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RESOURCE PARTITIONING OF THE SEX COMMUNICATION
CHANNEL IN CLEARWING MOTHS (LEPIDOPTERA:
SESIIDAE) OF WISCONSIN!

MicHAEL D. GREENFIELD? AND MICHAEL G. KARANDINOS?
Department of Entomology, University of Wisconsin,
Madison, Wisconsin 53706 USA

Abstract.  Clearwing moths (Lepidoptera: Sesiidae) are a cosmopolitan family which use female-
emitted pheromones as long-range sex communication signals. The pheromones of two sesiids have
been identified as ZZ- and EZ-3,13-octadecadien-1-ol-acetate. Through field trapping in Wisconsin
during 1975, 1976, and 1977, males of 21 of 29 sesiids known to occur in the state were found to
respond to the above compounds or similar ones. The data obtained from this field trapping were
used to evaluate the contributions to reproductive isolation in Sesiidae provided by differences in
pheromone, seasonal and diel activity, year of emergence, and habitat.

On the basis of these data, Wisconsin Sesiidae can be grouped into six sets such that reproductive
isolation between species assigned to different sets is maintained by pheromone differences. In three
of the six sets more than one species are found. The data show that segregation of species within
these sets is accomplished by differences in seasonal or diel activity.

An objective analysis of this segregation is accomplished by considering the channel along which
sex communication occurs as a resource. The chemical, temporal, and spatial axes along which the
communication channel resource is partitioned among sesiid species are viewed as niche dimensions.
Differential resource utilization along a niche dimension then constitutes an isolating mechanism. This
conceptual framework and the computation of niche breadth and niche overlap along all dimensions
allow the quantification of the degree of potential reproductive isolation (=complement of niche
overlap) along all niche dimensions.

Niche breadth along the various dimensions varies greatly between species, but mean (of all
species) niche breadth tends to be approximately equal along each dimension. In 93% of all pairs of
common Wisconsin sesiid species, relatively high reproductive isolation (niche overlap < 0.05) is
achieved by partitioning along a single (chemical, seasonal activity, or diel activity) niche dimension.
The remaining 7% of species pairs achieve reproductive isolation by simultaneous partitioning along
more than one of the above niche dimensions. An analysis of the dispersion of niches suggests that
this resource partitioning evolved as a means of achieving reproductive isolation. Pairs of Wisconsin
sesiid species never depend upon year of emergence or habitat partitioning to achieve reproductive
isolation.

Many sesiid species pairs maintain low niche overlap along more than one dimension simulta-
neously. This redundancy may possibly result from *‘environmental noise.”’ Such *‘noise’’ could arise
when different species exhibit differing degrees of plasticity in their response to changing environ-
mental factors. Niche overlap between a species and all other species in its guild pooled together as
one (diffuse niche overlap) is low for all Wisconsin sesiids when partitioning along four niche dimen-
sions (pheromone, seasonal, diel, spatial) is considered overall.

Reproductive isolating mechanisms in Sesiidae are ‘‘long-range”” in that they operate before the
male and female enter the same courtship arena. Sesiidae and many other moths generally have short
adult lifespans during which they do not feed, as opposed to the nectarivory of adult butterflies. Long-
range reproductive isolating mechanisms allow Sesiidae and other moths to conserve time and energy
during mate seeking.

Key words: communication channel; competition; guild; niche dimension; niche overlap; pher-
omone; reproductive isolation; resource; resource partitioning; resource utilization; Sesiidae; Wis-
consin.

INTRODUCTION

Behavioral and morphological differences between
closely related species have been documented for
many taxa (Schoener 1974). Many of these differences
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have evolved due to selection that reduces competi-
tion or enhances reproductive isolation. Differences
resulting from competition are often treated as the par-
titioning of ‘‘resources(s)’’ by the various species.
Conventionally, most partitioning studies have fo-
cused on commodities such as food and/or habitat as
a resource. To provide more objectivity, we propose
to expand the concept of resource to include any com-
modity required by an organism to maintain its fitness.
By this definition, a commodity needed for reproduc-
tive isolation is considered a resource. Stiles (1975)
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has shown how Heliconia species partition their pol-
linators via differences in ‘‘behavior’” (flowering phe-
nology) and morphology (flower shape and size) to
achieve reproductive isolation. In this case, the re-
source is a specific channel for gamete transfer. An
analogous situation exists among insects using chem-
ically related pheromones for sex communication, but
here the resource is a specific channel for sex com-
munication. A group of insects as above may be con-
sidered a ‘‘guild”’ (Root 1967) because the various
species utilize a resource (the atmospheric channel) in
a similar manner (sending sex communication signals
along it via structurally related chemicals).

Traditionally, competition has been defined as an
interaction that numerically limits populations, a view
influenced by the classical Lotka-Volterra equations.
A more recent definition, however, asserts that inter-
actions causing resource partitioning are also compet-
itive (Pianka 1976). Thus, interspecific differences that
have evolved to promote reproductive isolation, pre-
venting the waste of time, energy, and/or gametes, can
be viewed as a response (resource partitioning) to in-
terspecific competition for a clear sex communication
channel.

By considering interspecific interference (which re-
duces reproductive isolation and fitness) during mating
as a form of competition, we can then apply the com-
petition-based niche theory (Hutchinson 1957) to these
interactions. Application of the niche concept allows
us to study objectively partitioning of the communi-
cation channel resource. The attributes of this re-
source along which the resource utilizations of various
species are separated are niche dimensions. In a guild
of insects using chemically related pheromones, there
are chemical, temporal, and spatial dimensions along
which the communication channel resource can be
partitioned to provide reproductive isolation. Cody
(1968) recognized a similar classification of dimensions
important for resource partitioning in grassland bird
communities. Differential utilization (resource parti-
tioning) of the communication channel resource along
a dimension is then a reproductive isolating mecha-
nism. The diversity of a species’ resource utilization
along each dimension constitutes niche breadth and
the amount of resource sharing between species is
niche overlap. This application of the well-established
niche theory can be used to quantify the degree of
potential reproductive isolation (=the complement of
niche overlap along a given dimension) among the var-
ious species of a guild. The method is easily expanded
to a multidimensional niche to provide the degree of
potential reproductive isolation achieved by the si-
multaneous action of several isolating mechanisms.

The role of chemical partitioning (pheromone dif-
ferences) in the pre-mating reproductive isolation of
insects is widely acknowledged, particularly in Lepi-
doptera (Roelofs and Cardé 1974). However, attrac-
tion of several species to the same sex attractant
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(Payne et al. 1973) and cross-attraction between males
and females of different species (Sutton 1922, Ford
1926, Comeau and Roelofs 1973) often occur in Lep-
idoptera. In cases where pheromone differences do
not serve as a reproductive isolating mechanism, other
pre-mating mechanisms, such as temporal (diel or sea-
sonal) or geographic segregation, can isolate species
(Sanders 1971, Brown 1972). Other possible isolating
mechanisms are adult emergence on alternate years
(for periodical biennial species) and mating at different
vegetational strata. These isolating mechanisms op-
erate before the male and female enter the same court-
ship arena and may be called long-range mechanisms.
Short-range mechanisms, such as behavioral and vi-
sual cues, and post-mating mechanisms will not be
investigated in this report.

In this paper we describe a study of the partitioning
of the sex communication channel in clearwing moths
(Lepidoptera: Sesiidae) of Wisconsin. Clearwing
moths are distinctive in that the adults are active diur-
nally and many mimic aculeate Hymenoptera (Duck-
worth and Eichlin 1974). The larvae of all Nearctic
clearwing moths are borers in the roots, stems, bark,
cambium, or wood of various plants (Engelhardt
1946). It was recognized early that some species of
clearwing moths use female-emitted sex pheromones
(Girault 1907, Peterson 1923). Recently the sex pher-
omones of two sesiids, Synanthedon pictipes (Grote
and Robinson) and S. exitiosa (Say), have been iso-
lated, identified, and synthesized (Tumlinson et al.
1974). The compounds are (E,Z)- and (Z,Z)-3,13-oc-
tadecadien-1-ol-acetate, respectively. Since this dis-
covery, the (Z,E)- and (E,E)-isomers of this diene, and
(E,Z)- and (Z,Z)-3,13-octadecadien-1-ol have also
been synthesized. Throughout this report, these com-
pounds will be referred to as the EZ, ZZ, ZE, and EE
isomers of 3,13-ODDA and 3,13-ODDOH.

Methodology and assumptions

We investigated potential reproductive isolation in
Sesiidae by studying the contributions of partitioning
along five niche dimensions included within three main
categories: chemical (pheromone), temporal (diel ac-
tivity, seasonal activity, year of emergence), and spa-
tial (habitat). The study of another possible spatial di-
mension, vertical stratification, was omitted for
logistic reasons. Chemical partitioning was examined
by studying the attraction of male sesiids to various
isomers and isomeric combinations of 3,13-ODDA and
3,13-ODDOH in the field. These sex-attractant baits
constituted resource states along the chemical niche
dimension as Levins (1968) similarly used food baits
for Drosophila species. Temporal activity patterns
were obtained from the time of response of the various
male sesiids to these baits. We studied the partitioning
along the spatial dimension by surveying sesiids in a
wide range of Wisconsin plant communities. In tortri-
cid moths of the genus Choristoneura some species
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TABLE 1. Sesiidae of Wisconsin.
Life Refer-
Species Host plant; plant parts attacked cycle* encet
Tinthiinae
Pennisetia marginata (Harris, 1839) Rubus sp.; canes B 8
Paranthreninae
Paranthrene asilipennis (Boisduval, 1829) Quercus sp.; solid wood of trunk B 1
Paranthrene dolliit (Neumoegen, 1894) Populus sp.; Salix sp.; solid wood B 1
Paranthrene pellucidat Greenfield and Quercus palustris, Q. velutina B,P S
Karandinos, 1979
Paranthrene simulans} (Grote, 1881) Quercus sp.; solid wood B, P 1
Paranthrene tabaniformist (Rottemburg, 1775) Salix sp.; solid wood B 1
Albuna fraxinit (Henry Edwards, 1881) Parthenocissus quinquefolia; roots 18} 1
Albuna pyramidalis (Walker, 1856) Chamaenerion sp.; roots U 1
Sesiinae
Melittia satyriniformis (Hiibner, 1825) Cucurbita sp.; vines U 2
Podosesia syringaet (Harris, 1839) Fraxinus sp., Syringa sp., solid wood U 9
Sesia tibialist (Harris, 1839) Populus sp.; roots, solid wood of trunk U 1
Alcathoe caudata (Harris, 1839) Clematis sp.; roots, stems U 1
Carmenta anthracipennist (Boisduval, 1874) Liatris sp.; roots 18] 1
Carmenta bassiformist (Walker, 1856) Vernonia sp.; roots U 1
Carmenta cornit (Henry Edwards, 1881) Doellingeria umbellata; roots U 1
Carmenta ithacae} (Beutenmiiller, 1897) Helenium sp., Heliopsis sp.; roots U 1
Carmenta ogalalat Engelhardt, 1946 1
Carmenta pyralidiformis (Walker, 1856) Eupatorium sp.; roots U 1
Synanthedon acernit (Clemens, 1860) Acer sp.; inner bark, cambium 18] 1
Synanthedon decipienst (Henry Edwards, 1881) Quercus sp., bark, cynipid galls U 1
Synanthedon exitiosaf (Say, 1823) Prunus sp.; roots U 7
Synanthedon fatiferat Hodges, 1962 Viburnum sp. U 6
Synanthedon fulvipest (Harris, 1839) 1
Synanthedon pictipest (Grote and Robinson, Prunus sp.; cambium U 3,4, 11
1868)
Synanthedon proximat (Henry Edwards, 1881) Salix sp.; branches, exposed roots U 1
Synanthedon rileyana (Henry Edwards, 1881) Solanum carolinense; roots U 1
Synanthedon scitula} (Harris, 1839) Carya sp., Cornus sp., Prunus sp., 18] 10
Quercus sp., Salix sp., Ulmus sp.;
inner bark, cambium
Synanthedon tipuliformis (Clerck, 1759) Ribes sp.; canes U 1
Synanthedon viburnit Engelhardt, 1925 Viburnum sp.; branches U 1

* Life cycle: B = biennial, P = periodical, U = univoltine.

+ Reference: 1. Englehardt 1946; 2. Friend 1931; 3. Girault 1907; 4. Gorsuch 1974; 5. Greenfield and Karandinos 1979; 6.
Hodges 1962; 7. Peterson 1923; 8. Raine 1962; 9. Solomon 1975; 10. Wallace 1945; 11. Wong et al. 1971.
t Species attracted to isomers of 3,13-ODDA or 3,13-ODDOH in Wisconsin.

pairs are reproductively isolated because one species
is restricted to western North America and the other
to eastern North America (Sanders 1971). On a finer
scale, species may be isolated by virtue of local habitat
differences. The spatial distributions of sesiids are lim-
ited by the distributions of their host plants. If these
host plants are always associated with certain plant
communities, and plant communities supporting
stands of host plants of different sesiids are separated
by effective barriers, then spatial (habitat) partitioning
could segregate adult sesiids. Although partitioning
along these dimensions may have arisen for reasons
unrelated to reproductive isolation (competition for
larval host plants, predator avoidance), the nature and
extent of observed partitioning is directly related to
the degree of reproductive isolation.

We used the various isomers of 3,13-ODDA and
3,13-ODDOH as a tool to probe the resource utiliza-
tion along various niche dimensions and to obtain

eventually estimates of the degree of reproductive iso-
lation. Attraction of sesiid males to one of these baits
does not prove that the attractant is the species’ sex
pheromone (Roelofs 1977). However, the equivalence
of sex pheromone and attractant bait is suggested by
the facts that the major sex pheromone components
of two sesiids are isomers of 3,13-ODDA (Tumlinson
et al. 1974) and that closely related Lepidoptera often
use structurally related chemicals as sex pheromones
(Tamaki 1977). Additionally, Podosesia syringae
(Harris) (a common Nearctic sesiid) females attracted
males of three sesiid species in the field (Nielsen and
Balderston 1973, Nielsen et al. 1975). Therefore, re-
sponse of these cross-attracted species to the same
sex attractant would imply that the major components
of their sex pheromones are identical. In the field, we
have also observed that males of many sesiids exhibit
behavior (copulatory strikes) towards the sex-attrac-
tant dispensers that is characteristic of behavior to-
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wards live females in S. pictipes (Gorsuch 1978). In
light of this evidence, we assume that response of a
sesiid to one or more isomers of 3,13-ODDA or 3,13-
ODDOH corresponds with use of that attractant
chemical as a major component of its sex pheromone.
Other data for S. pictipes and S. exitiosa show that
the diel and seasonal response of males to an attractant
is similar to their time of attraction to live females
(Karandinos 1974, Gorsuch et al. 1975, Yonce et al.
1977, Gorsuch 1978). Male and female S. pictipes have
similar diel and seasonal sex activity patterns (Gor-
such 1978). Mean adult longevity of many, if not all,
clearwing moths is relatively short (<10 days) (Peter-
son 1923, Wallace 1945, Raine 1962, Cleveland et al.
1968, Solomon 1975, Greenfield and Karandinos 1976).
Based on this information and findings discussed later
in this paper, we assume that the time of male re-
sponse to 3,13-ODDA and 3,13-ODDOH isomers pro-
vides an accurate temporal description of sexual ac-
tivity in each sesiid species.

THE GUILD

Members of the Wisconsin clearwing moth guild
that responds to 3,13-ODDA or 3,13-ODDOH isomers
are listed in Table 1. In addition, other sesiids known
to occur in Wisconsin are listed (data obtained from
the University of Wisconsin Insect Research Collec-
tion). The known larval host plants, life cycle in Wis-
consin, and references for that information are also
given for each species. Subfamily, generic, and
species names are according to Duckworth and Eichlin
a1977).

FIELD PROCEDURE
Study areas

During 1975, 1976, and 1977 we studied the Sesiidae
of Wisconsin by means of field trapping with the avail-
able 3,13-ODDA and 3,13-ODDOH isomers. Because
the Nearctic sesiid fauna and the ranges and host plant
associations of the various species are imperfectly
known (Duckworth and Eichlin 1973), we initially sur-
veyed the sesiids of Wisconsin in all major vegeta-
tional zones of the state..This feature of our study
allowed us to investigate the role of spatial (habitat)
factors in Sesiidae niche segregation. The precise lo-
cation and a brief description of each site used during
the study are given in Greenfield (1978).

Twelve and 20 sites, chosen to include the major
vegetational zones of Wisconsin, were utilized during
1975 and 1976, respectively. The 1975 survey, being
relatively abbreviated in sites used as well as duration
and isomers tested, will not be described here and
information obtained during that year is only reported
when it can help examine the validity of conclusions
drawn from 1976 and 1977 data. The 20 sites studied
in 1976 encompassed both southern and northern flo-
ristic provinces of Wisconsin (Curtis 1959) and a spec-
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trum of moisture sites (based on edaphic factors) with-
in both provinces. Six wet lowland forests (AR, BR,
CA, LR, M, TH), one mesic sugar maple forest (BM),
two dry oak forests (NO, V), both a wet and a dry
prairie (FP, SG), and two oak barrens (BL, OS) com-
prised the southern communities examined. A pine
barren (JP), a dry pine forest (4H), a wet tamarack
bog (EN), and a boreal forest (R) were investigated in
the northern province. In addition, trapping was con-
ducted at three agricultural sites (CO, P, W). The spe-
cific locations were chosen because they consisted of
relatively large, uninterrupted areas of a given vege-
tation type.

The general information obtained at the above sites
in 1976 suggested that we could continue the project
by restricting sampling to wet lowland forest, dry oak
forest, and oak barren sites within the southern floris-
tic province. These plant communities contained all
the commonly captured sesiid species, and many rep-
resentative sites could be selected in close proximity
to one another within 100 km of Madison, Wisconsin.
This latter factor would allow a more intensive study
of each community’s sesiid fauna.

Thus, in 1977 we selected several groups of sites.
All sites in a given group had the same array of sex
attractant traps, but this array differed between
groups. This design was incorporated into the study
in order to sample intensively particular species at
sites supporting high populations. Group I consisted
of eight locations along the Wisconsin River in Dane,
Grant, Iowa, and Sauk counties. Five of these sites
(AR, BZ, LR, M, TH) were wet lowland forests and
the remaining three (BL, KZ, MN) were oak barrens.
The three oak barren locations were each paired with
a wet lowland forest site situated approximately 2 km
away (Fig. 1). Group II included four dry oak forests
(NO, NN, V, VN) in the uplands of southwestern
Dane County. Group III was an assortment of two
agricultural sites (P, W) and a wet lowland forest (AV).
Sites at equivalent plant communities in groups I and
II were replicated in order to gain a more accurate
understanding of habitat utilization by the various se-
siids. Several supplementary study areas were also
used for short time intervals during 1977.

At all sites in groups I and II we recorded the pres-
ence of all woody plant species and we analyzed the
vegetation by determining importance values of the
tree species according to the method of Curtis and
MclIntosh (1951). Data for these importance values
were obtained by sampling 10 circular quadrats, 100
m? in area, spaced at 40-m intervals along a transect
through the study site. The species presence lists and
importance values for vegetation at group I and II sites
are given in Greenfield (1978).

Trapping method

In the 1976 and 1977 surveys, the array of sesiid
sex-attractant traps was placed close to the center of
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each site. Traps were positioned about 1.5 m above
the ground and about 20 m apart from one another.
This intermediate height above ground was chosen so
that the attractant ‘‘plume’’ (Bossert and Wilson 1963)
originating from the trap would attract sesiids inhab-
iting various strata of the local vegetation. The 20-m
spacing represented a compromise; traps placed too
close together may affect each other’s attractiveness
(M. G. Karandinos, personal observation), but traps
placed too far apart may create a trapline that extends
into adjacent plant communities. All traps were ar-
ranged in a line at each site, and the orientation was
generally north-south, perpendicular to Wisconsin’s
prevailing (in the summer) westerly winds. Therefore,
interference between the sex-attractant plumes of dif-
ferent traps was minimized. At most locations, traps
were hung from existing vegetation or fencing (agri-
cultural sites), but at the two prairie locations, traps
were hung from specially placed poles. An effort was
made to place all the traps within a location at posi-
tions receiving approximately equal exposure to sun-
light.

Pherocon 1C® sticky traps (Zoécon Corp, Palo Alto,
California) were used in all phases of the study. The
traps consisted of a cardboard bottom and roof, held
together by a wire hanger which was also used to at-
tach the trap to its support. Sex attractant was dis-
pensed from a rubber band (1975, 1976) or a rubber
septum (1977), positioned by a wire in the center of
the trap, about 1 cm above the trap bottom. Sesiidae
attracted to a trap were caught on a sticky insert

clipped to the upper surface of the trap bottom. These
inserts were 8 X 17-cm pieces of stiff paper, coated
on the upper surface with an adhesive (Tanglefoot®
used in 1976; Stickem® used in 1977). Each trap was
checked weekly during the study season and fresh in-
serts were placed in the trap unless no Sesiidae had
been captured in it during the previous week. In the
latter case, inserts were replaced every two weeks,
because inserts remaining in the field for longer pe-
riods suffered a loss of adhesiveness. The old inserts
that contained sesiids on them were transported to the
laboratory in specially constructed, grooved carrying
cases for identification of captured insects with a Wild
M-5 binocular microscope. Voucher specimens were
then deposited in the Insect Research Collection, Uni-
versity of Wisconsin, Madison, Wisconsin, USA.

During 1976 and 1977, the study season was extended
so that the contributions of seasonal factors to Sesiidae
niche segregation could be ascertained. In 1976, the
study season began between 2 June and 11 June and
ended between 6 September and 11 September, de-
pending upon the site. During 1977 traps were placed
at group I sites between 15 May and 19 May and were
maintained until 30 September. Trapping at group 11
sites was conducted between 1 June and 16 Septem-
ber. At group III sites, trapping began between 15 May
and 20 May and ended between 18 July and 30 Sep-
tember.

In 1977, we studied the diel factors in Sesiidae niche
segregation by observing male captures throughout the
day at selected sites on specific dates. These sites and
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dates were selected on the basis of the presence of
high populations of particular sesiids. On the study
dates we recorded the number of male sesiids captured
during hourly intervals at these sites, and also period-
ically observed orientation behavior of the various
male sesiids to the sex-attractant dispenser.

It is known that some species of Sesiidae engage in
sexual activity shortly after emergence (Girault 1907,
Peterson 1923, Solomon 1975). Therefore, if emer-
gence in a certain species occurs late in the day, males
may subsequently respond to attractant. In some
cases, though, most mating may occur early during
the following morning. It is possible that under such
circumstances we would not observe response to at-
tractant during early hours because trapping had re-
moved males from the population (Karandinos 1974,
Gorsuch 1978) during postemergence hours on the pre-
vious day. To detect whether this ‘‘depletion’’ effect
of trapping biased observed diel activity, we sampled
Sesiidae at several supplementary sites by trapping for
1 d only and observing the diel male response rhythm
on that date. Because traps were not present at these
sites prior to the study date, males that had emerged
late during the previous day were present during early
hours. These males would then respond to attractant
during early hours if mating normally occurs at that
time.

Sex attractants tested

The various isomers of 3,13-ODDA and 3,13-OD-
DOH and combinations of those isomers may be con-
sidered as discrete resource states along the chemical
niche dimension. Consequently, in 1976 we investi-
gated the chemical factors in Sesiidae niche segrega-
tion by using all four isomers (ZZ, EZ, ZE, EE) of
3,13-ODDA and all possible double, triple, and quad-
ruple combinations of those isomers at each site. A
control trap, containing no sex attractant, and a trap
containing a 93:4:3 blend of the ZZ, EZ, and ZE iso-
mers (hereafter referred to as ZZ(FC), obtained from
the Farchan Division, Story Chemical Company, Wil-
loughby, Ohio) completed the set of 17 traps used. The
order of the 17 traps, from north to south or west to
east, was randomized, and the sequence obtained was
used at all 20 locations.

Each trap baited with a single isomer of 3,13-ODDA
[including ZZ(FC)] contained 150 ug of that isomer.
Sex attractant was dissolved in hexane, and appropri-
ate amounts of this solution were absorbed by the rub-
ber-band dispensers. Concurrent field trapping with
control baits containing hexane only never captured
sesiids, indicating the nonattractiveness of the solvent.
Traps using multiple combinations of isomers con-
tained 150 ug of each isomer. Each isomer in these
multiple-combination traps was contained within a
separate rubber-band dispenser.

Information obtained in 1976 was used to determine
what aspects of Sesiidae segregation along the chem-
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ical niche dimension needed clarification. The arrays
of 3,13-ODDA and 3,13-ODDOH (first available to us
in 1977) isomers used at each of the three groups of
sites in 1977 were designed to provide this clarifica-
tion. Group I sites were primarily established to ex-
tend the study of chemical factors in Sesiidae niche
segregation from a series of discrete resources (1976
study) to a resource continuum. This extension was
accomplished by presenting a gradient of blends of
ZZ- : EZ-3,13-ODDA in 10% increments. Specific
blends of the constituents of multicomponent phero-
mones have been found to be important for reproduc-
tive isolation in Lepidoptera (Minks et al. 1973, Roe-
lofs et al. 1976). In all 24 traps used at each group I
site, the combined amount of ZZ- + EZ-3,13-ODDA
was held at 200 ug (Greenfield 1978). Nine (six that
contained 200 ug of ZZ-3,13-ODDA and three that
contained 200 ug of ZZ- : EZ-3,13-ODDA [95:5]) of
these 24 traps also included various amounts of ZE-
and/or EE-3,13-ODDA. Attractants presented at
group II sites primarily tested whether ZE- and/or EE-
3,13-ODDA had any synergistic or inhibitory effects
on the attractiveness of ZZ- and EZ-3,13-ODDA to
various Sesiidae. Throughout this paper we consider
a chemical to have a synergistic or inhibitory effect if
the addition of that chemical to an attractant bait is
correlated with a trap catch increase or decrease, re-
spectively. These effects on trap catch may be directly
related to corresponding effects on the insect’s ori-
entation to pheromone. Consequently, we will refer to
synergistic or inhibitory effects as influences on the
attractiveness of chemicals to male sesiids. Baits in all
30 traps used at each group II site included 200 ug of
either ZZ- or EZ-3,13-ODDA, and most also contained
various amounts of ZE- and/or EE-3,13-ODDA
(Greenfield 1978). The specific (200 ug) quantity of
attractant was used because this quantity of EZ-3,13-
ODDA, when dispensed from a rubber septum, is
comparable to Synanthedon pictipes females in its ef-
fectiveness for attracting male S. pictipes (C. S. Gor-
such, personal communication). Nevertheless, natural
pheromonal release rates of the various female sesiids
remain unknown. Group III sites basically comprised
a pilot study of the Wisconsin Sesiidae attracted to
ZZ- and/or EZ-3,13-ODDOH (Table 2).

Ideally, to acquire a more accurate understanding
of the chemical resource utilization of the various se-
siids, the traps at a site should be rotated each day to
minimize bias due to position effects. Daily rotation,
however, was infeasible due to the number of sites
and the distances between them. Instead, some of the
attractants presented at group I, II, and III sites were
replicated within each site. Total replication of a given
attractant was further increased by the replication of
sites described above.

Several additional study sites were used for short
periods during 1977 and the repertoires of traps at
three of these sites (AE, FA, FB) are listed in Table
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TABLE 2. Quantities of isomers of 3,13-ODDA and 3,13-ODDOH (synthetic sex attractants for Sesiidae) used as baits in

each of the 13 traps placed at group III sites during 1977,

with numbers of males (pooled from all group III sites) of the

various sesiid species captured at each trap. Trapline position is the randomized placement of the trap (used at all group

I1I sites) in relation to the end of the trapline.

3,13- 3,13-

ODDA  ODDOH
Trap-  isomer isomer
;g:? (ug) (u®) Species*
i-
ton ZZ EZ ZZ EZ DO PE SI TA FR SY TI BA IT AC EX FA PI SC
32000 .0 e e 50 4 .1 12
10 200 ... .. .. . .. 40 7 .. 15 .. 12 1 . .. 6
4 .. 200 .. . 23 ..
9 . 200 . e 35
1100 100 .. .. .. 4 12 -
2 100 100 .. .. .. 7 14
5 e 2000 .. .. . 2 64
2 100 100 15 .. .. .. 2 1
T e 2000 e 13 e e 2
13 100 .. 100 .. .. .. 6 .. 9 17 .. 15 .. 47 .. .. .. 1
6 100 .. .. 100 .. .. 22 2 .. 1 . . .. 10 ... . 1 ..
8 .. 100 100 .. .. e o 99 a1 oL
11 100 ... 100 .. .. .. 32 .. 1 e e .. 8

* Species: DO = Paranthrene dollii, PE = P. pellucida, SI = P. simulans, TA = P. tabaniformis, FR = Albuna fraxini,
SY = Podosesia syringae, T1 = Sesia tibialis, BA = Carmenta bassiformis, IT = C. ithacae, AC = Synanthedon acerni,

EX = S. exitiosa, FA = S. fatifera, P1 = S. pictipes, SC =

3. Some of these minor sites were established to de-
termine how certain species utilized resources along
the chemical niche dimension when this was not pos-
sible through data obtained at group I, II, or III sites
because of their limited sets of attractants. Site AE

S. scitula.

traps tested for synergistic and inhibitory effects
of EZ-3,13-ODDA and EZ-3,13-ODDOH on the at-
tractiveness of ZZ-3,13-ODDOH to Albuna fraxini
(Henry Edwards). Site FB traps contained a series of
10 ratios of ZZ- : EZ-3,13-ODDA, in 10% increments,

TABLE 3. Quantities of isomers of 3,13-ODDA and 3,13-ODDOH (synthetic sex attractants for Sesiidae) used as baits in
each of the traps placed at several supplementary sites during 1977, with numbers of males of the various sesiid species

captured at each trap. Trapline position is the randomized

placement of the trap in relation to the end of the trapline.

Site AE, 18 July—1 September 1977

Site FB, 4 June-9 June 1977
Site FA, 27 June 1977

3,13-ODDA 3,13-ODDOH 3,13-ODDA
. isomer (ug) isomer (ug) Species* . isomer (ug) Species*,t
Trapline Trapline
position YN A EZ 77 EZ FR BA position 77 EZ SI FA
6 200 4 9 200
7 200 2 14 200
11 200 5 200 22 1
10 200 1 18 200 22 3
12 200 3 1 200 50 .
13 200 S 3 200 50
15 22 200 1 11 200 85
8 85 200 2 12 200 85
2 ... 200 200 6 2 200 133
16 180 20 15 200 133
5 160 40 13 200 200
18 .. .. 140 60 20 200 200 1
1 120 80 4 200 300 .
17 100 100 19 200 300
9 80 120 6 200 467
3 60 140 17 200 467 1
4 40 160 7 200 800
14 e .. 20 180 8 200 800 3
10 200 1800 1
16 200 1800

* See Table 2 for abbreviations of species names.
+ Trap catches of sesiids are given for site FB only.
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but unlike group I traps, the quantity of ZZ-3,13-
ODDA was held constant. Data from these traps al-
lowed a test for inhibitory effects of EZ-3,13-ODDA
on the attractiveness of ZZ-3,13-ODDA to Paran-
threne simulans (Grote). Traps at sites FA, FB (first
day only), and NE tested whether the diel sex rhythms
of P. simulans (site FB), Paranthrene pellucida
(Greenfield and Karandinos) (site FA), and Synanthe-
don scitula (Harris) (site NE) observed at group I and
II sites were biased by the depletion effect of trapping.
These four species responded to attractant in the after-
noon or evening at group I and II sites, rendering their
observed rhythms targets for the previously described
bias. Site FA had the same array of traps as site FB
and site NE had a single trap containing 200 ug of ZZ-
3,13-ODDA. At site NS, trapping (Greenfield 1978)
was conducted to more intensively survey the diel ac-
tivity pattern of Synanthedon exitiosa.

Sex attractant used in all 1977 traps was dissolved
in hexane, but unlike the 1976 procedure, the appro-
priate amounts of this solution were placed in Zoecon
rubber-septa dispensers. Blends of two or more iso-
mers were contained within the same dispenser. Ap-
propriately designed field-trapping studies and gas-lig-
uid chromatographic analysis (Varian Aerograph
Series 2400) demonstrated that the rate of emission of
the isomers from the rubber-septa dispensers used
does not change appreciably during the length of time
that the field trapping is done (M. G. Karandinos and
J. M. Clark, personal observation). The emission rates
of the various isomers are also equivalent. Therefore,
observed changes in the response of various sesiids
during the season could not be attributed to changes
in emission rates of the attractants. As in 1976, the
order of sex-attractant traps was randomized in 1977,
and the obtained sequence was used at all sites within
a group.

METHODS OF DATA ANALYSIS

In our study of Wisconsin sesiids, data obtained
from field trapping provided information on the habi-
tat, seasonality, and sex attractant of each species
caught. Limited information on the diel rhythm of
male response to sex attractant was also obtained for
most species. The above niche descriptions of the var-
ious species were used to compute niche breadths and
niche overlaps.

The niche breadth of each species j along each niche
dimension M was calculated by:

By = 1/[2 Pijz],
i=1

where p;; is the proportion of males of species j uti-
lizing resource state i along niche dimension M. There
are m resource states along niche dimension M. The
maximum value assumed by B;, is m and the mini-
mum value is 1.0. This index, suggested by Levins
(1968) as a measure of niche breadth, is sensitive to
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changes in the more commonly utilized resource states
(Peet 1974). Along the spatial, temporal (diel and sea-
sonal), and chemical niche dimensions, the resource
states correspond with sites, hourly and weekly time
intervals, and sex attractant isomers or combinations
of isomers, respectively. To enable comparisons be-
tween niche breadths along different dimensions, we
standardized B; ) values for each dimension by divid-
ing by the number of resource states, m (Levins 1968).
These standardized niche breadth values (B;,/m) lie
between a maximum of 1.0 and a minimum of 1/m.

Pairwise niche overlap between two species j and
k along niche dimension M was measured by Schoe-
ner’s (1968) formula for similarity:

m m
Oy =1-1%Y% Ipij - Pikl = Y min(p;, pu)-
i=1 i=1

In this equation, p;; and p;. are the proportions of
males of species j and k, respectively, utilizing re-
source state i along niche dimension M. This measure
of overlap was chosen because it provides values rang-
ing from 0.0 to 1.0. Consequently, the complement of
niche overlap may be considered as the degree of po-
tential reproductive isolation between two species
achieved by partitioning along dimension M.

When pairwise niche overlap is computed with the
above formula for all possible pairs of species, we can
obtain the degree of reproductive isolation between
any given species and every other species in its guild,
separately. In the present investigation, however, it is
also important to determine the degree of reproductive
isolation between a given species and all other species
in its guild, pooled together, because mate seeking of
any heterospecific individual wastes time, energy,
and/or gametes. Therefore, we focus on a binary mode
of mate recognition: conspecific versus heterospe-
cific. We can then apply the concept of ‘‘diffuse com-
petition”” (MacArthur 1972) and measure the diffuse
niche overlap using the formula:

m

Oim = 2 min(py;, pis)
i=1

(Feinsinger 1976), where p;, is the proportion of males
of all species in the guild other than species j, utilizing
resource state i, along niche dimension M. Often dif-
fuse niche overlap of a species j is considerably great-
er than pairwise niche overlap between species j and
k because species j may overlap several other species
besides k. The complement of diffuse niche overlap
measures the degree of reproductive isolation between
a given species and all others in the guild.

For many species, pre-mating reproductive isolation
by means of any single factor (niche dimension) is in-
complete and is only achieved by a coaction of several
factors (Mayr 1970:66, Brown 1975:405). In niche ter-
minology, the coaction of several factors on two
species is measured by overall (multidimensional)
niche overlap (Levins 1968). Overall niche overlap is
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often calculated as the product of the various unidi-
mensional niche overlaps. Because of the possibility
that isolation factors are not mutually independent,
this simple product may be biased (May 1975). To
eliminate this bias, we estimated overall niche overlap
by considering each possible combination of unidi-
mensional resource states taken along different di-
mensions as a unique resource state i. Thus, if m and
n different resource states exist along niche dimen-
sions M and N, respectively, a total of mn different
resource states are considered when computing over-
all niche overlap along these dimensions. The overall
niche overlap between species j and k along dimen-
sions M and N was calculated as:

mn
Oy = z] min(p;;, Pix)-
=
We determined both pairwise (for all pairs of
species) and diffuse (for each species) niche overlap
values in the above manner along all possible multiple
combinations of the spatial, temporal (seasonal), and
chemical niche dimensions. However, limited infor-
mation was available on resource utilization along the
diel activity niche dimension because we did not study
diel activity at each site or throughout the season.
Therefore, when calculating overall niche overlap val-
ues in which the diel activity dimension was included,
we multiplied niche overlap along the diel dimension
by overlap along the other dimension(s).

RESULTS AND DiscussioN
Chemical resource utilization

Males of 21 sesiid species of 29 (72%) known to
occur in Wisconsin respond to an isomer or isomeric
mixture of 3,13-ODDA or 3,13-ODDOH, as shown by
their capture in traps (Table 1). These 21 species cover
two subfamilies and six genera. Two, Paranthrene
asilipennis (Boisduval) and Synanthedon rileyana
(Henry Edwards), of the remaining eight species have
been trapped with 3,13-ODDA and 3,13-ODDOH iso-
mers in other states (Eichlin 1975), and may be rare
in Wisconsin. Clearwing moths were never caught in
control traps during 1975 or 1976, indicating that they
did not haphazardly enter the traps. Only male sesiids
were captured in baited traps, suggesting the sexually
specific nature of the attractant. Species were attract-
ed to the same isomers or isomeric blends during each
of the 3 yr surveyed. Responses of some species have
been reported in the literature by other workers (Niel-
sen et al. 1975, Barry et al. 1978), and our findings
generally agree with theirs.

During 1975 and 1976, 17 species of Sesiidae were
captured in traps in which ZZ- and/or EZ-3,13-ODDA
were included in the bait (Greenfield 1978). Sesiids
were never captured in traps baited only with ZE- and/
or EE-3,13-ODDA. Consequently, the above attrac-
tants were discontinued in the 1977 survey as sole
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baits in traps. Additionally, in 1977 at group I and II
sites we found that the ZE- and/or EE-3,13-ODDA
isomers neither synergized nor inhibited the attrac-
tiveness of ZZ-, EZ-, or ZZ- : EZ-3,13-ODDA (95:5)
to any sesiid (P > .05; log[x + 1] transformation
[Williams 1951]; Scheffé’s multiple comparisons test
[Brownlee 1965]). Therefore, for further analysis we
considered traps which included the ZE- and/or EE-
3,13-ODDA isomers as equivalent to traps containing
200 ug of ZZ-, EZ-, or ZZ- : EZ-3,13-ODDA (95:5).

In assessing resource utilization along the chemical
dimension (group I sites, 1977), the numbers of males
caught in traps containing equivalent baits were
pooled together. This pooling accounted for the con-
sideration of equivalency noted above and also the
fact that some sex-attractant baits were replicated sev-
eral times at each site. For all baits at which trap cap-
tures were pooled, the total number of males was di-
vided by the number of traps that had been pooled.
This division is based on the assumption that ¢ equally
baited traps will capture ¢ times as many insects as
one trap with the same bait. The above manipulation
is illustrated step by step as follows:

x; = number of males of species j captured at
trap i, wherei=1,...,r
r = number of traps that are pooled together.

x;/r = x,; = adjusted number of males at pooled

Tt

’

resource state h, where h=1,...,m
(r = 1 for resource states in which traps
were not pooled).

m’

Pri = Xn;/ O xp; = adjusted proportion of males
h=1

at pooled resource state 7, where m’ = ad-
justed (reduced) number of resource states
due to pooling.

We used the p,; values in calculating niche breadth
and niche overlap along the chemical niche dimension
to compensate for the inequalities in sampling along
that dimension.

A problem specific to Paranthrene simulans arose
in studying chemical resource utilization. During 1977
at group I sites the numbers of P. simulans males
captured in traps in which the bait included 200 ug of
77-3,13-ODDA suggest that an ‘‘end effect’ existed
in which P. simulans catches decreased from traps at
the ends of the trapline to the sixth (or 19th) position
(Greenfield 1978). Catches at the other traps (in the
middle of the trapline; positions 7-18) were approxi-
mately equal. Accumulation of males at these ‘‘end
traps’’ probably occurred during periods when local
winds blew parallel to the orientation of the trap line.
We evaluated this end effect by only examining catch-
es at traps including 200 ug of ZZ-3,13-ODDA because
these traps may be considered equivalent and the ex-
pected number of males (in the absence of an end ef-
fect) captured in each of them would be equal.
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Fic. 2. Utilization of the sex communication channel resource along the chemical dimension by sesiid species abundantly
captured at group I sites during 1977. Values shown are the percentages of males caught in traps baited with the isomeric
blend of 3,13-ODDA (chemical resource state /) indicated along the X-axis. Sample sizes of the various sesiids: P. pellucida
(635), P. simulans (2,134), S. decipiens (43), P. syringae (206), S. exitiosa (49), S. pictipes (187), S. scitula (415), S. viburni

(6), C. bassiformis (195).

To eliminate bias caused by this end effect, the fol-
lowing adjustment was made. We first computed the
linear regression of P. simulans catches in all traps
that included 200 ug of ZZ-3,13-ODDA in their baits
as a function of the position of the trap from the nearer
end of the trapline (i.e., traps at position 19 would be
considered as being at position 6). Because of the re-
striction of the end effect to traps within approxi-
mately six positions of the end, we fit the data to two
linear models of unknown intersection and slopes
(Draper and Smith 1966:140). One model pertained to
the end region and the other to the middle region of
the trapline. The two linear regressions are:

y = 285.44 — 30.16z;

1<z<6
r=-.99;, P<.05

y = 83.12; 7T<z<12

(Hy:B, = 0; P <.05)

Using the obtained regressions we computed y for all
24 trapline positions. For trapline positions > 12, y
was set equal to y(z), where z = (25-trapline position).
The reciprocal (y!) of each y was calculated and then
multiplied by a constant (124.8) to produce a positional
calibration value. Trap catches were adjusted by mul-
tiplying the actual catch by the calibration value for
the trap’s position. The specific constant (124.8) was
selected so that the sum of the 24 adjusted trap catches
equals the observed total. Therefore, each adjusted
catch represents the expected P. simulans catch at
that trap in the absence of the above end effect. These
adjusted catch values were used in computing p,; for
P. simulans.

We captured males of eight sesiid species in large

numbers at group I sites during 1977. The chemical
resource utilizations of these eight species (plus Syn-
anthedon viburni Engelhardt) are presented in Fig. 2
as py; values for each pooled resource state /. Pooling
reduced the number of resource states from 24 (the
number of traps present at each group I site) to 12.
Fig. 2 shows that several of the species attracted to
blends of ZZ- : EZ-3,13-ODDA respond to a range of
ratios which extends on both sides of the optimal ratio.
This nonspecificity in male response may reflect intra-
and/or interindividual variance. Male variability may
be coupled with variance within and/or between indi-
vidual female sex pheromone production. These con-
tributions to overall variance correspond with the
“‘within-phenotype component’’ and ‘‘between-phe-
notype component’’ (Roughgarden 1974) of chemical
niche width (breadth), respectively. Another potential
source of this variability in male response is that re-
lease rates of sex attractants in our study probably
differed from the (unknown) pheromonal release rates
of female moths. In several tortricid moths, Roelofs
(1978) showed that males exhibited little specificity in
response to isomeric ratios of multicomponent sex at-
tractants when those attractants were emitted at un-
naturally high release rates. Also, the possibility that
certain pheromonal components were missing from
the sex attractants could be critical regarding the
above problem. The addition of such components to
sex attractant baits of tortricid moths corresponded
with an increase in specificity of response to isomeric
ratios (Cardé et al. 1977).

During 1977, 14 species of Sesiidae were attracted
to 3,13-ODDA and/or 3,13-ODDOH isomers at group
IIT sites (Table 2). Species that responded to 3,13-
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TABLE 4. Adjusted trap catches of males of sesiid species
that responded only to baits including 3,13-ODDOH iso-
mers at group III sites during 1977. Catches at all traps
containing the 3,13-ODDOH isomer or isomeric blend giv-
en below have been pooled together. Parenthetic value is
the number of traps pooled together.

Species*
Isomer(s) DO TA FR
ZZ7-3,13-ODDOH (3) 172
ZZ- : EZ-3,13-ODDOH; 50:50 (1) 15 2
EZ-3,13-ODDOH (3) 47

* See Table 2 for abbreviations of species names.

ODDA isomers (acetate species) at group I and II sites
did not significantly respond to baits (at group III sites)
containing only 3,13-ODDOH isomers. Several species,
Paranthrene dollii (Neumoegen), P. tabaniformis
(Rottemburg), Albuna fraxini, were captured in sig-
nificant numbers only in traps containing 3,13-OD-
DOH isomers (alcohol species). At traps containing a
combination of 3,13-ODDA + 3,13-ODDOH isomers,
species in both categories above were captured. This
probably reflects the lack of inhibitory effects of 3,13-
ODDOH isomers on ‘‘acetate species,”’ and vice ver-
sa. For further analysis, P. dollii, P. tabaniformis, and
A. fraxini individuals that were captured at these
‘‘combination’’ traps were reassigned to the appro-
priate 3,13-ODDOH resource state. This reassignment
is depicted in Table 4. Two species, P. tabaniformis
and Synanthedon acerni (Clemens), exhibited a pref-
erence for combinations of 3,13-ODDA + 3,13-OD-
DOH isomers, but limited data prohibit reaching any
conclusions concerning synergism.
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From the data already presented, it is clear that of
the six compounds we tested, the ZE- and EE-3,13-
ODDA isomers did not attract sesiids by themselves
and did not significantly (P > .05) synergize or inhibit
the attractiveness of the other compounds to any se-
siid. Therefore, these two isomers will not be consid-
ered in any subsequent discussion or analysis. Four
compounds (ZZ-3,13-ODDA; EZ-3,13-ODDA; ZZ-
3,13-ODDOH; EZ-3,13-ODDOH) exhibited an ‘‘ac-
tive’’ role by either attracting one or more species of
sesiids or inhibiting their response to attractant. Each
of the four active compounds was not attractive or
inhibitory to every sesiid. In cases where an active
compound was neither attractive nor inhibitory it was
considered as ‘‘neutral’’ for that species.

Inhibition

Compounds that inhibit response of a species to its
sex attractant are as important as the attractive com-
pound in describing that species’ chemical resource
utilization. Inhibition is a common phenomenon in
Lepidoptera (Roelofs and Cardé 1974, Steck et al.
1977) and our Wisconsin study shows that it may be
prevalent in Sesiidae. During 1977 (Fig. 2) we found
that most species (Podosesia syringae, Carmenta bas-
siformis [Walker], Synanthedon scitula) attracted to
Z7-3,13-ODDA were inhibited by 5% EZ-3,13-ODDA
(P < .01; log[x + 1] transformation [Williams 1951];
Scheffé’s multiple comparisons test [Brownlee 1965]).
Conversely, Synanthedon pictipes was attracted to
EZ-3,13-ODDA and inhibited by 10% ZZ-3,13-ODDA
(P < .01). Analogously, among ‘‘alcohol species,’” A.
fraxini was attracted to ZZ-3,13-ODDOH and inhib-
ited by 10% EZ-3,13-ODDOH (P < .05) (Table 3).

TABLE 5. Effects (I = inhibitory, N = neutral) of 3,13-ODDA and 3,13-ODDOH isomers on catches of male sesiids in traps

baited with the specific sex attractants listed below.

3,13-ODDA isomer 3,13-ODDOH isomer

Species Sex attractant EZ 77 EZ 77
Set 1: S. pictipes EZ-3,13-ODDA I N N
C. ithacae* EZ-3,13-ODDA I N N
Set 2: S. viburni ZZ- : EZ-3,13-ODDA (10:90)
P. pellucida ZZ- : EZ-3,13-ODDA (20:80)
S. proxima* ZZ- : EZ-3,13-ODDA (30:70)
S. decipiens ZZ- : EZ-3,13-ODDA (30:70)
S. fatifera ZZ- : EZ-3,13-ODDA (90:10)
S. exitiosa ZZ- : EZ-3,13-ODDA (90:10)
Set 3: P. simulans 77-3,13-ODDA N N N
P. syringae 77-3,13-ODDA I N N
C. bassiformis 7Z7-3,13-ODDA I . N
S. acerni ZZ7-3,13-ODDA I N N
S. scitula 7Z7-3,13-ODDA 1 N
Set 4: P. tabaniformis EZ-3,13-ODDOH N N |
Set 5: P. dollii ZZ- : EZ-3,13-ODDOH (50:50)
Set 6: A. fraxini 7Z-3,13-ODDOH N N 1

* See Greenfield (1978).
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Carmenta ithacae (Beutenmiiller), P. tabaniformis,
and Synanthedon acerni were not presented with a
sufficient range of isomeric ratios to assess the extent
of inhibitory effects of ZZ-3,13-ODDA, ZZ-3,13-OD-
DOH, and EZ-3,13-ODDA, respectively, on them.
However, based on 50:50 ratios, the last three species
are inhibited by these respective isomers (Table 2,
Greenfield 1978). Species attracted to blends of ZZ- :
EZ-3,13-ODDA (Paranthrene pellucida; Synanthedon
decipiens; S. exitiosa; S. fatifera Hodges, see Table
3; S. viburni) and blends of ZZ- : EZ-3,13-ODDOH
(P. dollii) were not highly attracted to any single 3,13-
ODDA or 3,13-ODDOH isomer.

In Table 5 we summarize the attractive, inhibitory,
and neutral isomers, when known, for each sesiid
studied. A generalized pattern surfaces in which
species can be divided into six sets. In this scheme we
assume that male response to an attractant corre-
sponds with use of that attractant chemical as a major
component of that species’ sex pheromone. Species
in sets 1, 2, and 3 are ‘‘acetate species’’ and species
in sets 4, S, and 6 are ‘‘alcohol species.’’ Species in
sets 1 and 3 use one of the two 3,13-ODDA isomers
as a sex pheromone and are inhibited by the other
3,13-ODDA isomer, but not by either 3,13-ODDOH
isomer. Species in sets 4 and 6 use one of the two
3,13-ODDOH isomers as a sex pheromone and are
inhibited by the other 3,13-ODDOH isomer, but not
by either 3,13-ODDA isomer. Species in sets 2 and 5
use combinations of 3,13-ODDA and 3,13-ODDOH
isomers, respectively, as sex pheromones.

The above pattern suggests that six species referred
toas 1, 2, ... 6, each assigned to the numerically
corresponding set in Table 5, could maintain repro-
ductive isolation from one another without resource
partitioning along another (temporal, spatial) dimen-
sion. Males of species 1 and 3 would obviously not
respond to each other’s females due to their use of
different 3,13-ODDA isomers for sex pheromones.
They would not respond to species 2 because of in-
hibition from one of the isomers present in that
species’ sex pheromone. Males of species 2 would not
respond to species 1 or 3 because species 2 requires
both 3,13-ODDA isomers. A situation exactly analo-
gous to the above would exist between species 4, 5,
and 6. Species 1, 2, or 3 would not respond to species
4, 5, or 6 because of the neutral effects of 3,13-OD-
DOH isomers on acetate species. The converse of this
relationship would also hold.

It is likely that inhibition evolved due to the exis-
tence of species that use blends of ZZ- : EZ-3,13-
ODDA or ZZ- : EZ-3,13-ODDOH as sex pheromones.
Inhibition prevents attraction of males of *‘single-iso-
mer species’’ to females of ‘‘binary-isomer species,’’
thereby maintaining low niche overlap along the chem-
ical dimension. Inhibition affects the sesiid community
by allowing an increased degree of species packing
along the chemical niche dimension without the de-
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velopment of additional compounds. In the absence of
inhibition a species pair from sets 1 and 2, or sets 2
and 3, could not coexist without resource partitioning
along another niche dimension. Lack of inhibitory ef-
fects of 3,13-ODDOH isomers on acetate species, and
vice versa, can be explained by the apparent absence
in Wisconsin of species using blends of 3,13-ODDA +
3,13-ODDOH isomers as sex pheromones (we consid-
er the previously noted effects of 3,13-ODDA + 3,13-
ODDOH isomers on P. tabaniformis and S. acerni to
be as yet unclear). In Saskatchewan, Underhill et al.
(1978) found that the sex pheromone of Sesia tibialis
(Harris) appears to be a blend of ZZ-3,13-ODDA +
77-3,13-ODDOH. We did not commonly trap S. tib-
ialis with this isomeric blend or others, and this sesiid
may be rare in Wisconsin.

Table 5 indicates that Paranthrene simulans is an
exception to the general pattern in that it responds to
77-3,13-ODDA, but EZ-3,13-ODDA does not act as
an inhibitor. This absence of inhibition could not be
revealed from Fig. 2 data because it is not clear wheth-
er the decline in attraction of P. simulans to increasing
concentrations of EZ-3,13-ODDA, as shown in Fig. 2,
is due to an inhibitory effect of that isomer or to the
decreasing quantities of ZZ-3,13-ODDA. Instead, data
from site FB (Table 3) were used to resolve this un-
certainty because the amount of ZZ-3,13-ODDA was
held constant in all blends of ZZ- : EZ-3,13-ODDA at
that location. Table 3 suggests that EZ-3,13-ODDA
does not inhibit the response of P. simulans to ZZ-
3,13-ODDA. 1t is interesting to note that P. simulans
is an ‘‘early’’ season species (Fig. 3) that is active
when no adults of species using blends of ZZ- : EZ-
3,13-ODDA are present. The lack of selection pressure
from binary-isomer species probably is responsible for
this absence of inhibition.

Only six sets are listed in Table 5, yet more than
six species are found in this Wisconsin clearwing
moth guild. As will be shown later, in cases where
more than one species are included in a set, every
species pair in that set maintains reproductive iso-
lation along one or more other dimensions. Through
more efficient chemical resource utilization, 15 spe-

4
cies [ ¥ (i) = 15 = total of single and multiple com-
=1

binations of four objects (isomers)] could coexist
along the chemical niche dimension without segrega-
tion along any other dimension. Theoretically, this
could be accomplished with the four active isomers
if each species used a different isomer or multiple
combination of isomers as a sex pheromone and was
also inhibited by the isomer(s) not present in its sex
pheromone. That this situation is not found may in-
dicate the high ‘‘cost’” of evolving such a complex
chemical system. Another hypothetical means of
improving the efficiency of chemical resource utili-
zation would be through ‘‘finer tuning’’ of the iso-
meric blends in multicomponent sex pheromones.



