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ABSTRACT We present monthly catches for the 22 subfamilies of Ichneumeonidae (n = 16,584}
collected in 5 Malaise traps at the Hitchiti Experimental Forest, GA (33° 03’ N, 83° 43' W) in 1993
and 1994. Although average peaks of trap catches for koinobionts and idiobionts coincided, the
phenological peaks of individual taxa within these parasitic groups often differed. The nocturnal
parasitoid subfamily Ophioninae peaked in July 1993 and June 1994, whereas the nocturnal genus
Netelia (Tryphoninae) peaked in April of both years. The most frequently caught subfamilies with
hosts in the Lepidoptera and Symphyta peaked in late April- early May of both years (Campople-
ginae, Cryptinae, Ichneumoninae, Ctenopelmatinae, and Tryphoninae). In contrast, subfamilies with
hosts in the Coleoptera had unsynchronized peaks in April (Tersilochinae} and June (Acaenitinae)
1993 and in September (Tersilochinae) and June {Acaenitinae) 1994. The subfamily Orthecentrinae,
which attacks dipteran hosts, peaked in April 1993 and November 1994. The hyperparasitic subfamily
Mesachorinae peaked in May 1993 and April and October 1894, corresponding in time to trap catches
of their potential host subfamilies that attack Lepidoptera and Symphyta. We hypothesize that host
seasonality is more important than other environmental factors and life history parameters in

determining peak flight activity.
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Tar HYMENOPTERA CONSIST mostly of parasitoids-para-
sites that eventually kill their hosts. The major hosts of
these parasites are the larvae or pupae of holometabo-
lous insects, particularly the Coleoptera, Diptera, Hy-
menoptera, and Lepidoptera (Gauld and Bolton
1988). Among the parasitic Hymenoptera one of the
largest groups is the Ichneumonidae, consisting of an
estimated 60,000 species worldwide (Townes 1969).
Currently, much of the discussion on parasitoids con-
cerns the biological factors governing their abundance
(Nealis 1988, Gauld 1991, Thangavelu 1993). How-
ever, information on parasitoids is limited because of
their elusive behavior and small size and because of a
lack of researchers (Gauld and Bolton 1988). Thus,
many of the questions that impinge upon higher-order
processes remain unanswered. For example, What fac-
tors determine parasitoid flight activity? How much of
this activity is determined by climatic variables, re-
source availability, or other factors?

The Ichneumonidae, composed of 35 subfamilies
(Wahl 1993), are categorized 2 ways: either as ecto-
parasites versus endoparasites or as idiobionts versus
koinobionts (Askew and Shaw 1986). Ectoparasitoids
feed externally on the host whereas endoparasitoids

! Department of Entomology, University of Georgia, Athens, GA
30602.

2 To whom correspondence should be addressed: Institute of Ecol-
ogy, University of Georgia, Athens, GA 30602-2602.

3 Georgia Cooperative Fisheries and Wildlife Research Unit, War-
nell School of Forest Resources, University of Georgia, Athens, GA
30602.

feed internally (Askew and Shaw 1986). Idiobionts kill
or paralyze their host immediately after oviposition
and host development does not continue. Hosts of
koinobionts continue to develop after oviposition and
are killed in a later stage of development. Idiobionts
tend to have a wide host range (Spradbery 1968).
Koinobionts are thought to have a more specialized
host range because they must develop defense systems
to fight the host’s immune response (Salt 1968, Gauld
1988a). Most ichneumonid subfamilies are diurnal;
however, 2 major groups are nocturnal: the subfamily
Ophioninae and the speciose genus Netelia in the
Tryphoninae (Gauld and Bolton 1988, Gauld 1991). It
has been speculated that this strategy has evolved to
combat the daily heat (Gauld 1988b), avoid diurnal
predators (Gauld 1991), or hunt nocturnally active
hosts, or all of these.

Owen et al. (1981) addressed the importance of host
availability in ichneumonid seasonal abundance.
Owen (1991) studied the phenology (seasonality) of
ichneumonids in Leicester, England. She found that
ichneumonid flight activity peaked in August, the
warmest and one of the driest months of the year. She
also found that many species of ichneumonids are
common over longer periods of time than individual
host species. Hence, she hypothesized that ichneu-
monid flight activity depends more on their niche
specificity than on the phenology of individual host
species.

Gauld (1991) studied the phenology of the ichneu-
monid subfamilies Ophioninae, Pimplinae, and Rhys-

0046-225X/98/0606-0614802.00/0 © 1998 Entomological Society of America



June 1998

sinae in Costa Rica. Ophionines are endoparasitic koi-
nobionts that attack Lepidoptera and are primarily
nocturnal. Pimplines are either ectoparasitic or endo-
parasitic diurnal idiobionts that attack Coleoptera,
Hymenoptera, Lepidoptera, and spiders. Rhyssines
are diurnal ectoparasitic idiobionts that attack Sym-
phyta (Hymenoptera) and Coleoptera. Gauld (1991)
compared {light activity between the idiobionts (Pim-
plinae and Rhyssinae) and koinobionts (Ophioninae).
He found that koinobionts peaked earlier than idio-
bionts and concluded that this may be a result of the
koinobionts attacking the 1st flush of larvae early in
the wet season and the idiobionts attacking later stages
of host development later in the season. Flight activity
is, therefore, expected to vary among parasitoids at-
tacking different stages of host development, such as
primary parasites and hyperparasites,

We analyzed 2 complete years of data (1993-1994)
from 5 Malaise traps run in Georgia’s Piedmont to
answer the following 5 questions about ichneumonid
flight activity: (1) Do koinobionts peak earlier in the
year than idicbionts, as reported by Gauld (1991) in
the tropics? (2) Are there different seasonal peaks
between nocturnal parasitoids? (3) What is the rela-
tionship between host and parasitoid Hight activity?
(4) What is the phenological relationship between the
number of specimens and the number of species? and
{5) Do hyperparasitoids differ in flight activity peaks
from primary parasites and their hosts?

Materials and Methods

Site Study. This study is part of a project examining
the abundance of insects in the Hitchiti Experimental
Forest (33° 03' N, 83° 43’ W) in Jones County, GA
(Lockard 1995; Gaasch 1996; Gaasch et al. 1995). The
forest is located ~50 km from the fall line of the coastal
plain in the lower Piedmont and consists of numerous
managed and unmanaged forest stands. It is dominated
by loblolly pine, Pinus taeda L.; flowering dogwood,
Cornus florida 1.; sweetgum, Liquidambar styraciflua
L.; white oak, Quercus alba L.; and eastern hophorn-
beam, Ostrya virginiana (Miller) K. Koch. Five stands
were sampled: a 1990 clear-cut stand, a 30- to 45-yr-old
pine stand, a 60- to 85-yr-old pine stand with pre-
scribed burning, a 60- to 85-yr-old stand without man-
agement, and a 70-yr-old riparian deciduous stand. For
detailed stand descriptions see (Gaasch et al. 1995,
1996).

Trapping. One Townes-style Malaise trap was
placed in each of the 5 stands (Townes 1972). These
are tentlike traps that intercept insects during flight
and collect them into a bottle containing 70% EtOH.
We placed all traps in a N-S direction with the col-
lecting jar facing south. We serviced these traps once
a week in 1993-1994. We collected a total of 520
samples.

Barcoding. We mounted a total of 16,584 Ichneu-
monidae from the samples. To accurately analyze this
large data set, we gave each specimen both a unique
barcode and a conventional label. The barcode links
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an individual with specific site information in the da-
tabase, including location, trap, and sample dates.

Identification. We sorted all ichneumonids to sub-
family. D. B. Wahl (American Entomological Insti-
tate) and C. Gaasch sorted members of the Camp-
opleginae and Ichneumoninae to morphospecies,
finding at least 117 and 100, respectively (Gaasch
1996). We determined certain specimens to species:
Ichneumoninae, Dusona (Campopleginae) and Casi-
naria (Campopleginae). We deposited voucher spec-
imens at the American Entomological Institute and
the University of Georgia.

Data Analysis. Once identified, we electronically
scanned specimens by taxon and sex into the database.
We tallied specimens in each bulk sample by taxon.
We calculated monthly totals for each subfamily by
combining subfamily weekly totals from each month.
If a week was divided between 2 mo, we proportion-
ally distributed the specimens for that week between
the 2 mo based on the proportional number of days of
the week occurring in each month. For regression
analysis, we log-transformed monthly counts. We
added 0.5 to each count to allow the transformation of
zero counts.

We calculated the proportion of species that oc-
curred in each month in the same manner used to tally
the subfamilies. We analyzed males and females sep-
arately to avoid the problem of linking males and
females of sexually dimorphic species, as often occurs
in the Ichneumoninae (Gaasch et al. 1995).

We used harmonic regression models (Bloomfield
1976) to describe the phenological pattern for each
subfamily and to provide a basis for the estimation of
T, and T, the times of annual primary and secondary
phenological peaks, respectively. Models that in-
cluded terms for both 12- and 6-mo cycles (2 harmon-
ics) had sufficient flexibility to capture primary and
secondary phenological peaks in the data, should they
exist. We did investigate single-harmonic models for
each of the subfamilies, but we found significantly
poorer f{it for them relative to the 2-harmonic models
(reduction in sums of squares, Rawlings [1988]) for 20
of the 22 subfamilies. Only the Lycorininae and the
Poemeniinae exhibited single-peak behavior, but
these subfamilies were among the sparsest sampled
(Table 1). For the remainder of the analyses, we chose
to use 2-harmonic models for all subfamilies.

We fit a 2-harmonic model to monthly data for each
subfamily, and we included a term YEAR to allow an
additive shift in the phenological pattern between
1993 and 1994. We also included interaction terms
between YEAR and each of the harmonic components
of the model to allow the patterns to vary by year.
Testing the joint effect of the interaction terms (Raw-
lings 1988) allowed us to judge whether the subfamily
possessed common (YEAR-additive, Fig. 1) or dissim-
ilar (YEAR-interactive, Fig. 2) phenological patterns
in 1993 and 1994. We investigated plots of model
residuals to assess conformance of the models with
least-squares assumptions and to identify areas of
model weakness.
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Table 1. Ich id life bistory and trap caiches of the subfamilies collected at Hitchiti Experimental Forest, GA, 19931994
Subfamily No. trapped K/ N/C Primury hosts

Acaenitinae 169 X N Col

Anomaloninae 191 K N Lep/Col

Banchinae 344 K N Lep

Campopleginae 2,517 K N Lep

Cremastinae 147 K N Lep

Cryptinae 5,159 1 C Lep

Ctenopelmatinae 185 K N Sym

Diplazontinae 38 K N Dip

Eucerotinae 9 K N Hym

Ichneumoninae 2,308 1 N Lep

Labeninae 79 1 C >2 host

orders

Lycorininae 13 K(®) N{P} Lep

Mesochorinae 231 K N Hym

Metopiinae 299 K N Lep

Ophioninae 264 K N Lep

Orthocentrinae 3,266 K N Dip

Pimplinae 504 1 N/C >2 host

orders

Poemeniinae 26 I C Col/Sym

Rhyssinae 15 1 C Col/Sym

Tersilochinae 179 K N Col

Tryphoninae 598 K C Sym/Lep

Xoridinae 58 I C Col

Koinobiont (K), idiobiont (1), ectoparasitic {C), endoparasitic (N}, Coleoptera (Col), Lepidoptera (Lep), Diptera (Dip), Symphyta (Sym),

Hymenoptera (Hym).

For each model, we conducted a Newton-Raphson
search (Press et al. 1986) for estimated phenological
maxima T, and T,. YEAR-interactive models con-
tained 4 potentlal maxima, 2 maxima in each year,
whereas YEAR-additive models contained only 2 (i.e.,
maxima for 1994 were redundant with maxima for
1993, by definition of the YEAR-additive model). In
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Fig. 1. Monthly counts of Tryphoninae (N) collected in
Hitchiti Experimental Forest, GA, in 1993 (open circles) and
1994 (closed circles), superimposed with predictions from
candidate 2-harmonic models. Predictions from the YEAR-
interactive model show dissimilar phenology patterns for
1993 (light, dashed line) and 1994 (light, solid line} that are
not statistically distinct from each other. Their average is
expressed by the YEAR-additive model (2 overlaid heavy
lines), in which predictions for 1993 and 1994 share a com-
mon phenology but at possibly different magnitudes. For
Tryphoninae, the difference in magnitudes is by coincidence
nearly 0, so the prediction lines overlay each other.

both kinds of models, T, did not exist for some sub-
families (Fig. 3).

We estimated precision for the T, through para-
metric bootstrap sampling. For each model, we drew
1,000 pseudorandom parameter vectors from a multi-
variate normal distribution with mean fi, the vector of
estimated regression model coefficients, and variance
3, the estimated variance-covariance matrix from the
model. On each draw, we searched for the T, and
output their values. The T, on a single draw resembled
the estimated T, from the regression model, differed
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Fig 2. Monthly counts of Orthocentrinae (N) collected
in Hitchiti Experimental Forest, GA, in 1993 (open circles)
and 1994 (closed circles), superimposed with predictions
from candidate 2-harmonic models. Orthocentrinids fol-
lowed distinct phenological patterns in 1993 (heavy dashed
line) and 1994 (heavy solid line). For this subfamily, the
YEAR-additive model (light lines) is clearly an inappropriate
model.
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Fig. 3. Monthly counts of Ichneumoninae (N) collected
in Hitchiti Experimental Forest, GA, in 1993 (open circles)
and 1994 (closed circles), superimposed with predictions
from YEAR-interactive model in 1993 (dashed line) and 1994
(solid line). Locations of phenological peaks are indicated by
crosshairs, along with 95% CI estimated by bootstrap simu-
lation. Note the absence of a secondary peak for 1993.

from the model T, in regard to seasonal location of the
primary peak, or dlffered from the model T, in regard
to existence of T, (Fig. 4). Sample variances of the
bootstrap- genemted T, served as our estimates of vari-
ance of the T,, 6% (T, )

Before we analyzed the T among subfamilies, we
obtained means of T, and T, for those subfamilies to
which the YEAR-interactive model was fit. We as-
sumed independence between annual estimates of T,
or T,, and we calculated variances for the means as

63T) = Var(T) + x[6%(T)] [1]

where Var(T,), the component for year-to-year vari-
ability, is the sample variance of the point estimates T,
and 1(62(T,)), the component for point eshmate
precmon is the mean of the estimated variances

62(T,). For those subfamilies to which the YEAR-
addlhve model was fit,

AT = 6XT). [2]

We tested 2 types of hypothesis. In the first, we
tested homogeneity among the primary peak times T,
within a group of subfamilies. We assumed that the T1
were normally distributed with variances 6%(T,),
then we used the contrast method of Sauer and Wil-
liams (1989) to fit and test the contrast of no difference

among means. We tested this hypothesis for T, within
idiobiont and koinobiont classes and within Lepidop-
tera-host classes (hosting solely on Lepidoptera, host-
ing at least partially on non-Lepidoptera).

In the 2nd type of hyApothesw, we tested equality
between means of T or T, for 2 groups of subfamilies.
In these tests, we assumed the T, were random samples
of a group, and we tested for differences between
group means in a 2-sample t-test. We assumed errors
were distributed normally with 0 mean and variance
6*(T,), so we weighted each observation by
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&*(T,). In this manner, we tested the hypotheses of
no difference between idiobiont and koinobiont class
means and no difference between endoparasitoid and
ectoparasitoid class means. For the idiobiont and koi-
nobiont comparison, we also used a chi-square test on
all annual phenologies to test whether relative fre-
quency of single versus double-peaked phenclogies
differed by idiobiont or koinobiont class.

Besults and Discussion

Malaise trap catches depend on adult abundance,
flight activity and behavior, species and sex-specific
propensities to be captured, and trap design and con-
dition. It should be emphasized that trap catches do
not reflect actual abundances. We use taxon catch size
as a phenological measure of the interaction between
2 variables, the taxon population abundance and flight
activity level. Hence, we assume that the propensity of
{lying individuals to be captured does not change over
time and that there is minimal deterioration in trap
condition.

The 5 traps caught a total of 16,584 ichneumonids in
22 subfamilies. Table 1 lists the number of specimens
caught and the certain life-history variables for each of
these subfamilies. Table 2 presents monthly trap
catches for each subfamily.

We fit coincident (YEAR-additive) phenology
models to 12 subfamilies, and non-coincident (YEAR-
interactive) models to 10 others (Table 3). Five of 22
subfamilies had at least 1 annual phenology that lacked
asecondary peak; Lycorininae and Ophioninae lacked
secondary peaks in both years (Table 3). Ranges of T,
and T, were 3.54-9.67 (mean = 5.62) and 4.68-11. 25
(mean 8.94, Table 3) mo. Regression model fit was
often high (median adj r* = 0.780, range 0.204-
0.939), but plots of lagged residuals and Durbin-Wat-
son statistics suggested some degree of negative au-
tocorrelation in many of the models (median p =
—0.357; range, — 0.679-0.001). Because negative au-
tocorrelation introduces positive bias to the estimate
of residual mean squared error, we perhaps failed to
reject the null hypothesis of YEAR-additivity as often
as we should have and, therefore, tended to underfit
regression models.

Koinobionts Versus Idicbionts. The most fre-
quently captured (n > 500) idiobiont subfamilies
have similar phenologies (Tables 2 and 3). Cryptinae
and Ichneumoninae had large peaks in May of both
years whereas the Pimplinae peaked somewhat earlier
in 1994. Cryptinae, Pimplinae, and Ichneumoninae
typically had smaller peaks in September-October of
both years. Among all idiobiont subfamilies, times of
average primary peak were consistent (range, 4.39 -
6.22 mo, x* = 6.54, df = 6, P = 0.366).

In contrast, frequently captured koinobiont sub-
families have dissimilar phenologies (Tables 2 and 3).
The 3 most frequently captured (n > 500) koino-
biont subfamilies were Campopleginae, Orthocentri-
nae, and Tryphoninae. The Campopleginae had large
peaks in May 1993 and April 1994, and small peaks in
September of both years. The Orthocentrinae had
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Fig 4. lustration of the parametric bootstrap sampling technique on monthly counts of Mesochorinae (N) collected
in Hitchiti Experimental Forest, GA, in 1993 (closed circles). Predictions from the 1993 portion of the YEAR-interactive model
{(heavy line) are superimposed with symbols (large inverted triangles) indicating time of phenological peaks T, and T,.
Predictions generated by each of 10 bootstrap samples of the model parameters are illustrated (light lines), with locations
of primary (small open triangles) and secondary (small closed triangles) peaks superimposed. Note sample line A, in which
seasonal locations of primary and secondary peaks disagree with model estimates, and sample line B, in which T, does not
exist. Estimated variances for the T, were obtained as the variance of the temporal locations of the T, from the bootstrap

samples (arranged in the lower box)

large peaks in April 1993 and November 1994. The
Tryphoninae had peaks in mid-April of both years.
Among all koinobiont subfamilies, times of average
primary peak differed (range, 3.54-9.67 mo, x* = 74.7,
df = 14, P < 0.001).

Average times of peak flight were similar in idio-
biont (mean = 5.02, SE = 0.81 mo) and koinobiont
(mean = 6.05, SE = 1.08 mo) subfamilies (¢t = 0.77,
df = 20, P = 0.453). Idiobiont {mean = 9.63, SE =
2.37 mo) and koinobiont (mean = 8.45, SE = 1.47 mo)
subfamilies were similar in mean times of secondary
peak aswell (t = 0.42,df = 18, P = 0.677). We also
found no difference between idiobiont and koino-
biont classes in relative frequency of 1-peaked (10%
among idiobionts, 20% among koinobionts) to
2-peaked phenologies (x* = 0.50,df = 1, P = 0.478).

The overall similarity between idiobionts and koi-
nobionts and the differences found when individual
subfamilies are considered indicates that differences

in phenological peaks may be determined by differ-
ences among individual subfamilies rather than by
differences between idiobionts and koinobionts.
Nocturnality, Different flight activity in nocturnal
ichneumonids with similar life-history variables sup-
ports the importance of phenological variation among
subfamilies. Greatest counts of genus Netelia (Try-
phoninae) occurred in April of both years, with
smaller sample peaks in September and November
1993, and October 1994 (Table 2). Largest numbers of
Ophioninae were observed in July 1993 and June 1994,
and a smaller sample peak occurred in March 1994
(Table 2). Both groups are nocturnal koinobionts that
attack Lepidoptera. They differ in their mode of par-
asitism; the Ophioninae are endoparasitic and Netelia
are ectoparasitic. Among all subfamilies, average times
of peak flight were similar in endoparasitic (mean =
597, SE = 1.04 mo) and ectoparasitic (mean = 5.05,
SE = 0.87 mo) subfamilies (f = 0.68, df = 20, P =
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0.504). Mean times of secondary peak were also similar
in endoparasitic {mean = 857, SE = 1.43 mo) and
ectoparasitic {mean = 9.54, SE = 2.80 mo) subfamilies.
Again, seasonal differences may be due more to dif-
ferences among individual subfamilies within endo-
and ectoparasitic types than to differences between
endoparasitism and ectoparasitism,

Smythe’s (1985) study on the seasonality of night-
flying insects on Barro Colorado Island, Panama, dem-
onstrated that Hymenoptera have an early wet-season
peak followed by a late wet-season low and a small,
early dry-season peak. Because Gauld (1991) used
Ophioninae as the koinobiont representative and the
Pimplinae and Rhyssinae as the idiobiont representa-
tives, the early seasonal peak in koinobiont flight ac-
tivity that Gauld found may further be explained by
the nocturnal behavior of the Ophioninae.

Host Taxon. Among the most frequently captured
subfamilies (n > 500), there is indication that sub-
families attacking the same host taxon may have sim-
ilar flight activity. Similar peaks occurred in May of
both years between the Cryptinae and Ichneumoni-
nae, which both attack Lepidoptera (Tables 2 and 3;
mean = 4.71-5.04, SE = 0.14 mo). The peak flight
activity of the Pimplinae, a generalist subfamily that
attacks numerous hosts, is spread over several months
(Tables 2 and 3; mean = 4.29-4.70, SE = 1.58 mo).
Estimated peaks of the Campopleginae (mainly Lep-
idoptera parasitoids) occurred in May 1993 and April
1994 (Table 3). The Orthocentrinae (Diptera parasi-
toids) peaked in April 1993 and November 1994 (Ta-
ble 3). Greatest counts of the Tryphoninae (excluding
Netelia) (Lepidoptera and Symphyta parasitoids) oc-
curred in May 1993 and April 1994 (Table 2). This
evidence suggests that the peak flight time of the
campoplegines is more similar to the peaks of the
idiobiont subfamilies that attack Lepidoptera (e.g.,
Cryptinae and Ichneumoninae) than to the peaks of
other koinobiont subfamilies that attack other hosts.

Similar evidence is found for other host taxa. The 2
subfamilies with Symphyta hosts, the Ctenopelmati-
nac and the Tryphoninae, had equivalent estimated
peaks in April-May of both years (Table 3). We es-
timated different peaks (Table 3) for the Acaenitinae
(June) and the Tersilochinae (April 1993 and Sep-
tember 1994), the 2 most frequently trapped subfam-
ilies with Coleoptera hosts {(n > 150). However, the
Acaenitinae attack mostly wood-boring beetles, in
particular the Cerambycidae, and the Tersilochinae
attack primarily Curculionidae, Chrysomelidae, and
the superfamily Cucojoidea.

Among all subfamilies, however, we found evidence
of heterogeneity among times of primary phenological
peak within both the group of Lepidoptera-only para-
sitoids (range, 4.64-8.60 mo; y* = 1487, df =7, P =
0.038) and the group of all other parasitoids (range,
3.54-9.67 mo, ¥* = 62.43,df = 13, P < 0.001). There-
fore, at least for lepidopteran hosts, we find no evi-
dence that phenological activity is determined by host
taxon. However, we are also cognizant that Lepidop-
tera is a large and heterogeneous taxon, and that at
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Fig. 5. Monthly proportion of species trapped (P) in the
males (diamonds) and females (squares) of the subfamilies
Campopleginae (closed symbols) and Ichneumoninae (open
symbols) at the Hitchiti Experimental Forest, GA, in 1993 and
1994,

some finer taxonomic resolution, host taxon may de-
termine phenological activity.

Specimens Versus Species. A potential methodolog-
ical problem is that 1 or 2 common species would
influence the seasonal peaks of its subfamily. To ex-
amine the relationship between the number of spec-
imens and the number of species, we considered data
for male and female campoplegines and ichneumoni-
nes. We used proportion of species collected per
month to determine peaks in flight activity, as did
Gauld (1991).

In the Campopleginae and Ichneumoninae, there is
no evidence that 1 or 2 species are influencing the
phenology of the entire subfamily. Figure 5 presents
the peaks in proportion of species of males and females
in both the Campopleginae and Ichneumoninae. Ob-
served peaks in specimens (Table 2) bear a general
similarity to these peaks in proportion of species, al-
though they are not perfectly synchronized. We
trapped peak numbers of campoplegine specimens in
June 1993 and April 1994 (Table 2). Species propor-
tions of both campoplegine males and females peaked
in June 1993 (Fig. 5). In 1994, campoplegine males
peaked in both April and May whereas females had a
slightly larger peak in May than April (Fig. 5). The
Ichneumoninae had observed peaks in May 1993 and
April 1994 (Table 2). Species proportions of both
ichneumonine males and females peaked in May 1993
(Fig. 5). In 1994, ichneumonine males peaked in both
May and June whereas females peaked in April (Fig.
5).
Primary Parasites Versus Hyperparasites. Consid-
ering the tritrophic interaction between Symphyta,
Ctenopelmatinae and Tryphoninae, and Mesochori-
nae, flight activity of hosts, primary parasites, and
hyperparasites coincide at the level of resolution
{monthly) that we considerin this study (Table 2). All
3trophic levels—(1) Symphyta; (2) Ctenopelmatinae
and Tryphoninae (excluding the genus Netelia),
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which attack Symphyta; and (3) the Mesochorinae,
which attack ichneumonoids that parasitize Symphyta
and Lepidoptera— have identical peaks in flight ac-
tivity (May 1993 and April 1994). The Mesochorinae
also had later peaks in both years, especially notable
in October 1994, which are coincident with the late-
season peaks of many subfamilies of potential hosts
that attack Lepidoptera.

In summary, our analysis of seasonal catch illus-
trates the difficulty in understanding the flight phe-
nology of subfamilies with different biologies. Al-
though many subfamilies have similar trends in
seasonal flight activity, especially the ones that attack
Lepidoptera and Symphyta hosts, it is impossible to
formulate a single hypothesis to explain observed pat-
terns.

Our results support the importance of host avail-
ability and variance between subfamilies. Evidence
for koinobiont versus idiobiont parasitism, endo- ver-
sus ectoparasitism, nocturnality, and stage of host de-
velopment affecting ichneumonid flight activity was
not found. Because parasitoid species may have more
than 1 host species, ultimately it will take large-scale
studies of entire host-parasite communities to under-
stand how climate, resource availability, mating pat-
terns, and other factors affect flight activity and trap
catches.
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