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ABSTRACT

Interspecific and intraspecific variation of C. longilabris Say
and C. nebraskana Casey were studied by means of discriminant analysis
of morphometric data and univariate analysis of qualitative characters
of adult specimens. The geographic variation of male and female gen-
italic structures of C. Zongilabris and C. nebraskana was studied and
compared with that of the P%learctic species of the sylvatica group:

C. sylvatica Linnaeus, C. granulata Gebler, C. Jjapana Motschu]sky,
C. gemmata Faldermann, C. soluta Dejean and C. lacteola Pallas. Soil
associations of the two Nearctic species were investigated.

C. longilabris is a boreal and montane forest species
occurring on Podzolic soils in eastern North America and Luvisolic and
Brunisolic soils of coniferous forests in western North America as well
as in boreal forest-grassland transition areas. Three subspecies are
»recognized: C. 1. longilabris Say, found across the boreal zone from
Newfoundland and New England to Alaska, C. 7. Zaurentii Schaupp, in the
Rocky mountain areas of the United States, including isolated populations
in northern New Mexico, eastern Arizona, northern Arizona and south-
western Utah, and C. 7. perviridis Schaupp, found in the Sierra Nevada
and Cascade Mountains of California, Oregon and Washington. An area of
hybridization occurs in southwestern Alberta, southeastern British
Columbia, eastern Washington, Idaho and northwestern Montana where the
three subspecies converge geographically. (. nebraskana is a monotypic
species which occurs on Chernozemic soils of prairie grasslands and

grassland-forest transition zones of western North America.



il

The three year life cycle of C. longilabris is described.

Two winters are passed in the larval stage and one winter in the adult
stage before mating and ovipoSition occur. The egg stage and first,
second and third stage larvae of C. longilabris are described,

A reconstructed phylogeny is presented in which three species
pairs are evident, C. soluta-C. gemmata, C. sylvatica-C. granulata,
and C. longilabris-C. nebraskana, With C. japana being most closely
related to the soluta-gemmata sibling species, and C. Zlacteola having

been derived earlier in the evolution of the whole group.
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INTRODUCTION

Many North American species of tiger beetles have extensive
geographic ranges and exhibit a large amount of intraspecific variation
especially in such obvious characters as colour and pattern of markings
of the elytra (Willis 1967). Many typologists in the last century
and early part of this century have described individual variants as
species or subspecies without understanding the large degree of var-
iation present in these beetles (Willis 1967). As a result there has
been much synonymy and confusion over the status of the plethora of
formally named taxa.

The descriptive and classificatory phases of the study
(alpha and beta taxonomy) of the North American tiger beetles is
fairly complete, it is only in the last twenty years that studies of
intraspecific variation, or gamma taxonomy have been conducted. Freitag
studied the geographic varijation, distribution and revised the taxonomy
of the North American species of the Cicindela maritima group of tiger
beetles. Willis (1967) studied the geographic variation and ecology
of a diverse group of CZcindela species occurring in saline habitats
in the central United States, Gaumer (1977) studied intraspecific var-
iation and taxonomy of adults and larvae of C. formosa, and Kaulbars
(1982) studied the morphological and ecological variation of the species
of the sexguttata species group of Cicindela.

Wallis (1961) confused many of the intraspecific categories
of C. longilabris and C. nebraskana but indicated that his understanding

of these species was based on few specimens and suggested that this group



required additional study. Leffler and Pearson (1976) indicated that
a revision of C. mebraskana and C. longilabris was required to sort
out the nomenclature of the group.

The immature stages and 1ife histories of a number of tiger
beetle species have been studied (Shelford, 1908; Criddle 1907, 1910;
Hamilton 1925; Willis, 1967, among others) but the life histories of
C. longilabris and C. nebraskana are largely unknown. The larvae of
C. longilabris are known only from one second instar specimen (Leffler
1979) and the larvae of C. nebraskana are known only from one third
instar specimen and three exuviae (Leffler 1979).

| The objectives of this study were: to determine if

C. longilabris and C. nebraskana are distinct species; to investigate
the pattern of intraspecific variation in the complex; determine what,
if any intraspecific groupings of populations warranted formal sub-
specific recognition; determine which of the available names should
apply to any subspecies recognized; and to investigate the Tife history
of C. longilabris and describe as many of the immature 1ife stages

as possible.



MATERIALS AND METHODS

Adult specimens and loaning institutions

More than 6,210 adult specimens were examined in the course
of this study, of these 1357 specimens were used in the numerical
analyses.

Most of these specimens were obtained on loan from the
following institutions and private collections. I have used standard
acronyms- for collections of insects as proposed by Heppner and Lamas

(1982), wherever possible.

AAM Alan and Anne Morgan, Departments of Earth Sciences and
Biology respectively, University of Waterloo, Waterloo,
Ontario N2L 3G1

AMNH American Museum of Natural History, New York, New York 10024
L. H. Herman

BGSU Bowling Green State University, Bowling Gfeen, Ohio 43403
R. C. Graves

CAS California Academy of Sciences, San Francisco, California
94118 D. H. Kavanaugh

CDF Clifford D. Ferris, P. 0. Box 3351 University Station,
Laramie, Wyoming 82071

CMP Carnegie Museum of Natural History, Pittsburgh, Pa. 15213
R. L. Davidson, G. Ekis

CNC Canadian National Collection if Insects, Biosystematics

Research Institute, Ottawa, Ontario KIA 0C6 J. E. H. Martin



CSu

Cu

ISu
KSU .

MPM

MSU
MUN

NAU

NCSR

NDSU

0KS

PSU

PUL
REA

SMEK

Colorado State University, Fort Collins, Co1orado 80523

H. E. Evans

Cornell University, Ithaca, New York 14853

L. L. Pechuman, Q. D. Wheeler

Iowa State University, Ames, Iowa 50011 R. E. Lewis

Kansas State University, Manhattan, Kansas 66506

H. D. Blocker

Milwaukee Public Museum, Milwaukee, Wisconsin 53233

G. R. Noonan

Montana State University, Boseman, Montana 59717 S. Rose
Memorial University of Newfoundland, St. John's, Newfoundland
A1B 3X9 D. J. Larson

Nokthern Arizona University, Flagstaff, Arizona 86001

C. D.- Johnson

Northern Caro]ina‘University, Raleigh, N. C. 27650 C. Parron
North‘Dakota State University, Fargo, N. D. '58105 E. U. Balsbaugh
OkTahoma Stafe ﬂniversity Natural and Cultural History Museum,
Stillwater W. A. Drew

Pennsylvania State University, University Park, Pa 16802

D. L. Pearson

Purdue University, Lafayette, Indiana 47907 A. Provonsha
Robert E. Acciavatti, 2111 Cherry Street, Morgantown, W. V.
26505

Snow Museum of Entomology, University of Kansas, Lawrence 66045

G. W. Byers



UAE University of Alberta, Edmonton, Alberta G. E. Ball
UAF University of Arkansas, Fayetteville, Arkansas. 72701
R. Chenowith, C. Carlton
UBC University of British Columbia, Vancouver, B.C. S. G. Cannings
UIM University of Idaho, Moscow, Idaho 83843 W. F. Barr
UMAA University of Michigan, Ann Arbor, Michigan 48109
T. E. Moore, M, F. O'Bfien
UMW University of Manitoba, Winnipeg, Manitoba R3T 2N2
‘T. D. Galloway
UNM University of New Mexico, Albuquerque, N. M, 87131
C. S. Crawford
uoG University of Guelph, Guelph, Ontario. NIG 2W1
D. Pengelly, S. Marshall
USNM National Museum of Natural History, Smithsonian Institution,

Washington, D. C. 20560 T. L. Erwin

usu Utah State University, Logan, Utah 84322 W. J. Hanson

uv University of Vermont,‘Bur1ington, Vermont R. T. Bell

UWM University of Wisconsin, Madison, Wisconsin 53706 S. Krauth
WJ Walter Johnson, 2917 16th Avenue South, Minneapolis MN. 55407
WSU Washington State University, Pullman, WA. 99164 R. Zack

Characters and Measurements
The following adult characters were used in this study.
1. Total head width across the widest point on the eyes (hw) (Fig. 1)
2. Length of labrum including the median tooth (11)(Fig. 1)
3. Width of labrum (Iw) (Fig. 1)



4, Ratio: 1length of labrum/width of Tabrum (11/1w)
5. Colour of Tabrum (1col)
I arbitrarily assigned three states for this character.
1) uniformly pale in colour, or pale except for
a darkened apical edge.
2) apical edge or midrib broadly darkened or mottled.
3) uniformly dark brown or black.
The setal pattern on the Tabrum was used as another character.
The number of setae in each of four locations on the frontal
surface of the labrum was indicated (Fig. 2).

Number of setae in position 1 (1s1)

. Number of setae in position 2 (1s2)
Number of setae in position 3 (1s3)

« Number of setae in position 4 (1s4)

O W O ~N O
[ ]

. Number of sensory setae on the first segment (scape) of the
left antenna (Fig. 3) (ss1)

11. Number of sensory setae on the scape of the right antenna (ssr)

12. Number of other setae on the scape of the left antenna (os1)

13. Number of other setae on the scape of the right antenna (osr)

14, Pronotal width (pw) Fig. 4)

15. Pronotal Tength (p1) (Fig. 4)

16. Ratio: pronotal width/pronotal length (pw/pl)

17. Mesothoracic femur length (f1) (Fig. 5)

The Teft mesothoracic leg was chosen preferentially.

Where the left was missing, the same measurement from the



18.
19.
20.

21.

22.
23.
24,
25,

right leg was used. The mesothoracic leg was chosen
because prothoracic and metathoracic legs were more
frequently missing from pinned specimens.

Mesothoracic tibia length (t1) (Fig. 5)

Ratio: mesofemur length/mesotibia length (f1/t1)

Length of left -elytron (el) (Fig. 6)

This was measured from the apex of the scutellum along
the medial edge of the elytron to its apex.

Width of left elytron at its widest point (ew) (Fig. 6)
This was measured with the beetle held in a horizontal
plane. If the specimen was canted to one side it
would produce a slightly greater measurement. This
was difficult to measure accurately as many specimens
were pinned at odd angles.

Ratio: head width/pronotal width (hw/pw)

Ratio: Elytral width/elytral length (ew/el)

Ratio: femur length/elytral length (f1/el)

Per cent of elytral surface covered by 1ight markings or
maculations. This was estimated in a manner very
similar to that used by Gaumer (1977). A series of
specimens representing the range of variation present
in C. mebraskana and C. longilabris was selected. A
drawing was made of the left elytron of each specimen.
A polar planimeter was used to determine the percentage
of each elytron covered by the maculations. Subsequently,

these drawings were used as standards of comparison for



26.

27.

The

The

estimating the percentage to the nearest one of six

categories: 1%, 2%, 5%, 10%, 20% and 30% (Fig. 7).

configuration of the humeral Tunule (h1)

I recognized the following six states of this character (Fig. 8)

0)
1)
2)

3)

4)
5)

humeral lunule absent
one humeral dot present at shoulder of the elytron
one subhumeral dot present

both humeral dots present

humeral Tunule complete or nearly so

humeral lunule complete and connected to marginal line

configuration of'the middle band (mb)

Specimens were categorized as being closest to one of the

following states of this character (Fig. 9).

0)
1)
2)

3)

a)

5)

middle band completely absent

middle band barely discernible, or broken into two pieces
middle band present and with angle of bend >45° ,
and not touching lateral margin of the elytron

band complete, touching lateral edge of elytron and
with angle of bend ) 45°

band present, not touching lateral margin of elytron
and elbow £ 45°

middle band complete, touching lateral margin of
elytron and elbow < 45°

band complete, touching lateral margin of elytron,

with marginal Tine well developed



28. Apical Tunule character states (al)
The following states were recognized in the degree of
development of the apical lunule (Fig. 10)
0) apical Tunule entirely absent
1) apical Tunule consists of small subapical dot
2) apical lunule consists of large subapical dot
3) apical lunule complete or nearly so
4) Tunule complete and with dot expanded and extending
far anteriorly

5

—

apical lunule continuous with marginal 1line
29. Colour of dorsal surface of elytra (ec)(Table 1)
30. Colour of proepisternum (pc) (Table 2)

31. Colour of ventral surface of abdomen (vc) (Table 3)

Tables 1 - 3 contain a vernacular description of a colour
condition, the character state number and corresponding name and
number from the ISCC-National Bureau of Standards Colour Charts
(Kelly and Judd, 1965). For each of characters 29, 30, and 31 a
small series of specimens was chosen to represent the range of
variation foﬁnd in the C. Zongilabris species complex., These standard
specimens were compared with the ISCC-National Bureau of Standards
Colour Charts (Kelly and Judd, 1965) and the corresponding colour
name and number were noted. If a specimen did not closely match any
one colour, the two or three colours closest to it were noted. Sub-
sequently, each studied specimen was compared against standard specimens
and designated as being closest to one of the representative colour

categories.
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One difficulty with this method is that many of the colours
of tiger beetles are structural (Shelford, 1917) and have a metallic
sheen, whereas those of the standard colour charts are opaque. The
colour of the dorsal surface of elytra was deﬁignated a single colour
state. In the case of colour of the proepisternum and venter of the
abdomen, each character state was frequently a mosaic of more than
one co]oUr, which added to the problem.

Measurements and character states were taken from adult
specimens from 60 different localities across the range of the species
complex, 12 population samples of C. nebraskana and 48 of C. longilabris
(Fig. 11, Table 4). An effort was made to choose larger population
samples from localities throughout the ranges of the two species.
While only small samples were available for many localities they
were analyzed with the knowledge that they may have been atypical
because of biased sampling by collectors. Occasiona11y, especially
with commonly occurring species, collectors overlook typical specimens

in favour of unusual forms.

Numerical Analysis of Morphometric Data

In the numerical analysis of morphometric data sexual
dimorphism was examined in each of the species complexes. Males were
compared against females for each of the variables with the use of a
one-way analysis of variance procedure as described by Kim and Kohout
(1975). With the prOQ@j1ity of a type one error set at 0.05, sig-
nificant sexual dimorphism was found in both complexes of C. nebraskana

and C. Zongilabris. Females of both complexes showed significantly
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larger measurements in head width, Tabrum width and léngth, pronotal
width and length and elytral width and length, suggesting that females
of both species are significantly larger in overall size. In all
subsequent analyses of morphometric data males and females were
treated separately. All analyses were performed with the use of a

Vax 11/780 computer.

Discriminant analyses based on the above series of measurements
were performed to investigate relative differences among population
samples. The discriminant»procedure used was described by Klecka
(1975) and was taken from the Statistical Package for the Social Sciences
for Vax/VMS, Version M, Release 8.1, May 1, 1981.

The minimum level of tolerance for rejection of characters
from the analysis was 0.001. Canonical discriminant function scores
for each test are presented in Tables 5 and 6., Tests of the statistical
significance of the distances between group centroids for each dis-
criminant test are reported in Tables 7 - 36, The variables selected
in each discriminant test are indicated in Table 37.

A Tlinear discriminant function is a combination of character
scores which discriminates between groups much better than one character
taken singly (Sneath and Sokal, 1973). For this reason significance
levels of 0.05 or 0.01 are not useful in this type of analysis. The
latter level of significance would identify minor population differences
which are not taxonomically useful. Neighbouring populations which
appear to be extremely similar were often shown to be significantly

different beyond the 0.01 level by these analyses.
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Discriminant analyses were used to examine relative
relationships between populations with little regard to absolute
differences. Under these circumstances a significance -level of
0.001 was selected as the minimum requirement indicative of a
taxonomic category. HoweVer, no taxonomic decisions were based
entirely on the evidence of discriminant analysis.

Once the discriminant tests had been app]ied to determine
seemingly important population groupings, additional one way analyses
of variance were performed using the procedure described in Kim
and Kohout (1975). This was done to investigate the statistical
differences in those variables which scored highest in the discriminant

functions.

Analysis of colour and pattern of markings

Colour analysis was demonstrated with the use of pie
graphs on distribution maps (Figs. 12 - 19) in a manner similar to
that used by Freitag (1965), Willis (1967) and Gaumer (1977). Average
states of additional characters for each population sample are
summarized in Table 38 and were indicated with symbols on maps
(Figs. 20 - 27) in a way similar to that used by Goulet and Baum
(1981, 1982).

Dissections of Male and Female Genitalia
The genitalia of male and female specimens of widely
distributed populations of C. nebraskana and C, longilabris were examined

for structures of taxonomic importance. In addition males and females
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of 6 Palearctic species were dissected and examined to determine
relationships between the species of the C. sylvatica group as a
whole. In all 170 genitalic dissections were performed.

To study the genita]ia,’a beetle was first reTaxed in
hot water, A pair of fine forceps was used to pull out the genitalic
armature which was cleared in a hot solution of 10% potassium hydroxide
for approximately 10 minutes and washed in water. Dissections were
done with the use of a Wild M5 dissecting microscope at 15x and 31x
and drawings were made with the aid of an attached drawing tube at

magnifications of 31x and 62.5x.

Soil Associations

Collecting localities taken from specimen label data were
located as accurately as possible on soil maps to determine if a
relationship exists between the distribution of dominant soil types
and the distribution of the different forms of the C. sylvatiea group
in North America. National scale and state soil maps were used for
this purpose. Conversions between the United States and Canadian
systems of soil classification were done as accurately as possible
with tables provided in Clayton et al (1977). Descriptions of soil
types were followed in Clayton et al (1977) for the Canadian class-
ification and in Soil Survey Staff (1960, 1967) for the American
system.

Dates of collection were also recorded from specimen labels
and used to plot histograms of frequency of capture versus date to

investigate seasonality in adults of C. longilabris and C. nebraskana.
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Label data were also used for compiling distribution lists and

plotting distribution maps of the North American species.

Field Methods

Adult specimens were collected with an insect net and
killed in an ethyl acetate jar and either pinned the same day or
transferred to 70% ethanol for temporary storage. Larvae were
collected in one of two ways. The "Tie in waitf method involved
waiting near the mouth of an open larval burrow until the larva
appeared near the surface, at which time a small shovel was driven
at an angle under the larva, cutting off its escape route, The
other method was to dig the larva out with a hand trowel. As
larvae of C. Zongilabris were often found at depths up to 60 cm
it was usually helpful to insert a long piece of flexible grass
into the burrow until the larva was felt at the bottom. A hole
was then dug beside the stalk of grass until the larva was en-
countered. Larvae were either preserved directly in 70% ethanol
or placed alive in a glass vial with a small amount of soil for
transport back to the laboratory.

Samples of soil were collected from larval sites and
transported to the laboratory where they were thoroughly dried in
an oven and, if necessary rolled gently with a rolling pin to break
up any aggregations which formed during drying. Each sample was
then shaken through a standard sﬁeve series with sieve sizes 2.0 mm,
'0.50 mm, 0.25 mm, 0.125 mm, 0.063 mm and 0.037 mm to determine the

distribution of soil particle sizes.
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Study Sites

One site was located in the Thunder Bay district near
the East Bay of Dog Lake, 1 -5 km W of highway 527 and 50 km N of
highway 17. It was used primarily as a source of specimens, both
for mating experiments and rearing of larvae. Some observations
of activity patterns were conducted at this site. The species
C. longilabris was found along Togging roads that run through
second growth forest in an area of sandy soil where the dominant
trees were Trembling Aspen (Populus tremuloides Michx.) and Jack
Pine (Pinus banksiana Lamb.) and through an area of slightly more
gravelly soil with Trembling Aspen, Jack Pine and Spruce (Picea sp.).
Ground cover varied from bare soil.on the road surface to patchy
distributions of bare soil, mosses and lichens, some grasses, wild
strawberry (Fragaria virginiana) and leaf litter.

The other study site at Stanley Hill Cemetery on highway 17,
16 km west of Thunder Bay, Ontario, included some of the grounds of
the cemetéry, a small sandy area along the edge of forested land
across the highway from the cemetery and a part of a pasture bordering
the cemetery on the east side. This was an area of sandy soil with
vegetation cover ranging from mixed forest of predominantly Trembling
Aspen and Jack Pine to old field habitat and bare soil.

A bare road surface ran along the edge of the field which
at one end was in close proximity to Jack Pine trees and it runs
farther into an open field habitat at the other end. This road was

marked at intervals of approximately 5 meters for a distance of 800 meters.
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A multiple mark and recapture study was conducted at this site
through the course of the summer to investigate the mobility and
relative abundance of the adult beetles. Beetles were searched
for visually and captured with a net. Marks were placed on the
elytra in the form of sma]] dots of Testor's model enamel paint,
which has been used successful}y in mark and recapture studies of
tiger beetles (Willis, 1974; Palmer, 1976; Kaulbars, 1982) and by
a number of other workers on other-insects (Southwood 1978). Using
6 locations on each eiytron where spots could be placed and six
colours of paint, 468 different combinations of marks were possible
with no individual bearing more than two spots. Each beetle was
captured, marked and released at the same site and its sex, location
and date of cathre were récorded. Each capture session consisted
of one survey from one end of the 800 meters of marked road surface
to the other and back again. On days when few beetles were captured
this took approximately 2 hours, when beetles were numerous a capture
session was limited to 3 hours in duration, An attempt was made
to conduct weekly capture/recapture sessions throughout the summer,
however, because these beetles are not active in cool or rainy
weather a weekly schedule could not be strictly followed. Instead
these sessions were conducted mainly on sunny, warm days.

The Chrono1ogy of larval development was studied at the
Stanley Hi11 study site by marking burrows. A golf tee numbered
with a waterproof ink marker was placed 2 cm north of each burrow,
and the developmental stage noted. This is easy to do as in (. longilabris

and many other tiger beetle species, the size of the head and pronotum
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of the larvae and therefore the diameter of the burrow it inhabits
occur in 3 discreag,size categories corresponding to the 3 larval
instars. Burrows were checked at intervals of a few days to a week
throughout the summer. Newly found burrows were marked and each
burrow was noted as being open or closed, and if open, the instar
stage was recorded.

In the middle to latter ha]f'of the summer, Tst instar
larval burrows began to appear in numbers too large for all to be
marked with go]f-tees. At this time visual counts were made of
open burrows in each stage of development at intervals of a few
days to a week to gather further information on the seasonality
of the larval stages.

Some observations were made of activity patterns, attempted
~and successful prey captures and copulatory behaviour. The Tatter
was observed both in the fie]d and the 1ab9ratory. Such observations

were timed approximately with a wrist watch and recorded.

Rearing Techniques

Live adults were kept in glass terraria approximately 15 cm
X 40 cm x 25 cm in size, the bottomfof which were covered to a depth
of 3 - 6 cm with soil taken from the site where the beetles were
captured. A petrie dish filled to the level of the rim with soil
was placed in the shallow end of each terrarium and periodically
filled with water. In this Way soil moisture available to the
beetles ranged from wet at one end to dry at the higher end. Two

to three adults of both sexes were placed in each terrarium. Initially
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mortality due to cannibalism was high until clumps of mosses,
grasses and leaf litter from the beetles natural habitat were added
to the terraria. The tiger beetles immediately used the Teaf litter
for cover or dug shallow burrows under the clumps of grass or

moss. Aggressive encounters were greatly reduced in number after
these modifications. The beetles were fed primarily flour beetles
(Tribolium sp.) supplemented occasionally witﬁ assorted arthropods
from sweep-netting.

First instar larvae which appeared in the terraria sub-
sequent to mating and oviposition, and other larvae dug from the
field were reared in glass tubes approximately 2 cm in diameter
by 30 cm long in a manner similar to that described by Palmer (1979).
The rearing tubes were plugged at the bottom with wet cotton balls
or crumpled paper towelling and filled to a depth of 20 - 25 cm
with soil from the site where the larvae were collected, or in the
case of those produced in the laboratory, where their parents were
collected. The rearing tubes were stood on end in a plastic bucket
and the soil kept slightly moist with water added to the bucket
and occasionally applied to the surface with a plant sprayer. Soil
moisture was carefully regulated to minimize mould growth, In a
few cases mould developed and specimens were lost.

First instar larvae of Cicindela were fed early instar
larvae of Tribolium sp.. and second and third instar tiger beetle

larvae were fed late instar, pupae and adult T»ibolium,
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Mating and rearing experiments in the laboratory were carried
out at an ambient temperature of approximately 20°C, with fluorescent
lighting which was generally on during the day and off at night, No
attempt was made to approximate naturally occurring photoperiod,
temperature or humidity. Palmer (1979) noted that fecundity of some
species of tiger beetles is reduced under laboratory conditions and
suggested that temperature may be important in egg production. Reprd-
duction success may have been increased if laboratory conditions more
closely approximated the warm daytime. temperatures, cool nights and

long photoperiod typical of summer in the natural environment,

Criteria for species and subspecies

Species concepts have been discussed by Simpson (1961)
and Mayr (1969) among many others. The subspecies category has been
discussed by many workers inciuding Mayr (1969), Edwards (1954),
Parkes (1955), and Smith and White (1965) in favour of its use and
by Wilson and Brown (1953), Gosline (1954), Hubbell (1954) and Owen
(1963), among others, opposed to its use. It is here felt that
the subspecies category, as stated by Mayr (1969), is a useful if
arbitrary device for classifying population samples in geographically
variable species.

In the absence of direct breeding evidence, relationships
between phena in this study were inferred, based on holomorphological
evidence with emphasis on adult morphology and supplemented with
some ecological and distributional data. Sympatric forms which show

little or no intergradation in at least one character are considered



specifically distinct. Allopatric forms which intergrade clinally
over a fairly wide zone of contact are considered subspecies if
sufficient morphological difference exists between the forms,
~Allopatric populations which are completely isolated geographically
are considered subspecies if they differ only in colour or colour

pattern.
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TABLE 4. Population samples of C. longilabris and C. nebraskana
used in numerical and colour analyses (Fig. 11).

SPECIES CODE LOCALITY MALES FEMALES
C. nebraskana AB1 Alberta: Lethbridge 11 9
AB2 Alberta: 16 km., E. Patricia 8 3
BC1 British Columbia: Oliver 11 21
BC2 British Columbia: Chilcotin 15 16
CAl California: Tuolumne/Mono Co. 11 12
Sonora Pass ’
ID1 Idaho: Moscow Mountain 15 15
- MB1 Manitoba: Ninette 3 5
MT1 Montana: Bozeman 10 16
uTl Utah: Lake Co. Mill Creek Canyon 3 6
WA1 Washington: Bkm. W. Cle Elum 8 6
WY1 Wyoming: Park Co. Clay Butte 4 6
WY2 Wyoming: Sublette Co. 12 18
Lower Green River Lake 3 6
C. longilabris  AB3 Alberta: Fawcett 12 12
AB4 Alberta: McMurray 17 6
AB5 Alberta: 7.2 km. N, Banff 13 18
AB6 Alberta: 20 km W. Beaver Mines 19 16
AB7 Alberta: Wm. A. Switzer Prov. Park 4 14
12 km. N, Hinton
A7Z1 Arizona: Kaibab Nat. Forest 10 20
Kaibab Lodge vicinity
AZ2 Arizona: Apache Co. White Mtns & 6 18
Escudilla Mtns. area
BC3 British Columbia: Creston 16 14
CA2 California: Tuolumne/Mono Co. 13 15
Tioga Pass
CA3 California: Tuolumne/Mono Co. 15 15
Sonora Pass
CA4 California: VYosemite Nat., Park 8 24
Saddlebag Lake
Co1 Colorado: Mineral Co., Creede 14 16
Cco2 Colorado: Pitkin/Lake Co,, 17 19

Independence Pass



TABLE 4 (Cont'd)

SPECIES CODE

C. longilabris MB2

MB3
MB4
MIT
MT2
NB1

NF1
NF2
NH1
NM1

NM2

NS1T
NT1

NT2

ON1
ON2
OR1

OR2
QB1

QB2
QB3
QB4
SD1

SK1
SK2
SK3
uT2

LOCALITY

Manitoba: Riding Mtn. Nat.

Park
Norway House
Gillam

Houghton Co. Oskar
19 km. S. Neihart
New Brunswick:

Manitoba:
Manitoba:
Michigan:
Montana:

Various
Localities

Gander
Harmon Field
Twin Mtn.

Sandoval Co.
Jemez Mtns.

Newfoundland:
Newfoundland:
New Hampshire:
New Mexico:

Bernallilo Co.
Sandia Crest

New Mexico:

MALES
5

8
27
.18
4

4

26
21
11
10

Nova Scotia: Various localities

Northwest Territories:
Yellowknife

Northwest Territories: Fort 16
Smith
Ontario: Kenora vicinity 16
Ontario: Maynooth -
Oregon:' Lost Prairie Camp- 6
ground Nr. Sweethome
Oregon: Blue Mtns. Bone Springs 10
Quebec: Thunder River 8
(Riviere aux Tonneres)
Quebec: Forestville 11
Quebec: Mont Albert 7
Quebec: Duparquet 15
South Dakota: Black Hills 8
Sturgis-Lead
Saskatchewan: Torch River 13
Saskatchewan: Big River 8
Saskatchewan: Hudson Bay 16
Utah: San Juan Co. Abajo Mtns. 6

FEMALES
3

34
12

24
10
22

16

23

11

13
10

11
11
15
11



TABLE 4. (Cont'd)

SPECIES

C. longilabris

CODE

uT3

WAZ2

WA3

WY3

YK1
YK2
YK3
YK4

TOTAL

LOCALITY MALES
Utah: Iron Co. 8
5 km. S. Cedar Breaks
Nat. Mon.
Washington: Olympic Nat. Park 24
Washington: Chelan Co. 27
Stevens Pass
Wyoming: Medicine Bow Mtns, 5
13 km. N. Centennial
Yukon: Whitehorse 8
Yukon: Watson Lake 5
Yukon: Rampart House 3
- Yukon: Dawson 1
647

26

FEMALES

30

S Do

710
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RESULTS AND DISCUSSION

Discriminant Analysis

Figure 11 and Table 4 indicate the population samples used
in these analyses. Tables 5 and 6 indicate the canonical discriminant
functions derived in each of the tests and Tables 7 to 36 present F
statistics and associated sigﬁificance Tevels for comparisons between
groups. Table 37 indicates which variables were selected by the dis-
criminant program in each of the testé.

Due to the number of variables analyzed and the sample sizes
the discriminant procedure used has sufficient power to show up differences
which may be called statistically significant between most of the
population samples invesfigated. I feel that such statistical differences
are minor anq not faxonomica]]y meaningful. A significance level of
0.0001 was arbitrarily chosen as the minimum degree of morphometric
difference between groups for taxonomic status. However, the discriminant
tests of morphometric data were not used as the sole criterion for
taxonomic decisions. Populations were treated as members of the same
taxon where a difference between them was indicated by a discriminant
analysis to be significant at the above mentioned minimum levels, but
where there was a Tack of supporting evidence based on qualitative
characters, soil associations or other distributional/zoogeographical
factors,

Discriminant analysis Tests 1 and 2 (Table 5) compared specimens
from the island of Newfoundland (NF) with specimens from Ontario (ON),

Quebec (QB) and Manitoba (MB). In Test 1 for male specimens, function 1
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separates NF from QB, ON and MB at a significance level beyond 0.0001.
The variables 11, iw, ew and prct (Table 37) contribute the greatest
amount to the variation in discriminant function 1. Newfoundland males
have on average, a longer and wider labrum, wider elytra and are more
heavily maculated than those of the mainland populations. Table 7
indicates F statistics and significance levels for comparisons between
these groups. The NF group is significantly different from each of the
three main]and}groups beyond the 0.0001 level, whereas the mainland
groups in this test do not differ from each other significantly at the
0.0001 Tevel.

Test 2 (Table 5) compares females of the above four groups.
In this test Function 1 separates between NF and the mainland populations.
The variables prct and el make the largest contribution to function 1
- (Table 37). .Newfoundland females have, on average longer elytra and are
more heavily maculated than the mainland populations. F statistics
and significance levels between groups of females (Table 8) also show
NF to be significaﬁt]y different beyond the 0.0001 level from each of
the other three groups. ON and QB do not differ significantly from MB.

Tests 3 and 4 (Tables 5, 9 and 10) were conducted to investigate
variation among population samples from Gander, Nfld. (NF1), Harmon
Field, Nfld. (NF2), Thunder River, Quebec (QB2) and Mont Albert, Quebec
(QB3) (Fig. 11). In test 3, for males, two discriminant functions were
derived which dealt with a significant amount of variation (Table 5).
Function 1 scored the two Quebec populations close together, with NF2
having an intermediate value and NF1 scored farthest from the Quebec

populations. Function 2 scored NF1 and QB3 closer together near the mid
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range of the scale, with QB3 and NF2 farthest apart at either end of the
range of values. In both functions, measurements of the labrum and
pronotum contributed most to the functions (Table 37). Again, males
from Newfoundland were found to have a larger labrum and a larger pro-
notum. These differences reflect a difference in overall body size,
those specimens on the island being larger on average. It is a commonly
occurring phenomenon, for island popu]ationé of animals to be different
in size and Lindroth (1963) indicated that a number of species of
carabid beetles are noticeably larger in body size on the island of
Newfoundland than are their mainland populations.

The F statistics and associated significances between groups
(Table 9) indicate a discordant pattern of variation. Males from NFI1
are different from QB2 and QB3 at a significance level beyond 0.0001,
whereas NF2 males are not significantly different from QB3 males at a
0.01 level. NF1 males and NF2 males differ from each other significantly
beyond'the 0.0001 level. This greater statistical difference between
populations from Newfoundland than between NF2 and QB3 would seem to
refute any subspecific status for Newfoundland populations, based on
morphometric characters,

Test 4 (Table 5) dealing with female specimens also produced
2 functions dealing with a significant amount of variation (at or beyond
0.0001 level). Function 1 separates most strongly between NF1 and QB2
at opposite ends of the range of values with NF2 and QB3 having very
similar scores, intermediate on the scale. Function 2 scores QB2, NF1
and NF2 close together with QB3 distinctly separate from the former three.

Femur length, tibia length are the variables contributing the greatest
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amount of variation to Function 1 and 2 for females of these four
populations. The multivariate F statistics and associated significances
for Test 4 (Table 10) indicate that females of NF2 do not differ from
those of QB2 and QB3 significantly at the 0.001 level. The F statistics
and significance level between NF1 and NF2 is comparable to that between
NF2 and the Quebec populations. These relative differences based on
morphometric characters would not warrant any subspecific distinction
between the populations on Newfoundland and those of the mainland.

A series of discriminant tests were conducted to compare
population samples in the Rocky Mountéin area of the United States where
populations are highly variable and the pattern of variation is complex.

Tesé 5 and 6 (Tables 11 and 12) compare population samples
from southwestern Alberta (AB6), Montana (MT2), south Wyoming (WY3),
and central Colorado (C02). In Test 5 using male specimens, function 1
separates between these four'popu1ations (Table 5), however, the variation
expressed in this functfon is not clinal in a north-south direction.
The AB6 population is more similar to the WY3 and C02 populations than
it is to MT2 which is its c1dser neighbour geographically. Test 5
(Table 11) shows the males of AB6 are significantly different from the
C02 and MT2 males at a significance level of 0.0001, however they are
not different from WY3 at the 0.001 Tevel. WY3 males are not significantly
different from either the AB6 males or the C02 males at the 0.001 level,
however they are statistically different at the 0.0001 level from MTZ,
which in this analysis is their nearest neighbour to the north. This

pattern of variation appears rather discordant between these populations.
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Test 6 compared females of the same populations. Functions 1
and 2 (Table 5) both produce significant separation between these groups.
Function 1 in this case indicates a clinal difference north to south with
AB6 scoring farthest on the scale from C02, the "typical" C. longilabris
laurentii form as described by Schaupp (1884). Function 2 in Test 6 is

also highly significant (p = 0.0001) and indicates a different pattern
of variation, scoring AB6 closer to CO2 than either WY3 or MT2.V The
multivariate F statistics and significances in Table 12 for female
specimens, indicate that from south to north, C02 is not significantly
different from WY3 (0.0024), WY3 is not significantly different from

MT2 (0.0387), but MT2 is significantly different from AB6 beyond the
0.0007 level. This suggests that the difference between AB6 and the
other populations is greater than are the differences among the west
central Montana (MT2), southern Wyoming (WY3) and central Colorado (C02)
populations.

Tests 7 and 8 (Tables 13 and 14) compare a sample from what
appears to be a geographically isolated population in the Black Hills of
South Dakota (SD) with samples of the Rocky Mountain form from central
Colorado(C02) and the Medicine Bow Mountains of southern Wyoming (WY3).
Table 5 shows that for both males and females, function 1 is significant
beyond the 0.0001 level in differentiating these populations and the 2nd
function is not significant at the 0,05 level. Table 13 showing F
statistics and significance levels indicates males of WY3 and COZ2 are
not significantly different at the 0.01 level, This is not surprising
as the montane forest habitat is continuous in a coarse geographical

sense between central Colorado and southern Wyoming. The same table also



32

indicates that the difference between SD and WY3 males is not significant
at the 0.01 level. The significant difference between C02 males and SD
males (p = 0,0000) could reflect the greater geographical distance
between the sampled populations. Table 14 comparing females indicates
that C02 and WY3 are significantly different beyond the 0.0001 Tevel,
and the F statistic comparing SD and WY3 is significant to the 0.0003
level. Discriminant tests 7 and 8 seem to indicate that there is more
difference between the South Dakota population and the nearest sampled
Rocky Mountain population than there is between population samples from
within the Rocky Mountain region.

Tests 9 and 10 (Tables 15 and 16) compare population samples
from central Colorado, Independence Pass (C02), southern Colorado,
Creede (CO1), the Jemez Mountains of northern New Mexico, west of the Rio
Grande (NM2) and the Sandia Mountains in northern New Mexico, east of
the Rio Grande (NM3). This was done to compare the New Mexico populations
with the typical C. 7. laurentii from Colorado and to determine if the
Rio Grande is a significant barrier to gene flow between the two New
Mexico populations. In Test 9 using male specimens, the first two dis-
criminant functions (Table 5) are significant beyond the 0.,0001 level,
and separate between all four populations very well., Table 15 showing
F statistics and significance levels for pairs of the Colorado and New
Mexico samples of males, indicates the two New Mexico populations are not
significantly different at the 0.001 Tevel. Al11 the other populations
differ from each other significantly at the 0.0001 level. Table 16 for
female specimens also shows the two New Mexico samples to be significantly

different at the 0.0004 level, and each of the comparisons between pairs
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of these four populations shows significant difference beyond the 0,0001
level,

Both Tests 9 and 10 indicate that there is less difference
between the New Mexico populations than between the Colorado populations,
If the Rio Grande is a barrier between the populations east and west of
it in New Mexico, it is less important a block to gene flow between
populations than is effected by the greater geographic disténces between
COT, CO2 and the New Mexico populations.

Tests 11 and 12 (Tables 17 and 18) were conducted to compare
the above mentioned Colorado populations with populations from the Abajo
Mountains in southeastern Utah (UT2) and the Cedar Breaks vicinity in
southwestern Utah (UT3). Both Utah populations are found in areas of
montane forest habitat isolated from other populations of the species by
areas of lower elevation and drier habitat.

In Test 11 (Table 5) the first two discriminant functions are
significant beyond the 0.0001 Tevel and show a discordant pattern of
variation between the groups. C02 and UT3 are farthest apart geographically
(Fig. 11) yet function 1 scores them closest together, CO1, CO2 and UT2
are closer together geographically (Fig. 11), yet these populations score
farther apart in discriminant function 1. Table 17 1ndicatés a similarly
discordant pattern of variation between males of these populations.

Test 12 for females of the same four populations also shows two
discriminant functions dealing with a significant level of variafion
(beyond 0,0001 level, Table 5). Table 18 for Test 12 indicates UT2 and
UT3 are not significantly different at the 0.01 level. This suggests

that the approximately 250 km of arid, unsuitable habitat and the Colorado
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River Valley separating these populations does not form a significant
barrier to gene flow., This table also shows COl and CO2 to be significantly
different beyond the 0.0001 level, which is surprising for two reasons.
Both forms share the colouration and increased maculation of the typical
C. l. laurentii form and the montane forest habitat is fairly continuous,
in a coarse geographic sense between these two sites. In an east-west
direction, Test 12 (Table 18) shows the degree of difference between
CO1 and UT2 is not significant at the 0.001 level, but the difference
between CO1 and UT3 is significant to the 0.0001 level. This latter
difference probably reflects the greater geographical distance separating
the populations.

Tests 13 and 14 compared populations from the Kaibab Plateau
in northern Arizona (AZ1) with UT2 and UT3 from Utah. In test 13 (Table
19) using male specimens, there is no significant difference between AZ1
and UT2, whereas statistical differences are greater between AZ1 and UT3
and between UT2 and UT3. This is surprising as the former pair of
populations are on opposite sides of the Colorado River Valley and are
separated by a greater geographical distance than are AZ1 and UT3. Female
specimens of these populations do not exhibit the same pattern (Table 20).

Tests 15 and 16 compared populations from the Kaibab Plateau
in northern Arizona (AZ1), White Mountains of Apache Co. in eastern
Arizone, and the lumped populations of Co]érado (CO) and New Mexico (NM).
In Test 15 (Table 5) comparing males, all three discriminant functions
deal with a highly significant amount of variation. The F statistics
(Table 21) indicate AZ1 and AZ2 are not significantly different from

each other at the 0.001 level. Any other two of these 4 populations are
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significantly different from each other beyond the 0.0001 level.

Test 16 comparing females (Table 5) also shows three highly significant
functions separating the groups. The F statistics and associated
significances for this test (Table 22) show all of these 4 groups

to be different from each other beyond the 0.0001 level.

Tests 9 to 16 suggest a complex pattern of relationships
and a degree of genetic isolation among bopu]ations of the Colorado
Plateau, Northerh New Mexico, White Mountains of eastern Arizona,
Kaibab Plateau in northern Arizona, Cedar Breaks area in S. W. Utah
and Abajo Mountains in S. E. Utah. Such a pattern is what one would
expect given the fragmented distribution of the montane forest habitat
in isolated areas at the southern end of the Rocky Mountain region
(National Atlas of the United States of America, 1970). (. longilabris
is a boreal and montane forest species. Its geographic range (Fig. 79)
corresponds well with the Canadian and Hudsonian faunal zones as
presented by Muesbeck and Krombein (1952), Each of the above mentioned
localities is in an area of the Canadian faunal zone, surrounded and
separated from the others by areas of transition and upper Sonoran faunal
zones (Muesbeck and Krombein 1952).

The next 8 tests were conducted to investigate the populations
in the Cascade Mountains and the Sierra Nevada from southern British
Columbia through Washington, Oregon to California.

Tests 17 and 18 compare two populations in Washington State,
Olympic National Park (WA2), and Stevens Pass in Chelan Co. (WA3), with
populations from Creston, British Columbia (BC3), and south western

Alberta, 20 km W. of Beaver Mines (AB5). In Table 5, test 17 comparing
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males shows 1 function significant beyond the 0;6001 level which separates
the groups in a discordant manner, scoring BC3 closest to WA3 and AB5
closest to WA2 even though this latter pair of populations are most
geographically distant of the 4. Functions 2 and 3 also show discordant
variation patterns, each one weakly separating the groups. The F
statistics and associated significances for test 17 (Table 23) indicate
the only differences between pairs of groups which is significant beyond
‘the 0.001 level is between WA2 and WA3, which are geographically the
closest together of the 4 in this comparison.

Test number 18, using female specimens of the same 4 population
samples produced two functions significant beyond the 0.0001 level (Table
5). Function 1 scores WA2 and WA3 closest together with BC3 intermediate
in score and AB5 scoring farthest from the Washington populations. Function
2 shows a diécordant pattern of variation, with AB5 scoring closest to
WA3. vThe F statistics comparing pairs of groups (Table 24) for test 18
shows each group to be different from each other group at the 0.000]
level except for WA2 and WA3. Females of the two Washington populations are
not significantly different from each other at the 0.001 level.

Test 19 and 20 compared the two Washington populations mentioned
above with specimens from two localities in Oregon, Lost Prairie Camp-
ground near Sweethome in Linne Co. (OR1), and Bone Springs in the Blue
Mountains of Umatilla Co. (OR2). Test 19 using female specimens produced
two highly significant discriminant functions, significant beyond the
0.0007 level (Table 5). Function one scores the two Oregon samples
close together with theper cent of the elytra covered in maculations

being the variable making the largest contribution to the function.
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Function 2 (Table 5) shows a strange pattern of variation in that WA2
and WA3 scored closest together, both having intermediate values in
the range of discriminant scores while OR1 and OR2 scored farthest
apart from each other at opposite ends of the scale. The F values for
test 19 (Table 25) indicate that WA2 and WA3 are not significantly
different from each other at the 0.001 level. This is probably due
to the geographical proximity of these two localities. The greater
level of significance (Table 25) comparing other pairs of populations
in this test is probably due to the greater geographic separation
between them. Test 20 using male specimens of the same 4 popu]ations
also produced two discriminant functions significant beyond the 0.0001
level. The F values and associated significances (Table 26) indicate
WAZ2 and WA3 are not different at the 0.001 level and the same highly
significant differences exist between other pairs of populations
withjn this group of 4.

Tests 21 and 22 compare WA2, OR1 and ORZ2 with a population from
Tioga Pass, California (CAZ). Test 21 with male specimens produced two
discriminant functions dealing with a highly significant degree of
variation (p < 0.0001) (Table 5). The figures in Table 27 indicate ORI
and OR2 are not significantly different from each other at the 0.001
lTevel. A1l of the other populations in this test are significantly
different from each other beyond the 0.0001 Tevel. Table 28 for test 22
using female specimens indicates all of the 4 populations differ from
each other significantly beyond the 0.0007 level.

Tests 23 and 24 compared the Tumped populations from Washington
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(Wa) with the lumped populations from Oregon (OR) and California (CA),
representing the named forms C. 7. columbiana Casey 1924, C. 1. ostenta
Casey 1913, and C. 1. perviridis Séhaupp 1884, respectively.

In test 23, comparing males, two highly significant discriminant
functions were derived which separated very well between the groups (Tab]é
5). As shown in Table 29 for males, each of these three groups differs
significantly from each other beyond the 0.0001 level. In Table 30,
comparing females for the same three groups, the results are similar,
all three groups differ significantly from every other beyond the 0.0001
level. The significant statistical differences between CA, OR, and WA
are probably due to the geographical distance between the sampled localities.
Judging by the distribution of bo longilabris through this region (Fig. 79),
it seems 1ikely that these forms are genetically continuous between
southern British Columbia and central California. It is possible that a
study of numerous population samples throughout the Pacific region would
show some continuity of relationship between these forms.

Tests 25 and 26 were done to compare three large groupings of
population samples. One was the Tumped populations of the Rocky mountain
States from Montana to Arizona and New Mexico, another the lumped pop-
ulation samples of the Cascades and Sierra Nevada from southern British
Co]umbia to east central California, and a third the nominal form from
across the boreal zone in its broadest sense in the northern part of
the continent.

In test 25, comparing male specimens, two functiohs were derived
dealing with a significant amount of variation (sign beyond the 0.0001

level). Table 31 for test 25 indicates multivariate F figures between
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Test 26 comparing female specimens ﬁroduced very similar results.
Two highly significant discriminant functions were produced (Table 5).
One function set the Pacific form apart from the other two and the second
function separated the Rocky Mountain group from the Pacific and Boreal
forms. Table 32 shows any two group comparison between these three to
have an F statistic that is significant beyond the 0.0001 level. Both
male and female specimens show highly significant statistical differences
between these three groups, beyond the minimum significance level (0.0001)
here chosen for taxonomic purposes. |

The variables contributing the most to the discrimination
between the above three groups were pronotal width (pw), pronotal length
(p1), per cent of elytral surface covered with maculations (prct),
head width (hw), length of mesothoracic tibia (t1) and elytral width
(ew) (Table 37). A one-way analysis of variance was performed to
investigate the statistical differences in each of these measurements
between the three groups in question. For males, all three groups were
statistically different from each other in pw (F = 27.958, p = 0.0001,
sign. at 0.05 by Scheffe's procedure) and hw (F = 25.710, p = 0.001,
sign. at 0.05 by Scheffe's procedure). For both of these variables males
of the Boreal group measured the largest and the Pacific group measured
the smallest. Similarly for females, a one-way analysis of variance showed
that each of the groups is different from the others based on the variables
pw (F = 57.793, p = 0.0001, sign. at 0.05 by Scheffe's procedure) and
hw (F = 52.201, p = 0.0001, sign. at 0.05 by Scheffe's procedure). For
both variables, females of the Boreal form had the largest average measure-

ment and the Pacific form was the smallest of the three. These statistics
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probably reflect the overall size differences with the nominate form
being Targest, the Rocky Mountain form being smaller, on average and the
Pacific form being the smallest.

The boreal form has a proportionately shorter, wider pronotum
than the other two groups evidenced by the statistical difference in
the variable p1/pw (one-way anova Males: F = 42,165, p = 0.0001, sign
at 0.05 by Scheffe's procedure; Females: F= 36.908, p = 0.0007, sign at
0.005 by Scheffe's procedure).

Per cent of the elytral surface covered with macu]atioﬁs was
‘another discriminating variable which shows statistical differences
between the groups. A one-way anova of male specimens indicated that the
boreal group is less maculate than are the other two groups (F = 43,175,

p = 0,0001, sign at 0.05 by Scheffe's test). The same test with female
specimens showed the boreal form to be least maculate, the Rocky Mtn.
group more so and the pacific group the most maculate, on average (F =
55.577, p = 0.0001, sign at 0.05 by Scheffe's procedure).

Discriminant tests 27 and 28 were performed to compare pop-
ulation samples of C. nebraskana from east of the Rocky Mtns. with those
west of the divide. Leffler (1979) in studying tiger beetles of the pacific
Northwest states recognized two subspecies, C. n. nebraskana from east
of the divide and C. n. chamberlaini from west of the divide, based
primarily on a statistical difference in head width, the eastern pop-
ulations having the narrowest heads with intermediate populations occurring
near the divide in eastern Idaho and northwestern Wyoming. Test 27 (Tables

6, 33) for male specimens, produced a discriminant function which separated
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between the eastern and western populations significant beyond the 0.0001
level. |

The variables contributing most to the discriminant function
were, in order of importance f1 and el (Table 37). Hw was not selected
lin this analysis. Test 28 using female specimens also separated between
the groups significant beyond the 0.0001 level (Tables 6, 36). In this
discriminant function the variables contributing most tb the variation
were, in order of importance f1 and hw.

Using one-way analyses of variance these with the probabitlity
of a type one error set at 0.01, for both males and females, the western
populations of C. nebraskana had significantly longer mesofemﬁréieng%th
on average, and larger elytra than the eastern populations. No differences
in other measurements significant at the 0.05 Tevel were found between
the eastern and western forms of C. nebraskana.

Discriminant tests 29 and 30 were done to compare C. longilabris
with C. nebraskana. As Tables 6 and 35 indicate, for test 29 comparing
male specimens a djscriminant function was derived which separated the
two groups very well. The multivariate F ratio was 39.988, significant
beyond the 0.0001 level. The variables contributing most to the discriminanf
functions were 11, 1w, 11/1w, prct, hw/pw, 1col, and 1s2 (Table 37).

The discriminant function derived in test 30 between females of
the two species was also highly significant (Table 6). The multivariate
F ratio was significant beyond the 0.0001 level (Table 36). The variables
most effective in separating the females of the species were prct, 1w, Icol,

11/1w, pw, 1s2, and osr (Table 37).
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Using a one-way analysis of variance with the probability of
a type one error set at 0.001, males and females of C. Zongilabris, as
compared to those of C. nebraskana, were found to have a significantly
longer and wider labrum, Tonger labrum in proportion to length, and they
are more maculate, and have proportionally wider heads, in relation to
pronotal width, While males and females of C. nebraskana were found
to have significantly more non-sensory setae on the scape of the antenna
(Fig. 3) than C. longilabris, they could not be individually identified
on that basis, as the range for C. nebraskana is 1 - 7 and for

C. longilabris it is 0 - 8.



TABLE 5. Canonical discriminant functions evaluated at group centroids

TEST
1

SEX
M

for discriminant analyses of C. longilabris.

GROUP

NF
QB
ON
MB

‘NF
QB
ON
MB

NF1
NF2
QB3
QB2

NF1
NF2
QB3
QB2

AB6
MT2
WY3
co2

AB6
MT2
WY3
coz2

SD1
WY3
co2

FUNCTION 1

1.50447
-0.54713
1.46495
-0.62092

1.23770
-0.04590
-1.31731
-0.35960

-1.47603
0.42626
'1.76261
'1.55336

-1.03027
'0.48235

0.45092
2.29503

1.00629
3.97995

~ =0.25666

-1.92646

-2.,97788
-1.30577
-0.09169

2.72354

-4.64296
-0.50943
2.33475

SIGN.

0.0000

0.0000

0.0000

0.0000

'0.0000

0.0000

'0.0000

FUNCTION 2 SIGN,

0.10389
-0.66181
0.62022
0.30818

-0.27416

0.65663
-0.36636
-0.18288

0.34675
-1.17008
-0,26151

1.58061

0.26421
0.32265

- =1.76087

'0.65092

1.11885
-2.40156
-0.27851
-0.53768

1,17719
-4,02785
-1.15608

'0.49568

-0.50687
1.98964
-0.34666

0.0007

0.0008

'0.0001

0.0001

'0.0000

0.0001

0.1133

43

FUNCTION 3 SIGN,

-0.11024
-0.0779%6
-0.83300

'0.54264

'0.15491
0.07562
0.07562

-0.53029

0.14078
~-0.38365
1.36885
-0.47121

'0,23094
-1.52325
0.07403
0.59693

0.21340
0.41489
-2.52338
0.41859

0.0118

0.0255

0.0796

0.0087

0.0030



TABLE 5. (Cont'd)

TEST
8

10

11

12

13

14

15

SEX
F

GROUP

SD
WY3
coz

co2
co1
NM1
NM2

o2
co1
NM1
NM2

cor
co2
uTe
uT3
Co1
coz
uT2
uT3

AZ1
uT2
uT3

AZ1
uT?
uT3

AZ1
AZ2
co
NM

FUNCTION 1

4,58970
1.29735
-2.82532

0.99471
1.65177
-2.19463
-3.83817

'1.90040
'1.70876
-3.96863
-6,22924

0.66186
-1.36747

3.23520
-0.67878

2.13700
-1.94474
0.28454
'0.19078

-1.79330
-1.,35183
'3.2550

-1.41689
1.83524
2.73738

0.13085
0.95029
1.46635
-3.08631

SIGN.

0.0000

'0.0000

0.0000

'0.0000

0.0000

0.0000

0.0000

0.0000

FUNCTION 2

-1.48198
'1.45321
1.02074
-0.18224

-2.24976
2.55167
2,07228

-1.20609

-1.51311
-0.08774

1.16558
'1.96019

-0.73862
0.55063
1.40495

2.17930

1.719043
-2,17416
0.14258

0.14151
-2.60665
1.45756

-1.91721
-3.56755
1.04926
0.47355

SIGN.

0.0000

0.0000

0.0000

0.0000

0.0070

0.0002

0.0000

44

FUNCTION 3

-0.15956
0.39330
-1.73605
1.08894

0.57218
-0.68947
-0.80103

'1.06459

0.11328
0.06162
-2.19150
1.13917

1.50960
-1.54645
-0.07873
-0..19862

SIGN.

0.0119

0.0217

'0.0042

0.0026



TABLE 5 (Cont'd.)

TEST
16

17

18

19

20

21

22

SEX
F

GROUP

AZ1
AZ2
co
NM

AB5
BC3
WA2
WA3

AB5
BC3
WA2
WA3

WA?2
WA3
OR1
OR2

WA2
WA3
OR1
OR2

WA2
OR1
OR2
CA2

WA2
OR1
OR2
CA2

FUNCTION 1

-1.41254
10.28015
2.31152

-3,66227

0.64021
-0.06441
0.79147
-0.96181

2.18785
0.57672
-1,19315
-2.52235

'2,29534
'0.53768
-1.94902
-3.93970

-1.16132
-0.19293

2.41583
2.04366

0.06838
-1.,78721
-4.40994

3.75166

0.97274

-1.75585
-5.01774
'3.42118

SIGN.,

'0.0000

0.0000

'0.0000

'0.0000

0.0000

'0.0000

0.0000

FUNCTION 2

1.06969
1.56243
-0.68513
-1,96556

0.07681
'1.15340
-0,42574
-0.34929

'0.65324
-1.73228
0.45355
-0.43460

0.44680
-0.90667
-2.94783

1.92464

0,29135
-0,30871
'1.99641
-1.21602

1,67293
-2.68806
-0.79712
-1.29600

2.07583
-2,78124
'0,10852
-2.06052

SIGN,

0.0000

'0.0006

'0.0000

0.0000

0.0000

0.0000

0.0000

45

FUNCTION 3 SIGN.

1.37545
-1,39183

0.10926
-0,48309

-1,33454

0.29512
'0.45819
-0.03994

-0.31884
0.25492
0.39589

-2.34365

-0.21752

2,67438
-0,39117
-0.00721

0.56615
-0.75424
-0.13952

0.76217

0.35008
1.57788
-1.,13278
-0.92771

0.0000

0.0070

'0.0048

0.0134

0.0030

0.1646

0.0000



TABLE 5 (Cont'd)

TEST SEX GROUP

23

24

25

26

M

WA
OR
CA

WA
OR
CA

Boreal
Pacific
Rocky Mtn

Boreal
Pacific
Rocky Mtn

FUNCTION 1

-1.19849
-1.71588
2.51949

'0.08908
4,09752
-1.90554

-0.67659
1.02706
'0.39649

-0.68318
1.19464
0,12659

SIGN.

'0.0000

'0.0000

'0.0000

0.0000

FUNCTION 2

0.71185
~2.08296
-0.12788

2.17924
-1.03891
-0.94157

0.14247
0.48910
-0.91121

'0.30761
'0.45284
-1.00810

SIGN.,

0.0000

0.0000

0.0000

0.0000

46

FUNCTION 3 SIGN.



TABLE 6,

TEST

27

28

29

30

47

Canonical discriminant functions evaluated at group centroids

for discriminant analyses of the C. longilabris/nebraskana

complex.

- SEX

GROUP

nebraskana W.

nebraskana E.

nebraskana W.

nebraskana E.

nebraskana

longilabris

nebraskana

longilabris

FUNCTION 1

'0.94882
-1,18602

0.88205
-1.15877

-2.02870
0.40574

1.87920
-0.42643

SIGN.

'0.0000

'0.0000

0.0000

0.0000



TABLE 7.

TABLE 8.

Test 1, F statistics* and associated significance levels+
between groups of males of C. longilabris from ON, QB, MB
and NF populations.

Each F statistic.has 11 and 130 degrees of freedom.

GROUP MB NF ON
NF 9.0942*
0.0000+
ON 2.6068 9,6797
0.0049 0.0000
QB 2.2757 8.8662 2.9690
0.0142 0.0000 0.0015

Test 2, F statistics* and associated significance levels+
between groups of females of C. Zongilabris from ON, QB,
MB and NF populations.

Each F statistic has 11 and 130 degrees of freedom.

GROUP MB NF ON
NF 6.2102*
0.0000+
ON '3.0459 10.681
'0.0015 0.0000
QB 2.4519 5.3447 4,5953

0.0097 0.0000 0.0000

48



TABLE 9.

TABLE 10,

49

Test 3, F statistics* and associated significance levels+
between groups of males of C. longilabris from NF1, FN2,
QB2 and QB3 populations.

Each F statistic has 11 and 51.0 degrees of freedom.

GROUP NF1 NF2 QB2
NF2 5.4696*
0.0000+
QB2 6.5061 4.8526
0.0000 0.0000
QB3 '5,1840 2.2677 2.2184
0.0000 0.0243 0.0276

Test 4, F statistics* and associated significance levels +
between groups of females of C. longZlabris from NF1, NF2,
QB2 and QB3 populations.

Each F statistic has 11 and 52 degrees of freedom,

GROUP NF1 NF2 QB2
NF2 3.1630*
'0.0024+
QB2 7.1868 3.1506
0.0000 0.0025
QB3 4.,0046 2.7531 3.9801

0.0003 0.0069 0.0003



TABLE 11.

TABLE 12,

Test 5, F statistics* and associated significance Tevels+
between groups of males of C. Zongilabris from AB6, CO2,
MT2 and WY3 populations.

Each F statistic has 10 and 31.0 degrees of freedom.

GROUP AB6 02 MT2
o2 7.7157*
0.0000+
MT2 5.3965 9.6265
'0.0001 0.0000
WY3 3.3473 3.4466 5.3543
0.0047 '0.0039 0.0001

Test 6, F statistics* and associated significance levels+
between groups of females of C. Zongilabris from AB6, CO0Z,
MT2 and WY3 populations.

Each F statistic has 12 and 30 degrees of freedom.

GROUP AB6 co2 MT2
co2 16.853*
'0.0000+
MT2 6.8916 8.9868
0.0000 0.0000
WY3 4,1033 3.5363 2.2102

0.0008 0.0024 0.0387



TABLE 13,

TABLE 14.
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Test 7, F statistics* and associated significance levels+
between groups of males of C. longilabris from SD1, WY3,

and C02 populations.

Each F statistic has 10 and 18 degrees of freedom.

GROUP

SD

WY3

co2 SD
17.667*
0.0000+
'3.4895 4,7833
0.0103 0.0020

Test 8, F statistics* and associated significance levels+
between groups of females of C. Zongilabris from SD1, WY3

and C02 populations.

Each F statistic has 7 and 26 degrees of freedom.

GROUP

SD

WY3

co2 SD
41,862*
'0.0000+
10.187 6.0584

0.0000 0.0003



TABLE 15.

TABLE 16.

Test 9, F statistics* and associated significance levels+
between groups of males of C. longilabris from CO1, CO02,
NM2 and NM3 populations.

Each F statistic has 10 and 31 degrees of freedom,

GROUP co1 coz NM2
coz 5.5649*
0.0001+
- NM2 6.3524 6.5030
0.0000 0.0000
NM3 12.043 10.223 3.0369
0.0000 0.0000 0.0085

Test 10, F statistics* and associated significance levels+
between groups of females of C. Zorngilabris from CO1, COZ2,
NM2 and NM3 populations.

Each F statistic has 12 and 32.0 degrees of freedom.

GROUP Co1 coz NM2
coz 12.693*
0.0000+
NM2 9.0431 13.770
0.0000 0.0000
NM3 23.377 21.781 4,4303

'0.0000 0.0000 0.0004
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TABLE 17.

TABLE 18.

Test 11, F statistics* and associated significance Jevels+
between groups of males of C. longilabris from COl1, CO2,
UT2 and UT3 populations.

Each F statistic has 10 and 32 degrees of freedom.

GROUP co1 coz2 uT2
coz 4,6389*
'0,0004+
uT2 5.1400 7.8806
0.0002 0.0000
uT3 5,6039 3.2884 5.1997
0.0001 '0.0050° '0.0002

Test 12, F statistics* and associated significance levels+
between groups of females of C. longilabris CO1, CO02,
UT2 and UT3 populations.

Each F statistic has 10 and 34 degrees of freedom.

GROUP o1 co2 uT2
co2 11.468*
'0.0000+
UT2 4.0178 4.3413
0.0011 0.0006
UT3 5.1419 5.3286 2.6987

0.0001 0.0001 0.0150
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TABLE 19.

TABLE 20.
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Test 13, F statistics* and associated significance levels+
between groups of males of ¢. longilabris from AZ1 UTZ2, and
UT3 populations.

Each F statistic has 8 and 14 degrees of freedom,

GROUP AZT UT2
Ut - '3.5985%
0.0177+
UT3 9.8476 7.5985
0.0001 0.0006

Test 14, F statistics* and associated.significance levels+
between groups of females of C, longilabris from AZ1, UTZ2
and UT3 populations.,

Each F statistic has 8 and ]4.0 degrees of freedom.

GROUP AZ1 UT2
uT2 8.2160*

0.0000+
uT3 11.156 5.7274

.0.0000 0.0006



TABLE 21.

TABLE 22,

Test 15, F statistics* and associated significance levels+
between groups of males of C. longilabris from AZ1, AZ2,
CO, and NM populations.

Each F statistic has 12 and 49.0 degrees of freedom,

GROUP AZ1 AZ2 co
AZ2 3.2500*
0.0017+
co '6.7441 '8.1203
'0.0000 '0.0000
NM 8.1346 10,395 15.754
0.0000 0.0000 0.0000

Test 16, F statistics* and associated significance levels+
between groups of females of C. longilabris from AZl, AZ2,
CO and NM populations.

Each F statistic has 12 and 71.0 degrees of freedom.

GROUP AZ1 AZ2 co
AZ2 6.2772*
'0.0000+
co 17.036 12.026
0.0000 "0.0000
NM 10.075 13.455 25.767

0.0000 0.0000 0.0000
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TABLE 23. Test 17, F statistics* and associated significance levels+
between groups of males of C. Zongilabris from AB5, BC3,

WA2 and WA3 populations.

Each F statistic has 10 and 64.0 degrees of freedom.

GROUP AB5
BC3 2.4639%
0.0146+

WA2 2.3074
‘ 0.0219

WA3 2.9980
0.0037

BC3

2.7377
0.0072

2.7576
0.0068

WA2

3.6413
0.0007

TABLE 24. Test 18, F statistics* and associated significance levels+
between groups of females of C. longilabris from AB5, BC3,

WA2.and WA3 populations.

Each F statistic has 10 and 50,0 degrees of freedom,

GROUP AB5
BC3 5.3787*
0.0000+
WA2 10.883
'0.0000
WA3 7.5380

0.0000

BC3

6.0324

'0.0000

4.6766
0.0001

WA2

2.9970
0.0049



TABLE 25.

TABLE 26.
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Test 19, F statistics* and associated significance levels+
between groups of females of C. longilabris from OR1, ORZ2,
WA2 and WA3 populations.

Each F statistic has 12 and 41.0 degrees of freedom.

GROUP

' OR2

WA2

WA3

OR1

10.502*
0.0000+

15.494
'0.0000

'3.8061
0.0006

Test 20, F statistics* and

GROUP

ORZ2

WA2

WA3

OR1

3.9172*
0.0007+

7.5075
0.0000

5.8815
0.0000

OR2

22.923
0.0000

6.9492
0.0000

WA2

3.0682
0.0036

associated significance levels+
between groups of males of C. longilabris from OR1, ORZ,
WA2 and WA3 populations.

Each F statistic has 9 and 53.0 degrees of freedom.

OR2

7.9508
0.0000

5.2442
0.0000

WA2

3.6642
0.0013



TABLE 27.

TABLE 28.

Test 21, F statistics* and associated significance levels+
between groups of males of C. longZlabris from WA2, OR1,

OR2, and CA2 populations.

Fach F statistic has 12 and 37.0 degrees of freedom.

GROUP CAl
OR1 9.3348*
"0.0000+
OR2 22,903
'0.0000
WA2 12.314
'0.0000

OR1

3.4314
'0.0019

7.2812
0.0000

OR2

11.435
0.0000

Test 22, F statistics* and associated significance levels+
between groups of females of C. Zongilabris from WAZ, OR1,

OR2, and CA2 populations.

Each F statistic has 12 and 52.0 degrees of freedom.

GROUP CAl
ORT 14,666*
0.0000+
OR2 34.833
0.0000
WA2 16.822
'0.0000

OR1

10,397
0.0000

17.852
'0.0000

OR2

24,494
0.0000
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TABLE 29.

TABLE 30.

Test 23, F statistics* and associated significance levels+
between groups of males of C. longilabris from CA, OR, and

WA populations.

Each F statistic has 10 and 87 degrees of freedom.

GROUP -

OR

WA

CA OR
20.526*
"0.0000+
26.646 8.447
0.0000 0.0000

Test 24, F statistics* and associated significance levels+
between groups of females of C. ZongZlabris from CA, OR,

and WA populations.

Each F statistic has 17 and 35 degrees of freedom.

GROUP

OR

WA

CA OR
42 ,579*
0.0000+
20,481 26,688

0.0000 0.0000
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TABLE 31,

TABLE 32.
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Test 25, F statistics* and associated significance levels+
between males from Tumped population samples of C. longilabris
from the Rocky Mountain States, Pacific Region and the Boreal
Region.

Each F statistic has 12 and 431 degrees of freedom.

GROUP BOREAL ZONE PACIFIC REGION
Pacific region 18.885*
0.0000+
Rocky Mtn. 12.662 10.140
Region 0.0000 0.0000

Test 26, F statistics* and associated significance levels+

between females from the lumped population samples of C. Zongilabris
from the Rocky Mountain States, Pacific Region, and Boreal

Region.

Each F statistic has 12 and 464 degrees of freedom.

GROUP BOREAL ZONE PACIFIC REGION
Pacific Region 22.872*

'0.0000+
Rocky Mtn. 15.807 16.323

Region 0.0000 0.0000
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TABLE 33. Test 27, F statistics* and associated significance levels+
between males of C. nebraskana from lumped populations from
west of the continental divide and east of the continental
divide.

Each F statistic has 9 and 89 degrees of freedom.

GROUP WEST
East 11.358%
0.0000+

TABLE 34, Test 28, F statistics* and associated significance Tevels+
between females of C. nebraskana from lumped populations from
west of the continental divide and east of the continental
divide.

Each F statistic has 8 and 109 degrees of freedom,

GROUP WEST

East 14.166*
0.0000+



TABLE 35.

TABLE 36.

Test 29, F statistics* and associated significance levels+
between males of C. Zongilabris and C. nebraskana.

Each F statistic has 12 and 581 degrees of freedom.

GROUP‘ C. nebraskana
C. longilabris 39,988*
'0.0000+

Test 30, F statistics* and associated significance levels+
between females of C. longilabris and C. nebraskana.

Each F statistic has 10 and 627 degrees of freedom.

GROUP C. nebraskana

C. longilabris 50.403* -

0.0000+
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TABLE 37 (Cont'd.)
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+ o+ o+ o+ o+
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+ + + + +

+

+ 4+ + o+ o+
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+

+ + o+ 4+
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+ 4+ + 4+
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Colour and Pattern of Markings

Figure 12 presents the frequency of occurrence of three
categories of Tabrum colour for females of each population of C. longilabris.
In most samples, all females had 1ight coloured labra, in some of the
populations a significant fraction of females exhibited labra which were
intermediate in colour, mottled, or darkened along the outside edge
and-midrib. In a small number of population samples a small fraction
of females had dark coloured labra. There appears to be no geographic
pattern to the variation in this character in C. longilabris. Figure
13 indicates the frequency of occurrence of character states of female
1dbrum colour in population samples of C. nebraskana. This character
is highly variable between populations.

In samples from southern Alberta (AB1, AB2) (Table 4, Fig. 11),
and eastern California (CA1), the dark coloured labrum predominates.
In the Wyoming populations (WA1, WA2) the vast majority of female spec-
imens have light coloured labra, and in the rest of the populations
the three character states are represented in varying frequencies between
the two extremes. There appears to be no pattern to the variation in
this character in ¢. nebraskana. Overall, among C. nebraskana females
44 .,8% had light coloured labra, 30.6% were intermediate in character and
24.6% were black (total, n = 134). Among C. longilabris females labra
were light in 90.3%, intermediate in character in 8.2% and black in
colour in 1.5% of specimens (n = 586).

Among male specimens of C. nebraskana 82.6% had light labra,
15.6% intermediate, and 1.8% black (n = 109), and among C. Zlong<labris

males the corresponding figures were 97.6% light labra, 1.8% intermediate,
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and 0.6% dark (n = 538).

Figure 14 shows the frequency of occurrence of colours of
the proepisternum of C. Zongilabris. This character is variable across
the range of the species, but in most populations, specimens with
green and black, green, green and blue, or bronze and green coloured
proepisterna (character states 2 - 7, Table 2), make up the Tlargest
fraction of'samples, Figure 15 shows the frequency of occurrence of
proepisternal colour states in popuiation samples of C. nebraskana.

In this species the proepisterna in most of the p0pu1ation$ are black
colour, with notable exceptions being the Wyoming populations (WY1 and
WY2) and the northern Utah population (UT1), in each of which specimens
with bronze coloured proepisterna (character states 6, 7 Figure 15),
make up a large fraction of the sample.

Figure 16 presents frequency of occurrence of colours on the
ventral surface of the abdomen in C. Zongilabris. This character is
variable throughout the species, but metallic greens and mixtures of
metallic greens, blues and bronze colour (character states 3, 4, 6,
Table 3) predominate in most populations.

In contrast, Figure 17 shows the frequency of occurrence of
various colours of the venter of the abdomen in specimens of C. nebraskana.
In the majority of population samples, black (character state 1, Table 3)
is the most frequent colour of the ventral surface, with blue and purple
(Character state 5) and bronze (sf%;s 6, 7), comprising large fractions
of some of the samples. The UTT1 sample is peculiar in having a large
number of specimens with black and green abdominal colouring (character

state 2, Fig. 17).
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Figure 18 shows the frequency of occurrence of colours of
‘the elytra of C. longilabris. This character is highly variable through-
out the range of the species. The blue-green and dark blue colour
(states 6 and 7, Table 1) occurred so rarely that they did not show up
as a fraction of any of the sampled populations.

Green specimens predominate in the Newfoundland populations
(Fig. 18), of C. longilabris. The mainland specimens across eastern
North America are almost all black or dark brown in dorsal colouration.
In the western part of the continent elytral colour is more variable.
In the Rocky mountains of the western United States dark brown, bronze and
olive green (character states 2, 3, and 4) specimens predominate and in
the Pacific region from California to Washington State, bright green
coloured specimens are most numerous. In C. nebraskana (Fig. 19),
black coloured specimens are in the overwhelming majority with dark
brown "and bronze elytra occurring. in small fractions of the populations.

Figures 20 and 21 show the average percentage of the elytral
surface covered with maculations (Fig. 7), in C. longilabris and
C. nebraskana. In the former species (Fig. 20), most of the specimens
of the boreal zone have an average between 1 and 5% of their elytral
surface covered with maculations. This percentage increases greatly
in specimens of some populations of the Pacific and Rocky Mountain regions
of the United States.

In ¢. nebraskana (Fig. 21), most of the specimens have an
average less than one percent of the elytral surface area covered with

maculations. The exceptions are the ID1 and WY2 samples which have an
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average 1.2 and 1.6% respectively of their elytral surface covered with
1ight markings.

Figures 22 - 27 and Table 38 present weighted mean values of
characters of the elytral markings for population samples of C. longilabris
and C. nebraskana. Figure 22 presents weighted mean character values
of the humeral lunule (Figs. 6, 8) for population samples of C. Zlongilabris.
In most populations of this species the humeral Tunule is usually present
as one or two distinct dots or else is present as a complete Tunule
(Fig. 8). Figure 23 presents the weighted mean character values of
the humeral lunulé for samples of C. nebraskana. In all samples of
this species, the humera1 lunule 1is entirely lacking in most specimens.

Figure 24 presents the weighted mean character values of
the middle band (Figs. 6, 8) for C. Zongilabris. In most population
samples from the boreal zone, the middle band is either indistinctly
present (state 1, Fig. 9) or is complete, but quite thin (state 2,

Fig. 9). The middle band is more developed in the southern Rocky
Mountain region and in the Pacific coast states. Figure 25 presents
weighted average character values of the middle band (Fig. 9) for samples
of C. nebraskana. In a majority of the populations the middle band is
1éck1ng completely in most specimens. In BC1, WAl, ID1, WY2 and MBI
(Fig. 11) the middle band is either incompletely present or is present

as a thin line (states 1 and 2, Fig. 9) in most specimens.

Figure 26 presents weighted mean character values of the apical
lunule of samples of ¢. longilabris. In some populations in the Atlantic

region of Canada (QB1, NF2, NB1, NS1, Fig. 11), the apical lunule is



TABLE 38. Weighted mean values of characters prct, hl, mb, al for
samples of C. nebraskana and C. longilabris. Characters
are defined in the Materials and Methods section and in-
dicated in Fig. 4, 5, 6, and 6. Locality codes are de-
fined in Table 4 and illustrated in Figure 11.

Population prct hl mb al
C. mebraskana AB1 0.5 0.00 0.05 0.00
AB2 0.5 0,09 0.09 0.00
BC1 0.6 0.00 -1.22 0.13
BC2 0.9 '0.55 0.71 0.13
CAl 0.6 0.00 0.96 0.04
ID1 1.2 0.03 1.40 0.26
MB1 0.7 0.38 1.00 .0.38
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