results for the lOo e treatment required the greatest number
of degree-days to complete development and produce young. The longevity of Illinoia
pepperi as found in this study is most likely not a true representation of the potential life
span of this aphid. Many aphids walked off their leaf disks and drowned; this was more
frequently the case at the higher treatment temperatures. With the possibility of drowning
eliminated, mean aphid life spans may have been longer.
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Table I. Mean days per developmental stage of Illinoia pepped on excised blueberry leaf
disks at six treatment temperatures (16L:8D photoperiod).

DISCUSSION AND CONCLUSIONS
Illinoia pepperi survived well at temperatures ranging from 5 to 23°e. The lower
developmental threshold temperature determined for this species is 3.4°e. This compares
well with the temperature of 3.3°C for a related species, lllinoia maxima (Mason), found
by Gilbert and Gutierrez (1973).
Growth rates of I. pepperi were lowest at the upper temperature treatments (26 and
29°C), and, unexpectedly, at lO°e. At the upper temperatures, reduced food quality
(through breakdown of the leaf disks), dessication. and enzyme denaturation may cause
a reduction in aphid metabolism and slow development. The results at IOGC cannot be
explained by such arguments. It is unlikely that the reduced rate of development at this
temperature was due only to a direct temperature effect on 1. pepperi, since aphids raised
at 5°C and 17°C had higher developmental rates. It is more likely that there were
temperature effects on the leaf disks. Blueberry tissue may undergo specific changes in
physical or chemical properties in the range of 10°C which do not occur to the same extent
at the other temperatures used in this study. Senescence or "hardening off" of the leaf
tissue may have been triggered at 10°e. inhibited at 5°C, and not induced at higher
temperatures. Reddening is a characteristic of senescing blueberry leaves; leaf disks
occasionally were observed to develop a reddish discoloration at the lower temperatures.
This study would have to be repeated using an artificial food source for the aphids in order

Table 2. Mean degree-days calculated from a base of 3.4°C for developmental stages of
lllinoia pepperi at six temperatures (l6L:8D photoperiod).
Instar
II

Temperature
5°C
10
17
23
26
29

26.2
39.6
34.0
36.6
47.3
48.3

A"
B
B
B
C
C

24.6
45.9
32.7
40.3
55.2
59.0

III
A
B
C
B
D
D

25.8
51.2
37.7
43.0
86.9
b

A
B
C
C
D

30.1
60.8
50.4
56.6
b

b

Pre-Reproduction
Period

V

IV
A
B
C
B

31.7
135.5
248.7
286.6
b

b

A
B
C
C

52.2
76.4
44.7
49.8

b

A
B
A
A

b

aMeans in a column followed by the same letter are not significantly different according to
the Waller-Duncan Bayesian K Ratio procedure, K Ratio= 100.
blnsufficient replications.
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Table 3. The mean" ages and degree-days (base 3.4°C) for the molt to the adult stage,
generation time, and longevity of Illinoia pepperi apterous, viviparous females on excised
blueberry leaf disks.
Molt to adult
Temp.

Days

DD

5°C
10
17
23

65.1
29.8
11.1
8.2

104.1
196.5
151.2
161.2

Generation time
Days
A
B
C
D

93.1
40.9
14.5
11.3

A
B
C
D

Longevity

DD
148.9
270.1
196.7
222.1

Days
A
B
C
D

87.0
48.9
29.8
23.8

A
B
C
D

DD
139.2
323.0
398.2
467.1

A
B
C
C

aMeans in the same column followed by the same letter are not significantly different
according to the Waller-Duncan Bayesian K Ratio procedure, with a K Ratio = 100.

to avoid the influence of temperature on leaf disk quality if the true developmental rate of
T. pepperi in the range of 10°C is to be determined.
ACKNOWLEDGMENTS
We express our appreciation to T. Davis and R. Kriegel who provided extensive
technical assistance in this work.
LITERATURE CITED
Coon, B. F. 1959. Aphid populations on oats grown in various nutrient solutions. 1. Econ.
Entomol. 52:624--626.
Elsner, E. A. and M. E. Whalon. 1980. Blueberry aphids and blueberry shoestring virus
disease in Western Michigan. pp. 175~196.Tn J. N. Moore (ed.). Proceedings of the
4th North American blueberry research workers conference, Oct. 16--18, 1979, Fayette
ville, Arkansas. 396 pp.
Gilbert, N. and A. P. Gutierrez. 1973. A plant-aphid-parasite relationship. J. Anim. Ecol.
42:323-340.
Gill, J. L 1978. Design and analysis of experiments in the animal and medical sciences.
Iowa St. Univ. Press., Ames. 409 pp.
Hancock, J., N. Schulte, J. Siefker, M. Pritts, and J. Roueche. 1982. Screening highbush
blueberry cultivars for resistance to the aphid lllinoia pepperi. Hort. Science
17:362~363.

MacGillivray, M. E. 1958. A study of the genus Masonaphis Hille Ris Lambers, 1939
(Homoptera, Aphididae). Temminckia 10: J-131.
Ramsdell, D. C. 1980. Blueberry shoestring virus, Descriptions of plant viruses No. 204.
Commonwealth Mycological Institute/Association of Applied Biologists. Kew, Surrey,
England. (Unpaged).
Whalon, M. E. and E. A. Elsner. 1982. Impact of insecticides on Illinoia pepperi and its
predators. 1. Econ. Entomol. 75:356--358.

1985

THE GREAT LAKES ENTOM:OLOGIST

159

NEW SYNONOMY IN HYPOGASTRURA
(COLLEMBOLA: HYPOGASTRURIDAE)
R. D. Waltz' and J. W. HartZ
In the course of faunistic studies of Indiana Collembola, seasonal occurrences of the two
species Hypogastrura packardi (Folsom), 1902 and H. notha (MacNamara), 1922 were
found to exhibit seasonal dimorphism and population dynamics similar to those patterns
observed in cyclomorphic species previously reported in literature (Leinaas 1981 a,b). One
of us (Hart) investigated the seasonal dynamics of a single population of H. packardi in
Wayne County, Indiana. This study revealed that the widely reported North American
species, H. packard!, undergoes a radical population-wide morphological change in the
late fall to "reappear" in a winter form taxonomically recognized as H. notha. Indiana
populations of H. packardi are present typically from March through November. Popu
lations of H. notha from the same localities occur from December through February. In
the seven years for which Indiana data are available only subadult and juvenile specimens
of H. notha are present in our collections. Reproductive adults of H. packardi occur
primarily from March through May with a few records available from January, February,
and June.
On the basis of the above biological data and study of slide-mounted specimens in the
process of moulting from the notha-form to the packardi-form (specimens deposited in the
Purdue University Entomological Research Collection, West Lafayette, IN), we designate
H. notha a junior subjective synonym, NEW SYNONYMY, of Hypogastrura packardi.
The above synonomy directly affects the species groupings of Hypogastrura (s. str.)
proposed by Yosii (1960, 1962) and Christiansen and Bellinger (1980). We regard the
nivicola species group of Christiansen and Bellinger (1980) (= subgenus Schoturus
H. nivicola (Fitch) by monotypy [cf/Yosii, 1962])
MacGillivray, 1893:316: type
as synonomous with their packardi species group in part. The remainder of the proposed
species groupings in Hypogastrura (s. str.) must be regarded as tentative until character
state polarities can be determined for purposes of cladistic analyses.
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BARBAETIS: A NEW GENUS 01' EASTERN NEARCTIC MAYFLIES
(EPHEMEROPTERA: BAETIDAE)'
R. D. Waltz,' W. P. McCatlerty," and J. H. Kennedy'
ABSTRACT
The new genus Barbaetis Waltz and McCafferty, and new species Barbaetis be/!fieldi
Kennedy are described from larvae collected from the New River, Virginia. Barbaetis is
easily told from Baetis by the presence of procoxal osmobranchia. Cladistics of B.
benfieldi, related Pselldocloeoll species, and the lutheri and pavidus complexes of Baetis
are presented and indicate the need for further taxonomic revision. The habitat of B.
bellfieldi is described in terms of several ecological parameters. The new species
demonstrates a univoltine life history with postembryonic development restricted to a short
springtime period.

The species of Nearctic Baetidae are thought to be relatively well known; however, a
number of apparently endemic and problematic taxa have been recently encountered in the
southeastern United States. One such taxon is described here as a new genus.
Barbaetis Waltz and McCafferty, New Genus

Adult. Unknown.
Larva. Head capsule broad. Mandibles asymmetric; left mandible incisors fused
apically; right mandible incisors separated apically; pros theca of right mandible reduced,
slender and furcate. Labium with glossa and paraglossa subequaJ and narrowed apically;
base of labial palps broad and subquadrate; labial palps three-segmented, compact, second
segment without lateral expansion. Procoxal osmobranchia present. Legs with clavate
setae, ventral fcmoral setal patch present; claws with single row of denticles. Exocuticle
scales absent and cuticle with sculptured pattern asperous and areolate (terminology after
Harris 1979). Gills rounded, symmetric, without marginal serrations. Median terminal
filament subequal to cerci.
Type species: Barbaetis bellfieldi Kennedy.
Remarks. Barbaetis will key to the family Siphlonuridae in Edmunds et al. (1976)
based on the short antennal character. It may bc distinguished from all siphlonurids by (J)
the presence of a well-developed thumb of the left mandible, (2) more elongate glossae
and paraglossae, and (3) absence of posterolateral projections on abdominal segments 8
and 9. Within Baetidae Barbaetis will key to Baetis in Edmunds et a!. (1976). It ean be
easily separated from Baetis by the presence of procoxal osmobranchia. The following
combination of characteristics will diagnose Barbaetis from all other known baetid genera:
(1) reduced prostheca of the right mandible, (2) presence of procoxal osmobranchia, (3)
prominent hindwing pads, (4) scales absent, (5) asperous and areolate exocuticle as
described above, and (6) presence of a median terminal filament subequal to cerci.
'Purdue Experiment Station Journal No. 10122.
2Departrnent of Entomology, Purdue University, West Lafayette. IN 47907.
32111 Pococen Drive, Coraopolis, PA 15108.
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Etymology. Masculine gender. The prefix, "bar", from "barbato", which is Latin for
bearded, a reference to the bearded or setaceous condition of the glossal apices of the type

Barbaetis benfieldi Kennedy New Species
Adult. Unknown.
Mature larva. Body 6.0-7.5 mm. Antennae (Fig. I) subequal to head capsule in
length; scape ea. O.33x length of pedicel. Labrum (Fig. 2) small. base subequal to O.33x
width of head capsule, emarginate; marginal setae plumosc anteriorly. simple laterally;
submarginal setal row not simple, but forming medial field of 30-40 setae; five to seven
of labrum. Right mandible (Fig. 3).
short, ventral, marginal bristles, not attaining
Left mandible (Fig. 4) with 4 + 3 apical denticles; prostheca with first denticle digitate and
curved. and with six to seven bladelike denticles following; thumb large and blunted
apically; denticles of molar area peglike and interspersed with small spines. Maxilla (Fig.
5) apically with four broad denticles and two stout anterior bristles, and basally with
I 6 7 setae; palp two-segmented with distinct
protuberance. Hypopharynx with
6) with palp segment 3 ca. O.66x
microspine fields on dorsum of lingua. Labium
length of segment 2, with apical row of spinelike setae dorsally and with randomly placed
bladelike setae and additional fine setae ventrally;
2 with four to five dorsal setae
and with two to four bristlelike setae and tine
ventrally; basal segment broad,
subquadrate; paraglossa slightly shorter than glossa with three to four apico-marginal setae
dorsally and four to five intero-marginal setae ventrally; glossa with apical third covered
with fine setae dorsally and with 10-12 intero-marginal setae.
Metathorax with well-developed hindwing pads. Legs (Fig. 7) with clavate setae
dorsally on femur, tibia, and tarsus; ventrally with clavate setae on trochanter and femur;
ventral setae of tibia and tarsus short, truncate; ventral apical seta of tarsus reduced,
rounded. Claw (Fig. 8) with strongly curved apex and 14-15 denticles increasing in length
distally.
Abdominal color pattern (Fig. 9); segment I light, with red-brown posterior margin;
segments 2, 6, and 7 entirely red-brown; remainder of abdominal terga white: ventrally
segments 6 and 7 red-brown, remainder of stema white. Posterior marginal spines (Fig.
10) poorly developed, more evident on most-posterior segments. Abdominal surfaces
without scales; fine setae sparsely and randomly scattered on dorsal and ventral surfaces.
Abdomen with seven pairs of ovate gills, surfaces identical to body cuticle and without
marginal
or serrations; gill I smallest; gills I, 2, 6, and 7 brown. Paraproct edentate
marginally with surface having fine setae and pores. Caudal filaments with distinct medial
pigmented band: cerci subequal to O.5x body length; median filament subequal to cerci.
Type material, HOLOTYPE: female larval exuviae (in aleohol), Virginia, Carroll Co.,
New River riffle, Rt. 721 bridge, V-11-1977. J. H. Kennedy; deposited Purdue University
Entomological Research Collection. PARATYPES: two female larval exuviae (slide
mounted: euparal, abs. ale.), one female larva (alcohol), and one male larva all same
location as holotype. V-1 I .12-1977. Deposition of paratypes: one female larval paratype
in alcohol deposited with the United States National Museum, Washington, D.C.; two
slide mounted female paratypes and male larva (mouthparts slide mounted; euparal, abs.
ale.) same deposition as for holotype.
Etymology. This species is named in honor of Dr. Ernest F. Benfield, Virginia
Polytechnic Institute and State University, for his many contributions to the study of the
New River.

PHYLOGENY
The genus Barbaetis appears to be most closely related to the Nearctic Pseudocloeol!
cestum Provonsha and McCafferty and an undescribed southeastern cognate of this
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Figs, 1-9, Barbaetis benfieldi larva: (I) head capsule, (2) labrum (left, ventral view,; right, dorsal
view), (3) right mandible, (4) left mandible, (5) maxilla, (6) labium (left, ventral view; right. dorsal
view), (7) leg, (8) claw, (9) dorsal abdominal color pattern,

species. and the lutheri and pavidus species complexes of European Baetis (Muller
Liebenau 1967, 1970),
A cladistic analysis of larval characters (Nearetic Baetis have provided the outgroup
comparison for determining character polarity) indicates that from a hypothetical Baetis
like ancestor two main lineages arose, One lineage includes the lutheri and pavidus
complexes with synapomorphies of a reduced median terminal filament (subequal to
one-half length of cerci) and the fusion of the incisors of the right mandible. Baetis pavidus
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pms-postenor marginal spine.
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of tergite and exocuticle (ts-tergite surface.
membrane).

Grandi appears to have further undergone the autapomorphic loss of tergal scales along
with a reduction in the setation of the labrum and legs. The second lineage includes
Barbaetis, P. cestum, and the previously mentioned undescribed species with synapomor
phies of reduced length of the antennae, development of red-brown pigment, some darkly
ringed abdominal segments, blotched pigmentation, loss of tergal scales, reduction in the
size of the labial palps, clavate setae on the dorsum of the femur, loss of marginal
serrations on the gills, and more rounded gills that lack a chitinized anterior margin. This
second major lineage split into two daugher lineages. In one daughter lineage leading to
P. cestum and its cognate. the median terminal filament became reduced to a rudiment,
the incisors of the right mandible became fused, and the hind wings were lost The loss of
hind wings and median terminal filaments are strong evolutionary tendencies that dem
onstrate numerous convergences and have led to polyphyletic (or artificial) taxa in
Baetidae. such as Pseudocloeoll. In the other daugher lineage leading to Barbaetis the
following autapomorphies are found: (I) loss of submarginal setal row and presence of
medial field setae of the labrum. (2) reduction of the right mandible prostheca to a slender,
furcate seta. (3) protuberance on the apex of the maxillary palp. (4) presence of many setae
dorsally on the apical half of the glossae. (5) presence of procoxal osmobranchia, (6) a
closely set row of clavate setae on the dorsum of the tibia and tarsus. and (7) reduction
of the apical spine of the tarsus to a small rounded structure.
ECOLOGY AND BIOLOGY
Although several samples of adults and larvae of B. benfieldi were received by the third
author, most of this material, including all of the adults, cannot now be located, and new
descriptions are based on the available larval specimens. Nevertheless, we can present
considerable field data from observation on larvae and adults. Larvae were collected from
New River riftles in Carroll County. Virginia (County 721) near the North Carolina border
(36°39.5'N, 80 C 59'W). At this site the river was approximately 150 m wide. with average
depths of O.5~2.5 m and an average annual flow of approximately 50 mls. The substrate
was tilted bedrock strewn with sand, gravel, and rock rubble. Dense mats of Podostemum
ceratophyllum covered the substrate in riftle areas.
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Physical and chemical properties of the New River at this site were monitored monthly
1970-1975. Ranges of selected physical and chemical parameters are as follows: calcium,
2.00-6.50 mg/ml; magnesium, 0.80-2.10 mg/ml; sulfate, 0.00-7.40 mg/ml; chloride,
0.30-5.40 mg/ml; pH. 6.lO-8.45; hardness, 9.90-22.40 mg/ml; biological oxygen
demand 0.01--6.15 mg/ml; and nitrate. 0.30-3.49 mg/ml. Temperatures ranged from
O.O°C (February) to 27.0°C (August). Dissolved oxygen was generally near the saturation
poine Water quality in this region of the New River is excellent because the drainage basin
has few major industrial sites (Benfield and Cairues 1974).
Macroinvertebrate
were collected from the study site with a D-frame kick net
and drift nets. Collections were made using these techniques monthly. November to April.
and approximately every two weeks during the remainder of the year. Barbaetis benfieldi
was clearly univoltine with all adults emerging from mid-April until mid-May. Maximum
emergence was observed on II May. Water temperature was 19. 5°C when emergence was
first observed in April and 21.5°C during the period of maximum emergence. Emergence
of B. benfieldi occurred during late afternoon. No B. benfieldi larvae were observed in the
New River from late May through February. Larvae were first observed when water
temperature reached 100e. Barbaetis benfieldi larvae were observed drifting in the New
River during March. April. and May. Maximum drift densities for B. benfieldi of 10
individualsllOO m' occurred on 12 May in post-midnight collections.
The New River has a diverse benthic macroinvertebrate population. Baetid larvae
associated with B. benfieldi include Baetis ephippiatus Traver, B. intercalaris McDun
nough. B. pluto McDunnough. Centroptilum spp., Heteroc/aeon curiosum (McDun
nough). H. petersi (Muller-Liebenau). and Pseudocloeon spp.
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HOST PLANT FOR BRACHYLEPTURA CHAMPLAINI
(COLEOPTERA: CERAMBYCIDAE)
D. C. L. Goslingl

Brachyleptura champlaini Casey was relegated to synonymy with Anoplodera vagans
(Olivier) by Swaine and Hopping (1928), and was so regarded until Linsley and Chemsak
(1976) restored the status of both Casey's species and the genus Brachyleptura. The
species occurring in Michigan is B. clwmplaini and not Brachyleptura vagans as recorded
by Gosling and Gosling (1976).
Because of confm,ion between these two species in the literature, Linsley and Chemsak
were not able to list a host plant for B. champlain!. I have recently been successful in
rearing this species from decayed bolts of red pine, Pinus res!nosa Ail., collected near
Klinger Lake in St. Joseph County. Michigan. It seems probable that records for Pinus and
TS/lga as hosts for B. vagans (Linsley and Chemsak 1976) refer to B. champlain!.
Reared specimens included both morphs, one with concolorous, reddish-brown elytra
and the other with black marginal and sutural vittae, as is characteristic of the population
in southwestern Michigan.
LITERATURE CITED
Gosling. D. C. L. and N. M. Gosling. 1976. An annotated list of the Cerambycidae of
Michigan (Coleoptera). Part II, the subfamilies Lepturinae and Lamiinae. Great Lakes
Entomo!' 10: 1-37.
Linsle\'. E. G. and J. A. Chemsak. 1976. Cerarnbycidae of North America. Part VI, No.
2: Taxonomy and classification of the subfamliy Lepturinae. Univ. California Pub!.
Entomo!. 80:1-186.
Swaine. J. :\1. and R. Hopping. 1928. The Lepturini of America north of Mexico, Part I.
Natl. !\lus. Canada Bull. 52: 1-97.
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INDEX TO ARTHROPOD TAXA-VOLUME 18
Acyrthosiphon pisum, 29
Aedes
abserratus-punctor, 46-47
aurifer, 46-47
canadensis, 46-47
cinereus, 46-47
communis, 46-47
excrucians, 46-47
fitchii, 46-47
implicatus, 46-47
intrudens, 46-47
provocans, 46-47
sp., 46-47
sticticus, 48
sIimulans, 48
triserialus, 46-47
trivitlatus, 46-47
vexans, 46-47
Aeshna mutata, 7-8, 10
Aeshnidae, 10
Ajghanurus, 4
Afronurus, 4
AI/ocapnia frisoni, 89
Ammophila a=teca, 114
Anax longipes, 7-8, 10
Anepeorus
hummeli,2
rusticus, 1-5
simplex, 1-5
Anopheles
earlei, 48
punelipennis, 46-47
quadrimaculatus, 46-47
walkeri, 46-47
Anoplius marginalUs, 113
Anoplodera vagans, 167
Aphaenogaster
rudis, III
trealae, 104, III
Aphid
bird-cherry oat, 29-32
pea, 29
Aphididae, 25-32, 155-158
Araenidae, 41, 43
Araneus, 43
Araniella displicata, 41
Archi/estes
cal!fornica, 7
grandis, 7-8, 96
Arctiidae, 79-81
Arigomphus villosipes, 7, 9

Artogeia rapae, 55
Aulacidae, 67
Austroniidae, 67
Baetidae. 161-165
Baetis
ephippiatus, 16S
intercalaris, 165
lutheri, 163
pavidus, 163
pluto, 165
Barbaet!s benjieldi, 161-165
Battus philenor, 144
Boridae, 97-101
Boros unicolor, 99-101
Brachycentridae, 149---154
Brachycentrus
americanus, 149154
julir;illosus, 149-154
incanus, 149-154
lateralis. 149-154
numerosus, 149-154
occidentalis, 149-154
Brachyieptura
champlaini, 167
var;ans, 167
Bug, tarnished plant, 19-23
Cabbageworm, imported, 55
Calicurgus hyalinatus, 41-44
Callosamia promethea, 139-144
Caterpillar, eastern tent, 51-54
Celithemis
faseiata, 10-11
monomeiaena, IO
verna, II
CellIroplilum spp., 165
Cerambycidae, 167
Ceratopsyche, 124, 131
Cercerisfumipennis, I J3
Cheumatopsyche, 88-89, 123, 125-126
Chrysididae, 3940
Cinygmina, 4
Cleples speciosus, 3940
Cleptinae, 39-40
Coenagrionidae, 8
Coleoptera, 8889, 93-95, 97-101, 167
Collembola, 159-160
Conchapelopia, 88-89
Cordulegaster obliqua, 8-9
Cordu1egastridae, 8-9
Corduliidae, 10
Corynoneura, 88-89
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Culex
pipiens-restuans, 46-47
territallS, 46-47
Culicidae, 45-49
Culiseta
impatiens. 46-47
minnesorae, 46-47
morsitans.46-47
Curculio, clover root, 93-95
Curculionidae, 93-95
Cydia, 145
Dioryctria resinoselIa, 59-60
Diploplectron peglowi, 39
Diprionidae. 81, 115-118
Diptera. 45-49. 88-89
Dromogomphus spoliatus, 7
Dubiraphia. 88-89
Dythemis fugax, II
Epeorella. 4
Ephemerella
rownda, 88-89
subvaria, 88-89
Ephemeroptera, 1-6, 88-89, 161··165
Epibfema
nrctica, 36-37
chromata. 35-36
grossbecki, 35-36
iowana, 33-34
lyallana, 37
naoma, 33-34
numerosana, 34--36
Epitheca costal!s, 7
Eucnemidae, 65, 68
Eukiefferiella, 88-89
Evaniidae. 67
Formica
creightoni, 72, 75-77
curiosa, 72, 76-77
emery!, 72
fusca, 69, 76-77
gynocrate s, 69-77. 103-112
lasioides, 76, 104, 110
neogagates, 69, 76-77, 108, 110
obtusopilosa, 69, 72
pallidefulva, 69, 76
p. nitidiventris, 104, III
pergandei, 70, 72-77. 103, 105. 109-111
paberala, 72
rubicunda, 70, 72-73, 75, 108, II()"III
nifibarbis, 77
sanguinea, 69-77,103-112
subicunda, 103
subintegra, 70, 72-73, 75-77, 103, lOS,
108-111
subnuda, 72, 75. 103, 105, 110-111
subsericea, 108-109, III
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vincalans, 76-77, 103 105, 107-111
wheeleri, 72, 76-77
Fonnicidae, 69-77. 103-112
Gastrosericus, 113
Gi/pinia hercyniae. 115
Gomphidae. 9
Gomphus qlladricolor, 9
Grasshopper
black-legged meadow, 15-18
nimble meadow. 15-18
Gry llidae, I 13
Hagenills brevistrlus. 9
Harvestman. 113
Hastaperla brevis. 88-89
Helicopsyche borealis. 86. 88-89
Helocordulia uhleri. 10
Heloridae. 67
Helonls paradoxlis. 67
Hemimene signifera. 145-146
Hemiptera. 19-23
Heptagenia
persimplex. 1
simplex, 1-2
Heptageniidae. 1-6
Heterocloeon
curiOSlim. 165
petersi, 165
Homoptera. 25-32. 155-158
Hyadaphis tataricae. 25-2'7
Hyalophora cecropia. 133-139
f/ydropsYche
betteni, 123-125. 127-129
bifida, 124
bronta. 123-125. 127131
dicantha, 123,125, 127-129
morosa, 123-125, 127, 129-131
sealaris, 123, 130
simulans. 86, 88-89
slossonae, 123. 125, 128-131
sparna, 123, 125, 127-131
walkeri 130
Hydropsychidae, 123-132
Hymenoptera, 39-44, 65-77. 81,103-118
Hyphantria CIlnea, 79-81
Hypogastrura
nivicola, 159
notha, 159
packardi, 159
Hypogastruridae, 159-160
Illinoia
maxima. 158
pepperi, 155-158
Inopeplidae, 100
Isope/a signata, 88-89
I sorhipis rufieornis. 65
Katydid, false, I i3
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Lacconotus, 10 I
Ladona deplanata, 7, 11
Larrinae, 113
Lasiocampidae, 51-54
Las!us
neoniger, 104, 108, III
pailitarsis, III
Lecontia discicollis. 97-101
Lepidoptera, 33-38, 51-55, 59-{)0,
79-81,119-122,133-147
Lestes eurinus, 8
Lestidae, 7-8, 96
Libellulidac, 10-11
Looper, cabbage, 55
Lygus lineolaris, 1923
Lyroda subila, 113-114
Macdunnoa persimplex, 1-2
Malacosoma americanum, 51-54
Mansonia perturbans, 46-47
Melasis pectinicomis, 67
Metrioptera roeselii, 18
Micrasema
gelidum, 151
kluane, 150-154
rusticum. 150-154
scissum, 151
wataga, 150-154
Micropsectra. 88-89
Microtendipes, 88-89
Mimesa,39
Miridae, 19-23
Mole-cricket, pygmy, 113
Monomorium munimum, 104
Moth
cecropia, 133-138
diamond back, 55
promethea, 139-144
red pine shoot. 59-{)0
Mycteridae. 101
Myrmica, III
Myrmica americana. 104
Nasiaeschnea pentacantha, 7
Neodiprion
pratti banksianae, 81
sertifer, 115-118
Neotridactylus apicialis, 113
Neurocordulia xanthosoma, 7
Odonata, 7-13, 96
Optioservus, 88-89
Orchelimum
gladiator, 15, 17
nigripes, 15-18
volantum, 15-18
vulgare. 15, 17
Orthodadius, 88-89
Orthoptera, 15-18

Paedisca numerosana, 34
Palpomyia, 88-89
Pammene
danculana, 146
perstructana, 145-147
signifera, 145-147
Paratrechina parvula, 104
Pelecinidae, 67
Petaluridae, 8
Platycieis albopunctata, 18
Plecoptera, 88-89
Plutella xylostella, 55
Polypedilum, 88-89
Pompilidae, 41-44, 113
Pompilus michiganensis, 43
Priognathus mOllilicomis, 100
Proctotrupidae, 67
Proctotrupoidea, 65, 67
Prostomidae, 101
Pseudiron, 4
Pseudocloeon
cestum, 162, 164
spp.,165
Pyrochroidae, 97, 10 I
Pyth idae, 97, 100-10 1
Pytho, 100
Raptiformica, 69
Rhithrogena, 2
Rhithrogeniella, 4
Rhopalosiphum padi, 29-32
Rhyacionia
adana, 120
blanchardi, 120
busckana,119-122
fumosana, 120
granti, 120-122
jenningsi, 120
zozana, 120
Ropronia, 67
Roproniidae, 67
Satumiidae, 133-144
Sawtly
European pine, 115-118
European spruce, 115
jack pine, 81
Schoturus, 159
Sciaphila perstructana, 145-147
Sitonia hispidulus, 93-95
Solenopsis molesta, 104
Sphalma quadricollis, 100
Sphecidae, 113-114
Spinad!s,4
Stenelmis, 88-89
Stylogomphus albistylus, 9
Symphitopsyche, 124, 131
bifida, 86, 88-89
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sparna, 88-89
Tachopteryx thoreyi, 8
Tachysphex terminatus, 113
Tachytes
intermedius, 113
magus, 113
Taeniopteryx nivalis. 88-89
Telebasis byersi, 8
Teltigoniidae, 15-18
TOl1ricidae. 33-38, 119-122, 145-147
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Trichoptusia nl, 55
Trichoptera, 86, 88-89, 123-132, 149-153
Tridactylidae, 113-114
Uranoraenia sapphirina, 48
Vanhornia
eucnemidarum,65-68
feileri, 65
Vanhorniidae, 65--68
Webworm, fall, 79-81
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