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BIOLOGY OF THE HYPERPARASITIC WASP 
PERILAMPUS SlMlLlS (HYMENOPTERA: PERILAMPIDAE) 

Foster Forbes purrington' 

ABSTRACT 

Planidia of the hyperparasitic wasp, Perilarnpris sirnilis Crawford, enter their braconid 
host, Agathis rnetzneriae Muesebeck, during that host's active growth phase, returning to 
the outer surface when the host is prepupal. Second instar perilampids search for and 
destroy conspecific larvae on the surface of the braconid prepupae, thus eliminating super- 
parasitism. Planidia in primary hosts, Metzneria lappella Zeller moth larvae in burdock 
seeds, unparasitized by the braconid persist without further development through pupation 
and occur in various tissues of the adult moth. 

Perilampid wasps (Hymenoptera: Perilampidae) are most frequently recorded as parasites 
of Lepidoptera via hymenopterous and dipterous primary parasites (Clausen, 1940). First 
instars are  planidia that hatih from eggs depositedbn host plant surfaces where they await 
encounters with primary hosts which they enter via the cuticle. In hyperparasitic species the 
planidium eventually begins feeding in response to some physiological/behavioral event, 
usually incipient pupation, in the development of its host, a primary parasite (Clausen, 
1940). This paper reports biological observations on Perilarnpris similis Crawford and the 
fate of its planidia in primary hosts not parasitized by primary parasites. 

P .  sirnilis parasitizes Agathis rnetzneriae Muesebeck (Hymenoptera: Braconidae), a soli- 
tary univoltine primary parasite of Metzneria lappella Zeller (Lepidoptera: Gelechiidae) in 
eastern North Dakota (Pumngton, 1970). This seed-eating gelechiid moth is a common and 
widely distributed inhabitant of burdock (Arctiurn spp.) burs in North America and Europe. 
It is univoltine and emerges in early summer after overwintering as a larva. 

MATERIALS AND METHODS 

Larvae and adults of M .  lappella were obtained from burdock collections made in Decem- 
ber, 1968, at Grand Forks, North Dakota; October, 1968 at Winnepeg, Manitoba; and in 
February, 1977, at Wooster, Ohio. Twelve adults and 20 larvae from Grand Forks were 
cleared in KOH, mounted in Canada balsam on glass slides, and examined for planidia with 
a compound binocular microscope. Laboratory observations of living material were made 
with a stereo dissection microscope. Field observations were made in Grand Forks County, 
North Dakota, in 1%9. 

RESULTS AND DISCUSSION 

Two major risks face the planidium of P .  similis as it awaits an encounter with the larva of 
M. lappella on the bur surface. First, it may contact and enter an insect other than M. 
lappella, a risk offset by good reproductive synchrony with this moth, by the ubiquity and 
infestation rate of M. lappella in burdock (this moth species typically occurs in about 90% of 
all burs, as many as 30 1st instars per bur eventually thinning to about three), and by the 
probably absolute specificity of burdock as host for M .  lappella. Furthermore, no other 
species of lepidopterous larvae are intimately involved with the burdock bur. A dipteran 

l ~ e ~ a r t m e n t  of Entomology. Ohio Agricultural Research and Development Center, Wooster, Ohio 
44691. 
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larva, probably Cecidomyiidae, occurred commonly in burs but examinations revealed no 
pla~idia,  either attached to the cuticle or internal. Thrips were occasionally found in burs 
and have been reported as probable inadvertent hosts for eucharitid (Hymenoptera: 
Eucharitidae) planidia (ant parasites) on other plants (Beshear, 1974; Wilson and Cooley, 
1972). P. similis planidia may attach to thrips but undoubtedly do not develop further. 

The second risk is the possibility that the M. lappella larva entered by the perilampid 
planidium is not presently and will not later be parasitized by A.  metzneriae, the host for P. 
sirnilis (Fig. 1). This risk is offset by the ubiquity of the braconid, widely distributed in the 
eastern U.S. (Juhala, 1967), the high rate at  which it parasitizes M. lapella (averaging about 
40% of 2100 in Grand Forks in 1968,53% of 600 in Wooster in 1977, and all of 24 larvae from 
Winnepeg in 1968-unpublished data), and by its host specificity (recorded only from M. 
lappella). 

Examination of moth larvae showed up to five planidia distributed throughout the body, 
most often in head and thoracic tissues. Some larvae carried more than one planidium in the 
head, and one carried five there (this larva also bore a first instar A. metzneriae and was 
sluggish). In one larva a planidium was positioned directly beneath the ocellar zone and a 
tissue deformation including lack of ocelli had developed, possibly in conjunction with the 
planidial invasion. 

Both Tripp (1962) and Hinks (1971), in detailed studies of P. hyalinus, acting as a primary 
parasite of Neodiprion spp. sawflies, found frequent encapsulation of planidia in the haemo- 
coel. No  encapsulation of planidia was observed in either M. lappella or in A. metzneriae. 

Of the 12 adult M. lappella examined, three contained perilampid planidia; one contained 
two planidia. Probably more moths contained them but extensive chitinous host tissue made 
observation difficult, especially since KOH cleared planidial chitin to a similar degree. 
Nevertheless, all four planidia were clearly lodged internally, one beneath the frons area, the 
other three in mid-abdomen, indicating they were acquired by the moth larvae and survived 
pupal reorganization and adult eclosion. Whether they persist alive in moths and what 
effects they have are open questions. 

B U R D O C K  0 
Fig. 1. Trophic relationships (simplied) among insects associated with burdock. 
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Even having overcome the risk of entering the improper primary host and the risk of 
finding no secondary host in M. lappella, a third difficulty arises: superparasitism of A.  
metzneriae by P.  similis inevitably results in agonistic behavior in which only one perilampid 
larva survives (Pumngton, 1970). Duels occur on the surface of A. metzneriae prepupae 
during a period of active wandering and intermittent feeding by early 2nd instar perilampids. 
[The entire planidial complement of M. lappella overwinters in various tissues of this moth 
larva and enters the A. metzeriae larva en masse at some point in the braconid's post- 
overwintering rapid growth phase. They remain just beneath the cuticle until the braconid 
has completed a cocoon inside its host's hibernaculum in the bur, at which point the planidia 
cut through the braconid cuticle and begin active external development (Pumngton, 1970)]. 

Only one P .  similis ever completes development on its braconid host, as is also the case 
with A .  metzneriae on M.  lappella (Pumngton, 1970). Whereas responsibility for eliminating 
superparasitism in P.  similis rests with 2nd instars (via combat), A. metzneriae females 
apparently avoid superparasitism by chemosensing prior conspecific attacks with oviposi- 
tors, as do female endophagous parasitic wasps of many species in several families (Salt, 
1961; Fisher, 1961: Wylie, 1967). 

During the period of planidial invasions early stage M. lappella larvae are migrating 
among the overlapping bracts and corolla bases of the burdock inflorescence, exposed to 
attack both by P .  similis planidida and by A. rnetzneriae females which oviposit directly into 
moth larvae. After this period of intense parasite activity when M. lappella larvae are 
entering seeds, they encounter each other and often fight to the death. This cannibalism, 
along with other factors including parasitism by the gregarious eulophid wasp, Hyssopus 
thymus Girault (Hymenoptera: Eulophidae) (Pumngton, 1970; Pumngton and Uleman, 
1972), results, by fall of the year, in an about 10-fold reduction in numbers. Beyond the 
reduced intraspecific competition for resources that cannibalism entails it obviously results 
in occasional predation, albeit inadvertent, by M. lappella upon two members of its parasite 
fauna, namely A .  metzneriae and P.  sitnilis (Fig. 1). One possible outcome is ingestion by the 
cannibal of entire living P .  similis planidia that may subsequently escape through the gut 
wall into the haemocoel, thereby salvaging an opportunity to develop further, presuming 
their braconid host is present in the cannibal. 
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EFFECT OF CONSTANT VERSUS FLUCTUATING 
TEMPERATURE REGIMES ON BATHYPLECTES CURCUUONIS 

(HYMENOPTERA: ICHNEUMONIDAE) ACTIVITY 

Robert J. Barney, E .  J. Armbmst, R. D. Pausch and S. J. ~ o b e r t s '  

ABSTRACT 

Individual female Bathyplectes curculionis parasites were exposed to either a series of 
constant or fluctuating temperature regimes and supplied with a new group of host 
Hypera postica larvae every day. The fluctuating temperatures were calculated from an 
average of weekly air temperatures during a period of actual field oviposition by the 
parasite. The rearing of adult parasites under a constant versus fluctuating temperature 
regime resulted in no significant difference in parasitism, longevity, or fecundity. The 
threshold for B .  curculionis activity was estimated to be 6-8°C. 

Bathyplectes curculionis (Thomson) is an endoparasite of the alfalfa weevil, Hypera 
postica (Gyllenhal) (Coleoptera: Curculionidae). This parasite was introduced in the 
United States from Europe as a biological control agent of the alfalfa weevil. Through 
initial releases in 191 1 (Chamberlin, 1924), subsequent releases, and natural dispersal, B. 
curculionis is now established throughout the range of its host (Bmnson and Coles, 1968; 
Dysart and Day, 1976). 

Ruesink (1976) stated that data are required on several basic population processes for a 
systems approach to pest management. Armbmst (1978) reported that the collection of 
population data for the alfalfa weevillB. curculionis complex modeling effort was initiated 
in 1974. Basic life history and biology information are needed to validate and refine the 
model. The objective of the present study was to determine the effects of constant versus 
fluctuating temperature regimes on curculionis activity. The fluctuating temperatures 
selected in this study represent the actual daily temperature changes measured in the 
field. Parasite activity was measured as a function of the number of parasite eggs laid per 
day, percent parasitism, longevity, and fecundity. 

MATERIALS AND METHODS 

Alfalfa weevil larvae were field-collected in the spring and reared in the laboratory on 
fresh-cut alfalfa. Cocoons of curculionis that developed from these larvae were retrieved to 
establish laboratory cultures. 

Adult alfalfa weevils were field-collected in the fall and reared in the laboratory on fresh-cut 
greenhouse alfalfa which provided food and oviposition sites for the adults. Cultures were 
maintained in a TWIN-cubatop (Scientific Systems Corp.) at 23°C with a 9 hr photophase 
alternated with a 15 hr scotophase. 

Alfalfa weevil eggs were removed from the alfalfa bouquets and incubated on moistened 
filter paper in 10 x 2.5 cm Pyrexa petri dishes. The eggs hatched in 8 i . l  days at 23°C with 
relative humidity near saturation in the petri dishes. Newly emerged larvae (less than 24 hr 
old) were placed on the terminal tips of alfalfa bouquets with a moistened camel hair brush. 
The alfalfa bouquets were held in clear plastic tubes (5.5 cm dia. x 17.0 cmlength), equipped 

l~llinois Natural History Survey and Illinois Agricultural Experiment Station, Urbana, IL 61801 
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with six air holes covered with organdy to permit free air circulation throughout the chamber. 
Another opening was fitted with a rubber stopper which permitted introduction of parasites 
when needed. 

Twenty-four hours before the introduction of parasites, five 2nd instar larvae were placed in 
a new chamber containing fresh alfalfa. This technique allowed for a known number andage of 
host larvae to become established on the alfalfa before parasite introduction. 

Cocoons containing curculionis larvae were stored at 7'C to prevent pupation and when 
needed were transferred to a chamber at  23°C to induce emergence. Adult parasites emerged 
from these cocoons in 12 2 2 days. A pair (one male--one female) of curculionis adults were 
immediately introduced into a plastic chamber containingfive late 2nd-early 3rd instar hosts. 
These instars were determined to be the preferred instars of curculionis by Barney et  al. 
(1978). Each parasite was provided with a new group of larvae each day and a cotton dental 
wick moistened with sugar water until the parasite died. 

An individual female parasite was exposed to a series of either constant or fluctuating 
temperatures in a PercivalB incubator. The temperatures used are listed in Table 1. The 
fluctuating temperatures were calculated from an average of weekly temperatures recorded in 
Washington County, Illinois, during a period of actual field oviposition by curculionis. The 
incubator operated on acam which gradually changed the temperature between the calculated 
daily high and low. The parasites were exposed to the fluctuating regimes in the natural 
progression experienced in the field, i.e. week of 9-15 April to week of 14-20 May (Table 1). A 
female remained at a high-low temperature set for two days before the temperature was 
changed. Each female was exposed to all the temperatures in either the constant or fluctuating 
regimes. 

Every 24 hr the five larvae were removed and dissected. The number of parasite eggs found 
in each larva was recorded. Fecundity, longevity, and the number of eggs laid per day were 
calculated for every female parasite. 

A linear regression analysis was made for each set of temperatures, constant and fluctu- 
ating. Steel and Tonie's (1960) equation for calculating the difference between two regres- 
sions was used to test homogeneity of two slopes. Student's t-test was used to determine the 
difference between the means for longevity and fecundity. 

RESULTS AND DISCUSSION 

The number of eggs laid in a 24 hr period by female curculionis was directly proportional to 
temperature, regardless of the temperature regime (constant or fluctuating) under which the 
parasites were maintained (Fig. 1). Under the constant regime, oviposition was quite low at 
7.2"C (1.73 eggslday) and gradually increased to 19.00 eggslday at 25.8'C. Extrapolation of 
Figure 1 would indicate the threshold of activity for curculionis to be about 6-8°C. Tempera- 

Table 1. Constant and fluctuating temperature regimes ("C) used to determine effect of 
temperaure on B. curculionis oviposition. 

Temperature ("C) 

fluctuating 

constant high low ave. week 

7.2 
10.0 13.3 6.1 9.7 9-15 April 
12.8 16.9 9.7 13.3 23-29 April 
15.5 18.9 11.7 15.3 30 ~ ~ r i i - 6  May 
18.0 22.2 15.0 18.6 14-20 May 
23.0 
25.8 
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30 1 = CONSTANT 

TEMPERATURE (OC) 
Fig. 1. Relationship between the number of eggs laid per day by B. curclrlionis and constant and 

fluctuatng temperatures. 

tures exceeding those tested in this study are required to determine at what temperature peak 
oviposition is reached and subsequently inhibited by excessive temperature. Yeargan and 
Latheef (1977) found B.  anurus females to oviposit more than 70 eggslday when supplied with 
40 hosts. The use of only five hosts in our experiment limited the total number of eggs laid, but 
was sufficient to indicate relative differences in parasite activity and oviposition at different 
temperatures. We did have one instance of49 eggs laid in five hosts during a 24 hr period. 

Parasitism reached 91.3% at 25.8'C and dropped to 26.7% at 7.2'C (Fig. 2). Again it must be 
remembered that only five hosts were available during a 24 hr period which gives a relative 
indication of parasite activity, oviposition, and searching ability. The low parasitism at 
decreased temperatures indicates a reduction in activity, searching ability, and consequently 
oviposition. The increased parasitism at greater temperatures reveals that curculionis was 
capable of locating and parasitizing the five host larvae given a sufficient temperature. Both 
constant and fluctuating temperature regimes elicited a directly proportional response in 
parasitism and there was no significant difference in percentage parasitism between the 
constant and fluctuating regimes (P < .01). This indicates that the same degree of parasite 
activity results from aconstant temperature as from a temperature regime fluctuating around a 
mean equal to  the constant temperature. 

Longevity and fecundity of curculionis are shown in Table 2. Constant and fluctuating 
regimes caused no significant difference in longevity or fecundity (P < .01). Dowel1 and Horn 
(1977) also found curculionis laboratory longevity to average 14 days. 
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/; = CONSTANT 

' " 1  / '  --- = FLUCTUATING 

TEMPERATURE (OC) 
Fig. 2. Relationship between percent parasitism by B. curculionis and constant and fluctuating tem- 

peratures. 
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Table 2. Longevity and fecundity of B. curculionis under constant or fluctuating temperature 
regimes. 

Temperature regime Sl longevity ? SE X fecundity -c SE 

constant 
fluctuating 

aNot significantly different (P < .01) 

In summary. the rearing of curculionis adults under a constant versus fluctuating tempera- 
ture regime resulted in no significant difference in parasitism, longevity, or fecundity. Extra- 
polation shows the threshold for curculionis activity to be about 6-8°C. 
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EVALUATION OF TWO SYSTEMS USED TO EXTRACT 
ALFALFA WEEVIL LARVAE (COLEOPTERA: CURCULIONIDAE) 

FROM ALFALFA SAMPLES1 

S. J. Robertsl, D. P. Bartellz, and E. J. Armbmstl 

ABSTRACT 

A modified Berlese funnel system was developed to extract alfalfa weevil larvae (Hypera 
postica) from quadrats 30.5 cm on a side. Data from this system were comp.wed with 
simultaneous data from a hand sorting extraction system. In most instances, the modified 
Berlese system was as  efficient as the hand sorting method and the number of man hours 
required to process samples by hand was far greater than that required by the Berlese 
system. 

Intensive sampling programs designed to obtain data for constructing life tables, studying 
population dynamics, and supporting modeling efforts associated with the alfalfa weevil, 
Hypera postica (Gyllenhal), generate samples which often contain several hundred larvae 
each. Extraction of larvae from large quantities of plant material by conventional systems, 
such as  the one used by Wilson and Armbrust (1970), is inadequate in terms of time 
involved for processing and efficiency in retrieving larvae. Reported here are results of 
research implemented to  evaluate a modified Berlese funnel system versus hand sorting 
for speed and efficiency in extracting weevil larvae from alfalfa samples. 

MATERIALS AND METHODS 

Figure 1 shows the basic design of the Berlese unit. Upper and lower funnels were 
constructed of galvanized sheet metal and machined as near replicas. Light bulbs (40W) 
provided the drying temperatures in the funnels. Hardware cloth (6 mm) was fitted inside 
the bottom funnel to support the sample. Gaskets (top and bottom) were made by glueing 
split rubber tubing to the funnel rims. Rubber bands were stretched over two sets of bolts 
to secure the top and bottom halves and prevent escape of larvae. Individual units could 
be utilized as  shown in Figure 2 or in a series (Fig. 3). 

Three alfalfa fields were sampled on a degree day basis in Washington County, Illinois 
during the 1974 growing season. Initial samples were taken on 11 April and sampling 
continued until first harvest (24-29 May) for a total of 10 sampling dates in field IL-1, eight 
in IL-3, and nine in IL-6. When fields were sampled, 20 quadrats of alfalfa, 30.5 cm on a 
side, were cut just above the ground for each field sampled. Alfalfa stems and litter were 
placed in paper grocery bags. Soil surface was examined for any larvae remaining in the 
quadrat. After returning the samples to the laboratory, 10 were processed through the 
Berlese units which extracted larvae into alcohol in the attached canning jars. The con- 
tents of the 10 remaining samples (insects, plants, and litter) were placed in a modified 
Carnoy's fixative (Humason, 1%7). These preserved samples were later washed through 
two Bureau of Standards screens (sieve openings of 12.7 mm and 0.177 mm) to recover 

lfllinois Natural History Survey and Illinois Agricultural Experiment Station, Urbana, IL 61801. 
2~epartment of Entomology, Agricultural Sciences Building, Texas Tech University, Lubbock, TX 

79409. 
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larvae that were free in the sample. The plants were then dissected to extract 1st and 2nd 
instars lodged in the terminals and leaf axils. The preserve-wash system was considered a 
measure of absolute density, in that great care was taken to search every plant for all 
larvae present. Larvae from each extraction system were categorized to instar with a head 
capsule caliper (Bartell and Roberts, 1974). Although the total extraction time for samples 
in the Berlese units varied from 36-72 hr, the time involved for hand labor to load and 
remove 10 samples was % hr. In contrast, hand labor for the preserve-wash required 2-3 
hr for processing 10 samples. The time required for classifying larvae to instar and count- 
ing was independent of both systems. 

These sampling and processing procedures yielded 27 data sets x four instars equaling 108 
paired means (540 individual sample observations) which represented three different 
fields, differences in numbers of individuals per life stage during the season, a wide range 
of sampling conditions (wet, dry, etc.), and different sample sizes (by volume of plant 
matter) as the crop matured. Data for the four instars recovered by the two systems were 
compared by using a 2 x 4 factorial design and analysis for each date. The two factors 
were methods (2 levels) and instars (4 levels) thus making a 2 x 4 factorial. 

RESULTS AND DISCUSSION 

The F tests of the 108 paired means are essentially LSD comparisons, but were made only 
in those instances after the significant interactions of extraction systems used, and 
number of instars recovered showed evidence of real differences attributable to the four 
instars extracted and evidence of the nature of these differences. These differences were 
included in a separate and combined analysis of the data from the three fields. From the 
108 comparisons, there were 22 and 3 in the separate and combined analysis respectively, 
with significant differences between the method used and the four instars extracted. 
Conversely, for 80% of the separate and 97% of the combined analysis there were no 
significant differences. Table 1 shows by field, date, and instar the 25 paired means that 
were significantly different. Twelve of these differences were attributed to higher numbers 
in the funnels, while 13 resulted from higher numbers in the preserve-wash system. 

Peak density in the three fields was indicated by both extraction systems between 19 and 
24 April. All fields had insecticide applications for larvae after 19 April but before 24 
April. In field IL-6, 28 April, and 24 April of the combined field data, the preserve-wash 

Table 1. Significant paired means for instars by field and date for Berlese (B) and preserve- 
wash (PW) extraction systems representing only those fields and dates where there was a 
significant F value for the interaction of instars recovered and extraction method used in the 
factorial analysis. 

INSTARS 

Field Data B PW B PW B PW B PW 

IL-I 2415 - - 0.1 1.4* 0.1 1.6** 
IL-3 1114 - 71.7* 52.1 61.8** 28.9 35.3** 7.2 

2814 - 113.0** 47.8 57.7** 13.3 17.9** 4.0 
515 10.2 20.2** 64.9* 60.3 - 45.1** 17.9 
2015 4.7** 0.5 8.6* 1.8 - 18.6 40.2** 

IL-6 2414 - 49.0 108.2** - 6.0 18.5** 
2814 0.5 13.5** 0.4 14.3** 0.5 5.6** 0.2 1.7** 
515 - 25.2** 8.8 - 2.1** 0.0 

IL-I, 3 & 6 2414 56.2 77.2** 38.0 72.7** - 5.0 9.4** 
(combined data) 
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system was significantly higher than the funnel system for all instars except 3rd in the 
combined data. These samples were taken on successive dates following insecticide spray 
applications. Since the preserve-wash system did not differentiate between live and dead 
larvae (all larvae within the sampling quadrat were preserved), those larvae killed by the 
insecticide could be extracted. The funnels essentially extracted only live larvae. 

In fields IL-6, 3 and 1, on 24 April, 20 and 24 May, respectively, there were significantly 
higher numbers of the 4th instars recovered by the preserve-wash system. Prepupae 
which had already spun cocoons, could have been dislodged in the preserve-wash pro- 
cedures and counted as 4th instars. This would not be as likely to happen with the Berlese 
extractions. Another possibility is that some of the 4th instars may have pupated in the 
funnels during extraction, and consequently lowered those counts. 

The preserve-wash again was higher for 2nd instars in field IL-6 on 24 April, and 1st 
instars in field IL-3 on 5 May. On several sampling dates, the alfalfa was wet because of 
rain or a heavy dew. Some 1st and 2nd instars may have stuck to the bottom funnels and 
could have been overlooked. Excess moisture from the sample was usually absorbed by 
the paper grocery bag while in transit. The preserve-wash system is not affected by wet 
sampling conditions. 

The number of processing steps for the preserve-wash system probably subjects this 
system to more human error. Larvae could have been lost in transfemng the samples to 
the fixative jars, or from the fixative jars to the washing sieves. Larvae may have splashed 
out of the top sieve during the washing process. First and possibly 2nd instars may have 
been overlooked in the bottom sieve. Even though the plants were dissected to extract the 
smaller instars, some larvae could have escaped detection. Any of these conditions could 
have been responsible for the instances where the Berlese counts were higher than the 
preserve-wash. 

Although 1st and 2nd instars are lodged in the plant terminals and leaf a i l s ,  the Berlese 
system extracted all instars as well as the preserve-wash system for 80% of the individual 
field and 97% of the combined sample comparisons. Wet sampling conditions and pupa- 
tion of 4th instars during extraction may cause an underestimated larval density when 
samples are processed by the Berlese system. Absolute density samples (processed by the 
preserve-wash system) most likely overestimated larval densities after insecticide applica- 
tions until dead larvae were no longer present in the samples. Considering time for proces- 
sing and no significant differences for at least 80% of the comparisons of the two systems, 
the Berlese funnel system is an acceptable method for approximating densities of alfalfa 
weevil larvae from the sample units. This Berlese extraction system can be adapted to a 
variety of insect-plant situations by changing bulb and hardware cloth size. The merits of 
this extraction system for population estimates of another insect species should be deter- 
mined by similar data comparisons with absolute density samples of that insect. 
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EFFECTS OF CONTINUOUS AND SPLIT DEVELOPMENTAL 
PHOTOPHASES DLlRlNG EACH 24 HOUR PERIOD ON 

ADULT MORPHOLOGY IN EUSCHISTUS TRISTIGMUS TRlSTlGMUS 
(HEMIPTERA: PENTATOMIDAE)' 

ABSTRACT 

Rearing immatures of Euschistus tristigmus tristigmus in 8L:16D, 8L: 4D:8L;4D, and 
16L:8D showed that the length of each photophase, rather than an accumulated total of 
shorter photophases, during each 24 hr period was the determining factor in producing adult 
dimorphism in shoulder shape and number of midventral abdominal spots. 

Euschistus tristigmus occurs from northern Canada to southern Mexico (Van Duzee, 
1904) and contains two subspecies, luridus Dallas and tristigmus (Say) [= pyrrhocerus 
(Hemch-Schaeffer)]. E. t .  tristigmus is seasonally dimorphic (McPherson, 1975a). Adult 
dimorphism results from developmental photoperiod (McPherson, 1974; 1975b) with a 
threshold photoperiod of ca. 14.5L:9.5D (1ight:dark) involved in the dimorphic response 
(McPherson, 1979); animals reared in photophases above and below the threshold develop 
into pyrrhocerus (spinose shoulders, 0-2 midventral abdominal spots) and tristigmus (sub- 
triangular shoulders, 3-4 spots) form adults, respectively. 

All of the photoperiods used in the above experiments involved a 24 hr day and con- 
tinuous periods of light and dark (e.g., a 16 hr photophase followed by an 8 hr scotophase). 
Not determined previously was the necessity of these continuous periods for it was possible 
that the same results could be obtained by split photophases during each 24 hr period. The 
results of an experiment to determine this are presented here. 

MATERIALS AND METHODS 

Thirty males and 30 females from F3 generation laboratory stock were placed in an 
incubator (23.9 ? 1.1" C) under an 18L:6D photoperiod; the stock was established with 
individuals collected June-July, 1977, in Jackson County, in southern Illinois. They were 
maintained in mason jars (10 of each sexljar) provided with cheesecloth as an oviposition 
site, paper toweling strips and fdter paper, and fed green snap beans (Phaseolus vulgaris L.) 
as described by McPherson (1971). 

Each resulting egg cluster was placed in one of the following three photoperiods and the 
individuals reared to adult as described by McPherson (1971): 8L:16D, 8L:4D:8L:4D, and 
16L:8D. The 8L:4D:8L:4D photoperiod exposed the animals to only 8 hr of continuous light 
but a total of 16 hr of light124 hr. All individuals were reared at 23.9 + 1.1" C during the light 
and dark phases, and in about 130 ft-c during the light phases (Ken-Rad, 15W Daylight, 
F15T81D). 

Adult characters compared were shoulder shape (ratio of lengthlwidth) and number of 
midventral abdominal spots (McPherson, 1974). These characters had previously been 
shown to be dimorphic between adults reared in 8L: 16D and 16L:8D (McPherson, 1979), 
Shoulder ratios were compared with Duncan's multiple range test (Table l), and number of 
spots with Fisher's exact probability test (Table 2). The 0.01 level of significance was chosen 
for all comparisons. 
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Table 1. Comparison of shoulder shape (lengthlwidth) between E. t .  tristigrnus adults reared 
in continuous or split photophases during each 24 hr period. 

- - 

ShouldeP - Shouldera 
- 

Photoperiod Sex No. x Sex No. x 

aMeans followed by same letter within columns are not significantly different at the 0.01 level of probability 
by Duncan's multiple range test. 

Table 2. Comparison of number of midventral abdominal spots between E. t .  trisrigmus adults 
reared in continuous or split photophases during each 24 hr period. 

No. spots No. spots 

Photoperiod Sex 0-2 3-4 Pr0b.a Sex 0-2 3-4 P r ~ b . ~  

aFisher exact probability test. 

RESULTS AND DISCUSSION 

There was no significant difference in shoulder ratios between males or females reared in 
the 8L:16D and 8L:4D:8L:4D photoperiods; all had shoulder ratios less than 1.00 (subtrian- 
gular shoulder = tristigrnus form) (Table 1). Those reared in 16L:8D had shoulder ratios 
greater than 1.00 (spinose shoulder = pyrrhocerus form). There was also no significant 
difference in number of spots between males or females reared in the 8L:16D and 8L:4D: 
8L:4D photoperiods; most had 3-4 spots (= trisrigrnus form) (males, 90-95%; females. 95%) 
(Table 2). Those reared in 16L:8D generally had 0-2 spots (= pyrrhocerus form) (males, 
75%; females 80%). 

These results show that the length of the developmental photophase, rather than the total 
amount of light, during 24 hr determines the adult morph. They also help to explain the 
function of the dark period. 

In previous experiments it had been assumed that the observed dimorphism resulted from 
the length of the photophase, not the scotophase. For example, in the experiments to 
determine the threshold photoperiod (McPherson, 1979), animals were reared in photo- 
periods ranging from 8L: 16D to 18L:6D. It was possible that the range of scotophases, not 
photophases, determined the results. 

In the above experiment. scotophases of 16 and 4 hr were involved in the production of 
the tristigmus form and 8 hr, the pyrrhocerus form. Thus, it appears that photophase does 
determine the morph, that scotophase is functioning only to break the photophase, and that 
the length of the scotophase is unimportant between 16 and 4 hr, perhaps less. 
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EFFECTS OF VARIOUS PHOTOPERIODS ON COLOR AND 
PUBESCENCE IN THYANTA PALUDOVIRENS ACCERRA 

(HEMIPTERA: PENTATOMIDAE)' 

ABSTRACT 

The effects of a range of developmental photoperiods on adult dimorphism in Thyanta 
pallidovirens accerra were studied under laboratory conditions. Adults reared in photo- 
phases of 14L and higher had short pubescence and those in 12L and lower, long pu- 
bescence. No dimorphism in color was produced in these same photophases. 

Thyanta pallidovirens accerra McAtee ranges from New York south to Georgia, and 
west to Idaho, northeastern Utah, northeastern New Mexico, and Texas (Ruckes, 1957). 
Ruckes (1957) believed it, T. calceata (Say) and T. custator (Fabricius) had "an autumnal- 
vernal (overwintering) generation that differs in appearance from the summer brood. This 
seems to be a case of seasonal dimorphism. . ." The autumnal-vernal adults were brown 
with long seta-like hairs and summer adults, green with short hairs (less than diameter of 
tibia). 

McPherson (1977a) confirmed Ruckes' hypothesis that calceata is seasonally dimorphic, 
that (1977b. 1978a) the morphs result from developmental photoperiod influence, and that 
(1978b) a threshold photoperiod of about 12.5L: 11.5D (light: dark) is involved in the dimor- 
phic response. Animals reared in photophases above and below the threshold develop into 
green adults with short pubescence and brown adults with long pubescence, respectively. 

T. pallidovirens accerra, as noted above, is also apparently seasonally dimorphic; if so, it 
may also result from photoperiod influence. The results of an experiment to determine the 
role of photoperiod in producing adult dimorphism in this subspecies are presented here. 

METHODS AND MATERIALS 

A male and female ofpallidovirens accerra were collected during September, 1977, in Jackson 
County in Southern Illinois. From their offspring, 18 males and females were selected as 
parents and placed in an incubator (23.9 ? I  1.l0C) under an 18L:6D photoperiod. They were 
mantained in mason jars (nine of each sexljar) provided with cheesecloth as an oviposition 
site, filter paper and paper toweling strips, and fedgreen snap beans (Phseolus vulgaris L.) as 
described by McPherson (1W1). 

Each resulting egg cluster was placed in one of the following six photoperiods and the 
animals reared to adults as described by McPherson (1971): 8L:16D, 10L:14D, 12L:12D, 
14L: 10D, 16L:8D, and 18L:6D. AU experiments were conducted at 23.9 + 1.loC during the 
light and dark phases, and about 130 ft-c during the light phases (Ken-Rad, 15W Daylight, 
F15T81D). 

Adult characters chosen for comparison were color (green or brown) and pubescence 
(longer or shorter than diameter of tibia). Adults were compared in sequential pairs of in- 
creasing photophase and the differences tested with the Fisher exact probability test. The 
0.01 level of significance was chosen because of the variable and subjective nature of color. 

RESULTS AND DISCUSSION 

The success in rearing this subspecies on green beans was poor and thus, results from 
different photoperiods were combined to insure adequate numbers for statistical compari- 

'~inancial support was provided by the Ofice of Research Development and Administration, Southern 
Illinois University, Carbondale Graduate School. Project No. 2-1063 1. 
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sons. Since the threshold for the dimorphic response in calceata was near 12.5L:11.5D 
(McPherson, 1978b), I combined the results into the following three photoperiod groups: 
8L: 16D and 10L: 14D; 12L: 12D; and 14L: ]OD, 16L:8D, and 18L:6D (Table 1). 

Photophases above 12.5L did not (unlike calceata) produce a significant number of green 
adult males and females; most were light to dark brown (males, 74.5-78.7%; females, 87.5%) 
as were those in the lower photophases (males, 72.2-95.8%; females, 63.6-94.7%) (Table 1). 
However, both sexes showed a significant switch between 12L:12D and 14L:lOD from long 
to short pubescence, similar to calceata. 

It is difficult to suggest, from the limited data, why this range of photoperiods did not 
produce adult color dimorphism in pallidovirens accerra as it did in calceata (McPherson, 
1978b). It is possible that an additional variable is involved in adult color production in this 
subspecies (e.g., temperature, humidity), or that differential mortality occurred in which 
most potentially green adults died. Further studies should be conducted using a laboratory 
culture established with a larger field sample. 
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Table 1. Comparison of color and pubescence between Thyanta pallidovirens accerra adults 
reared in various photoperiods. 

Color 
-- - - - 

Dorsal Ventral Pubescence 

Photoperiod Sex Brown Green Brown Green Short Long 

aFisher exact probability test. 
b 8 ~ :  16D + 10L: 14D. 
cl4L: IOD + 16L:gD + 18L:6D. 
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PERSISTENCE OF JACK PlNE BUDWORM 
CHORISTONEURA PINUS PINUS', (LEPIDOP'TERA: TOR'TRICIDAE) 

EGG MASS CHORIONS ON JACK PlNE FOLIAGE 

Harold 0. Batzer and Daniel T. .Tennings1 

ABSTRACT 

More than one-fifth of old and nearly one-half of new jack pine budworm egg mass 
chorions remained on the foliage after one year, and an experienced observer could not 
determine accurately the age of one-fourth of them. Counts of new egg masses are used to 
estimate current populations, and large errors could result. 

Egg mass counts of jack pine budworm (Choristoneura pinus pinus Freeman) are used to 
estimate population size and potential infestation level for the succeeding year (Graham, 
1935; Dixon et al., 1956; Dixon and Benjamin, 1963; Benjamin, 1%5; Foltz et al., I=). 
Weathering affects appearance of individual egg mass chorions differently so old masses 
may mistakenly be included in the count if it is not made soon after oviposition or larval 
eclosion when the chorions are still fresh. Therefore, we obtained some information on 
persistence of egg mass chorions to try to assess the magnitude of the potential error, egg 
masses that remain on the needles from previous generations. 

In conjunction with a jack pine budworm population study near Baudette, Minnesota, we 
located 119 egg masses on needles of jack pine (Pinus banksiana Lamb.) trees. To ensure a 
variety of exposure conditions we searched 18 trees from adjoining stands with densities of 
7, 14, 21, and 28 m2/ha basal area stocking, and examined branches along one side of each 
tree crown. We made the examination on 9 August, 1966, during larval eclosion when 
current egg masses were readily distinguishable from egg mass chorions of previous genera- 
tions. The egg masses were recorded as either old (28) or new (91) and tagged so they could 
be easily relocated. 

After one year, on 4 August, 1%7, we relocated the tags and recorded whether the egg 
mass chorions were absent or present. The twigs containing the egg masses that were still 
present were removed and the chorions were examined under a microscope. We attempted 
to classify them as either "new" or "old" based only on their condition: relative degree of 
flattening, tearing, missing eggs, and presence of debris. 

RESULTS AND DISCUSSION 

One year later four tags could not be found and 67 egg mass chorions had dropped off. 
Nearly one-half of the new and more than one-6ft.h of the old egg masses remained on the 
needles (Table 1). Even an experienced observer could not make positive age determination 
for more than one-fourth of these because they were in such good condition. Morris (1955) 
found 14% of old spruce budworm egg masses to be confused with newly hatched masses. 

The magnitude of this error will depend upon factors affecting weathering as well as the 
number of new egg masses deposited each year. For example, ifthe number deposited in the 
current year is equal to the number deposited in the preceding year, and if there is, as 
observed here, a 42% retention of which 27% remain indistinguishable From current eggs, 
then the error in establishing the current count is 27% of 42% or 11%. This error would be 
lower in a rising population and higher in a declining population. It is, of course, not known 

lPrincipal Insect Ecologist, North Central Forest Experiment Station, U.S.D.A. Forest Service. 1992 
Folwell Avenue, St. Paul, MN 55108, and Principal Research Entomologist, Northeastern Forest Experi- 
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Table 1 .  Persistence and condition of egg mass chorions on jack pine. 
- - 

Chorions Chorions 
Chorions present whose age 
present after 1 could not 

originally Year be determined 
Condition (No.) (No.) (%) (No.) (%) 

Old 27 6 22 1 17 
New 88 42 48 12 29 

Total 115 48 42 13 27 

how closely these data apply to other years and locations. Nevertheless, overestimates 
caused by this error may be minimized by making egg mass collections soon after oviposi- 
tion. The data also point out the need for a method to precisely assess egg mass age. 
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SOCIAL PARASITISM AMONG ANTS AT 'THE 
E. S. GEORGE RESERVE IN SOUTHERN MICHIGAN 

Mary ~ a l b o t l  

A mode of life in which one species spends all or part of its existence in close contact with, 
and at the expense of, another species is rather common among ants. Sudd (1%7) stated that 
about one sixth of all known European species are parasitic to some extent. At the Edwin S. 
George Reserve in Livingston County, Michigan, 28.7% (25 of the 87 species) fall into the 
category of forms considered to be in some way parasitic on other ants. 

The following types of parasitism are found: (1) Dulosis, a kind of life in which workers of 
one species raid colonies of another species to bring back larvae and pupae that are reared to 
form a mixed colony where the imported "slaves" forage for food, build the nest, and care for 
the young, while the host workers carry on repeated raids. Dulotic ants may be facultative or 
obligate parasites. In the former the host colony can survive if deprived of its slaves, while in 
the latter host workers cannot feed themselves or care for their young and so are completely 
dependent on the slaves. (2) Temporary social parasitism. In this form anewly fertilized queen 
cannot establish a colony by herself, so she must seek entrance into a nest of arelated species 
and induce the workers to care for her fust broods. Normally the host queen is killed, and 
since no more host workers are produced a pure colony made up of offspring of the invading 
queen is eventually established. (3) Inquilinism. Here two different species live together 
permanently with one usually taking advantage of the other in some way. In addition to 
providing nest shelter, the host ant may feed the inquilines or even take over the rearing of 
their brood. This may lead to what is considered the ultimate form of parasitism, in which the 
worker class has been eliminated during evolution and only the dates remain. Females live 
constantly in the nest of the host species and each year all eggs produced develop into males 
and females. The only time females face a hostile environment is when they come to the 
surface to mate and then must seek out and penetrate another host colony. Examples of these 
types of ant parasitism from the Edwin S. George Reserve are described below. 

DULOSIS 

The most conspicuous of the slave-making ants are the six species of Formica of the 
sanguinea group. These are all considered to be facultative parasites. F. subinregra Emery, 
F. rubicunda Emery and F. pergandei Emery, which most often live near wood-field bor- 
ders, raid colonies of F. subsericea Say. In addition, F. pergandei may venture farther into 
fields to raid colonies of F. pallidefulva nitidiventris Emery or F. schaufussi Mayr. F. 
creightoni Buren and F. subnuda Emery usually live in woods and enslave F. subsericea, 
but F. subnuda may have few or no slaves. Formica sp. undescribed (sanguinea group), an 
ant of open fields, plunders nests of F. uinculans Wheeler which lives in the same habitat. 
Only occasionally does it also take brood of F. lasioides Emery that sometimes lives in low 
spots in fields. 

Polyergus lucidus Mayr raids colonies of F. pallidefulva nitidiventris and F. schaufussi and 
their mixed colonies are not uncommon (Talbot, 1%7). Leptothorax duloticus L. G .  Wesson, 
which is relatively rare in Michigan, has been found in mixed colonies with L. curuispinosus 
Mayr, occasionally with additional workers of L. longispinosus Roger or L. ambiguus Emery 
(Talbot, 1957). Raids have been studied by Wesson (1940) and AUoway (in press). 

TEMPORARY SOCIAL PARASITISM 

At the George Reserve 14 species of ants probably start their colonies as temporary 
parasites. Examples are not easily come by since mixed colonies ar= small and the condition 

1The Lindenwood Colleges, Saint Charles, MO 63301. 
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lasts for only a short time. In 1972 a colony of Formica dakotensis Emery and F.  subsericea 
occupied a nest in tall vegetation near a pond. The small grass-thatch mound was typical of F. 
dakotensis and not of F. subsericea, and the former workers outnumbered the latter by about 
four to one. In 1973 no F.  subsericea were seen and in 1 9 4  the pure colony of F.  dakotensis 
moved to a more open place and expanded into two grass mounds. A mixed colony of Formica 
ulkei Emery and F.  subsericea occupied a F.  subsericea type mound and consisted of about 
equal numbers of the two species (Talbot, 1%1). The next yearF. ulkeiwas still there but there 
were no F.  subsericea. F. exsectoides Forel, a known temporary parasite, was also present on 
the Reserve. 

All the Formica of the microgyna group are believed to be temporary parasites. F. nepticula 
Wheeler and F. sp? (microgyna group) occur at the Reserve, and since they live in places of 
scattered trees or shrubs or at wood-field edges they probably seek colonies of F. subsericea, 
F. pallidefulva nitidiventris of F. schaufussi. 

One colony of Acanthomyops latipes (Walsh) with Lasius neoniger Emery was discovered 
(Talbot, 1%3). A number of such colonies have been reported by Wing (1%). The invasionof 
A .  murphyi (Forel) into L. neoniger nests was seen-once (~albot; 193). It was a rather 
spectacular sight with large numbers of dealate females pushing into L.  neoniger nest open- 
ings. Sanwald (1964-65) reported a similar invasion and also found mixed colonies of A.  
murphyi and L .  neoniger. There is little doubt that A.  claviger (Roger) is also a temporary 
parasite. Its flights take place very late in the year (September, October, November) and 
dealate females "overwinter above ground in considerable numbers, either singly or in 
aggregates" (Wing, 1%8). The females are more active at low temperatures than are most ant 
species and so would be capable of penetrating Lasius colonies while they are still dormant. It 
seems probable that A.  interjectus (Mayr) and A. subglaber (Emery) also start their colonies 
by invading Lasius nests but complete evidence has not been reported. 

It is generally thought that Lasius of the subgenus Chthonolasius start their colonies innests 
of species of the subgenus Lasius because their queens are considered too small to rear a first 
brood along. Lasius umbratus (Nylander), L.  speculiventris Emery and L.  minutus Emery are 
of this type. At the Reserve a mixed colony of L.  umbratus and L. alienus (Foerster) was 
found in a log and Wilson (1955, 1971) gave accounts of mixed L .  umbratus colonies in 
Europe. Kannowski (1959), working with bog ants of the Reserve, found evidence that an 
ant of the subgenus Chthonolasius may be a temporary parasite of a species in the same 
subgenus. He discovered dealate females of L.  speculiventris attempting to invade openings 
in mounds of L.  minutus or to form chambers in the loose soil on the mound surface. He also 
found mixed colonies of L.  speculiventris and L .  minutus. 

The Aphaenogaster tennesseensis (Mayr) queen's small size is characteristic of ants which 
start colonies by temporary parasitism. W. M. Wheeler (1910) found two mixed colonies of 
this species with A.  rudis Emery, near Rockford, Illinois. If mixed colonies of A.  tennes- 
seensis are found at the Reserve they will probably be with A. rudis. 

INQUILINISM 

One colony of Leptothorax hirticornis Emery was discovered among the numerous mounds 
of Formica obscuripes Forel. The little cluster of workers, alate females, ergatomorphic 
(having worker-like bodies) males and worker and female pupae (18 June) were 17 inches 
down in the nest in slightly moist thatch. Three colonies of Mommorium minimum (Buckley) 
were parasitized by an unnamed workerless species of Monomorium. Alate females, males 
and dealate females were scattered through the colonies (30 June, 4 and 13 July). Males looked 
much like females and were about the same size. One colony had a M.  minimum queen, the 
other two did not. Another workerless parasite, Formica talbotae Wilson, has been studied in 
five mounds of Formica obscuripes Fore1 (Wilson, 1976; Talbot, 196). The small, similar 
males and females had a long flight period (mid June until early October). In the one colony 
dug, no F. obscuripes queen was found. 
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