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ABSTRACT. The genus Calyptra Ochsenheimer is known for its atypical behavior of exhibiting both obligate fruit piercing and facultative
blood feeding as adults. The genus has been reported piercing a vast array of fruits including citrus, figs, grapes, and raspberries. One species,
Calyptra canadensis (Bethune), more commonly known as the Meadow Rue Owlet moth, is the only member of the genus known to occur in
the New World. The extent of this species’ range, along with its adult host breadth, remains unknown. Museum specimens of C. canadensis
from 20 institutions and private collections were examined and georeferenced to generate the most comprehensive distribution map for the
species to date. Locality data was analyzed to explore the phenology of C. canadensis, recovering an adult activity period from May to October.
Larval rearing experiments were also undertaken, documenting the presence of five larval instar stages and a development time ranging from 6
to 8 weeks. Overall this study expands what is currently known about the biology of C. canadensis, specifically its larval development, adult dis-

tribution, and activity period.
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Erebidae (Lepidoptera: Noctuoidea) is a diverse
lineage composed of approximately 1,760 genera
including around 24,600 species (van Nieukerken et al.
2011). Members of this family exhibit a vast array of
feeding behaviors including lachryphagy (tear feeding),
hematophagy (blood feeding), and frugivory (fruit
eating) (Biittiker et al. 1996, Biinziger 2007, Zaspel et al.
2011). Within the subfamily Calpinae, obligate fruit
piercing and facultative blood feeding behaviors have
been documented. These feeding strategies have been
observed in Calyptra Ochsenheimer; the vampire moth
genus, both experimentally and in the laboratory
(Binziger 1982, 1986, 2007; Zaspel et al. 2007).

The genus Calyptra can be found on most continents,
however only one species is known from the New
World. This species, Calyptra canadensis (Bethune),
commonly known as the Canadian Owlet or Meadow
Rue Owlet moth, is distributed throughout northeastern
and central North America, occurring in open habitats
including fields, wet meadows, and woodland edges
(Wagner 2005, Wagner et al. 2011). The larval host
plant, Meadow Rue (Thalictrum spp. L.), is also known
to occur in these types of habitats (Wagner 2005).

Like other members of the subfamily Calpinae
(Kitching and Rawlins 1998), C. canadensis caterpillars,
are heterochromatic, and exhibit a change in color as
they progress from early to late instars. The early instars
of C. canadensis tend to be “waxy yellow-green with or
without dark subdorsal spots,” present the length of the
body. During later instars, the dorsal coloration changes
to white; yellow and black maculations develop laterally,
and the ventral surface darkens to a uniform black (Fig.
lc) (Wagner et al. 2011).

Although the general larval habits of C. canadensis
have been previously summarized, the complete life
history of the species remains largely uncharacterized.
Thus, the objective of this study was to observe,
document, and illustrate the life stages of C. canadensis
and investigate the extent of its geographic range. An
additional aim was to determine the degree to which
flight period is linked with geographic location. This
relationship has been recovered in Lepidoptera in
previous studies using Satyrinae as a model (e.g.,
Brakefield 1987, Pollard 1991), similar methods were
employed to test this potential trend. Within this study,
summarization of development times for each larval
instar, estimation of the number of instars required to
reach pupation, and development of a specimen-level
locality database of C. canadensis were completed.
These data were used to generate a comprehensive
distribution map for the species and to characterize
adult phenology across its range. Here, for the first
time, a detailed life history dataset for this species and a
discussion of phenological patterns in the context of
geographical distribution are provided.

MATERIALS AND METHODS

Rearing. Larvae of C. canadensis were collected
from Marlborough, New Hampshire during the
summer of 2015 and obtained as freshly emerged 1st
and 2nd instars (Fig. la-b). Individual larvae were
isolated in small plastic cups with damp filter paper and
fed leaves of Thalictrum dasycarpum Fisch. and Avé-
Lall. Larvae were placed in a controlled rearing room
(24°C) with a photoperiod of 16 hours. Due to a high
desiccation rate within the first 24hrs, methods of
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rearing were modified: half of the persisting larvae
remained in the rearing cups and were moved to a
cooler location to prevent further desiccation. The other
larvae were placed in a rearing cage on a potted
Thalictrum polygamum Muhl. and left within the
rearing room. These individuals were allowed to move
freely about the plant and were not disturbed until their
final instar. The change in host plant was solely due to
availability of plant material.

Upon reaching the final instar, larvae were placed
into a plastic rectangular container (2295 cm?) with 5
cm of soil on the bottom and covered with a mesh lid.
The soil was used in an attempt to provide the necessary
resources for pupation based on the behaviors of related
species and earlier observations of individuals
surrounding themselves with dead leaf tissue, creating
an outer casing of dry plant material. Future final instars
were given ample plant material to facilitate this
behavior and leaves that were not used in the pupation
process were removed. Once pupation occurred, the
pupae were moved to the plastic containers to give
emerging moths adequate space to complete
development.

Measurements and Images. To quantify larval
instars, head capsules were measured periodically
throughout the rearing process. Measurements were
grouped based on similar widths and compared to an
individual that was tracked across its complete
development. Resulting head capsule widths were
averaged within each group to define typical sizes for
each larval instar of C. canadensis (Table 1). In some
cases, high mortality of larvae during rearing resulted in
inconsistent replicates of head capsule measurements.

High-resolution images of the larval head capsules
were taken using a Leica DFC450 camera mounted
onto a M165C stereomicroscope and measured using
the Leica Application Suite version 4.2.0 (Leica
Microsystems, USA). Larval head capsules were

TABLE 1. Larval head capsule measurements with estimated
corresponding instar and Dyar’s Law estimates calculated using
an average ratio of 1.71.

Number of

Instar Individuals ~ Average Width (mm) Dyar’s Law
1 11 0.30 —
2 19 0.62 0.51
3 1 0.96 0.88
4 2 1.84 1.50
5 3 2.40 2.56
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measured at the widest point from a dorsal perspective
to investigate and document the changes in growth
during development. Adult specimens were imaged
with a Canon EOS Rebel T3i DSLR camera, Canon
MP-E 65mm /2.8 1-5X macro lens, controlled by
Zerene Stacker automontage software.

Adult Specimens Examined. A total of 264 adult
specimens were examined, and 220 records were
obtained from 20 collections; the Moth Photographers
Group provided an additional 105 records. Institutions
and private individuals that contributed locality data
without the study of physical specimens by the authors
are denoted with a “*” after the full collection name.

AMNH American Museum of Natural History (New

York, NY)

ARC Albert J. Cook Arthropod Research
Collection (East Lansing, MI)

CNC  Canadian National Collection (Ottawa, ON,
CAN)*

CUIC  Cornell University Insect Collection (Ithaca,
NY)*

FMNH Field Museum of Natural History (Chicago,
1L)

FLMNH Florida Museum of Natural History
(Gainesville, FL)

SEMC Snow Entomological Museum Collection
(Lawrence, KS)*

LACM Los Angeles County Museum (Los Angeles,
CA)

LAFC Les Ferge Private Collection (Middleton,
WI)*

MCZ Museum of  Comparative  Zoology
(Cambridge, MA)

MEM  Mississippi Entomological Museum
(Starkville, MS)*

NHM  The Natural History Museum (London, UK)

NCSU North Carolina State University (Raleigh,
NC)*

OSUC Charles A. Triplehorn Insect Collection
(Columbus, OH)*

PERC Purdue Entomological Research Collection
(West Lafayette, IN)

UCBC University of Connecticut Biodiversity
Research Collections (Storrs, CT)*

UMSP  University of Minnesota Collection (St. Paul,
MN)

UNSM  University of Nebraska State Museum
(Lincoln, NE)*

USNMNH U.S. National Museum of Natural

History (Washington, D.C.)
WIRC Wisconsin Insect Research
(Madison, WI)

Collection
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Fic. 1. Calyptra canadensis (Bethune) life stages A. eggs, B. 2nd instar larva, C. 5th instar larva, D. pupal case, E. adult moth.

Distribution Mapping. To develop a comprehensive
distribution map for C. canadensis, locality data were
transcribed and georeferenced for 474 specimens from
20 institutions, private collections, and the Moth
Photographers ~ Group. Databased records were
georeferenced in Google Maps with the Lat-Long
Crosshairs (Canadensys) plug-in, resulting in GPS points
in decimal degrees following the methods of Wieczorek
et al. (2012). The georeferenced coordinates were then
mapped using QGIS v2.12.1 Lyon (Quantum GIS
Development Team 2009).

Phenology. To estimate the adult activity period of
C. canadensis museum records were aggregated
representing almost 150 years of collection efforts.
Specimen data were first summarized by month, and
then adult frequencies were compiled. The original
collection dates were transformed from the various
formats on specimen labels to numeric ordinal date. This
is a date format where each day of the year is numbered
sequentially 1-365 (or 1-366 on leap years). The
georeferenced dataset was then used to compare adult
collection date with latitude of collection locality. A
simple linear regression was performed in RStudio
v.0.99.879 (RStudio Team 2016) to demonstrate the

relationship between latitude as a predictor of adult
activity period. Prior to the linear regression, ordinal
dates were binned by two degrees latitude and a
standard deviation (SD) was calculated for each bin.
Calculating the SD of ordinal date allowed for the
summarization of total variation of adult activity within
its representative bin. In this manner, a larger SD
corresponds to a longer adult active period than that of a
smaller SD. All graphs were created with the package
ggplot2 (Wickham 2009) in RStudio v.0.99.879 (RStudio
Team 2016).

RESULTS AND DISCUSSION

Larval Morphology. Throughout the rearing
process, morphological changes were observed and
recorded. Eggs were spherical with longitudinal ridges
radiating from the micropylar region (Fig. la). First
instar larvae were uniformly bright green and developed
dark, lateral spots in the second instar (Fig. 1b). Two
dark bands running the length of the body were present
in the second instar but were secondarily lost in the
third; lateral spots were more prominent during the
third instar. The head capsule transformed from a very
light, almost translucent green, to an opaque darker
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F1G. 2. Complete distribution map for Calyptra canadensis (Bethune), with larval host plant (Thalictrum spp.) range shaded in

dark grey.
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green, and then finally yellowing with the addition of
some black maculations. During the 4th and 5th instars,
the body coloration became more complex. The ventral
surface darkened significantly and a clear division
between that and the dorsal surface was apparent.
Lateral spots remained clear on a generally uniform
yellow background. The dorsum was green in coloration
and developed intricate black and yellow markings that
persisted the full length of the larva (Fig. 1c).

The analysis of larval instars provided evidence for a
total of five instar stages for C. canadensis. Head capsule
width increased by an average ratio of 1.71 for each
successive instar. The reported head capsule widths are
in general agreement with predicted widths using Dyar’s
method (Dyar 1890). Deviations from the predicted
head capsule widths in the last two instars are likely due
to a small sample size and it is unlikely an instar was
missed. Development times varied under the rearing
conditions, yet most individuals on the plant reached
pupation at approximately 4-5 weeks. The individuals
kept in rearing cups had an average development time of
5-6 weeks. Pupation in all individuals spanned an
average of 2 weeks before emerging as adult moths.
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Fi1G. 4. Collection data for Calyptra canadensis (Bethune) graphed across latitude gradient of locality. Date of specimen collec-
tion transformed to ordinal numbering scheme to visualize breadth of adult activity period.

Distribution. Locality data collected as part of the
study resulted in a comprehensive range map for C.
canadensis (Fig. 2). Black points represent adult
specimen records and the range for the host plant,
Thalictrum spp., is illustrated with grey shading. The
breadth of the species’ range begins in the Canadian
province of Alberta and extends east to the province of
Nova Scotia persisting as far south as Georgia and
continues west across the Midwest to Kansas. For the
northern extent of C. canadensis’ range, the
distribution and habitat data largely agree with Wagner
(2005) and Wagner et al. (2011). Specifically, records
documenting collection events in bogs, fens, prairies,
and other fragile habitats were observed across
southern Canada and the northern Midwest, while
specimens from the east coast and across the southern
extreme of the range were more commonly collected in
woodland habitats.

From the resulting dataset, complete overlap
between C. canadensis and its host plant was observed,
although the range for Thalictrum spp. is much
broader. This discrepancy could be driven, in part by
the vast diversity of the genus Thalictrum or unknown

host limits for C. canadensis. The expansive distribution
of the larval host, but relatively restricted range of the
adult moth, suggests other factors could be influencing
or driving distribution in this species. The adult feeding
behaviors and host preferences of C. canadensis are
also vastly uncharacterized, but it is likely an obligate
fruit piercer like most other species within the genus.
Recent laboratory experiments resulted in the first
video observations of adult C. canadensis piercing fruit
for 15 minutes (Zaspel et al. unpublished). Thus, the
availability of adult fruit hosts could be another factor
shaping the range of C. canadensis.

Phenology. Museum records were used to estimate
the adult phenology of C. canadensis throughout its
distribution. The results from this study confirm the
adult activity period for C. canadensis is from May to
October (Fig. 3). The majority of adult specimen
records (49%) were recorded from July; 22% of C.
canadensis records were recorded from both June and
August, respectively. These three months account for
515 out of the 553 total records that were included. The
adult activity period was then visualized using a
scatterplot (Fig. 4). Our dataset shows a wider range of
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collection dates for C. canadensis associated with lower
latitude with the range narrowing as latitude increases.
Above the 47th parallel, the flight period of C.
canadensis was limited to approximately 60 days; below
the 40th parallel the flight period range roughly
doubled. A linear regression comparing the variation of
dates (y) collected across the latitude gradient (x)
showed a significant trend (y = -4.65x + 46.09;
F, 4=55.46; p-value <0.001; R*>=0.8861) of decreasing
variation, and therefore a reduction in adult activity
period with increasing latitude. This could mean that
individuals of C. canadensis are reproductively active
for longer periods of time the further south in the range
they are found. In general, our findings support the
hypothesis that C. canadensis’ activity period tends to
be longer in warmer temperatures, and gives valuable
information on the times of the year that it could be
collected.

This study  provides a comprehensive
characterization of the life history and distribution of
the Meadow Rue Owlet Moth, C. canadensis. This
species completes development through five larval
instar stages and takes approximately eight weeks to
reach adulthood. An analysis of distribution and activity
period for C. canadensis was documented across a
latitude gradient, providing necessary temporal data
that could be used in targeted collection of this species.
A thorough understanding of C. canadensis’ life history,
distribution, and phenology will ensure the
establishment of laboratory colonies for future
physiological and behavioral experiments. Prior to this
work, controlled studies on a vampire moth species
were not possible. This contribution will allow
researchers to unravel the molecular and
environmental underpinnings of the enigmatic adult
feeding behaviors in vampire moths and their fruit-
piercing relatives.
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