e

. Natnonal Libr. :
of Canddd % C
4 o

~ Canadian’ Theses Service

duCanada =

OttaWa Canada-
K1A 0N4 »~ £

PN

¥ NOTICE

- Thequality of this microform is heavily dependent upan they,
quality of the ariginal thesis submitted for microfilming.
Every effort has been made to ensure thepnghest quality of

reproduction possnble ' ,

i paé;es are mnssung contact the untversaty WhICh granted
egree ta

v Some Fages may have undlstlnct prmt espemally lf the
. original pages were typed with a poor typewriter ribbon or
if the unlversny sent us an inferior photocopy

| R

Prevnously copynghted materials (journal articles; pub--
lished tests, etc.) are not fllmed

Reproduction inYull or in part of this mtcroform isgoverned
by theiimadlan Copyright Act, R.S. C 1970, c. C-30.
Voo , .

]

e L
el

NL-339 (1. 88/04)

Blbltothéque nattona&e

_Servic'e des théges canadiennes

5

~tion. T

CAVIS

La qualité de cette microforme dépend grandement de 1a
qualité de la thése soumise au microfiimage. Nous avons
tout fait pour assurer une qualité supéncure de reproduc
LI

\

.Sl m&ﬁque des paées veuillez commurﬁguer avee

Iunlversne qun a conféré Ie grade.

‘.La quallté d mpressnon de certalnes pages peut Ialssc a

désirer, surtout si les pages originales-ont été dactylogra-
phiées a l'aide d'un ruban usé ou si 'université.nous a fait

.'parvenlr une photocopie de-qualité mtérteure

’Les documerits. qui font déja I'objet d'un droit dauteur
tests publiés, etc.) ne sont. pas -

(articles de revue;
microfilmés.

La reproduttton méme partielle, de ¢&
soumise a la Lqi canadienne sur. le droi¥’

auteur,.'St;‘tC
1970ac. C-30. '

. em

~C.

O
&
S
o

%

mtcrotorme"e'St .



¥ ;
m
. . " ) ! . . o B ‘ e
R THE UNIVERSITY OF ALBERTA
SAND DUNE TIGER BEETLES IN WESTERN CANADA o
COMMUNIT? ECOLOGY, COLOURATION, "
,  AND HISTORICAL BIOGEOGRAPHY.
' C 3 “ by, .
= JOHN HARRISON ACORN | B
o
| ~ ATHESIS - S
SUBMI’I'I'ED TO THE FACULTY OF GRADUATE STUDIES AND
- RESEARCH |
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE
‘ OF MASTER OF SCIENCE
DEPARTMENT OF ENTOMOLOGY
2 o - ,
~ A |

EDMONTON ALBERTA
| FALL 1988 o



Permlssion has be@h granted

to the National Library of
to microfilm this
thesis and to lend or -8ell -

Canada

copies of the film.

N\

The author '(copyright owner).

~has reserved other
- publication
neither sthe
‘'may be printed or otherwise

reproduced . without h1s/her
‘written permission._.

film.

rights, and
" thesis nor

i la
extensive extracts from it

risation a é&té accordée
,~Bibliothéque nationale
Canada . de microfilmer
te thése et de préter .ou
de vendre des exemplaires du

A%
L'auteur (tiqplaire du droit
d'auteur)  se.

autres droits de publication;
thése ni de 1longs
extraits de celle-ci ne
doivent @&tre imprimés ou
autrement reproduits sans son
autorieation écrite.

ISBN 0-315-45555-1 - . "

w4

réserve JlYes



Sy ;
“THE UNIVERSITY OF ALBERTA"
" RELEASEFORM .

NAME OF AUTH@R John Hartison Acorn

. TITLE OF THESIS: Sand Dune Tlger Beetlesnn Western Canada:

| Commumty Ecology, Colouratlon and Hlstorlcal Blogeography
' DEGREE 1Master of Sc1ence

; YEAR THIS DEGREE GRANTED 1988

| Permrssron is hereby granted to THE UNIVERSITY OF

: ALBERTA LIBRARY to reproduce smg[e coples of this thesis and to

lend or sell such coples for private, scholarly or scientific research -

purposes only | | | ) B
~ The author reserves . other pul)hcatlon rlghts and nerther the

thesis nor extensive abstracts from it may be prlnted or otherwrse

reproduced without the authors written permlssron

| Date Q(+7Ll(:(58 ......... -



| Chuang Tzu and Hui Tzu had Strolle'rl bn to the"’ bri'dge over the = -
‘Hao, when the former observed "See how the mmnows are dartmb
about! That 1s the pleasure -of flShCS | |

"You not b_emg a fish yourself, said Hu; Tzu "how. can you

» possibly know - wh’at consists the pleasure of frshes‘7"

"'And you not bemg L" retorted Chuang Tzu ow can you

- know that I do not know""'

Yf I, not bemg yor}/ cannot know what you know urged Hui
Tzu,> "it follows that you not bemg a flSh cannot know in what . o .

consists the . pleasure of frshes

"Let us' go back said Chuang Tzu "to your Original'~'-quest'ion :

You asked me how I knew in what consists the plehsure of fishes ‘
'Your very QUestron shows that you knew . l knew \J/\ -
Chuang Tzu |

;  c.400BC.
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ABSTRACT =~ = @

~ Vérious aspects of the natural hrstory of sand dune trger |

- beetles bear on the 1dent1flcat10n of which factors responsrble for

_-geographlc colour varratlon among and within species. Prtfall strap '

.'_data showed that f1ve<spec1es of sand dugegger beetles (thmdela
spp) on the Empress dunes of Alberta and Saskatchewan are .

: f psammobrontrc (strongly associated with sand) Two (C. limbata

Say and C. Ieplda Dejean) lrve‘"ln open sand habrtats “while the other

three (C formosa Say, C.: scutellans Say, and C. Iengz W. Horn) live in

e more vegetated areas. These f1ve specres show two life hrstory

, patterns hibernation by larvae only or by both larvae - and adults
';In 1984 predat1on by newly emerged -adult C. formosa appeared to-
'cause declmes in the abundances of both C. ltmbata and C. leptda
~but . th1s effect was not seen 1nl986 when phenologres of these
. three specres were compared at Empress (where C.. formosa 1s
common) and Burstall (where it is rare). ) k
| Patterns of phenology, habrtat use and mandlble length have
been used as ev1dence that mterspecrfrc competrtron determmes
- 'coexrstence and relatrve abundance among sympatrrc trger beetles
My results suggest otherwrse and I argue that species specific
- thermal requlrements and mlmrcry by C. s scutellarts may be

suffrclent to explain the observed pattern of habrtat use and that

phenologrcal data do not show seasonal segreganon of adults among,_-‘

. species, Adult Czcmdela s scutellarzs mlmrc the melord beetle Lytta.',,__-tu.

7 nuttalli ,Say._ 1 .argue that the colouration of many crcrnde‘ll_ds_ may s



-

be mimetic, and that the tropical trger beetle Pseudoxychezla

bzpustulata ceratoma -Chaudorr ‘mimics a mutillid wasp ' Colouratlon B

also’. affects thermoregulatlon, and this effect was co;npared

"between subspecres with expanded and non expanded light elytral '

»-markmgs for: both thmdela limbata and C.. formosa. Warmmg and_; -

* cooling rates differed between subspec1es for C. limbata but not C.

formosa. Elytral markmgs did not affect. seasonal or daily patterns
of activity in C.- l,zmbata, but did affect therrnoregulatory time
budgets for: both species. Beetles with non- -expanded light

arkmgs mamtamed greater act1v1ty durmg cool perrods whrle

-:those w1th expanded markmgs ma_mtamed greater act1v1ty durmg

very warm .penods Body size ‘and leg length may also affect
thermoregulatton , The geographlc drstnbutrons of subspec1es are -
}hypothesrzed to be largely the result of Holocene changes in the
extent of open sand habltats in- the Great Plams Large dune fields

| served as refugra for Czcmdela during perrods when small dunes
were stab_lltzed by plants. On large upland dune fields south of thev
borea_l sforest, -a ‘number  of vpopulations developed 'exp‘and'ed' light»
‘elytral 'm‘arkings These distinctive llght coloured populatrons were
|solated in large dune f1elds durmg periods of cool cllmate and

: expanded thelr ranges to mtergrade w1th darker populatrons
during perlods of warm clrmate, .or after human dlsturbance of \

sandy areas

vi o -
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‘similar body size, and live in open ground habitats in rainforests,

and are diurnal (Palmer, 1976, re. the beetle; A. T. Finnamore, "pers.

" comm., re. the rrm'tillid) “The mutillid stings, so the hypothesis that

the resemblance is mimetic seems reasonable .

‘In Ecuador in May' of 1987 I found the b,,eetle commonly 1n .
. rnontane areas, but not the wasp, and 51m11ar observatlons ‘_ith
respect to P. tarsalzs Bates in Costa R1ca, came from an anonymous
reviewer. This suggests limited seasonal or geographic overlap
between these orgamsms or that the wasp is less abundant, which
in turn suggests Miillerian rather than Batésian mlmlcry, since for
the latter the model must be more ‘abundant than the rmimic. .

- Pearson (1988) has noticed the resemblance'between three

other- sympatric cicindelid/mutillid pairs, involving. the cicindelids

Pseud'o'xychila tarsalis (in Costa Rica), Cicindela pulchra Say (in the = -

' southwestern Umted States, m1m1ck1mg several Dasymutzlla spe01es
'[Pearson ‘pers. comm. ]) and C. westermanm Schaum (in . southem

"India). o , " ' ]

A BLISTER BEETLE MIMICKING CICINDELA

- §
Cicindela scutellarzs scuteNaris Say lives on the margms of

'open sz&i areas in the Great Plains of North America, and may
“mimic a toxic blister beetle Lytta nuttalli Say (Plate IIIl cd)
Both are 1r1descent w1th the head and pronotum green, and the
elytra red- green althpugh the. elytra of L nuttalli vary from red-

green to red- -purple. Adult L. nuttallz range from seven to 21 -mm

‘55



| W 56
‘in length, whiie C. 5. scutellaris. are approxrmately 13mm~"‘;10ng '
' Both beetles occur throughout the sumrgg&(Aprll @ctober for C. s.
, scutellarzs [personal observatlon] latJ May- September for L,

| nuttallt [Selander, 1960]) throughout }he éreat Plzuns of Ncﬁith

Amerlca L. nuttalli adults feed- on leg”u,tnes mcludmg Psoralea gjh s
lanceolata Pursh, a. ,common sand- stabrhz’fn%}ant m &he habtt(w,:ot ", -

E5 . (R o Lo x
: o

C. scutellaris scutellarzs Outside the range of L..t-

N R Cema g Hoag

scutellaris 1s represented by $ix subspecres none of wnhrcﬁg possess
red and ~green iridescent colouratlon '

There is good reason to suspect that adult L. nuttallz are toxic
"si‘n}ce,__,hke all adult (melords, th_ey possess the potent toxin |
~cantharidin (Sel:ander-, 1960). ;.Wherea‘s_'the most i‘mp'ortant.
predators of tiger beetles are lizards | btrds ‘and asilid flies
(Pearson 1985) the only known predator of adult L. nuttalli s the
mirid bug Hadronema mzlttarzs @nler (Selander 1960) Capttve”“
' hzards reJected the black and yellow melord L. fulvipennis Leconte,
'showing srgns of discomfort after, attacking them (Prltc'hett, 1903).
However_, I have seen a toad (Bufo hemiophrys Cope) eat adult L. -
vzrzdana near Devon, 'Alberta and Cushnyr (1901) reported that
frogs,. chlckens and hedgehogs show some 1mmumty to the effects
| of cantharidin. Thus, the degree of toxicity of L. nuttalli to 1ts o
potential predato;s remains unknown, although it is likely high.
' OTHER MIMETIC TIGER BEETLES

w . : ‘ B
. Since tiger beetles possess pygidial defence glands (Forsythe,



\ ' .
1970; Moore 1979), 1nstances of mlmlcry by tlger beetles are

probably Mullerlan, at least to some extent. In all reported
lnstances, however, the models of mrmetlc crcrndehds are
apparently less palatabler than ‘the tiger'beetle‘s.‘

An example of Mullenz‘n rmimicry -involving t‘ige‘r beetles -
alone which has ‘been descrlbed but not as such, is the group of
sympamc orange- -abdomened dlstas.teful Cicindela which Pearson
" (1985) studled in Arizona. Pearson  has’ provrded good ev1de£e
that the beetles are dlstasteful and that their colouratlon is
aposematr(c Thus they may bCﬂCflt from resembling one another

A more complex srtuatlon involves" several South' African
-beetles and female mut1111ds in what may constltute three
Mullerran assemblages (Marshall 1902; Cassola 1986) The first
assemblage consists of numerous species of female mut1111ds in the
.genus Mutilla; carabrds in the’ genera Atragtonota, Eccop_toptera,
Graphipterus, | P'i'ezi‘a., and P;olyhifma; cicindelids in the genus |
. Dromiea; and clerid b)eetle.so in the genus Graptoc_lerus. The second»
assemblage involves Polyhirma- species and Dromica species,
which resemble. one another but not the mutillids. The third set of
mimetic resemblances involves the cicindelid Mantzchora and
‘adults of some species in the carabid genus An_thza, which are
similar in h/abltus and defense behavior. Corroboration' of this
complex hypothesrs must await further field. research.  However,
"vthese systems serve ‘to illustrate that tlger beetles may par;1c1pate

in large. mimetic assemblages, remmlscent of the more familiar

mimicry systems involving troplcal_butterfhes.

57
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EXPLANATIONS FOR TIGER BEETLE COLOURATION
' ~ - . . :

Four general explanatrons have beén proposed for the:
,ffunctron of colouratrOn dn adult trger beetles: crypsis, disruption by
1r1descence %ﬁhrcry, and thermoregulanon Crypsis is inferred
when be%tles appear to match the colour and patch size of soils on
whrch ‘they 11ve ($chultz, 1986; Willis, 1967) Irrdescent colours are
dxsruptlve in the sense that. it is d1ffrcult for predators to v1sually
judge the distance between . themselves ‘and . iridescent beetles since
both colour and brightness change rapidly w1th v1ew1ng angle The
physics of this phenomenon where iridescence is produced by
plane d1ffractron gratmgs are outlmed by Hinton and GlbbS (1971).
Although 1r1d_escence in trger beetles is produced by interference
reflectors‘rather than drffractron gratmgs (Schultz and Rankin,
1985) Schultz (1986) also 1nterprets mdescence as a means to
hinder visual trackmg by predators especrally of rapldly moving,

. beetles. In other 1r1descent beetles however brlght colours can
also be aposemat1c (Hlnt,on and‘ Grbbs 1971) and I argue here that
some tlger beetles are as well Flnally, the extent “of light and dark
areas’ on the elytr’a of - Czcmdela have thermoregulatory |
'consequences,sand afféct the amount of . tlme an adult beetle can-
Allspend foraging or matrng On sunlrt substrates as opposed to

~ basking or coolmg in shade (Acorn in prep Chapter IV).

The colouratlon of an mdrvr.dual beetle can serve more: than

one of these functlons simultaneously. Adult C. s. scutellaris are
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| both m1met1c and mdescent whrle adult P b. ceratoma are |
~probably jUSt mlmetlc. The functions of colouration may - a:lso drffer :

with distance from a potentlal predator At a distance, vadult- C. s.
scutellaris appear dark and dull to a human observer, but up -close
“their colours are bright and obvious.. Hinton and Grbbs (1971) have
suggﬁsted that the diffractiOn gratings of iridescent' beetles are
imperfect in the sense that it is possible thrddgh the sarne‘

developmental process to produce gratlngs which glve much

© ., brighter colours They hypothesme that ‘selection has favored
""'éﬂrs brlght enough to warn predators | away at close dlstances

gf'but"}EOt so brlght that they attract potentral predators from afar
Snmllar selection pressures may act on “tiger beetle colours.
’Townsends (1886) suggestlon that bright colours are the result of
._sexual selection can almost surely be dis@mted, if only because
tiger beetles are not sexually dimorphic for colour.

On the' other hand ' sirnilar colouration 4rnay serve very
drfferent functions, even within a species. I; assume that not'afll ofv
/ /the seven or SO subspecws of C. scutellaris are mimetic, yet the
- aduits of ‘many possess bright colLours similar to those of C. s.

scutemns ‘Another example is the species C. formosa Say Adult
C f ngmentoszgnara W. Horn resemble fragments of red-purple
sandstone and both the beetlés and the stones show the same
geographic range (Schultz 1986). However, C. f. formosa which
drffers from the latter subspecies only in red rather than purple -
olour and the extent of light elytral markings, is not a mimic of

)
red sandstone patches,_ and its colouration is perhapsrbest

]
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interpreted as disruptive. Cicindela formosa gibsoni Brown has ’

wider light markings than the nominate subspecies, and this/affects

its ther’m,oregulatory behavior: it can forage longer in the”heat, but

must bask longer in cool c.onditionsv(Acorn, in prep., Chapter: IV). |
It is difficult to determine the function of colouration in a

given taxon without knowing something about the organ‘ism's'

‘behaviour and environment._. Even so, mimicry may be quite

widespread in the Ciciqgelidae Since mimicry is uncommon in

- carabld beetles (with a few exceptrons such as some species in the

genus Lebza adults - of whrch m1m1c altlcme chrysomelids [Llndroth
1971} and some adult Agra, which may mimic sympatric brentid
We'evi-ls [Erwin, 1986]), it is possible that workers on this‘ group
may overlook examples. Our understanding of tiger beetle’
”colouratron is 1mprovmg but, as coleopterlsts we should not be
dlscouraged when our efforts to understand are thwarted by the

very thrng, for ~wh1ch beetles are best known- ZleCI'SlIy.
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THE, QUALITY OF THIS MICROFICHE "

IS HEAVILY DEPENDENT UPON THE

"QUALITY’ OF "THE THESIS SUBMITTED
- FOR MICROFILMING. -

-+ UNFORTUNATELY THE COLOURED

©ILLUSTRATIONS OF THIS THESIS
.. CAN ONLY YIELD DIFFERENT TONES
" "OF GREY.

-

LA QUALITE DE CETTE MICROFICHE

DEPEND GRANDEMENT DE LA QUALITE DE LA
THESE SOUMISE AU HICROFILMAGE.

»

 MALHEUREUSEMENT, LES DIFFERENTES

ILLUSTRATIONS EN COULEURS DE CETTE
THESE NE PEUVENT DONNER QUE Dﬁ$a
TEINTES DE GRIS.
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CHAPTER IV

. THERMOREGULATORY CONSEQUENCES OF ELYTRAL PATTERN
'FOR DUNE CICINDELA (COLEOPTERA: CICINDELIDAE)

INTRODUCTION

Sand dune habltats are subject to great extremes of |
temperature (Chapman et. al., 1926), but sand dune tiger beetles, in
the genus Czcmdela, have -evolved numerous thermoregulatory
rn_ech‘anis’rns to keep their body temperatures -within .a narrow
range while they are active (Dreisig, 1980; Gﬁppy" et.‘al.., 1983;
-Morgan, - 1985). Adult Cicindela increase their body temperature
by_‘b}aéking, and reduce or stabilize .it by”.mp\?‘ing into shade, stilting
(“ho.lding the body‘ high off the g"ro@nd) taking short flights for
, convectlve cooling, and by dlgglng into the sand. . Their
thermoregulatory time budgets can be predlcted by a 'g‘e‘heral
model, which has been shown to apply to both tlger eetles and
diurnal -lizards (Drelslg, 1985). |

In this paper I test the hypothesis thai colouration affects
| thermoregulanon in adult Czczndela limbata Say and C. formosa Say
. Both species are common in open, sandy habitats, such as the
‘margins of open sand dunes, in the Great Plains, and both include
populations with light coloured elytra which at first glance one
-would easily attnhute.«to crypSIS. However, elytral colour may

affect thermoregulation by determining the relative - absorbance of
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solar radiation by beetles. So, crypsis and thermoregulation both
offer reasonable explananons for the elytral patterns of these

‘beetles

~ Adult tiger beetles show a tremendous 'vvariety of colour
- patterns both among and within species, with some species. sho\ying
~ geographic colour and pattern variation and some populations |

'exhibiting colour polymorphisrn. ‘
" The hypothesis that colour affects thermoregulation seema :

réasonable, since dark surfaces generally absorb the infrared

portion of solar radiation better than light reflective surfaces. Burtt

(1981) predicts uniformly light colour for uninsulated terrestrial
animals- which frequently encounter the r;ged to reduce body 4
temperature. However, in birds and mammals, ‘dark  féathers or- fur

-i.

can impede r‘adiation penetration to the skin surface, and energy

'he envrronment rather than being transmltted to the
_uch that light feathers or fur counterintuitively
act to {@ lar warmmg\(Walsberg, 1983). Since the elytra

- and 'folde’hid wings ofgadult Cicindela may- also‘serve as

insulation (Van. Natto and Freitag, 1986), it is difficult to predict the

effect of elytral colour on thermoregulation and in fact no good

-,

evidence has surfaced to suggest that tlger ‘beetle colouranon is

related to thermoregulatlon Fjr a revrew of ‘the rather confusing

and ‘contradictory literature op colouration and t_hermoregulation in

insects in general see Casey (1981). . N ! !

[ argue below that light colour (expanded light markings) is a

-thermoregulatory adaptation for beetles in open, upland habitats
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CHAPTER I

INTRODUCTION

‘Biologists «study' some insects because of their economic or

" medical 1mportance others because they represent eas1ly |
mampulated systems for answermg “broad blologlcal questions, and
}others because they are 1nherently interesting in themselves : The»
~ family Cicindelidae, the 41ger beetles, has htstorlcally fallen in the
;latter category, and has attracted the attentlon of hundreds 1f not
,thousands ‘of amateur and professronal entomologlsts Most dlurnal
specres of t1ger ‘beetles are active, relatlvely large str1k1ngly

| oloured drfflcult to catch, and 1nterestmg to watch. The family has ‘

‘a cosmopolltan 'distribution, and most. temperate and troplcal areas

“have -enough of a fauna to stimulate the 1nterest of local naturahsts -
Behav1ourally, diurnal adult tiger beetles in the\‘gﬁnus

thzndela are adapted for _s§ermoregulation in open- -ground habltatsv:
: 'where a complex -visual sxstem allows them to act as. efflclent
predators (Dreisig, 1981 Gilbert, 1986 Kuster, 1979) ~Adult
Cicindela increase their internal temperature by baskmg 1n direct
‘ sunlight 'and reduce it by~ résting in the shade, holding the body :
high off the ground taking short flrghts for convective cg&llng, and
entering shallow burrows (Dreisig, 1980, Guppy, et al., 1383

Morgan 1985) Thetr therrnoregulatory time budgets can be

- predicted by a general model, Wthh applies to tiger beetles as well -

as diurnal lizards (Dreisig, 1985).
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A number of studies.have focussed. on ecological interactions

among species of ttger beetles ‘and ’between tiger beetles and other .-

orgamsms.' Stud1es of tlger beetle assemblages have provrded

- evidence that 1.nterspecrf1c competition among sympatric species
has resulted in. differences in phenologies, habitat -as‘soclations, and.
structure (Pearson’ and Knisley, 1985; Pearson and Mury, 1979; |

Willis, 1967)’ The most important predatorS'of adult tiger beetles

appear to be brrds asrljhes and lizards, which feed on large

' -mtermedrate and small beetles respecttvely (Pearson 1985).

Larval thmdela are parasmzed by the larvae of some bombylnd
fllCS and t1ph11d wasps (Willis, 1967) and preyed upon by adult
' h1ster1d beetles (Grandl 1951'” c1ted m WllllS 1967). One specres of

~t1ger beetle appears to show altrurstlc prudent predatlon whereby'-

- adults 1ncrease the amount of food available to conspecifi¢c larvae

by restr1ct1ng therr own predat1on (thson 1978).

-

- Tiger beetle colouration, ‘the - most 1mmed1ately obvious attrlbute

of these orgamsms has also recerved attentlon from btologrsts

Sheiford (1917) suggested . that all tlger beetle elytral patterns were

derived from combinations of 28 spots but his unsupported assertion

that the 28- spotted elytron represents the pr1m1t1ve ancestral
condrtlon is not. generally accepted Many tiger beetles match their
" usual substrates in colour (Townsend 1886) and tiger beetle

colouration. has been interpreted in terms of crypsis (Schultz, 1986;

Willis, 1967), mimicry (Acorn, in press; Chapter III), thermoregulation_

(Chapter IV) mtraspecific- signalling (Pearson,v'l988),v and as

aposematlc warmng colours (Pearson 1985).
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Trger beetles have also been the subjects of historical

- -biogeographic - hypotheses attemptmg to reconstruct pr1mar11y the

}‘post glac’ events wh1ch have produced the geographrc |
distributions apparent today (Freltag, 1965 Gaumer 1977 Graves
“et. al., in press; Rumpp, '1961; Spanton in press chkham 1904)

| Inr Canada 1nterest in the C1c1ndehdae was stimulated greatly
kby the publlcatrons of . Wallls (1961) and Freltag (1965) ~ Freitag's
"work focussed on a problem of hybrrdlzatlon between two
confusmgly variable species, and slmllarly confusmg varlatlon'in
other speCies made Wallis' task of presenting a summary of the :
classifiicati.on and.'distr‘ibution of the -Canadian. fauna 'v_ery"difficult
indeed. | | _

. At the begmmng of my research it was apparent that the -
tlger beetles of sand dune habltats in western Canada could prov1de
m_terestl_ng material for study. Major dune fields in southern
Alberta SaskatcheWan and Manitoba have similar ﬂti'ger beetle |
faunas at the spec1es level but not at the subspecies level. I
approached the pronounced colouratlon differences among spe01es
and among subspec1es within spec1es Wthh have tradltlonally
prov1ded the source material for taxonomlc studies, w1th the aim of -
__elucrdatmg the underlymg causes of this diversity of*-colour -
patterns. AAfter a. general treatment of the habitat use and L
phenologyb of the dune tlger beetle assemblage in southern Alberta, |
.I examined two potential' ‘functions of colouration; mimicry avnd‘.' |
thermoregulanon . I then used thlS essentially ecologlcal

rntormatlon as a -basis. for constructlon of an. hrstoncal model to



o

explain the present

. subspecies.

K} . . : .
distributions of dune Cicindela species and
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| 'CHAP’T‘ER_ 11
.
HABITAT ASSOCIATIONS, ADULT LIFE HISTORIES, AND
SPECIES INTERACTIONS AMONG SAND DUNE TIGER BEETLES
IN THE SOUTHERN CANADIAN PRAIRIES (COLEOPTERA: -
CICINDELIDAE)

" INTRODUCTION

Although the study of tiger beetle ecology rs in 1ts infancy,
","'.most contemporary workers have argued that mterspecrfre
‘competmon is 1mportant for determmrng relanve abundance and
" coexistence- of _tlger “beetle spec1es. Food is. a lrmltmg reso_urce in pt
- _leas'tv some tiger beetle co'mmunities and this’ may result~ in [‘ |
- competmon for prey (Pearson and Kmsley, 1985) This' is COnsistent
w1th the observatron that mandrble length of adult thmdela is - |
correlated wrth median prey’ size, and that the composrtlo\.bf tigen
~ beetle assemblages may ‘be determined’ by the size range of
available prey (Pearson and Mury, 1979). Adults of some tlger
,.beetles in salrne habitats show different habrtat associations and
phenologres thus avoiding one another in time and space, although -
there is much overlap among specres with respect to both of these
measures (WllllS 1967). . Thus tiger beetle assemblages have
shown patterns of resource partrtronmg with respect to trme space

- and food all of whrch appear to be the result of competrtron |



PredatiOn also affect.s t'igver beetle population,s, and possibly
'the: composmon of tlger beetle assemblages The most irnportant'
predators of adult tlger beetles are blrds, asilid flles and lizards,
which feed on large, 1ntermed1ate and small beetles respectively

}_ (Pearson 1985). Larval Czczndela are parasmzed by the larvae of
“some bombyliid flies and tiphiid wasps (Wllhs 1967), and preyed
upon by adult histerid beetles (Grandi, 1951, cited in Willis, 1967).
It has been argued that differences’ in thermoregulatory behaviour
mlght modlfy d1el act1v1ty patterns to amellorate the effects of
vpredatton ‘and competmon for adults of some Czcmdela species |
"(Pearson “and Lederhouse 1987). | v |

In this paper I deal w1th the followmg qﬂgstlons about sand
1dune tiger beetles (genus Czczndela) in southem Alberta and
'_Saskatchewan: 1) is there a particular assemblage of spemes R
'assoc‘iate_d'-\:wivth' open dune habitats; 2) how do'aduits co'mpare with
_re_s'pect to habitat associations and phenolo’gy; and 3) are -‘patterns
eluciddted -bylthe latter compar_iso_nsbest»interpret'ed in terms of
interspecific competition, responses to predation, or other as yet

unidentified factors?
METHODS

The Empress Dune field Stidy Site

Fleld work was camed out on the Emprdss dung field,

approxlmately 11 km south of Empress Alberta, on.a point bar in a

.



bend-:o’f the'So . Saskatchewan River, straddling the Alberta- / '
Saskatchewan bordgr (Plate II-1). Here, . Tertigry and Quaternary
sands, gravels, .silt ‘and clays have been reworked and sorted by,
~ the river and prevailing wmds, resulting in numerous sand dl}é
although only a few areas of open blowing sand exist today. The
surroundmg mlxed prame is mamly used for grazmg, and is broken
- by extensive cropland The rrver valley is forested prrmarrly by
Populus Acer and Prunus The Empress dunes are ‘one of a ~
" number of 1arge dune frelds szouthern Alberta and Saskatehewan
N Frve areas of the Empress dune freld were chosen for
1ntensrve samplmg, and given names (Fig. II l) These areas were |
chosen to represent dunes in varrous stages of being stabllrzed by
__plants. River Dune and Big Dune are two of the three actively
,.movin:'g dunes in the dune -fleld. -‘;l‘hey differ in topography* in 'thatv
- River Dune is on the eastern edge of the dune field, and extends
from an area of stabillzedv dunes ,(coyered mainly by g_rasses', with -
Kosa woodsii Lindl., and Prunus virginiana L. in Sheltered areas)
down the river valley into riverine forest, while Big Dun_e’is near .
th,e. middle ofvthe dune field,. among more stabilized dunes. .
‘Personal observations of Home Dune over the last 15 years suggest-
that the dune is now undergbing ra'pid stabilization (primarily by
Psoralea lanceolata Pu'rsh) Si-nce the crest has been colonized.' by
Calam;)wlfa longrfolla (Hook) Scribn., even' though there is strll
-much open sand on this dune - Stable Dune has been completely |
covered by vegetation (prlmarlly grasses Rosa and Prunus) since 1.

first visited the’ srte.lnk 1973, except for a very smag (c. three m2)

10



_bare area near the dunes crest but aerial photographs reveal it

‘was an open, blowing sand dune as recently as 1962 The area

}.between Grassy Dune and B1g Dune is egetated prlmanly by Sttpa '

comata Tr1n and Rupr and Koelerza macrantha (Ledeb) J. A

11

Schultes f while Grassy Dune 1tself is covered. in part by Rosa This

dune possesses a discernable orgamc A honzon in the sandy soil,
Wthh the other dunes do not have.
“In the termmology of Hulett et al. (1966) Big Dune R1ver

Dune, and HomevDune are "active complexes,” a phys1ograph1c ‘

category characterized"by' ongoing “erosion and. deposmon. Stable B

K Dune is a "stabrlrzed dune since it -show no'ev'idence~of recent

erosion. The Grassy Dune transect passes from a sand flat" area to-

 another "stab: lrzed dune.” Essentlally, the categorles arrlved at by
‘these workers reflect the same axis of 1ncreasmg stablhzauon of
once open sand which served as the subjective basis for my own

chorce of areas 'on. wh1ch to place the. transects
Other Study Sites

_ Addrtlonal observatrons and collectlons were made at a sandy
) blowout near Nestow AIberta and at dunes 5 km north of Burstall,
Saskatchewan and 25 km east of Fox -Valley, Saskatchewan Open
-sand at Nestow was caused by rarlre/ad construction in Quatemary

sands, and-rs surrounded by forests of Populus tremulo:des, MlCh)_(.,

. Pinus bankszana Lamb and Picea marzana (Mlll) BSP... The two

active dune fields’ m Saskatchewan share the same geologlcal or1g1n



as the Empress dune field, and are - presumably of natural orrgm

"unassrsted by human dlsturbance The floras of these and the -

~Empress - dunes are typrcal of pra1r1e dunes in western Canada The SRR

. Fox Valley dunes are part of the’ Great Sand Hrlls of Saskatchewan

- Pitfall T"rapp,tng,__? “
- White pl'aStlc pitfall traps"(diameter‘ 11 cm, depth 13 c'm' ’
'frlled o a depth of approx1mately 5 cm with automobtle antrfreeze
[primarily ethylene glycol]) were used " to collect adults of thzndela
on the Empress dunes Traps were lplaced in five transects,

A
'orrented parallel to the drrectron of dume movement and prevarlmg.

. topography and veget‘atron 1s evrdent Although the dunes sampled."v
, __were of drfferent srzes 50 m transects each ‘with tén traps spaced :
5 m apart aIlowed coverage of at least the wrndward face of each
dune (Flg II-l)  The transects were placed on the f1ve dunes
:descrrbed above | i | A | ‘ S
Traps were burred wrth theu" top edge flush wrth the g’d o
without covers and. were harvested once a week Ralnfall was
»mfrequent and any accumulated ralnfall in the traps evaporated
"qurckly durlng warm weather | Drrftmg sand posed the greatest
_ problem e1ther frllmg or drrftmg away from traps SO that traps in-
'open sand locatrons rarely remamed functronal for - the entire week
| “Traps which frequently f1lled with sand were provrded wrth extra '

.,antrfreeze, and as long as- some antrfreez._e ‘remained into whtch
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specxmens could fall, the traps worked Sand from filled traps ‘was.

.sleved through a kitchen strainer with approxrmately 2 mm mesh
and . many such traps contalned large numbers of beetles, . preserved
in the-sand and antifreeze mixture. - ' ‘

Pitfall traps were monitored from. June 2 to August 27 1984
durmg the main period of adult. tiger beetle aefrvrty, which was
observed to extend from early Aprll through early October

- Strictly speakmg, the number of beetles caught in prtfall traps
can be interpreted _only in terms of beetle activity in the area
sampled (Southwood, 1978). Activity of adult Ciciridela'consists-
'.argely of - thermoregulatory behavrour wh1ch is affected by
temperature_ and solar radiatiom (Dreisig, l980, 1981, 1985
Pearson and‘ Lederhouse, 1987). Upper and lower ‘temperature
thresholds for act1v1ty show lrttle variation among spec1es (Pearson :
and Lederhouse, 1987), and adult Cicindela apparently do not show
_‘seasonal shifts in habitat use (Pearson and Mury, 1979; WllllS,
.1967) Thus weather may account for some varlance in trap
collection data but I -assume that these "effects are of comparable
magnituce fb{ all species, and that comparlsons among specres are
~thus valid. The ob]ect of this work was to determrne which areas of
the dune constrtute the habltat for adults of each tiger beetle o

species. The term habitat, as 1 use it here, follows the usage

B sugnested by Southwood (1987) meanmg the area of the

3 envnronment thato prov1des the resource requ1rements for a discrete
phase of its* life." R e R

To determme whether aspects of the veoetatlon were
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assocrated w1th tlger beetle dlstnbutlon thhm the dune

environment, percent canopy cover and the species of plams
present in the area around each trap (one m2) were recorded, s‘inee
tiger beetles are charac’teriétically-aSsociated with particular s..oirls.
and amounfs of canopy cover (see W'allis [1961] for qnalitative
"descriptions of the habltats of Canadian species). ‘Photographs of all‘,
' traps taken June 4 1984 were scored for perge:lt canopy cover =
around the traps, usmg an Apple IT Plus mrcrocomputer with a
digitizing tablet. - Traps were ‘asse}ssed for similarity to one anoth"er‘
.‘-nsing' Jaccard's coefficient of 'sim{lyaritgy, based on presence Oor
absence of plant species (listed in Appendix I-l),A and then again
- using tiger beetle'vspecie‘sﬂ. " Values for Jaccard's coefficient were
- clustered using an average distance‘ algorithm to giv’e a me,ans'of
Sumrnarizing the plant' and beetle data gathered at the'trap sites.
Janson and vVege.liu‘s' (1981), in comparing various ecological,
. similarity coeffieients, reicomme'nd_ Jaccard's coefficient as an
excellent’ measure of ecologieal association. My purpose here was
to allow \c\omparison of:vtrap‘ sites with respect to" the organisms
preeent at them, so that these coniparisons could be used as
- predietors of“ tiger beetle distributions among tne areas sampled. "I
dhave, also attempted to relate the groupings I arrived at td the
physi‘ographic categories established by_ Hnlett et. al. (1966)-for ‘
~ vegetaton on dune sands in the grasslands of Saskatchewan.
V'Frequencies of beetle captures were coinpared with respect to
.

all four trap groupmg arrangements (by transects, by canopy cover,

by clustering based on plants and by clusterlng based on beetles)



—

N

. _ . 15
using G -tests. All numerical,calcu'lation,s were performed on the

mainframe Amdahl 5870 computer at the University of' Alberta
usmg the Midas statlstlcal program (Fox and Guire, 1976) except G-
tests, whlch were performed on a hand calculatOr

14

Measurements

Mandible length was ' measured with an ocular micrometer in

a Wild M5 drssectmg microscope, for right mandibles dlSSCCth

vfrom adult specimens. Length’ was measured dorsally, in a straight

line, front the tip of the 'm'andible to the center of the dorsal '
articulation, as described by Pearson and Mury (1979).

Studies of Preda’tion‘

Observatlons of predation by C. formosa (both C. formosa
formosa and C. formosa gzbsonz Brown) were ‘made in August 1986.
Wild beetles (at the Empress and Fox Valley dunes) as well . 14
individuals : with cyanoacrylate glue on their wings, which
prevented them from flymg, were observed, and the numbers and:
1dent1t1es of their prey were recorded. These latter beetles were -
observed for A total. of 9.5 hours: two hours on the Empress dunes

two hours on the Burstall dunes; and 3.5 hours at Nestow Alberta,

' outsrde the natural range of C. formosa but in an area occupled by

C. limbata.

The phenology of C. limbata Say, and C. lepida Dejean were

B



cqfnpared at ‘Empress (in the presence of large numbers 6t‘ C
formosa Say) and Burstall ‘(where C. formosa 1is 'e‘xtrem'ely
"uncommon)‘, as a .‘nau‘iral experiment. | .The dune fields, which are
18 km apart, share nearly identical floras, faunas, and sand
compoéition, aithO'ugh the Bufstall dune; may have a ,svpme\}vhu.t ,

~ higher water table. Every week, from July 21 to Aug 21, 1986, 1
walked a set route ét both dune fields, i‘.d‘ent‘ify'ing by sight all

- beetlesy withi_n 2 m of my path. At Empress I,wal"ked.-around' the
periphery and through the ccn.ter‘ of R-.iver Dune,‘ and a similar route
was taken on a similar sizé dune at Burstall. Observations were

" made in mid to laté_ morning, and onl.y“unde_r sunny conditions.
RESULTS
Pitfall Trapping and ‘Habitat Associations

| .In total, 4443 tiger beetles were. collected in the pitfall traps
(2027 C. grmosa, 1246 C. limbata, 606 C. lepidd, 298 C. scutellaris
Say, 250 C. lengi W. Hom, 11 Cicindela punctulata Olivier, 7 C.
trar‘z‘quebar‘ica He'rbst,\ and 5 Cicindela nebraskdna Caséy). ‘ Because
~of small sample size, the latter three species are not included in
most analyses below. | .

For all rmeasures .(traps‘grouped by trarisectsl‘degree of
canopy cover, cluster analysis based on plant species, and cluster
analysis based on tiger beetle spedies), freqxié'ncies of capm're for

all five common tiger beetle species showed _significant‘differcnces

16



(based on G -tests) from the null hypothesis‘ that all traps w‘ould be
equally likely to capture beetles (Table II-1, 112, II-3, and II-4).

~ All four measures were not, however, equally useful in elucidating

habltat associations of the. beetles.

Wrth respect to u;ansects all specxes ‘except C. lengz were

more frequently caught on the Big Dune than elsewhere (Table - -

,1) suggesting that larger dunes may support proportionately larger

trger beetle populations. The Big Dune transect yielded the most

spemmens overall, followed by the RIVCI' Dune and Home Dune

,trans?ects whxle few specimens were collected from the Stable Dune

~and Grassy Dune’ transects. - This corresponds with’ decreasmg order

of open sand area on the respectlve dunes, and shows clearly an

17

ussocratron of dune tiger betles w1th actlve complexes (sensu Hulett'

et. al., 1966). However, numerous traps on different dunes were

~ similar with respect to canopy cover and flora, suggesting that the

beetles might discriminz_ite' between habitats at a finer scale than
among entire dunes.

When traps were grouped‘ by percent canopy cover an
unexpected. pattern emerged w1th all beetle specres frequent in

areas of very h1gh percent cov;r whereas areas w1th low percent

' cover were not assoc1ated with partlcularly high tiger beetle

‘numbers (Tahle II-2).' This pattern exposed  a weakness in this :

method, since it grouped trap'.sites in grassy areas (with no open
sand at ground ftevel, but dense growth of Koeleria and Stipa

grasses)) with dune margin traps in-dense Psoralea growth (with

much open sand beneath a canopy of leaves). Had vegetation cover



been measured. at ngund level rather than from above, a more
meaningful analysis would likely have resulted.

It was, however, possibl'e to distinguish between dune margin
areas and grassy areas when traps were grouped by’clnster |
‘.'analysis of plant species presetnt at each trap site'. The traps were |
classified into four groups based on thel cluster analysis (Fig. 1I-2):
1) open sand 2) scurf pea, 3) stablhzed dune and 4) sand tlat. ’i‘he
open sand group comprlsed trap sues in acnvely movmg sand wnh
littte or no vegetation, on the windward and sllp faces of active
~ dunes. _The scurf pea group comprlsed trap sites _from the
windward faces of dunes in the process Aof-stabilizati‘on, and on the
‘vefy edges of active dunes, vegetated primarily ‘by Psoraled_, with
‘some actively moving sand. The stabilized dune gfoup comprised
trap sites primaril'y Ve, 'etated by P. ldnceolata bu.t much more
densely, and w1th no trace of. actively moving sand. Other plant
taxa at these 31tes include Koeleria macrantha and Calamovzlfa
longifolia. The sand flat group comprlsed trap sites with vegetauon
' composed prlmarlly of Artemisia frigida Willd., Calamovzlfa ‘
longifolia, Koeleria macrantha, and Stipa comata. Traps in scurf pea
‘ gronp yielded the most beetles, followed by open sand, stabilized
'dune, and sand flat groups'respectively. (Table II-3). All ten of the
Big Dune traps were in} the‘scurf pea group, and_this pfovides a
moré _1ike1y explanation"‘for the - high _pfedominance of - tiger beetlles.
| Habitat use, based on cluster analysis-' of plant.}species, differs
'among tiger beetle species (Table 1I- 3) Cicindela lépida and'C

limbata “were strongly associated wuh open sand and scurf pea trap

18



groups Cicindela formosa'shov‘s a strong thou’gh not exclusive '> ¢
“¥ssociation with the scurf pea group. C zcmdela scutellarzs and C.
lengi are both strongly _assocrated wrth ,bare .sandy habitats
throughout. their ge_ographic ranges, and on the f‘Empr’ess dunes  they
‘seem most common in dune margin and pioneer vegetation areas.
_Some rare species were too uncommon to allow meamngful
dnalyses of habltat use (C. tranquebarica, C. punctulata C.
nebraskana C. purpurea Olivier and C. decemnotata Say [one |
speclmen each of the latter two species, collected by hand) but of
these only C. tranquebarica and C. decemn_otata were collected in
open sand and sc}ur_f- peal traps. Thus, there is a psammobiontic
_(associated with sand) Cicindela assemblage at Ernpress which
~ consists of f1ve abundant spec1es two .of which are a'.ssociated
pnmarlly w1th open sand and scurf pea areas, three of wh1ch are
associated with scurf pea and stabilized dune areas. Although f1ve
other rare species were encountered on the dunes they generally
occur in other habitats and should not be considered
psammobiontic. | |

Two biases are likely in the data presented in Table II-3.
First, the open sund trap,s were},probalbly' undersampled because of .
| traps filling with sand. Second,)the first few traps on the Grassy N
Dune transect, adjacent to the slipface of the Big Dune consistently
captured spemes typical of open sand areas rather than the
stabilized sand flat area 1mmed1ately surrounding the traps This .
.was likely caused by dune insects being blown off the Big D‘unel- into

the sand flat area, a phenomenon which I observed numerous



times. _ , : -

Clustering of trap sites on the basis of beetle species present

produced four identifiable groupings of trap sites (Figure 11-3). lt'.

is possible to identify areas, of open sand, dune margin ‘areas
* dominated by sparse ‘growth of Psoralea heavily vegetated areas
on stable dunes and sand flats, and heav1ly vegetated areas lymg in
low spots between stable dunes. This pattern is in basic agreement
with the groupings identified' using.plant HSpeci_es, corroborating  the:
usefulness of the latter method | _ | _ |

Some traps clustered dlfferently in the two analyses. ‘Traps
_RD5 and BDIO were in- the open. sand group in one analysrs and the
'scurf pea group ‘in the. other. Both traps were on the margrn of
patehes _ofvPsoralea growth, and thus Tepresent intermediate areas.
Numerous traps were in the scurf pea group in dne analysis and a
more heavily vegetated grodp (stabilized dune or sand fla.t in Fig..
I1-2; }hﬂeavily vegetated or vegetated low areas in Fig. 11-3) in the
_othver.- Of these, 'HDl, Hl)2, HD3, HD4, and HD9 were all on a small
dune very close to stabilizat'ion' while SD4 may have. attracted  ~
.beetles because the cleared area around the trap represented a
very small opening in a grassy area. Bo_th BD1 and RD1 were
situated well into the stabilizing trailing end of their respective
dunes, and thus were perhaps beginning to show characteristics of

newly stabilized areas.

Life Histories

20
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Data from pitfall traps show two 11fe hlstory patterns In one, =

‘adults emerge in late summer, overwmter in burrows, and

reappear the following spring; best shown by C. scutellarzs (Fig. II-
4). The hlstogram is distinctly blmodal with the first newly

emerged adults appearing about August 2, and adults which

- overwintered the previous winter surviving until July»' 19. Cicindéla

lengi, C. formosa and C. limbata (Figs. II 5 to II 7) are more
difficult to interpret, but all three overwmter as- adults. “Adults of

these species may survive later into the summer and show

‘increased activity (thus likelihood of being caught by bltfall traps)

‘during warmer weather in mid summer, resulting in data which -are

difficult to interpret. Cicindela ‘limbata emerged from pu‘pation the |

week 'a'fter I quit rrlonitoring the traps, -thus’emerg.ence of teneral

“adults is not indicated on Figure II-7. The second life history
~_pdttern is seen in C lepida, which emerged from pupation in early

July, and dlsappeared'before the onset of fall (Fig. I1-9).. N

attempt was made in this study to determine thlré’Tength of the life

cycles of these speeies-.

Mandible - Length

C. lepida and C. limbata from the Empress dunes showed ‘
consrderable overlap in mandlble length (C lepida : 2.47+ 0.082
mm, C. Irmbata : 2.42+ 0.109 mm, [t= 1.64 , p>0.1, n=20 for both

species]), with a difference ra_tl_o of 1.02. " The other psammobiontic

species a’[xEm['\)r‘es_s showed comparable mandible lengths to ‘those



reported from Fox‘ Valley (l’earson and Mury,1979) (C. scutellaris:
3.29+0.095 mm, C. lengi : 3.4230.104 mm, C. formosa : 4.10£0.148

mm).
Predation

Predation on adult Cicindela, exeept by C.,fbrmosa, ‘was not
observed in this study. ‘Birds and asilid flies are common on the
| dune field, but lizards vate. not present. Potential predators and
parasites of larvae observed c.m. the dunes 'included. bombyli'id flies,
the t1ph11d wasp Methocha (probably M. stygza Say, but possibly M.
calzformca Westw) and histerid beetles ' T |
I observed adult C. formosav‘feedmg on adult C. limbata three =
tvir‘nes; once in August, 1984, and twice in August, 1985. Cicindelu
fdfmbsa is arrimpressivve predator; on Aug 14, 1985 .1 observed an : A.
-adult C. formosa gibsoni attack and kill an. adult sphecid wasp
" (Bembix sp.) approx1mately as large as the beetle 1tself Howevcr
of elght observations of predatlon by C. formosa in August of 1986,
‘-none involved other Cicindela adults, although nine out of 13
'unSUCeess_ful attacks on ethe:r”insects were on adult C. limbata
nympha. Other insects eaten were ants (four), acridid grasshoppers |
(one),v lepidopteran larva (one), and the ladybitd 'beetle Coccinella |
tfansversoguttatct richardsoni Brown (two).
Phenology‘- data are cousisteut;With the proposition that C.
- formosa may prey on C. lebida and C. limbata. The mean number of 4

beetles per trap declined markevdly for C. lepidu and C. limbata at
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about the time that C: formosa adults emerged from pupation. No a
such mteracuon 1s apparent between C. formosa and C lengi or C.
scutellaris, possibly since the adults of the latter two species are
large‘enough to avoid falling prey to the very large adults of C.
'"‘“formosa |
| However, in 1986 the Empress populauons of C. ltmbata and
C. lepida did not decline with the emergence of C. formosa, and '
vshowed no apprec1able phenologlcal differences from populatlons at
Burs_tall where C., formo_sa_ls uncom.mon (Fig. 1I-9). Both .

- populations of C. limbata see_med to increase in abundance in mid
August but'sinc'e no newly ernerged C. limbata were 'found this |
probably reflects differences in activity durrng the data . gatherlng
penods rather thaf changes in abundance. Day to day‘observatlons
in 1984 and 1:986 suggest that C. lzmbata was in fact very rare.
'after the first week of August, 1984 at the Empress dunes, and_that.
this d1d not occur in August of 1986; "

In general, the summers of 1984 and 1985 were warmer and
dI'lCI‘ than that of 1986. High temperature and lack of moisture
rather than predation by C. formosa, may be respon51ble for the
“decline in C. limbata populations seen in 1984, Or, temperature and_'
humidity. rnay affect the extent to which C. fdrmostz feeds on
smaller thzndela adults, p0531bly acnng on the abundance of other
prey organisms.. |

For C. formosa and C. scutellarzs far more newly emerged
adults were trapped than adults Wthh had overwmtered the

prevlouS‘year, p0551b1y 1ndlcat1ng high overwmtermg mortality.



This was not true for C. limbata or C. lengi.

DISCUSSION
T . -t
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Dune Habitat Associations of Tiger Beetles

Thé*five ‘most common spvecié‘s of Cicindela on the dunes (C.
limbata, C. formosa, C. scutellaris, C. léﬁgi, and C. lepida) zire all
‘§trog‘g1y‘p-safnmobiontic. ’I‘hcéé species are associated. with sandy
~areas thfoughout their ‘geographic ranges (Gaumer, 1977, 'Wallis, |

1961), and in New Mexico, C. formosa, C. scutellarifs{, C. lengi and C.

lepida show highly resvtr.iéted habitat associations on $and. flats and L

dunes, and higher population densities than Cicindela in other
habitats (Knisley, 1984). \. - |
Of the non-psammobiontic species, C. tranquebarica was
fpund on oben saﬁd on' the Empress dunes, but is also associated
" with clay, mud, and gravélly sbﬂs in other areas (Wallis, 1961).
Cicindela nebraskana and C. punétulata Were associateAq with‘_ )
~ stabilized dune arfld‘ sté_bilize_?:i sand flat habitats oﬁ the Empress
dune field, in agreement witli’}i’their habitat ass'oc'i}ations in other
areas (Spanton, in press; Wallis, 1961). Cicindela purpured and C.
'_decemnotata adults yla‘re prcécnt- only in the early spring and late
fali and‘neither species i"s‘ associatéd with open sand or dune_ "

masgin habitats (Wallis, 1961).

Al;hough the other four psammObiontic‘ species are known .

from all major dune fields in southern Canada, C. formosa is absent .

/
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from _numerous dune areas in the Canadian prames (Walhs 1961)
- such as the Burstall, Saskatchewan dunes, and the Great Sand Hills
of Saskatchewan south of Sceptre. It is possible that C. formosa
requires deep, well drained sand (Gaumer, 1977), and the
Saskatchewan dune areas mentroned support the growth of Salix
~and Populws, mdlcatmg more mesic soils than are .present at

Empress. _ = N

Life Histories and Predation. AmongFCicind_e'la Adults

Va

K4

Tiger beetle show two general types of life histories. In one,
both adults and larvae ‘hibernate, - in the other adults are present
.only in mid summer and only larvae hlbernate (Crlddle 1907).
Shelford (1908) 1dent1f1ed three life hrstory.types, two- of which . (

involved hibernation by ,la_rvae only, but differed in the number of A

"

. . ‘ . , /
winters (one or two) spent as a larva. In Manitoba, some species

which hlbernate as both adults and larvae have a three year life
cycle (Cnddle 1910) {hile the same specres in the Chicago area
have a two year life cycle Thus the two basrc life history. patterns
(can eacl}\be subdivided to grve four general types (and perhaps
more if one or four year life cycles are poss1ble) Of the

| ps‘@mmoblontlc specres -at Empress only C. leplda hlbernates as
larvae only, w h11e C. formosa C ltmbata C lengz and C. scutellarls
hibernate as both adults and larvae The 1ength of hfe cycles at
Empress is still unknown, but in Manitoba, at comparable latitudes,

€. formosa, C. limbata, and C. lengi -all have three year life cycles, | .



_ wh11e C. lepzda has a two ‘year lifé cycle (Cnddle 1910). -
C. limbata emerged almost a month later than C.. - formosa and ‘
C. scutellaris on~the Empress dunes- Late emergence in.C. limbata.
may reduce predation . by C. formosa on pre- reproductlve C |
_ limbata, but the s1gn1flcance of this as a selectrve force shapmg
--phe‘n‘ology remains to .l)e establrshed. A ‘
The. suggel_stion‘ that C. ,scutellaris and C. formosa are subject'to |
higher overWlnterlng mortality than C. limbata and C. lengi may
explain differences in the g‘eographic ‘ranges of these species. The
former two. species arevnear':- the northern limit of their geographic
'ranges while the latter are found well into.t_he boreal forvest‘ to the
' north (Walhs 1961) | |
Interspecrflc predatron o6Curs. among the C zczndela of the
' Evmpress dunes, and deserves further study _smce its significance
“has not been e‘stablished;, Observations of predation by C. formosd _
on C. lirrtbata,- decline in ab.ance of the latter species' an;d C-
lepida in the presence of newly emerged C. formosa in 1984, and
the fall emergence of C. limbata and summer emergence of C. leptda-‘
all provide evidence for the 1mportance of this. 1nteract|on
. In agreement w1th my observat1ons ‘in 1984, but not 1986,
Criddle (1907) observed in ,Manrtoba that "towards the end of July,
a g‘reat ‘many [C. limbata] die off," -although he did not attribute this
~ to -predation by C. formosa An alternatlve ekplanatlon for the
decrease in numbers of C. lzmbata and C. lepzda in 1984 at Empress
could be that the beetles activity, rather than abundance,
decre’ased.v This is unlikely, since migration to other habitatsf-_has

® ) ~
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. not been reported for adult Czczndela and cessation of activity

| ‘would give these beetles which are very near the end of their
lives, no -future opportumty to reproduce in the absence of C.

-

Although t1ger beetles are readily canmbahstlc in capt1v1ty

formosa.

and when conflned in collectmg bottles C formosa is the only

" member of 1ts genus reported to feed upon other adult C tczndela 1n
the field. In Peru Pearson “and Anderson (1985) observed large
Megacephala (noctumal tiger beetles) feedmg on small d1urna1 txger'
beetles wh1ch had been removed from their nocturnal roosts in.

vegetatlon but predatlon here was clearly the result of dlsturbance

. . by the mvestlgators.

Phenology, Habttat Use, and 'C‘ompetitvi_onb

As many‘ authors have 'recently arguedk differences anfong
specres with respect to resource use in time and space are not
necessanly the result of competttlon (eg.. Schoener 19825 Strong et..
'Jal.; 1985)  Whereas competmon may’ promote dlfferences in
resource use among, competvng species, s1m11ar differences can also
: arxse among sympatrlc spemes for other reasons. It is thus dlfficult,

s

to ‘detect mterspecxflc interactions - even in . sympatnc assemblages

of tiger beetles, where strong ,;{t:ompetrtlon effects seems llkely to

s

develop among general -predators in a harsh evironment with

presumably httle food (E@ar@t and Kmsley, 1985) &

-, fe.-,,

Pearson and Mur’yfr(1979) used data from the tiger beetle

i ‘ ‘ R



fauna of the Great saha '""Hills of S'asklatchev‘van' to suppor-t the
hypothesrs that mterspecrflc competition has resulted in character
,d1vergence w1th respect to mandible 51ze in t1ger beetle ! )
assemblages in areas with a wide range‘_ﬂof prey sizes. They showed
“that C. formbsa gibsoni, C. scutellaris, C. lengi and C. limba‘ta' |
differed ‘with respect to mandlble length by an average ratio of
:,1.1.24 Unfortunately, one of the most- abundant species in this
assemblage, C. lepida, was orn1tted from PearsoStnd Mury's -
analysis, probably because Cicindela lepida is’ present only during
July and early -August, and would be missed by c'oll'ect'ors‘at _any. '
“other time of year. Howeyer 'the activity period of C. lepida
: }overlaps w1th those of the four other abundant specres such that - if
,' 1nterspec1f1c competmon was taking -place C. lepzda would be
expected to contribute substantlally to it. |

Adult C. limbata and C )’ ‘lepida do not -show character o
divergence wrth respect to mandible length They occur in the

same hab1tats (Tables -1, II-2, and I1-3) and, based on mandlble :

length, are likely to- feed on the same prey items. It is possible that

E "these spemes mlmmlze competition in ways other than prey chonce ,

, _~Adult C. lepzda remain act1ve nocturnally as well as ‘dturnally on

~ ‘warm mghts and this may facilitate coexrstence with diurnal C.

'lzmbata C lepida has secondanly evolved eyes of the scotopic A
type whlch are. adapted for low light condmons whtle C. lzmbata
possesses photoptc eyes typical of most adult Cicindela and

) adapted for diurnal vision (Kuster, 1979) However Vaurie (1950)

collected C. limbata at l1ghts at mght mdlcatlng that this specxes is



also capable of nocturnal activity Phenologically, the activity :
period of C. lepzda is completely overlapped by that of -adult C.
lzmbata lt is unclear whether the magmtude of drfferences in diel

~and seasonal act1v1ty bctween these two tiger beetles is sufflcrent
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to reduce competmon or to ‘serve ‘as evidence of past competrtron .

However, it is certam that Pearson and Murys simple character

drspldcement hypothe51s is not corroborated by the mandible

~length of C. leptda

" 'Hilchie (1985) has suggested a complex scenano of
mterspecrfrc 1nteract10ns among Cicindela adults on the Empress_
dunes, based on casual observatlons of thrs aSSemblage, and
emphasmng the role of competltlon His scenario involves both
. seasonal and habitat segregatlon among specres ‘which prevcnt
mterspecrflc competttlon and- predatlon by adult C. formosa C

“scutellaris, and C. lengi on adult C. limbata and C. lepida. He states

that adult C. lengi, C. lebida, and C. scutellaris live in dune margin
_ ,. and grassland habitats, 'wh:iyle C. .li‘mbqta. live'.in'dune margins and
open ,sand, except in' the presence of other tiger beetles, when they
moves away from dune margms |

[ A -
Hrlchres (1985) scenano is 1nconsrstent ‘'with many of my

tmdmgs I found nwwdence that adult C scutellaris and C. lengt

feed on other tiger beetles. 1 found that adult C.- limbata and C :

‘lepida were both associated with open sand 'habitats and that C.

limbata 1s common throughout the period when adult C. lepzda are

active on “the dunes, and therefore conclude that tl:bese species do

not show seasonal segregatron. I found no.evrdence that adult C.
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limbata migrate away from dune margins in the presence of other

tiger beetles? in fact C. li.rrnbata consistently shared the dune marg_in‘ '.
habitat ‘with other tiger beetles. | | | |
- The observed pattern of habitat use among the dune C i'cin‘d'ela'
at Empress  can be reasonably explamed without reference to
' ‘competmon and resource partmomng.. 1 argue (Chapter III) that C.
'scutel’laris mimics the meloid beetle Lytta nuttalli Say, which feeds
“on Psoralea lanceolata .» The habitat of C. scutellaris corresponds' to
~that of L. nuttalli and its foodplant an expected consequence of
mlmlcry The 'small, light- coloured adults of C. lzmbata and C.
'lepzda are moré strongly assocrated with open sand habrtats (whrch
are warmer owing to lack of shade) than are the large, dark adults
, of C. ‘formosa ‘and C. lengl._ Thrs_ is consistent with the argument that - -
lighter-COIOured’ elytra allow tiger beetles to reduce heat- loads in . .
openv dry environm'ents. (Chapter V), 'ThiS’explanation for the
habltat assocratlons of the Empress tiger beetles .is based on the
~ properties of individuals, r’ather than emergent propertres of the
spemes assemblage and satisfies the cr1ter1a for reductlon of
explananon at the level of community ecology to explananon at the
level of 1nd1v1dual ecology (Schoener 1986) Dune tiger beetles are
'llndeed spec1alrsts 1n a thermally extreme habitat, and this fact
~ should always be considered in 1nterpretatrons of their ecological
characterrstrcs

Thermoregulatory adaptations can easrly be mrstaken for the

effects of competmon and predation. In Arizona, C. marutha Dow

and C. fulgorzs Casey show d1el segregatlon whrch ‘has "been



mterpreted as the result -of selectron to avord predators on “the part .
‘of adult C. marutha, and to avoid adult C. marutha on the part of

“adult C. fulgoris (Pearson and Lederhouse 1987). However, from
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the "dafa presented it is apparent that birds, hzards and C. ma*rutha

adults are all most active from 1000 1100 and 1500 1600 h., -and .

that these beetles do not in fact avpid the predators Since C.

fulgoris has expanded whlte maculations while C. marutha does not,

the observed pattern is more parsrmomously mterpreted as
. overheating during mid day - for C. marutha (many adult tiger
beetles ‘cannot tolerate mid-day ‘heat [Dreisg, 1980; Gu_ppy et -al.,
- 1983; Wallis, 1’96vl,]) .but n‘ot C. fulgoris (the a_ctivlty pattern of C.
fulgoris follows the daily curve for temperature showing no
evidence that the beetles reach an ‘upper threshold for activity).
Pearson and Lederhouse's data show that adults of these specres do
not - d1ffer w1th respect to- upper temperature tolerance

Pearson and Lederhouse also suggestvthat by st_agg-ering diel
activity these beetles reduce predation on both 'populations, but
‘contrastingly suggest for ‘another asSemblage of tiger .beetles' that‘.
:htgh densmes and synchromzed act1v1ty also reduce predatlon
" These arguments are inconsistent, and . unnecessarily: 1mp11cate
predation and '.c..orn’p‘etition‘ to explain a thermoregulatory -

adaptatron of - -one spec1es alone. S ' ‘

The foregomg is . essentrally an argument for cons1derat10n of

~ factors other than 1ntraspec1f1c competttron in 1nterpretat10ns of the’
community ecology of tiger beetles. ‘I am not argumg that .

intraspecific competition does not”occur, or that my data_.dlsprove

4



its existence or importance in this assemblage. However, it is
neither’ essential nor self evident for the construction of a &
consistent explanation for the patterns I have observed in tht

Cicindela of the Empress dunes.
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11-2

No. of -Cicindela C.

C. - C. Cc.

. . ,m.u.,_:v._amg_.svag scutellaris formosa lengi lepida A1l Species
Transects: . - . C b . a ,
River Dune 121 | 247 (2.04) 48 (0.40)] 360 (2:98)| 15 (0.12)] 245 (2.02)] = 915 (7.56)
Big Dune 129 776 (6.02) 97 (0.75)| 1008 (7.81)] 66 (0.51)| 305 (2.36)] 2252 (17.5)
Home Dune 129 223 (1.73)] 52 (0.40)] 582 (4.51)f 111 (0.86)| 55 (0.43)f 1023 (7.93) 3
Stable Dune 130 0 (0.00) 51 (0.39)] 39 (0.30)] 50 (0.38) 0 (0.00)| 140 (1.08)}
Grassy Dune 130 0 (0.00)) 50 (0.38)] 38 (029)] 8 (0.06) 1 (00D 97 (.IS)
G- statisties | - 1709.0** 26.1** 1809.1** | 148.3** | 811.3** 3614.9**
Ground Cover: SR c

0-20% 225 |- 379 (1.68) 63 (0.28) 382 (1.70)] 62 (0.28)] 247 (1.10)] 1133 (5.04)
121-40% 90 91 (1.01) 60 (0.67)| -516 (5.73)] 47 (0.52)] 53 (0.59)) 767 (8.52)
41-60% 39 170 (436)] 13 (0.33)] 160 (4.10)] 13 (0.33)] 92 - (2.36)] 448 (11.5)
61-80% 26 0 (0.00) 9 (035 36 (1.38)) 9 (0.35)] 0 (0.00) 54 (2.08)
81-100% 259 606 (239 - 153 (0.59)] 933 (3.60)] 119 (0.46)] 214 (0.83)] 2025 (7.82)
G- statistics - 264.0** 36.9%* 393.2*4| 15.6* 130.5%* _407.4%*

Tables 1I-1 and 1I-2. Habitat associations of the- Empress dune tiger beetles. For each species, figures show # of

beetles collected in ‘each .category
for differences from random distributi

A,

(means per trap per week in. parentheses).
on among categories, ** indicates p< 0.001, * indicates p< 0.005.

For G- _statistics, testing

, .
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11-3

I11-4

. No. of - Cicindela C. C. - C. C. .
3 samples limbata scutellaris formosa lengi lepida Al Species

Plant .
Adsociations: . . . . [ :
0 Sand 72 199 (2.76) "0 (0.00)] 46 (0.64) 1 (0.01)] 183 (2.54) 429 (5.96)
Scurf. Pea 295 938 (3.18) 176 8.0.3 1759 (5.96)] 181 «(0.61) 1394 (1.34) 3448 (11.4)
m.SE:Nn@ Dune 182. 109 (0.60) 106 (0.58)| 216 (1.19)] 67 (0.37)f 29 (0.16)f - - 527 (2.90)
Sand Flat 90 0 (0.00) 16 (0.18) 6 (0.07) 1 (0.01) 0 (0.00) 23 (0.26)
|G- statistics - 798.8** 103.0** 1601.8** 140.9** qu.m:, 2406.0%*
T - ,u _\./w/ - _

iger eetlhe |
>mme2»:o=w" /f.\\ : , - R ‘
Open Sand 72 280 (3.89) 0.(0.00)] 27 (0:38) 0 (0.00)] "122 (1.69) 429 (5.96)
Scurf Pea 242 966 - (3:99)] 157 (0.65)] 1683 (6.95)] 155.(0.64)| 482 (1.99) 3443  (14.2)
Vegetated- 260 0 (0.00) 138 (0.53)] 317 (1.22)] 79 (0.30) 2-(0.01) 536 (2.06)
Vepetated Low Areas 65 - 0 (0.00) ~ 3 (0.05) 0 (0.00)] 16 (0.25) 0(0.00) 19 (0:29)
G- statistics: e 1770.7** 125.5%* 1920.7** 08.0** - 837.7+* 3406.0**

_ Tables .:-u and [I-4. Habitat mm.monmwaoam of the Empress dune tiger beetles. For each species, figures show # of -
beetles- collected in each clustering category (means per trap per week in parentheses). For G- statistics,
testing for differences from ‘random distribution among categories, ** indicates p< 0.001, * indicates’ p< 0.005.




~ Plate II-1. Air -,photogréph of the Empress dune field, taken on 2

| May, 1982, showing the loc.ations of pitfallitrap :trénsgéts

_ (’s‘cale=,1:60,0'00). -A‘bbreviations stand ‘for Big D;mé (bd),
River Dune (rd), Hbme ‘Dune (h.d),l Stable Dune (s'd) -and Grassy
'Dur‘xe‘ (gd). | o "
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. Figure II-1: ‘Dia'gra"mmatic cross section of the five dunes used for
pitfall. trapping, showing location of trap transects.  Distance

between traps is 5™m..
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Figure II-2: Cluster analy51s dwldmg pltfall trap s1tes into four _

habitat types based on presence or absence of plant spec1es.
Axis at bottom syows average distance values, based on

Jaccard's coefficient of similarity. Trap abbreviations: RD: .

. River Dune, BD: Big Dune, HD: Home Dune, SD: Stable Dune,’

GD: Grassy Dune.
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Flgure II-3: Cluster analysis dividing pitfall trap sites invtov four
habitat types based on presence or absence of C zcmdela
species. Axis at bottom shows average distance values, based' |
on Jaccard's coefficient of 51m11ar1ty Trap abbrev1at10ns RD
‘River Dune, BD: Big Dune, HD: Home Dune, SD: Stable Dune '

vv ;-GD Grassy Dune
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'Figures4 H-4, 1I-5: Histograms showing ‘the -total number of beetles
co]llccted'pfer pitfall trap for each week long sampling period \
during 1984, for C;’cindela scutella,#is_, and C. lengi.' Arrows

‘indicate first ‘emergchce of new adults.

*
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| Figures II-6,.1157, II-8: Histograms showirig t‘h‘evt‘b.tal number of
beetles collected per pitfall trap for ‘each week long sampling
period during 1984, for Cicindela formosa, C. limbata, 'andVC.

lepida. Arrows indicate first emergence of new adults.
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'Figure 1I- 9: Relauve aj)lwdances of C. formosa C: lzmbata and C.
leplda at the Empress and Burstall dune fields, determmed by
standardlzed observations on predetermmed transects

Arrow mdlcates first emergence of '1ew adult C. ‘7‘0rmosa
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CHAPTER 1II

MIMETIC TIGER BEETLES AND THE PUZZLE OF CICINDELID
COLOURATION (COLEOPTERA: CICINDELIDAE)*

INTRODUCTION

Tlger beetles are. a wrdespread specrose group of colourful
actrve beetle? and thus their colouratron (by which I mean both’
pattern and hue) has received much attention from brologlsts.
However explanaﬁons for the colour patterns of adult d1urnal tiger
_ beetles still fail to account for all observed colouratlon Townsend
}(1886) suggested that tiger beetles have developed substrate
matchmg colouration though natural selection, and beautlful bright
colours - through sexual selection. ~ Shelford (1917) 1d§nt1f1ed a
"plan of vhose areas of the- elytron in which hght markmgs appear
. and proposed ‘'weakly corroborated generahzatlons regardmg
“.:uratron and climate. WllllS (1967) and Schultz (1986)
,ypothesrzed that the dorsal colouration  of adult ‘Cicindela is

primarily drsruptlve, resulting from selection by vertebrate visual

predators, and Pearson'(1985)'showed that..the orange abdomens of

-‘some C icindela are aposematic when exposed in fhght “As well

-‘-""whlte “tarsi or mandibles are used by the males of some specres as

courtsh'rp_élgnals (Pearson, 1988). Nocturnal adults;of many

* in press in qul_eopt_erist_s Bulletin
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plesiomorphic taxa (eg. Omus, Amblychila) are uniformly dafk 4

brown or black, and are presumably not subject to selection by
visual predators | |

I' argue here that the colouration of some tlger beetles is best
mterpreted as mlmetlc It has long been known that some
cicindelids serve as models for mlmlcry the arboreal Asian tige.r'
beetles Collyris and Tricondyla are presumably distasteful, and
are mimicked by SuCCGSSiV‘C instars of the grasshopper '(_,"ondylmierctz
tricon’dylo'ides_ (Westw.), ‘as well as cerafnbyc":id beetles and a
sciomyzid fly '(.Shel.f@r'd, 1902). These tiger l‘)eetles&wthemselves
ant-like, and may be mimetic in their own right. A number of
other;-cic‘indelids have beeh implicated in mim‘icry,'and these
examples are d‘iscussed'bel_ew', along with a summary of what is
known about mimicry in ‘e'rcinde'lid.s, and cici'ndelid colour in

B

general.

A WA-SP-MIMICId(ING‘ TIGER BEETLE?

% . K

This paperfﬁ_’p_resents two new examples of appérently mimetic
cicindelids, fortuizously discovered ‘in the course of other work.
The first example was uncovered in a display of showy tropical
Hymenoptera at the Provmcxal Museum of Alberta. What I took at
first glance to be a mlsplaced tiger beetle (Pseudoxychtla
bipustulata ceratoma Chaudoir) was in fact a female mutillid wasp,-
‘belonging to the genusHoplo.;nutilla ‘Ashmead (Plate IlII-1a,b).

Both exhibit dark ground colour, paired pale ubdoruindl spots,

-
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where t/ery bigb temperatures ‘are "commonplace. Most Cicindela in '
these habitats llve on bare expanses of sand or salme soil, and most
of these beetles have expanded light ma kmgs (Chapter Vv ‘Willis,
»1967).-' On light sand or saline soils, however, these colour patterns
also enhance- substrate matching, ‘and thus  the consequences of ™
;expanded markmgs may be both reduced predatron and increased
ability to remain active at hlgh temperatures |
It has ,b‘een )suggested (Dreisig, 1980) that 's_election' has

q v'lfavoured' sO- Salled ‘maxithermal adaptations (maintéﬁance of body,e o

‘temperature near the upper tolerance threshold) in tiger beetles

~ For C hybrzda in. dry sand habltats in Denmark predauon

'{ eff1c1ency is hrghest at high’ body temperatures, whlle abundance of
"prey mcreases with ambient temperature (Dre1S1g, 1980, 1981) '

Stnkmg 51m11ar1ty of upper lethal temperatures among adult

l

'Czcmdela of various specres suggests an upper phy ologlcal limit to “7
maxrthermal adaptatton (Pearson and Lederhouse i\987) , Shght |
( ferences in ab111ty to . forage below this- upper threshold may -well "
a’% consequences for an mcuvrduai’s f1tness s1nce prey are a
. ; hmltmg resource for: at least sqme tiger beetles’ (Pearson and -
‘Knrsley, 1985) Thus, it is rea,sonable to suspect that
thermoregulatory selectlon pressures/ have been of 1mportance in -

. B
tiger beetle evolution. . v

MATERIALS AND METHODS

L4

*«In this paper, "colouration” refers to-both ‘the darker -



o

backgr()und colour of the integument of adult Cicx‘ndela.' and the

Light markings have been given names in the tigef beetle

"'havmg relatlyely expanded llg‘nt markmgs in’ comparrson wrth the

- pattern of l1ght and dark elytral markmgs These two aspects of

colouratlon are referred. to as "colour” and "»pattern" respectively,

and the term colouratlon is here a synonym for "colour pattern.:"

literature, although "markings" refers, in rnost other areas of
blology, ‘to areas with prgment or dark structural colour Thus, i

the study of tiger beetles, marklngs can refer to either light or

‘dark areas. ‘Light markings usually take the form of lunules or !

51 moid bands which in sqgge species are reduced to spots, and in
g %1 P p

" others. are expanded and fused into large white areas. In C. limbata

J

ard C. formosa both expanded and reduced light miarkings are

L4

_present in different areas or these species' geographic rang'es (Figs.

oy

IV 1) ‘ |
For compansons of beetles w1th1n subspec1es I estlmated the
proportton of the left elytron covered by dark markings usrng a

camera lucida and’ an Apple II Plus mlcrbcomputer with a dlgltlzmg

tablet This proportlon is the property Wthh is hypothesued to

. L
w*

affect thermoregulat1on In comparlsons between subspec1es thlS

' measurement was omrtted smce ‘the - subspecres mvolved showed

litle or no overlap with respect to elytral pattem orle subSpeCtes '

L

\

other ‘4 ' poe

The hypothesrs that elytral pattern affects thermoregulanon

'3

'and thus beetle act1v1ty, was tested on three differeht time'. scales

s .“

1) seasonal act1v1ty, 2) dlel act1v1ty ‘patterns, and 3) in terms of -

. - '-
» N poon . .
[ -
A

~ v
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time spent shuttling between foraging, basking, and cooling in the - '
‘_shade. vStatistical analyses were pexformed on the mainframe

Amdahl 5870 computer at the University of Alberta, using the .

Midas statistical program (Fox and Guire, 1976).
.Warming and Cooling Rates

Warming “and coohng rates were compared in .the laboratory
between subspec1es of both C. ltmbata and C. formosa Ten adults
'were used of C. limbata hyperborea yLeConte (wrth non expanded
hght marklngs) C. limbata nympha Casey (w1th expanded light
markings), C. formosa formosa Say (with non- expanded light
marklngs) «and C. formosa gzbsom Brown (w1th expanded hght
_marklngs) Spe01mens were kllIed by freezmg, and a’ thermlstor
probe was 1nserted through a small incision in the mesosternum
sealed w1th vasehne | . "

Specrmens were used one at a tlme and subspecres were
.alternated throughout the experlment Beetles were then heated
'by a focussed dlssectmg mlcroscope light ata dlstance of 10 cm.
"Once “the specrmen reached'a maximum temperature the light was
| turned‘off Changes m tempErature were recorded -on 'a Grant
portable chart recorder The t1me requrred to. warm the specrmen
«from 25 °C to 35 °C was taken from the chart raqcord ‘as was theA :
t1me requtred to, cool from 35 °C to 25 °C onge the hght was turned

joff Maxlmum equlhbraum temperatures flpctuated somewhat and

'so were not used in the warmmg/coohng calculatlons

-
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| nympha) and Fort McKay, ‘Alberta (C limbata hyperborea) on\May

24-25, and the experlment was perfo;med with them on May 28,
1986 after keeping the beetles in a terranum Specimens of C. '
formosa were collected at Empress,-Alberta (C. formosa \Bfori;zosd ) ‘
and Fox ’Vall;ey, Saskatchewan (C. formosa gibsoni ) on August 1v9-
20, 1986 and the experiment was performed with them on

September 12, 1986, after keeping the beetles alive 1n

- refrigeration. . s~

Size differences between subspecies, which could confound

_the results, were tested for by comparisons (Students f-test) of

" length (from the elytral apex to a line tangent to the front of both

eyes).

N

‘ "S’eas'onal Activity "and Elytral Pa_ttern“

‘To assess the effect of elytral pattern on ability to maintain

each week at a sandy blowdut néar Nestow Alberta from August
24 'to October 11, 1985 (only six were. collected- on the latter date).

The sample populatlon -was d1v1ded in three categortes ‘with

: half of the standard devmtlon from - the mean AG -test was .

*

4 Specimens of C. limbata were collected'at Nestow (C. limbata '

'act1v1ty seasonally, twenty adult C. -limbata nympha were' collec?ed o

, o respect to proportlon of dark elytral arear delmeated by pomts one

performed to determme whether elytral pattern was; mdependent.

of date of capture A correlatlon matrlx was generated arhong

“values for ‘Sex, date temperature, total elytral area, and pbrcent ‘

i~

~

PR
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N

dark elytral area.

" Diel Activity and Elytral Pattern

C. limbata n'ymp\.ha were collected throughout. thev day on
June 14 and June 21, 1985, to determr"ne the: effect of elytral .
pattern on act1v1ty Beetles were netted and. waced in waxed paper
envelopes w1th the “time_of collectron written on the outSIde of the
envelope This work was done on the Empress- dunes, along the
. border between southern Alberta and Saskatchewan (see Chapter
II for description of thlS site). Throughout both- days, at 30 mmute
1nt¢ervals a number of env1ronmental factors .were measured |

Three thermlstors connected ‘to a Grant portable chart recorder,

were used to measure temperature one meter above- ground I

shaded by a’ wh1te plastrc container; on the sand ‘surface; and 2.5.°
cm below tl'fe sand surface Incommg solar radlatlon was measured
by means of an Archer infrared’ detectlng dlode and an Archer
cadmlum sulfide photo cell the latter sensrtrve primarily to visible
llght w1th peak sens&wuy in the . yellow to green range (500-600
nm, accordmg to manufacturers spec1flcat10ns) Both were
mounted on a. small plastlc box,tand changes in D,Q resmtance wer%
measured on a Mrcronta ‘model 22- 212 multimeter, in KY on a
logarlthmlc scz& Thus only a relatlve measure of light 1ntensrty

Was obtamed ‘ \ B ' .' S S L

’ [}

Contmgency tables wer‘b constructed for each day, w1th

numbers of beetles collected durmg@talf hour. 1ntervals pooled to

‘\‘."' - - . ' -~ b *

R
-

e A

B
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‘.

give.a mynimum e.xpecte(ll value .in each cell of five Then, G -tests
- were performed to determine. whether proportrons of the sample '
population in each pattérn category were independent of time of
capture. - A correlgstion matrix was generated amo:g-v'alues for
number of beetles collected per unit trme, air temperature sand

surface temperature, 'subsurface temperature, infrared radratlon

and visible solar radiaﬁon.

v

o

3

. Thermoregulatory Tinve Budgets and Elytral Pattern

T . . l
- . Ly . |
+ Thermoregulatory ~'tlme budgets were compared between

light and dark adults of }:E[h C. limbata and C. formosa. Beetles .

were frrst ‘@revented -

flying by fastening  their AWinws shut with

cﬁroacrylate glue Na hght and - a dark beetle ‘were released

in typ1cal habitat, ‘e¥ fo\\llowed by an observer carrying a digital -
watch and ‘a notepad. Beetle behaviour was classified as: heat stress
behav10 (s’toppihg in‘ shade, digging: .climbing plants) warming
behav1our (bas-kmg) or near equrl1br1um behavrour (foragmg,

matmg, feedmg) Because 't was. dtffrcult to consrstentlyt 1dent1fy,

r

- and because it results from low levels of thermal stress, sttltmg was

nof‘ recorded as sueh

The beetles showed no mclmanon to ‘flee the observers after
\

a short initial perlod Each air of beetles was observed for “

}

between 15 and 60 mlnu,tes ',pemmens of C. lzmbata were "

~.'r_,collected at Nestow (C lzmbat

_"‘;(C.. limbata hyperbor_ea-), on M,‘y 24—25, and_ observed at_ Nestow. on

nympha ) and Fort McKay, A,lberta ¥



¥
(.

: - 74
June 10, 1986. Spemmens of C. formosa . were collected at Empress
“Alberta (C formosa formosa ) and Fox Valley, Saskatchewan (C | , \
formosa glbsom ) on. August 17, 19 .and 20, and observed at . _ -
Empress (1 hour) on Aug 19, at Burstall, Saskatchewan (l hour) on

,Aug 21 ‘and at Nestow (2. 25 hours) on Aug 27, 1986 Although

Nestow is outside the range of C. formosa the habltat 1s physrcally
.s1mllar to that occupled by this species further south although

plant specres dlffe_r G -tests were performed’to determine whether

the prof;fo;ti'ons of beetles in thg ‘three behav1oural categorles were
independe;t of elytral"patter‘n (i.e. subspecies). | |
'RESULTS. " | : | ; )

- | : : . Q'
Warming and Cooling Rates

:'. '. Slgmfrcant dlfferences in both warmlng and coohng rates
o were found between subspec1es of C. limbata (Table IV- 1) For C.
formosa the data appear 't0 show’ the same trend as for C lzmbata |
But the dlfferences are not 31gn1flcant ‘possibly due to hrgh -
anance For C lzmbata these drfferences corroborate the B
.predxctlon that darker beetles Warm more qu1ckly,_and that
e drfferent thermal propertles of dlfferently patterned - elytra can
affect 1nternal thoracrc temperatures The. results of subSequent
. time budget experlments“ in yvhmh both spec1es show

thermoregulatory dlfferehces b we‘en colour morphs, suggest that .

5 ol -
B there must. be srgmflcant axarmlng drfferences between subspecws

—
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of both specres “even if these dlfferences were not detected here

o

In nelther pa1r of subspecres ‘was - there a stgmflcant dtfference in
body length so drfferences in, warmmg and coolmg rates are not\

, srmply 4 consequence of srze i

_ant dxfference m coohng rate between subspecies

bf C ltmbata was s rprlzmg, and cannot -be attrlbuted to dlfferences
= 1n colour Wthh ‘are not expected to affect coolmg rate. These
; drfferences could be the result of dlfferent surface area to volume
- ratios, but I can. see- no structural d1fferenoes between the '
subspecres other than. calouratlon ' Possrbly ‘there are dlfferences in
- the "surface of the cutlcle detectable only with electron |
, :?‘ m1cro'graphy-. Agam for C. formosa the data appear to " show the

v

~ same trend as for C. ltmbata but the drfferences are not srgnlflcant

‘Seasonal Activity and Elytral Pattern
Propcg;twné‘wof the three pattem classes were mdependent of‘
' ~capture datéé and thus elytral pattern was not related to seasonal
act1v1ty in C ltmbata (Table IvV- 2) Elytral pattem was not ‘
s1gn1f1cant1y correlated with date sex, elytral area or temperature.
Hrghly 51gmf1cant correlatrons 'were found between sex and elytral
area (r= 048 p< 10.01), and déte and temperature (r= -O 88, p< 001)
1nd1cat1ng that males are smaller than females and that
_' temperature drops in - the fall. Less 51gn1f1cant correlatlons were
observed between sex and date (r= 027,. p< 0.05), temperatuze

~and sex .'(r=‘ 0.24, p< 0.05), ,and ely_tral area 'and temperatu_re (,r=
- v & . . Y S S

)
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£ 0.23, p< 005), but not. elytral area and date (r= -0. 17 Ps 005) This

) rndrcates a tenedency for male§\(whlch are smaller than females) to

remain acitive later”in the fall.

Diel - A_c,tiVity and Elytral Pattern

@ ¢
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L Proport1ons of the -three’ pattern classes were. lndependent of ,

' "tlme of capture for both days (Table IV-3). Therefore I reject the :

| ,the early 'or late part

hypothesis that darker or llghter beetles would predominate during -

of the activity per1od or’ dunng the warmest
£,

. - part of the day, arounl400 hr For both days all env1ronmental

»_1ncreas1ng until c. 1400 hr, and'ﬂ

- activity began around 730 hr B
. ) ]

‘ var1ables (three measur@pents of temperature and two of solar

: vradratlon) were strongly correlated with one another (p< 0.001),

,creasrng thereafter Beetle _

ays, and ended by 2100 hr on
June 14 (a warm, sunny day "out) and around 1400 hr on
June 21 (sunny mormng, afte aln) For. pooled -data from
both days the number. of beetles collected per hour 'was loosely

correlate'd with air temperature (r=0.15, p< 005) and more

' \x 5
3

LT gl
: }strongly cou,elated with sand surface temperature (r— 059 p<

001) and subsurface temperature (r= 030 p< 001) mber of‘>

beetles collected per hour was also correlated with- v1s1b solar ‘

: radlatlon (r=" -O 40, p< 001) and 1nfrar<:() radlatlon (r——O 36 p<: -

0.05). The r values are negatlve for ¢

the’ measure itself . (D C res1stance) is" mversely related to the

magmtude of . the radratron Dlel changes in behavrour

wo, o e

-

. . ~ - . : -
> . T . F N 5 -
S . . - . e
- . . . .

€se radlatlon measures Since '
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- corresponded to those observed by Dreisig (1980) tor C./hybrida L.

P
.~ -pf-,"o‘"

Thermoregulatory Time Budgets and Elytral “Pattern

.

For both"species significant differences were found between

subspecres with respect to thermoregulatory ume budgets (Table

- IV- 4) For C. lzmbata observed durmg warm sunn”,,geather when
none of the beetles exhlbltedf baskrng behavrour the lrghter beetles
were able to- spend more time foragmg, and less coolmg than the
‘darker beetlestl For C. formosa lrghter beetles spent more tlme
baskmg in cool weather and less coollng in hot weather than
darker beetles. *Under. the cond1t1ons of the expenment : there was
no appreciable difference in foragmg time between subspecres of C.
: formosa presumably because foragmg t1me represents the sum of
foragmg during warmer penods when some beetles were forced to
: cool themselves and cooler perrods when some beetles were *
basking. If either warm or cool conditions prevailed in the habrtats
of these beetles one colour morph might have a thermoregulatory
advantage In- general for both specres d1fferences in elytral

~.pattern were reflected 1n behavroural dlfferences in accordance R

with the predrctlon that darker beetles warm more readxly by

infrared absorptlon o o gg‘
Light beetles are at an advantage in warmer . . . ;JS.;;;&' =
e

,microenvuonmentsv‘ Southern populatlons of C. lzmbagg are, lrg}tter ,' i

'than those in the boreal forest and would presumably enctyﬁtm {é;*

by RN
l'

. warmer condltrons It is: possrble that C. formosa gtbsom on- large 21

‘-’.'
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. . . »@t .
dunes in- the Great Sand Hills of Saskatchewan 'expenence warmer
conditions than populations of C. f. formosa on smgll open sand -

" -areas further .south, but~thiys is lptxrely speculative. ”1%«;-.;
DISCUSSION e T T

These results demonstrate that colouratlon ‘affects
thermoregulatton in at least two specres “of dune tiger beetles and
that this effect acts on thermoreg}ulatory time budgets rather than
on diel or seasonal activity. Beetles at a relative -thermoregulatory
disadvantage because of their velytral colouration do not become or
remain inactive, they simply spend rnore time in purely
A.thermoregulatory behav1our |

Further ev1dence for the 1mportance of colouration to
thermoregulatlon may be seen in the interesting correlat1on
between: colouratron and diel -act1V1ty pattern in the sympatric
Arizona tlger beetles C. marutha Dow and C. fulgorzs Casey Adults

~of these two specres show diel segregatron whereby C. marutha is
| mactlve durmg the heat of the day. As 1 have argued in Chapter II,
this pattern can be par81momously mterpreted as an adaptation for
/ prolonged foraging in C. marutha rather than .as selectlon by
_predators and competitors ~acting indirectly through colourauon to
acheive dtel segregation, as suggested by Pearson and Lederhouse
\(1987)
Structural features other than colour such as- long legs, white

,(usually ventral) setae and sm% body size ' may also 1mbrove
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l, thernioregulation at high temperatures. Long legs increase the

herght above the substrate durrng normal locomotion, and the
. maximum helght poss1ble when stilting. White setae (on adults of
many species of Cicindela whrch live on sand or salt flats) may
serve as reflective surfaces vto reduce heat »loads (Darlington, 1980)..
In grassland habitats in Arizona, lar'ge body size apparently
de_terrrﬁhes the diel activi-tyvpattern of some tiger beetles such that
they avoid bird predators and synchronize activity with large prey
.-'items (Pearson and  Lederhouse, 1987). This seems plausible,
although birds  prefer large tiger beetles to smaller }ones (Pearson,
1985), so selection by birds’ should not.pr,omote' increased body
size. | , | A

Many tiger beetles in dry sand habitats in Tow latitudes
possess all of the features associated above with ’thermoregulaaion e
at high temperatures As an example C. tenuzpes Fab. adults
‘:possess expanded markmgﬁsi extremely long legs, dense wh1te
“ventral- setae,. ahd -at relatively small body (Plate IV 1 e). These "
beetles are found im beach sand in Indonesra (A. T. anamore
pers. comm) and are no doubt subject to very hrgh amblent . ‘4 T
temperatures. The North Amencan beach dune spe01es C. dorsalzs
4 Say shows simifar but less pronounced features, and along the
'} Atlantic coast shows a north to south trend in reduction of dark
elytral plgment body size, and body 51ze relative to femur length
(Boyd and Rust, 1982). R

~ Also with respect to tiger beetle structure and

_ thermoregulation, Van Natto and Freitag ,(1986)'?“ha4ve proposed'a'
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functional analogy ‘between tiger beetle bodies .and" thermos bottles,

" based on the assumption that iridescent colours of both the elytra

&
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and abdominal tergites reduce absorption of infrared radiation (re-

radlated by ob_]ects in the environment) by reflect;gn while the
sub elytral a1rspace lnsulates agamst heat ug,take“through
convection and conduction. There are two problems w1th this idea.
First, they present no convincing ‘evidence that absorptlon of
thermal radiation is reduced by reflectance. Second they assume
vthat "metallié ‘colours (actually multi-layered 1nterference
reflectors [Mossakowsk1 1979]) behave. like real metals w1th
:espect to thermal propertles, and thus reflect long wave 1nfrared
'radlatlon. This argument is not in agreement with the current

belief that "biological tissue, regardless- of: colour, absorbs all
' TN

- incident thermal [i.e. re-radiated long wave\@frared] radiation™

(Burtt 1981) ,
»
’I’fger beetles thermoregulate by ch01ce of mrcrohabltat,g! 1;tnd

‘this has been yve_ll documented‘. They show ‘three behav1oural

";phas_eS‘as ambient temperature increases; 1n1t1a1 shutthng between

basking and foraging is followed by graded thermoregulation, and

shuttlmg between shade and sunhght (Dreisig, 1985) Varlatlon

\‘»

among taxa wrth respect to colour and structure which affect body/

temperature and modlfy the amount of time spent in various

mlcrohabrtats should. also be cons‘ldered in general explanations of

the thermoregulatrory adaptatlons of adult Cicindela.
The ‘various factors involved in thermoregulatron for !ﬁult

diurnal tiger bcetl_es in open, sunny habltats are summanzed in

B




llFlgure IV-1. _
Whether these thermoregulatory'kffects are the drrect result
of thermoregulatory selection pressures, o1 a consequence of
selection for substrate"f’__matchmg is unknown, but it is likely that
both factors are involved. The function of colourarion in tiger
beetles is. perl;aps best studied on a species'by species basis, even’
though tiger Beetle structure is remarkably conservative; making
generalizations about .funqtions seem within easy reach. Substrate
ma.tching, crypsis, ‘mimicry, and phylogenetic history can all '.affect
cOlouration,_and to di’stinguisn between these causes requires
| familiarity ‘with the naturalv History of each species considered | For
the sand dune Czczndela of the- Canadian prarnes I hope I have

achleved thls famlharlty, but much work remains before a general K

understanding of tiger beetle colouratlon is reached.
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Test Statistic S 3.178 _ s |T= -3.971 o
Significance P< 0.01** ° P< 0.001**.
| CICINDELA FORMOSA T
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Sea

Number of _:a_<_acm_m in. omo: vm=m3
category (% dark markings). .

. light medium dark. | .
Date (1986) [14.3-22.7%]22.8-26.7%|26.8-33.2%|totals
Aug. 24 | 6 10 4 - 20
Sept. 4 7 7 6 20
Sept. 14 .73 "8 9. 20
Sept. 25 L7 8 5 20
Sept. 30, Oct. 11| ~ 8 6 12 26
totals .31 . 39 36 106.
G=734 - -~ r o
(not .m,o::_om:c .

T

= < -

qmc_m _< 2. mﬂmncmso_mm of o_S_ﬁ_ pattern omﬁm@o:mm over a mm<m:
‘week nm:oa at meﬁoi >_cm:m

«0 limbata. E\ng\




ot

at the msnﬁmm sand dunes, >_cm:m

(C. limbata. nympha)

< _z..:=cmq -of _=a_<_n:m_m in mmo: vmzmq: AR
R category (% dark markings)
. Time light "~ medium .| dark o o
|(June 14, 1985)|12.7-21.9% | 22.0-25.9% 26.0-35.3% | totals
7:00-10:00 | 6 _ 12 ‘10 28
10:00-11:00 '8 .8 9 25
11:00-12:08¢ 77 9 A T 24
12:00-14:00 6 g 6 | - 21
14:00-16:00 4 13 4 21
16:00-17:00 7 10 ~ 7. 24 ,
17:00-21:00 10 14 10 34
totals - 48 75 54 177
- - ~ G=525 . .
~ (not ' significant) L -

" Time light- | medium dark ERE
(June 21, ._mmmv 15.4-23.0% mm; -27.0% | 27.1-35.0% | T:m_m,
7:00-11:00 11 10 | 15 . | . 36
11:00-12:00 7. 13 3 .. 23
«~1¥.12:00-14:00 9 16 6 | 31
, totals 27 ' 39 .24 .90

——2 7 5803 7
> (not m_o:_:om:c
‘ r = .
Table 1V-3. Frequencies of m_ﬁ_.m_ vm:o_‘: omﬁm@o:mm Q:_‘_:@ 2<o am<m
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>
- R Behavioural Categories:

- |CIGINDELA LIMBATA . xm\mmx Forage/Stilt] Shade/Dig | Total

- [C. limbata hyperborea ~(dark) | - 1206 | 5994 | 7200
C. limbata nympha (light) ] - . 1732. 5468 7200

: . o ‘Total:}] - - 2938 11462 [14400

G=118.81 . | R 2

P<_0.001"" [

CICINDELA FORMOSA ___ Bask | Forage/Stilt] Shade/Dig| Total
C. formosa formosa =~ (dark) | 3916 5426 3980 13322
C. formosa gibsoni (light)] 4370} 5408 3544 13322
o . - . .. Total:| 8286 10834 7524 26644

- G= 50.21 S ,

. P< o..oo,_!u

qmc_m IV-4. A:mqaoqm@c_mﬁoi co:mfoE in __@3 and dark :@mq cmm:mm
Q_@Emm represent time, in mmoo:am muma mx:_c:_:o each

cm:mSoEm_ omﬁmoog

.

¥




Plate IvV-1. Tlger beetles mentloned in the ‘text: a) Citi déla |
formosa formosa b) C. f glbsonz c) C ‘limbata nympha d) c. 1
hyperborea e) C. tem?pes Scale bar = 1 cm ‘ '

]
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Factors rnvolved in thermoregula’uon for adult
» diurnal tlger beetles in sunlrt habrtats ’

%reéUlting.'in' —
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~ Chapter-V o
“THE HISTORICAL DEVELOPMENT OF GEOGRAPHIC COLOUR
VARIATION AMONG DUNE CICINDELA IN WESTERN CANADA
(COLEOPTERA CICINDELIDAE) - L o
INTRODUCTION N

‘Nine.speciv'es.of Cicindela live on open sand dunes in'West‘ern' '
Canada Five .of these (C llmbata Say, C. formosa Say, C. scutellans
. Say, C. lengz W. Hom and C leplda Dej an) are regularly found ,

, together in sultable habitats in- the Canadtan prames (Chapter lI)

‘ In addmon C hzrtzcollts Say hves on dunes adJacent to water C.
longzlabrzs 11ves on dunes and open sandy soil. m forested reglons :
.:"':(partrcularly among pmes and other comfers) and C zczndela
.duodeczmguttata Dejean and C. tranquebarzca Herbst live on dunes ‘
as well as ‘other open ground habttats ' l :

o In this paper, 1 concentrate on two questions regardmg colour
variation among these beetles First \why have beetles 11v1ng in
vwhat appear to be physwally ,1mple habltats evolved a dtversrty of \
colour patterns” Second to what extent can hlstorrcal |

__b10geograph1c hypotheses a1d ul mterpretatlon of the present
’ pattern of 1ntraspecrf1c geographrc vanatton 1n these beetles"

- The colours of tlger beetles coupled w1th thelr actrve habits,
have made them popular with’ amateur entomologlsts Tlger beetle ‘
-colouratlon has also attracted attentlon from brologrsts interested in

r
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its’ functron and ongr,. ~After detarled study, Shelford (1917)
'.concluded ;that all trg r beetle elytral pattems were derived. from ‘
| ombrnatrbns of 28 s ots produced by the confluences of seven
transverse and four longrtudrnal bands and" constructed a number:
of complex transmon ‘series . hnkrng varrous patterns - For this

~ study, Shelford used. a large number of taxa, from 'around the |
world However no evidence, other than its srmphcrty, is g1ven to

- support the assertlon that the 28- spotted elytron represents the

; pr1m1t1ve ancestral condrtron and thus tthls conclusron is. largely

“ suspect. Shelford also experrmentally modrfled temperature and .

humrdrty durmg larval. development, and found that warm

- condltlons resulted in reduced lrght markrngs From geographrc

 data for a few North Amencan Specres he concluded that brrght

93

S colours were more common m ar1d areas, reduced hght markrngs in '

'warm areas, and expanded lrght markrngs in cool areas These
generallzatlons however were weakly corroborated, and have not
been upheld by subsequent research mcludlng the. research
presented here The idea that many tiger beetles have evolved
_v'colouratron to match therr usual substrates was suggested by

Townsend (1886) Smce these early works trger beetle* colouratlon

T patterns have been 1nterpreted m terms “of subStrate matchrng and

'"}crypsrs (Schultz 1986;" Wlllrs 1967) m1m1cry (Acorn in.press;-

| ) 'Ch_apter HI, thermor_egulatron (Chapter” IV) mtraspecrfrc srgnalhng

| (Pearson“' "1988); and}_as' apésﬂnn\cwmnrng colours (Pearson,~
1985) o - i .

Hrstorrcal blogeographlc hypotheses have been constructed

"L,O

e
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'METHODS
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for «the littoral tiger beetles of the Great Basin (Wickham- 1904)' :

‘and for a number of spec1es in the Amerxcan southwest (Rumpp,

1961).  Similar analyses have been advanced to explain the

distribution of the sand du .tlger_ beetles C. 'formosa,ﬁay (_Gaut,n_er,v
1977), C. hirticollis Say (G;a%bp et. al., in press), C. longilabris Say

(Spanton, in press), C limb_ata,.and C- d'uOdeci}nguttaia (Freitag, -

0 1965).

Here 1 bring together the results of my own, work on the

function” of tlger beetle colouratron ‘and the dlsmbutlon of dune

"tlger beetles in the ‘Canadian prames with that of other authors on -
“the systematlcs and dlstnbutron of dune trger beetles in general

produce an hypothesrs regardmg the hlstory of dune trger beetles

in. the Canadian pralrles _ SR , B

Distribution  records, taxonomy, and dume field names. '
‘. A . B R N v" B ) N . o

a

Tlger beetle specrmens were collected from upland dune ‘areas m:

,Alberta Saskatchewan and Mamtoba as well -as dune sands in the

southwestern Yukon Temtory These collectlons plus trecords from |
the University™ of 'Alberta Stnckland Museum, the J. L. ‘and' B, F. Carr
collectlon (Calgary, Alberta) and the ptbllcatlons of Boyd et. al '
(1982) Gaumer (1977), Graves et. al. (in press) Hllchle (1985), Hooper
(1969) Larson (198‘) and Wallrs (1961) were used to estlmate the

dlstrlbutlons of dune trger beetle specres

4
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_ thermoregulation consists ‘of alternating periods of bas ing, ‘stilting,

and s‘hUttling:to shade. Baskmg beetles orient perpen 1cular to the

sun's rays 0. maximize Sabs (Drexsrg, 1980) By resting the body on’

the substrate, they also maximize Taps and Econd from the ground

and Ecom, from warm air near the ground and minimize Econv t0
cooler air above the ground because of steep gradients of air
{

movement and air temperature -(Casey, 1981 Dreisig, 1980), and -

reradiated. thermal energy (Norris, 1967) 1mmed1ately above the

'v'substrate Stlltlng, the functlonal opposrte of basklng, is a graded

v thermoregulatory mechanism wh1ch allows animals to proceed with

other activities,. such as ,feeding or mating, at htgh.temperatures
Stilting 'is seen in tiger beetles lizards (Norris 1967), tenebrionid’
beetles grasshoppers and scorplons (Casey, 1981). ?AlthOugh
ammals cannot reduce Tgps by reflection (Burtt 1981) lizards

reduce incident thermal radiation by av01dmg reflective substrates

| and small depressrons and by stilting, since a large proportion of

- incident thermal radiation comes from objects in close prox1m1ty to

the organism .(NQITIS, 1967) In arthropod studies 1t has been

argued tlﬂ stilting -serves to minimize Econd (from the ground, and

“d

~ warmer air near the ground) and increase Econv to faster moving air
o - . . . [ .. . Y

further out 3f the boundary layer (Casey, 1981). -All three fact‘pfs\

‘ (TabS Econd. and Ecom,) are probably involved for all st11t1ng

L"'orga,msms. Morgan (1985) has obtained empmcal ev1dence that .

stilting reduces body temperature in Cicindela tranquebarrzca

- Herbst. Another po’stura.l mechanism. forb_reducing body

" temperature involves facing the sun, thus reducing the surface area

/
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available for warmmg (Morgan, 1985) Shuttlmg 10 a shaded,{spot

by deflmtlon reduces SabS for both begdfes and their. suabst.rate and

thus Taps is reduced as is Econd from the > Mu% and Pp@sibly,. Ec

from cooler air. In sunllght body temperatu e»\iea:ms tOWard an

upper equ1hbr1um temperature iand in shade it codl»s tov%am a

- lower equilibrium temperature. . Between these two extremes are
the temperature points at which .beetles shuttle to shade or *
sunllght (Drelslg,‘ 1985). . h | |
. A number of other behavroural mechamsms for

thermoregulatlon are -also ‘used by tiger. beetles prrmarrly in

conditions of extreme heat. Tiger 'beetles . make use of cooler, moist -

substrates when dry ground is too (got (Guppy, et. al., 1983; Pea’n.
and Lederhouse, 1987). On the Lake Athabasca sand dunes in
northern- Saskatchewan Canada, I have observed aggregatlons of C
hi.rticovllis Say and C. limbata on small patches of dark soil scattered
throughout explans'e's’ of white sand. 1 did not measure' temperature
on either substrate, but the soil felt cooler to the touch than d'id the
sand. At extremely high temperatures, flight may serve.'to qu-ickiy
remove beetles from very Warm 'micrOenvironments, in which
thermo;egulatlon is 1mp0531ble During the time(" budget"

| ‘expenments in whlch beetles were unable to fly, those placed on
overly warm substrates chmbed grass stems, after repeated jumps
which were presumably ‘attempts at fllght Similar behaviour wa$
observed in untreated C. obsoleta Say and C. punctulata Ohvrer in
Arizona (D. L. Pearson, in. litt.). However "dunng flight, ail but the

smallest insects ptoduce heat suff1c1ent to elevate thoracrc

\,

y
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temperature, (Casey, 1981) and the body temperatures of R
Cicirtdela caught at lrghts are hlgher than amb1ent air temperature
(Pearson and Lederhouse 1987) " Nonetheless, the short flights of -
tiger beetles have been shown to result in convective cooling
,,(Morgan 1985) where heat loss to Ecom, is presurrlably greateg,than
heat productlon (M) - Another response to prohibitive heat is to d1g
| short burrows into the sand (Wallls 1961) I have observed thls in
C. ltmbata C. leptdas:&nd C. formosa and it 1s also known for C.

| hybrida m Denmark (Drelslg, 1980) and C dongalenszs Klug in

" Kenya (Guppy, et. al,, 1983) o ‘ ' |

i Not all tiger beetles studied exhibit all of the above

~ behaviours. Dreisig (1984) did not observe shuttlrng to shade m C.
hybrida, Guppy et. al. (1983) drd not observe stilting in C.

_‘ dongalenszs and Morgan (1985) obscrved nelther shuttling to
shade nor burrowing at hlgh ‘temperatures in C. tranquebarrtca
’.Whether all tiger beetles have the capacity to perform the above
behaviours 1is unk;own ‘However, the distribution of
thermoregulatory ‘mechanisms in a phylogenetlc context could give
numerous insights into the evghlution of tlger beetles.

Although the role of ﬁ?:rrauon in modrfymg the behavroural
,’thermoregulanon of tiger beetles seems well establlshed oné more
‘counterargument deserves mention here. In some mammals and
btrd) dark coloured fur or feathers reduces Saps by preventing
incoming radtauon from reaching the body surface, and 1nsulat1ng
the warmed outer layer of fur or feathers from the skin (Walsberg,

1983).: It is c_oncervable that dark elytra could serve a similar -
B /.4 . PN ) )
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functlon but this 1s not apparent in tiger beetles A related '
argument is presented by Van Natto and Freltag (1986) who have
proposed a f@c“onal analogy between tlger beetle bodies and
thermbds lg)ttles based on the assumptron that iridescent colours of
both: the elytra and abdommal tergltes reduce Tabs by reflectton
'whrle‘ the sub-elytral arrspace 1nsulates agalnst heat uptake
through Econv and Econd There are two problems with thrs idea.:
- First, they present no convmcmg evidence ‘that: Taps is reduced by

eflectance. Second, they assume }th_at_ 'm»etalllcv colours (actually
multB\ayered'interference reflectors [Mossa‘kowsk‘i, 1979]) will
behave like real metals with respeCt to thermal properties, 1 a'nd—
thus reflect long wave infrared radiation. This argument is'not in
agreement with the current behef that "biglogical -tissue, regardless
of colour, -absorbs all fncrdent thermal tle Te- radtated long wave
infrared] radtatron (Burtt, 1981) ' o |

Tiger beetle colouratlon %an. he examrned wlth respectto its

evolutlonary and blogeographrc orrgms as well as w1th respect to its
thermoregulatory fpnctlons Hrstorrcally, much of the 1ntraspec1fic
colour variation in dune tlger beetles is llkely to have arisen durmg
the Holocene | Open sand habrtats other than maJor dune fields,
appear and drsapp_c;ar qtuckly cand frequently  Because of this, over
relatlvely short spans of geologlc tlme colour variation within a
species. may alternate between broad geographtc “clines and dtscrete
isolated populatlons Even in the last . hundred years, the pattern of

colour vanatlon has changed, possrbly because of the™ Dust Bowl

road covnstructron, and changes in cattle grazing. ‘ T
. @ '
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The thermoregulatory characterrstlcs of species can be used

to construct an hypothetical explanatlon for observed ‘patterns of

_ food, time, and space ‘use. by the Empress tiger beetlest. With
re'spe‘g to habitat use, the species with ercpanded light markings (C. -
limbata and C. lepzda) are found on open sand habitats while those
W1th less expanded or no llght markmgs are found in dune margm

atg This 1s an expected result of the- themoregulatory

#“co _ences of - elytral pattern. Populatlons isolated in large dune
'freldés undergo evolutlon of expanded hght markmgs, and S
populatlons thus modlfled can and do 1nhab1t more open . ground

On 'the other hand Czcmdela s. scutellarzs %found in the scurf pea
zone, where it is may be better able to thermoregulate in sympatry
with 'its mimetic model, Lytta nuttalli. Cicindela f. formosa and C.
lengz-hve in more vegetated areas, in accordance with the

- prediction that frequent access to shade is 1mportant for
,the'rmoregulahon in darker beetlesy I found no evrdence for
'se‘ason% segregatlon of adults, an expected result of interspecific
compe‘ut.ron. : Predatlon 'may have an effect, however, in that late
summer» emergence in 'C. limbata may act to minimize predatlon by
C. formosa. With respect to food, Pearson and Murys (1979)

hypotheSis that resource partitioning would result ‘in character

- divergence with respect to mandible size is refuted by the |

o essentlally identical mandlble sizes of C. lzmbata and C. lepida. It is.

stlll p0351ble that diel segreganon occurs between these specres but
this p0551b111ty i$ not sufficient to uphold the hypothesrs that -

mterspecrflc competition is_ the primary structuring factor
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influencing coexisténce among these five species. '

~Increasingly, the study of‘ti‘ger beetle biology has come.t‘o..
focus on the importince of thermoregulatron in open, sunlit N
habrtats My own work has served to connect this growing body of
knowledge and theory with another large component of tiger beetle
' studles namely the desaptron of geographrc colour varlatton By
; placmg colour variation in the context of its adaptrve srgmfrcance
. and historical development I hope that I have in. some ways
valrdated the efforts of taxonomists concerned wrth mtraspecrflc
varratlon However, alt;hough the importance of thermoregulation
| appears to be gaining general'acceptance I hope th}at I have also
;brought to focus the 1mportance of such phenomena as mimicry,
1nterspec1f1c predatlon and. human drsturbance of habitats for the
u_nderstandrng'_of tiger beetles. Wlth SO many people mterested in
this group of animals, for such a varrety of reasons, it has been all
too ea'sy to develop a conventional wisdom. VIt.remains now that
. we have such a ‘body of explanatron for creative and careful
researchers to probe more deeply for the factors which have . |
produced the amazing diversity of the genus Cicindela. Diverse
taxa are perennrally fascmatmg, and Czcmdela is one such taxon; a
;group of beetles which, although mstantly recogmzable anywhere
on earth have been molded by the confluences of nature into a

myriad of subtly drfferen-t brologrcalr -patterns.

B
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APPENDIX 1:

.. Plant specxcs used in cluster analy51s of pltfall trap snes..

 follow Moss (1983)

Agropyron (one or ‘more species, ,’n“ot_ determined).

Artemisia" frigid& ~}\W)'\'/illd’.. -

Artemisia campestrzs L. ‘ N
Calamov:lfa longlfolza (Hook) Scrlbn
B Coryphantha vzwpara (Nutt.) Bmt & Rosc
 Helianthus couplandu Bo1v1n - |
.Heterotheca villosa (Pursh) Shmners
'Jumperus horzzontalls Moench

"Koelerza macracantha (Ledeb) J. A, Schultes £,
Lygodesmia juncea (Pursh) D. Don A

- Oryzopsis hymenotdes (R & S) Rlcker
Psoralea lancoelata Pursh

"Rosa wood;u Lm_dl; w

~Stipa comata Trin. ar{d ', Ruﬁr.

~

X .

" . .
.t
\
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Standard names are not available for all dune areas so the :

.names used in thls paper are presented here and on Flgure V 1.. T)le
] Empress Dunes are s1tuated 11 km. 'south of Empress Alberta, along
| .‘the Alberta- Saskatchewan border (see Chapter I for descrlptlon of
thlS area) The acttvely movmg portlon of the' Burstall Dunes is located
_six ¥m north of Burstall Saskatchewan ‘and 1s separated by cropland K
from the  Empress Dunes and the Great Sand HlllS of Saskatchewan |
'The latter tsda huge sand dune area in southeastern Saskatchewan
thh its center about 30 km east of Fox Valley The Manltoba sand -
- dunes are located in Spruce Woods Provmc1al Park, Mamtoba Var1ous
.‘--names are ‘avallable for this dune fleld - “the Aweme Dunes the’ Spruce
onods Park Dunes, the Carberry Dunes the Bald H1lls the ‘Glenboro |
Dunes the Mamtoba Dessert the Punch Bowl (refers to one blowout
'_w1thtn the dune f1e1d) and the Spirit Sand Hills. Smce this is the only
’ large active dune fleld in Manrtoba I refer to it 31mply as the
Mamtoba Dunes ThlS is . the area where Criddle (1907 1910) made
_.hlb ptoneermg observatlons on Cicindelg, behaviour. - =
The Gem sand dunes are almost entirely: stab1llzed “and cover a-

.,large area ‘between the town -of Gem Alberta, and H1ghway 36 south

o ‘of the Red Deer River. The Hllda sand dunes are also stablllzed and

are’ centered about five km . northwest of the town of Hilda along
,, Htghway 41. The Mlddle Sand Hills are. largely contamed w1th1rr-§1

northeast corner of - the Suffleld Military Reserve in southeastern

" Alberta but some stabilized dunes can be found Just north of the

reserve. The largest dune field of all is the Lake Athabasca Sand

Dunes, primarily situated south of Lake Athabasca in Sask_atchewan,
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~ and mcludmg a small dufie. fleld nearby 1n northern Alberta

96

-~ Most geographlcally dlstlncuve colour morphskof dune Cul’ndela |

' have at one time been grven subspec1f1c names although some of
. these taxa have subsequently been synonymlzed in order to minimize

~ the nuﬂmgr of named subspemfxc ‘taxa ‘in the lrght of w1despread clmal

Here for éase of dlSCUSSlOI’l, I have used avallable names ‘

-~

variati

“for distincnve populatlons 1 argue below that the geographrc pauern '

of vanatlon in these beetles in largely a function of relatlvely trequent |

changes in’ the extent of avallable habitats, and that intraspecific

variation can change from dlSCI‘CtC to clinal, or vice versa relatwely-

'qu1cldy, maklng formerly discrete subspecres 1nto broad geographlc

‘clines, or alternately extlrpatmg mtergrade populatlons and producmg

drstmctlve populatlons in surv1vmg refugla The potentlally

controversral subspecies names [ use. here are C scutellarzs crzddlet

Casey (synonymlzed W1th C. s. lecontet Haldeman by Wallis [19611) C.

_formosa manztoba Leng (synonymlzed with C. f. generosa Dejean by

. .
Gaumer [1977]) and C. tranquebarlca borealis Harris (not recogmzed

a6 valid by Wa_ll_1s _[1961]).

L

N r~-~;.'

*

'Assuniptions in - historical. biog}..e:o'graphy"

Historical biogeographic hypotheses consist of imernally

consistent arguments incorporating information from- palao‘ontology, :

’phyloge_'ny' reconstruction, palaeogeography, as well as vagility,

‘present geographic ranges and ecological associations. These

arguments attempt to trace the evolution and past geographic rangesf
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of lmeages of orgamsms o
Specres level phylogenetrc 1nformatron 1s of lrttle help in
,elucrdatrng Quaternary brogeographxc events 1nvolvrng beetles, since
most Plerstocene coleopteran fossrls are readrly assignable to extant
__specres although subspecrfrc 'dlvergence wrthout full, specratron may -
have been common’ (Coope,) 1970) Many tiger beetle subspecres =
appear to have evolved since the Wisconsin. per‘10d (Gaumer, 1977,
“Graves et. al in- press) Thus, by elucrdatrng the plesrotyprc colour
pattern among subspecres it may be possible to identify more recently .
-derrved lineages. . | - |
In general it appears that beetles have not behavrourally or

physrologrcally changed their habrtat associations over time (Coope _
1970), and thus I assume here that the palaeogeography -of aeolian |
" sand areas was correlated w1th the palaeodlstrlbutlon of dune tlger
beetles Tlger beetles assocrat:; with open sand show evidence that o
the physrcal characterrstlcs ofg the habrtats and not partrcular specres
of plants are the determrnants of habitat assocratrons (Chapter ).
“Thus, the palaeodlstnbutron of ,plants is less important than the
palaeodlstrrbutron of dunes in elucrdatlng past geographic ranges of
tiger. beetles The northern limits of the dlstnbutrons of so?e species
may be determmed by clrmate and there is evrdence that |
-’overwmterrng mortahty limits the. geographlc ranges of C. formos{and
C. scutellaris (Chapter II). | -

I have never seen ev1dence of long distance flight by dune trger

‘beetles, and I assume here that long distance dispersal is uncommon.

Flight in .tiger.beetles is 'usually restricted to short flights for |



convective coohng (Morgan 1985) or escape from predators. | The 9‘-8
,.presence of dlstmct subspecxes in close geographrc proxxmtty (eg. C. f

' formosa in the Empress Dunes and C. f. gtbsom in the Great Sand Htlls
of SaskatcheWan) supports the proposmon that the vaglhty of these
 tiger beetles is very low indegd. thmdela limbata may be more vagtle f
than the other species treated here and this is drscussed below

| In eluc1dat1ng glacml refug1a 1t is- common practice to assume

o that an orgamsm spent the Wisconsin perrod in a refugium which is’
.1ncluded in the orgamsms present: range (eg Larson, 1975) The  same
loglc can be apphed to. very large dune fields, : whrch can be thought of-

as refugla durmg perlods when small sand areas were lxkely to have

. been Stablhzed by plants The presence of subspecres endemlc to the :

area’ 1n and around these large dune fields. suggests that this is a

reasonable assumptlon

QUATERNARY CHANGES IN DUNE GEOGRAPHY

Dunes and climatic c'hangef‘ ‘

The formatlon of active dunes requlres a geologlcal source of
. sand ‘(any patch of open sand greater than four to six meters long)
wh1ch has been exposed to strong prevailing wmds (Bagnold 1941)
moving dune will th_en remain ‘active unless it is stabilized by plants,
or is otherwise depleted of loose, open sand' ‘Drought conditions
dlscourage the - growth of most specres of pralrle plants, and thus -

penods of arid cllmate encourage dune formation (Ahlbrandt et. al



l983) - o o C . :

. Four ‘general perlods of aeolian actlvrty have been postulated

" based on sedlmentolog1cal evidence and radrocarbon datmg of
~"varchaeolog1cal and palaeontologlcal materials, for the - large dune fields

of Wyommg, Colorado . South Dakota, Nebraska and Kansas, Wthh lie

out51de the maxrmum extent of Wlsconsm 1ce (Ahlbrandt et. al 1983) |

The first phase occurred m the early Holocene shortly after glac1al

" retreat. The second phase occurred durmg the mid Holocene in the

warm, dry HypS1therma1xper10d. The third phase occurred about

midway between the Hypsithermal ,and present ttme. The fourth -

phase is essentially recent during. the. last 500'to 800 years, duriné

~which "drought condmons persmted long enough in parts of the Sandv

'Hxlls that vegetatlon was reduced enough for eol1an activity to occur a

number of times" (Ahlbrandt et. al, 1983). No evldence was found

| "that these "‘d’unes “were first formed in the Pleistocene Essentially,

these authors postulate. numerous, relauvely rapid onsets of dune

| movement durmg arid periods of the Holocene These perlods of B

- aeollan activity do .not appear to have been precisely simultaneous in . °
all dune fields. | N

| A 51m11ar pattern of dune chronology may apply to western

' Canada The Holocene cllmatologlcal history of western Canada has '_

been the sub]ect of numerous studles but none of these have dealt

specrflcally with dune fields. In general ev1dence mdlcates a warmmg
,. trend followmg deglacranon Wthh peaked in the arid Hyps1thermal

period before cooling toward 1ts present . state (Budyko 1982). The - |

Hyps1thermal was presumably assocrated with 1ncreased aeohan
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activity, and actlvely blowmg dunes .on most large sand deposrts The .

arctlc plams may have been a vast sand desert dunng this perrod

~(Raup and Argus 1982) Srnce the Hypsrthermal there has - been a

, perlod of moderate warmmg from 800 1100 AD ~(the lrttle climatic -~
optlmum) and a cooler penod (the little “ice age) during the 1700‘

.and 1800's. The most recent s1gn1f1cant cllmatrc fluctuatlon was the

warm, dry Dust Bowl period of the 19205 and 1930'

' ' Most of the smaller dune frelds in western Canada seem to have

‘ decreased in size smce the 1930' A1r photos dating back to 1938

~ show decrease in - actlve sand in the Empress ‘dune field, whrch will

| probably be completely stabrhzed wrthm the next two decades if the ’

| present. rate of stabilization persists. unchanged The area of open |

| sand in the Empress dunes was approx1mately 48 ha in 1938 29 ha in .

1951 13 ha in 1962 and 5 ha in 1984. Air photos, from the same

years; of” the Gem sand dunes and ‘the Mlddle Sand Hills also show

~much . greater areas of open ‘sand in 1938 whlch have become -

progresswely{ stab111zed to. the present. Poor air photo coverage, and

the presencel of numerous small blowouts rather than large dunes _

- : unfortunately made it 1mpossrble ~te accurately measure the area of

open sand fm the latter”two dune flelds through time. ‘Land owners in
the: Mlddler Sand Hllls of Alberta (within and north of the Suffreld

. Military Reserve) and the Burstall Dunes, and park employees,_rn the
Mamtoba dunes all report that the aml)unt of open sand in these dune
| 'flelds 1s rapldly decreasmg Although the l§80’s have included
numerous perlods of drought from the point of view of agnculture

but so far I have seen no evidence that lack of moisture is suffrcrent to

/ .
/
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cause in'crease in the area of open dsand on any of the dunefields 1 ‘
o~

Bark (1978) summarlzes "evidence that severe droughts have
been a frequent occurrence on. the Great Plams in the last few _
hundred years the longest of which- (based on tree ring studies) lasted

38 years These droughts presumably caused tremendous fluctuat1ons .

L. in the size of avallable open sand habrtats in’ the Great Plains.

Very large dune flelds may not dlsappear entrrely dunng
,'perlods amenable to plant- growth smce stablhzatlon generally
proceeds from ‘the edges of an actwe sand area toward its center the
larger a continuous dune area the longer it takes to stabrhze There
are no indications that the Lake Athabasca Dunes are decreasmg in :
_'51ze and -active dunes have probably exrsted in this dune field for
. 9000 years or more (Raup and Argus 1982) - The three very large
dune fields in western Canada (the Lake Athabasca Dunes ‘The Greflt
Sand Hllls of Saskatchewan, and the M-amtoba ‘Dunes) are ~11kely to
hayve remalned active, at least in part, throughout the Holocene
Smaller dune flelds and blowouts m sandy - areas, probably appeared
_.and disappeared  with clrmauc changes as - they seem to have done

recently.

Dune *formation and disturbance by ungulates and humans
Many open sand areas have ‘been created by human disturbance,

'_pnmarrly through road constructlon and sand excavatlon and now

4

" have trger beetle populat_rons. In western Canada only a small -
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proportion of the tiger beetle localmes I have seen. are natural dunes .

or blowouts. I grve ev1dence below that these new hablt-ats have been
1mportant for the dispersal of Czczndela Izmbata, and possrbly other-
species. o |
Another potentlal source of dune formatxon is fire, but ‘many

SpCCleS of plants are adapted to colonize areas m the wake of . fxre and ‘
thus if condmons are sultable for thelr growth they wﬂl ‘rapidly
r‘stabrlrze burned -over areas. cIn .tahe boreal forest most sand dune
areas are now covered by Jack plne Wthh rehes on fires ‘for
\reproductron and is thus adapted to stabllrze dunes over manv
' generatlons In the grasslands flres on dune’ areas in the past. decade -
have not resulted in new dune formatron (personal observatron and
_conversatlon w1th land owners) However on the penphery of the
‘Lake Athabasca dunes, Raup and A}gus (1982) suggest that numerous
blowouts .have been initiated by fires in the pme forests, although
- evidence is not provided- It is pos'sible'. however, 'that fires m pine .
' forests may have graeater potentlal to expose sand to w1nd actlon
’because of the greater fuel present in forests as compared to -
grasslands (A. W. Balley, pers. comm) |

" Animal drsturbance especmlly in trmes of drought has also.
“been 1mpllcated in the formatlon of dunes in the Great Sand HlllS of
~Saska_tchewan' (‘Hulet_t” et. al, 1966). Although the vegetatlon of dune
:fields"iS" notoriously poor-forage for ungulates and cattle clearly avord -_
sand’ dune plants when grven the opportumty to forage on nearby
' grasslands (personal observatron) 1t is p0551ble that locallzed

'overgrazmg may- ha_ve ‘caused dune formation -in some areas,



may. have been unusual and the result of conditions

partrcularly during ‘the f1rst half of thls century when the effects of "

,overgrazmg were less wrdely understood

Male bison, durmg the spnng breedrng season, create wallows -

' (oval depressmns in whrch the vegetatlon is trampled and open soil is

exposed) whrch could concervably lead to’ dune formatron in sandy

-areas, although in grasslands, soil’ compactlon promotes -water

retentron in wallows and drstmctlve vegetatlon types (Polley and

"Collms, 1984) As well free rangmg bison- may have choosen muddy

or dusty spots for wallows and not sand (Roe 1951) Another effect of

the huge blSOﬂ herds 1ocahzed overgrazmg, was a srgmflcant factor in

'determmmg pra1r1e vegetatron before brson numbers decllned W1th

the coming of European settlers, but hlstoncal record apparently Cr

provxde no dll'CCt 1nd1cat10ns that “this effect extended to 1nclude dune °
et

'formatlon (England and DeVos, 1969)

The pattern of raprd dune stablhzatlon since the 1930's suggests

twb alternatlve explanatlons The dunes may have been actlvely

| movmg for long perlods of time prior to the 193OS subseq nt to

-19308 The frrst alternatlve 1s-con31tent ‘with the prop’osition that

supressron of fires led to dune stablhzatlon but T argue above that fu:e

" is not of great 1mportance in dune formatron at least in grasslands,

The second alternatlve seems more likely, the most obvious possibl’e

'causes of dune formatlon being drought condmons and localized

_overgrazmg by cattle The w1despread pattern of rapld dune



_ stabilization since the 1930's ‘suggests that climate may be the

-
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~primary cause, but -‘o_vergrazin‘g cannot be ruled out, especially since

/L

~ drought conditi‘ons would exacerbate the impact of localized

overgazing. 1 conclude that prior to 1940 the extent of open dunes

was unusually. high, as a direct_-;and ind‘irect, consequence of aridity

durmg the Dust Bowl years
R

N :
In summary, open blowing sand appears and dlsappears wrth

‘cl1mat1c change, and varlous forms of anrmal ~and human dlsturbance

The early par t of thlS century saw a. general mcrease in open sand
habltats many of Wthh have been rapldly stabrlxzed since. Human
dlsturbance, however has acted to 1ncrease open sand habltats dun g'-.‘
thrs same time perlod Thus, recent factors 1nf1uenc1ng the ,3_ | Z

drstnbutrons of dune tlger beetles are complex while chmatrc

| fluctuatrons in the past have likely resulted in the mceptron and

extrrpatron of nu_merous- local, ‘more or less isolated populat;ons of

beetles on ‘small transient dune -fie‘lds The preciSe chronology - of

| these dune formmg periods (whrch 1s probably unrecoverable) is of

less consequence for the: study of tlger beetles than the general

proposmon that small dune fields come and 8o wh11e very large fields

’ -remaln active.

BIOGEOGRAPHIC HYPOTHESES

The peculiar subs"pecific d'ifferenCes in tiger beetle-f-aunas 'amon'g

the dune f1elds of the Canadlan prames cannot be readrly explamed in .

U

- terms of d1fferent1al local selectlon pressures on the various - dunes

1
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since selection pressures 1>such similar habrtats in "close geographrc o
proxtmrty are unlikely to have promoted the observed drfferences in
| colour pattern. Wickham (1904) encountered a similar pattern while
: studymg beetles in the Great Basin of the United States, where "the |
drstrlbutron of certain specres of Coleoptera could not be accounted for o
by the zonal arrangement of life, but: apparently had as ultimate h
- causes sQme condltlon or combination of condrtrons Wthh belonged to

| the geologlcal rather than the present - hlstory of the ‘area under p
dlscussmn | | '

B Whereas the genus Czczndela is tound througb.ﬁt North Amerlca
dune dwellrng specres ‘are almost exclusrvely restrrcted to a latltudlnal
range from southem Canada to the central United States. Further .
north, C formosa , ' C. scutellaris and C. lepida  are absent possrbly
because of intolerably. cool climates and. hrgh overwmtenng mortalrty ~}
(Chapter II) : Further south conditions may be unfavourable because
of higher temperatures and the presence of sand dwelhng lizards
'-(Stebbms, 1966), - potentrally 1mportant predators of tlger beetles .
(Pearson, 1985). In Calrfornra the only species of Clcmdela found in
-active upland dune fields is C. tranquebarica, a habrtat generalrst
‘(Andrews et. al., 1979) Thus it appears that the North American dune "
tiger beetle fauna perslsts only w1th1n ahmlted latltudrnal range

-

: .v-l-listorical _Biogeograph'ic' 'Inter-preta'tions by“" Species

~.Only those species which-are strongly associated with open

blowing sand are tpglted'»h_ere,' since only they can be interpreted Nn



terms of ' the palaeege' raphy of active dunes. ‘ | ‘7

| Cicindela limbata say? (-Plate V-1: a-e, Map Fig. V2)

~ This species' is represented by two subspecies in Canada (C. l, '
hyperborea and C. L nympha) and two in the Great Plams of the
.Umted States (C: L limbata and C. L. ’alb:sszma Rumpp) C icindela |
-~ limbata \hyper()orea lives @ntlrely w1th1n the formerly glacrated regronl'
of northern Canada, and is the only subspecres without expanded light -
- markmgs This subspecres has not become adapted to northern =~
VCOIIdlthl’lS by 1ncreased dark markmgs (contra Rumpp, 1961) since its -
elytral pattern is a. plesiotypic: retentlon (Freltag, 1965) It- has been o
suggested that C. [ hyperborea surv1ved glacratron north of the ice, and
that the present subspemes of C. llmbata are the result of Plerstocene o
\\/1car1ance of an originally w1despread C. 1 hyperborea llke populatlon
(Rumpp, 1961). However extenswe -collectrng in open sand habitats
west of the Lake Athabasca ‘Dunes has failed to produce any C.
lzmbata and thus it is unhkely that thrs subspecres survrved in the
Ber%nglan refuglum durrng the Wisconsin glacrauon desp"!e evrdence v
. that there were w1despread dune areas in. Bermgla durrng the glacml
‘maximum (Hopklns 1982)».7 o |
Without evidence of“geograph»ie" harriers_to intergradatian, it is
vdif_fic'ult to i‘magine how .fou_r subspecies could have_ 'retained their
identity~th'roughout the glaciai and interglacial periods-’of the
| Pleistocene, jand it must “therefore be considered that these taxa may

have evolved since ‘the melt of the Wisconsin -glacxers. The aIternauve



, o _ . 107
that each subspecres was conflned to a cyerent refugrum and then '

’dlspersed to prev1ously glacrated areas without 1ntergrad1ng with |
| other subspemes, possrbly numerous trmes throughout the Plelstocene,
'.'seems unlikely. -

 _The subspecres C. I albtsszma 1s endemlc to the Coral Pmk Sand

Dunes of Utah an area w1th an endemic plant species as well (Bowers

1984) " This is- tl:rc\only populatlon of C. limbata west of the contmental

d1v1de (presumably because the mountams form an effectlve barrier

to dlspersal)r and- has presumably evolved in- 1solat10n m situ (Rumpp,

‘1961) The Coral Pink dunes may. have been habltable throughout the
- Holocene (Bowers 1984) and thus this subspemes could have evolved
within_the last. 10 000 years |

Czcmdela ltmbata nympha, m the northern Great Plalns and C. [
lirnbata in the southern Great Plains dlffer wrth respect to ground
colour brown in the former and green in the latter. Ground colour
differences in C. czrcumptcta LaFerte affect susceptlblhty to predat1on :
by kestrils (Wlllrs 1967), and selection for cryp51s may have resulted

m geographlc differences in ground colour between the subspecres of '

C limbata as well Although (o) nympha s w1despread today, almost
'll collectmg localmes are areas of human disturbance in sandy areas. |
The only natural habltats avarlable for these beetles are the dune
fields of the prames and I argue that this subspecies would be’
restricted to these dune fields. if not for the act1v1t1es of people “In
q&thern Sasl\atchewan there is- an area of 1ntergradat10n between C. l
nympha and C. L hyperborea subspecres prev10usly thought to be

'--_drsjunc_t (Wall-rs, 1961). _Specrmens in this- area h}ave been - collected
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. onyecently,,smce roads were not present earher, and all collectmg

. lodalities are sandy roadcuts assocrated w1th the - new hlghways 1

L, . o . . . P

o

A‘largue therefore that C 1 nympha and C l hyperborea have been
| largely restrlcted to prame and northem dune ftelds untll qulte

i recently when new habltat was created dunng the Dust Bowl era and i

' "by subsequent human drsturbance " The vaglllty of this specres seems

‘to be greater than that of other dune Czcmdela in Canada and 1s ,
,clearly demonstrated by ‘the raprd colonization of 1solated new patches :
of open sand ‘in Alberta at Gull Lake (b,gach dunes formed in 1971
and were' olomzedwrthm two years-- the populatlon is now
1983), and Wmterburn (sand p1t excavatlons m dunes prevroUsly
_covered wrth parkland forests) The presence of C. 1 hyperborea near .‘
: Goose Bay, Newfoundland also suggests a recent colomz‘atron event
(Larson 1986) Thus dlSCOﬂtlnLIlthS m the range of thrs spemes are,
or have been the result of lack of habltat not low vaglhty
| Increased arldlty followmg deglacratron presumably created

numerous -areas of sultable habltat for C. lzmbata between the mAJor
dufie fields, ‘and a broad zone of 1ntergradatlon such as now. extsts m
‘northern Saskatchewan Subsequent cllmatrc coolmg would extrrpate
these. 1ntergrade populatlons how,ever g1v1ng the 1mpresswn of long- -
' term 1solat10n between the subspemes Thus because of the ':
B probabrhty of such reticulate phylogemes these subspectes cannot be
analyzed usmg the assumptions of vicariance blogeography, even R

when an apparent v1car1ant dlsmbutlon pattem is seen.
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C. hirticollis Say. (Plate. V-1: f-g, Map Fig. V-3):

This species is represented by two subspec1es in Canada, and
only these w1ll be treated here C hirticollis is found throughout the
pralrres on Open dry sand near water, and presumably has been able -
to follow river valleys 1n drspersal 11v1ng on sand bars (Graves et. al.,
'-m press) : These populatrons have complete elytral markmgs and
brownish g/round colour.  Wallis refers to these beetles as C. h.
ponderosb Thomson, but Graves (m press) ‘has shown that’ this -
‘subspec1es is -restricted to its type locallty (Veracruz Mexico) and thus
proposed a new name (as yet unpubhshed) for the prarrle populatlons

Graves (1n press) has also named .another- subspecres, whlch is

 restricted . to the Lake Athabasca Dunes -and presumably evolved -in

\sztu during the Holocene These beetles have reduced hght elytral
markmgs and brown, green or blue- green ground colour I have seen
one blue specrmen of C hzrttcollls from Jasper Lake, and a series of

'greenlsh spec1mens w1thout reduced markrngs from Lesser Slave

- Lake.. These three siteg are connected by the Athabasca River

- dramage and may represent 1ntergradat10n be'ween the two
subSpemes However,. grcen colour may also be the result of physrcal
conditions . at the penphery of the species’ range and may be |
envxronmentally induced and not . 1ndlcate relatedness. Populatlons of

| C. longzlabrzs at hrgh altltudes also show"green colour (Spanton, m
epress).  This problem is dlscussed further below.

« In general, it would seem that .an. .isolated populatlon of C

' hxrtzcollzs has evolved dlstmctrve characterlstlcs n - the Lake Athabasca
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.dunes presumably durmg the Holocene The alternative that this

dlStlHCthC populatlon dispersed to the ‘Lake Athabasca dunes from a
.drstant refuglum W1thout 1ntergradmg with the wrdespread prairie
" form, is much less likely. ' : A
Cicindela scutellaris Say (Plate. V-1: h-j, Map Fig. V-4):
. , : .
ThlS spe01es has six subspec1es of which three are found in
4 Westem Canada. Clcmdela scutellarzs scutellaris. is found in southern

Alberta’ and Saskatchewan and has no light markings - on - the elytra

" The colouratlon of this. subspec1es mimics that of - the sympatnc melord

 beetle Lytta nuttallz Say (Acorn in press Chapter III) The
subspecies, C. s. lecontez Haldeman s found in much of southeastern
Canada and the eastern‘United States and has the llght elytral
’markmgs reduced to small triangles on the elytral margm

'correspondmg in position to the bases of the humeral and- apical

lunules and the mlddle‘band. In_and around the Manito nes,

_ however, populations' _with ‘the lig'ht'markings' expan'l d along the

| ‘:_margin are vfound, and have been given the.'na“me‘C. éwcriddlei C\‘asey.’_ "

This light elytral pattern is not the typical thickening of the
plesiomorphie ' cOmblete pattern (seen fo:r example, 'in C. limbata

| nympha and C. formosa gibsoni), ‘but expansron of the denved

markmgs seen in C. s. lecontei, suggesting that Holocene lsolatton m

~ the Manitoba dunes of a p0pulatlon similar to modern C. s. lecontei

gave rise to C. 's. criddlei.
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C. formosa Say (Plate. V-1: k-o, Map Fig. V-5):

Two Canadian subspecies’ of C formosa have their tanées

centered on large dune fields, wh11e another two are widespread in -/

sand habitats east of the Rocky .Mountams. Czcmdela formosa gzbsom

is found only in and around the Gre_at Sand Hills of Saskatchewan, and

has presumably evolved from'a-populatibn resembling present day C.
. f. formosa 1n this area since the last glaciation (Gaumer, 1977) |
Members of the Empress populauon whrch Walhs (1961) and Hllchle
'.‘”(1985) refer to as C.f. fo:mosa have more expanded light elytral
marl&»m!s than typical C.f. formosa and are likely mtergrades -
between C. f. formosa and C. f. gibsoni. aurmer (1977) statés that C.

f fofmosa have between 30 to 40% (rarely over. 45%

of the elytra
covered by llght maculanons while C. f gibsoni hav 65 95% of the

~—€lytra white. l\ sample of 77 €. formosa from Empress ranged from 40

to 65% hght elytral area, with a mean of 48.8% (using\Gaumer's
1llustrauons as a gurde to determlnlng percent llght area for each

~ specimen). This is consrstent with the proposmon that the Empress»
dunes became active durlng the Dust Bowl and have been colomzed :

- since, prrmarrly by C. f. formosa from the south and secondanly by C.
f. gibsoni from the east This populatlon w111 soon be extlrpated, as ‘the
] Empress dunes become stabthzed and habitat for the beetles |
'.'consequently dlsappears " Thus, clinal variation today may become

disjunct in the foreseeable future. The pattern of expansion ‘and

contraction of available habitat around large dune fields)might explain

"the observation that many subspecies of tiger beetles
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ranges centered on ma]or dune fields, although they may intergrade

w1th other subspecies on the periphery of their ranges.

Similarly, in the Manltoba Dunes, C. f. mamtoba may have v
e_volved from a population resemblmlg modern C. f. generosa . A
Unorth'-south cline con'nects these forms, leading Gaumer (1977) 1o
synonymlze the names, referring to both forms as C.J generosa It is
likely that C. f. mc(nztoba-evolved expanded light elytral ‘markings in
situ in the_Man'i_toba Dunes, subject to similar se_lectiOn pressures as
the}populations of C. f gibsoﬁl in the Great Sand Hills of SaskatcheWan

In the Yampa Valley of Colorado another 1solated populatlon of N
C. formosa has evolved expanded markmgs Thls populatlon was
'onglnally referréd to as C. f. gzbsom but Gaumer (1977) has
de_monstrated that - differences in larval structure suggest convergent
v. evolution of.exp'an.ded markings in adults of these two. forms. Thus, at
least ‘for the’§e subspecies, isolation in a .single dune field has re‘sulted |
in lrght colour while inhabitants of small sand areas thhout dunes
have retalned the complete elytral pattern. In Canada many |
v apparently suitable small sand areas have ne. C formosa populattons
(Wallis, 1961), further supportmg the contcntron that populauons at
this latitude could be easily isolated in large dune fields. Gaumer has
suggested that well-drained - sand is essentlal to this . spemes Wthh
'_may explam 1ts vxrtual absence from the Burstall dunes and the i
northern pOl’thl’l of the Great Sand Hills of Saskatchewan south of
Sceptre, both of which support the growth of willow and poplar trees:
(Chapter II). | |
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Cicindela lengi W. Horn (Plate V-1: p-q, Map Fig. V-6): ‘

All Canadian popula'\io’ns of this species have been called»C L

versuta Casey, despite some obvious varlations in ground colour,
wh1ch may indicate selectlon for substrate matchmg Northern
populations, from the Yukon and northern Saskatchewan, “have much
darker ground colour than| those. further south (based on specimens
- from the J.L. and B. F. Carr collectron in Calgary), but there is no
“indication that these bcet161 live on darker soils. Populatlons in.

Alberta and Saskatchewan have’ reddish ground colour, while‘ those in

Manitobaare more bro_wms\ This red-brown colour difference is also
. seen between C. f forrﬁosa and C. f. generosa, and may be ev1dence of
- selection for substrate match ng. Shultz (in litt.) suggests that C. ~

. formosa formosa may have evolved cryptic reddi‘sh colouration on red

.bed soils, and this explanati n may apply to. western C lengi as well

’_’4

' 'Cwmdela lepida Dejean ( late V-1: T, Map F1g V- 7) _

| This spec1es is - monoty ic throughout its range and”’ 1s restrlcted
to -dune s__ands in the.prairies).. It does, however show some evrdence
of relativeiy recent range extension.l Wallis (1961) does not list this
species from the Empress duites, although”he does list other summer |
Cicindela such as C. puﬁctixla%a and‘C \pusilla It is therefore possible '.
~ that C. lepida "had. not yet dispersed to the Empress Dunes further -
evidence’ that the dune field bicame active in the Dust Bowl and was-

then colonized by tiger beetles. :

R
L
|

-\.
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THE EVOLUTION OF ELYTRAL PATTERN IN CICINDELA

- The primitive' elytral_ pattern . .

"No.,phylogenetiv‘o reeonstruction‘ has 'been at'tempted' for the :rige’r..
beetles as a whole, but the Speeies of Ciéjindela have been gro'uped into
numerous subgenera by Rivalier (1950, 1954, 1957, 1961, 1963).
‘These non- phylogeneric atternpts to group species ‘on the basis of o
vstructural 31m11ar1ty among aduIts may. contain nearest relatlves but'
' ‘the similarities might ‘also be the result of convergent or paral]el
evolutlon Phylogenetlc reconstructions are available for some groups‘ |
~ within the subgenus Cicindela, notably the C. maritima group (Freitag,
1965, 1972;« Rumpp, 1967), the »subspecxes of C. formosa -Say (Gaumer,
1977), and the C. sylvatica vgroup (Spanton, in press). FEE

The complete elytral pattern, with humeral and apical lunules
and a middle band (eg. Plate V-1: a, V-1: e, V-L: f, V-1 ), is
w1despread in the subgenus Cicindela and may represent the ancestral'
elytral pattern for thls subgenus, if ‘not the genus as a whole. The C.
“maritima group, many members of whlch are dune mhabltants
evolved from an ancestor which resembled C. repanda Dejean w1th a
~complete elytral ‘pattern. (Frertag, 1967, 1977). ‘The subspec1es of C.
formosa alsO'evolved from an ancestor with a compiete elyt‘ra}l'pattern .
(Gaumer, 1977), as did .the members of the C Sylvatica group‘
(Spanton in’ press) The only dune tiger beetle in Canada whlchv ls not.

a member .of the subgenus Czcmdela is C lepida, 1n the subgenus

Ellipsoptera. .Adult C. 'lvep‘zda show the ,compl-e,te elytral ~pattern c,lear.ly. ‘
S v o ‘ ‘
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although the ligh‘t markings are extremely broad, and the darker '
‘background colour is quite. a light bronze-brown Thus, as a working.
"hypothe51s I assume that the non dune- dwelhng ancestors- of the sand

“dune tiger beetles of the Canadian prairies possessed the complete -

»elytral pattern.
Correlations: Between Elytral Patterns and Geography

Assocratlons among elytral pattern habltat and geographrc

- ranges. suggest three possrble correlatrons 1) only taxa found ‘on" open

.dunes show expanded lrght markmgs although these’ beetles may be -

found on non-dune sand elsewhere 2) of these beetles only those

. found "on upland dunes, as opposed to littoral dunes, show expanded

- light markings, ‘and 3) ‘only those found south of the boreal forest .

show expanded llght marklngs | |

| All three correlatlons are con51stent w1th the proposmon that

er(panded llght markmgs are a thermoregulatory adaptatlon since lack

of shade, dry substrates, and ‘low latrtudes all are assoc1ated w1th

hrgher surface temperatures | For the C. marztzma group, these " o

. generalizations are consrstent w1th Freitag's (1972) phylogeny (Flgure
}‘V 8). Expanded llght elytral markmgs are probably a ’ |

thermoregulatory adaptatlon but may also be the result of selectlon :

for substrate matchmg and Crypsis. Expanded hght marklngs reduce

'overheatmg at h1gh ambient temperatures on upland dune sites: with

- little shade and no moxst substrates (Chapter IV). Light, dry

' ‘substrates and h1gh temperatures often _oceur together as on upland



dunes and salme flats and many tlger beetles in both habttats are e
light in colour (see Wllhs [1967] re. beetles in salme habttats)

Of the dune tiger beetles wrthout expanded llght elytral
markings ‘(i.e. possessing cornplete ‘markings), C. _limbata hyperbor‘ea is
found only in the boreal forest region while the plains'subspecies of C.
hzrttcollzs is only found on sand near water The other'two (C. formosa |
formosa and C. lengi versuta) are found on open sand w1thout dunes '
‘as well ‘as in dune habltats |

I argue here that 1solat10n in a srngle active dune field is |
ccorrelated with expanded markmgs and that C. f. formosa and C l
f versuta have not been isolated in this way Many tlger beetlé taxa are
more-or-less endemic to ‘the area in and. around one major dune field.
| The only endemic species is C. theatina, which lives. on ‘the Great Sand
Dunes of Colorado (and has expanded llght markmgs) On the Lake
‘Athabasca dunes the endemlc subspecies of C. hirticollis has reduced
markmgs Further south, C formosa gibsoni (endemic to the Great
- Sand HIHS of Saskatchewan), C. formosa ‘manitoba, and C. scutellarzs .
crzddlez (both endemlc to the area around the Mamtoba Sand
dunes).all. have expanded hght markmgs C. limbata albzsszma has the
_most expanded light markmgs of all the C. limbata subspecws and is
endemic to the Coral Pink Sand Dunes of Utah. C. formosa is
represented’ by an endemic subspeéies in the Yampa Valley of
Colorado .Gaumer (1977) showed that thls population is convergent
with C f. gtbsonz and named it (unfortunately a nomen nudum since
names published only in theses are not recogmzed by the

| International\Code of Zoological Nomenolature).a

¥
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~ Reduced light m‘arkings are seen in five sand dune tiger;'beetles
in yvestern Canada, 'none of. 'v.vhich are'found on.open, south_ern dune |
fields except the iridescent green and red’ C. s. 'scutellaris whi'ch
mimics a sympatric melo‘id\beetle"'(Chapter . C. hirticollis from
Lake Athabasca have reduced light markmgs and this form is endemic
to the Lake Athabasca Sand Dunes of northern Alberta and
Saskatchewan The elytral pattern of this subspecies may allow it to
warm more efficiently at high latttudes at cool- temperan}res The -
reduced markmgs of the northern subspecres C. tranquebarrzca
‘ borealzs may also function m thermoregulatlon Adult C. long'zlabrisi
live in sandy areas w1th Jack Pme (a tree which requires fires to |
,'reproduce) ‘and. may mimic pleces of charred wood on the dune sands,
just as C. formosa ngmentoszgnata W Horn mimic beetle srzed
fragments of purplish sandstone 1n Texas (Schultz 1986) Adult C
'duod_ecimguttata are found both on upland sand, where they are
* uncommon, and on wet sand near wa_ter where they occur in great -
numbers In} the 1atter habitat the'se beetles are very difficult to see,

and the typothesm that they are cryptlc on this substrate seems

reasonable.
Correlations _BetWeen Elytral Ground Colour and Geography

The darker bat:kgrormd colours of tiger beetle e.lytra' show three,
mterestmg correlations w1th geography First many populatlons
further north show darker colour or greenish.colour (Spanton in

press, Graves et. al.; in press). Second, in many. mstances beetles from
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_the same aréa have similar colour'(Willis 1967) Thtrd background

“colour commonly matches the colour of some aspect of the substrate '
(Schultz, 1986). o |
Cicindela htrttcollzs from Lake Athabasca C tranquebarrtca

borealis, and northern populations of C.. lengt ‘versuta all have reduced
| ma’rkings.‘ as well as darke'r grou’,vnd colour than conspecifics south of
the boreal forest. ‘Green ground colour is common in"‘_pop‘ulations of C.
o hirticollis frorn Lake Athabasca, but its significance is difficult to
| elucidate. ‘Green colour is seen in-:populations of C. hirlticollis"and C.
lbngl'l‘abris in coastal, and (for C. vlortgil“abris) mountainous regions, and "
is clearly aSsociated ,with »' the extremes ‘of these -species' ranges
(Spanton, in preSS; .Graves et al., i‘n,pres’s). It is not known' what
factors at. thle periphery of the ranges might cause green colouration, 1f
a causal relatlonshlp exists at Tall. | |

| Czcmdela formosa and C. lengt are both reddish in the Empress
dunes, and both browmsh in the Mamtoba dunes. On the Empress and
-~“Manitoba dunes the two ‘s'pecie‘slare very difficult to distinguish_ except
in the hand. These colour similarities suggest selection for 's'ubstr_ate' :
‘matching In the Great‘Sa;nd Hills of Saskatchewan however, C. lé’ngi
is reddxsh whrle the ground colour of C. f. gzbsom is red—purple

. In the Umted States, Schultz (1986 and in lit.) has suggested
that the subspecres C. formosa ptgmentos-zgnata C. f formosa, and an
endemlc subspecxes named by -Gaumer (1977) C. f. mescalero (another
unfortunate nomen “nudum) have evolved reddlsh ground colour to
match fragments of red Permian sandstone Perrman red bed soils, and-

the red Mescalero sands respectwely. However, there are no such red
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soils ‘in.the Canadian pra‘i‘ries, and thns the red and purple c'olouration"
of C. f. formosa and C. f. gibsoni here cannot be explamed in this
fashion. In the Mamtoba dunes, both spemes are difficult to see
among grasses on the brown yellow. sand, but adults o? both C.
formosa and C. lengi are easily seen at Empress. If, howeyer, C.
formosa for}nosa originally evolyed red colour on Permian red ned
soils in the western* United }Stdtes,‘ this explanation could apply to C. .

lengi versuta as well, and both subspecies may retain ',th‘is colour in -

- Canada, outside ;hé range of red soils.

AN OVERALL HISTOIRICA'L MODEL

An overall synthe31s of the factors affecang the colouration and

: dlstnbutron of sand dune tiger beetles in westem Canada is presented

“in flowchart form in Figure V 10. Although largely speculatlve thrs

model is consistént . with available phylogenetlc and palaeogeographlc

mformatlon and the observed correlatlons between colouration,

- habxtat and geographic distribution referred to above.. Each of the

historical blogeographlc hypotheses presented above for the species of
sand dune tlger beetles is con31stent with thlS mode,l

Cicindela scutellarzs however, is a special case, at least in part

'because‘ of the mimetic colouration of the nominate subspecies.

However, _the'northern subspecies C. s. lecontei and C. s. criddlei can be

interpreted in terms of the model, since 'allthough- the ely_t;ral pattern of

" C. s. lecontei is not complete, it does become expanded in the - Manitoba

‘populations of C. s. criddlei.
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The ancestors of the tiger beetle lineages which mvaded dune

habitats in western North America probably possessed the complete
ely‘tral pattern, with ‘elytral ground colour matching some aspect of
“the substrate. Where' these beetles dispersed to dunes in the northern
boreal forest, dark or green elytral ground colour developed. On non-
~ boreal dunes beside lakes, the complete pattern was retamed without
change in ground‘.colour. On"upland dune fields south of. the boreal
forest, the elytral markings became expanded, possibly a result of
selection  for thermoregulation )This general pattern’ was then
‘mod1f1ed by climatic change and human disturbance; which has had
two  general effects. Open sand habrta_ts increased in perlods of warm,
dry climate, or where sandy areas were disturbed by ‘road. |
_construction.  Tiger beetles dispersed into these new habitats, and
where two former-ly distinct subspecies 'met intergrade populations
developed. Open sand habitats were restncted to large dune fields in
times of cool moist climate in the absence of new. habitat created by
road construction. This resulted ‘in. the extirpation of mtergrade
populatlons and the isolation of subspecrflcally distinct populatlons on
large dune fields |

. From this overall model three general conclusions can be drawn,
all of which may stand as hypotheses to be tested by further work..
First, climatic change has been the most important factor influencing -
distribution and intraspecific .v'ariation 'in dune tiger ‘bee‘tles in |
western Canada, ‘acting through the creation and subsequ_cnt.

| stabilization of open sand habitats 'outside the major dune fields.

Second, intraspecific variation may take the form of broad geographic

.
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clines or drscrete isolated subspec1es and over relatlvely short” spans
‘of geologic time these two states may altcrnate. Thus, any given
discrete suhspecies of dune tiger beetles may be a temporary or a
‘recurrent phenomencn, or an incipient species. Third, during the time |
~ entomologists have been able to study it ‘the pattern of variation
within dune tiger beetle species i”n western Canada has been changing,
partly because of the effects of drought (and poss1bly overgrazmg by
“cattle) durmg the Dust Bowl,-and partly because of the effects of road
constructlon Thus, this system provides an exc1t1ng subject for
’ecologlcal and blogeographlc studies, but provrdes little hope that a
~ stable subspecific nomenclature can be apphed to the beetles

involved.
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Plate V 1. Dune tiger beetles: - a) Cicindela limbata hypérbbrea» b)C. L
A -hyperborea X C. l. nympha, c) C. L nympha, d) C. L limbata, e) C. I.
‘albzsszma HC. hzrncollzs g) C. hlrtzcollts from Lake Athabasca _
showmg green ground colour h) C. scutellarzs scutellarzs ) C. s.
' lecontet _))C s. criddlei, k) €icindela formosa formosa 1) C. f

_ formosa XC.f. gzbsom (Empress dunes), m) C. f gzbsom (Great

~Sand Hrlls of Saskatchewan east of Fox Valley) n) C. f. mamtoba

(Mamtoba Sand Dunes), " f. generosa p) C. lengi (Manitoba
“Sand Dunes) q) C. lengi (Empress Sand Dunes), 1) C. leptda Scale

bar = 1 cm.
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Figure V¥1; - Map éhowing»the, locations of the western Canadian dune

fields -mentioned in the text.
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‘Figure V-2. Collecting .locé.lities-for-_ ,Cz"'cindeld | lir‘r_zbata in ‘western
Canada‘,' 'and .apprdxi_mate 'compléte .geographic r_zﬁ;gé' of the
species. Filled circles represent 1§c51itie's for C. ;l' nympha,'_ open
circles rcpresént C. l. hyperborea, and half—fillcd 'circl'cs -

represent. intergrades between the two.
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- Figure V-3. Collecting locavlitiesb‘ for Cicindela hirticollis in weé m

" Canada, and approximate complete geographAic range of the-
Spccies, exclu,ding the isolated povpulzition_qf C. h. 'péndero a

Thomson . at Veracruz; Mexico. After Graves et. al. (in_pfess).,
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Figure V-4. Collecting ioéalitié‘s for Cicindela scutellaris in w.estern‘ |
','Canvad_a," and app‘ro_x_imat»é: comp'l.e‘te ', geograplﬁc‘ ranée of the
spé'ciesi ,.Fijlled circles repres'ent localities .for' C. s ‘scutellarg's,

open circles represent C. s. criddlei.
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Figure V-5. Collecting localities for Cicindela formosa in westem' '
Canada and approx1mate complete geographlc range of the .,
B spe01es (after Gaumer 1977). Filled circles represent localities
for C. f. fo‘rmosa_ (one, the Empress locnl’ity, is n population
intermediate between C. f fo'rr‘no..sa-andrC I vgibsoni and the
other locahtles may be as well) open 01rcles represent C. f

-

gzbsom and half f111ed circles represent C. f. manztoba
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o Figure V-6. Collecting localities for Cicindela lengi in western Canada,

“and Vapproxima'te complete geographic range of the species.
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Figure V-7. Collecting localities for Cicindela lepida in western Canada, -

and’ approximate- corhpiete geographic range of the species.

LAY o=
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Figure V-8. Phylogeny of theFCicvindela maritima .'speci‘evs group (after' |
" Freitag, 1972), showing habitat associations and elytral, |
markings. Abbreviations for habitat: R= riparian, S= s&_n’d dune.

~ Abbreviations for elytral markings: C= complete, R= reduced
$

e

" light markings, E= expanded light markings. |

Nid
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sand-dwelling tiger beetles, with- a
complete elytral pattern, not confined
to large, open dune fields o
selection lor elytral ground colour to
match substrate

habitat changes

L

dunes in boreal forests nochange - uplan/d\duQee fields south

of beside lakes ) of the bordal forest
1 3!

retention of complete | - retention of complete expanded light elytral -

elytral pattern - elytral pattern - markings, possibly

northern populations caused by selection for
develop dark or green

: - ~* |thermoregulation
“|elytral ground colour | - 1 ‘ |

- - .
climatic change or

- disturbance — '
of habitats ‘ - ‘
+
“warm, dry climate, f . e
local overgrazing, - . ~ cool,” moist clnmat?
or road construction ) :
‘ ‘ . . habitat reduced to
many small areas of new ' isolated large
open habitat dune fields
' |ntgrgradg ‘popula‘ions in- ' distinctive, isolated populations
new dune habitats v intergrade populations extirpated B
broad geographic clines ' ; K '
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'CHAPTER VI .

GENERAL DISCUSSION

Because adults of most species of thmdela are dlumal
generalrst predators in open* ground habrtats they -appear to 11ve '
‘uncompllcated llves ‘and to have 51mple env1ronmental
requ1rements The largest Cicindela adults are about five times the
‘length of the - smallest and the typlcal habitus varies llttle within
the genus and is easily recogmzed among the over 100 specles in
North America alone 7 | o

However, less profound ecological differences among Czczndela
species  are many, and have been used to explam the mechamsms
by Wthh spec1es can coexist in a glven habltat or geographic area.
Each species- is exCusively associated with a parucular type of so1l
With a certain amount of vegetative cover, on a certain slope (see
'Walhs [1961] for substrate assocmtlons of the Ca‘nadlan spemes)
-ere h1stor1es and phenolog1es dlffCI' among spe01es and adults of
sympatric species in saline ha_bltats show evidence of ‘temporal -
segregation as well as habitat'segregation (Willis 1967-) ;

Prey size is determined by mandrble 51ze (1tself not a 51mple
function of body size) and it has been argued that among sympatnc
pecxes resource partltlonmg of food items seems to have resulted
in character divergence with respect to mandible size (Pearson and

Mury, 1979). Thermoregulatron has also been 1mp11cated in

147 s
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’ml/mmlzmg simultaneous_use of ltmltmg "resources in that- '
thermoregulatory d1fferevt\es among specres may facilitate
coexistence by promoting temporal segregation. between tiger
beetles and therr-predators and among trger beetle competltors
(Pearson and Lederhouse 1987). -
| Varlatron amvong tiger beetle spef'les and among -subspecies
w1th1n spemes is also seen w1th respect to colourauon White
elytral markmgs range from thin sigmoid lines to spots bands
lunules or broad white patches. The ground colour of the body, .
including the elytrai may be black or colourful dull or brilliant,’ and 5
~include any colour or colours. These “colours are structural,
‘produced by’ laminae in. the exocuticle (Mossakowskl 1979). The
51gn1f10ance of colouration to thermoregulauon has been' speculated
- on (Pearson and Lederhouse 1987) but prior to my own study the’
relatlonshlp between the two remained -largely unknown. |
"1 have used the sand dune tiger beetles of the Canadian
prames to answer a ‘number of questlons about tlger beetle biology.

‘First, I looked at how well the beetles on the Empress dune field

conformed to the predrctlon of resource partitioning with respect to

"-ﬂme space, and food.. Then I looked. at the functlon of colouration
in these beetlegv,l determmed that one subspecxes was mlmettc

and then :went on to examine the - thermoregulatory consequences

- !*'

of colouratlon for‘two other species.. ' o

v

With respect to -'patterns of distribution and abundance, the

b

Empress Cicindela clearly show the effects. of factors other than

interspecific competition. for limiting resources. Adults of one



: 149
species, C. fofmbsa eat adults of two otherS' C. Iimbat'a and C.

: leplda My data are not conclusive regarding the 1mpact .of this
' predatlon on the relatlve ‘abundances of these specres but they
clearly suggest that these beetles are not s1mply competltors The
two specxes which aré most . llkely to compete for food C. limbata
and C lepida,g show no apprec1able dlfferences in mand1ble size or
habitat assoc1atlon and although they have different llfe history
patterns both are‘abundant as adults‘ 31multaneously 1n~m1d
summer. ‘ R

Physwal factors affectmg thermoregulﬂanon for terrestrlal

animals - under equilibrium conditions are summarized by the -

followmg equat1on (Burtt, 1981) )
. -8

Sabs + Tabs +M - Trad t Econv Econdi E.evap' . E‘st = 0 (1)

where Sabs is . absorbed solar radlatron Taps is absorbed thermal

‘radi b;on (long wave 1nf,rared radlatlon from objects in the

‘Liron-ment), M is metabohcally_ produced rad1ant energy, Traq 1S
th‘ermal radiationaxfrom the organism, Eg¢ony 1s »ene‘rgy transfer
between the organism and surroundlng air by convectron, Econd is
- energy. transfer between the organism and the substrate by
’vconductron Eevap 1s energy loss or gain by evaporatlve coolmg or
:condensati’on of water vapour, and Est is’ energy temporarlly stored
by thermal gradlents within the orgamsm
Colouratlon “affects Sabs, Wthh 1n turn affects behavroural
"thermoregulatron.;‘ Of Aprlmary importance is the amount of solar

infrared’\abso{i‘bed..;;_w(fa% opposed to visual light), since this is the ',

ow S
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component of solar radiation which results in warming of the

beetle's .'body' Dark coloured elytra may elevate body temperature

by conductlon of heat from the elytra to. the thorax or by

- convection, producmg a warm air space under the elytra. Butterfly

wings can serve both. functions (Casey, 1981), and it ts.possihle that =

Cicindela elytra do as. well. | ’
My work . has show that, with respect to'colouration the;-

" relative extent of light elytral markings affects thermor»égulatory

time budgets in b‘oth C. formosa and C. Iin'tbatat‘ Individuals ‘with

, expand'ed‘light markings warm up less‘befficiently by basking, ‘but .

' ~do not overheat as readily du'ring mid day. Colouration differences

do not, however seem to have any effect on diel or seasonal

activity pattems. The colour patterns of adult C tczndela appear to

~ serve a number of functlons, including rthermoregulatlon, substrate

matching, mimicry; disruption by iridestEnce, aposematic

colourg;'tiOn, and intraspecific signalling:- (Chapter 1II; Acorn, 'in -

press). . 1 have argued that expanded light markings are a

. thermoregulatory adaptation for . beetles ,in open, upland habitats -

where very. hlgh temperatures are commonplace Most Cicindela in ‘

these habitats live on w1ndblown sand or saline flats and most of

these beetles have expanded -light markings (Chapter Vi Willis,

1967) On. light sand or saline soils, however, these colour patterns

also- enhance substrate matchmg, and thus the consequences of

expanded markings may be both reduced predation and increased

ability to remain active at high temperatures.

For the most part, it appears that tiger beetle



