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ABSTRACT

" This study - 1nvest1gated he natural ‘history " of

-

microstpatric Spec1es ‘of Agonum (Europhilus 1nhhbit1ng
eutroph1c marshes :in. the George Lake 'area of centra]
Alberta. The overal] a1m was to assess how adult populat1ons
were d1str1buted 1n space: and twmé and how n1che d1fferences

.

among spec1es\ may help account for their coex1stence in

’s1ngle marshes.- Hab1tat use, populat1on i dynam1cs and

reproduetion; daily activity, regional. patterns of wing

dimorphism ~and cl1mb1ng behav1or were cqmpared - among

Speeiest Niche part1t10n1ng vis real1zed ma1n1y through

‘segregation over 'both macro- and m1crohab1tatsf and  in

reproductive per1ods

7

W-A.; nrgriceps CA. ferruglnosum A. thorey ndf'A;“

IutUlentum are the most abundant species in marches of the

¢

_"study'area The1r popuJat1onsIoccunv the. 1nundated,‘zcne of

Q\

marshes The restr1ct1on of most other calpb1ds to the marsh
unf]ooded edges suggests that 1nundat1on affects the spat1a1

dtstr1but1on of carab1ds w1th1n marshes ,

A. nrgrlceps A fenruglnosum and A 7utulentum “are.

assoc1ated with s1ngle maqrohab1tats def1ned by vegetat1on

type: A. n]grlceps and A. Iutulentum W1th sedge tussocks A
o o /.
~ ferruginosum w1th ;;9at1ng catta1ls thoreyl is a

~macrohabitat generali

d1str1buted across marsh zones

iv



At the microhab1tat level A. ferruginosum' A. thoneyf'
and A. Iutulentum are. marked]y associatéd with dense patches ‘
of dead growth dense tussocks ’ahd emergent substrate,
suggest1ng that vegetation structure and emergent substrate
affect the. dlstr1bution of ;hese spec1es in the _flooded
zone. A. nrgriceps is a m1crohabitat genera11st _ | ‘

DverW1ntered adult populat1ons of A. nlgriceps,. A;f
fenrug inosum, n.lthoreyl and A. Jutulentum are not separated
u::asonalty. Reproduction'. egins"at"sprﬁng~ thaw for A.

nigriceps and A. ferruginosum, but starts three to four

" 'weeKs - later for A. gthore i, leading to the

; segregation . in time offi" of - larvae. 'A.
‘lnigriceps,iA._Ferrugfno ‘kgi‘ii: yi are nocturnal“‘and
' are not separated in time-on the da1ly ‘scale. : |
The relat1ve proporttons of macropters and brachypters
of A. nlgrlceps vary marked]y from marsh’ to marsh poss1b1y

ow1ng.to island-1ike effects of ~the regional mosaic of

marshes . Pdpulatzons' of A ferruglnosum are v1rtua11y all,

!

:macropterous in the study area
| Laboratory exper1ments show that adutts of A nlgrlcepsh
'have the h1ghest propens1ty to climb on nagrow vertical*
'vstructures - and = this may exp1a1n assoctation~ with'
structural]y s1mp1e emergent’ vegetat1on C]iﬁbﬁng tendencies
were generaP]y h1gher adults of species found in
, 1nundated vegetat1on than for those 1nhab1t1ng the unflooded

marsh edges. This may be an adaptation to 1ncrease forag1ng

'iieff1c1ency of the former on emergent yegetat1on.' The " high -

3



o ,
‘:climbing propensity, short t1b1ae "and “long tarsi ‘and |
cryptic colorat1on of A nigriceps spec1mens suggesb that
_the species is best adapted to l1fe on energent vegetation'
- of marshés. ‘ ' t‘
High populat1on denswt1es of . inundated marsh Agonum are;
’ poss1b1y linked to use of the three~>dimensional vegetation
as a habitat. There is no re]at1onsh1p between_niche breadth
and abundance with1n the Agonum guild of .flooded marshes.
Niohe breadth relative to _spatial aspects 'of Wniche axes
varies between' marshes “and- ts possiny a funct1on of
. microsite d1str1but1on for A. ferruglnosum and A. thdreyj
"N1che_ overlap 1s, ‘highest between A fePPuginosum and A.
thoreyi which ar# best separated by a d1fference* in onset‘
of the reproduct1Ve per1qd A nlgrlceps is malnly separated_

from both former spec1es through habitat d1fferencesj A.

| lutulentum populates very few marshes of thé;*”

prea, and
* 4 it .

-a mutually exolus1ve macrohabitat d1str1but1on£' ejatiVe to W

A. ferruginosum suggests 1nterspec1f1c compet1t1on w1th this

spec1es in marshes where both are abundant.

>

- ,
-~ ‘vAva11ab111ty _of,su1tab1e, structurq]]y oomolex patches

of vegetation in the, inundated marsh zone ‘may be a &éyﬂ
var1able regulat1ng the d1str1but1on and abundance of AgonUm‘
'spec1es w1th1n marshes, with the sporadic occUrrence of
competition and the action, of predators affect1ng populat1on'
performances and producing the observed patterns of niche

\

"part1t1on1ng

Vi
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1. INTRODUCTION

1.1 The coexistence of species | - » \

-
1.1iH-Niches; resource pgrfitioning and coexistence

- Explaining ,‘organfc diversity; its evolution and
- maintenance constitutes a formidable cHa11engé to biologists
and has brought them to ihvestigate sTrategiesﬁﬁhereby
specfés iive,together in their environment. " Such “endeavors‘
led éarly' naturalists to formulate thé idea of a niche for
“each species; fhis being understood ei?ﬁer as a species’
role or function in the enVironment'(Elton} 1927: 63) or
alternafive1y. ~as the wultimate fraction~,of .a Habitat
Qccupiéd solgTy by one species {Grinnel, 1924). ’
o The'cOhcépt'of niche; however: {ong réﬁained a vague
ﬁotfon 7unti1 HUtchinson (1957) ~'in a seminal paper, gave it
a formal équession as - an-. abstfaét mu1t%dimensiona1
hypefvolUme. whdse mahy dimen;jons‘ represented épecfés'
fitngss functions wﬁth‘respect to various bibtic and ébio{iq
-factors. The sojcalled fuhdéméﬁtai niche is the hypervdlume
 'physiologica]ly_and'rephodupiively used by a species when it
is alone fh the_environment,_byt this form is probably never
realized in nature. The "actual® niche;(C01We11 and FutUYma,
19;1), i.e. what is observed abddh\a‘species in,a community,
is ~theA hypervolume resulting f:om_vcohstraints‘ at: - the

populatfona] Tevel yimposed ‘by the . available range of

-
’
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~ resources and by other members of - the community.

Almost simultaneously with the formuTatibn of his niche
mode1, Hutchinson (1959)’posed the question:-"Why are. there
'so many - kinds of animals?", spérking a’ plethora of.

*Tn¥g§ﬁigations that atteméfed tﬂ. expose différences -among o

) Sympatric species through -which coexistence is achieved.

Such studies of resource partitioning_’havel focused on .
closely related species, usually copgenersk for it- is
‘presumed that problems of coexistence‘shquld be more acute
witqin thgse _gui1ds:’owing to structyral and:behayibrai

simi]abities,‘an idea whose germ can be traced back to

‘Darwin (1859: 59).

"Through contéthrary studies, represéntation of. the

~ Hutchinsonian niche axes gradually became identified with

"use patterns of resource spectra by. species, in lieu

r

of ' the “ideal, but far less ~easily measurable ’fixvess
functions of the modelk(PiénKa, 1976),' The émbédimenf._bf |
'éCO]ébiCal p?écesses'into the médernlniCHe theory Bas~iéd to
the prédqminatinq view. tﬁét- cogxist;hqe' is primarily a .
matte; of min%mizing or >avoiding' coMpetition (Schoener, -
.1974). Niche differenceS'andvpatterns of resource divisiéns
are fré&quently thought to have evb]?ed:éna‘be}maintaihed'
through competitive‘interactions'(MacAbthur,'1972b;’Cody and/'
‘Diamond, 1975; Diamond, 1978). Neverthelegs competition‘haé
remained adamahtly eluéiye to demonstrqfe (Pianka; 1978:
- 244) and convincing éVidence of its operation in naturé, or
]gék'thereof{,througﬁ carefu}iy.designéd, experiments (e.g.
Y



Ccnnell. 1961; Wilbur, 1972jh1s as yet scarce'(Wiensﬁ 1977).
,Caitical evaluations of current”theory (Connell, 1875; Menge
~and SutherYand, t976; Wiens, 1977) have pleaded for more
1nvest1gat1ons of the imbact of"other processes on"
~coexistence,'such as predat1on density- dependent selection

and env1rpnmental harshness, and for thed

jncorporation
into community,models: ) , ~
A .great 'deal -of the data basis & ,elaborating
l‘resource part1t1on1ng and community structure theories was
gleaned from studies of ‘vertebrates, especial]y bincs_
(MacArthqr,’197éb; Cody, 1974; Diamond, 1975) and reptiles
(Piafka, 1973, 1975). MacArthur (1972a) suggested that this
state of affairs might be due to thef conspicuousness of
birds in the . enVircnment 'and~ perhabs also because birds
.appear-"more‘tight]yvpacked”~\ Similar stndies of insects
(rev1ewed in_ Price, 1975) are comparat1ve1y few and have
concentrated on paras1t1c groups, particularly Hymenoptera
(Heatwole; and -Dav1s, 1965, Price, 1975: 298ff; Longair,
1978; Miller, 1980). o C

Yet " insects. Ymust a‘.mtertan‘nly “have packed their
-environment_sjnce theif hnequalled 'diversity accounts for
more than .80% ofﬁ atl animal 11fe Neg]ect of 1nsects in

stud1es of coexistence phenomena poss1bly stems in part from

intrinsic d1ff1cu1t1es in dea11ng w1th them (Spence, 1979a)'

e espec1al1y from the fact that env1ronmental changes occur on

thel same time sca]e "as * insect life cyc]es, therefore

' ‘poss1b1y prevent1ng their‘ 'populattons from  reaching



" equilibrium (Hutffhinson, 1965: 61; Janzen, 1977). Insect
niches may be expected to be enormously complex owing to
interactions among resource dtmensions and across trophie
levels (May, 1973: 6). |

Unravelling precise modes of resource partitioning is
essentlal to an undenstand1ng of communwty organisation and
ultimately, species diversity (Pianka, 1978: 244). But it is
above"all crucial to acqpireaajthorough Knowledge ofrtne
detailsTof natura] history of tne species under study
(Hutchinson, ’1975} if factors relevant to their coexistence
'are to emerge; the present stOdy ‘was undertaken in this;
spirit. S |

Y
i

1.1.2 Coexistence in éarapid beet Tes

Carabid beet]es shouid be,‘at least in theory, \ideal
7lsubjects for the study"of‘coexistence problemst‘they are
ubiquitous e]ements of the epigaeic fauna (at 1east‘.fh
temperate reg1ons) they are generally opportunistic
. predators scavengers and their larvae ha§e< voracious}
predatory hab1ts and a .strong'propensity'to'canniba]ism.
Moreover,” stagger ing assemblages of oOngeneric species live
tn structuraily simple habitats‘ jAndersen[ 1969; Spence.
1979a) . Desptte- .these exceHlentn' opportunities’ and
cOnsidering the . re]atively high degree of Knowledge attained
about th1s insect fam11y (see Th1ele, 1977, and Erwin et
az.,' 1979) - works on resource partitjoning~‘in carabids

‘ remain scarce.
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There are ample demonstnations that caraqus are’ very

sensitivé to envjronmental features such as tempgraturef
humidity and lignt. and that they exercise habitat selection
(reviewed in Thiele, 1977} see also Andersen, 1978). The
abundance of endeavors on habitat selection and 1ts.'
relationships to physiological demands and life cycles seems
to have crystallized into the notion that ¢arabid
distribution and ébundénce are éverwhelmingly regulated by
these.processes (Thiele, 1977: 209‘and 312; 1979), and that
the évolutionary sQCcess of carabids can be linked to their
."many physioJogical adaptations to their nabifats" (Thiele,
1977: 312)° On the other hand, the importance of biotic
factors is largely regardéd as insignificant. The hiatus is
that much of the data basis suppoftiné such assertions comes
from laboratnny experimentg'testing isolated factors. These
. say u1ittle about reéponsés_ of 'carab}ds n{n‘naturefunderv
.oscillatory conditions (Spence,'1979a). |
-Albeit preferences recorded in the Jlaboratory for
species'tested>singly may gorroborgte fie]d djstribufions,
>athey only 4pr0videﬂrough estfmates of the fundamentaT niche
relative to the véniébles measured, and do not‘.yie1d
information aant'how field distributions may be altérgd by
the presence ofhother species and/or pbedators,'@Hutchinson
(1978: 172) moréoVer pointéd out therimprobability of‘nicnes
'defined.sble]y by physicochemical fgctors, because natural
selection wnuld 'continually operate'vtoward'a’widening nf

tolerances. Recent'arguments stressing thex\importance of

N



environmental variability (Wiens, 1977) also argue againat
abiotic factors as being the sole significant regulators 67
carabid distribution and abundance.

Reasons underlying carabid coexistence may mQt be as
simple as the ones currently advocated. Complex questions of
1ntersbecif1c 1hteractions. predation and environmental
heterogenei{y still warrant more attention in: thei field.
 Specifically, more extensive and detailed field work on the
"natural history of co-living congeneric spécies ig needed to
'provide a sound basis for detecting and testing coexistence
mMéchanisms. | . -

Many comparative studies gf cababjd natﬁral histories
have been of‘ ;pecies occupy ing quité djfférent habitats_
(e.g. Thiele; 1964; Paarmann, 1966; Barlow, 1970; Bauer,
1974) or of unrelated species in the same habitat (e.g.
Mitchell, 1963), or still of so large assemblages of species
from one Habitat - (e.g. ~ Schjétz-Christensen, 1965;
Mossakowski, * 1971) fhat little insight about coexisteg¢e
mechanisms is gained. Not surprisingly too, evidence for
interspecific interactions was not found in such studies.
Yet if biotic factors such as cémpefitidn affect carabid
ﬁdpulations -at all, they wiil be first suspected through
careful eXaminétioh of resource use and life hfstbries of
ﬁroximate]y coexisting species, and then through compar ison
of these same species in allopatry.

Studies that chused on co-occurring congeners

(Gilbert, 1956; Dawson, 1965; Andersen, 1969; Carter, 1971)
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~have y1elded suggestvve results but have fa1led to exam1ne

these l1ght of/,modern ecolog1cal theorles In anu"

S

'Vj§4_1n5p1r1ng paper, Sbence (1979a) shows how carabadology and
n1che part1tion1ng theory n~l_mutually ~gain fpdﬁ;m
1nteract1ng xe,tf'“ & v R FRTONEE .

The overall purpose of the present 'study wasfjtoﬂ
Ddocument the comparat1ve natural h1stor1es of a group ‘of"v
sympatr1c carab1d beetles of fhe genus Agonum (Coleoptera g
Carab1dae) 1nhab1t1ng marshes 1n central Alberta, and ‘toﬁ
'*v1nterpr8t the results in: l1ght of current theor1es Problemsf
v~ﬁfi of hab1tat 'bccupancy and of phenology were espec1ally-p
addressed ; rneé[ work Vis_ largely emp1r1cal and thus:‘

constltutes only a f1rst step 1n 1nvest1gat1ng d1str1but1on

and abundance 1n retation to coex1stence Its results lay a7

basis for generat1ng hypotheses : about 3 mechanlsms 'of,'

':coexlstence that could &hen be‘ tested exper1mentally in
: fﬁfutureAWOrKs A more Spec1f1c expos1t1on of the problem 1s‘ﬁ

prov1ded 1n the next sect1on.
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1.2 Marsh ‘dwelling Agonum . . -~

1. 2 1 The subgenus Eunophllus and other close1y re]ated

Agonum | - '
The subgenus _Eufophilus- is -pfaeed> withtn the genus

Agonum a 1arge assemblage “of . ‘carabids_ d1str1buted -

_worldw1de,' though more d1verse in the temperate reg1ons and

'V'particulahly abundant in the Nearctic reg1on (Lindroth,

19665.“556) | Europhi?us forms a"_qutte d1stjnct taXonomic‘

-entity,h on ‘the bas1s of both adult fand larval

h$Charactehistics (L1ndroth ‘ 1955a 1966 570). and as such

has a]ready been treated as a separate genus (e.g. Casey,

- 1920: 125 deanne] 19421 '890). Current classifications )
(e.g. L1ndroth 1966) suggest "that close relatives of

EJ;%phllus in the Nearct1c region are the subgenera.‘

| -PIatyanJeﬁus‘and .Stlctanchus. reSpectiVely including A. 5

‘nighfcep$~'and 7A"'FePFugin06um' Larva1 chahécters of these‘

two spec1es suggest that they may be more. closely re]ated to

‘o EUFOphI]US than‘ is currently thought (pers ‘obs ). Because

A, nlgrlceps and A. ferruglnosum also ‘share great 51m11ar1ty\‘

'3h .,genehal eco]og1cal requ1rements with several other'

membehS’oFfEurophllus 1 w111 here1n, and for the purpose of

th1s study.only, treat them as 1f members of Europhllus



1 2.2 Natural h1story - ' f' A
A1l Nearctic - species of: Europhllus but One~ (A. |
retractum, a Forest dweller) are more or 1ess marked]yl
.hygroph1lous and 11ve at the marg1n of standing waters, 'wet
woodlands, or marshes with luxur1ant vegetat1on (Ball 1960r‘
Lindroth, 1966: 570) Though some spec1es appear. to be:
‘somewhat restr1eted 1n'hab1tat [e. g A. s:mlle at the marg1n
- of cold ponds with a carpet ‘of moss (Lindroth, 1966 571)]
many are. typ1cally assoc1ated ‘with eutrophuc marshes and‘
often co-occur in the same marsh Some spec1es (A. | thOPeyl
A futulentum A. nlgrlceps A. palustre) are known to occur -
among the emergent vegetation. of marshes (L1ndroth 1955a,
19556 129, 1966 579f) and A. galvestonicum has been taken‘
jnside convqluted cattail leaf b1ades (Ljndroth. 1966: 583).
v-A.h'higPicepsrggema]es even oyiposit‘exé]usivelyren p?ants
such as_seage and cattail (pers. obs.). h
Freytous.nstUdtes.Jef'European EUPQphiIus.(Dawson 1965

tMurdech;"1966ai Wasner} 1979) indicate that ! they are
so—ealled fsnring breedersf./adults reproduce in spr1ng}and
'larvaehdevelop_during the‘éﬁmmeri,tenenals,'emerge ,tn"late -
: summervfor inh the fall and oVerwinter in reproduct1ve |
diapause; ateng with surviVing nindiQtdqals of the parent
generation.v Botg 'generations' of‘adults:mayibccur together
throUghout theayear, though in vary1ng proport1ons, and some.
\indfviduats hmay ,reproduce tw1ce over two- spring seasons
.tMurdoehjrﬁ‘tgésa,' 1966b). - Present . evidence about

overwintering (Larochelle et al., 1976; Larochelle, 1978;



éarneau"and Liard, 1979$hand.this studyl.sugoests that the
North Amerioan Vépecieé _are also -spring 7breeders
'Overwtntering takes place' in sites somewhat elevated from
the surroundlng marsh litter, such as logs,, stumps; Ip]ant
4tussocks and heaps "of dead grass, ‘where rtsks of.floodpare
smaller -(Dawson, 1965r MdrdoCh' ’1966a) Some 1nd1v1duals
leave the . marsh and overw1nter in the humus- 1eaf litter or
at the base of stumps of nearby forest (Larochelle, et al
1976 ; and pers obs.). - : ‘o | |
Most Eur'ophllus (sensu - Lma@oth) aumts have fully

'developed wings [eXCept the forest spec1es A retractum
whlch ]s po lymorphic tLindroth‘t 1966 577 Carter, 1976)]
,However in. some spec1es, the w1ngs are so weakly ve1ned that
they ‘seem unl1ke1y to be funct1ona1 (Lindroth,‘1966: 571+f)§
'A.' nlgrlceps and A. ferrugrnosum are ‘both tru]y w1ng
' dimorphic, some adults w1th fully developed w1ngs | others
with tiny stubs. Adults of A, thoreyi, A. lutulentum, A.
conszmlle A, sordens A} ferruglnosum (Lindroth, 1955a,
'1966) .and A nlgriceps (J.D. Fournier, pere ecdmm ) are all
Known to fly. Adults of the 1atter three - spec1es fly read11y
‘dur1ng sunny ‘spr1ng days (J.D. Fourn1er pers. comm., and_
pers. obs.). ' | | h |

o Little ielk;nown of the exact food habits of ’Europhilus
specﬁes A. fuligihosum a European Specieé, is pr1nc:1pa11y”v
a scavenger and. probably a predator of slow mov1ng an1mals
(Dawson, 1965) Wasner (1979) reported that adults of fouﬁ _

European spec1es, including A. thoneyl, were omnivorous in -
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.‘the'laboratory, even accepting plant material asvfood.'Since'
the vast; majority of carabids are ‘predators—scavengers
(Th1e1e, 1977' .07) it s, 1ikely'that the North American
members of EUPophllus have natura] food habtts similar to
those of the&r Palearct1c congeners.

Paras1tes and predators of Eupophllus and the1r effects|:
on populations are 1nadequate1y Known'. Infestat1ons by fung1_
(esp. Labou]ben1a1es) have been reported (Wasner,’1979) and
were’ frequently .seen in ta111ed or co]lected spec1mens
dur1ng the course of th1s study, but it seems doubtfu] that
.they exert any detr1menta1 %{Fects on the1r carab1d hosts
(Thte]e{ 1977:.81) M1tes were"also often observed on adults
of all species in the field, and extreme 1nfestat1ohs (whole
‘body covered) were seen in some 1aboratory conf1ned an1mals
However the latter did" not seem s1gn1f1cantly affected in s
any way and it is 11he1y that mites are merely phoret1cs or
commensals Nematode 1nfestat1on'mas seen in only one female
A. thoreyl,aout of about 1200 individuals of ° A nlgﬂlceps
A.' ferrugrnosum andl.A. thoreyl Athat were d1ssé€ted for
. various purposes during th1s study. Ava11ab1e 'evrdence for
\predators suggests that shrews may s1gn1f1cant1y prey upon
4marsh Agonum (Murdoch, 1866a), although their actuat_ impact

on populations'isihot documented.‘ L o -

- . . - o



[

réphidaﬂ disfribdtién i n
Europhilus 1is predoﬁihaﬁtly a northéhn'groUb,‘ both in

the Palearctic 'and Nearctic regions (Lindroth, 1966:. 571) .

~ The Nedrctic fauna is particularly rich (Ball, 1960) with -

. fourteen described species (Lindroth, . 1966: 57bff,'1969:

1119)} Mosf species are very wide"ranging'.geographica1ly:i'

[ . . .
‘among the' Nearctic members,  'seven are transamerican and

-

~thfee'are ‘Ho1arctic. ‘Spécies rfchness péaks "in. eastern
_ Cénadafnortheaste}ﬁ 'Uhited Statés. A. nfgficeps_‘and A. |
FenﬁugiﬁosUm éfg élso norfhehn in distribution, the‘ffqrmer
bejng more  so  and . tranéamericah, the latfer Being
exclusively Westeﬁn; o e |

In the‘{Gebhgé‘LaKe study area in central Albérta,otenb
Speciesfare_khowh*To“occuh (Tab]e.1), éight.ldf which- ére
‘?ouhd at a single’ study .§ite"(LaKe 1+2,.see ?igure 1).
Available data (Lindroth 1966: 570ff and the University of
Alberta Strickland Museum ‘0611e§ti6n) suggest that all
 spec%es are well withjn the{r geograpﬁica] 'rangeS' in the.
sfudy area. Thus this assemblage of speéies shé@s a high '
degree o??sympatry while at the same time ‘pfésentﬁng~ a
felativeiy T low ecoTogiéaI ~diversification. This'lraises’
interesting questions abouf cbex{Stence-in the gnopp.

, : . ‘
1;2:4 The problem aﬁd.the approach ,
| Murdoch . (1966a) noted that marsh carabids afford
_apbﬁeciable advanﬁégés fér éfudy,in tﬁét t;eif b0501ations

are among the ‘most dense recorded for Carabidae (this is

!



.. TABLE 1

13

Specfes-df Agonum (Europhilus) Known from
the -George Lake ‘study area, Barrhead Co.,. Alberta

SPECIES

GENERAL

DISTRIBUTION®

GENERAL HABITAT' =

>

» » » B

. consimile Gy11. .

. picicornoides Lth.

. sordens Kby .

. retractum LeC.

grétiOSUmuMann.

S

superioris Lth. °
. thoreyi Dej.
. Jutulentum LeC.

) nignjéeps LeC.

. ferruginosum Dej.

subarctic and
circumpolar

transamerican?

but somewhat
lqcal

transame@ican

transamerican

transamerican -

. transamerican
N

Holarcfic,

‘transamerican

transamerican -

and Kamchatka
Peninsula

western half -

. of _
North America

- eutrophic marshes

" eutrophic marshes’

marshy ground
with moss

‘moist grounds,
often under -
brush canopy

with leaf litter
as A. picicornoides

v -

wood tands
eurytopic,
moist to wet places

eutrophic marshes

eutrophic marshes .

- eutrophic marshes

1

4" Source: mainly Lindroth (1945,
and Larochelle (13975).

1955a, 1955b, 1966: 570ff) .~

2 Transamerican is.hefe understood as encompéssfng only the

\

nor thern half of North America (see text).
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particuﬂar]y} true "for Agonum species), and that they
frequent well defined ‘habit<t;s)in which emigration and
immigration would be slight. This makes them‘ attractive
. candidates for eXamintng oroblems of species packRing. -

Dawson (1965) working on' fenland: carabids detected
moderately d1st1nct habitat associations among four species
of marsh Agonum She also found that 'overw1nter1ng ptes
were different from the summer ones, but that d1screpanc1es
in spec1es\habftat were ma1nta1ned dur1ng h1bernat1on Some
temporali separation' was observed with respect to breed1ng
vandf‘hibernating’ ttmes,_ wh1le. food segregatjon appeared’
insignificant;'hDifferences in tjming of the breedtng season |
~were- also 'noted"bY' Wasner' (1979) among m1crosympatr1c
\Europhllus of southwestern Germany Murdoch (1966a 1966b),
-work1ngv1n Eng]and, ‘suggested that populat1on -sbabilityn,
mfght\ revoqve ~around patterns~of surviyal in marsh, Agonum‘
vwh11e Wasner (1979) fobserued' dtscrepancies in spec1es

fecund1ty that could account for differential populatlon

) fsUCCess hese works suggest that a complex comb1nat1on of..

subtge niche d1fferences ma1n1y 1nvolv1ng temporal ‘and
‘spatia] d1mens1ons would allow popu]atton persistenCe iand '
spec1es coex1stence among marsh Europhllus | ’ S
Hence the‘present study focused on the Tseparation of
'spec1es 1n»soace and time. Serious obstacles-to_the sanpling'”
ofslarvae forced_the work to’~concentratev on adults.. The

. BN |
three main aspects considered were:

7~



L

(1) Habitats 'gggl mtcrohabitats. SpeéieS'dtstributions
" relative to marsh zones and microhabitat® features .
werev studied ' at two seemingly'COmparable mar shes
‘(Chapter 2) = to evaluate extent of ‘habitat
partitioning. | | '

(2) Population AdynamiCS‘ and .reprodUctton n ‘Adult

populations of the dom1nant spec1es were fo]lowed
over the course of one summer a]ong‘ with . dynamic
aspects of reproduction (Chapter 3) inpOrder to
assess_possible:time’ segregatton; Wing dimorphism /
was 'alsoA Svaeyed -to'explore how itkmay re1ate to
"marsh co]on1zatton from a reg1ona1 perspect1ve
' '(3)} Behav1or Fhe tendency of spec1es to c]tmb was
.compared exper1mentally (Chapter 4) as a possnb]ea
‘behav1ora1 .orrelate of - the occupatton of f]ooded—
habitats. l\]
#1na11y the data were ana1ysed synthettcaily dsing some:
-of the mathemat1ca1 techn1ques of n1che theory (Chapter 5),
in an attempt to prov1de*a condensed p1cture of resource'

partitioning among marsh gu11d members



1.3 The study area

1.3.1 Sites and marshes
' ‘Field‘work_reported in ‘this thesis was conducted'jn the
‘George Lake area, Barrhead Co., Alberta, about 40 mijgs
horthwgstv_of Edmonfon. Study sifes are located in thevarea
between 53°53'N - 53°58'N, and 114°03'W -~ 114°15'W, at
elevations between 660 and .700 m. Pristine Vegefation'is
that of the boreal forest-parkléhdv transition zoneu (Mdsé,
1955¥. Howévef. much of the originalifoﬁegt is now replaced
by . farm}ahd. The region is dottgd’ with numerous wet
depreSsions;_ dugoﬁts, sléughs,v ponds, ahd, a' few larger
lakes, all  6f which have( ma;§hes ,associhted‘vwith them;

R

- The term "marsh” is here taken in Moss’s sense (1953),

Figure 1 depicts the main features of the study area.

~meaning Na grass4sedge-bush commUnﬁty,_without moss or peat
accumulation, and with a f1QoEicbVered with water for one or
more months 'of ‘theg growing' season. Moss (1953, 1955)
pgovidés‘excellent éccognts of the plant yassociétions of
sOCh hébitats.‘ o |
gifes covered in this study were classified 'in two
‘Vgroubs; -samp]jhg‘ ‘sités; ‘ uséd} in studying' carabid
distributioh err habftats énd pdpuTatioh dyhamics; and
,éollécting' sités,” used tofobfain sbecimens for experiments
and dissections. Coi]écting was Kept to a minimum- at -
'samp]ing sites. Additfonalw maréﬁes were'a]so sampled in a

regional survey of wing dimorphism.‘ Geographical locations;
Y . : .
L S



Figure 1. Map of the George Lake ared, showing study sites
(dots' numbered 1 to 20). See Appendix I for. key to site
numbers. Sites 13 to 15 are 6uf$ide the map; see section

3.2.5 (Chapter‘é) for their exact locations.

@
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of the sites are mapped on Figure 1. A Key to site numbers
appearing on the map and details of the work carried out at
each site are provided in Appendix I.

Samplﬁnﬁfil%
similar1ty 16 broad vegetational make-up, and of

accessibility to mgnshes. Selected marshes had a distinct

bre ghosen primarily on the basis of

zone of,sedge'grass (Carex), one of cattails (Typha), and- a
body of open water in the middle. This follows Moss's (1953)
descrfption of the spatial succession of vegetation typical
of eutrophic marshes in Alberta. This arbitrary .selection‘
procedure relative to carabid habitats was necessary to
ensure some uniformity in the‘marshes’égﬁpled. The criterion
of accessibility usually involved‘being able to.Wade‘to the
cattails, which often formed a floating mat (see Chapter 2).
Differences among marshes, -habitats land sampling

programmes are described ih Chapter 2.

1.3.2 Climatic conditions T e
Climate in central 'Alberta is markedly/&eﬁtinental;
Weather patterns in the study region usually ‘bring. the
beginning of spring thaw in mid-April (Longley, 1967), and
'water bodies are normally completely thawed out 'by early ’
May. The 1979 field season was about average in temperature -
and precipitation. However in 1980 spr1ng-arr1ved’1n March,r
uby’ mid-Apni],' all marshes and lakes were’free-of ice, and
carabiqe were already active at that time (as compared to .

the séeond~ week of ‘May in 1979); autumn frost began at
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normal time. Thus carabid population dynamics were advanced
by’almost a full month in 1980, and benefited from a /lohger
thQ? ‘usual warm season. '

A spring drought in 1980 persisted until the end of
May, and many small marshes in the study area dried
complete]y; Fortunate)y, xgter level at the main study sites

did not drop significantly, and sampling was not affected.



2.°HABITAT AND MICROWABITAT USE .

:";f2“ ntroduction
b Deta1led;i.

QHSrare in the vol' qff carab1d lxterature. 1n Splte of

':numerous laboratory works explor1ng responses of carabxds to
‘abJOth factors «and try1ng to l1nK these ”tof f1e]d;~“

';d1str1but1ons (see- Thiele,v1977 For a comprehens1ve rev1ew:-

of/

w1th1n- and across hab1tat d1str1but1on patterns is’ bas1C«t’

‘fto any attempt to expla1n factors regulat1ng hab1tattl

','occupancy ‘ahd perm1tt1ng coex1stence D1fferent1al use of .’

2y space promoted by hab1tat heterogene1ty or patch1ness, has,"‘

ffmore frequently than any other n1che' d1mens1ons,‘ been“

"”-lcorrelated to coex1stence patterns (Schoener, 1974)

o Among the few thorough 1nvest1gat1ons of 1ntra hab1tat.

ab1tat stud1es of co- occurr1ng congeners arei L

""of works on such relatlonsh1ps) Yet a carg%bl exam1nationf’%

'Vcarab1d distr1but1ons are works by Andersen (19699 B Carterf,d

(1971) and Spence-_(1979a) wh1ch documented d1fferences 1n,,f

“l}m1crohab1tats of * co occurr1ng Bembldlon 1 Patrobus 3;and

,NebPla respect1vely Also Dawson (1965) hprk1ng on fenland e

}ngonum and Pterosttchus found that‘ peak abundancesr;of:‘”'

‘V:spec1e5‘v were ) dlfferentwally 'related to -varonS' plant-f

commun1t1es of the fen Murdoch (1966a) observed that Agonum

‘and Pterostlchus d1str1but1ons were related to dwfferences

in so1l mo1sture level w1th1n a. marsh .‘w1th Agonum‘_berng"

o«

lf_restrlcteq to wettest places

SUM



",‘and ln the study area.

. -
T

o

rWith{its ten Species,l”the r1ch Europhflus fauna of

mahshes~”lﬁ the George Lake area offers an 1nterest1ng .

‘ s1tuat1on for examrn1ng problems of spec1es\pack1ng from a

| hab1tat perspect1ve Interestlng compar1sons can also be

e drawn From the stud1es of Dawson and Murdoch both carrled

Qcﬁg in England they cover two Europhllus spec1es, of wh1ch

,t,one A. thoreyl is commonly represented in central Alberta. :

Bes1des questwons of resource part1t1on1ng,» the study

‘off'habltat use by marsh carab1ds prov‘ﬁes another pedagog1c

fy opportunlty 1n that 1t can help to ga1n 1n51ghts as to how 8 -

\

ep1gae1c 1nsects Tike carab1ds cope w1th 1nundated hab1tats

In th1s chapter, I explore the d1str1butwon‘ of marsh

carab1ds “over hab1tats and m1crohab1tags with partlcular’

emphas1s on dom1nant spec1es of Agonum The obJectlve is gto‘/

assess how spec1es segregate along spat1al n1che d1mens1ons

*and whether patterns of part1t1on1ng ares altered wheni

-

spec1es comp031t1on changes

22
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2.2 Material and methods

."";'-.

* ' 2.2.1 Macrohabitaf and microhabitat recognltion

Five ﬂsubZones_'were distinguished wlthin ‘“the marsh

ecosystem on the basisf of dom1nant plant spec1es and of
presence'or‘absence of:-1nundat1on Subtones regarded
macrohabitat ,categorleSv were: (1) wet forest marg1n,:(2)

vunflooded sedge ,meadow; ‘l3) flooded sedge - meadow, {4)
_ ! it |

emergent ”'sedge ‘ Aussocks,' (5) floating cattails. ‘The'

class1f1cat1on resembles that of Carter (1971), who employed‘

it in a study of Patrobus spec1es at George Lake, but
vd1ffers in terms and in one Category The plant c¢ "osition'
. is summartzed in Table 2, and»a.sketch of the marsh habitat
success1on 1s presented in Figure 2. Carter‘(1971) proyides

a more'deta1led description of each marsh subzone

M1crohab1tats const1tuted d1st1nct features w1th1n~'

“ae macrohab1tats and were 1nvest1gated in the. flooded portion

" -of the marsh (1.et,flooded sedge meadow, sedgevtussocks -and

. T ¢

cattails) Three categorieS'weré*considered: (1),recumbent-~

" dead growth —dense apd sparse ‘patches were dlst1ngu1shed
both. in the catta1ls and in the. flooded sedge meadow (2)
emergent substrate —presence or absence of such substrate

'was. recorded in - the. catta1ls, (3) type of sedge tussocks

—tussocks of Carex aquatzlls and of C. rostrata were sampledf

& 4 R

: separately and con 1dered as two d1st1nct subcategor1es of
L

* the sedge‘tussoCKsmacrohab1tat zone.. Further deta1ls ,about}

macro-  and microhabitats. are nprovidedl'in ~the Results

&
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“and their characteristic vegetation

24 .

- TABLE 2

'Marsh macrohabitat classes -

A

4

MACROHABITAT

DOMINANT CARTER'S (1971)

DENOMINATION PLANT SPECIES . DENOMINATION
wet forest Populus tremuiloides Michx. ~ forest margin!
margin Populus balsamifera L. S , v

: ~Cornus stolonifera Michx.

‘ 'Salix sp. 4
unf looded” Carex Posfrata StoKes‘ B sedge meadowi'
sedge meadow Carex atherodes Spreng. |
" flooded . 4 Carex nostnata’Stbkés . 'sedge meadow! |
sedge. meadow ~ Carex atherodes Spreng. , . :
*emergent . . ‘Carex rostrata Stokes - shallow marsh
. sedge tussocks " Carex aquatilis Wahl. _ Y
f}oat1ng Typha latifolia L. .  deep marsh
catta1ls : ' R

-

' Carter- (1971)

trans1t1on
hab1tats"

course of this ..

\

zone" ,

co]lect1ve1y class1f1ed these habitats as

in which he also includet "Salix

“The latter being completely flooded during the .

study nand  not differing much from the

surrounding sedge meadow was not distinguished from it.
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Figurevf2.v Cross-section outline of macrohabitat zoneés of a

”typiCallmabsh'of the study area.

&
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section.

2.2.2 Samp11ng method and abundance estimates o .
‘ A vpreferred sampl1ng technrque» among“students of
‘hcarabids is the-,p1tfa1l trap, which. has been used-/in
virtually .all ogpulation studies of carabids; since1its_
introc ction by Barber in 1931 (see Thiele, 1977 and. Adis;_
1979f for reviews). However.numerous biases,llimitations and f'
problems‘in interoretatjon of data await . the researCher who
attempts to ‘estimate ’distributions and abundances from
'pftfalt catches (Adis, 1976, 1979; Southwood, 1966'v195).
The' mere fact that up . to 75% of the marsh area was '
. inundated hab1tat prevented the use of p1tfa1] traps durlng

. The difficulty of sampling was also compounded

by the three d1mens1ona1 structure of the -vegetation as a
habitat, whjch varied in complexjty (dense or~sparse, tall
;or short thick or thin) among macro- ~and m%crohab1tats
Time-catch samples over standard areas were tr1ed on several
‘occasions in 1979 in the dxfferqgt macrohebltats, but were
" too (inconsistent to be worthwhile. Too little ‘time was
available‘in'the course of this ;study to devise ta, good
reJatiyer'technidue and to calibrate it with an absolute
.method (as suggested by SouthWood,'1966;'179). Therefore the
absdlute method of abundance measurement described,below was
adootedr because it was simple. 'Despite a o low time
‘efficiency, the data return pervunjt'effort‘was surprisingly

: good..
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In floodéd areas, quadrat counts were made w1th a 0.250.

mz~' sampljng -box ,cpnstructed from 3/16" clean acrylic

plexiglass, witHftop'andibottom missing. S1des of the box |

were 50 cm’htgh.-Metal,corners‘bolted‘ihsjde all angles near
the upper and tower 'edges increased strength. Handles
ﬂaffixedfdn tWoasides‘facilitated carrytng.

" Samples were taken by wad1ng to a randome" determined

;1ocat1on_ and by 1nsert1ng the box in the vegetatqon down‘

into the water. With grass shears, plants and roots lapping

the‘ bottom edge of the box were cut to allow it to fit
tightly fo the bottom substrate. When tall, the'to'p’half' of
the vegetation 'was cl1pped and thrown away The rema1n1ng
Vegetation in the box was cut‘rat its base under ‘water,
%Mmersed and stirred gently for- severa]'minutes. If the
water was too shallow 'more water was added w1th a bucket.

Carab1ds were p1cKed as they floated, swam or crawled along

shoots to, the surface, and transferred 'into a plastic : )

“bucket.  When more than three m1nutes had elapsed with no

other carab1d show1ng up,- wa1t1ng t1me was terminated and

col]ected beetles were tallied. All adutt carabids were

identifiedlto species, sexed'and then released {only Agonum

~were tallied in 1979). Teneral cendjtion was also noted when\t

seen. For all A. nigriceps, wing condition was ‘also

assessed. Undetermined or uncertain specimens were placed

into vials and returned to’ the ‘laboratory For_ positive~

identification (less ithan 0.5% of a11_catches). Carabid

1arvae were also brdught ta” the laboratory and preserved in
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76% ethanol.
| In uhf}ooded areas, the plastic box was repTacea by a
10.25 m2, 1/8?'thiekﬂa}uminium box with sides 30 .cm'.high..
i Lower- edges . of the sidesv were sharpeneq. At;a:randohlyh
”‘determined eample‘]ocation, the - box was préssed to the
-ground: and thel‘so%l around the deside'of'the’base was
: slotted with adsthel ‘The box was then pushed further down
’ihto fhe groove by stepp1ng on its upper edges._Thesé
operat1ons were done very qu1cK1y before d1sturbed carabids
. could escapee Following th1s,.upr1ght p]ants were c]1pped~
énd.reﬁoved and the. beﬂhwas filled with Strained marsh
\water.nFrom fhere on, fhe hitua]_pﬁbéeeded‘as\for samples in
flooded areas. | |
N fn 1878, series lof ‘ten samples were taken in each
macrohabitat during each. sampling block: In 1980, Five
quadrat counts were made” in each macrohabitat at each site
on-eachvsampling date. . |
Absolute estimates of ebuhdance per unithqreapﬁoviQed
"/ by the sampiing methbd':ane,_ probab]ly - biased towards |
Underestihatfcn o%_ actual Jnumbere;, This is because some .
beefles may have nemained'_trépped‘ among the = immersed
vegetation-and’not have had enoegh fimevtb escape,beforefthe'
wéiting period foh a current .sample was terminated . (on
average, 5- 10 mlnutes, but somet imes up to 15- 20 minutes in -
very dense qatta1] vegetat1on) This certarnly explains low
catches of 1arvae only ‘about 200 were.. colleciededurlng the

. two seasons over all hab1tats at a]l s1tes Larvae were more

e
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sluggish than adults; on the water tbéy were poor swimmers
and ‘dense;dqck weed- hampered their movements. Extraction in

'Ber lese funneis was attempted in‘1979, but the .drying and

extracting time per sampfe was beyond reasonable limit.

2.2.3 Samprné programme <
| 'The 1979 sampling programme was mainly.exploratory. It
aimed at adjﬁsting the Séﬁ;]ing method and at ddcumenting‘
habitat factors to whiéh Agonum distribut{dns vcou]d_ be
Eelagéd. Sites covered inéluded-Lake 1, Lake 2, Lake 4, Lake
5, Field 1, Field 2 and‘v Field 3.(see Fig. 1 and .Appe'ndjx‘.l)\.
They were mainly chosen for their proximity to the field
station. Field 3 wfs abandoned in the middle of the summer
bécaUSe of\incﬁéasing inacéessibility 6wing to rnising water,
and bebauSe oflvery‘low.population levels poésibly dUe‘ to
férm‘pollution.i | |
Sampling wés carbfed out between May 17. and SeptenBPer
131 in..1979"andv covered 6nly?the éattai]s'and the’floodéd
sedge meadows at all éites. ﬁossiblé, microhab{tat .features‘
were established and recorded at each sampie location. By
‘the middfe of the summer, it became obvious fhat' Agonum"
'distnibutjons' in the sedge meadow and in the cattafl$‘¢ould
be re]afed to présenée of dead growth heaps and of emergent
“substrafe. However no mjcrohabitgts were reéOgnjzed within’
'-sedge tuésoqks, and all tussocks .were classified és'.one

:‘Midrohabitat-of<tne sedge meadow at thai time.
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An attempt, was made to' visit *af?w sites" wifhinla
rélatively short pefiod of time (3-5 days) at regular
intervals across the season, i? order to follow pdpuldtion
. _‘flucfuations. However this proved impossible owing to
unexpectedly lengthy durations'of sampling; e

In 1980, the programme was designed to yield both
popuJation' dynamics data (Chapter 3) and ‘more complete
macrohabitat data. Therefore sampling was réstrictedito two
study - sites. These are Lake 1 and Lake 2 (éombingd because
adjécent, and»theréaffe; refefred fo‘aéiﬂGeorgé‘ Lake") and
Barrhggd. 'Both'§ites wére selected oyer,the previous_yeah's

' sites begausé they affdrded very exéensive -mérshes with
large  Agonum popd]ations. Given theﬁrlsize, these marshes
had‘liftle chance of béing "severely affected in case of
drought.' Choice ?of Barrhead was aISOy'motiQatéd  by the
'Qdiscoveby of a species of Europhilus  ochbr1ng. there }n
significant numbers while being Very'scafce at Georgé Lake.
Thus these Sités offered an ‘interesting compariéon‘ between‘
ébmmunftjes in light of\a study oﬁ‘resourcg partitiéning.
Bafrheadﬁdiffered,from'George Lake by the lack, on much of
its'perimeter, of.asbeh forest surrounding the sedge meadow.
Instéad'mesic-Xebic\grass/yegetatién'bordered the latter.

Sampling in 1980 extended from May 15 to September 12.
The whéle'ranée;of macrohabitats wéstvsampled at regqlar :
intervals throughout the season at deh~sites, within 2-3
days. Iw04miér5habitaté'were\also re-studied: sedgé tussock

.samplés were divided'according to tussock type, and this was
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taliied frdm mid-June to September; dead growth patches were
re- sampled on July 2 by tak1ng twenty-five samples in ,each
of the dense and sparse patches.

In the analysis of data of sectiod‘ 2.3, distributions
dover macrohabitais are based on 1980 only Results of both
years are presented for m1crohab1tats
2.2.4 Treatment of the data

To estimate dens1t1es, quadrat counts were averaged for
each species after an increment by 1 (to avoid log 0) and
conversion to ﬁatura] logarithms. Transformation was
<necessary to damp ‘variances and allow more meaningful
parametric stat1st1cal tests. ~Sexes were booled\ in the
'analysis. Dens1t1es are all presented in number per 0. 25 m2 .
"Figures .are not expressed in customary dens1ty per m2
because multiplication‘ of the means by 4 would entail
muTtiplying varianees and standard errors by 16,‘a course of
action that would »artificially obscure many significant ::‘
differences'on,thelgraphs.'. ‘ '

-
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2.3 Results
2.3.1 Composition of ma%sh carabid fauna
A total of 2743 darabid individuals . representihg 25

species were tallied a Gecrge Lake and Barrhead.study sites’

during the 1980 period; Since this study focused on Agonum,

only carabidASpecies equal‘in size to or larger than Agonum -
‘ :
h as Bembidion, Trechus and

Bradycellus were ignored ‘in the samples. Because of their

- much smaller size than‘Agonum they are 11Kely to occupy

quite d1fferent n1ches and not d1rect1y interact w1th bigger
carab1ds, except perhaps as prey. ) _ '
Table 3 presents‘ numbers of specimens ’ta1]ied and
relative abundahces of all species at both marshes. Among
these, 8 species areﬂ EUPophilus' memberSt 7 of which
(excluding A. retractum) are marsh dwellers. . 4. nigriceps,
A. ferruginosum and A. thoreyi markedly dominate the garabid

community, accounting for about 86% of the total catch at.

«either site. A. Iutulentum also const1tutes a s1gn1f1cant

proport1on of the catch at Barrhead The commun1ty is poorer
by 9 species at Barrhead. S

Most of this study wiil therefore focus on \aspects‘ of
the' ecology of the fodr dominant Agonum (Europhilus)-

mentioned above.



TABLE

3

Species of carabids sampled at the two main study sites
in 1980, and their relative abundances

GEORGE LAKE BARRHEAD

SPECIES

‘ N 4 N %
Agonum nigricepsx* 390 22.6 289" 28.5
Agonum fernrug i nosumx* 726 42.0 250 24.6
Agonum thorey | 373 21.6 330 32.5
Agonum lutulentumx 5 0.3 109 10.7
Agonum propinquum 40 2.3 ) 0.6
Agarum mannerheimi 23 1.3 0 ---
- Agonum_ aff ine 33 1.9 3 0.3
Agonum super ior is* 38 2.2 7 0.7
Agonum sordens* 6 0.3 1 0.1
Agonum grat iosumx* 7 0.4 4 0.4
Agonum anchomeno ides 4 0.2 0 ---
‘Agonum decentis 5 0.3 0. ---
Agonum retractum* 1 0.1 0 ---
Patrobus stygicus 35 2.0 6 0 Q;Q
Patrobus lecontei 4 0.2 1 . 0. ¢
Patrobus septentrionis 1 0.1 0 ---
Pelophila rudis - . 3 0.2 .0 ---
Blethisa multipunctata ~ 2 0.1 1 0.1
Loricera pilicorni ‘@\ 8 0.5 0 -l-
Elaphrus clairki&ﬁgi R 0.1 1 0.1
Pterostichus patmuel is Pt 19 1.1 -3 0.3
Pterostichus pensylvanicusSfKiass 1 0.1 -0 ---
Pterostichus corvinus e 1 0.1 2 0.2
Carabus maeander 0 --- 2 0.2
Amara sp. 1 g. 1 0 ---

TOTALS * 1728 1015

* denotes a member of Europhilus (sepsu this study)



‘{lf'2 3 2 Species distribution in relation to 1nundated areasxh*
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Inasmuch as marshes prby1de a hab1tat '#db ep1gae1c -"

"carab1ds. their most consp1cuous structural character1st1c o

f;1s the Tnundated zone Dur1ng years of normal or h1gh

‘(/

:nwgfport1on of the marsh fUp to 80% at the ma1n study swtes)

:t“: and 1t may be expected to affect carab1d d1é§r1but1on l - f
' The percentage of total captures accountable to each
R

':fspecwes was calculated for both flooded and )unflooded
“’i}portIOns of the~ marsh Spec1es contr]butlng- very_ Tow

"_fpercentages (<0 5%) were pooled. thures -3'and 4fdepict

these frequency d1str1but1ons at George Lake and Barrhead

7respect1Vely Spec1es comp031t1on and relat1ve abundances-
. d1ffered marKedly between the two - zones The maJority of

'fspe01es were conftned to the unflooded zone at both marshes

»

| gIn.contrast, the dom1nant Agonum occurred in egther_ zone,‘

7=but7were,more abundant.ln;the~flooded.area,

S

RRES S 2 3. 3 Macrohabltats

The f1ve macrohab1tats were from upper to lower porttoﬁ’

/

s i?} the marsh (ll. forest margxn w1th wet tanaterlogged

-

l:humus and leaf l1tter,;(2) unflooded and (3) flooded sedge

E meadows.»d”the. extent ,o wh1ch 'vvar1ed accord1ng to

Q,fluctua?1ons 1n the water levelb;'(4) emergent . sedge

l

.tussocks,‘ scattered in pools and 1nv open wateﬂ spreads
' I

A between the catta1ls and the sedge meadow. datta1lsf}

e

5'form1ng a floatlng mat eXtendwng at the edges of oan water e

R
: N
oA

;tfprec1p1tat10ns,f the flooded zone vusually covers ‘a large-v -

L2



Figure 3.
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(ST

Rejatﬁve'abundanee‘of carabid epecie

. and unflooded marsh zones at the George Lak

Letters below bars stand for species names as fo]lows

Su

« Pas =

Pel

Ptp =
i

Agonum nlgriceps
4‘ fennuglnosum

= A._thoneyi ) vt-.
= A. propinqum

= A. superioris

=,A.'affinef o

= A 7mannerheimi
A sor-dens '
'A gratlosum

Patnobus stygicus

Pa Iecontet

L

; Lonicena plllconnls a

Pooled spec1es are

(1)
A.

mult:punctata Pt. pensylvanrcus and Amana sp

(2)

A pPoplnquum A afftne Au

for the unflooded zone:

Ptenost1chusfpatnUeIis :

‘ﬁ%‘ :

in fiodded'

s}udy s1te

decentls ' Pa.* septentnlonls Pelophila nudls Bleth)sa

for the flooded ZOne

. sondens

A

N

gratiOsum

A

. anchomenoides A, netnactum A decentrs Pa styglcus B

multipunctata Elaphnus cla:nv:llel and Pt. conv:nus

‘35 I
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1F1gure 4 Relat1ve abundance of carab1d species -in flood@d'
and unflooded marsh zones at the Barnhead study site.
?Letters be low bars stand for‘species~names. See Fig. 3 for
key to names, except for the fo]low1ng

Cam Canabus maeanden _ R

L = A. lutulentum = . |
Poo]ed species are ? | |
(1)”for'the'unflooded‘zone;. S N

A. lutulentum, A. afflne Pa, ﬁ-}Vﬂgtei and E. clairvillei.

(2) for the flooded zone: “‘%@&g_
A. affine, A -sordens, A}"gnatiosum;_ Pa. stygicus, B.
multipunctata and Pt. corvinus. - | 70

. _ S A . .
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A sketch of the marsh’habitat' suceession is ‘presented‘ in
Flgure 2. | | o |
Average densities of the four domtnant Agonum in each
- macrohabitat ‘are presented graphically in Fﬂgure‘ 5 and
Figure 6 . At George. lLake (Fig' 5), strong‘ density peaks
‘appeared ‘in s1ngle macrohab1tat types for two species. A.
nigriceps was the most abundant in sedge tussocks, while A.
fernuglnosum peaked' in cattails. A. thoreyi was spread
throughout'mpst of the narsh fhough it tended to dbe
:sTight]y "more dense in> catta1ls The abundance of " A.
ﬂlutulentum was too low to show\a def1n1te pattern _ thopgh
this ‘spec1es‘Ad1d not _oceur 1n unflooded macrohabitats. A.
bthoheyitiwas" the most abundant _species in unflooded
¢macrohabitats. A, nfgriqepS‘ was absenf from Ehe_forest
,'marg1n | ] | -
Resu]ts were ana]ysed w1th one-way analyses of var1anced
and stat1st1cs_ are ta6ulated in\ Append1xA II. F- values
y)1nd1cate h1gh1y s1gn1f1cant differences across macrohab1tats
) in all species, though_d1fferences are less pronounced for .
v/ '.'- é%oneyl. ‘ Despite heterogene{ty, of 'Varianée partly
invalidating ‘the'analyses’ (Bartlett's test:f‘probabiiity ‘of
homogene1ty of Variances <0.01 in a11icases), tne\bseat’
magn1tude of d1screpanc1es a@dng means indicates neal‘

-'>,d1fferences. B ' SRR ' " \\\\

. At Barrhead (Fig 6), ‘marked association peaks' were =\

©

also ‘obsehved in  three spec1es with respect to part1cu1ar

- macrohabitats.’ A nlgrlceps and A Iutulentum were both most-
. . . v '
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Figure 5. Densities of species of Agonum in various marsh

macrohabitats at the George. lLake study site. (Means +-1 SE).
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Figure 6. Densities of species of Agonum in various marsh -

macrohabitats at the Barrhead study site. (Means + 1 SE).
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abundant in sedge tussocks, while A. fenrdgjnosum was-
vmarkedly associated with flooded sedge meadow. A thoreyi
was more or 1eSs equally distributed over three hab1tat‘
zones, and Qas least abundant in catta1]5& Analyses of"
variance;r ﬂAppendix I1) ~ revealed vmarkedly significant
differences,'but again Qariances were heterogeneous.
,Acroes-habifat d{strfbutions and abundance peaks_were‘
approximately the same at both marshes for.A.‘nigPiceps, but
notable .differeﬁces‘ ‘were  observed in those of A.
.}efrugfhosum and A, thoreyi.'Both species showed markedly
lower»ﬁdeneitTES_ in cattails -3at Barrhead as compared to
'bGeorge, Lake;  this‘ is particularly dramatwc in A,
‘ferhuQinosum (note the - logar1thm1ca11y compressed sca]e of
the figureS) At Barrhead, the dens1ty of A. thoneyl 'was
s1gn1flcantly h1gherl i unflooded  meadow,and in tussocks
than at George Lake. A. féfruginosum’s beak eccuired in the'
‘flooéed. meadow ”at Barrhead as compared to’ the catta11s at
‘George Lake. The latter spec1es also showed a dramat1c drop
in abundance in sedge tussocks co1nc1dent ‘w1ih h1gher
dens1t1es of A. thoreyl and, more notably, of A 7Utufentum.
The data of Figures 5 and 6: also emphasize’high
’densitjes reached‘“by the ‘species. ‘If' lpg“,QaIUes are
cenverted 'fo factgal‘numbers; average dehs%ties reach highs"
Vrang{ng from 7vbeet1e$ per square ‘meter (4. 'fUtUienfum in
ABathead tusséckS): to 33 YA,”fePPuginosuhMih_George Lake:T
cattaile). Heterogeﬁeﬁtybef Jaﬁiahce persists in spite of ‘
logarithmic _transformation’ of the data, indicating marked
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-

clumpihg in spatial distribution.

- 2.3. 4 Miorohab1tats |
D1str1but1ons w1th respect 'tou mforohabitat features,
,presented 'as meaﬁ, dens1t1es, were tested with'analysis‘of
variance and a summary of the stat1st1cs perta1n1ng to all
, microhabitats and spec1es is prov1ded in Append1x II1.
Var1ances were homogeneous in most comparisons, and where

not, h1gh F- rat1os 1nd1cate s1gn1f1cant d\fferences

2.3.4. 1 Dead growth'patéhes
Patches of recumbent dead growth\\ oons1sted of
accumulat1on‘ of old shoots entangled above the water at the';
base of groW1ng shoots. Patches varied in size (from about
0.2 m?2 to a few m?2) and were class1f1ed into two more or
1ess qualitative categor1es Thick oF dense patches were
‘those through which the water surface‘could not be seen from
above, while fh sparse (or absence of) patches, the water
could be - “seen from above These microhabitat features were’
stud1ed both in cattails and in. flooded sedge 'meadow In
//Fl’foattailsv some thick patches formed extremely der. heaps up
. to 0.5 m hlgh : |
F1gure 7 shows dens1t1es of the three dom1nant spec1es'
of Agonum in relation to dead grbwth patches, recorded at?‘
George Lake during two seasons. The data indicate that A.
nigriceps was ‘equally distributed ‘over sparse or dehse

patches either in .sedge‘ habitats (Figs. 7a, 7b) or in:
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Figure 7. Distribution of species of Agonum in relation to
patches of dead growth'in sedge mq?dow‘ and in cattails.

- (Means + 1 SE). . .
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vj'caftaiIS‘A(F1g 7o) The sl1ght d1fferences i;are "not'

‘l;stat1st1cally sign1f1cant (See Appendwx III) Cpnversely,

'fd1stribut1ons of A. ferruglnosum and A thoreyl appeared

ﬁelgensit1ve to patch type. as they\were marked]y concentrated

‘5'5g1n dense patches 1n elther macrohab1tat D1fferences’lare.4

(. suff1cient : sample . size. Figﬁﬁe -8 1llustrates thesl

'!7fvar1ance (Append1x III)

II:2 3 4. 2 Emergent substrate

‘ giy sign1f1cant when tested w1th one way analys1s of

°

| \ g e ;}; o

3 Th1s m1crohab1tat feature was stud1ed ogly in catta1ls

; Substrafe was present where the float1ng mat of organ1c

-~

\“debr1s and roots rose above the water (often ow1ng to Iogsr

uvtrapped* underneath) and absent where ,the shogt ‘bases

'cfplunged dlrectly 1nto the Mater In f]ooded-sedge"meadowh';

temergent substrate was too wrare]yi_enCOuntered to . allow

'I;de1str1butlons of the nm1n Agonum spec1es with respeét to.

’A,_substrate in the George LaKe catta1ls‘ Den51t1es oﬁ?A

lﬁ:nigpfoeps and: A fernuginosum d1d not s1gn1fvcantly differ

S
" 3

5:,markedly assocuated w1th areas of.emergent s

2, 3 4 3 Sedge tussocks

e .

| coAan presence or absence of substrate‘ whnle thoreyi was
dbé; " |

trate

B

; Sedge tussocks d1ffered structurally dependlng on the

'“Lconstituent spec1es of Canex Tussocks of<§ aquatilis had

very th1n shoots growi b;.t‘hrgh den51ty (>100 shoots/gmfﬁm

jm?), were encumbered w1th finse recumbent dead growth and ;

VJi{stood on emérgent humps' formed by their root system and

9



@
oy,

"‘Figurﬂ‘e'-s. 'Distrj%bution ‘oi’ ‘species o_fﬂAgonum_"’ 'flation to

‘emergent ‘substrate in cattails. (Means * 1 SE).
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o accumuLated organ1c debr1s Tussocks of C. rostrata - had

th1ck shoots, grew quite’ loosely'({SO shoots/0.25 m2), had

| entangJed dead growth, and no basal = hump
T s1n9é?bove the water " ' |

Data from George LaKe and Barrhead were pooled in':the

analys1s because they d1d not d1ffer s1gn1f1cant1y Resu]ts -

are displayed 1n F1gure 9 A. fennug;nosum A thoreyl ahd -

A. lutulentum were-all markedly assoc1ated w1th tussocks of

C aquatllls ‘No 1nd1v1dual of A Iutulentum was reven: foundv, '

in C. PostPata tussocks. In contrast, A. nlgrlceps was

equa]ly d1str1buted over. both types of tussocks
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Figure 9. Distribution of species of Agonum with respect to

type of\sédge_tUSSOGKSu (Means + 1 SE).
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2.4 Discussion

“emergent vegetat1on Lo R ;'"':» a

»

2.4.1 Inundation and species distribution

ReS}riction of’the,majority'ofucarabid speCies to the
IV f}

: unflooded port1on of the marsh 1nd1cates .that 1nundat1on 1s'

a factor markedly 1nf1uenc1ng the d1str1but1on of marsh

v

carab1ds over thetr habitat. Th1s 1s cons1stent w1th the

fact that most carab1ds (at least in temperate reg1ons) are

-ep1gae1c (Thiele, 1977).

If this result seems tr1v1a] what 1s less SQ is the

finding that some Eunophllus spec1es not only do not seem

affected by thgrwater covered so11 but 1ndeed are qu1te

restr1cted to vthe flooded zone where they 11ve among the

The Iatterh observat1on did not result from the facti
b'fthat thevbeetles sampled in the 1nundated marsh- had been_'
. caught by surpr1se by sudden flood1ng, because the data were
| cumulat1ve for the season; in ‘addition the water 1evelyh

" remained fairly Stablegfrom 1978 to 1980 at thelma1n'study

sites.’

"Inundationfcauses ripariantcarabids"to flee by swimming |

‘aground or seeking temporary refuge on float1ng debr1s . and

emergent plants (Andersen, 1968) W1th. respect to marsh

——

Agonum'f Murdoch (1966a) observed that " the European

" but fled

EurophiIT/ spec1es 4, fullglnosum occup1ed the water edge

in face of r1s1n§ water

/ .. o,
( .

55

N



56

Although it is already. known that sdme Europhilus
species commonly  occur among marsh vegetation (e.g. -
_L1ndroth 1866: 584),; this study'seems to be the first to
report. quant1tat1ve1y that the bulk of their populat1ons can

be restr1cted to such a hab1tat and thq} the f]ooded

~ portion of the marsh is haFdly used at all by the rest ofh"'

Q
the carabid community. Conf1nement of most specxes to

unflooded edges of ‘the marSh -13f undoubtedly linked to

difficulties’ }that foragmg o.emergent vegetahon'_may

entail. However, dominant Europhilus. species are obv1ous1y
able to prosper in that portton of the habitat as evidenced
by the1r abundance ) ‘ | -

| Carab1ds that effiéientlyx exploit the _f1ooded_ zone
poss1bly benef1t vfhom an adVantage in termsnof-popufation.
pers1stence dur1ng both flood and drought 'periodsr ADuringp
times of high water, their habwtat expands, durtng drought
7tiﬁes, it shrinks,h but despite the. posstb1]1ty~_ of
ovehcrdwdipg;' high 1eve1 of ambientvmoisture'may tnsure.the
cont1nuat1on of populatxon processes In- contrast, species
11m1ted to the unflooded zone face habttat shrtnk1ng during
both f1ood™ and drought per1ods Periodic occurhenoe of harsh:

cond1t1onsg may thus favour popu]ations of the‘flooded marsh

species over the long run.-



S

2 4. 2 Spec i®8distribution and microclimatic faCtOrs

Spec1es richness (i.e. the number of speciés) differed

str1k1ng]y between George Lake' and Barrhead - the latteb'

b “Th
~having a poorer fauna ‘inh 1t1ng its unflooded marg1ns This

' undoubted]y reflects lack of.ﬂgrround1ng forest at Barrhead.

f(see‘ section 2.2.1). Presence of a forest margin.can affect

-signiftcantly the local microc]imate at‘the. marsh edge by -

casting _shade, dampening daily temﬁeratuhe~f1uctuations'and
" helping to maintain a high mcisture level in' the unflooded
zone. These. three"factors are deemed to play. a hrominent
role in affecting the distribution of many carabids (Thiele,

1964; 1977; Paarmann, 1966; Bauer, 1974) with moisture being

the most critical, one (Th1e1e, 1968); and quite ]tke]yh'they '

are’ 1mportant in determ1n1ng which species will occupy the'

- marsh edge. N S o

In ”COntrast ﬂ the re]ative abundahCes of ’'species

1nhab1t1ng the flooded zone d1ffered 11tt1e between the  two K

marshes M1crocl1mate w1th1n that part cf the marsh

, espec1a11y the amb1ent m01sture levet %s un1ike1y to be
"markedly affected by presence or absence of forest . Un]ess
tthdhies up, a relattvely rare event the’ f looded marsh,isfa
\hab1tat constant]y mo1sture saturated  (Murdoch, 1966a),

espec1a]1y at the base of the vegetation where the carabtds

occur. ‘Thus factors other “than su1tab1e mo1sture levels are‘f

l]ikely to regulate carab1d djstr1but1on w1th1n, the flooded

zone. o R
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The abundance of A. Iutulentum at Barrhead contrasting
‘w1th its v1rtual absence at George’ Lake may be ‘related to
_:the ‘fact that this spec1es 1s genera]]y found 1n manshes of
open areas (G.E. Bai],.'pers comm. ), wh1ch - may not-
necessarily Jimpty a response to m1crocl1mate but may be
connected with 1nterhab1tat d1spersal -capab311t1es of the.
spec1es, for examp]e 3 - . ;
| | The drop in spec1es r1chness at Barrhead emphas1zes therx
Irestr1ct1on ‘imposed by 1nondat1on on the-dtstr1but1on of_
'5“mpst' carabid :species: within the mar sh.. Otherwise, - if

«1nundat10n “was 'dnimbortant hygroph1l1c carab1ds facing“'

reduced mo1sture cond1t1ons should be' able to move and

occupy the flooded ‘Zzone, wh1ch affords hum1d1ty and shetter -

)

| ethrough its luxuriant vegetat1on
2.4.3 Vegetat10n Qstrﬁcture; ‘habitatvl segreéation and -
~coex1stence | t | | - |
wThe ‘ data - demonstrateA 'reiatively _ ampﬂe spatfatr
separatjon.'annngd'the' dominant Europhilds species at both-
macro- and microhabitat‘leVels Hab1tat assoc1atlons of tne
' spectes appear ‘!to bé - more or 1ess arrayed along a
genera11st spec1a11st cont1nuum w1th some compTementarity

relattve ‘to the two maln hab1tat levels. A thoreyl 1s the

- most general w1th respect to macrohabxtats but has the ‘most

¢

| restr1cted d1str1but1on relat1ve to m1crohab1tat features
A. ferruginOSUm\-and%AA. nlgrlceps can be regarded ;as
macrohabitat specialists with peaks occurring in'different :

~



'j.flooded marsh‘zone appeared sen51t1ve to

habitat vc]assesi AL ~ferruglnosum is.‘however fairly
‘ restricted} in microhabitats,‘-While‘.A,fnigricepsiis :cg';,
microhabitat generalistf? Thus A. -ferruginosum occupies an
intermediate p051tion between A. nlgrlceps and A. thoreyi.
A. Iutulentum is a_ macrohabitat spec1alist ‘ whose
distribution matches} ciosely' that of A. nlgrlceps -but
Spatial data on its mlCPOd1StP1but10n suggest that it could
be a microhabitat spe01alist \ \ ”
Habitat assoc1ations »such as . these do not aliow any_
conclUSion on preference or seiection of habitat by any of
» the spec1es studied. Experiments are needed to establish
that.‘individua1S» of a species exerCise active habitat
seiection I(Klopfer, 1969"t40fti and that observed field'
d1$tP1bUt10nS are not the result of other processes such as
E interspec1f1c interactions or ) differential predation
‘Howeyer the. present data~‘suggest interesting hypotheses
about some 4of' the .factors : that; may 'reguiate  the.
vwithin-habitat‘distribution of marsh Agonum. ST N
2.4;3i1'Vegetatjon'struoture o o
) Distributions of the dominant Agonu speciesvin the' _
: (/the vegetation |
features  that = were employed ihto, define 'maoro:v and
microhabitat c]asses Because these carabids forage among
- the ,vegetation it s iikeiy that they are affected by the -

structural characteristics’ of the emergent plants. - The

variOush macro- and microhabitat categories afford different



. the catta11s at e1ther marsh

60

degrées of structural complexity which may alleviate or
impair foraging eff1c1ency in ways d1fferent for each
species. For example. areas of flooded sedge meadow without
dead growth.or tussockKs of C. Postrata present a ,relatively
simple, open structure of upright stalks with a few bent
leaf blades, in whie¢h Yoraging may be seriously hampered forv
members of a spec1es not adapted for climbing and walking on
narrow plants; In contrast, heaps of dead cattails form a
dense web of p]ants in which~cliﬁbing may not’be.a necessity
for ensuring efficient foraging. . | <
‘Eviaepée:suppor{ing the hypqthesis bn.thé impobtahde of

>, vegetation_strbcture is provided by a shift, in: the peak

- habitat of -A. ferruginosum and A. thoreyi between George

Lake and Barrhead. Both‘species'were'cbmmon in the éattéils
at George Lake, but were vfrtually'abseht”frbm,that’habﬁtaf
_at Barrhead. These two species afef:mainTy associated with
‘dénse patches of dead growfh ~ and for A. thofeyi,‘with
\*emergeht-substﬁafe These mlcrohab1tat character1st1cs were
generaliy lacking in the Barrhead cattails, In contrast, A.
.nigﬁiceps,.‘whose _d]Str1but1on"is‘ independent of - these
) microhabifaf 'féaiureé,.odcdrﬁed'at'ébout edua} densitiés“ih'
D1fferentlal responses to 31mp1e structural attr1butes

of  the vegetat1on wh1ch expla1n m1crohab1tat differences
have -been - shown in lycos1d «sp1dersv hunt1ng _oQ' plénts
_(Gréenquist'and Rovner, 1976? and in watebFsthidefs\(Spence;'

1979b).. It  is possible that microhabitat sites of flooded



2.4.3.2 Competition T Ry ﬁﬁ&%@&ﬁ@wv[?:fv,
. ) . : T e L ¥ v'b‘}‘,l
" One of the most interes 1ng f1nd7ngs of tffswvgfnuy

R s

a

m

bertains to the presence 6f2A Iutulentum at Barrheaﬁ' Wb'achm1 -

shows 1ts peak abundance in/ s‘dge tussocks Co1n01dentallyka e

A. ferruglnosum ‘occurred at| low density in these’ tgssocks, )

Tt

in marked confiast with its gbundance at George Lake in the

same macrohabitat. This pattebn suggesfs that '%A.
‘ fébruginosum  may be competitively '{disblaged, by A.
lutulentum. Of coﬁrse; this could be explained on other
‘grounds. Foh_instancé it mi ht be ‘argued that undetected
,differencegain Hgbitat con itions (which were looked for but
not 'found) favpurabfe to| A. Jutulentum but notk‘tO"“A.
ferrugfnosum ~caused the observedy pattern. Although fhis
‘possibility cannot be deﬁi 2d, it must also account for the
fact that ‘both A. nlgF iceps and A thoreyl have remained
unaffected. Thus in 1lght f present evidence, it “is more
paréimonious to hypothe ize‘éompetitfve effects to_efplain
the observations. | ’

A simiTar - pattern of negatively correlated
'd1str1but1ons is reported by Spehce €(1979a) for Nebrié

-1arvae. for . whxch compet1t1on has a]so been suggested as a

11Ke1y explanat1on This type of . ev1dence is only:

‘c1rcumstant1al,‘ vat it fUlfills; the first empirical



- s - o 62

eriterion necessary for suq&gsting competition in field

%opulat1ons (Reynoldson and Be!lamy, 1971) Other empirical

,"support necessitates use of a common resource such as food,

efinite possibility in the present comparison given the
-'tugyﬁtlc food habits of _these carabids. However a
2 tlon explanation must rennin speculative until it fis
tested‘ ‘ exper1mentally, - preferably ' throd‘k vfield
manipulations - (Connell 1975) . The possibility” of
compet'itwe interactions - ietween A. *er'r'uglnosum andA
Iutulentum will be re- examlned in Chapter § in conjunction

with ‘body size diffegences.

2.4.3.3 Density compensat ion . '
The high densities reached by populations. of ‘marsh.

. Agpnu% are certainly their most striking attribute (Murdoch,

1966a). This situation is not unique to carabids however;
spiders were also very. abundant in marshes of the study’

area. o e LT

At _.least Qtwo factors may explain high dens1t1es°

,part1cularly 1n nelat1on to the flooded port1on of marshes h
First, occupation of the vegetatlon by carabids enta1ls

. explo1tat10n of ‘a three- d1mens1onal hab1tat in contrast to’

the two d1mbns1onal ground generally 1nhab1ted by carabtds
Therefore the marsh allows for- an exbans1on of n1che space
by add1t1on of an extra hab1tat dﬁmenston Second the

f looded zone may afford more stab111ty in cr1t1ca1 factors

such as humtdlty These character1st1cs—comb1ned w1th a h1gh“’”
S S = |



;:{ﬁmorgantc produot1v1ty PPObably confer tO-eutrpphic marshes?f'
unusua]ly high °°PPY1“G Capac1t1es for 1nvertebrates, whtchot' i |
,f¢€ may elikit proportionate population responses by carabtdst :,..;,-_,

and other.hunting a'thrffnf[

’-;/

'tfngcompared to George Lake This pattern 1s correlated w1th thei}
1OWer species r1chness at Barrhead and is suggestlve of thez_fr;“
phenomenon of density compensatton (;aEArthur et al 1972) fhf:rf‘
_ Th1s may COme about when presumed dtffuse compet1t16§ (1 e'ai..

: the moderate competitive efFects brought upon one spe01es byf&i o

cluster of other spec1es —MacArthur, 1972b 29)
celaxed‘ Boer ‘(1971) has‘ presenteq a populational model

ltke spiders e R e

based largely on data on carablds,. 1n whlch analogousﬁ :

effects coupled w1th habltat heterogenetty could operate toff

determine populatton densittes The present data suggest‘“¥

that population responses to Iower, spec1es r1chness are e

R L IR W
poss1b1e 1n marsh canablds v ;ﬂ;. '“;"1’: e ‘,_“_Z‘

-lfVIn: concluswon i the dom1nant marsh gui1d members

dlsplayed sxgn1f1cant spatial dtfferentlatxon that may help

ffﬂ account for the1r cqexxstence f7"yﬁ';§St f")' B

-

R O

._A; w Ferrugin05umA and especiaity A hOPeyI howede”ffio” v
markedly higher densitieso in unflooded zone at Bappheadpﬁ.
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3. PHENOLOGY, DAILY ACTIVITY 'AND ALARY MORPHISM

o : , ‘ . R ;&". . o . . WX'E. :
o adimtroduction o

"Time of act1v1ty can be r1ghtly regarded as a n1chern
’fd1mens1on along wh1ch potentwal compet1tors can be spread.
-_(Pwanka,_ 1978: 251) Forf terrestrlal p01k110therms, foodj

.-'part1t1on1ng through d1fferent1a1 t1m1ng of da1ly act1v1ty't

,;9V~qu1te frequently observed poss1bly because heterogenelty'ff_a-

&the env1ronment on a small t1me scale is hlgh ffor‘ these

”_janxmals (Schoener 1974)

/ Seasonal d1fferentﬂat1on 1s another'vWay for‘ speCies‘
occupy1ng the same hab1tat to avo1d each other. Thzs is Q9s0~'
ff:falrly commonplace in 1nvertebrates, probably because shortv.
vlgeneration t1mes perm1t them “to part1tmon the year more.\
’I*f1nely than an1mals whose matur1ng per1ods J’re‘frelat1vely
‘:longer (Schoener,, 1974) Even sl1ght d1fferences in timing
',tof llfe cycle could 1ead to 1mportant consequences affectfﬁgjfﬁé;’
fégs.the relat1ve success of all congeners in a gu11d v ’ff;uaﬁgé%ﬁfiég."
o Seasonal act1v1ty and abundance, breed1ng perlods fandmv
-,da11; act1v1ty rhythms const1tute very fashIOnable areas of
':study among carab1dolog1sts, 3udg1ng by the bulk of papers
1~ﬂre1ated to these top1cs (rev1ewed in Th1e1e,_1977 225ff)“
d‘P1oneered by Larsson (1939) such 1nvest1gat1ons have beengf

Al

' a’"‘Y Concerned w1th general character1st1cs of 11fe cycles-‘t‘
B &ﬂl,".’.

of carab1ds, _a;q.;ﬁave %;tempmed to classtfy taxa w1tht S

4respect to broad categor1es bf annual rhythms such as spr1ng .

Y e e e 1 e 8 e e 3 2 2 ey i Bt U S L U UAD LTIV S SVSCUREES | SO PRI SN
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-

Vs, autumn breeders, larval vs 1mag1nal hibernators, etc.

the natural. h1story of taxonom1ca11y re1ated (sanetlmes, but _

ES

not always, co- occurr1ng) carab1d sﬁ3c1es have been exp]ored5 o

,,,’, An

dv (e. g., | ‘Larsson f‘ 1939;. | G11bert - 1957; 7_.1958;
Schjdtz- Chr1stensen 1965 . Murdoch 1967; Bar low, 1970-
.Bousquet and’ P1lon, 1977 Th1e1e, 197% 246ff) Aspects of

fma1nly thrquh compar1sons of ]1fe cycles and act1v1ty7

patterns (e,g.vG11bert! 1956 dohnson et al., 1965,.Murdoch,r

,‘extens1ve or deta1led hab1tat gata (among the - few: Dawson

1965A Andersen, 1969,»Spence, 1979a) Moreover,'worKers havey

phenologyi in a broad vmanner (e‘g sprlng Vs autumn -

fo‘seasonal changes in hab1tat and in env1ronmenta1 factors;‘fi

k)

or to geograph1ca1 locat1ons and c?1mat1c patterns (Lehmann,“y.\
1965; Murdoch, ‘1967; Thlele,7~ 1977:  .248). " Likewise,
?o"g:f?erences in da11y act1v1ty patterns have been 1nterpreted

ydma1nly 1n relat1on to hab1tat and to 11ght dark ‘preferences
o (Thiele, 1964, '1977:.339; 1979; “Thiele ané’Weber, 1968) .

- Though the genera11ty of . such ecolog1ca1 cons1derat1ons

-
?'l

is. necessary 'for _.understand1ng broad eco]oglcal and-

i

d1ffer\ences~ar“e to p'lay"‘any ro’re“*m” ’(‘:oe)n stence, , espec1a1 Ty

'1966a; Barlow; 1970; Carter, 1971,\‘Gou1etv - 1974; Wasner, .

»1979) | However ‘sUch comparisons_ are rare]y coupled w1th3
.gﬂyeral]y- been,'content w1th document1ng d1fferences ‘in»

: breeders) Brééder types - for 1nstance, are_ frequent]y

“perceived terms of maX1m1zat1on of surv1va] in*re]atjon,

3geograph1cal patterns, they are probably much less 1mportant‘

4,‘fcu§§the study of intra- commun1ty coex1stence | If t1me'



" M@

among c]ose relat1ves,,1t 1s 11Kety to be on a sMalT ISCaie‘>v“

ratherl than in . general aspects ~_For< examp1e~ smail

d1screpan01es in breeding per1ods coupled w1th d1fferences

in- fecund1ty could s1gn1f1cant1y affect the | pecif1c ‘

.spec1es success ‘ It is only recently that 1mp11cat1ons for f\
- coex1stence of smal] scale d1fferences in 11fe h1story and

reproduct1on (Wasner, 1979) and in da1ly foraging pattern‘

(Spence; 1979a) ‘began to be con51dered

In th15* chapter, I exam1ne tempora] segregatIOn among

X

the dom1nant spec1es of marsh Agonum both on the da11y ’and ;

vannual scale through compar1sons of populatlon dynam1c‘

s'reproductlon, emergence and da11y locomotory ‘act1v1ty The

obJect1ve is  to~ assess- whether d1fferences in t1m1ng can
boontribute to'the mechan1sms oflcoesttence.of th1s gu1]d
The prob]‘em' of wing dimorph‘is‘m»'of A. nigriceps and A.

‘ferruglnosum 1s also explored from a regiona] .perSpective

;It7 is addressed here because 1t 1mp11es .dynamic aspects of

‘fhabltat colon1zat1on and populatmon surv1va1 1ntt1me

66

G

‘patterns of resogpce explo1tat1on by 1arvae and ult1mately,l,‘{



AT gl

3.2 Material and methods

3.2. 1. Seasona1 abundance ;\

g
' Changes 'inf.overw1ntered and teneral ‘adult populat1ons\

'o;f _A); mgmceps ,A‘.. ferrugrnosum and . A thoreyi were
monﬁtored at both George Lake and Barrhead Popu]at1ons off.
A. Iutulentum were followed at Barrhead on]y From m1d May'v
to . mid- Septembkr . 1980, samp11ng was carr1e% ~out at -
.‘approx1mate 15+ day 1ntervals using:, the sampl1ng brooedure,,

: descr1bed 1n Chapter 2 A1l maCrohab1tats at/both s%tes were v

.equally sampled (f1ve quadrat counts/habwtat) w1th1n 2 3

i
days Log transformed countse were used to calcu]ate mean

1absolute dens1t1es (see section 2.2, 4)\\and to generate ’

-

-.populat1on curyes for overwintereduandftenera]-adults,

4

o - ‘ : | S~
3.2. 2 Recogn1t1on of teneral adu]ts T~

’ Spec1mens w1th pale soft cut1c]e, or with tanned body

but st1]1 flex1b1e elytra were both r‘%@rded as . tenerals

‘ad%lts wece recorded as overw1ntered. T

Soee st ; NG . L% : : . ' N : :
""'quﬁ .

'.3 2. 3 Condition of ovarles- - '-Q‘; - .
ST g aa R a
Twenty feﬂ‘ﬂeS%eaCh of¢rA nlgrlceps d ferruginosum:‘

. ¥
'tand A thoreyi were colygpted and préserv d 1n 70% ethanol

'at' approxrmate 10 -day 1ntervals from Apr11 19 to Auggst 28 |
1980 Cot]ect1ng s1tes are 1nd1cated in Append1x I. ?emaleS»

of A. Iutulentum were not col]ected because the on]y‘known

'd51gn1f1cant bopulat1on of thxs spec1es was at ~the .Barrhead

LI



-Zithe sedge_ meadow (Lake 2",

‘s1te.
data about populatuon dynam1cs obta1ned at. the}same t1me

Collected spec1mensk.were subsequent]y d1ssected *and
cond1tion of» the- ovarJes Was"assessed Follow1ng CPltePIa
: used by G1lbert (1956) and by V11Jm and van D1Jk (1967)

,Four classes Were recognIZed (11 ovaries w1th develop1ng

' ovocytes but w1thou% mature (chor1onated) eggs, (2) ovar1es“

"w1th chor1onated eggs. (3) ovar1es w1thout eggs and w1th
eorpora lutea (se*ealled ,spent?sby G1Jbert 1956) and (4)
ouaries' undeVetoped (sexuaTIQ tmnaturet. No d1st1nct1on was
;4made between one- year and two- year o]d fema]es ‘

The number of mature eggs per female was counted and

used to est1mate egg lay1ng periods and assess ‘the breed1ng

t1mes of spec1es dust1f1cat1on of- th1s approach in 11eu of s

# ~
d1rect observat1on of ov1pos1t10n is - fully,_d1scussed.-in

, Murdoch (1966a)

3.2. 4 EncIosure ex&er1ment for da11y act1v1

Da14y act1v1tyuwas stud'

env1ronment A réctangular

,'1n»a sma]]‘cleahing Of th Wost marg1n at the edge of

a8

kS _;*made of 1/4" p]ywood and were 30 cm h1gh They ‘were

inserted \3 -5 em 1nto the ground and nalled to wooden corner,

a

‘posts. To prevent beetles from escap1ni!i¥;cl1mb1qg out-" a.

) .smooth plast1c 11p fac1ng downwardsﬁgwas stapled to the;

1ns1de top edges of the wal]s Wall crevices  were sealed

I

o " - . . T .
. e - ; N PR L . .

'fThe s1des of the _enclosure

-



: center and w1th lips fac1ng downward were*placed over the

ﬁla o
with rubbJ cement.’ Vegetatlbn 'ln the el'gglosure*’ﬁas cl1ppec§

. and removed Twenty- 1Four smooth wh1te plsashc %ys, 15 x.5

cm and’ 4 cm deep, were 1nserted into the q{ound, lﬂ- three

_rows of erght Trays were about 25 cm apart Plastlc plates,

16 X 10 cm w1th a 3 cm w1de slot extended lengthw1se in _the.

, trays These allowed the beetles ‘to. #Tvde 1nto the trays

leaving the traps To ensure that coverwng plates were flush‘

w1th the ‘ground, smoothed mudlwas t1ghtly appl1ed around the

edges. Dead leaves were’ spr1nkled over the ground to provwdet

- shelters. A photograph of the enclosure is shown ;n Fvgure

It wastsunny‘on August 8. The maxnmum'temperature W354§?1 C.

_enclqggre walls, were captured~ w1th

R4

. On  August T (1980), 507.1nd1v1duals: of - each‘ A.

nlgmceps A Ferr-uginosum and A. thoreyi, freshly collectedw'

""?‘

checKed ~at ’two‘hour intervals start1ng at) 1500h vtéll.

Beetles in. the traps, as well as those s%ep)walk1ng on :the
xR
tall1ed and released immediately into fhe emclosure among

mouth asp1rator,

‘ dead _leaves. Recordtngs weqe pursued until the next day at

On August T, the weather was'%loudy durlng t first

half of the day There was a »br1ef‘;shower 1n . the earlyv'

afternooh but the sKy cleared afterward and the sun shone :_’

. ’ . * : .' [ " - . ;'
‘ | E/ : . . o | : ¥
N ] . 3 . ) Y ’ .o ‘ : . ’
i . N - o . . ) ’ .

tﬁ o .. pl . L c K
RS - < -‘ N v

7

~in the mormng (at l:ake anc? erld 4) were released into

‘ the enclosure.at_1245h (Stamdard Time). Traps ;were-‘then

w1thout cl1ng1ng to the r1ms, as well as prevented them- from =

-

~53



Figure 10. Field enclosure used to study daily activity.
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‘on both days, and the nightly minihum was 2°C.

N N\

3.2.5 Wing morphs of A. higniceps and A. feﬁnuginosum-
.In order to obtain estimates .ofl the relative
,propobtions; of macropters and brachypters in populat1ons of.
A. nigriceps. in the study area. a series of marshes was
surveyedw in m1d summer 1980 Wing cond1t1on of A, nlgPiceps
indiViduaJs fs eas11y assessed,,because 'the elytra aref
transiucent. In macropters, thekréfiexed hind wings are seen -
thnougn the elytra whereas 4in braeh}pteﬁs, only ‘the'
abdominal segments are v181ble ‘ i
Th1rteen sites were visited between June '17‘.and July
21,A 980; jhese age 11sted jn Appendix I, and ten of them
are habped fn Figure 1. Sites located outside the map are'
(1) _"Busby", ca. 53'57’N'f,113‘54’w situated a few meters'
~west of Busby; (2) "East.Alexander”, ca.'53" 48'N - 113°54' W,
-sifuated 'af'{fhe -east entrance of A]exander Indian Reserve
'134,aand-§3) fwest Mor1nv1lle ' ca. 53 47 N, ’—'_113-40~w,
'adjacent ’to'dhighway, 2, west of Morinville. Unmapped sites
are 1ocated within a dygtance of at most 20 km of the - area
_‘shown in F1g 1. | S ) |
At each site, approx1mately 40 spec1mens of each . sex
were collebted ta111ed_fdr wing cond1t1on and reieasedj In
h.additionvto“data from the sites mentioned .aadve, '§amplingl-
‘lresu1tsf from”vLaRe' 1 and Lake 2 and-frdm\Barrhead obtained -
" betwesn mid-Jurie and midQJQ1y'weﬁe used as cOmparable_:data o

sets.



For A. ferr'uglnosum ~wing cond1t1on was checked on‘ "
about 100 spec1mens collected at Lake 5 Lake 7, Fleld 1;;
; Field 2 and Field ‘3 during 1979.. and preserved in 70%
ethdnol}'Females collected during -1980 for ovary cqnd1t1op‘

were also checked for wing condition.



3.3 Results
| "3.3;3-Adu1t,popu1atien dynamics B
| ftgures 11ﬂ and 12 i]lUstrate the overw1ntered and‘
teneral:'adult pbbqlétion curves for the dominant Agonum
‘ species at George Lake and.Barrhead respect1vely. for all
pooled macrohabitat} counts. 'Ne"curQe is presented fer A.
Intulentumiat;George Lake'beceuse of the ’sma]l nUmber'_of
specimens_samp1edi(see Table 3, Chapter 2t.-RelatiVe1y large
sampling errors, probably a comb1ned effect of’ small sample
sizes and of patchy \g1str1but1on of tne beetles, tend to
btur' the ~ patterns. | NeQertheless, - some_ wOrthwhile;
cons1derat1ons can be drawn about trends | /
.The data show that all spec1es were present at or near
. maximum seasonal dens1t1es at the beg1nn1ng of the samp11ng
.period in mrd~May. All species were encountered throughout_
-the season 'and;separéte peaks'of abunéance of;overwintered
"adults~dtd not occur for each species. |
'Dverwintered adult ‘densities of A. FerPuglnosum A'
thoreyi (Figs. 11 and 12) and 4. Iutulentum (Fig.” 12)
‘decreased very gradual]y from-m1d dune onward Th1s suggests
that morta11ty rates of overw1ntered adults ‘of these species.
were ‘lowf and that overa]] morta11ty spanned most of the
second half oﬁ\the summer . The dee11ne was more marked‘ at
N Barrhead, where the number of overwintered adults approached
or deciined to zero for A. thoreyi and A. Jutuiéﬁtum; The

abundance pattern for A% nigriceps was more irregular than

N



\\\_
'Figdre 11.'Overwintered and téneraliadult population curves
for species of marsh-Agonum at George Lake during 1980.

. (Means % 1 SE).

~

y .
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'.Figure 12. Ovebwihtebéd and'teneral'adult'popU]afion éurves
o ; ‘

-

'ﬁor'specieé of'maFSh_AgOhUm‘ét Barrhead during. 1980.
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that of the other species and did not reveal a éendencyr.to

. .gradual decline at ejther ‘site. In the early fall, A.

nigriceéps populations were still almost at Ievels“comparabTe

to ~ those of . late spring, suggesting very"low summer
)
mortal1ty in overw1ntered adults of this spec1es

-y

-
_ Both generat1ons ~of overw1ntered -and = summer aduitsﬁ
!b Widely overlappedﬂ‘1n time ‘foﬁ “all specfes except  A.
Iutulentum,bbresuitind in no significantadip fn the overall
| pdpulation dur1ng the Veummer season._ éome tempora1
J}’ieeparatibn between . the two generations .of‘yadu1ts is

suggégted for A. lutulentum only (Fig{\12).

o Teneral adults“gegan to adpear in July, and contrasting

© with .the pabent generation, they ‘showed' fntebspecifdc

d1fferences‘ in neaks of - abundance. Tenéra]s Qf‘VA.
>fenruglnosum began to appear in. early duly and had aiready
reached a max1mum by . early August, wh1!e teneralsvof the
other species emerged']aten‘in duly and did not peak until®
late 'August. anese kdjfferences are better appreeiated in
Figure '13, .whene the, abundanee"of teneral adults .isl
exbreesed as ”a percentage of the_tofa1 catch‘bf each date
for -each species (data Frdmvboth sites. nooled) The bulge of
zemergence of A. Iutulentum tenerals eccurred between that of
_A. ferruginosum and that of "A. nlgrlceps A thoreyt
tenera]s. S]opes of the curves indicate re]at1ve1y fast and
about equal rates of emergence for A. FePPuglnosum,_ A.

'“.g\'thorex\ and A. lutulentum,. but a slower rate for A.

**n;gplceps The drop in re]at1ve abundance of tenerals of A.



Figure .13. Abuhdance curves for”tenera1.adu1ts for species

of mabsh Agonum durinhg 1980. -
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nigrideps in September is’ probably spur1ous ow1ng to the
fact that tenera]s .of this spep1es were 1noreasingly
- difficult to separate from old adults in. the field as the

season progressed.

3.3.2 Teneral emergence s1tes ’

L Table 4 shows the proport1ons of teneral adults found
Tin the var ious macrohabjtat categorjes..of, the two study
sites. TTehghal"peaKs of A. nignicéps” oc¢urred in sedge
tussocks ét"bdth marshes. A. féhﬁuginoéum ahd A. thoreyi
tenerals were ‘mbst_abundqnt in floating_cattaiﬁs at George
L_ake; but at Barrhead peafed in flooded and in unf looded
§nge meadow respectiQeTy. '\The teneral ‘be§K, fbp _A,»..
Jutulentum Waé>in the f]bbdéd ' sedge meadow, Inasmuch as

distribution of tenerals can indicate place of breeding and

. larval habitat, the data of Table 4 suggest that the spec1e5‘

ﬁqenerallv bhed and developed in the macrghab1tat in thCh

they were. most abundanif(compareuﬁw11h~f£lgsv;_5 ‘and . <5 ~of
nghapter 2). Exceptions to this pattern are A thoreyl and

Iutulentum at Barrhead, which showed highs jh the sedge
tussocks w1th respect = to overal] abundance but not with-

respect to teneral abundance.

’3.3{3'Qvary condition and reproductive effort
y FiQUre 14 depﬁcts the' seasonalvhchanges in relative
proportions'of the four types of ovary ‘conditions Zpbserved

durihg 1980. These data are based on dissection of 785

5
/ e
TR, .



Percentages of teneral AgonUm

!

TABLE 4

83

from various macrohabitat categories
' at the two main study sites

wt

Y
i

SPECIES OF Agonum

MACROHABITAT ——

: . nigriceps ferruginosum thorey i lutulentum
GEORGE LAKE o |
wet forest 0 0 8.9 --
margin o .\

‘unf looded 15.21, 2.8 15.6  sm o=
sBdge meadow .. - \ ..
© flooded 8.5 1.1 17 ;3;; ‘?]z,g
sedge meadow ' S w” Jﬂ
. . ‘, «*ﬁ
sedge 47.8 18.3 13. é“ A
tussocks. R e
float1ng 30.4 67.9 44 .4 - -
‘cattails - ,

N 46 252 45 --
BARRHEAD o .
unf looded 0 12.1 40.9 0
sedge meadow ) . ' ,
flooded 9.7, 65.5 20.5 41.2

~ sedge meadow . : .

lxiedge | 54.8 5.2 22.7 29.4
‘ ussocks . . v

" floating . 35.5 17.2 15.9 29.4
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Figure 14. Seasonal distribution of ovary conditﬁons in -

females of marsh Agonum species during 1980. K

4



°}. OF TOTAL 9@ DISSECTED / SPECIES/ DATE

100

o 8 &5 8 8

e— WITH EGGS o---- DEVELOPED, WITHOUT EGGS
®=— WITH CORPORA LUTEA®  o--- IMMATURE. ’

A. nigriceps

“

pe

52 8 8
'ﬁ

20}

) 4 1 1 L 1 1
Ln9 5/9 5/28 618 718 7128 817 “ 9/6

A. ferruginosum

4Nn9 579 5/28 618 7/8 7128 8N7  9/6

. A. thoreyi
100
60 -
601
i
/ or . 1 1 A 1 1 1
4LH9 5/9 5128 6/18 718 7/28 8/17- - -9/6

. DATE

85



females. A'll females of A. nigriceps and A. ferruginosum
were already in breeding conditiqn by mia~April (i.e. at
“least with developinélovocytes) and about half had mature
eggs and were possibly oVipositing. Full breeding condition .
th rapidly attained afterward, as by early Méy all females
" of these two species contained ripe eggs. e

In contrast,females of A. thoreyi had still immature
ovaries in early spring. In fact, on April 19, the first
da£e of collecting of females, Ho individuals of A. thoneyl
could be found in the marsh, wh1]e there were plenty of the
other two spec1es Dur19g several hours of col]ect1ng._ only
5 males and 3 females of A. thoreyi were found in the forest
litter bordering Lake 5 site.t This suggests that A. thoneyla
left overwinteriﬁg qUarters 1éter than A. nigriceps and A._
ferruginosum. Breeding conditionldid not appear wuntil the
se€ond week 'of May . Af' that tfme however, full breeding
condit{on was attained very abruptly within about ten days.
Thus the breedingvperiod of A. thoreyi differed from that of
A. nignfceps and A. fennuginosﬁm by about a full month.

Spring females with ovaries containing corpora lutea
are individuals that reproduced during the preceding summer
and survived a gecond winter (Gilbert, 1956). Very few such
females were found in the spring (Fig.r'i4)f about 10% of.
épring females of A; thoreyi, fewer than ‘3%- for A.
ferruginosum and none for. A. nigriceps. Their very low

4

occurrence' suggests low survival of old individuals through

‘a second winter.

”
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Full breeding cbﬁdition spanned a considerable poﬁtion
of the summer in all species, and ended abruptly for A.
ferrug inosum and A. thoreyi.”The decline ofy gravid females
was more gradual for A. nigriceps. “

The seasonal reproductive effoét of each speciés.
estimated by average numbers of eggs per female, .is shown in
Figure 15. Egg production climbed quickly in all species and
remained high for a period of about four months. For A.
fernugiﬁosum ahd A." thoreyi however, there were second
bursts in egg production in tﬁé middle of the repﬁoductixg_,
period; this was especially marked for ~A. thoreyi. Egg
production gradually declined for A. nigriceps, slightly
breced;ng the diminutidn of the number of egg-carrying
females (compare with Fig. 14), but dropped sharply for the
other sbecies, simultaneously with the number of
egg-carrying fema]es.‘

Egg production differed amqéé . species. A. nfgricqps
females had Eignificant]y fewer eggs than the other at any“
comparable point‘in their breeding period. A maximum average'
of about 8 eggs per female was reached for A. nigriceps, as
compared to 16 and" 20 eggs fof A. ferruginosum and A.

_ thbneyi respectively.  Thus species differed both in timing
’of breeding‘period énd in magnitudevof reproductive effort

(fertility).
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Figure 15. Seasonal distribution of reproductive effort of

“marsh Agonum'species during 1980. (Means * 1 SE).
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"f_f3;3 4;beVélopmenta1'ttme o
R ‘ Tentat1ve est1mates of fteJd deveIopmentaT t1mes were'
'.a¢;ﬂobta1ned by counttng the number of- days that elapsed between'

athe date at: whtch 50% of the. d1ssected females had r1pe eggs“,

*“fand that at WhICh 50% of sampled adu]ts were tenera]s.~_The*~ o

,rjpesults,. shown 1n Table 5, suggest that A ferruglnosum and,
TA thoreyi had qu1te s1m11ar developmenta] ttmes but that 4.

'n:grrceps deveIOped much more s]owly

“,453 3.5 ba11y act1v1ty | A
| Results of the enc]osure exper1ment for measur1ng da1]y‘
:flocomotory act1v1ty,"expressed as percentages of “the tota14

‘spec1es catches, are presented in F1gure 16. Active beetles

o "appeared f’after sunset Act1v1ty peaked qutckly aroundv

"mtdntght then decreased more or less gradual]y to cease - at
sunrtse Thus a]l three spectes were nocturna] ‘and d1d not

"exh1b1t stgn1f1cant temporal segregat1on on the da11y scale

‘ﬁ 3. 6.Regiona1 d1str1but1on of w1ng d1morphlc Agonum

‘ Among the domtnqnt specxes of Agonum of the study area,
xs]gnﬁf1cant w1ng -dwmorphqsm was 1exh1thed on]y by A,
vnlgPlceps In this spec1es,,htgh proport1ons of brachypterSQ_
: were found in. several populat1ons ' '

| Re]at1ve pérpentages 'contrtbuted by each morph are
hdpresented»1n Tab]e 6’for all marshes surveyed The data’

f"1nd1cate w1de marsh to marsh var1at1on in the proport1ons ofv

lieach morph 'rang1ng from no macropters (Nakamun 1) to almost
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T, .
; N
TABLE 5
’hme relatlon between female egg product1on '
- and -teneral emergence in -1980

| ’ v DATE ¢

SPECIES ~ 250% OF 9¢ . 250%  DAYS

. A . WITH EGGS . TENERALS ELAPSED-"
. h;gr'ioeps e ~ April 19 August 29 - 134

A. ferruginosum . April 29 . July 31 95

. thoreyi = .. May 19 August 29 102
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. o o \
" TABLE 8

‘Distribution (%) of wing morphs of Agonum nigriceps
- in various marshes (mid-summer 1980)

."
e | % R TOTAL
MARSH. . MACROPTERS  BRACHYPTERS N
Field 1 - - it.8 . 88.2 85
Field 2 18.5 B1.5 81
Fieldd 107 189.3 84
Road South 1 6.9 83.1° 83
_ Road South Big - 4.8 '95.2 83
Busby 7 17.6 82.4 85
East Alexander =~ . '33.3 6.7 . 84
West Morinville 45,9 54.1 . 85
Barrhead " 25.3 74.7 163
Barrhead Yoder ~ 17.0 83,0 88
NaKamun’1‘  " 0 - 100.0 - 18
La Nonne 1 - 2.4 97.6 . 83
 La Nomne 2 136 86.4 81
 Lake 142 321 67.9 182
leke 7 I T 8.3 87‘{i?

X2=147.30, df=14, p<.001
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52% macropters (Lake 7). Heterbgene%ty. was highly
significant as indicated by the chi—Square value .calculéted
acrdés.marshes. pifferences were‘observed;eveh befween s{tes
located aréund\ George Lake (Lake 1+2 . and Lake 7).
Brachypters wer; more'abundént at al] sites except at Lake
7 where macropters were as commen as brachypters

| The relat1vemproportlons of brachypters and macropters

 were statistically similar for both sexes, as .indicated by

the  results of chi-square tests performed for each marsh .

(Table 7). The only exception to this pattern‘is Lake 1+2,

 where there were about: 13% fewer macropters among females

Results from Nakamun 1, though show1ng a d1ffereﬁbe between~'

sexes, cannot.’ be .given tgo'much\ponfidence since only;JB
individuals could béAcoilepted (in two hoursisearching).
Despite significaht numbers of =~ macropters in  the
region, only one flighf record is available ~ for A.
nigriééps, observed on a sunny spring afternoqn at a small
wood land pond’nearbthe_Géorge¢Lake”fie1d statjon (May 14,

1]

1981)r. .

For A. ferruginosu

of 100 individuals g¢hecked in 1979, and all were from the

George Lake cattails. Specimens from other marshes (Fieid 1,

Field ~ 2, Field 3, Busby) were a11 HJongfwinged._ No

brachypters were foun among the 255 spec1mens 'checked in

1980 ' Ind1v1duals brought back to the laboratory. frequently

flew off to the windows in day light if they were in open

'l am indebted to J.D. Fourn1er for this observation.

, only 6 brachypters were found out -



TABLE 7

Chi-square values for test of .independence
of wing morphs of A. nigriceps with respect to sexes
in various marshes (mid-summer 1980)

96 .

BRACHYPTERS

MARSH ~ Xz« . p

| y % &8 % QQ ﬂ
Field 1 16.7 53.3 0.039 .843
Field 2 51.5 _  48.5 0.648 421
Field 4 49.3  50.7 0.124 124
Road South 1 53.6 46.4 4.832 - -.028
Road South Big 50.6- 9.4 1.001 317
Busby 54.3 45.7 2.169 141
East Alexander - = 46.4 53.6 0.857 . 355
West Morinville 47.8 52.2 - 0.101 751
‘Barrhead 52. 1 47.9 1016 >.100°
Barrhead Yoder 49.3 50.7 ©0.035 852
Nakamun 1 611 38.9 ke e
La Nonne 1 50.6 49.4 ¢0.001 986
La Nonne 2 47 .1 52.9 0.209 648’
Lake 1+2 43.9  56.1 7.864 <010
Lake 7 B7.1 42'9 1.401 .237

* with 1 degree of freedom
** cannot be computed (n of macropters=0)
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trays. A few beetles were also observed flying and landing '
on sedge and cattail piants. in the afternoon sunshing in
mid-June. Unfortunately, no exact record of the Agies was-

made.
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3.4 D1scussioﬁ

3.4.1 Adult mortality
' Several workers ’have provided evidence shoWing that
morta]ity of adult carabids is higher during the breéding ’
.éeaséh.tﬁan at other times of the year (Schjétz~ChristenséﬁT’A
1965; Murdoch, 1966a; Luff, 1973; Grim, 1975). In spring
breederé, a typical mortality patteqn produces a decline in
}oveha]l populgtion abundance in the middle of the :summer
(e.g. Barlow, 1970; Goulet, 1974; Bousquet and Pilon, 1977),
caused by a delay between the decline of overwintered adults -
and  the emergence of' offspring. The presght findings
contrast with such a pattern, suggesting only a slow decline
' in' adQTt populations of >dominant marsh Agonum during fhe
breeding season. In A. nigfjcéps, the summer mprta]ity
seemed 'ihsighificant.. Low adu]t"morta]ity‘ during the
bfeeding perfbd couplgd with low occuréenoe of two-year old
FémaTes‘ in the 'spring suggests that e{ther auﬁumn morta]ityx
(owing to‘senescence) or winter mortality is rhigh.;—ln the
' présent situation; the\former'alternative seems more likely
beCause_wimter mortality in marsh Agohum is generally very
Jow (Murdoch, 1966a; Wasner, 1979). | | |
| Muraoch‘ (1966a) has expressed‘ ’thev possibility,
| suppor ted by some evidence, that the high mortality of fhe’
wbreeding_seéson might largely be attributed to'prgdﬁtion by
sma]l insectivoroﬁs mammals. The Agonum popu]afiéns studied

by ,Mmrdth ‘occurred in unf]ooded‘ marshes. In  flooded -
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habitats such as in the present study, it is possible that
predation _by insectivorous mammals 55 depressed because
- these predators-may face .reduced searching efficiency 'in
heterogeneous vegetation. This might' help explain the
»\T\\\f;relatively high survival gf adults duFihg the summer.

| High summer survival of adults may havé “marked
populational consequences: as more adults participate-lohger
in the co]lectiVe reproductive effort,'pobulations may grow
]arger. Thus increased adult survival may also be imp]icated

| in high densities of flooded mabsh pgpulations.

3.4.2 Timing differences and “1ife history adaptations
"No significant'differences in timing of adult actiJityi
were observed either over tHe seaéon or Qn'fhe déilybscale;
;Complete overlap‘in daily activity is consistent with the
results o;, other stddies oﬁ closely 'reiated 'species
(Paarmann, 1966; Goulet, 1974; Spence, 1979a). |
As regaﬂas seasonal timing, it must be.nbfed that the .
~_population-gcurves arg'truncated‘at. both ends because thé
wactivity -season' for these speciés started and ended before -
éamp}ing was commenced and terminated. ‘However early spring
. collection of females suggests a_léteh’pnset of activity in
A. thoreyi. This appérenfly led to a timing differeqcé of
.almost a monthibetween the beginniné of the breéding‘period‘
of 'this species and that of A.. ferruginosum' and A.
nigricéps. Gther workers have observed similar delays in the

‘reproductive period of A. thoreyi relative to other marsh
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Agonum in various parfs of Europe (Dawson, 1965; Greensladé.
1965; - Wasner, 1979). This may be related to a higher
temperature threshold. for activity and ganad development.
.The ‘implications for coéxistence of diffeﬁenqes
in bheeding‘ time mé} be at the larva\ stage. Carabid

larvae ~ are notorious for theig

aggressiveness and
will readily attack other larvae of hgeable size, even
their conspecifics. Thus in dense ¢ u»;. ions such as in the
ma%sh, 91mu1tanéous hatching peaks of several species might
result in a high level of interépecific predation fadqed to
possible cannibalism). If such  situations occurred, they
might be more detrimental to the small s%zed Qpecies because
. their larvae would be\disavéntaged in encounters with larvae
of ,a-lgrger species (high.adult.densities coupled with high
- egg production sugéest high Jarval ‘densities, thus maKing
such encounters very likely)2, and would perhaps suffer
»heaviér 1stes by beiné wounded or eaten.

However a smail"species_ mayt bridge the size gap by
breeding early: if its larvae hatch out earlier lthén? those
~of larger sbeciesﬂ'fﬁey could grow to a sufficient size té

later withStandicbhfrontaffons in encounters with larvae of
larger species wheﬁ, the 'lafter begfh‘ to emerge. A_time
‘difference of only a few weeks would be sufficient.
Intraspecific ihteractions woufd ﬁnot be_pfecluded in tha{

A

way, but the togal.ﬂof_.both‘ inter- and intraspecific
2Low numbers of larvae sampled during- this .study resu]ted,
from their difficult extraction, and certq‘ply not from low
densities. -t ' : o
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interacti¢ﬁs for a species would be reduced.

In the guild under consideration, A. nfgriceps‘is the
smallest species: A.,ferrUginosOm is intermediate in size
and A. thoreyi 'is the largest (see Chapter 5). As was shown,
the two former specie§ breed eanl#ef}than A. thoreyi. Thus
it is >possible that the discrepancy in reproduction
represents an adaptation that helps {he smaller species to
coexist with the larger dpe‘ by minimizing .detrimental
effects of aggressive interaéfions'by larvae. This pattern
might have. greater importance for- A. ferruginosum which
showed greatest habitat and microhabitat overlap with A.-
thoreyi. -

The above mechanism may easily evolve and be maintained
by selection at the inéividual level. If early hatching and
debe]opment are linked to greater chénces of survival, éggs
and larvae with 's]ightly lower development and/ér growth
threshpld wii] be selected for, thus gradually ]eédjng to a
“shift towards early breeding in é\bdpulation._An empirical
”‘fest.of that hypothesis could be provided by Aexéhining
,breeding ‘times. in -areas of allopatry';fcr the species
cohcefned.

It ‘might be argued that A. nigrfceps beéins-to breed
earlier than the other species because o% an apparently
lower rate oﬁ«deVelbpménf: early breeding would enhance the.:
chances forﬁ a 'sigﬁificant porfion of its offspring
population to complete deQelbpmént;and reach the.adult stage

before cool autumn temperatures and early cold spél]s.f This
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schemel seems less likely for A. ((ennuglnosum which
apparently completes its development rapidly, with tHe bulk
of tenerals already emerging in mid-summer. It is possible
that early breeding time is primarily governed by duration
of the developmental programme in A. nigriceps while .being
maintained by interspecific interactions in A. ferruginosum.
The data do not allow me to discriminate be'tween these
hypotheses. ‘

The seemingly 1engthy.development of A. nigPicepS may
be related to the tendency for this species to occur in

structurally simple microhabitats (Chapter 2). In  these

sites’, it is likely that the overall abundance of food is

lower than in, for example, dense patches of dead plant.
Individuals épending’a sighifi&ant portion of their time={h
patches/ of habitat of low productivity would see their
deve lopment lengthened. 4 |

Reproductive efforts_of all species occupiea a long
period of the summér and were remarKably high in both A.
ferruginosum énd A. thoreyi. Wasner (1979) reported
similarly high fertility for A. thoreyi populations of
southwest Germany and hypothesized that this, ‘cbupTed with
the prolonged egg production phase, could cbrpespond to a
form of ébneading of risk [in Boer’'s (1968) sensé] in time.
- The preéent data are c&nsistent with this i?terpfetatioﬁ.
~ However, more factors are likely to be 'imp]icafed, because
eggs laid late in the summer probably never ¢om§]eté

'development to the adult stage befoge the winter;“Murdoch

A

b
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(1966a) has suggested that food shortage may occasionally
occur among mérsh Agonum populations. Differences in food
availability may explain dramatic yearly variations in
fertility observed by that author and by Wasmer (1979) in A.
fullginosum and A. thoreyl respectively. The high
reproquctive efforts observed here for A. ferruginosum and
A. thoreyi might thus reflect a great abundance of food
items, suggesting that these species might be r-selected. On
the other hand, the long developmental time, low summer
mortality of adults and relatively 1low fertility of A4.
nigriceps suggest a K-selected species. Wasner (:1879)
suggested tHat further 'inveStigation on the mechanisms -of
coexistence among sympatric EuréphiIuS’might well begin by
explor{ng such differences -in life history adaptations.
Evidence from the present study also points in  that
direction.

Wasner (1979) hasb proposed that timing differences
explain the microsympatry of four species of Eurqphilus in
West Germany. In a similar fashion, the dominant EUPophiIué
species of the George Lake area afford some pqrtitioning
along the temporal niche ax}s.which may account, at least in

part, -for their coexistence.

3.4.3 Wing dimorphism and marsh colonization
Lindroth (1949: 335ff; 1979) has = elegantly discussed
how geogréphicél_'variation in the relative frequencies of

macropters and brachypters of several Nearctic and
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' Pa]earcttc carabtd spec1es :pcanvt_be .‘related to the
lpost-glactal expan51on of thetr range from glaCIal refugta

ttln these specwes, populattons in the glac1a1 refug1um area

L4

'jare ent1re1y brachypterous, and the proportvon of macrdptershil

t 1ncreases as one moves aWay from the refuge. regton Such
p'explanat1on accounts for broad patterns of w1ng dlmorphtsm
'{They seem: corroborated by - htstortcally more recent range
vﬁexpan51ons of carab1ds 1nto newly formed habi tats (Dutch'»
h'polders), spear headed- b% ent1re1y macropterous populattons‘a
’v(Metjer, 1974) | 1 A
v Thts may lead one to suppose that .variatiOns '15' the
_>re]at1ve frequenc1es of wing morphs w1th1n a small regton
"areA1n51gn1flcant However there seems to be no work that__
Vdocuments' patterns of w1ng dtmorphlsm from ‘a. regional
‘ perspecttve part1cular1y in relatton to the d1str1but10n of

habttats

h,3 4’3 1 W1ng dImOPphlsm in A. n:griceps

' v The present survey of w1ng dtmorphtsm in A nlgrlceps,
: revealed startltng vartattons in the wing morph rat1o on the
reg1ona1 scale ~Far from 1nva11dat1ng - prev1ous_' ranget
iexpanston hypotheses,v these results imply. that ‘once- a
spec1es has L a w1despread d1str1but1on (A. nigriceps. |
v.transamertcan) Ioca] factors may come into play to affect .
“nthe relattve frequenc1es of . w1ng morphs

o

L Marshes'-are - patchy ‘habltats‘whtch may affora%vartoUs ‘

,degrees ofrpermanence dependtngfﬁpon the extent 'to which
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“they are affected by per1od1c droughts, such as occur in
centra] A]berta (e.g. ‘during th ,spr1ng of 1980). The
“maintenance of macropters,inlregional'pOpulations may thus
be favoured through“the’ recolonization of per1od1ca1]y'
"deanperated marshes The proport1on of macropters in a
given marsh at a. g‘ven t1me may result from~a comb1nat1on of
‘factors 1nclud1ng degree of permanence . of the marsh LRSS

_.age;- distance(.to other 'surrounding'marshes, its relat1ve_
isolation by wood]and patches as we]]»aS'.relat1ve‘ durat1on”
ot drought tnterva}s. The.discrepanctes.inlmorph frequencies
obseryeddiat adtfferent” sttes around Geonge Lake are
compatibte vWith, such ;a,‘scheme,<as they'may depend on how
kreCeht]y ‘ section of the;"lake‘ edge ‘has grown :marsh.
vegetat1on and ho%:p1stant 1t is from other marshy sections

»uaround the lake. A _ | ' N | |

The _re]at1ve1y recent —1ess than two hundred years—'

_opening of large patches of wood tand _1nto open farmland

'.-might have had a s1gn1f1cant 1mpact on the reg1onal pattern_

of w1ng morph d1str1but1ons in the study area, by’ favour1ng
the_ mu1t1plwcat1on of marshes hab1tab1e by A nlgrlceps »
E reduc1ng@%he j1solat1on effect prov1ded by wood]and and
~ perhaps enhanc1ng drought effects through a]terat1on of the
1oc51 cl1mate Thus the present pattern of wing. d1morph1sm
‘m1ght have part]y been induced by art1f1c1a1 and accelerated
a]terat1on of the env1ronment by man. |

At present no deta11ed.explanat1onvcan be given_for the

. observed regional pattern of wing ; dimorphism in A,

.
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hfgriceps,rbecause the data are too 11m1ted in  space and‘
time.' Attempts  to eXplain the pattern can constltdte an
‘extensive study . The problem could be approached by v1ew1ng
_each marsh as a terrestrial 1slandf, thus prov1d1ng_“
fascinating opportuntttes t0~'test, both ‘empirically :andf“
rexperimentally, predictiohs | of - the .théory of island
biogeography (MaéArthUr and'thson 1967) Field work mightv
beg1n by search1ng\an und1sturbed forested area w1th marshes‘
harbour ing popu]atloné of 'A. nlgrlceps (for example in
‘northern Alberta) and - compar1ng w1ng morph frequencies with

those of the George Lake area
: ~/

3. 4 3.2 W1ng d1morph1sm ﬁn A. ferruginosum , -
"~ " Known dwstr1but1on \Vrecords (L1ndroth 1966 5891\\\
‘suggeet that A." 'fePruginonMi‘“has a ~ more southern
distribut?on ,than ;A; .nigPicepé,t'with a;northernt1tmit in
wcentral - Alberta. The almost - entirely | macropterous
pobdlations of A;: Férrugtnosum in. the -etudyp area may .
indicate a relatively recent invasion of the"region. A
northWard expansion of the d1str1but1ona1 range 'of A.
fernuginosdm could have been driven by the open1ng of
_woodland ! in northcentral Alberta, which undoubtedly created

a myr1ad of new marsh hab1tats ~

ey
N

A ]



4. EXPERIMENTAL ANALYSIS OF CLIMBING BEHAVIOR |

4.1 Introduct1on ‘

An early observat1on in this study was that 1nd1v1dua1s

‘of A. nigriceps regularly climbed.and remaIned resting on

the narrow rims of laboratory containers in which they Were
Kept. Ind1v1duals of A. Ferrugrnosum and of A. thoreyl alsO“

showed this behav1or ‘but to a 1ess pronounced degree fhls

‘was' not observed in other Z?ecwes of Agonum and of carab1ds

'kept in similar conditions.

Even though ‘some carab1ds conf1ned to the 1aboratory

fd1splay aberrant react1ons (e. g Landry and Chamber land,

'-1976) poss1b1y in response to d1scomfort or stress, th1s did

not appear to be so for the present set of observatnons.xThe
c]imbers;. especially - Agonum, seemed to 1ooK“for~narroW,

elevated places and for vert1ca] surfaces,.1nstead of hiding

under shelter 1eaves as adults of most other spec1es did. It

appeared 11ke1y that th1s unusual behavior oou]d be related
to. structure of -the 'habitat in which these marsh AgonUmt
occurred name]y flooded vegetation. The tdea was that if
members of a spec1es spent a major part of their act1ve 11fe
among the.yegetat1on of inundated marshes, they m1ghtthave a

preference for foraging and resting on narrow, more or less

vertical surfaces, such as provided by, for instance, . sedge

and cattail plants. : dhe ] y
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In this chapter, 1 compare experimentally the frequency
‘,at.xwhich indivi@uals of'Various'specie§ of marsh Agonum use
‘yertﬁcal -surfaces, and - assess the possibil%ty that
~ differences in climbing behaviord may help account for,

. a _
differences in habitats occupied..
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4.2 Matér"iTl and methods - T

L Y

" 4.2.1 Species tested and hypothesis

Central to the tests were the main dwellers Of °
inundated marshés, A. nigPiceps, "A.  ferruginosum and A.
thoreyi. . Adults of these 'species,'were tested in all

experiments. A. Jutulentum was included only in the last

experimentx ther Agonum inhab}£ing the unflooded portion
marshes wsre also included for- ¢omparisdn.'-They weré:
gnatiosum, A. sordéns, A. supeniorls,ﬁiA.' affiné,
propinquum, A. ahchomenoides and A. mannerheimi. |
Adu]ts of a spec1es we;e given the opportunity to. climb
and stay on narrow vert1ca1 structures m1m1cK1ng plants _'It'

was hypothes1zed that the propens1ty for cl1mb1ng shou]d be

h1ghest among f1ooded marsh spec1es, in: connect1on w1th uSe

of  the vegetat1on as a foraging and resfing place, and less

: proﬁgunced or absent in specieS~main1y occupyinb unflooded'

portians of marshes because of more common'foraging on the

gnound._“Controls" i.e. adults of spec1es Known as benuine

‘epjgaeic beet]es' 1nhab1t1ng hab1tats never inundated were |

.inc1uded in the exper1ments They were A. cupreum, a dry

field inhabitant active on the ground, and A. retractum, a

<wood1and dwel]er living in the so11 11tter and among dead

leaves..
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4.2.2 Apparatus and laboratory conditions |
" Three Simflar\experiments were performed during three
‘summers"(1978 - 1980). Beetles used in the‘experiments were
collected af\varibus sites in the study area. - |
In all 'threei experiments} 600 ml pyrex beakers were
emp loyed as'experimehtal érehas in whiéh horizontal and
vertical structurestwére set (see below). Beakers were ;
covered with sheets of paraffin to.‘péevent beetles from
eécaping and tob maintain an adequate moisture,]evel. A
photdghéph of an experimental bééker is shown 1in Ejgufé‘17.
Experiment 1 (1978). Ten disks of filter paper of a
diamefer équa] to that of the béakefslwere‘ stackéd _Qh.wthe‘
: bottbm\ of each beaker to serve as hpﬁizontgl substrate. The
disksvfitted tightly fo jhe 7beékersﬁ sides  to prevent
carabids:  from crawling pepéath and remaining there
(thigmétagtié feacfion) thereby bLasing,:the rééUl}s.' Ten

\

iblunt tobthpiéks were insenféd into the paper 1ayers;to -

| serve as vertical structures; five of them had the top half

~ bent.. The:4pape6 substrate was moistened ~with distilled
‘water. ’ U .

E}gerimeht 2 (1979).' A1 cm'thick layer of moist mud
collected at a marsh edge was evenly applied_on'_the bottoh
of each beaker to serve as hQrizontai substrate. Six 10 cm
pieces of Carex rostrata stem f(with leaves removed) -were

- inserted intog the substrate as vert}ca{ struchfes.,Holfow

stems were plugged at their .tip with pieées of‘?wigs.
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Figure 17. A beaker wfth mud sUbstrate and

~for climbing expef{ment.

-1

sedge straws used -

B T

a
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Exgerimenti § ‘(1980). The setting was as in experiheﬁt
2' . | | | | .
Beakers were ahréyed( in an inqubator zat.wconStant
temperature and wiﬁh a 24-houf 1ight-dark regime. -
Photoperiods_‘webe comparable to,duratjbn of natural days at

ected and the experiments

the time beetles Wepe
pe;?ormed. Informat' hg on incubafor'séttings and dates for
all expérimeﬁts are ovi@éd in“Append€x‘ Iv. 'Qonditiqps
Aiffered slightly "aﬁbng experiments because diffefeﬁt

~incubators had to be used'each*time.

4.2.3 Experimental procedure |

Groups of 10 begtlés of fﬁé same species were
introduced into the beakérél Four beakers were gpt for -each
species inﬁexpériment 1, while sets ¢T“Two were prepafed in
expefiments'2 and 3. The beetles were provided AQithv plenty
of’ food (freeze-Ki]led,vestigial-winged,Drosophila)'for'the.
duration of the exper1men£. They were left for a few days to
" bécome habituated to the értificial>environment. Following -
the hébifuation\_périod,. tﬁe number of :BeetJes  on the
"vertical Structures'wasanecorded periodically. In exberimént
' T,,obserVatibns were made twice a day, once dur.ing 1ight'
time .énd ohce ;durfng- dark time. In‘experiments 2 and 3,
several recordfngs a day Qére made both"during photophase
ahd s¢btophase; Récdrdings were separated by at<least one
" hour, starting one hour after and ending one hour before

light-dark changes. Scotophase recqhdihgs were done with a

%
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head lamp covered with a red phologréphic filter (Nikkar
R60, Nippon Kogabu K.K., Tokyo, Japan) and with layers_)Gf‘
. paper tissue; the covered lamp light intensity was 0.1 lux.
After,a'recording,-beakers~\were bﬁief1y shaken to allow
redistri?ufion of the beetles, then were left undisturbed

unfil the next recording.

- 4.2.4 Treatment of the data
Numbers of beetles théf had climbed per recordfng were

expreséed as percentages of each species total test beetles
(40 in experiment 1, 20 in.experiments 2 and 3). Percentages
were tréﬁé?ormed'to arcsins (égpressed in radians) of their
square roots  to be. amenéb]e fd vstatistical analysfs.
Transformed vaTQes are héreafter referred to as ‘climbing
frequencies or scores. |
4.2.5'Mpﬁphomeﬁri¢ data

~ Legs are used'fn climbing and are thus the structqres
fov-.examine f0r. appropriéte mddifications;. No peculiar
structure, such asvadheSive'vést{ture, was fognd but it was
obvioué at a glanbe that the $pecies tested differed in body
énd inlieg size.
. Specimens that- served {p'experiment 3 weré Killed upon
- termination of fhe tests, pinned and spread. The following
mggsdréments Were taken on each'spécimen, quer a diésécting
S;QPOSCopé with an‘eyepiece micrométgr af‘é magnification of
100 (one micrometer division édualed 0.00625 mm): (1) length

e
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of - riéhtj’posterior tibia; (2)1éngt% of right posterior
tarsus (the suﬁ of all articles measured i;dividdglly);‘ (3)
standardized body length, i.e. the,§um of head, prohota] and
elytfal length,. measured individually (see fBall. 1972).
These measurements  were 'Qsed in aséessing possible

mdrphglogical‘correWates of climbing frequency.

N\
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4.3 Results

4.3.1 Species tendencies to climb _

Results of the three v&iﬂl?ﬁﬂiﬁté *are presented in
Figures 18 - 20. ‘
| Experiment 1. Climbing frequencies differed in all four
‘species tested duringw‘the day (Fig. 18a). A. nigriceps
recorded the .highest(-score, while A. ferruginosum and A.
thofeyi were intermediate, and A. cupreum, .the "control"
species, had the 1qwest‘score.

During scotophase (Fig. 18b), all c]imbiﬁg scores
inéreased; and A. ferruginosum .frequency was the same as
that of A. nigriceps. The relative magnitude of A. thoreyi
score compared to that of A. cupreum was the sé%e during the-
?night as during the day.

Experiment 2. One species, A. pPopinquum,rwas added to

the\grdup testéd. Day time climbing frequencies differed
among species (Fig; 19a). A. nhigriceps had the highest
| frequency, while ,A. ferruginosum, A.- thoreyi and ﬁ.
propinquum R showed intermediafe scores1 tﬁé former ‘two
performing about eqUa]]y;but.clfmbing mofe than thé latter.
Virth]ly no climbed dindividuals were‘\reCOPQed for A.
cupreum. .

During night time (Fig. 19b), A. ferruginosum and A.
propinguum showed slightly higher climbing -scores than
during photophase, the former’s frequency reachinthhat of _

A. nigriceps.



€

Figure. 18. Climbing frequencies of
experiment 1 (1978). Letters under bars
names as follows:

A. nigriceps; F = A. ferruginosum:

N \

T

A. thoreyi; C = A. cupreum.
(Means + 1 SE).

Agonum

stand

’

.

species .in

for

species
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Figure 19. Climbing frequencies of

experihent‘Z (1979). Letters under bars

names as follows:

' \ C':-
| (Méans't 1 SE).

A.
A.
A

nigniCépsj F.-= A. ferruginosum;

thoreyi; ‘P = A. propinquum;’

'cupneum.

~. . ’ -

\ .

. Agonum ' species = in

stand for species
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Figure 20. Climbing frequencies of Agonum species in
experihent* 3 (1980). Letters under bars -stand for  species

names as follows:

-p.

N = A,~nigriceés; F o= A fennuginoéum;
= A.-fhoreyi;~L,= A. IUfUIentuhj | ?
2 A;'pﬁbpindUum; Su'=_A.;superjbnfé; )
AF = A affiné;_An EYA; anchomeno ides; \
fR7='A;'betnactum;'G‘= A.agnatiosym{ .
S0 = A SOhdéns; M= A mannenheimi;_ﬁ
C = A. cupreumn. B ‘_ - . & ;

" (Means * 1 SE).
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Exgeriment §.  Both day'and night c]imbing'freqUencies
varied widely emong’the-thirteen epecieszteeted - (Fig." 20)..
,Ai‘ nigriceps again scored bhighest; but was joined byAAb
ferruginosum at night. Intermediate‘scoree werelbecofded‘for
A. gﬁati’osumQs A. superionis and- A. sondens, while the
‘remaining species  showed relat1ve1y low scores. Most epecies
cl1mbed sl1ghtly more dur1ng night time. |

Resu]ts of the, three exper1ments were eveluetedmcwith
two- way analyses of var1ance,.shown in Table 8. D1fferences
i among spec1es were hlghty s1gn1f1cant in ‘a]l, exper1ments

VHowever in exper1ment 1, the effect of day night cond1t1ons

‘ accounted_fbr more of the qbserved variance than differences -
among species.tfor tbat eXperiment, it can thus be conc1uded
tnat species differed"in climbing \frequency, bbt that'
"vday‘night.‘cbnditjons ‘had a more marked effect; however the
' effect offeondftions did not atlter the %elative per formance
of the species.. . . - ._

.Interactions_between day-night condtttons and 'spectes.
were significant in'beth'experiment 2‘and~3, bUt'dﬂffebenees
among spec1es absorbed a much greater proportion of 'the//*
variance than both cond1t1ons and 1nteract1ons The/effect'
_Qof cond1t10ns was' not s1gn1f1cant Ther//ppe in these
experiments, 1t can also be concluded that spec1es dlfferedQ
in ctimbing frequency, but ~ th t///felat1ve extent of

_performance for most specles/Var1ed s]1ght1y between day ~and
,/ .

-

n1ght
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TABLE 8

Two-way analyses of variance
. for the percentage of beetles that climbed sedge straws

,
A. EXPERIMENT 1 (1978) , % |
‘SOURCE df 's.s. M.S.  F . p
Species ) 3 . 447 1.39 35.74 ¢.001
Day-night - 4 2.5 2.45  62.85  <.001
 Interactions =~ 3 0.23 0.08 1.98 - 122
g \"Remainder 88, 3.43  0.04 |
" B. EXPERIMENT 2 (1979) -
\ SOURCE . | df ' S.s.  M.S. F P
Species 4 25.33  °6.33  41.34x  <.005
Day;nigﬁt o 1 1.08/ - 1.08 . 7.04% . >.050
“Interactions . 4 0.61 0.15°(  2.43  '..048
‘Remainder. -~ 253  15.90  0.06 )
| S :
C. EXPERIMENT 3 (1980)
 SOURCE df 5.5. M.S.  'F b
Species 12 44.72 3.73 20.72% <.001
Day- n1ght . 0.33 033 i.83%  >.100
Interactions 12 2.15  0.18 5. 89 <.001 -
Rema i nder 559 16.98  0.03 o

* tested over interactions M;S,
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The 'salient points to retain about the results Sre the
following: (1) A. nigriceps consistently showed the highest

elimbing scores -in all experiments, both durﬁngvday and

,night time; (2) in all experiments, A. fenruglnosum climbed

more dur1ng the night than dUP1ng the day, and at n1ght its
olxmb1ng score equa]ed that of A nlgrlceps (3) species
Knowrj_~ to occur in the unflooded zope of the marsh general]y'

showed 1ntermed1ate c]1mb1ng frequenc1es, ‘(4) . climbing

‘scores of the control" spec1es were among the lowest.

Despite discrepancies ~ amdng results of the experiments,

probab]y owing  in part- to differences in conditions (see
Material ahd'Methods). and the 11m1ted scale of these tests,
the artificial sett1ng§ were sufficient to evoke responses

among'the‘species that roughly supported themhypotheSis.

4.3.2 Leg size and climbing l B \ v .
Means of standardlzed body length (SBL)J posteEior

't1b1a and poster1or tarsus lengths, along w1th the species

overall c11mb1ng scores (from day and night data pooled) are

\

prov1ded in Table 9 for a]] spec1es tested.' Relat1onsh1ps,-

" between morphometr1c data and climbing scores were examined

with correlation  -analysis. " Pearson’s correlation

coefficients. (Table * 10a) ~ revealed that all three

morphological. features were significantly correlated . with

4

climbing ‘scores. All coefficients‘webe negative indicating

that_olimbing frequenty increased with smaller body’eiie and

- shorter posterior ’j}piae and posterior tarsi. However very

!
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!
TABLE 9

4 ‘Mean values of body and leg measurements
- and overall c11mb1ng scores
for the species of’ Agonum tested in climbing exper1ment 3

- OVERALL _  LENGTH OF  LENGTH .OF

SPECIES . CLIMBING  SBL  POSTERIOR  POSTERIOR
| SCORE . (mm) TIBIA TARSUS -
o R (mm) ~(mm)
A. nigriceps . 1.115 " 5.22 . 1.49 . 1.51 .
A. ferruginosum  ° 0.840 - 5.99  1.73  1.43
A. grat iosum 0757 - 6.42 2,14 o 184
" A. superioris 0.696  6.44  1.93 1,57
A. sordens’ 0.682  5.22.  1.57 1.21
A affine 0.501 8.19  2.34 1.86
A._Iutu7en%um' ’ 6.418,e .5.87 - 1.73 1.50
A. thoreyi - 0.378 ~ 6.76  2.05  1.78
“A.. propinquum 0.297  6.55  1.91 . 1.49
A. retractum 0.289  5.92  1.84  1.38
A. anchomenoides  0.210  6.03  1.87 - 1.83
A.- cupreum 0.191  8.10 2.40 2,09
A. mannenheim{¢ 0.106 . 9.50  '3.28  2.83
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< © TABLE“10.

Pearson’snand partial correlation coefficients
- for morphometric data and climbing scores from experiment 3

A. PEARSON'S CORRELATIONS

POSTERIOR :  POSTERIOR CLIMBING
|  TIBIA TARSUS ~"SCORE
SBL U961 (<.001)  .931 (<.001)  -.586 (.035)
~ POST. TIBIA .62 (<.001)  -.531 (.034)

_POST. TARSUS - -.483 (.094)

B. FIRST-ORDER PARTIALS

" VARIABLE & VARIABLE HELD CONSTANT |
CORRELATED : ,

" WITH SCORE - SBL " POST. TIBIA  POST. TARSUS
SBL . - ©-.083 (.798)  -.406 (.191)
POST. TIBIA  -.122 (.706) -~ ~ -.524 (.080)

POST. TARSUS 156 (.628) .383 (.219) -

Ac\‘ N

C. SECOND-ORDER PARTIALS

VARIABLE ‘ " VARIABLES HELD CONSTANT

CORRELATED : : : :
WITH SCORE SBL+ - . SBL+ POST. TIBIA+
: : POST. TIBIA POST. TARSUS.  POST. TARSUS
SBL .- -- -.028 (.936)
POST. TIBIA S -.365 (.270) - --

POST. TARSUS  .376 (.255) .- .-

Numbers in parentheses are significance levels.
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marked correlatfons‘amond the three sets of morphometric
AN

data suggest allometric effect of body size on leg length.
In order to assess the_1ndependent contribution of each
morphological -parameterf{tox the relationship with climbing
scores, firstf and ‘ second-order partial correlation:
coefficients were computed {Table 10b and 10c). With the
etfect of posterior tibia controlled (Table 10b),
‘correlation of SBL with ctimbing score was reduced. There
was also a reduct1on in that relat1on w1th poster1or tarsus
length held constant Correlat1ons§gf‘both leg parameters
were markedly reduced with effeqgt of body size controlled

‘but Tt 1s 1nterest1ng to note that the coeff1cnent changed

- sign. With both leg parameters; controlled simultaneously,

the second-order partial for SBL (Table 10c) became
essentialty'o, indicating that the,relationship between body
'size. and climbing frequency ‘was spur1ous In contrast

second-order partials for both t1b1a and. tarsus length were
higher that their f1rst-order ‘counterparts. - Even though
"second-order partﬁals for ° leg . parameters are not
statistically significant, fthey suggest an interesting
trend: hiéher.climbing scores.wouid tend to be ‘associated‘
with 1onger‘ postertor tarsi but with shorter posterior
 tibiae. Morphological features of the legs accounted forf”
Tittle of the observed var1at1on in mean c]1mb1ng score (13%
and 14%  for posterior ‘t1b1ae . and - poster1or tQFSI
'.;respectﬁyely)._NeYertheless the data of Table 10 reveal that

adults of A. nigriceps, the speciés with the highest
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climbipg score, are ‘the only ones- to possess posterior

tibiae that are shorter than the posterior tarsi.
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4.4 Discussion

\

/
4.4.1 Habitat strﬁc@ure and climbing

i

The highest/climbing frequency of A. nigriceps adults

is consistent wﬁth its more frequent occurrence than adults

of other speciesfinvstructurally simple, less dense patches

- of vegetation of the flooded marsh. Such patches imply for

foraging beetles;the \use of narrow vertical stems. The
S P y : v
tendency of A. nigriceps: adults to rest on similar

-structures 1in &he 1abora£ory may exp]ainj why their
distf%bution‘ i% the mafsh l appéared‘ insensitive to
microhabitat fea{ures (see Chapter 2). h -

On the ofHer hand, 4. ferrug i nosum and A. thoreyi

adults had lower climbing scores and this is correlated with

their " marked association with patches of dense dead

vegetation, where the compact, intricate structuré bfobably:
mgKes it easy for‘them to fofage without muchAF1imbing. The
association of A.Ithoreyi adults with emergént substrate'and'
with unflooded macrohabitats may further expféin_their'1ower -
'climbing.frequency thaﬁ that of A, fefr&gihosum .adu1ts.‘
Know]édge of 'microhabiiafs of Al lutulentum is sc%nty but
wdu]d_suggest an éxp]anation sihilar to that given fofv A.
ferruginosum or A. thoneyi. ) | 1

It was '¢onsistent1y observed thqt A \?erruginosum
adults climbed as much as those of A. nigricéps during the -
night but had a 1owér c]imbing "fnequency; ducing— the day.

'This behavioral patterh may be linked to nocturnal activity
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of the former group (Chapter 3). In connection with greater
occurrence than A. nigriceps in densely vegetated patches,
this .may reflect a different preference of A. ferruginosum
adults for resting sites during day-light hours.

Species-specific behaviors observed in the experiments

therefore generally support the hypothesis set forth in

Chapter 2 that the vegetation structure may affect the

vspecies distributions within the flooded zone. Given the

limited scale of the experiments performed and lack of
Knowledge of mechanisms underlying habitat associations,
explanations for some of the differences are not poﬁsib]e;

such differences may indeed be part of the normal behavioral

flexibility of these earabids. Experiments such as these-

obviously have 1imitations and biaseé.' Marked thigmotactic
reflexes and 1light avoidance reactjons (al] spécies tested
eXCept'perhaps A. cupreum are in all probabilkty ndcturna])
make them difficult subjegtsf_ r'manipUIation. Further tests

of climbing behavior might attempt to provid

: - N

; form of.
shelter ip/ addition to the subskrate'offgvi" However the
addition of factors might gréat1y comp]icat#k“t

daté and interpretation of the results.

VRS
*

2

4.4.2 Leg size and c]imbing | ; : o .
Lack of s}gnificant correfatibn between climbing and

feg strﬁcture dbe§ not ‘negate the possibility of a real

relationship. Beside possibleibiases ih responses caused . by

artificial conditions, a Jlinear model such as that of



,correlationd analyst . may not best descrlbe the pattern It

-tsttike1yzthat muCh~o_" ,e‘contr1but1on to the 4corre1at1on
is accounted far by A. ntgrlceps oy |

B -Short t1b1ae and long tars1 ohviousty"present ran |
'advantageb _fons. 1ncreas1ng c]Tmb1ng 'abi]ity» on narr0w
structures such as. p]ant stems A ‘nigricéps'is the spectes
whose adults possess th1s tralt deve]oped to the h1ghest‘
:degree w1th tars1 that are even longer than t1b1ae Klopferﬂ
l(1969. \55), has 4 noted that rv_ery minor morphologjcal-ﬁ
~differences can‘lead'to\SUbstant1al onesﬁin relattve success
of exploxtat1on_’ of part1cular‘ habttats."ln - carabids, -
;profound morphologtcal adaptat1on5' areh Known thatt are
related.;to habi tat . exploxtat1on (Th1e1e, 1977: 3ff), but

minor adaptat1ons have also been’ recorded (Andersen. 1878) .

In " tegpical  arboreal _ spec1es, tar al’ , " modifications

vapparentlbyenable aduits of the species that ‘oossess théseg
- on. tree follage (Erth,.1978)u In water str1ders.
Sbence (1979b) reported that “leg length was related to
“foraging eff1c1ency in' emergent vegetat1on Prése@tvdata
suggest that A n:grtceps adults also possess morphologlcaI;

adaptat1ons in the re]at1ve size of the1r leg segmentsw;

allow eff1owent forag\\g in theqr hab1tat. Evolut1on‘ of
}n1che re]atlonsh1ps, and espec1ally habrtat drfferent1at1on
among Agonum members of the marsh guild m1ght have been
_gu1ded;{to. some» e;tent by d1fferences in ﬁapab1l1ty or Tn

-

-pre-adaptations to use strUcture_of vegetatidn.v‘u o
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5\? .4.3 Climb1ng and crypsis in A nlgriceps -
\\ L1ndroth (1966 584) noted that the yellow ground color
‘and. str1ped pattern of A. nlgrlceps adults 1s un1que among
' Agonum which are generally dark colored carab1ds3" This

coloration is _puzzl1ng ‘as_ regards its or1gln -G. E Ball
‘(pers; comm. ) isfnnotd»aware_ of any spec1es that may be
-phylogenetiCally related to A. nigniCeps on the baSis‘of
mscolor. The'flat bod&, fragile appearance' and hcolSWation
‘remindu, one of~ European Demetrias or DPomiUS .adultsﬁ
(Lindroth, 1966 583) which oo1nc1dentally ar; also climbers
(arporeal);.lsgutf relationships wrth,-them are precluded
tbecause they’pelong tola differentktnibe (Lebiinil ‘and. the
superficiaﬂ resemblancel is probably ., the r'esul:t;l of
,‘convergence _; » | .f o

_ A likely explanation for the colorat1on of A. nlgrlceps

| vadults_js that -it constitutes a crypt1c pattern matching thevp
| backoround'of its'princlpal“habltat-—namel; sedge’ Flgure 21
shows a sketch of an individual of A nlgrlceps in a typlcalv
rest1ng posture on' a sedge leaf: buring day time, beetles
are observed ,on' sedge blades . posltloned in that
characterlst1c manner, many in very ekposed sites (e. g edge

~of a tussock) The antennae are held parallel to one another

in l1ne w1th the- long1tud1nal ax1s of the body, pointing in

I A, nlgPiceps adults are sexually d1morph1o° relative to
.color: - males havé‘*su1ny black -abdominal sterna, while
females have - entwrely ‘pale yellow sterna. This is
‘independent of wing:- ~condition. This character apparently
eluded Lindroth (1966) who described the spec1es (p 584) as
pale yellow abdomen darker head blacK

»



'Figuré 21. TJypical resting posture of A. nigriceps on a

- sedge leaf.
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a most Unuéua] forwaﬁd"directionf I have not 6bservéd‘ any

other carabid adults holding” their antennae in fhaf'ﬁay. In
A. higriceps,-this position of the.antenﬁae almost seems  to .
be 'a Eéflex once at res%. in‘additiqh, legs qré‘held along
" the body. Beetles thus posjgionéd seem to flatten themselves
on leaves or stems. Bleﬁding'wath the vegefation‘is amazing
»in;the field, and beeties mayfeasi]yveigde an untrained éye.
Such i posture$ ‘yere alsb _ob;eryéd "in  the climbing
'experiments. ‘:. | - " | . |

| Ahéfher line of sﬁpport for the crypgis\hybdthesis.
comes from arthropods fgund with A. nigr?cepé émS%g the dead
'sedge growth or at the base oF,grow{ng shoots (the b;;e.of
these shoots ié frequently yellowish brown with. bTaékish
veiﬁs). In particufan; SOmé spiders disp]ay a very similar
color pattern (ngure éﬁ).' This is most remarkable for
Pachygnatha.;frjsfrfaté} spééimens, a tefragnathidAépeCies,‘»
»whOSe_cephalotﬁérabes show a_gattern‘much'réseﬁblihg that of .
pthe“prohotum ahd elyfra of A. nigriceps adQlts. indeéd-
during fie1d‘su;ve§s I\frequenf]y‘picked.these‘spiders among
the- submergedl plants when %hey had their abdomen hidden, -
.mistaking them for A. nigriceps. Several other arthrbpodéw
énd- inyértebrates bco‘océurrfng wﬁtﬁ_ A. 'hjgriceps have a
yellow'ground co]ob,marked;wiih dark spoféibﬁ 1ines"(among
them were chrysomeiid and coccineHid beélles, Teafhoppers
and'snailé). All seem tO»{nhabft the 1ow¢rf stratum 'of,‘thgﬁ
flooded sedge - and = cattail fvegetation* which f;'

characteristically yellowish brown:



Fi'gur‘e.r 22. Body ou-tlineé of A. nigriceps and of spiders
~ found in ftiwé marsh vegefation. : |

A}.'.. Pachygnath_a,tﬁistr*iata (11.5 X)

. B. Tibellus oblongus ’('_1-20.5‘ X) |

C. A. nigriceps _(11'.5 X.) |



>
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A CPypth coloration may be advantageous for: protect1on
~against v1sually hunt1ng predators. : Examp]es of - m1m1cry )
: poss1bly 1nvolv1ng predator avo1dance haVe been descr1bed 1n'
arab1ds of the genus Lebia (L1ndroth 1971), Blend1ng with
the hab1tat background is we]] known anong 1nsects as a

means of reducing predator efficiency, and may have evolved

in A. nigriceps to reduce consp{cUousness of its adults on

the relatively open vegetation of their habitat. / ‘



5. COMMUNITY ANALYSIS AND GUILD STRUCTURE

>

5.1 Introduction -~ .~
| Fqllbwing the formal mdulding of tﬁe_niche concept‘info
the . hypervolume model »(ﬁutchinsoh, 1957, 1965: 32¢f),
fhéqretical.and empibicallw0nks hévealattemptéd; td provide
the model with feaéibﬁe ‘approximations ‘to field data.
vSeQeraI metrics ,have{ been proposed to express obéénved
patterns qf neso@rcé paniitionfng in comparable synthetic
quéﬁtitative measures (Horn, 1966; MacAr thur’ and “Leviqs{
1967; MacArthur, 1968 Levfns} 1968}.C01we11'and Futuyma,
1971; May and'chArtHur, 1972; Roughgarden, 1972; Pianka,
1973). | | | | | |

f«
een devised with -implicit

. Most nche metrics have
assumptioné\ “of operating compétitién"(MaCArfhur, 1968;
Vandermeer, ?972; dey; 1974),»which}is genéra]ly aséumed to .
"be ﬁ the pérvasive force{. leading to aﬁd"hainfaining
segregatiph\of'speciés along hiche axes. Sqme such measures
_ of distribution of 6670§curring species over shared nesourée
spectra»héve'even been{équated with estimates of competition
coefficients, notably the a's of the Lotka-Volterra
equations (Vandermeer, 1972; Hutchinson, 1978:  165ff).
o Criticiems have been‘1é9e1]ed at the latter course of action
as béiﬁg'inappbopriate (Salej.1974} Pianka, 1975;_ Whittaker
and Levin, 1975: 175; Lawlor, 1980), because différential;
‘fresburcé use is no~pr60f of ‘pontihued~ bompetition‘ (Wiéné,'
b
140
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1977). /
Altheugh niche measures, such as tﬁe“frequently used
_ breadtﬁ and overlap;'obviou$ly'heve'shertcominge and must be

used with caution in comparisons (Whittaker and Leyin, 1975
1 25 Pianka, 1978: 245}, they are useful because they afford
a\(neans of organizing field data and .may help in. e]aborat1onv .
or test1ng of, generalizat1ons for niche theory (Colwe]l ‘and
Futuyma, 1871).

o In the preeediné chapters, I have showeathat Agonbm
species distribetiqns within marshes were sensifive to
habifét Heterogeheity (Chapter 2), and that there were - also
di fferences in* timing ahohé species (Chapten 3). The
’ana1ys1s of fhise chapteb Qas under taken to. deecribe the\
patterns of part1t1on1ng of these carablds in a more general
‘way, using some of the’ techn1ques deve]oped for n1che
’ analys1s 1 “also aseess‘ the'apotential eecurrenee of
1nterspec1f1c .interaeinns' and ’thevposSible impertance of

size d1fferences among the dom1nant members of the gu11d
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5.2 Methods

5.2.1 Niche breadth
Niche ‘breadth of a species rgpresents its spreading
along a resource axis or set of resource states. It was

determined bw‘Levins'(1§68: 43):

B =i(nY Pi2)-

“where Pi \is the proportion of the species in the ith

resource unit (or state), and n represents the number. of = °

resource units studjedLlThe breadth B can take yalues from
1/n to 1.0. A value of 1.Q'3ndicates‘equél distribution over.
a11‘ resource _statés,’vrw ile-a valuef of 1/n indicates
concentration in a single resource state. Breadth van;s\ of
the dominant species of Agonum were cthuted with respect to
macrehabitatsﬁ'micrehabitats and breedihg time. For the
Tetter proport1ons of egg- carrying females from the

~~\seasona1 total were usedh

5. 2 2 N1che overlap
The niche Qverlap 1ndex is a measure of the degree to
wh1ch two . spec1es share a resource set and was determined

by»P1anka (1973, 1974):
o= 0y = (X Xxi.vi) / (X xiz Yvizjo.s

where Xi and Yi- are ‘the relative abundances of species x -

~and y with respect to the ith resource unit. The main
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‘advéntage 6f using this index of overlép instead ‘of -other
measubes '(e.gl Levins, 1968: 51) is its‘symhetry for the
species concerned. The - sUpehiérity of this formula over
non-symmetrica} ones was démoﬁéthated“by May (1975) and |
discu$sed by S1obodchikof f anduS¢huiz (1980) .

OQer]ap values were cdmputed\for all Species pairsvof‘
the marsh community with resp;ct to macrbhabiiaté.v Over laps
in macrohaﬁitats, microhabifats and breeding time Qere
_Calcu]ated{fdr the ﬁumerica]ly most abUndant Agoﬁum;llFor
micrdhabitéfs, two overai]_overlap.values were computed: one-
by takingvthe préducf” of bverlap vélQes_ from individual
microhabitats, and one by calculating theirtérithmetic mean.
The two resu]ting yalues pﬁovidéd a lower and an uppef bound
of overlap estimation over combined‘ resource sets (May, -

1975: Pianka, 1975)."

5:2.5 Deﬁdrogﬁams

Macrohabitat relationships of the marsh communify“hgre
studied by mean§_of dendrograms based. on degree of over lap
among species. The method of computatién of over]ép_valueg

is despribed in the preceding section. Dendrograms were

’ derived from oVerlap matrice; 'accqrding to the technidue
: described by Cody . (1974:° 92fFf), which is in, essencé/ a
‘Asimp]ified, clustering method. Briefly, the technique
éombines the species pair having the highest overlap value
into,‘a unit whose new oveﬁ]ép with ééch~ofhgr,ﬁember of the

- community is the arithmetic mean of the respective ‘overlaps
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of the twa component specﬁesﬂ prior to their combination.
This comb?aation procedure is repeated until all species and
units are clustered.

Species with on1§l~one sampled individual, or obvious
stragglers (e.g. two long-winged A. decentis were found in
the cattails) were excluded féom the analySis. Species with
very low numbers were included if theif ‘océurrenée in  the
marsh  matched their Known - general habitat '(ba;ed. on

Lindroth, 1955b, 1961, 1966).

5.2.4 Spatial association analysis

Empirical ‘evidence for interspecific competition is

indigated if distribution and/or abundance of two or more

species ‘are mutUally exclusive, or at léésf negé%ive]y
corre]ated; | |

Tb ‘measure spatiél association among species, numbers
of captures of each species in particular samples were used
to caiculaté Kéndallis coefficients of rank cofrelation;

.

Dnly'samples~with ten or more beetles {from all species

»pOoled) were selected for analysis.'Separate correlations

were then evaluated .for sets of~ samples from different"
macrohabitats. Each species was_tested againsf'all others

combined.
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5.2.5 Sizg helaéionships |

‘ GroupS of beetles belong{ng‘to the four dominant Agonum
species collected at the main study sites were measured.
Measurements were ., taken as described in Chapter 4 (section
4.2.5). Standardized body length, used as an index of ‘body
size, and labrum width, taken as an indei of mouth size,

were recordgd.and compared among species.

2
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5.‘_3'Results_w . ' o I

5. 3 1 Macrohabitat relationfhaps of the community

- Dendrograms shOW1ng -\relatlonshipS' of macrohab1tatu'

-presented r1n F1gU%es 23 and 24 for George LaKe and Barrhead'

' reSpect1vely I s ~
DR The George LaKe commun1ty (Fig -23) can«be/d{;:d;dﬁinto

" two maJor groups or gu1lds (here sensu Root 1967)" one to

Re] -

;ther left of the dendrogram, 1nc1ud1ng A. mannerhelmf to A.
%sordens a cluster of spec1es: whose adults pr1nc1pally'
| 1nhab1t the unflooded port1on of ‘the marsh, “and one
‘eompr1s1ng.A anchomeno:des to A. lutulentum, whose adults

£ live mainly in 'the flooaed zone. The gu1ld From the

‘unflooded zone can be further d1vided 1nto two  sub- gu1lds

Ty S

'the ~one. of A. mannerhetmi to A. gratlosum roughly occup1es

-\jhe wet Forest ‘margin whlle the one formed by A. superloris

’ ‘overlap among members of. the marsh carab1d commun1ty are .

-

" to A. sordens 1s malnly found in- the unflooded sedge o

' Overlaps w1th1n these two sub- gu11ds reach extremely hlgh'

4} values‘ 1nd1cat1ng t1ght uspecies,pa 1ng In contrast ~the’

‘ flooded marsh gu11d is' much ‘moré' loosely organ1zed as

N

spec1es pa1rs show on average lower overlap values

‘n’

One spec1es, Blethisa multipunctata ~appears to be

sandw1ched between the two ma jor gu1lds. as dIStrvbut1on\5f

‘ 1ts.adults was sp between the flooded and unflooded marshd

zones Very few specxmens of this specaes were captured by»"

the quadrat method but data from p1tfa}l catches and hand -

N e
e
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-

-Figure»23. Déndrogbam éh@wing grouping by overlap values foh%f.
. macrohabitat of the marsh carabid community at fhe.GéoFgg

Lake~$tUdy»site.f
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‘Figure 24f Dendrogram showing grouping By overlap values for
macrohabitat of the marsh carébid community at_the Barrhead

study site.
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col]ecting would ‘suggeSt that B.‘multipuhctata belongs to

the guild:from the unflooded zone. . / .

' The .Barrhead' community (Figﬂ' 24), poorer in species.n

~‘than the‘George Lake one (see vChapter 2 for discussion)
ﬂrdisplays generally lower overlap values Three\groups more'
_or less clearly emerge: one loosely enoompassing Carabus‘.
}gmaeander to A. thoreyi one formed by the pair A. arf ine-A. |
‘fenruginosum and one composed of Pterostichus convinus to |
t A. Iutulentum. These correspond approximately to an :

-3unflooded sedge group, a group distributed - over both

unflooded and flooded sedge and a group mainly concentrated

- in sedge tussocks The Jooser relationships (lower ovarlap)
ramong some of the members of the first group empha51zes the
| relative nature of the grouping and shows that  some

: component members were not entirely restricted,vto the

unflOoded portion of the marsh - (especially A. thoreyi)
However high overlap is present -among some of ‘the members of
each gu1ld ‘

In order‘to asSess a relationship bétWeen macrohabitat'

overlap and»$5pecies abUndance, spec1es densities ‘were

'_iestimated by d1v1d1ng the total catch for each spec1es in a .

given macrohabitat by the total number of samples from that

habitat. These den51t1es were then averaged for each’

macrohabitat. : v ‘ - o . 3

Table 11 shows the average density of carabids in

macrohabitats adﬁpoth main study sites. Values are generally

wmuch lower in unflooded than in flooded zone, and small
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X 9 .
CTABLE 11 .
i (ﬁ ‘ l v.' B '
Average species densities in macrohabitat cafegor1es
at the two main study s1tes
o e . N OF MEAN | :
MACROHABI TAT - _ SPECIES ~ DENSITY = . &2
' 0.25 m'?‘
. ‘;Q?L - ) ) \‘rl; . ' .
wﬁgy fbrest margin | 5 0.24 "~ 0.03
funfLooded ‘sgdge meadow 15 0.2 0,13
‘flooded sedge meadow - 9 .,  0.77° 1.28
- sedge tussocks O . 7 | ]:33 3.3t
" “floating cattails o100 1.42° 0 8.00
 BARRHEAD | |
unflooded sedge meadow . 13 . 0.35 . 0.56
flooded sedge meadow . 6 .  0.97 1.59
sedge tussocks . .8 - 1.50 : 3.10
~ floating cattails .~ 6 . 0.50 - 0.24




‘variances are gssodiéted'With Tow deqsities ’(low dénsities
in the 'Barrhead éattails weré already discussed in Chépterh
2): \Tﬁesé resu]ts.7indfcate  that as overall abundance
increased, a few | speciés became 'mahkedly:‘dominant
}(numeriCa1ly}, and thus diversity decq;éSed. Tﬁelyery small
‘vari?nce observed at the forest margin (Gebrge'htaké)
jndicafes markedly .uniform abundancesfamong sbecies found in
that habitat zone, hence very high diversity. These results
ex;mined in’cohjunctibn with?f%e dendbogpams s‘luf'thgt gnxx

avepage,' high overlap wvalues- (gui]ds,gfhom'the unflooded&"

~

~ zone) tend to be_associatedJWifh'low species abundances.
'5.3.2 Niche breedth |
<.Niche \breadthé of 'the dowinant—sbeciés&éf\Agonum'for\
fhreefrésourCe sets are pﬁesénted in ,Tab}e ‘12, Breadth
>Vé1ue3;’giYen fob microhabitats'represenf meéns:bf‘four sets
of 'miCrohqbigats,'.némely patches of déad-VSedge, sedge
jtﬁs&;ocké, .patches of dead cattail ahd-céttail.substrate:
- each with‘twovresoufce ;tatgs;  _ |
'  On thg'mécroﬁabitat aimensfpn,'A. thoreyi, whose adults
are habitat Qenepalists, had the l;réest breadth which - took‘
'vir}ualiy identical values‘at’bdth marshes. At George LaKé;
A,”nignfceps had - an ihtermediate niche breadth: A.
ferrug inosum “had  the narrowest breadth as a resulthf its
"stﬁbng'peak~in the~¢attails'(Chaﬁter 2). At Barrhead, A.
vlutulentumﬁAhad ‘the ;néfroWestx~ni¢he}v_while ‘;he relative
" ranking of A. ferruginosu@.and A, higﬁiceps waé fﬁe‘vréversef

".f
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i

TABLE 12
Values for niche breadth and abundance rank.

of the dominant species of marsh Agonum
-with respect to three resource sets

~ SPECIES OF Agonum

'RESOURCE SETS | .
A , .nigriceps ferruginosum - thoreyi -

L

. GL! 0.540 °~  0.482 0.807
. macrohabBitats : : __— - e
\ . Bz 0.474 0.587 ~  0.810
microhabitats,  _ 0.941 - 0.729 0.720
breeding time = 0.887 . 0.757 - 0.702
. a2 13
abundance rank : ' B o . :
R B | 2 3

R Abbﬁéviétions; GL?Georgé1Lake} B=Barrhead. I

2 Habitat breadth of A. lutulentum at Barrhead = 0.437,
- abundance rank = 4. . ' o . :

~
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of that at George LaKe. .

With reSpect to m1crohab1tats,‘~A, nigriééps' had. the~
broadest d1str1bution.‘,A. .fenﬁuglnoéum and A; thoreyi had
nannowen relat1ve1y simiTar breadths, malnly resu1t1ng from
the1r concentrat1on in densely vegetated hab1tat patches

Dn the time d1mens1on, A. nlgﬁlceps again showed tne‘
broadest 'nicbe A. fernuglnosum was intermediate, and A.
thorey i, breeding later, was the mos t narrow]y spread.

A Thus A. nigriceps can be'qUalif}ed as a generaliet with
:”respect‘to micrdh$bifats'and time of-breeding, but tends te
‘be restricted~in‘tbe maerohabitat occupied. A. thoreyi is a
\macrohabitat generaljet‘but_is the mos t reefricted in both
microhabitats and’breeding time. A..féPFUQin63um ocbuﬁies an
5 intermediate pos%tion‘over'both”micnbhabitats and time, ‘but
diéplays a somewhat vaniable pbeit{onf with respect to
macrohab1tats | , w . i o |
N 'Discrepancfes _bbSeryed between . the _twe'rmarshes--jn
macnohabitat'breadtn for A. hfgriceps and, more pronounced,
for A. ferruginosum suggest that this dimension of the niche
is fbe most flexible oné among members of ihe fTooded marsh
‘gui1d There was no consistent relat1onsh1p between spec1es
abundance and breadth w1th1n the’ gu11d |
' 5.3.3 Niche overlap |
o Dve}fap values“for-pairs bf’the fhree'domfnant Agondm
: Specfes» are provided in.‘Table 13. Values ureIafing ‘AL

'quUIentum to other members of ‘the guild are not given



TABLE{13

- Overlap values for. three resoﬁrce<5ets
among the dominant species of marsh Agonum
at George Lake s1te :

156

'RESOURCE SETS

_OVERALL

P> DL D

. ferruginosum 0,900 0.876
. thoreyi : _

» . MICROHABITATS : -
SPECIES MACRO- — - BREEDING 'LOWER UPPER
PAIRS HABITATS LOWER UPPER  TIME  LIMIT LIMIT
LIMIT  LIMIT o -
. nigriceps 0.644 -0.740 °0.906 . 0.943  0.500 0.803
. ferruginosum = - e : - " \
. nigriceps 0.764 0.656 0.869 ~ .0.882 0.514 0.803
. thoneyj L L. ‘ . o
0.959  0.775 0.640

0.864
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* because of 1ncomplete data. | ) -

The data show that within all three pairs, hlgh overlap
aldng one or two nlche dimensions is ;assoc1ated'w1th lower
values along the,.third dimension" This pattern is more
pronounced for

£

ferruglnosum -A.. thoreyr

wthe palrs A. nlgrfceps -A. ferruginosum and A,

It also appears. that 'the pairs A. _nigriceps-A.
ferruglnosum and A{ nlgrlceps -A. thoreyi"are maiﬁﬁy~
segregated over the spatlal (macrohab1tat) dimension, while5
the pair A. ferruginosum-A. thoreyi is more n&arkedly“
djfferentiated _along the time~’dimension. These results
suggestfthat/difterent‘factors may be operating on different
~species to cause the observed 3egregat1on patterns.

Overall  overlap _ ‘values = (medians of m1crohab1tat
overlaps were used in comput1ng these) show that 'similarity.
in spat1al and temporal resource use is greatest between A.

fEFPuglnosum and A. thoreyi, while A. nigriceps overlaps

equally and to a/lesser extent with the :‘two former species.
. » ' .

5. 3 4 Spatial association -
" Kendall's ranK correlat1on coeff1c1ents (Tau's) for
varlous comb1nat1ons of the maJor species present

{

s1multaneously in samples -are given in Table 14 for three
macrohab1tats"’at the two main study sites. XA few
representatlves of 'theSe .'abUndance relationships are
depicted graphtcally 1n Figure 25. The rationale for testing

single spectesraga1nst the rema1nlng. ones lumped - together
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TABLE 14

Association 1ndlces (Kenda?%’s Tau) between co abundances
of marsh Agonum species N, SE
, from various macrohabitat o

1

ﬁﬁ“‘¥“a
e R T
ARSI 1

CO-OCCURRING SITE AND

SPECIES - SPECIES MACRO- TAU p N2
‘ IN SAMPLE HABITAT!' '
. GL-FSM  -.512 .101 8
- A. ferruginosum , ‘ ~ -
. nigriceps A. thoreyi GL-ST = -.302 .132 15
’ ~ GL-FC -~ -.376 .006 32
: A. ferrug.inosum )
. nigriceps - A. thoreyi . B-ST -.062  .730 18
: ' A. Iutulentum ‘ L o
o  GL-FSM' -.415 .i64 8
” A. nigriceps R .
. ferruginosum A. thoreyi ~GL-ST 0.0 .999 15

GL-FC -.230 .083 32

..~ A. nigriceps o
. ferruginosum A. thoreyi. - - B-ST .187-°.372 18
A. lJutulentum '

GL-FSM

' -.370 .209 8
A. nigriceps . ‘ ;
. thoreyi A. ferruginosum GL-ST >~  .109 .603 .15
| GL-FC =139 .297 32
A. nigriceps | L
. thoreyi A. ferruginosum B-ST - -.289 .107_ 18
, A. lutulentum ‘ :
A. nigriceps o
lutulentum A. ferruginosum B-ST - -=.,207 .261 18
A thoreyi T , '

‘Site and macrohabitat designations: GL= George Lake; -
B=Barrhead; FSM=flooded sedge meadow ST=sedge tussockKs;
FC=floating cattails. .

Number of samples with catch.ziO.
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m‘gégure 25. élots\qf pa1rw1se numbers of 1nd1v1duals of the
Q%'Qgﬁﬁ“ spec1ee “5} Agonum found in the same samples Vertical
ﬁéxes are abundances for single species 1nﬁ1cated above each
graph. Horizontal axes are abundances of the other species
in the samples; these are the complements of either of - Ehe
following series: | | |
' for George Lake, A4. nig@iCébs. A. ferruginosum, A. thoreyl,
fer.Barrhead. the same as the preceding plus A.Vlufulentum.
~ Abbreviations are as;follows:" |
G
ST

George Lake; B = Barrhead; FSM flooded sedge meadow,'

4
PN

sedge tUSSOCKS, FC =,float1ng catta1ls
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Was that the abundance of a spec1es in part1cular lpcatlons‘

&

'fg m1ght have been affected not 51mply by the preseﬁce of Just d

another partlcular spec1es but perhaps by the‘general level -

. of crowd1ng resultlng from the comb1ned abundances of' @Qﬁ--f

-other spec1es present

Most correlat1ons (Table 14) were negatrve, but ‘only

one coeff1c1ent that for A. nigrlceps in the*George Lake

cattails, reat

Figure (25 ;t reveal. any clearly polar1zed pattern of

_points as mlght be expected if marked, negat1ve 1nteract1ons
ex1sted among species. Negat1ve valueg of- the correlat1ons

- might- in'part be due'to the segregatlon of spec1es along

‘:mlcrohabltat dimensions, which was not taken into account 1n‘t.

hell s1gn1f1cance level (P<0 05) .. The‘graphs of

the analysis. The results therefore suggest that repuls1ve B

Qr negatlve effects _cannot be detected among adults thatv

- co-occur in m1crolocat1ons.,

-~ .
R

5. 3 5 Slze relatlonshlps | .§ -

Table 15 prov1des body lengths and Tabrum widths of the

"ffour maJor gu1ld members W1th respect to,-body. size; A.<

. R : o .
,njgrlceps fis the smallest species " of the group,.,A.

Ferrugrnosum ‘and. A. Iutulentum'wawe4n 1ntermedlate, '“hot‘“

K dlffer1ng sagn1f1cantly, and’ A.. thoreyi is the largest

AT four spec1es s1gn1f1cantly d1ffer wrth respect to

mouth s1ze (1nd1cated by labﬂgp wndth) byt agalne A.
@
nlgrlceps and A thoreyl have respect1vely tme narrpWest and

the w1dest mouth A, Iutulentum ‘has a narrower mouth than A

~

b3
L, b

MAn

¥

<



?

<

. A: BODY SIZES

162 -

TABLE 15 L

Body size - and labrum widths = ™Y
i of co- occurr1ng adults of marsh Agonum '

SPECIES

_BODY LENGTH (mm)
. MEAN 1 9B% C.I.

'~ x» XN x|

nigriceps

ferruginosum -

- 20
21

20
\ ”'13 e

5.22  * 5i11,-5.33
5.99 5.88 - 6.09
- 6.76 . 6.66 - 6.87

',rB;,gABRum‘WIDTH§

. lutulentum

5.87 °  5.76 - 5.98

B

SPECIES

LABRUM WIDTH (mm)
MEAN 95% C.1.

. nigriceps

FY

ferruginosum‘.

. thoreyi

ﬁiutulentum

2t
20
8

& l

0.279 -+ 0.270 - 0.289

0.337 - 0.328 - 0.345
0%367 ' 0.356 - 0.378
0312 0.304 0. 319)

R SO N,
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diet.

'pJBS‘ |
;.‘u;;f ﬁ

I . : . o @

ferruginosum, despite'over]apping‘ with it in body size;f

These, ‘data - suggest that the-speeies'may dif?er-in size of

food 1tems eaten L .

- Size relat1onsh1ps among spec1es were further assessed

by computjng rat1os of mean measures for species Pairs.

These results are presented in Tab]e 16. The size .gap is ™ .
“widest between A. ntgrlcep% and A. thorey i, reaching a value -

- of '1;30, The ‘gap between A. ferruganSUm and A thor'eyfé

-

\Qarrqwer~for mouth_s1ze than;for body s1ze,.wh11e Jt is then_.'”
‘ A

converse, . albeit to a very slight degree, between A.

ferrug inosum and A. lutulentum The data suggest'vtnat A.

ferruginésum ‘may ,over]ap extens1ve1y w1th' A." lutulentum

S relative‘to the small food items of its diet, and' do ' so

similarly with A. thoreyi relative to the large-items of its.

!
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< \ . )
" TABLE 16 '
. ‘Bc)>d‘y size and labdum width raﬁtios-_ ,
: for co:occur_rfing adults of marsh| Agonum
A, BODY SIZE RATIOS = S ﬁ |
. “A. nrgr- lceps A fer'r‘ugmosum A thOI“E)/I |
A. ferruginosum  1.45 - Y\ .
A. thoreyi ~  1.30 - 113
A, lutulentum .42 102 . 1.5
\\;
B. LABRUM WIDTH RATIOS _ .
L o A. mgr'icejy A.. fer'r'uginosum A. thore é o
. A. ferruginosum  1.20 ..y . %
| A. thoreyi Bl 108
“A. - lutulentum Lg8 . 4.18
g g

W



5,4-Disbussion

| 5.4, 1 Macrohabitat overlap and dlversity o -

| H1gh overlap values, part1cu]ar1y in ‘the. unf looded

, sedge meagéw and wet forest-f]oor, coup]ed’wfth‘high species
r1chness reveals a situation of tight speC1es pack1ng where
keen compet1t1on wou,ld be predlcted by n1che theory (May and .

' MacArthur, 1972, P1anka, 19744.. Members of the forest marg1n '
.guild occupy a structura]ly very s1mp1e hab1tat ‘(1eaf
1itter)'and hence may 'f1nd the potent1al 'for reSOUr:eﬂ e
»partttioning along 'spatjali!n1che axes qumte‘restrjcted.

; However; fhe")pOSStbi]ity‘ thatgga - range  of undetected
mic;ohabiiats vare"present‘ at the forest margin cahhot be,
denied; mtcrositeslprqbably' are used by écarabtds,, giyen

their general selectivity for m1croenv1ronmenta1 features

and abijotic ‘factors r(Th1e1e,_]'1977 $772)' ~ Microsite :ﬁg.

'»C‘ partitionihg : wou1d7: redUce".'significantly
competitivec ihteractions Furtheﬁmore {; ayerage-
densitiesv were low at the e@ge ofizthe mars

,tthe~f1ooded areas) hence the potent1a1 forg .
already be very reduced from that fact a;fv

gA resources are not,h1gh1y 11m1t1ng

o,
®

. . The . above % ,:uments 1nd1cate that the ev1dence for/ o

fa gcgmpet1t10n among carab1ds at the edge of the marsh appears

T weak ‘in sp1te of the high degree of " spec1es pacK1n!"£he | ﬂ;
flooded marsh gu1]d will be . dealt . w1th 1n the follqw1ng

T}_. sect]ons) It has been argued that fa11ure to bréhg out good
g - : .
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;evtdence for compet1t1on”1n many s1tuat10ﬁs ts becausegthe*
*obserVed'batterns are postwnteract1ve (MacArthun, 1972b
132FF; ’schoenér, 1974). L1Kew1se it might be. sa1d mtﬁ,-
| “hespeCt to‘the"soecies"of the edge of- ”the marsh that‘“
previous \'oombetition . has f(resu]ted t ig populat1onal“
: aojuethents to /low”vdensfties by the’ w1de1y overlapp1ng
| members - of ’ ;the flooded zone ‘guild to avoid ysevere R
cOmpetitive 1nterference and resource deplet1on - The
ditficu]ty w1th a hypothes1s of th1s sort is that the lack
-of h1stor1ca1 ev1dence renders j1t",untestable, (Glass and-
‘Slade, 1980) . L o T
. A most 1ntr1gu1ng obeervatlon is. the un1form1ty of the :
'eommun1ty‘- ih some maorohabntats in vterms of ’ relat1ve:ﬁ
abundance of speotes, as shown by’ Qery Tow véf1ehces in
overal] dehSitiee [an attemot* was made. to brgng'out'thi'sv‘,
pattern us1ng the Shannon We1ner 1ndex H’ but the var1ance
-oexhﬁﬁwted by H' was so h1gh (ow1ng to® too smgll sample s1ze)
that no d1fferences among Habitats’ emerged] ' / \Q 1’“

Relatwely hlgh umform1ty of species compos1t1o¥ngof' _‘

cy*the Barrhead catta1f§@bould be due to the low. abundanceﬂj_'

A fernugrnosum and A. thoreyl apparent1y resulting from the
lack of structural complex1ty of the hab1tat —both -species

marked]y dominate the cattail - gwild at George Lebe (see
o Chapter 2). Beoagsefof-U@suitabteAAstructUPe, the 'Banrhead
‘oattails" may ’oonstitute only.ga‘ tronstent habitat for
Vep’paeicA carabids; vmost : speCiese“ encountered ﬁay Lbe
:diepereers""stooptng over” temoorarjli?/perhapé attbéoted,in

& 0
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/

““f11ght by the h1gh prof1le of the cattail’ vegetat1on A Iﬁne
/rofxev1dence support1ng th1s ‘idea is the \actual f1nd1ng in
' the catta11s a} both . marshes of carah;id spec1es that are not
at all, marsh dwel]ers (e. g long winged 1nd1v1duals of A
:decentis and A. retractum) Low populat1ons of permanent
-res1dents plus several. occaS1onal d1spersers. wh1ch may be
ma1nly represented by unf]ooded zone spec1es tak1ng on short
flights, could produce a re1atj;e1y even faunal composition
in that habitat. o | « |
In unflooded zone, espec1a11y the - wet forest arg1n,

habitat trans1ence ‘1s less 11Ke1y fo prla1n Tow dens1t1es

. , .
: of all spec1es, because v1rtually al] of those encountered -

are geﬂﬁ1ne res1dents\\frequently found at‘ the edge‘of V‘

\ifloodedymarshes Re]atwve\un1form1ty 1n faunat compos1t1on

&; 'thus seems somewhat at oﬁds with the we]l Known w1despread

7pa¢£éFHs of spec1es abuﬁdances (May, 1975 1976) follow1ng

vwh1ch commun1t1e5» ﬁ@ual@y 1mc}ude a-few re]at1ve1y common

20 m

‘ spec1es %ome 1ntermed1ately common spec1es, and a maJorlty :

N N Ly
of rare  species. It certa1nly seems unreasonable -tc;A

hypothes1ze that the presenth1tuat1on could beﬂgroduced by
equal compet1t1ve' abilities and/or comparab]e efficiencies
'of’the speC1es to exploit resources,. merely because these
parameters are functions ’oF 'Variables such,as body size,
_reprodUQtiVe effort-and success, growth"rate; and .so‘ﬂon,
‘which-tn all probability differ among soectes.
; " The most stratghtforward hypothes1s for the'“’near

eveﬁem “the %aunal compos1t1on of the unflooded zone,
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’especialty of the forestj/margtn \Might invo]ve-extrinstc
factors operat1ng more or less equal]y upon ~all species
cons1dered Env1ronmenta1 var1ab111ty seems precluded, as
\’aga1n spec1es spec1f1c responses should he eXpected ”unless

conditions were. extreme or catastrophlc. and they were not

I suggest that}-the action of predators can 11Ke1y;

o explainl\ the -obseryed pattern. The preceding arguments

notWithstanding, there are two lines of support in favour;of

thisyéhypothesis. ‘First, the” impact of: predators may‘be,'

critical]y important in'communitieS'inhabiting~ struoturally

s1mple hab1tats with ben1gn environmental cond1tlons‘(Pa1ne.

,1966 MacArthur' 1972b 30) the forest margin is a 51mp1e'

habitat and probably affords, on average ben1gn cond1t1ons
v

Second, there 1s incidental ev1dence that predators (esp..

‘shrews) - may ‘account for- much of  the mortality in‘marsh
" carabids (Murdoch, 1966a) ‘and there are{ reports that
iamphioians (common “in 5 wahu# around marshes) . eat

_1nd1scr1m1nantl§ ﬁarge numbers of carab1ds “(Larochelle,

* 1874a, 1974b) - Thus opportgﬁ&stlo lnsecttvoroué’ﬁredatorsj

o ﬁ?&! .
suchfas toads, frogs, and sﬂ?ews,_ may . exert significant

impact on carab1d popu]atrons of the relat1ve1y open litter

of the forest marg1n. If»prey selection is random, a common

species will be.picked more frequently than a rare one, and

if. predat1on eff1c1ency is high, a%.1t may be at the. forest

_marg1n action of predators may tend to equalize %arab1d

populat1ons of the var1ous species in the community.
: , e

-y
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5.4.2 Breadth overlap. and niche structure

*The niche ana]ySis presented in this chapter emphaSizes

.that the species of marsh Europhllus constituting the gu11d

in flooded marshes display different degrees of spreading

J"
over spatial and temporal niche axes prodUCing patterns of

species segregation. Each species seems to be a speciaiist

{narrow niche) over one resource set while being more or

less a fgeneralist over‘uthe other resource sets This

~situation is predicted by conventional niche‘-theory if

resource partitioning results from high,level/interactions
among speCies of the gu11d (Schoener, 1974) |
‘ Theoretica] arguments (LeVins, 1968 44 McNaughton and

Wolf, 1970) have pﬁﬂpicted that broad-niche species or

"generalisgs should be numerically the most abundant in their

‘environments because they are presumably -better at

' exp]oﬁting" a range 'of resources or states within resource

sets. Field studies (e g. Price, 1971; Longair, 1978) have

-4

‘iﬂﬁeed observed high abundances COinCident with broad niche

e

patterns. However other works found no relationship between
the . two parameters (e.g. Denno, 1980; qﬁotenberry and Wiens
1980), The present investigation too did not reveal any,

clear relationship between high abundance and broad niche

" within the #looded marsh guild; rather the Opp081te pattern_

‘was  observed (e.g. A. nigriceps ‘with respect_ to
*microhabitats, « A.  Ferruginosum  with  respect - to

macrohabitats). Significantly, Whittaker and Levins (1975:

178) cautioned against linking . these two characteristics;

é
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v

the re{ative magnitude of abundance and of niChe‘ breadth

may, partly or wholly, depend on the geographical scale of

the study and nature of niche d1mens1ons_considered.

Relative. ‘width or size of niches has been repeatedly
connected with Optimal foraging theory (Pianka, 1978: ‘256).
A broad‘ niche*over one resource axis may thus reflect for
example an optimal adaptation in an uncertain _environment
(Levins,  1968: 50). Such spe01es -adaptations might

constitute a prime, though by no means the sole.,determinantv

4of niche size_-with'respect_to spatial'dimensiOns for some

marsh Europhilus. rFor'example, lower fOraging effiCiency of
A. thoreyl, on vegetation, suggested by results of climbing

experiments (Chapter 4), may explain its -more restricted

distribution over microhabitats of the flooded zone (dense

patches of dead plants. emergent substrate), but the marked

patchiness of su1table micr031tes may‘ elicit a  wide
1

occupation of marsh macrohabitat zones. If 80, micr051te
wB

'patches form a critical but uncertain (1n space) variable in

the habitat background of A, thoreyf : Analogous patterns

¢.have been observed in some tropical birds which could live
in a' variety of habitats prov1ded these gave them B

:opportunities for their spe01alt1es (LovéJoy, 1974 Ciged in

Hutchinson, 1978. 171). Miller (1980) reported changing

patterns ,off‘ niche breadths in a 'guild of parasitic

‘Hymenoptera that were seehingly . related to temporal

instability of-habitats. Thus broad niches.may be viewed a’s
a form of spreading of the risk by populations of a - species

.

f
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(Boer, -1968), and not necessarily as a sign of dominance‘
| If the n1che pattern of A. fePPuginosum relative to

habitat d1mens1ons can be expla1ned in ‘Ways roughly usim11ar

‘to that of A. thoreyl, that of A nigriceps is dxfferent

The independence of radults. of" A. nlgPiceps over

microhabitats ‘def ined by vegetation structure and their

ability to climb lead to the  prediction that the species

should be more uniforhly diétributed throughout‘the floodediia

zone. Occurrenee'qf‘population peeke in sedge tussocks thus
implies that factors governing distribution of A. nigriceps
‘over, macfohebitaps may differ from those affecting A.
Ferruginosum and A. thoreyi. Responses to undetected or
unmeasured envjronmehtai variables are possible, but biotic
'vinteractions are certainly not breciuded. .
wnile niche breadth-allo@s examination of a speeies
/distributiqn‘over resource axes independently of other guild
menbers; ana]ysis‘cf-niche overlap shOws're]ationshibs among
species relative to- the resources concernea. Niche thebpy

predicts that species overlapping extensively along a

resource axis should diverge markedly along at least another

axis if'coexistence is to be permitted (Schoener, 1974;. May, -

1975; Pianka, 1975). Numerous studies have documented
: pattenns'of niche complementarity but few have,udémonstrated
that lifl‘may result from cqppet1t1ve interactions‘(e,gz
Werner, 1977) as thedry pred1cts Opp051te patterns or niche
convergence have even been found among coexisting bird
species (Rotenberry and Wiens, 1980). In insects, Longair

hY

-
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(1978) observed that ~some  niche | complementarity} in
hole-nesting wasps was detectable but not c . Likewise ‘a
blurred relataonsh1p among d1mensxons also seems to emerge
from 8 sthdy of salt marsh Homoptera by Denno (1980). The
present stu%y reve&led that a pattern of complementarlty
existed amodg marsh Europhilus albeit to a. moderate degree.

Thus competltwve interactions may possibly have affected the
structure‘ of the gu1ld but if so, the1r effects may have
been mild or are perhaps obliterated by other factors,‘
becabse,’complementarity seems weakK. At any rate, if niche
.overlap is an 1nd1cator of actual or potent1a\ compet1t1on,
it cannot be  decided on that basis only in wh1ch pa1r of
species such“_1nteract1ons may take place. Tne overall
overlap ' index is greatest between A..ferruglnosum’and A.
thorey i, but ‘this may be interpreted in two ways: either
that compet1t1on will be Keenest between these two species
in the guild or, conversely, that low competition, .or lack
thereof, between them alloms wide resource.overlapﬁ;Such
results and those of studies’ oited‘ above suggest that’
properties‘fof insect niéhes and their interrelations across
coexisting speoies are not always explained adequately by
present'-niche theory, empha5121ng May’'s (1973: 6) remark

about 1ntertw1n1ng of resource dimen51ons
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5 4. 3 Competition and size relationships

" The correlatlon analysis of simultaneous abundances, of

* Eunophilus species at sample sites did “not reveal any

stgnifiCaﬁtu patter egatively related distr1but1ons and

thus the data yiE - no evidence- that interspeciftc
1nteract1ons might be Affecting the species d1stributtons on
fact, some samples had high numbers of
ohe ‘spe¢ies correlated with high numbersdof”othgr species,
uagges that species may be brought together by %ﬁ%miTar

Vto habitat or env1ronmental features or hab1tat

'~select1on However 1t should be borne 1n m1nd that the Kind

of 1ntera tions that the analys1s attempted to detect was of
a part1cular type. namely avoidance of crowd1ng w1th1n'
microsites at precise times. Since competttion or -
interspeoific interactions'ofaeny typefare dynamic, they are
untikely 'to be seen unambiguous1y»by\examination‘of handoﬁ

po1nts in space and t1me unless their action 1s pronounced

~and persistent. Hutchpnson 1965 61) and Nlens (1977) have -

argued thattcompetitioh in nature, partlcularly in groups
like insects, might be quite sporad1c in spade and time, and

thus d1ff1cult to observe, except. through exper1menta1
] Fa

_ manipulations Hehce the present analy51s does nqt support

or refute the poss1b111ty of compet1t1on gmong adults

4:‘,'.‘

Laboratory observations (pers obs ) of um. adultS'

conf1ned in conta1ners 1nd1cate ‘that they dtsplay llttle -

raggressiyeness toward each other even uhen-fajr1y~crouded.
- providing that enough‘food/is given. However when hungry,
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cannlbal1sm and 1nteqspec1ch predat1on were observed Jh1s‘
o suggests that 1f food becomes llmuted in nature cohpet1t1on
,mjb among adults. ;e l1kel§;to ¢ake place ‘Q' . e
\ s Study ” of har:ntat Cuse. (Chapter 57" Showkd that

d1str1but1on of A. fenﬁuglnosum ‘and A ‘Iutulenfuml‘wene
'.mutually- exclus1ve , when both _spec1es' Wére pteeent .
(Barnhead),-but that A. Fernuginosum ‘occup1ed “the . peak"
b ;macrohabltat GT A. lutulentqm when it was’ alone 0bv1ously
¢ thi;ypattebn could - not "have come through». n- thea aboveh“
vcohrelationﬁ analels’}bécause* data thom each maorohabitat
were_bhandled gSeparately. ‘However - it suggeets that if
\ COmpetithe -dieplacement‘ lsxiiSVOlved it 'may result\in
o segregat1on over macrohab1tats rather than m1cr051tes |
It has been: proposed tHat all1ed spec1es 1n compettt]on
could coex1st 1f tbey d1ffered 1n size (ltnear dtmepston\l
by a factor of 1.2-1. 3 (Hutoh1nson 1959, 1965 55) s1mply\\
because this would allow d1fferent1al explo1tatton ‘of
ava1lable fOod stzee B Analys1s .of body and mouth sizes
1nd1cated that several gpec1es pa1rs approxumate th1s
f1gure,» espe01ally\\n mouth size, though the values tend to
be sl1ghtly lower than 1.2, Thus - the 'S1ze.;d1screpanc1es
among adults “of - most §oeoles ‘suggest that oompetitiVe -
interaot1onshmay have -ocourted -ln ;the bﬁ@t,f leading‘-tQ
oharaoter' ) dlsplaoementf in ".size, and - “hence dtet
k;differentlation Similar observationeﬂvhave been made by
Sbehce’(1979a)' for co- occurrlng Nebria spec1es in wh1ch the

51ze ‘gap was mos t str1k1ng among larvae
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_ Interest1ng1y, the f1gures would predict wide /overtap s
~\\1n d1et between A ferruglnosum and A Iutulentum érectse1y
'those spec1es wh1ch/have an exclus1ve dlstr1but1od pattern'-
"~ The broad size ‘overlap between them coup]ed with their
spat1a1 exclus1on suggests that compet1t1ve dis 1acement may,¢
'be currently ongo1ng in - the George 1 ake aréa, in marshes \
mWhere \both\bspecqes co?occurr 1n.A\ygn1f1cant numbers A'
‘historiCa11y>.recent contact"'n the area between the ‘two
» spec1es is not un11kely Unt11 qu1te recent]y, A. Jutulentum
was ‘seem1ngly not reported from some parts of Alberta and a™”’ )
A distr1but1ona]fgap in th Pra1r1es had~ been hypothesrzed wi
'(Ltndroth,' 1966 581) . Sporad1c occurrence of A. Iutulehtﬁm'
\in%the fstudy area, desp1te//1n abundance of presumably
.suitabie' hab1tats, also suggests a. re]at1ve1y . recent
-1nvas1on b; nhts species. i' | | ) » hh
W1lson (1975) has developed a model whereby predatony
arthropods"]ike' carabids shou4d not eyolveffconsp1quous
"ditferencesv in body size for- promot1ng niche partitioning{-
.However that author noted_that,even though exaﬁples were not
' known,b there~was no a‘prioriareaSOn notktoieXpect.such size
displacement,>patterns inh smatl predatory~ arthropodst
fHutchinson‘u (1878 175) hentions‘ a 'poss1b]e case in
backsWimmers. Both Spence s (1979a) observat1ons on’ Nebrla
ahd those :of vthe‘ present study 1n fact 1nd1cate that the'
'pattern may . be present in carab}ds . As _ Spence (1979a)'

v'-p01nted out tests of eharacter d1sp1acement hypotheses can cl

,eas11y be - made by exam1n1ng spec1mens from areas where the

\ : . - . ! J



‘species ‘ér‘e él]opatricﬁ. Further work on _.t,h.e marsh Euréphilué
| ~system shogldf attempt to[ investigate ’si';_f'e relationéhips
' *‘amc'm'g' l-arvéé, \éfter’. ‘they-‘ca,n be 'confi'dent‘ly -identi_fiéd., 1‘ as
it is t‘hié‘ -erv-stlage at which interactions are Tikely to be.
more severe owing to the ;5gghessivénes-s of 1arva.é‘ and to the
: faci that food résou'rces ar:e_ then critical for promoting

. growth.
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6. GENERAL DISCUSSION

6.1 Resource,partitioning‘ambng adult carabid populations

| | Thts study attehpted to answer the broad' question of
how a set of co- occurr1ng congeneric spec1es of carabids
1nhab1t1ng eutroph?s\marshes were d1str1buted in kspace ahd
t1me within that ecosystem It establ1shed emp1rica1]y that
~adult popu]at1ons of the  numerically | domtnant ‘Agonum .
Europhllus) species- d1ffered in spatial distribution within
.and between marshes at both the macro- and m1crohab1tat
level, and in aspects of popwtation'dynamics,‘notably those
related to_‘reproduction. A comparatiye sUmmary‘ of the
prtncipe1 naturel history‘Features ofAthese species (Table
17} emphas1zes these 1nterspec1f1c dlfferences _e

However tﬁe mechan1sms under lying the observed niche
}diyergences remain'hyoothettcal. The quest1oh of whether and'
how . coexistence jn the gu1]d wou1d be 1mper11ed if
segregat1on in the use of cap1talh/esources was reduced or
if eco]ogncally severe conditions occurred (Wtens, 1977)
will beoome mean1ngful only when those mechanisms are Known. .
'The s1gn1f1cant resource part1t1on1ng detected among'
'.adults of the spec1es 1nvolved 1eads to the hypothes1s that
tcompet1t1on may - have affected _the structure of the gqj]d'
since the time the species first met. Size simi}éritﬁes'-ahd

' seemingly - mutqe] exclwsion z over,“habitats .between A.

ferruginosum and A. _IUtulentum even suggést that niche

177
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TABLE 17

Lo,

. . + ‘ \ N
Summary of the main natural history features
of the four dominant species of marsh Agonum

in the George Lake study area, Alberta ‘

-
e ) \\\

{ N

S

i
o~
3/

FEATURES

A. ferruginosum

A, klgrlceps

/// peak adult

sedge
macrohabitat -. tussocks
main adult .
. microhabitat general

- (flooded 'zone) . * >
3

adult density '
" up to 20 m-2

in peak-
v macrohab1tat

. beg1nn1ng~of

‘ ' ear]y spring
breeding season -

. Just after thaw

_ cattails,
‘but may vary with
microhapitat -
features present

dense dead growth
+dense tussocks

up to 33 m-2

”

early spring
Just after thaw

A

. average 8_eggs/QA 16 éggs/gQ
fecundity C
_approx. duration - - - - -
of .development 4 ‘months -3 months

(eggvto adult) °

probable Tarval same as adults
macrohabitat

daily activity nocturnal
relative -
body size

.small

positiop on
R-K selection

. near K .
- continuum

same as add]ts

nocturnal

-medium

near R

o

(continued on next page) «



Summary of the main natural- history features
the four dominant species of marsh Agonum
in the George Lake study area, Alberta
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TABLE,17‘
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):§

V' o

e O

b

'] AN

“ FEATURES A. thoreyi A. lutulentum
a general, depends . sedge tussocks,
peak adult on_microhabitat but restricted

macrohabitat

main adult .
microhabitad -
(flooded zone)

3adult dens1ty
in peak
macrohabitat

beginning of

breeding season

-average
fecund1ty

duration;

of development
(egg to adult)

probablellarva1
. macrohabitat _
: dai]yxactivity
‘relative

body size

position on
" R-K selection
cont.inuum

. dense ‘dead growth

features present
+dense tussocks

up tg 12 m-2

late spring,'

v"Jv+emergent'substrate4_

I

in marshes
occupied

- .dense dead:
growth (?)
tdense tussocks

N

up to 10 m~2

»

3-4 weeKks later . ?
’thah.cher spp.
20 eggs/g 7
3 months ?

e

!

e-\.' |

‘same as adu]vtls,'

- nocturnal

"7 large -

»

. near R

‘:"flooded sedge

meadow (7).

2

med i um

Question marks

alone denote unknown

1nformat1on,"

bracketed questlon marks denote uncerta1n information.

while
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adjustmenté between these two species ‘may not yet be:

.comp]eteudowing to a relatively recent contact in the:study'

{.

region.

Marked resource division among Agonum adults contrasts

~with the results of Spence's (1979a) study of Nebria. In the

latter, co-occurring’adulté showed insignificant segregation
on any of,.the resources .ﬁnvestigated (forag1ng time,
nicrohabitat, food) . Pronounced niche segregatlon was found
in larvae however. A ma jor difference between 'the Nebria
guild and the Agonum gufld is in qundence of adults. Spence
noted that adu]t NebPIa popu!‘EHOng were. at low densities
and that their habitat wa r§fore probab]y unsaturated

2, uygathe

with adults. Adult pdnn&ﬂl&@dﬁ“ﬁ#f marsh Agonum are, in

‘”ﬁt’

contrast, extremely dense, hence it is quite likely that

niche _differenoes have evo]utﬁonary . roots, at = least

-'partia1ly, in interSpeoific competition.

‘Possib]v resource partitioning in adult’ populétions or

sympatrlo carab1ds becomes - increasingly importent with .~

increasing dens1t1es, wh1le be1ng re]at1ve1y minor at low
densities. Extent of niche separat1on might "thus vary with
the pooulation chenacterjstics of the group sfud{ed:o

As regards ‘marsh carabids, I proposed earlier (Chapten
2) thet ouildep of extremely;‘ hign‘ (for  carabids)
populations might be ;éonnectéd\aig;\oofn the high organic'

- productivity of the marsh ecosystem and,to‘eXploiiation,of a

habitat volume instead of a habitat surface. If

environmental conditions become very harsh, for example,
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‘ few_of the species.

181

during a severe drought, the scramble'for scarce resources,

N

eépecial]y food, may quickly lead to phonounced compeit ition -

among the dense populations of Agonum, and pehhaps. to

exclusion or local eﬁtinction {(within a marsh) of pne or a_

)

- During 'periods of favourable conditions '(resource
abundance) however, low aggressiveness df, adults ‘towards

N » . . . .
each other suggests 1little competition among them.. Thus

adult.competition may be only intermittent, i.e. sporadic im -

space . and time. On the other hand, . one \mightb expect

' interference compet1t1on among larvae to take plade fairly

:frequently g]Ven both #®heir \h1gh densities (at least as

dense as adults) and their marKed'aggressiveness.
It remains to be demonstrated that. in any field

s1tuat1on resources become severely 11m1ted for these. marsh

v g ..«

_.carab1d populations and that thls occunt*ﬁhquﬂently enough

w’f‘”‘

, >
to both allow the evolution and reinforce the ma1ntenance ofﬂﬁﬁ%ﬁﬁ

Y

n1che d1fferences among species. Density’ characterjst1cs of -
- f looded marsh popu]at1ons certalnly render this prdbable.

‘Food is likely to be the key resource _jn compet1t1on ow1ng

to opportun1st1c feeding habits of these carabids. Both

Murdoch  (1866a) . .and . Wasner (1979) obtained. evidenoe’

‘suggésting that, indeed, food’shortages with consequences on

A

'population size and fertility ”may'periodioaliygoccUr for‘

‘marsh Europhilus.

”r

.»";.
e
\ 1

o



182

6.2 Evolution anq‘mainténance of niche differences
‘ ‘Ecological disérepanéiés within the species bairs aﬁe
exhibited over diffe#knt combinations of resource gxés, the
most pronounced ones- involving separation in_space.’Th{s
multiplicity of patterns of niche differences is an
indication thét several processes, aﬁd not only compétition,
‘pfobably inter-play toupﬁoduce and maintain the ecological
separation af the sbecies. It 15 even possible that the
relatiVe’importance of each proceés.differs for each speéfés
or pair of species, as thfs has been bbseryed in other

L}

insect groups (e.g. gerrids, Speace, 1879b) . _ )
A. nigriceps is the most ecologically (spatially)
isolated species of the guild. mainly because of the
- independence of its . distribution with respect to
microhabitat features of the f]ooded zohe fn marshes. [t
seems to be the speciesAbést édapted fo 1ife on the emeﬂbent,
vegétéiion of marshes; the indicafbrs' of this are body
coloration which ‘confounds individuals with the habitat
bégkgrouhd,‘the highly developed climbing propenéiiy'refated
to the unique " structure of .the legs (tibiae shorfer than
Atarsi),‘and perhaps also the K-§e]ected'charaqteristics (low
ferti]ity)bnrefleéting low "risk” (Sensu Boer, {968) for the
populatiohs.i 7 .
| The cryptic coloration of A.°nigPicer“suggests that
P visﬁa}jy hunting predators (like froés and birds) have héd-a
"significant impact on evolution Qf\this species,.possibly

4 more than for the other carabid species of the inundated
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-

zone. It was hinted earlier " (Chapter 5) tﬁat given its
natural history characteristics, A. nignideps should be more
evenly distributed across marsh macrohabitats. Its, marked
peak in sedge tussocks mQyApartly reflect lower predation
pressures owing to the patchy nature of that hacrphabitat
and scattering of tussocks in’ open water pools. Over
evolutionacy time, lower ﬁredé}ionj in some parts of\ the.
marsh would contribute to enforce the'hébitat éssociat;on or
vereference of that species. | | \
H There reméins the duestion of why A. nigriceps might
have been more susceptible to the action of predators in the’
coyrse of its evolution fhaT were ‘the other species. Perhaps
%n the origiﬁa]l populationsﬁ the ancestors . ‘or
"pPOtO—nigPiceps" were at a competitive disadvantage (owing
to small size) and were disp]aéed from the \pérts of the
f looded. habitats most sdjtable tp epigaejc Carabids.(e.g.
dense patches of“ dead plants, emergent substrate) .
Occurrence on. more open vegetation could in furh have .
rapidly led té the evolution 6f traits such as cryptic
coloration and climbing. | .
‘Sensitivity of the distribution of A. ferruginosum, A.
thqre}i and A. Jutulentur adults to microhabitat features
“and their lower propensity to'cfimb suggest that structure
of the habitat backgrognd‘may be an important variable in
the'interrelatfons'of their niches. Cémparison‘of theréeorge
Léke and Barrhead sites provides inéights as to ;ow the .
' : A

presence or  absence of certain microsites may alter
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distribution and abundance of. these species within inundated
mécrohabitats.k In that contex{, ﬁgpifats and their
variation, especially in space, provide the "template"
( Southwood, 1977) which evokes population responses from the
species and thus éoverns coexistence patterns.

A. ferruginosum appears to be the species able to build
theg laréest populations in the field, as reflected by the
extremely high: dénsity it reqched in the George Lake
cattails. This speciés might gain advantages,fré& commencing
reproductive activity vefy early in the spring and from-a—
high fertility and an abparent]y fast growth indicated by
. tenerals already emerging in early July. It benefits fr;ﬁ én
absolute size advantage over A. nigriceps, which ‘starts
reproduc1ng at the same time, while ear]y breeding may grant
it with a relative size advantage over the bigger, but later
) breeding A. thoreyi. This scheme suggests=~ two possfble
ecological adaptations accQunting for _the success of A.
ferruginosuh in the cattails: either it is competitivel;
superior and‘ pré-empts fhe mos t favourable macrohabitat
(with ‘gense Vegetation), or it is an opportunistic speéies
. with a potential fo build 1large populations when Habitat,
conditions are optimal. Its lower dens1ty ‘at Barrhead and
part1cu1ar1y 1ts apparent exc]us1on from sedge tussocks in
 presence of A. Jutulentum give support to the second
aTternafive.“ ' ) .
A. thoreyi exhibited the highest fertility but on.

average had 1¢wer densities than either A. ferruginosum. or
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A. nigriceps. This suggests that morthlity may be high in
the - immature stages of this species. Interspecific
interactions may likély play a role in causing part of the
mo?tality‘ perhaps owing to a size disadvantage in the early
larval instars. This disadvan{age might preclude A. thorey |
from achieving pronounced population peaks in any part of
the marsh. Thus ‘the genérality of the distribution of A.
thoreyi over macrohabitats may to some extent result from
its delayed reproductive perioa relative to that of the
other spepies. Other factors might involve ability to find
dr select patchy suitable sites. If A. -thOPeyi possesses
this cépacity to a "lesser degree than the other species of
the flooded marsh, it’may not be gble to écﬁieve comparable
population perfofmances.

Annual migration Qf individuals out of the mqrsh for
overwintering (Dawson, 1965; Murdoch, 1966a) implies that
proper habitat selection by the species should Coperate d;t
thé time"of spring colonization of the different marsh
maCﬁohabi;gts. Finding areas of a mar sh affording optimal
vegetation  structure for efficient foraging might~gﬁarantee
successful reproduction and high population performance.
Species-specific adaptations and responses to habitat
stfuéture might thus have been a central theme in the
evolution of niche relationships among Europhilus species
dwelling in inundated marshes. Spence (1873b) found this for

a guild of coexisting gerrids in which niche boundaries were

seemingly tested yearly. For these gerrids, habitat
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selecgion in thefépring was the 'primary factor, but _its
effects could 'be altered by a éoMbinatioh of other .factors
including dif;erential susceptibility to preda{ion_ losses
and to wateJ surféce disturbances, differences in growth
rate, coﬁpegitiom and local microclimate. It 1is ,therefore
reasonaSle to expect a similar combination of processes to
operate on the iannual time scale on the Europhilus
populations of each marsh. Given such conditions, and adding
the variability of weathgr regimes that drive popuﬁation
growth and affect the avai]ibility of resources such as
food, it is likely that populations of marsh Europhilus are

seldom in an equilibrium state.

-

6.3 Concluding remarks

This work lays a foundation for studying the wvarious
mecﬁanisms that affect pqpulation responses and.produce the
observed niche patterns in marsh Agdhum (Europhilus). The
hypothéses and questions that were generated through
1nteréction/with‘fheory should helb singie‘ out - significant
ecological variables a?d design experiments needed to unve{l

»

the processes operating on‘the marsh Eyrophilus guilé.
) Experiments might well begin by testing effects of

habitat structure 6n the species dis}ribution .and by
investigating extent of habitat selection. Through
comparisons of two marshes, this study also provides a

launching pad for further field work that could cover a
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";erange of -marshes w1th1n a sma]] geograph1ca] reg1on and'.

‘-f may bé the most lmportant one - for u1t1mately determ1nfhg o

‘rexam1ne how . hab1tat vag1at1ons - ~affect ~ the  species

-ﬁcompos1t1on of 1nd1v4dual harshes and their abuﬁdaﬁces

.‘/'

:»‘fSolv1ng problems ‘of larval sampltng will mndoubtedly ‘be a
“cruc131 ~po1nt because th1s ) would ent911 neaningful.

,‘ comparlsons of pdpu]at1on dynam1os at the life "stage. | that

7relat1ve success of spec1es popu1at1ons

-Even though the ischeme of eco]ogucal relat1onsh1psfp

o

d1scussed above is ﬂargely conJectural it stresseslthe,fact

ithat ._single- factor | explanat1onsv wi]l " not ‘cabtupe

"frea11st1cally causes. underly1ng observed nxche differences

;b The emp1r1ca1 data of th1s endeavor suggest a b]end of both

d"; 'blOth and env1ronmenta1 effects on populat1ons of marsh'

',tlEurophrJus and also on  other. carab1ds ,of the commun1ty

' ‘-dwell1ng at the marsh edges In th1s respect . they support'
vthe' remark made in the genera] 1ntroduct1on to the effect
 that coex1stence in carab1d gu11ds certa1n1y revolves around

more e, than- sole]y _Speclesfspec1f1c aresponse5¢ to - abiotic

| etfactdrSu The results thus emphasjze Hutchinson’s (1975)

LN

,“point thatl heaningful progress.in understanding ecological

relat1onsh1ps wi]]/’on1y“emerge from .first acquiring a

thorough Knowledge of the deta1ls of the natura] history of

the spec1es 1nvolved
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LIST OF MARSHES STUDIED
JLDURING 1979 AND 1980 FIELD SEASONS
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3

T DENSITY _ FEWALES A, nigriceps
MARSH © MARSH  AND HABITAT ~ COLLECTED . WING DIMORPHISM
NO. *'. NAME' . SAMPLING . FOR OVARIESZ?  COLLECTING

e

'Laké 1+ 1979+ 1980 . X3
Lake 2« - 1979 + 1980 . X3
Clakear . o1e7e |
7LaKé;5*‘ 1979 .
Lake 6% ' _"'- o
CLake 7* .
Field 1~ . 1979
7 Field 2 1979
Field 3 1979 |
Fied 4 - x
Road S6uth 1 | o |
' ?Road South B1g | |
Busby . - ‘ ooaers

> > > > >< -

BwW N =0 O o N o0 s w K

~ East Alexander

F—y
(&2 08

'West’Mohinvi1Ie"
Barrnead 1980
7 Barrhead Yoder L S x

— —

._NaKamun.t

La Nohné'1

Q-

'f2O f,La Nonne 2

Lo 3¢ 3¢ 3¢ 3¢ dt 3> >

CTALY marsh names are unoff1c1a1

2 Dur1ng 1980 f1e1d season

o3 Resu]ts pooled

' *;Marshes;named Lake x* aﬁe'on the edges waGéObge'LéKe;‘”



APPENDIX II . |

ONE-WAY ANALYSES OF VARIANCE
FOR THE EFFECT OF MACROHABITAT CATEGORIES
- ON OBSERVED DENSITIES OF AGONUM
“ AT fwo MARSHES |
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- A. GEORGE' LAKE '
SOURCE. - df  S.5. M.S.  F P
A. nrgnlceps . o ;
between hab1tats 4 65.73 16,43 52.71 * .<.001
w1th1n hab1tat ' '218 .67.97  0.31 '

A Fennuglnosum o | o |
j between hab1tats 4 16322t,,f25.80;‘ 58.56  <.001
“within habitat Amiéie ©96.05  0.44 S

"A. thoreyi = »ﬂl_ ’ ‘ e |
between habitats - 4 17.66  4.42 9.66 ’<.QO1
withinfhabjiat 218 99.65  0.46 |

i

) o> -
[

Var1ances are- heterogeneous in all tests (Bartlett's
test: p< 01) ; L0 -
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N
B. BARRHEAD - -
SOURCE . df  s.S. M.s.  F p
A. nigriceps - | . ' .
'betweeﬁihabifaté-S 3 39.59 1%g20 '40101.; <.001
within habitat 177.  58.37 . 0.33
A, ferrug inosum - | |
betwega habitats 3 30.98 10.33 35,72 .00t
within habitat 177 51.17. 0.2 ¢
A;‘thoreyi ” - B
between habitats- 3 . 14.02  4.67 10.27  <.001
‘within habitat 177  80.56  0.46 |
A. Tutulentum - ' .
between habitats 3  12.63 421 20.36 - <001

within habitat 177 - 36.61 ' 0.21

Var1ances are heterogeneous in all tests (Bartlett’s
test: p<.01), ‘ ‘ e :

e
3



APPENDIX 11
" F-RATIOS AND THEIR ‘PROBABILITY
(FROM ONE-WAY ANALYSIS OF VARIANCE)

FOR THE DIFFERENCE IN DENSITIES OF AGONUM SPECIES

IN VARIOUS MICROHABITAT CATEGORIES
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SPECIES

MOMOGENEITY

oo* Bart]eft’s fest

p
| OF VARIANCE=*
 SEDGE ‘ " |
'DEAD GROWTH -1979 -
A. nigriceps 2.10 . 149 yes
A. ferruginosum 72.11 .001 ‘no
A. thoreyi 82.69 .001 no
~ SEDGE -
DEAD GROWTH - 1980 - . o
A, ‘nlgniceps‘ 2.06 . 158 yes
A. ferruginosum 32.97 .001 no
A. thoreyi 84.21 001 no
CATTAIL _
* DEAD GROWTH - 1979 - ‘
A. nlgnlceps _0.14 .705 yes
A Fernuglnosum' 9.99 .002 ‘ yes
A. thoneyz" 0 6.82 .011  -~ yes
—GATTAIL EMERGENT
- SUBSTRATE - 1979 : . o
e ~A. nigriceps 2.63 110 yes
A. fernuginoéum' 0.82 .368 yes
A. thoreyi 9.66 ~  .003 yes.
~ TYPE OF - |
* SEDGE TUSSQCK 1980 L |
A. nigriceps . 0.37 .547 yes
A. ferruginosum 9.52 006 yes
~ A. thoreyi 14.89 .001 yes
A I:tulentum . 5.59 024 le-
| . iaY
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APPENDIX IV
~ INCUBATOR CONDITIONS AND SCHEDULES A .

OF *THE CLIMBING EXPERIMENTS



A. INCUBATOR CONDITIONS
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PHOTO-

TYPE OF,

o o TEMPERATURE _ DAY-LIGHT
EXPERIMENT = PERIOD - . -~ (°C) LIGHTING - - INTENSITY
. (L:D) - (Lux)
1 (1978) .  16:8 172 2 50
‘ fluorescent -
- tubes v A
2 (1979) .  15:9 15 + 2 2 100-watt  20-402
' " incandescent
bulbs dimmed
-~ by opaque
- | , glass . ‘
" 2a (1979)1  14:10 17 £ 2 R 15-202°
' R E ‘ ’ fluorescent -
~ tube _
3 (1980)  13:11 . 22.% 2 2 7.5-watt \5-102
» o o incandescent S
NN pulb;

- 1 A. cupreum was tested at a Jlater date because specimens
could not be found in the field at the time experiment 2

began.

2 Minimum and maxim

‘varied according. to location into incubator. ,

AN

um values are provided, as ‘intensity
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. 4
.
B. SCHEDULES
RS | . SETTING RECORDING DATES °
. EXPERIMENT ' - DATE - - — )
T | START o END
1 (1978) , July 15 July. 18  Aug. 21
2 (1979) " Aug. 3 " Aug. 7 Aug. 15
©2a (1979)'  Sept. 9 ‘Sept. 17 ~ Sept. 24
3 (1980) - . Sept. 10.3 . Sept. 19 . Sept. 27

oA cupréumv was - tested at a later date because specimens. .
could not be found in‘the field at the time experiment 2
'~ -began. R ‘ R S
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' AUTOBIOGRAPHY

I was born on May 14, 1955 in Lévis, Québec. Our family/
lived in Québec City until 1959, then moVed'tO'Lévisl'where
I completed my p:imary schoo1tng. In 1968, 1 entered the.
. College de Lévis for my’seoondary edooation. Among_the first
classes [ attended were lectures in the natural sciences,
especially botany and ‘QéoTogy,v in which 1 became at once
keenly interested. Noticing myvintereSt‘ as 1 ‘orought him
variousﬂ pTants ~and mushrooms, my_orofessor, Father daoques f
Beaudoin, invited me to “join the Collége’slnatUral‘science
club. . There, dur1ng week - ends, I began to study botany,
orntthology and limpology. In dune t969,.1 went':to' Father
Beaudoin’s science camp,at St-Nérée; sOuth~of‘Québeo City,
where ' I was supposed to ‘study limrology in the field for
a few days . However the viewr of 'brightly} ‘colored'
damse1f11es and beet]es around the camp and in collection
boxes drew my 1nstantaneous fasc1nat1on I immediately duit>

4

.llimnology for ; entomology and, that summer, 1 seriously
- began co]lecting insects, esoeciaily beet1es |

- I rema1ned a member of the sc1ence c]ub for the.vseven
.years '1 - spent at the Co1lege de Lévis, act1ve1y collecting
and studying beetles. Durtng7the’summers of 1970 to 1972, . 1
attended intensive stUdy periods in'entomo10gy at natural
, science ‘camps in Québec. During the summers of 1973 to
1975, 'i worKed as an entomology 1nstructor at the Camp des

deunes Eco]og1stes at St- Neree, and in 1975, was also -
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responsjple for coordinating the scientific programme of
that caméi\ That year, 1 also joined the Conseil de la
Jeunesse Scientifique (CJS) of Québec as a member of the
board of trustees, and later, ‘became a member of its

executive board. Through this benevolqus activity, [ took

part in the coordination of scientific activities for the
youth of the province; such as science fairs, ‘clubs ;and\\“’
camps: In 1976, I took the part-time job of,reg%oha]v
' diréctqr of the CJS for the Québec City area, ,whﬁch helped
me earn some money while Ke%ping me in touch wfth the
scientific activities of the youth. | |

I became a membér of the Association des Entomoliogistes
Amateurs du Québec (AEAQ) in 1974 and this widened my
contacts .with other amateur enfémolqgists and insect
collectors. I was vice4pres%dent of the AEAQ in T1976, and"
its treasurer in 1977. |

I was admffted‘to‘Universﬁté Laval 16' Québec  City - .in
1375_jn a three year B.Sc. programme in Biology. Summer jobs
inc]uded‘wprking for Dr. d.M. McLepd of Environment Canada
at Lac Normahd, Québec in 1976.on a,project on the;Swaine"
Jack Pine Sanly,,and for»both‘Dr;rL.ﬁdobih of - Environment
Caﬁéda and Dfﬁ J.M. .Perron of Université Laval at Anticosti
.Island‘in 1977 on HemlocK‘Looper ‘outbrea(§~ ;COurées, term
reports and-diécussions with professérsEat Laval, as well as
summer jobs,, di;eéted my interésts in -a systematjc ‘and

ecological direction. h



212

. : ‘ ‘ / '

Throughout these years, I kept éol]écting beét]eéd and g,
my interest focused on carabids. My interest in the carabid
fauna of Marshes érosé through a series of collecting trips
in southwestern Québec in 1976-1977, during which 1 Waé
 impressed with the abundance of carabids in cattail marshés
and by the fact fhat\so~ca]led "ground-beétles"‘1ived among
inundated vegetation. Realizing that little work‘had been
done on the ecology of marsh carabids, 1 decided to make
this the subject of my Masters research.

Advice and encouragement)from}Henri Goulet, a former
Ph.D. candidate of this Department, and an evening
discussion over.beer with Dr..Geqrgé E. ‘BalL at Laval in
1977 convinced me to attend the University of Alberta. Upon
completion of my'B.Sc.kat vaal,fl moved to Edmonton in May
5978 to under{ake a Masters programme, thé results of which
’are repohted herein. In hune 1979, I married Marie Dumas

in Montréal.



