The Bogeography of Grounddtles (Coleoptera: Carabidae)

on the slands of Lac la Ronge, Saskatchewan, Canada.

By

Aaron John Bell

A thesis submitted in partial fulfilment of tmequirements for the degree of
Master of Science
In

Conservation Biology

Department oRenewable Resources
University of Alberta

© Aaron John Bell, 2015



Abstract

Islands offer nusualopportunities for studying theoretical concepts in ecolbgiudied the role
of island siz and isolation in structuring assemblagkground beetles (Coleoptera: Carabidae)
on the islands analdjacentmainland of Lac la Ronge, Saskatchewan, Caradabid beetles
were collected on 30 islands (G.380.7 han size, 0.13 10.7km from mainlanyland five
mainland sites using pitfall traps throughout the ffost seasorCarabid body size, wing length
and seasonal activity information was obtainedrfithe literature. In winglimorphic species,
wing length was diagnosed by removing the elytra and subsequent dissecteteymine the
condition of flight muscledslandsizewas an importarfactor affecting beetle assemblage
diversity,and populatn processes dslands. Island isolation did not negatively influence
diversityat the scaleexamined irthis studyLife historycharacteristics of species such as body
size, wing length, and breeding pergignificantlyinfluencedthe distribution ofbeetles on
islands. Thisvork suggests thamall islands experience greater turnover of carabids,
particularly largebodied flightless species, and tiisis may accountfor theisland area effect

observedn this island system.
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Chapter 1: Introduction

Background and Rationale

The theory of Island BiogeograpkiacArthur & Wilson 1963, 196 Avas developetb
explain factors that influendee number of speciem islands. Shortly after its publication, its
theoretical framework &as gplied to conservation planning atiee design ohaturereserves
whichf uncti on as 0i slteedlahdséapd®ianohd 1875)hhis lecta a
vigorous debateithin ecological circlessto whether a single large reserve or several small
reserves (SLOSS3)est conservbiological dversity (SLOSS debate, see Simberloff & Abele

1982 and Diamond 1976

Based on Island Biogeography theory, a single large reserve should be better at
preserving intact communities and maintaining viable pajouns, especially for vertebrates
with large homeaangegDiamond 197% Opponents ttheapplication of island theory to
reserve design arguedtsae ver al s mal | reserves may be bett e
and many species coudtill persig in small areagSimberloff & Abele 197% Fuithermorethey
arguedthae ach of t he small p ar c eheesessarihpubseiswofdaoge r t s p ¢
islands and spread theverallrisk of catastrophic disturbance events (e.g. wild{ignberloff
& Abele 197§. Despiteof the fact thahatural systemare usually moreomplexthan allowed
in the debatemany of the conceptad ideas generatedere usefyland continue téorm the
basis of conservation planning practices toddyesemcludesuchconceptsas the use of
corridors or stepping stones, preference for unfragmented landscapes, and minimizing edge

effects(Diamond 1975Wilcox & Murphy 1985.



Publication of the theory dsland Bogeography (MacArthur & Wilson 1963, 1963)so
led to widespread recognitidhatislandsoffer valuable features facological studyBecause
mostisland biotasre less speciegch than mainland areas c ol ogi c al i nteractio
compl i cat eahdeanento stusiitauset & Benning 1995)Islandsoften form
archipelagosproviding excellent opportunities foeplicationat the islandevel (Wardle et al.
2002; Warren et al. 2014ndtheir isolation and discrete boardenake thenrelatively
independentallowing them to beomparedo other islands nearlwardle et al. 2002)or
these reasons, islanfitequentlyserve as model systaifor testing hypotheses related to
isolation, area and edge effects, and spatial arrangement of islands (Kotzd-2@@&ymore,
thetheoreticalnsights gained from studying island systems can help infoactical slutions

to reatworld problemsas was illustrated in the design of ecological reserves.

Carabid Beetles on Islands

Carabid beetles (Coleoptera: Carabidaepangtabletaxafor studyingthe effect of
islandson biotabecause they are abundant and easy to collect (Lindroth 1985; 1986), diverse and
well-known taxonomically (Lindroth 1969), atdcausehey vary in dispersal capability based
on winglength(Den Boer 1970)Carabidspecies are generally classified accordingittg
lengthinto three categoriesnacropterougfully-developed hind wingshrachypterougapterous
or reduced hind wingsand wingdimorphic (ndividuals withinthe same speciexhihit either
macroptery or brachypter{pen Boer 1970; Bn Boer et al. 1980; Limdth 1985, 1986).
Macropterous species disperse via fligitereasrachypterouspeciesare flightless and
dispersdo or between islands by drifting on the water surface outfir humarassisted
movementsBecausenacropterous, brachypterous, and wehignorphic species commonly

occurin the sane location (As 1984 proportiors of macropterouss. brachypterouspeciesan



be used t@omparedispersal and colanation strategiesn islands (@n Boer 1970).
Furthermore, the proportions of macropterous vs. brachypterous individuals within wing

dimorphic species can also provide valuable information regarding dispersal.

Carabidshave been studied extensively on islarefgpeciallyin the Baltic Seasee
review by Kotze 200&nd references thergiandthe Lake Mamry archipelago in Poland
(Zalewski 2004; Ulrich & Zalewski 2006, 2007; Zalewski & Ulrich 2006, 200®gether, these
studies have madextensivecontributiors to our understanding a@farabid beetlesn islands, and
insular faunas in generdelow, | briefly summarize the key findings of their research with a

focus on information relevant to thisesis

First, carabid assemblages on islands differ from trearesmainland counterparend
are not a product of passive sampling phenomenon (NéelB85 Kotze 2008 Zalewski et al.
2012. Niemek et al.(1985) showed that some abundant speciesanland were scarce or
absent on islands, and several specie®wnore abundant on islands than on mainland. Thus,
biological processes, such as autecological characteristics, availability of habitat, and/or
competition influencestructure of thearabid assemblagm islands (Niemélet al. 1985;
Niemek 1988, Kotze et al. 2000; Kotze & Nierdgl002;Zalewski & Ulrich 2006 Kotze 2008

Zalewski et al. 2012

Second, dispersal from mainland and between islemitie Baltics (distances < 5km)
occurs relatively easilgKotze et al. 2000possibly dueo the ability of carabidgo survivelong
periods driftingon the water surface. Studiesve shown they can survive up to 5 days floating

in brackish water (Palmén, 1944; Renault 2011) with no effect on fertility (Palmén, 1944) and 4



days completely submergedfreshwater (Renault 201I)hus, it is possible for carabids to

colonize islands by passively drifting on the water surface.

Third, the number of carabid species on islands tends to increase with island size
(Niemeket al. 1987; Nilsson et al. 1988; Kotze et al. 2008tze & Niemeh 2002; Zalewski &
Ulrich 2006)althoughevidence is divided as to whether this pattern istdibitat diversity or
areaper se(Kotze 2008) Disentangling theltimate causes of greatdiversity on large islands
is difficult becaus@rea and habitat diversifyerelated (drvinen & Ranta 1987As et al. 1997)
Furthermoreresearchersftendeploy more pitfall traps on large islands (Nie&1387;
Zalewski & Ulrich 2006, 2009ndthusany differentiation between the effects of area and

habitat diversity are confounded bgmpling intensityKotze 2008).

The islands of Lac la Ronge are similar in size and isolation to many islands in the Baltic
Sea, but vary in several ways that Icbimfluence the distribution of carabids on islands. First,
the islands of Lac | a Ronge are geologically
since their formation 10,0004,000 years BP (Klassen 1994). In contrast, the gradual land uplift
in Fennoscandia is slowly creating new islands, increasing island size and habitat complexity,
and increasing overall connectivity between islaamis the mainland in the Baltic regi@fotze
2008). Second, lala Ronge is a freshwater inttantinental lake wereas the Baltic Sea has
low but variable salinity (Kotze 2008). Because carabids can survive up to twice as long floating
on freshwater compared to seawater (Renault 2011), passive transport through drifting could
allow carabids to travel further dracla Ronge than in the Baltic Sedence, the processes that

shape island communities may vary between these two island systems.

Thesis Objectives



In this work, | aimed to provide a comprehensive understanding of carabid beetle
communities and factors iniéncing their colonization and establishment on islands. More
specifically, | tested whether spatial featuiks island area and isolation can prediet number
of species and assemblage structure aftids on the islands aflake in northern
SaskatchewarBy sampling forested islands spanning an area and isolation gradmunghk $0
determine the principdhctors influencing the biogeography of daichbeetles in an island
system, and to compare patterns observed in this study with theseved in other island

systems.

In chapter 21 compare islandarabid assemblag&sgth their nearest mainland
counterparts. By exploring the influence of spatial features on cammidositionand diversity,
| conclude thaisland area influences bothet diversity and assemblageusture of carabid
beetles, but the effects of isolation are less cRased on these findingssuiggesthat island
area has subtle effects on the population processes and inter/intraspecific interactions of carabid

beetles.

In chapter 31 explore how variouautecological characteristics (body size, wierggth
seasonal activijyare associated with carabid assemblages on the islands. By assessing their
relationship with island size suggesthatlargebodied,flightless species are underrepresented
on small islands because they have greater resource requirements and lower immigration rates
than smaklbodied species capable of fligBased on these findings, | conclude that certain
autecological characteristiese associated with island size and are important factors influencing

carabid assemblages the islands.



In chapter 4, | summarizie researchindings and discuss their implications for
conservation planning and ecological theory. Furthermore, | briefly discuss additional questions

and hypotheses generated from this dissertation and make recommendations for future research.
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Chapter 2: A comparison of groundbeetle (Coleoptera: Carabidae) assemblages between
boreal lake-islands and adjacentmainland

Introduction

Sincethe publication of thelieoryof Island Bogeography (MacArthur & Wilson 1963, 1967)

many authors have tested hypotheses about how area and isolation influence island biodiversity
(Kotze 2008). A commoapproachs to compardiotic communitie®n islands with their

nearest mainlandounterpart¢§MacArthur & Wilson 1963, 196Mliemela et al. 1985; Kotze &
Niemela 2002)Island biotas are generally less speciels than comparable mainland areas and
this has been attributed igland characteristics such as island area, distance from mainland, and
habitat diversity on islands (MacArthur & Wilson 1963, 1967; Jarvinen & Ranta 1987; Miemel

et al. 1987As et al. 1997).

Several hypotheses have been proposed to explain why divaecsgases with island
area (see Connor & McCoy 197%pr examplehe o6 habi tat diversityé (W
6equilibrium t Wisonrl968, 196Mhypothesimswke bidlogical
explanations for speciemea relationships. The former propsshat as sampling area increases,
the number of new habitats and species associated with those habitats also increases (Williams
1964). The latter explains that species number is a dynamic equilibrium between extinction and
immigration ratessuch that mall, isolated islands have greater extinction rates and low
immigration rates, respectively, and thus have lower diversity than found on large, more
proxi mate islands (McArthur & Wi lson 1963, 19
posits that largeslands have more species because they receive larger samples from the
mainland species pool, simply because they provide larger interception targets (Connor &
McCoy 1979). Under this hypothesis, species diversity on islands is strictly the product of a

sampling phenomenon and is not the result of biological processes (Connor & McCoy 1979).
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NiemeA( 1985) tested and refuted the Opassive
on Baltic islands. He showed that some species abundant on mainland werersabseat on
islands, and several species were more abundant on islands than on mainland@98%)el
However, the islands of Lac la Ronge differ from the Baltic islands studied by (NMi2&83) in
several waysuch aspecies assemblages, salinitigtances beteen islands and mainland
Hence, the processes that shape island communities may differ between these two island

systems.

In this study, kkompared carabid beetle assemblages on forested islands of a boreal lake
in Saskatchewan, Canada witlogle on adjacent mainland. The aims of this study are to 1) test
the Opassive samplingbé hypothesis for the is]l
species assemblage differ between islands and the mainland, and among islands of different size
and isolation, and 2) compare the patterns observed on Lac la Ronge with those observed in

other island systems.

Methods
Site Description and Island Characteristics

This study was conducted durisgmmer 2013 in the vicinitpf Lacla Ronge,
Saskatchewan, Canada (ake%es 6nGhe sodthernedy®ohtbel 6 W) . T
Canadi an Shield and includes >DB80n(Fig.dl)ands ¢t h
Mostislands are similar in shape, running sewtst to northeastand Iacated mainly in the
central and northern reaches of the lake (Fi§). Although tere are approximately 250 cabins
on the islandsmost are on small parcels of leased land witidification of additional island
habitatprohibited. Consequently, the istishave not experienced significant habitat alteration

or human impact.
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| studied thirty islands and five forested mainland sites (Fig. 1). All islands are heavily
forested but small sand beaches, marshes, and meadows occur onfsousedmy work on
only forested areas to minimize variation caused by sampling different habitats. Theseeseeas
dominated by sprucé>{ceaspp.), balsam firAbies balsamgaand white birchBetula
papyriferg, with rembling aspenRopulus tremuloidgdess common.atkpine Pinus
banksiana was found in small numbers at mainland sites but rarely on the isgpise was
more common at mainland sites and large islands whereas balsam fir was more prevalent on
small islandsSoil depthvaried casiderably across eachiesand the forest floor was covered by
large mats of bryophytes and liche@@adonia stellarisandCladinaspp). Patches of raspberry
(Rubusspp.), skunk curranRibes glandulosujpndogwood Cornus sericeg bunchberry
(Cornus canadengjistwinflower (Linnaea borealiy and lingonberry\(accinium vitisidaeg

were common.

Island areas were determined using GIS software (Table 1; ArcGIS 10.3) and categorized
as very small (0.1 1.0 ha), small (1.01 10 ha), medium (10.0iL 100 ha) and large (100.01
1,000 ha; Table 1). Island isolation was measured two ways: nearest distance to mainland and
distance buffers. Nearest distance to mainland was measured using the ruler tool in GIS software
(ArcGlI'S 10. 3) . Because of tlhodaRomgée andtheer ed 6 nat
possibility of individuals immigrating from both mainland and neighboerstand species pools,
| used buffers to develggm island isolation index for each island. In an effort to incorporate the
effect of scales itheanalysis] used two distance buffers (5000m and 10,000m) to measure the
proportion of water or land around the perimeter of each island. To db¢bisyerted a vector
shapefile for Lac la Ronge and the surrounding area to a binary rasterigiéi@r; Oi land)

with a cell size of 5m. Thehused buffers to calculate the proportion of water within each buffer
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andaveragingbetween the two buffer distances. The resulting value was used as an isolation
index for that island. For community analyses, islandsweeegat r i zed as Omore i s
(i solation index O 0.8) and 0l ess isolatedd (

with 15 islands in each category.

Sampling Protocol and Species Identification

Carabid beetles wesampled on each islanging ptfall traps constructed fromL1
round plastic containers with a smallebL inner cup (Spence & Niemela 1994). Traps were
placed in the ground so the lip of the container was level with thetrate. An opaque lid (15 x
15cm) was suspended32m abovetie trap to prevent debris and excess rainwater from clogging
the trap (Work et al. 2002ight pitfall trapsweredistributed along a 120m transect at each site,
with traps spaced at frbintervak, starting 7.5m into each transdotensurehat traps ceghes
were independerfDigweed et al. 1995). Traps were run continuously from 2 June to 23 August
(approximately the frodree season at La Ronge, Si)d were emptiedt ca. 1417-day
intervals, depending on weather that affected lake conditions, dilédeeach check with 2

3cm of propylene glycol. Samples were stored in 90% EtOH identification

Adult carabids wer@entified to species using Lindroth (1969) and Bousquet (2010).
includedTrachypachus holmbergilannerheim(Trachypachidae) itheanalysis because of its
abundance imy study and its similarity and apparently close relationship to carabids (Lindroth
1969; Bell 1982)Voucher specimens are deposited in the Strickland Museum, Edmonton,
Alberta, Canada, anglith the collection of he Water Security Agency in Saskatoon,

Saskatchewan, Canada.

Data Analysis
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Species richness was standardized by-days to account for differences in trapping
effort. Individualbased arefied pecies richness wadsocalculated for each site usingaxt
software (Hsieh et al. 2018) compare diversity standardized for the number of individuals
collected Regression, performed in R (R development Core Team 2013), was used to test the
effect of island area and island isolationspecies richnessarefied species richnesand
species evennesfRkesiduals for both the island area and island isolation models met the
assumptions of normality (Shapiwilk test) and equal variancRankabundance curves were

calculated using the BiodiversityR packageri (Kindt & Coe 2005).

Carabid abundances were standardized (total individuals per trap day) to accouns for trap
that were lostl compared carabid assemblages among island classes and mainland, and between
island isolation categories using Aoretric mutidimensional scaling (NMDS)singBray-Curtis
distances. Stress and optimal number of dimensions were calculated using the vegan package in
R (Oksanen et al. 2015), with stress values between 0.10 and 0.20 considered to indicate
adequate representatianfstwo-dimensional NMDS solutions (Clarke & Warwick 2001).

Ellipses projected onto the ordination plot represented 95% confidence intervals for the mainland
and island size categories. Centroids of the 12 most abundant species were calculated to estimate

average locations of each species in the ordination space (Bergeron et al. 2011).

Results
Carabid Dominance and Diversity

In total, | collected 11,632 carabidspresentin@9 speciesAppendix) All species
collected on the islands are known in Saskatetme(Hooper & Larson 2012; Bousquet et al.
2013), excepPterostichus brevicornigirby). The two female individuals of this species

collected from Love Islandb6°04'48" N, 104°59'21"WandOrr Island(55°07'13" N,
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104°56'32"W islands 23 and 2@espectively; see Appendixl) are the first records from
Saskatchewan. The two most abundant speetespstichus adstrictuSschscholtz an@alathus
ingratusDejean, which were most abundant on 11 islands (Table 1) accounted for 46.8 % of
catches, antbgether with the next 10 most abundant speé¥synus decenti€Say),Agonum
retractumLeConte Stereocerus haematop(i3ejean),Synuchus impunctatSay),

Pterostichus punctatissim@Randall),Carabus chamissonisisher von WaldheinCarabus
taedatws Fabricius,Pterostichus pensylvaniclleConte,T. holmbergi andAgonum gratiosum
(Mannerheim)], accounted for 98.8% of the total catch. Total number of individual carabids
caught per island and average number of individuals varied considerably agdacadisally
among island classes (Tabld)1 Although average abundance was greater on the smaller
islands (Table 1), variance was such that overall carabid catch rate showed no statistically

significantlinear relationship with island areaR 0.08,P = 0.14, Fig.1.2).

Rankabundance graphs revealed a distinct shift in relative abundances of species with
increasing island area (Fi§).3). Pterostichus adstrictusas the dominant species on very small
(0.1 to 1.0 ha) and small island (1.01 to 10da$ses, while relative abundance£ofngratus
increased to the point of dominating samples on medium (10.01 to 100 ha) and large island
(100.01 to 1000 haps well asnainland sites. The smdibdied species (see Appendix), A.
retractum was among the five most abundant species on very small, small, and medium island
classes, while declining to the ninth most abundant species on large islands. Similar patterns
were observed fof. holmbergwhich was among the top ten most abundant epegivery
small and small island classes, while decreasing in abundance on medium and large island
classes and mainland sites. The opposite pattern was observed ftrodiepk species-or

exampleC. taedatuswas relatively rare on very small and shislands, but was the ninth and
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fifth most abundant species on medium and large island classes, respectively. Sioalatbys
chamissonisvas the third most commonbpollected species on large island classes, but only the
ninth, fifth, and eighth mostbundant on very small, small and medium island classes,

respectively (Figl.3).

Species presence varied considerably among isl&belmstichus adstrictuandC.
ingratuswere found on all islandsith P. decentisA. retractum S. haematopys. impuitatus
andP. punctatissimualsobeing quite common with > 80% prevalentecontrastC. taedatus
A. gratiosumwere only present on 37% of the islands antdolmbergiwas collected on dyn
30% of the islands, and wabsent from mainland siteSarabus chamissoniwas presenon
most of the islands (80%) althoufghur of the six islands where it was absent were less than two
hectares in size. A similar pattern was observed. itaedatusvhich, aside from a single
i ndividual col |(Tadeld)vasmabsent feotmamplas irtlie145dallest
i sl ands ( Gpposite pattdinavps. obsérved for the sibatlied, winged species,

gratiosumwhich was only found on islands less than 44 ha in size.

Raw species richness did not sigrafitly differ with island area @&= 0.05,P = 0.22;
Fig. 1.4), althoughwhen diversity was standardized to a comparable number of individuals using
rarefaction (see Buddle et al. 2005), richness significantly increased with island axe@ 1R,
P=0.03Fig.14).Li kewi se, ev e signdicasly ifcRasedwihistarsd ardad(R
= 0.33,P =0.0009; Figl1.5). Overall, more species were collected from the islands than from
adjacemn mainland forests (37 vs. 17), althouglnefied richness didot vary between island size
classes anthemainland (R = 0.11,P = 0.49). Total numbers of species were 22, 27, 24, 20, and
17 for very small, small, medium, large, and mainland, respectively (I&)leSeveral open

habitat speciesAimara erratica(Duftschmid),Amara littoralisMannerheimAmara patruelis
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Dejean, andradycellus lugubrigLeConte)] were collected in small numbers on the islands,
probably reflecting small forest openings. These species undoubtedly occur in similar gaps on
the mainlandbut such openings were not included in any of the five mainland sites. Two
speciesAmara sinuosgCasey) andBlethisa multipunctatéLinne), were found only othe

mainland, but only a single individual of each was collected.

Rarefied species richnedil not differ significantly with distance to mainland?(®
0.07,P = 0.16; Fig.1.6) ortheisland isolation index (R= 0.05,P = 0.26; Fig.1.6). Raw species
richness increased with isolation, although this relationship was only significant for distanc
mainland (B = 0.18,P = 0.02; Fig. 1.6A) and not the island isolation indeX£M.08,P = 0.14;
Fig. 1.6B). In general, there was no indicatioranfinverse relationship betwespecies
richness and isolatioin fact, there waa trendof the oppsite pattern with specieghnessat
24 for less isolated islands and 35 for more isolated islands, respectivelyXPable
Furthermore, among the sev&gonumspecies collected imy study, only threeA. retractum
A. gratiosumandAgonum sordenKirby] were found on less isolated islands, while all seven
were present on more isolated islands. A similar pattern was obse@ethedatusvhich was
missing from the 11 islands closest to mainland (nearest distance measure) and the eight least

isolaked islands (isolation index).

There was no evidence of an interaction between island area and either isolation measure
for raw species richness, rarefied spedigiess, or species evenness. A global model was used
to measure the effect of island arealesaccounting for the effect of isolation (anide versa,
see Table 1.3). iStance to mainland wassed in the global model because it @dsetter
predictor hantheisolation index (see abovédh generaldistance to mainland only significaynt

affecedraw species richne¢B® = 0.17,P = 0048), whereas island area was the best predictor
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for bothrarefied species richness¥R0.18,P = 0.03) and species evennél$=0.31,P =

0.003, see Table 1.3).

Carabid Assemblages

A two-dimensional NMDS ordination arranged the carabid assemblages for mainland and
island classes with an acceptable stress of 0.17 {FHig.Species composition overlapped (95%
confidence ellipses) markedly among mainland and large, medium, andsamalkiclasses, but

species composition differed notably for assemblages from very small islands.

Centroids forC. taedatusC. chamissonisS. impunctatusandP. punctatissimus/ere
concentrated in the mainland, large, and medium island classes, &ritileids forP. adstrictus
A. retractum P. decentisA. gratiosumandT. holmbergiwere concentrated in small or very
small island classes. Centroids Rarpensylvanicyss. haematopysndC. ingratuswere
clustered broadly to include mainland and all island classes. Island isolation was also represented
by a twadimensional NMDS solution (Fid..8) with a similar stress of 0.16. The overlap of
confidence ellipses shows that species composition was lesghffected by isolation than by

island size.

Discussion

Island carabid assemblages usually differ from their nearest mainland counterparts
(Niemela et al. 1985; Kotze & Niemela 2Q02foundsupport forthis on only the smallest
islands inmy study. Islands less than one hectare differed distinctly from those of both large
islands and mainland sites. Furthermore, as island size incrédassttucture of thearabid
assemblagen islands gradually approached that of the mainland. In cordaaahid beetle

assemblages on Baltic islands up to ca. 29 ha in size differed distinctlyhieonainland
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(Niemek 1985; Kotze and Niem&R002). Below, kuggest three possible explanations for
differences irthe structure of the assembldgeweerthe smallest islands, on the one hand, and

large islands anthe mainland on the other.

First, resources may be limited shortedlived on very small islands compared to larger
islands andhe mainland (MacArthur & Wilson 1963, 1967) and this may select agapecies
with larger body sizes and consequently favor less competitive sthatlexd carabids
(Schoener & Janzen 1968). Relative abundances oftmrdied species, such Bs
punctatissimus, C. chamissorasidC. taedatuswere greatest on the mainthand mediunto-
large islands, suggesting that these islands could support viable populations. However, only a
single individual ofC. taedatusvas col | ect ed on only one of the
suggesting that populations of this speciesrat sustainable on small islands. Similarly, of the
six islands wher€. chamissonigvas apparently absent, four were I&san two hectares in size,
and both of the islands whelPe punctatissimus/as apparently absewere smaller than two
hectares in size. In contrast, smalbedied species likE. adstrictusP. decentisandA.
retractumwere present on all of the very smismall islands and more abundant on these
islands than on large islands ahd mainland.Furthermore, two smabodied specied,.
holmbergj andA. gratiosumwere each found on fewer than half of the islands, but the islands

where they were present were mostly small islands (see Appkijix

Body size and the ability to fly are relatedcerabids such that lardedied carabids
tend to be flightless while smalkeodied species are usually active flyers (Blake et al. 1994).
Other studies have shown that mean carabid body size is correlated with site stability (Blake et
al. 1994; Szyszkoteal. 2000), and larger bodied, wingless species are typically found in more

stabl e, continuous habitats (Szyszko et al . 2
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smallerbodied carabid species are found in more disturbed (Blake et al. 1994k&eysit.
2000) or isolated patches (Geril Jelaska & Du
body size on small islands may indicate that habitats on small islands are unstable or more

unfavorable for largéodied species.

Second, greater disgsal ability of winged carabids should allow them to exploit limited
or shortlived resources on small islands through repeated colonizatioigaation off an island
if conditions becme unfavourable. Although isolation did not influencedtracture of
assemblagat the scales examined in this study (Distance to maiflardi 10.7 km,mean:
5.4, standard deviatia 3.4 Isolation index0.477 0.90 mean: 0.79, standard deviation: 0.10),
thesemethods only indicate whether carabids are capable ofitigwdiktances required to
colonize islands (and establish populations), not the relative frequency at which they do so. Thus,
it is possible that both winged and wingless species can travel between islands, but that winged
species do it more often, possilolue to accidentally being blown into the water 4ftight and
colonizing islands by drifting on the water surface. For exaniagalainen (2000) showed that
of 996 carabids collected from drift material in the Gulf of Finland, 98.2% of individuals and
96.6% of species collected were winged. A significant aspect of colonization ability may
therefore include the survival of carabids being blown into the watefligid, andimmigration
rates of smaibodied, winged species may result indirectly fromrthéility to fly. If, for
example, largdodied, wingless species both arrive less frequently and have greater turnover on
smaller islands due to limited resources (see above), they should be less represented on smaller

islands, as is consistent withy daa.

Third, although cannot exclude undetected influences of-Boale variation in habitat

guality on colonization and establishment for some species, it is possible that species interactions
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play some role in determining the composition of islandrabiges. Restrictions in ability of
largebodi ed species to maintain populations on s
smallerbodied species. For example, ssaddied species increase in abundance on small

islands where largbodied specieare lower in abundance or absent. This is also reflected by
greater species evenness on large islands, suggesting that the presencdodliadggpecies
maintains some form regulatory control over carabid assemblages, possibly through competition.
Interpecific competition has also been proposed to explain the abseRtsradtichus

melanariuson small islands in the Baltics, despite availability of suitable habitat on the islands
(Kotze 2008) and the high ability of this species to expand into new @emeld & Spence

199]). Kotze et al. (2000) and Kotze (2008) suggested that its absence could be explained by
direct competition witlPterostichus nigera slightly largetbodied, more active species that is
numerically dominant on small islands. Unfortunately, interactions between spettisstody

are poorly understood. Future work, perhaps in the form of experimental introductions to islands
couldhelp determine why largeodied species lik€. taedatusare mainly absent or exist in

relatively small populations on small islands.

Islands and mainland did not differ in diversity; however, rarefied species richness
increased significantly with islandea.| hypothesize that the positivedand areadiversity
relationshipin this study may be due to higher extinction rates of ldrgeied species on small
islands. Although cannot eliminatéhe effects of microhabitaton species diversityny study
focused on a single habitat ty@onifer forestiand thus minimized the role of habitat diversity
(Williams 1964) as an alternative explanation for positive SARs on the islands. Bletraél

(1985) also focused on a single habitat type on Baltic islamdiited to detect a significant
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SAR. It is clear irthis study that population processes are influencing the persistence of large

bodied species on small islands (see above).

| founddifferenteffects ofisolation (nearest distance and buffers) on cdrapecies
diversity on the islands of Lac la Rondie general, diversity increased with isolation, but this
relationship was only significant for raw species richness anglaat isolation index, or for
other diversity measures (rarefied richness and evenness). These findings are unusual for two
reasons. First, species richness is typically highest on islands closer to mainland (MacArthur &
Wilson 1963, 1967). Secondynnetivity measuresising buffes aretypically better predictors
than nearest distance measuMsilfanen & Nieminen 2002; Driscoll & Lindenmayer 2009
Still, the fifteen least isolated islands (< 0.8 isolation index) harboured only 24 of the 39 species
in my study,while the pooled number for the fifteen masilated islands (> 0.8 isolation index)
was 35 species. In contrabliemek et al. (1988) showed that the number of carabid species was

lowest on the most isolated Baltic islands.

Thepositive relatbonship between diversity amgland isolatiormaybe explained by the
ability of carabids to survive up to twice as long floating on freshwater compared to seawater as
demonstrated by Renault (2011) in flotation experiments. Lac la Ronge is a freshtwater in
continental lakewhereas the Baltics have low but variable salinity (Kotze 2008). Hence, the
potential distance that carabids can travel in drift is greater on Lac la Rosg#lyexplaining

thepositive diversityisolationrelationshipn this study.

It is also possible that the islands on Lac la Ronge function like a clustered system of
stepping stones where colonization, both from mainland and between islands, occurs frequently.

Kotze et al. (2002) compared diversity of clustered versus scattkredsisn the Baltics and
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revealed that scattered islands accumulated species more quickly than did clustered islands. Due
to their proximity, clustered islands can have greater betwstsmmd colonization, whereas

isolated islands are colonized primarily propagules arriving frorthemainland (Hanski &

Gyllenberg 1997). Thismayexplain why more isolated islands contained several species not

found on less isolated islands. Alternatively, lower numbers of species on less isolated islands
could arise becaadargebodied species lik€. taedatusre not present, and therefore do not

keep populations of smdbodied species in check on these islands.

Conclusions

This studyillustrates that the passive sampling hypothe$i®s not explaithe species
area reationship observed for ground beetles on the islands ofal&onge. Carabid
assemblages on islands less than one hectare distinctly differed from large islands and the nearest
mainland. Largéodied species were both less abundant and occurred lassnitlgcpn small
islands, suggesting that populations of these spe@gemore difficult to sustain. In contrast,
relative abundances of small bodied species were greater on small islands; possibly due to a
0rel eased of r egul eetoblarggbodied speciess Islang isolation didma a b s e
influencethe structure ofarabid assemblage and did not negatively influspeeies diversity
at the scales examinedtims study. Evidence of population processes on small islands, such as
greater gtinction rates and lower immigration of largedied species, likely contributes to the

positive speciesslandarea relationship observed on the islands of Lac la Ronge.
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Figures & Tables

Table 11 Number of islands within each island size category, their isolation index, raw species

richness §), and number of individuals captured per islandThe most abundant species and

their relative proportion oftne o t a |

number of individuals per island class.

catch on

the island are

Island Size (ha) Isolation S I Most abundant species (%)
Very small
islands
EW 0.2 0.76 9 142  Pterostichus adstrictu@3.0)
FI 0.5 0.90 14 589  Pterostichus adstrictub6.9)
HB 0.5 0.85 15 341  Calathus ingratu26.4)
LG 0.6 0.80 15 365  Pterostichus adstrictu@!9.0)
AL 0.7 0.80 12 813  Pterostichus adstrictu&6.4)
GL 0.7 0.52 13 670  Pterostichus adstrictu@9.9)
486 .
Small islands
Cl 1.2 0.79 10 146  Agonum retractun3.8)
Cu 15 0.89 12 452  Pterostichus adstrictu0.7)
RI 1.6 0.87 15 351  Pterostichus adstrictu5.3)
RB 25 0.90 14 407  Carabus chamisson{27.0)
FU 2.6 0.62 15 460 Calathus ingratug31.1)
CD 3.2 0.80 10 163  Pterosthicus punctatissimy32.5)
KS 3.4 0.88 14 399 Calathus ingratug46.6)
MT 7.5 0.67 10 267  Calathus ingratug22.5)
SD 8.2 0.86 9 232  Calathus ingratug31.9)
319.
Medium
islands
DG 10.3 0.48 9 406  Calathus ingratug43.3)
LO 15.1 0.80 12 443  Calathus ingratug20.5)
NC 19.3 0.86 8 43 Pterosthicus punctatissimi32.6)
TB 19.5 0.86 16 718  Pterostichus adstrictu@9.2)
CcC 21.1 0.69 8 74 Pterostichus adstrictu@7.0)
LQ 26.9 0.83 10 110  Agonum retractunf32.7)
KD 29.4 0.76 9 301  Synuchus impunctat(87.9)
NT 43.2 0.81 14 85 Platynus decenti€24.7)
27 2.
Large islands
UK 124.3 0.77 11 355  Pterostichus adstrictu6.1)
JO 130.2 0.79 10 396  Carabus chamisson{29.3)
LV 169.1 0.87 12 89 Agonum retractun(32.6)
BR 255.1 0.82 13 559  Calathus ingratug32.9)
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Lz 289.2 0.78 10 268  Stereocerus haematoi@6.9)

ROSS 534.8 0.75 11 119  Pterostichus adstrictu&6.9)

Bl 980.7 0.87 13 255  Synuchus impunctat(85.3)

291.
Mainland

EF - - 13 325  Calathus ingratug45.5)

FT - - 11 654  Calathus ingratug34.1)

MS - - 12 309 Calathus ingratug25.2)

NP - - 10 119  Pterosthicus punctatissim(42.9)

SB - - 9 207  Synuchus impunctats5.6)
323,

Table 1.2 Summary of pooled species richness among island size classes, mainland, and
isolation classes.

Very Less More

small  Small Medium Large Mainland isolated isolated
Number of sites 6 9 8 7 5 15 15
Pooled species richnes 22 27 24 20 17 24 35

Table 1.3Summary ofglobal regression models (interaction not included) including
standardized regression coefficie(fsd. Coeff) and standard erro(SE)for raw species
richness, rarefied species richness, and species evenness.

Variable Raw Species Richness Rarefied Species Richnes Species Evennes

Std. Coeff SE P Std. Coeff SE P Std. Coeff SE P
distance.to.mainland  0.3277 0.12269 0.0129 0.09768 0.05853 0.1067 -0.004205 0.004085 0.312453
logl0.area -0.6957 0.43543 0.1222 0.4607 0.19463 0.0254 0.050576 0.013584 0.00091€
trap.days -0.015 0.01622 0.3627 - - - - - -
intercept 19.02 9.03292 0.045 7.00677 0.418568.78E-16 0.714204 0.029212 2.00E-16
overall model - - 0.04786 - - 0.0269 - - 0.002553
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Figure 1.1 Map of islands (green) and mainland (white) of Lac La Ronge, Saskatchewan. Black
circle indicate sampling locations for each site.
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Figure 1.2 Relationship between total carabid catch rate and island areg (laghe islands of
Lac la Rome (R: 0.08,P;: 0.14).
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Figure 1.3Rankabundance curves for the 10 most abundant carabid species in each island class:
very small (0.7 1.0 ha, n = 6); small (1.0110 ha, n = 9); medium (10.3G1100 ha, n = 8);
large (100.01 1000 ha, n=7).
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Figure 1.6 Relationship betweetarabid raw species richness and rarefied species richness for
each measure of isolatioffA) distance to mainland and (B) isolation index
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Figure 1.7 Non-metricmultidimensional scaling ordination illustrating the similarities in carabid
beetle assemblage between island classes and mainland (ellipses: 95% C.l.) and the centroids of
the 12 most abundant species, stress = 0.17.
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Figure 1.8 Non-metricmultidimensional scaling ordination illustrating the similarities between
carabid assemblages on islands that are less isolated and more isolated, stress = 0.16. Ellipses
represent 95% confidence intervals.
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Appendix 1.17 wing type and mean body length obtained from Lindroth (1969) and Bousquet (2010).

Very small islands Small islands Medium islands Large islands Mainland
Species Wing Type Mean Body Length(mm)1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Agonum affineKirby M 8.6 0 0 0 0 0 O 0 0 01 0 0 0 OO 0 0 00 0O 0 1 0O 000 0 O O 0 0 0 0 O
A. corvug(LeConte) M 8.75 0 0 0 0 0 O 0 0 0O0OOO 0O OO 0 0 00 OO 01 0O 000 O O O 0O 0 0 0 O
A. gratiosum(Mannerheim) M 7.75 011 1 2 2 O 11 2 0 7 0 0 1 0 0 0 03 00 0 2 0O 000 O O O 0 1 0 0 O
A. melanariumDejean M 9 0 13 0 0 0 O 0 0 1 0 0 0 0 0 O 0 0 000 O OO 0O 0 00O O 0 O 0 0 0 0 O
A. propinquum(Gemminger & Harold) M 7.2 0 0 0 0O 0 O 0O 0 0 0 0O OO OO 0 0 00OOO OO 0 001 0 0 O 0O 0 0 0O O
A. retractum(LeConte) D 6.9 22 17 72 21 133 53 64 94 18 29 31 4 39 1359 61 28 1 31 1 36 9 4 16 5 295 2 8 14 1113530 1 0
A. sordengKirby) M 59 0 0 0 3 0 1 01 0 1 1 0 2 0O 0 0 0 00O 0 9 0O 00O O O O 0 0 0 0 O
Amara erratica Puftschmid) M 7.6 0 0 0 1 0 O 0 0 0 0O 0O O O O0 O 0 0 00O OO OO 0O 00O O O O 0 0 0 0 O
A. littoralis Mannerheim M 8 0 0 0 0O 0 O 0 01 00 0O 0 OO 0 0 0 0O OO OO 0O 00O O O O 0 0 0 0 O
A. patruelisDejean M 8.65 0 0 0O 0 0 O 0 0 00O O 3 00O 0 0 00 OO OO 0O 000 O O O 0O 0 0 0 O
A. sinuosgCasey) M 6.6 0 0 0 0 0 O 0 0 0 0OOO O OO 0 0 00OO OO 0O 000 O O O 0 1 0 0 O
Bembidion bimaculatunfKirby) M 6.4 0 0 0 0 0 O 0 0 00OOO 0 OO 0 0 00O 1 00O 0O 000 O O O 0 0 0 0 O
Blethisa multipunctatg(Linne) M 11.75 0O 0 0 0 0 O 0 0 0 0 0O OO OO 0 0 00 00O OO 0 000 O 0 O 0 0 0 1 0
Bradycellus lugubriéLeConte) M 6.65 0O 0 0 0 0 O 0 0 01 0 0 1 0 O 0 0 000 O OO 0O 000 O 0 O 0 0 0 0 O
Calathus ingratuPejean D 8.75 7 27 90 23 203123 10 72 72 57 143 17 186 60 74 176 91 3 17416 9 19 10 84 31 13184 49 19 44 148223 78 9 5
Carabus chamisson{§isher von Waldheim) B 14.45 0 0 1 9 31 2 1 0 0 110 16 48 20 53 O 12 21 7 63 3 5 2 0 46 116 8 66 30 12 9 5 7 11 11 7
C. taedatugFabricius B 215 0 0 0 1 0 O 0 0 0 0O 0O O 0 O0 9 0 746 1 0 0 0 1 0 66 2 50 33 0 52 9 0 39 10 14
Calosoma frigidunKirby M 22 0 0 0O 0 0 O 0 01 00 0O O OO 0 0 0 O0O0OT1ITO0 0O 000 O O O 0O 0 0 0 O
Cicindela longilabriSay M 16 0 0 0 0 0 O 0 0 0 0O OO OO0 O 0 0 00O OO OO 0O 010 0 0O 0O 0 0 0 O
Cymindis cribricolli®ejean D 9.7 01 2 0 3 4 0 0 00O O1 010 0 3 06 0O0 0O 3 000 0 0 1 1 0 1 0 1
C. unicoloKirby B 8.75 0 0 0 0 0 O 0 0 00OOO 0 OO 01 00 0O OO 0O 003 0 1 1 0O 0 0 0 O
Elaphrus clairvilleKirby M 9.1 0 0 0 1 0 O 0 0 0O0OOO 0 O0 O 0 0 01 00 0O 0O 00O O O O 0O 0 0 0 O
Harpalus fulvilabrigvlannerheim D 9.95 0 2 4 1 0 O 01 1 0 0 0 0O 0 3 0 0 00OO OO 0O 000 O 0 2 1 0 0 0 O
H. laevipe<Zetterstedt M 11.3 0O 0 0 0 0 O 0 0 0 0O 0O O1 0O 0 0 00 00O OO 0O 0 00O O 0 O 0 0 0 0 O
Loricera pilicornigFabricius) M 7.75 01 1 0 0 1 0 0 0 01 0 0 0 O 0 0 01 00 OO 0O 00 0 O O O 0 0 0 0 O
Miscodera arcticaMannerheim M 8 0 0 1 0 0 2 0 0 1 00 1 0 0O 0 0 0100 00O 0O 001 0 0 1 0 01 0 O
Patrobus foveocolligEschscholtz) D 9.8 0 0 0 0 0 O 0 0 0 0O0O O O OO 0 0 0000 OO 0O 000 O 4 O 3 0 0 0 O
P. septentrioniDejean M 9.95 01 0 0 0 O 0 0 01 0 0 0 0 O 0 0 00O OO OO 0O 00O O O O 0O 0 0 0 O
Platynus decenti¢Say) M 115 1 13231 43 39113 15 8 80 49 56 6 41 13 17 108 6 51361 3 0 21 14 6 5 34 5 18 0 41 40 12 6 O
P. mannerheimi{Dejean) M 121 0 0 0 0 0 O 0 0 0O0OOO 0 OO 0 0 0100 0O 0O 000 O O O 0 0 0 0 O
Pterostichus adstrictugEschscholtz) M 11.25 61 335 76 179215200 36 229124 94 96 27 52 50 22 38 86 6 21020 31 83 15 128 81 10 58 39 32 21 26 117 35 13 46
P. brevicornigKirby) B 5.5 0O 0 0 0 0 O 0 0 0 0 0O OO OO 0 0 00 00 01 0 010 0 0 O 0 0 0 0 O
P. pensylvanicu_eConte) M 10.75 10 4 3 4 42 3 16 9 2 7 5 2 0 27 1 200 7 0 1 18 0 8 35 2 4 0 7 1 2118 1 2
P. punctatissimugRandall) B 16.5 1 0 40 12 18 53 11 0 2 9 6 53 18 22 10 3 43 14 4217 9 48 5 6 41 10 66 42 11 12 39 5 22 51 14
Stereocerus haematopy®ejean) M 11 0 41 5 23 96 101 5 2 2 31271 2 42 0 6 61 0 38 1 11 7 13 19 40 3 8 56 11 1 38 46 23 16 3
Syntomus americanu@®ejean) D 31 4 0 0 0 1 O 01 0 0 6 0 0 O O 0 0 00OO OO 0 00 0O O O O 0 0 0 0 O
Synuchus impunctatuéSay) D 9.95 1 1 12 42 30 14 2 3 36 11 55 0 31 12 11 1 9 1 315 4 1141 12 7 2 4 8 1 9 2 58 39 0 115
Trachypachus holmberglannerheim M 4.8 35 3 2 0 0 O 0 1 1 117 0 1 0 O 0 0 00 OO OO 19 0 0 0 0 0 O 0O 0 0 0 O
Trechus apicalidotschulsky D 43 0 0 0 0 0 O 0 0 0 0O 1 0 0 0 O 0 0 00 OO 01 0O 00O0 O0 2 O 0 0 0 0 O

Total no. of individuals
Total no. of species

142 589 341 365 813 670
9 14 15 15 12 13

146 452 351 407 460 163 399 267 232
10 12 15 14 15 10 14 10 9

406 443 43 718 74 110 301 85

9

12 8 16 8 10 9 14

355 396 89 559 268 119 255
11 10 12 13 10 11 13

325 654 309 119 207
13 11 12 10 9
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Chapter 3: Body size and wing length influence the distribution of ground beetles
(Coleoptera: Carabidae) on boreal lake islands in central Canada.

Introduction

In order for a species to successfldgcome established am island, individuals must
immigrate fromsource population$gcate suitable habitatand reproducen sufficient numbers
to avoidextirpation (Kotze et al. 2008). These processes are influenced by the biological
characteristics of particular species, such as variation in dispersal abiligonézdth,

fecundity, and ability to compete for resources (Kotze et al. 2008).

Body size is perhapsne ofthe most wellstudied attribute of island faunas because it
influences many characteristics associated with immigration potential, ecologicattiotes,
and resource requiremerftomolino 2005). For example, body size influences metabolic rate
and minimum resource requirements (McNab 1988, 1999) so that islands with low resource
availability should favor smaller body size. Likewise, smatledied species of carabid beetles
(Coleoptera: Carabidae) are more common in disturbed habitats (Blake et al. 1994; Szyszko et al.
2000;Ribera et al. 2001; Niemela et al. 2002; Braun et al. 2004; Magura et al. 2006; Elek &
L°vei 2007) or Il sbeélaaekapatbDhrele dpliecdc@amndd ), wh:e
are usually more dominant in stable, lateecessional, and contiguous habitats (Szyszko et al.
2000; Geril Jelaska & Durbegil -cff9ifOrespurce These o
requiremets, duration of development, and dispersal ability which all vary with body size (Den

Boer 1970; Blake et al. 1994).

Carabid dispersal is directly influenced by wing length (Den Boer 198flyiduals of
species that are entirely macropterous (functitoral hind wings) may disperse via flight while
those ofspecies that are entirely brachypterous {horctional short hind wings) or apterous
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(hind wings lost) disperse only by walking or passively drifting on water (Blake et al. 1994).
Some carabid spedare wingdimorphic, meaning individual®ayor may not possess fully
developed wingéDen Boer 1970; Den Boer et al. 1980; Lindroth 1985, 1986&uch species,
colonization of new areas typically occurs via the macropterous morph and once established,
populations commonly shift towards dominance of the wingless forni\(eeeela & Spence

1991 Bourassa et al. 2011). This pattern appears to tédleal reproductive advantages
associated with loss of flighfé 1984;Roff 1986; Spence & Spence 1988; Desender 2000; but
seeCarer 1976; Langor & Larson 198Besender 1989; Aukema 199&migration of
macropterous individuals (den Boer 1970), and idamce of the gene that codes for the

flightless morph (Aukema et al. 1996). For example, the introduction and subsequent spread of
Pterostichus melanariudliger across western Canaddiémela &Spence 1991Bourassa et al.
2011) fits this explanatio\t themargins of its expanding rang&e proportion of

macropterou®. melanariusvas much higer than at establishettes only 81 km awaf60-70%

vs. 20%, respectively; Niemeld 8pence 1991). Similarly, from studies of lake islands on which
most estalished populations of dimorphic species gradually shifted from being macropterous to
dominated by flightless individuals. In fadalewski (2004) proposed using frequencies of

macropterous individuals to estimate the age of island populations.

Carabid spdes are classified as either spring or autumn breeders. Spring breeders
overwinter as adults and reproduce during early summer, while autumn breeders, at least in
temperate and boreal regions of Canada, overwinter as larvae and complete development the
following spring or summer (Bousquet 2010). Although classifying carabid reproduction in this

way oversimplifies the complexity of carabid hégcles (se®ousquet & Pilon 1980 Zalewski
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(2004) suggests that autumn breeders are more prone to extinctganals ibecause

overwintering larvae are less tolerant to fluctuating environmental conditions than adults.

In the current study, éxplore how lifehistory traits like body size, wing length, and
breeding period are associated with patterns of relative abundance in carabid assemblages on
islands in Lac la Ronge, Canad#est the following hypotheses: 1) carabid body size is
inversdy related to island size, and 2) small islands have higher proportions of macropterous
species, because these have higher immigration rates than do wingless Kpégaikesnen
2000), and 3) small islands have a higher proportion of sjaiegding spees.| compared
catch rates of largbodied and smaltbodied speciesand the proportion of macropterous species
and springbreeding species of carabiddiies among islands spanningisiand size gradient.
Furthermore| compared the frequency of macragtamongthree wingdimorphic species,
Calathus ingratu®ejean,Synuchus impunctatSay), andAgonum retractunfLeConte)and

considered differences among islands of different size.

Methods
Site Description and Sampling Protocol
This study was conducted on islands in Lac la Ronge, Saskatchew@anA 0 6 6 N, 105/
W); a large (1,413 kf) freshwater lake in the boreal forest of central Canada. During the
summer of 2013, sampled forested sites on thirty islands, ranging in size from @8D.7 ha
(Tablel1.1,Chapter 1). Transects of eight pitfall trapsntaining2-3cm of propylene glycol to
preserve specimens, were deplogééach site, for a total of @4itfall traps (see Chapter
1).Traps were positioned 15m apart in order to ensure independence of captures (Digweed et al.

1995) and a small plywood lid (15 x 15cm) was placed above the texgltaderainwater and
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debris. Each trap was visited a total of five time$417 day intervals throughout the frdste

season (2 June to 23 August) to collect samples and replenish the preservative.

Life History Traits

Adult carabids were identified to species udimgdroth (1969) and Bousquet (2010) and
classified agsmal-b o d i e€ldl6. 9( <mm)-b o d i >618.@mmfbased on size records
from the literature. Species were classified with respewirig lengthas either (1)
macropterous, i.e., hind wings fully developed; (2) flightless, either brachypterous or spterou
(3) dimorpheta¢tkae&GBui begi dimphiosperieswa®i ng | eng:
diagnosedy removing the elytra, arslibsequentissections to determine the condition of the
flight muscles (see Langor Barson 1983). This was done because flight not only depends on
fully developed wings but also the functional muscles associated with flight (den Boer et al.
1980; den Boer 1990; Desender 2000; Matalin 2003) which may be histolyzed after a pre
reproductivelight period (Van Huizen 1979; Desender 2000; Matab@3)or may never

develop (Nelemans 1987)

Information about breeding periods of species congidezee was obtained from the
literature (Lindroth 1969; Bousquet 2010). Because theclitde ofCicindela longilabriscan
last up to thregrears (Bousquet 201@nd is not easily classified as spring or autumn breeder

omitted this species from the seaseaetivity analysis.

Data Analysis
Linear regression was used to test whether body size apdrgions of macropterous or
springbreeding species were related tamsl size. Residuals for wing lengthd seasonal

activity models met the assumptions of normality (Shayiitk test) and equal variance. Data
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