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ABSTRACT

HOW IS ANT DIVERSITY IMPACTED BY ANTHROPOGENIC DISTURBANCE?

Aaron David Fairweather Advisor:
University of Guelph, 2016 Professor M. A. Smith

This thesis is an investigation of patterns in ant community structure between
protected areas and anthropogenically disturbed forest lands in New Brunswick and
Ontario, utilizing molecular and morphological techniques for assessing diversity. |
examined phylogenetic diversity, Barcode Index Number (BIN) richness, phylogenetic
structure, and functional trait space. In Algonquin Park, Ontario there was significantly
greater BIN richness, and phylogenetic diversity, but no signal for phylogenetic structure
or functional trait space differences between uncut forest sites and cut sites. In New
Brunswick there was significantly more BIN richness and phylogenetic diversity in uncut
forest sites, but no significant differences between phylogenetic structure, and functional
trait space between uncut forest sites and cut sites. These results suggest that ant
community assembly and response to disturbance are dependent on the local species

pool.



Acknowledgments

| would like to thank Dr. M. Alex Smith for his supervision of this project, and
endless encouragement, feedback, and support during this thesis and my
undergraduate project. Thank you to my commi:t
Dr. Karl Cottenie. Thank you Don for your constant support these past eight years in my
association with the New Brunswick Museum, your mentoring, and encouragement; |
look forward to all my future work with you and the New Brunswick Museum. Thank you
Karl for your patience through this process, and statistical and ecological knowledge |
was able to draw upon. Thank you to the members of the Smith Lab and volunteers for
your help with specimen processing, writing and reviewing, and guidance; Dwaine Hill,
Kate Pare, Anna Solecki, Christmas Ho, Stefaniya Kamenova, Spencer Monckton,
Alannah Biega, Ellen Richard, Natasha Welch, Chelsie Xavier-Blower, Cristina Garrido
Cortes, Sarah Dolson, Haley Yorke, and Kelsey Jones. Notably, thank you Dwaine Hill
for your volunteering to and help in complete the ant pointing. Thank you to the staff,
summer students, and associates of the New Brunswick Museum for help collecting,
sorting, pointing, and general support; Laura Clarice Hunt, Jake Lewis, Lauren Stead,
Derek Durston, Neil Hughes, Mary Sollows, Howie Huynh, Martin Marshall, Arielle
DeMerchant, Maddie Empey, Katelyn King, Karen Vanderwolf, Stephen Clayden, and
Tony Thomas. Thank you to my house mates Nicola Gallagher, Laura Harper, and
Cordelie DuBois for their support and invaluable feedback during this process. Notably,
thank you to Nico for being there with a helping hand, and willingness to listen during

trying times. Last but not least thank you to my family and friends for their patience and
ii



support, especially my parents Robin and Mike Fairweather for always supporting my
passions, and my partner David Baxter for love and comfort during hard times, and
always able to review my work. Thank you all so much, completing this degree would
not have been possible without you.

This work was made possible by the New Brunswick Wildlife Trust Fund,
Department of Natural Resources New Brunswick, Natural Sciences and Engineering
Research Council of Canada (NSERC) Discovery Grant, and the Arthur D. Latornell

foundation to KAP scholarship which helped facilitate field collections in 2015.



Table of Contents

ACKNOWIEAGIMENTS ...ttt s e e e e e e e e e e s et e e e e e e b e e e e e e e e e annnnnes iii
LIST OF TADIES ...ttt e e e e e e s e e e e e e Vi
IS o B o U =P PRSSRREPSTRPRN Vii
PROLOGUE: General INtrOQUCTION ...........eiiiiiiiiiiiiiiie ettt 1
Disturbance and ECologiCal PAtteINS ...........coiiiiiiiiiieiiie e 1
Parks and Protected NAtUral ATEAS.........ccuiiiiiiiiiiiiie et e e e e e 2
Sampling and MeasuriNg DIVEISILY .........couiiiiiiiieeei it e e e nnneees 3
Ants: A General Introduction to Taxonomy and BiolOgy ...........eeeveeveeiieiiiiiiieeeeeeeeeeeeeeeen
ODbJECHIVES Of TNESIS....ci i e e e e e e e e e e e e e e e e e e e s e e e e e e s e e e e s eannaanes 11
D= L= WO g =1 o) (= SO 13
[ a1 g0 o [0 o i o] o PO OO EPPP PP 13
DIVEISITY MEASUIES.....cciiiiitiie ettt e e e e et e e e e e e ettt e e e e s e bbb e e e e e s e e nnbe e e e e e e e e annneees 13
Method Of IdENTIfICALION ........eiiiieiii e e e e 13

[ )Y/ (00 [T g LT (ol A= £ | R 14

[ )Y (0T [ g LT (o] (U o (U R 14
o (o] g F= T I T AR o = Lo =R 15

Ant Ecology, Diversity, and Community StrUCTUIE ............coooiiiiiiiiiiieeiniiiiiie e 16
Questions, Hypotheses and PrediClionS..........c..vviiiiiiiiieece e 18

1Y 02T (g To o KPP UP PP PPPRT 19
Sample Site and Specimen CollECHON............oooiiiiii e a e e 19
(@01 = T M @fo] | [=Tox 1T0] 4 1S SRR PPPPRP 20
New BrunsSWiCK COlIECHIONS..........ciiiiiiiiiiie e 20
Subsampling fOr DNA BarCOING ......cceuuiiiiiiiiieeeiiiie et s e e eeeeees 21
MEBASUIEIMIENTS .....ciieeeiitii e e ettt e e e e ettt e e e s e e e e e e et e e eeee st e e e e e e e e e e ennnnnene s e e e eeeneennnnn 22
= 1= BN T YA OSSPSR 24
StatiStiCAl TOOIS USEA ...t e e e e e e e 24
Rarefaction Curves and BetadiVEISItY..........oooeuuiuiiiinii e e e eeern e e e e e eeeeees 24
PRYIOGENETIC ANAIYSIS. ... it e e e e e e s s e e e e e e aanes 24
Functional Trait SPACE ANAIYSIS..........uiiiiiiiiiiiiiie et s st a e e anaes 27
TEMPEIATUIE ANGIYSIS...ci i ittt e e e e e e e e s s e e e e e e s abbeeeaeeeas 28



COMPIEXILY ANBIYSIS ..ot e e e e e e r e e e e s e e e 28

RESUIES ..ot oot ee e e e e e e e e e e e e e e e e e e e e e e e e e e e aee s 28
BIN ACCUMUIBTION ...ttt e e e e s es 29
TS =T V=T €717 PSSR 29
BIN Richness and PhylogenetiC DIVEISITY ..........ccoooiiiiiiiiiiiiir e e e e e e aaa e e e e e e e 30
PRYIOGENETIC STIUCTUIE ...t e e e e e e e e e e e e e e e e 31
MOTrPhOIOGICAl VAITALION ......ceiiiiiiiiiieii e e e e e e e e e e e 31
LT 00 1= = L =PRI 32
Habitat COMPIEXILY ...cevieiiiiiiiiiiee e e e e e e e e e e e aaaaaaaaaeeaeeeaeaasaanans 32

DS o101 (o] o B PP P PP PPTTOPPPPPPPPRIN 33
Diversity and SPECIES TUINOVET .......ccccicciiiriitirreirarereeree e rerereeseeeaaaaaaaaaaaaeaaaeaaesasaanaaaaansnnnsnnes 33
PRYIOGENETIC STIUCTUIE ...ttt e e e e e e e e e e e e e ssbr e e e e e e ann 37
Impact of Disturbance on Functional Trait SPACE ..........ccuuviiiiiiiiiiiiiiie e 38
(0] o] 1] T o FO T PP O TP PPPPPPPI 39

EPILOGUE: Overall Conclusion and Summary of Thesis Impact...............ccccooiiiiiiiii e 41

LI 10 [PPSO PP PPPPPPPUPRON 43

[0 U T PP PP PP PPPPPRI 55

RETEIEINCES ...ttt e ettt e e e e et e e e e e e e h bt e e e e e e e e s nnrr e e e e e e 87

Y o] 01T T [[o T SO PP PP PPPTSPPPPPPPRPP 97

vi



List of Tables

Table 1. Gigapan photograph galleries

Table 2. List of primers

Table 3. Visual method for scoring habitat complexity for ants

Table 4. Specimen counts for each genus collected

Table 5. Sample totals

Table 6. Summary of t-test results for functional trait space

Table 7. Summary of t-test results for appendage mean and variance

Table 8. Summary of complexity scores using the visual method for scoring habitat

complexity for ants

List of Figures

Figure 1. Algonquin sampling locations

Figure 2. Dairy Bush sampling locations

Figure 3. New Brunswick sampling locations

Figure 4. The nine standard measurements taken for functional trait space and
appendage analysis

Figure 5. Maximum likelihood tree for New Brunswick ant sequences

Figure 6. Maximum likelihood tree for Ontario and sequences

Figure 7. Concatenate Moreau phylogeny for New Brunswick ant sequences

Figure 8. Concatenate Moreau phylogeny for Ontario ant sequences

Figure 9. Rarefaction curves for New Brunswick and Ontario

Vii



Figure 10. Jaccard index compared to pairwise geographic distance for Algonquin Park
Figure 11. Jaccard index compared to pairwise geographic distance for New Brunswick
Figure 12. Phylogenetic diversity compared between the maximum likelihood trees and
Moreau et al. (2006) multi-gene phylogeny

Figure 13. Phylogenetic structure comparison between cut and uncut sites for New
Brunswick and Ontario

Figure 14. Presence absence matrix of BINS mapped on the concatenated Moreau
phylogeny for New Brunswick

Figure 15. Presence absence matrix of BINS mapped on the concatenated Moreau
phylogeny for Ontario

Figure 16. Bin richness plotted against phylogenetic diversity based on the
concatenated Moreau phylogeny

Figure 17. Phylogenetic diversity comparison between cut and uncut sites for New
Brunswick and Ontario

Figure 18. BIN richness comparison between cut and uncut sites for New Brunswick
and Ontario

Figure 19. Circalized functional trait space projection plots for Formicidae, Formica,
Myrmica, Camponotus, and Lasius for New Brunswick

Figure 20. Circalized functional trait space projection plots for Formicidae, Formica,
Myrmica, Camponotus, and Lasius for Ontario

Figure 21. Variance in eye length for Ontario Formicidae compared between cut and

uncut sites

viii



Figure 22. Mean eye length for Ontario Camponotus compared between cut and uncut
sites

Figure 23. Variance in scape length for New Brunswick Camponotus compared
between cut and uncut sites

Figure 24. Mean head length for New Brunswick Formica compared between cut and
uncut sites

Figure 25. Mean total leg length for BINs compared between cut and uncut sites

Figure 26. Mean maximum temperature for Algonquin Park compared between cut and
uncut sites

Figure 27. Mean minimum temperature for Algonquin Park compared between cut and
uncut sites

Figure 28. Temperature range for Algonquin Park compared between cut and uncut
sites

Figure 29. Complexity compared between cut and uncut treatments for all sites in
Ontario

Figure 30. Complexity compared between cut and uncut treatments for all sites in New
Brunswick

Figure 31. Delta year plotted against delta phylogenetic diversity between cut and uncut
treatments for all sites

Figure 32. Delta year plotted against delta phylogenetic structure between cut and uncut

treatments for all sites



Thesis introduction

PROLOGUE: General Introduction

Disturbance and Ecological Patterns

Over the past century ecologists have found evidence that disturbance can have
beneficial effects in an ecosystem, such as the natural cycling of nutrients and allowing
niche partitioning (S. Roxburgh, K. Shea, B. Wilson 2004). However, disturbance has
also lead to habitat fragmentation, resulting in diversity-reduced, island-like, ecosystems
(Saunders & Hobbs 1992). The effect that disturbance has on an ecosystem is
influenced by the type of disturbance. For example, there is evidence that ecosystems
exposed to natural forms of disturbance, such as fires, hurricanes, floods, or other
natural disasters, are able to recover to their previous biodiversity and community
structure through succession (Koh & Sodhi 2004; S. Roxburgh, K. Shea, B. Wilson
2004; Boucher et al. 2015). However, there is also evidence that anthropogenic forms of
disturbance, such as urbanization, clear cutting, and other land use changes may alter
the ecosystem, extirpating species and change community structure irrecoverably
(Thompson & McLachlan 2007; Crist 2009; Boucher et al. 2015; Hautier et al. 2015;
Newbold et al. 2015).

While both anthropogenic and natural forms of disturbance may lead to a change
in the |l andscapeb6s structure, the differing r

factors. These factors include; the much larger carbon biomass removed from the
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system during anthropogenic forms of disturbance, the effect of different forms of cutting
regime (clear cutting, selective cut, cut-recut), or the sealing of soil resources that can
result from both urbanization and agriculture (Thompson & McLachlan 2007; Menke et
al. 2010; Pryke & Samways 2012). The patterns of recovery can also vary greatly
between taxa. Avian and mammal taxa are particularly susceptible to disturbance.
These taxa are tightly linked to the forest canopy cover for survival, and disturbance
often removes this resource, leading to large mortality and population crashes (Lens et
al. 2000). Meanwhile, there is evidence that many arthropod taxa, which thrive in lands
exposed to burning, windfall, or urbanization, can be positively affected by
anthropogenic disturbance (Kidd & Longair 1997; Pryke & Samways 2012; Boucher et

al. 2015).

Parks and Protected Natural Areas

Parks and Protected Natural Areas (PNAs) provide ideal landscapes in which
ecologists may study mature forests absent of recent anthropogenic influence. Parks
and PNAs are regulated lands where the amount of human interaction with the
landscape is restricted. These lands can contain a significant proportion of the total
diversity found in a region. For example, 91% of butterfly diversity in Singapore is found
in local parks. Conversely, in urbanized areas 84% of this diversity is lost to human
impact and disturbance (Koh & Sodhi 2004). Furthermore, Koh & Sodhi (2004) found
that un-forested, restricted-access, parks have greater diversity than forested, restricted

access parks. In turn, unrestricted access parks have greater butterfly diversity than



urban areas (Koh & Sodhi 2004). They concluded that as human interaction with the
ecosystem was reduced , diversity increased (Koh & Sodhi 2004).

Currently only 9.19% of forests in Ontario (Canada) and 3.65% of New
Brunswick (Canada) forests are under fully regulated protection for land conservation
(Oliver 2006; Doucet 2014). Such limited land protection results in species pools
consisting of fragmented populations scattered across disjunct, mature forest within
New Brunswick and Ontario (Saunders et al. 1991; Pin et al. 2004; Tews et al. 2004).
Habitat fragmentation may lead to the loss of undiscovered diversity among
understudied taxonomic groups, which may be unable to recover after disturbance. The
loss of these understudied taxonomic groups may result in the loss of a potential
keystone species(Menge et al. 1994) or species of socio-economic importance

(Giangrande 2003; Worm et al. 2006; Flowers 2007; Jetz et al. 2007; Ward 2007).

Sampling and Measuring Diversity

Assessing how well a study site has been sampled in ecology is difficult. In order
to do so knowledge of the potential diversity of the site is required, as well as what
species groups are the focus of the work, how to reduce bias when sampling these
groups, and what the objectives of the research are (Magurran & McGill 2011). In the
study reported here | use an adaptation of Agostietal. 6 s (2000) standardi z:¢
protocol (outlined by Smith et al. 2014) to measure the total regional pool of ant species.
This method has been shown to be useful for obtaining maximal ant diversity (Agosti et
al. 2000; Ellison et al. 2007) . As this study focuses on potential environmental drivers of

ant assembly analysis are based on the total pool of ant species collected from the
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region, or the regional species pool, and does not account for competitive interactions
between species.

To get an accurate assessment of the total local ant diversity | use multiple
measures of diversity. The utility of using multiple measures of diversity is that each
measure adds additional information about the species community in question. For
instance, Purvis & Hector (2007) note that species richness is a widely used measure,
in part because policy makers prefer a single number to present for simplicities sake
(Purvis & Hector 2007). However, species richness alone means little if the majority of
the community is composed of a single species, or if one is interested in understanding
evolutionary history (Purvis & Hector 2007). In order to assess complex interactions
occurring in a community of species appropriate measures need to be recorded. Lande
(1996) illustrates this with the use of alpha richness estimates (Lande 1996). He
describes studies of large geographic scale where assessing speciose communities
using only species richness may underestimate the diversity present. Likewise,
phylogenetic diversity can reveal the extent of molecular history present in a community,
which would be missed by species richness alone (Purvis & Hector 2007)

For this reason | use: individual based rarefaction curves, betadiversity, BIN
richness, community phylogenetic diversity, measures of phylogenetic structure, and a
functional trait space analysis. In order to begin assessing diversity one must establish
how diverse the community under study is, which requires methods of species
identification. Traditionally, morphological traits have been used to delineate species

(Ebach & de Carvalho 2010). Here | use morphological identification to determine

genera, but molecular methods to delineate
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(BIN) to approximate species delineations molecularly. A BIN is a unique alphanumeric
assigned based on how si micloddase &(CQI)DBA i men 6 s
sequence is to a library of other COI sequences, and this is done via a single linkage
cluster analysis. The analysis is based on aligned gene sequences from a fragment of
the COI gene sequence available via the Barcode of Life Data System (BOLD;
(Ratnasingham & Hebert 2007); http://www.boldsystems.org/) sequence library
(Ratnasingham & Hebert 2013).

Following establishment of a method of identification, the next step is to
investigate the relationship between these identifications and taxonomic diversity.
Accumulation curves can provide valuable information on the proportion of total diversity
sampled (Work et al. 2002; Chao et al. 2005; Smith et al. 2009; Gotelli & Colwell 2011).
| use individual-based rarefaction to assess the BIN richness captured between
samples. Ecologists use individual-based rarefaction to estimate the degree of species
representation among samples compared to the estimated total species pool (Colwell et
al. 2004; Gotelli & Colwell 2011). Furthermore, an analysis of betadiversity provides
important information on the influence of space among sample sites, and can be a
useful indicator of factors influencing the species shared between sample pools
(Schaalje & Beus 1997).

From the BIN identifications a count of BINs from a given area can be taken,
referred to as BIN richness. BIN richness provides an approximation of how many
species from the local species pool can be found in each treatment (Cadotte et al.

2010). This gives an indication of what the species turnover is after disturbance, and
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what species are gained or lost post disturbance (Webb et al. 2002; Cadotte et al.
2010).

Based on the pool of COI sequences, a community phylogeny can be created.
The community phylogeny is a phylogenetic tree derived from the molecular data of the
taxa of interest from a given area of study (Lessard et al. 2009; Cadotte et al. 2010;
Smith et al. 2014).From the community phylogeny, diversity measures that describe the
relationships among the species within the community can be calculated.

Community phylogenetic diversity and phylogenetic structure are the measures
used in this thesis to describe ant communities. Community phylogenetic diversity is
defined by Cadotte et al. (2010) as the sum of the branch lengths across a given
phylogeny based solely on the community of interest, disregarding the larger regional
pool. Phylogenetic structure is the pairwise relatedness of the species within a site. The
pairwise relatedness is then compared to a null model and depending on the result it is
determined whether the community is more related then we would expect by chance
(Webb et al. 2002). Phylogenetic structure can be used to help construct hypotheses
about factors that may be shaping abiotic and biotic interactions (Webb et al. 2002).For
example, based on how closely related members of a community are, assumptions can
be made about the functional roles and evolutionary history of each species (Webb et
al. 2002). I f a communityds phylogenetic structure
successful in an environment due to the possession of particular traits best suited for
survival in said environment (Webb et al. 2002).

An assessment of the functional trait space (i.e. the roles that the organisms in

the community occupy) can provide valuable information on the ecosystems services
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these organisms provide, and the factors determining presence in a given habitat
(Weiser & Kaspari 2006; Silva & Brandao 2010). Functional trait space is the
combination of size and shape of morphological traits that enable organisms to perform
certain roles in the environment (Weiser & Kaspari 2006; Silva & Brandao 2010).
Therefore, through the measuring of various appendages, inferences about an
organi smés natur al hi story, functional rol e,
community may be made (Weiser & Kaspari 2006; Silva & Brand&o 2010). In organisms
with exoskeletons, such as ants, the use of these morphological traits is especially
useful. Morphological traits become fixed in ants at adulthood, unable to change
physically in response to environmental demands, contrary to the development of
endoskeletal organisms (Ellison, Farnsworth , and Alpert 2012). Trait variation in
organisms with an exoskeleton requires considerable resources during development.
Therefore exoskeletal organisms are more likely to exhibit trait conservatism or fixed
trait specialization for a given environmental condition if the environmental conditions
are stable and extreme enough to require the organism harbor said traits (Weiser &
Kaspari 2006; Silva & Brandao 2010). Functional trait space is also particularly useful
when paired with a mitochondrial-based phylogeny, since there is evidence of
decoupling between morphological and molecular rates of evolution (Eberle et al. 2014).
Utilizing both morphology and phylogenetics can provide detailed information on the

total local ant diversity and its variation between environments.

Ants: A General Introduction to Taxonomy and Biology



Ants (Hymenoptera: Formicidae) are an understudied taxonomic group (Ward
2007). Within the province of New Brunswick there is no ant taxonomic research
published to date. Within the maritime provinces there is limited ant research in general,
and there have been very few ant studies within Ontario (Creighton 1950; Sanders
1972; Blades & Marshall 1994). However, there is a wide array of resources with which
to begin a scientific assessment of this group in New Brunswick and Ontario. A recent

publication, A Field Guide to the Ants of New England (Ellison, Farnsworth, and Alpert

2012), provides a detailed key to an adjacent area of similar landscape and climate,
along with notes on the natural history and ecology of the ant species reported. In
addition to taxonomic resources, there is a multigene phylogeny based on six gene
regions for the ant genera of North America, providing a robust hypothesis for the
phylogenetic history of the ants of the continent (Moreau et al. 2006).

Ants provide a multitude of ecosystem services; from nutrient cycling, to
decomposition and plant growth. This makes the diversity of ants in a given ecosystem
crucial for ecosystem function (Strauss 1991; Folgarait 1998; Erickson et al. 2014;
Korpela et al. 2015; Mumme et al. 2015; March 2016). For instance, nests of species in
the Formica rufa group contain significantly higher amounts of nutrients than in the soil
surrounding their nests (Ohashi et al. 2007). The roots of plants found in the mounds of
the Formica rufa group have significantly higher potassium and phosphorus than those
growing in the mound-absent organic layer (Ohashi et al. 2007). The increased nutrient
availability, increased aeration, and porosity of the soils of ant mounds results in an
increased biomass production for trees in boreal forests (Ohashi et al. 2007).

Aphaenogaster picea (Wheeler 1908) is an example of a North American ant that is a
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crucial ecosystem engineer, and a keystone species (Umphrey 1992; Ness et al. 2009;
Menge et al. 2015). Aphaenogaster picea disperses and assists with the germination of
seeds. The dispersion and assistance to tree growth makes A. picea valuable for
instigating the recovery of disturbed forests (Umphrey 1992; Ness et al. 2009).

As ectothermic organisms ants are highly dependent on the ambient
temperature, and many species are thermophilic, preferring warmer temperatures ,
making temperature of crucial importance to understanding ant community assembly
(Oberg et al. 2012). Also, as nest building organisms, ants are highly reliant on the
nesting substrate available, which may include the course woody debris, leaf litter, or
soil quality and composition (European Commission 2016). As such, disturbed habitats
ought to be more favorable for ants as there are generally higher mean temperatures,
as well as more course woody debris, new plant growth, and leaf litter in these areas
(Kidd & Longair 1997; Brooks & Kyler-Snowman 2008).

However, there are cases where ants do not respond to disturbance in the
predictable way to various changes in biotic and abiotic conditions. These biotic and
abiotic conditions can include disturbance, temperature profiles, and interspecific
community interactions. There is evidence that ant communities are less diverse
(Lessard et al. 2009; Oberg et al. 2012; Smith et al. 2014) in the presence of
disturbance or lower temperatures. However, there is also evidence that ant
communities are unaffected or are more diverse (Thompson & McLachlan 2007; Cerda
et al. 2013; Smith 2015) in the presence of disturbance or lower temperatures. An
example of thermal profiles limiting ant diversity is work by Arnan et al. (2015) who

found that ants in Eastern Europe were limited by the specialization to specific
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environmental conditions, and were unable to disperse effectively between habitats due
to functional trait conservationism, resulting in signal for phylogenetic clustering.
Chofield et al. (2016) found that ant traits varied significantly over biogeographic scales,
mostly likely attributable to variation in environmental and climatic conditions (Chofield
et al. 2016). Even at small scales, Crist (2009) found significant changes in ant
community assembly in fragmented forests, and Lassau and Houchuli (2004) found ant
functional trait space varied significantly depending on the level of complexity of the
environment (Lassau & Hochuli 2004; Crist 2009). However, work by Boucher et al.
(2015) found that ant community composition did not change significantly between
disturbed environments, and Thompson and McLachlan (2007) found that urban areas
had fewer species than nearby forests (Thompson & McLachlan 2007; Boucher et al.
2015). Some species, such as Prenolepis imparis (Say, 1836), are able to persist at low
temperatures through caste variation and behaviour (Herbers 1985; Fellers 1989; Ward
2007; Barton & Ives 2014). This variability may be dependent on the local species pool,
or scale and type of study sites.

There is also mixed evidence between cases in the literature concerning ant
assembly in the presence of interspecific competition. Ants have several major
adaptations that have evolved to support competition among ant species for resources,
including social parasitism, slave-making, and defensive morphologies (Herbers 1985;
Cerdé et al. 2013). Work by Lessard et al. (2009) has shown that when an aggressive,
invasive, ant is introduced into a native community there are significant reductions in
species diversity (Lessard et al. 2009). In a review of interspecific ant competition by

Cerdé et al. (2013) ant species were divided into three major categories; dominants,
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subdominants, and subordinates. While there is some experimental evidence that the
presence of dominants and subdominants affected the subordinate ant assemblies, the
impact was not as strong as previously assumed, and may mean that competition does
not drive ant assembly in all cases (Cerda et al. 2013).

There remains uncertainty concerning the full scope of temperature responses
following disturbance to ecosystems. While there are reports of mean maximum
temperatures increasing in deforested ecosystems (Society 2016), with clear cutting
and sun spots leading to a significant increase in the surface temperature (Dingman et
al. 2013; Borchert et al. 2016; Tyler et al. 2016), such reports neglect temperature
ranges and minimums, which may impact ant species communities. This gap in our
knowledge makes it difficult to accurately assess how exothermic organisms such as

ants respond to disturbance.

Objectives of Thesis

My data chapter utilizes both phylogenetic and morphological assessments of
diversity to compare ant species communities between anthropogenically disturbed cut
forest sites and relatively disturbance-free uncut forest parks and PNASs in eastern
Canada (Ontario and New Brunswick). My objective is to study the impact of
anthropogenic disturbance on ant species communities based on comparative
functional trait space, phylogenetic structure, and diversity. By studying the impact of
disturbance on the various measures of diversity | seek to determine which
environmental factors influence the composition of the ant species pool and how these

factors shape the traits of the ant species in the parks and PNAs of Ontario and New
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Brunswick. | also comment on the species community composition within New
Brunswick and Ontario, contributing to knowledge of this understudied group within
these provinces.

In addition to the objectives listed above, my thesis is the first study of ants within
the province of New Brunswick, and provides the first inventory of ant species present
and assessment of their conservation status for the province. Through the use of DNA
barcodes, morphological identifications, and highly detailed photographs my thesis also
adds valuable data to the Barcode of Life Data System (BOLD; Ratnasingham & Hebert
2007). My data provides a robust library of DNA barcodes for the myrmecological
community when utilizing BOLD as a resource. Furthermore, my specimens and data
will become publicly available at the New Brunswick Museum, usable by future
generations of scientists interested in the impact of disturbance on ant community
composition, and the ant species present in the province from 2009-2016. My work
provides the baseline on which future studies of ant diversity in New Brunswick will be

based.
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Data Chapter

Introduction

Diversity Measures

Method of Identification

Traditionally, features of external morphology has been used in taxonomy to
identify and delineate species (Ebach & de Carvalho 2010). However, morphological
identifications are not always reliable. Cryptic diversity (taxonomic groups consisting of
individuals that appear identical and are grouped as one species but occupy different
functional or behavioural spaces) can exist within a single named species (Lahr et al.
2014). One method that may help resolve cryptic diversity is DNA barcoding (Hebert et
a.2003). For DNA barcoding of metazoa (ani mal s
protein coding gene, cytochrome c oxidase 1 (COl), is used (Ratnasingham & Hebert
2013). Using this fragment of COI gene sequence, the Barcode of Life Data System
(BOLD; (Ratnasingham & Hebert 2007); http://www.boldsystems.org/) can assign the
COlI sequence of a particular specimen to a unique cluster alphanumeric. This unique
alphanumeric is assigned based on how similar a particular COI sequence is to a library
of other aligned COI sequences via a single linkage cluster analysis, referred to as a
Barcode Index Number (BIN; Ratnasingham & Hebert 2013). Each BIN is a proxy for a
species level identification, and the separation between BINs equates to a
morphospecies separation in most cases (Ratnasingham & Hebert 2013). While DNA

barcoding can aid in the discovery of species and speed up the taxonomic process,
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traditional taxonomic effort and descriptions are still required to place species in an
ecological context (Hebert et al. 2003; Hajibabaei et al. 2007; DeWalt 2011; Mitchell
2011). Sequences without BINs that correspond to species names in the DNA barcode
library cannot be assigned a species name. Therefore, specimens from which these
sequences have been extracted require further taxonomic assessment by traditional

means to be identified and assigned a name (Hajibabaei et al. 2007).

Phylogenetic Diversity

Based on the COI gene sequences, a community phylogeny can be created to
assess community phylogenetic diversity (Lessard et al. 2009; Cadotte et al. 2010;
Smith et al. 2014). Community phylogenetic diversity can in turn be used to estimate the
evolutionary relatedness of a community. This is accomplished by measuring the
amount of molecular difference between one individual species and another, based on
the resident taxa of interest, from a given area of study (Forest et al. 2007; Lessard et

al. 2009a; Cadotte et al. 2010; Smith et al. 2014).

Phylogenetic Structure

Phylogenetic structure can be used to test hypotheses on the forces driving the
genetic and functional variation of the taxa in an area (Webb et al. 2002; Mishler et al.
2014). For example, if environmental conditions impose physiological pressures on
organisms, than we can hypothesize that the community of species in a particular
region may have traits that allow persistence. If we assume that the traits are

associated with a monophyletic lineage that has adapted for survival in that
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environment, then there should be a signal for phylogenetic clustering (Webb et al.
2002; Ohashi et al. 2007; Erickson et al. 2014; Mishler et al. 2014).

However, there is evidence in the literature that not all taxa respond in the same
manner phylogenetically (Thompson & McLachlan 2007; Crist 2009; Boucher et al.
2015; Hautier et al. 2015; Newbold et al. 2015). There is competing evidence on the
factors that determine phylogenetic clustering. One argument is that recent divergence
of bottlenecked lineages may result in the clustering around monophyletic lineages
(Mishler et al. 2014). Ecologically, on short time scales, the species pool is dependent
on stochastic factors and the dispersal ability of source populations for survival
(Emerson & Gillespie 2008; Kraft et al. 2015). If taxa are unable to disperse effectively,
available niches are filled more slowly, and there may be misrepresentation of the

greater regional community (Emerson & Gillespie 2008; Kraft et al. 2015).

Functional Trait Space

Once an assessment of the relationships within a community has led to the
determination of the functional trait space of a taxa (i.e. the roles that the organisms in
the community occupy based on morphological traits) information on the ecosystems
services organisms provide and factors determining presence in a given habitat may
become apparent (Weiser & Kaspari 2006; Silva & Branddo 2010). A functional trait
space analysis provides an assessment of functional trait space via measurement of
various morphological traits of the study organism. This allows the investigator to draw
inferences about an organismbés natur al histor
in a given community (Weiser & Kaspari 2006; Silva & Brandao 2010). In organisms
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with exoskeletons, such as ants, functional traits are particularly useful as traits become
fixed at adulthood (Ellison, Farnsworth , and Alpert 2012). Therefore, trait variation in
arthropods requires considerable resources during development and thus can indicate
trait conservatism or specialization for a given environmental condition (Weiser &
Kaspari 2006; Silva & Brand&o 2010). A functional trait analysis is particularly useful
when paired with a mitochondrial-based phylogeny since there is evidence of
decoupling of morphological and molecular rates of evolution (Eberle et al. 2014).
Utilizing both morphology and phylogenetics can provide detailed information on the

total local ant diversity and its variation between environments.

Ant Ecology, Diversity, and Community Structure

Ants are critical in the cycling of nutrients, the aeration of the soil, the
regulation of other organisms, and are responsible for the creation of unique soil profiles
(Strauss 1991; Folgarait 1998; Erickson et al. 2014; Korpela et al. 2015; Mumme et al.
2015; March 2016). Despite the fact that ants provide numerous critical ecosystem
services, there is a lack of understanding about how disturbance may impact these
organisms. As ectothermic organisms ants are highly dependent on the ambient
temperature, and many species are thermophilic, preferring warmer temperatures ,
making temperature of crucial importance to understanding ant community assembly
(Oberg et al. 2012). Also, as nest building organisms, ants are highly reliant on the
nesting substrate available, which may include the course woody debris, leaf litter, or
soil quality and composition (European Commission 2016). As such disturbed habitats
would predictably be more favorable for ants as there are generally higher mean
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temperatures, as well as more course woody debris, new plant growth, and leaf litter in
these areas (Kidd & Longair 1997; Brooks & Kyler-Snowman 2008).

However, there are cases where ants do not respond to disturbance in the
predictable way to various forms of disturbance and changes in biotic and abiotic
conditions. There is evidence that ant communities are less diverse (Lessard et al.
2009; Oberg et al. 2012; Smith et al. 2014) in the presence of disturbance and lower
temperatures. However, there is also evidence that ant communities are unaffected by
disturbance, or are more diverse (Thompson & McLachlan 2007; Cerda et al. 2013;
Smith 2015) in the presence of disturbance and lower temperatures.

Chofield et al. (2016) found that ant traits varied significantly over biogeographic
scales, mostly likely attributable to different environmental and climatic conditions
(Chofield et al. 2016). Arnan et al. (2015) found that ants in Eastern Europe were limited
by the specialization to specific environmental conditions, and were unable to disperse
effectively between habitats due to functional trait conservationism, resulting in a signal
for phylogenetic clustering (Arnan et al. 2015). Smith et al. (2014) found evidence of
environmental filtering of ants in the cold-wet climates of the pacific high-elevation slope
of the Cordillera Guanacaste within Area de Conservacion Guanacaste, suggesting
phylogenetic clustering around ant clades more adapted to these cool conditions. Based
on the literature on ant community assembly in varying environmental conditions by
Smith et al. (2014), Chofield et al. (2016) Arnan et al. (2015) and others, a reasonable
assumption is that in cool environments, such as a closed canopy forest, result in trait
conservationism. This may produce ant communities that are more phylogenetically

clustered when compared to those in warmer environments (Arnan et al. 2015; Chofield
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et al. 2016; Smith et al. 2014). Even at small scales, Crist (2009) found significant ant
community assembly changes in fragmented forests, and Lassau and Houchuli (2004)
found ant functional trait space significantly dependant on the level of complexity of the
environment (Lassau & Hochuli 2004; Crist 2009).

Nonetheless, in a meta-analysis by Smith (2015) it was demonstrated that wet-
cold high- elevation environments are not always characterized by phylogenetic
clustering. Boucher et al. (2015) found that ant community composition did not change
significantly between environments of varying levels of disturbance, and Thompson and
McLachlan (2007) found that urban areas had fewer ant species then nearby forests
(Thompson & McLachlan 2007; Boucher et al. 2015). Given the mixed evidence on
factors driving ant community assembly and functional trait space, a gap in our

understanding of the taxa is apparent.

Questions, Hypotheses and Predictions

My objective was to assess the state of ant diversity and community structure
between cut forest and uncut forest parks and PNAs in Ontario and New Brunswick.
Specifically, | addressed the following questions:

1. What is the ant diversity in the parks and PNAs within Ontario and New

Brunswick?

2. How has industrial forestry within and around these protected areas shaped
these ant communities?

From these questions | hypothesized the following:

18



If there are higher temperatures and more surface resources for ants in cut forest
sites compared to uncut forest sites, and this produces environmental pressures
on ant species communities such that some species are more successful in each

of these respective environments, then ant diversity (BIN richness and

phylogenetic diversity) will be greater in cut sits compared to uncut sites.

Habitats with colder temperature profiles and limited surface resources to ants
have been found to contain more phylogenetically clustered ant communities,

and then there will be a signal for phylogenetic clustering of ant species

communities in uncut sites.

Furthermore, because there is evidence that habitat with higher temperatures

and more surface resources supports greater ant diversity, ants from cut sites will

be larger than ants in uncut sites, both intra-specifically and inter-specifically.

Methods

Sample Site and Specimen Collection

Ant sampling in Ontario and New Brunswick was conducted using an adaptation

of the ALL Protocol (a standard protocol for the collection of ground dwelling ants 1

Agosti et al. 2000) for single person collection (Smith et al. 2014). The protocol was

used to obtain maximal diversity of soil and leaf litter dwelling ants using 6 standard

trapping techniques. These trapping techniques include the use of pitfalls, baited traps

(1/6" of a can of tuna and 1 pecan cookie), chopping and sifting leaf litter, Townes-style

Malaise trapping (Townes 1972), mini-Winkler extractors and active searching. A 50m

stretch of habitat at a site was chosen for collection (Smith et al. 2014). Pitfalls and bait
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traps were laid every 10m (6 pitfalls total). Leaf litter sifts were taken every 20m (3
instances) and the leaf litter was surveyed for ants. Leaf litter and soil was retained for
placement in the Mini-Winkler traps. Malaise traps were erected at each sample site
and emptied fortnightly. At each site a GigaPan image (a high-resolution panoramic
photograph of habitat) was taken (GigaPan i Smith et al. 2014) as a means of
measuring habitat complexity. Links to all GigaPan photographs can be found in Table

1.

Ontario Collections

Arthropods were sampled from 6 sites in and around Algonquin Park (Fig. 1). At
each site a pair of localities was sampled representing recently selectively cut forest and
forests of 25+ years in age. Collections were made over a single 10-day period in July
2011 and two 10 day periods in July 2012. Two sites outside the park boundaries were
monitored from April to November using Malaise traps. Further collections were made in
the Dairy Bush woodlot and adjacent field in Ontario (Fig. 2). The Dairy Bush is an 8.5
ha woodlot on the University of Guelph campus. The site has existed as an isolated
forest since 1874 and is currently used as a research site and receives regular human
traffic (Smith 2010). The field held six pitfall traps in each of five transects while the
forest held eight pitfall traps in each of six transects. Four canopy Malaise traps and 3
terrestrial Malaise traps (Fig 2.) were also employed. Malaise traps remained active

from May-September, while pitfall traps were in place May-June 2011.

New Brunswick Collections
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Ants were sampl edt @awad nlgi ddogliagaliaillmvent or i
annually from 2009-2015 in New Brunswickd s Pr ot ect ed Natural Areas
the New Brunswick Museum BiotaNB program (Fig. 3). Two sampling periods were
dedicated to each PNA, one at the beginning of the summer (late June-early July) and
one at the end of the summer (late July-early August). Ant sampling was carried out in
Jacquet River Gorge (2009-2010), Caledonia Gorge (2011-2012), Grand Lake (2013-

2014), and Nepisiguit PNAs (2015). Cut site collections paired with those made in uncut
PNAs were made within 5km touching of each of the PNA boundaries, and sampled
during the same period as samples from uncut forest. Additionally, Rockwood Park (a
municipal park of 890 hectares of Acadian mixed forest in Saint John [southern New
Brunswick]) was sampled for ants. This site is not represented by cut/uncut

comparisons, but data can be found in Appendix 4.

Subsampling for DNA Barcoding

A sub-sample of ants from each site was randomly selected for DNA barcoding.
A detailed account of this random sampling and the numbers from each paired locality
can be found in Appendix 1. Tissue for DNA was derived from the femur-tibia of the
right leg. DNA extractions were performed using the Nucleospin 96 Tissue Core Kit
(Macherey-Nagel 2012) following the manufacturers protocols. DNA was eluted using
40 pL molecular grade water. Amplification of DNA was performed using the primer
cocktails C_Lep FolF and C_LepFolR (Table 2) following thermocycling regime of one
cycle of 1 min at 94°C, six cycles of 1 min at 94°C, 1 min and 30 sec at 45°C, and 1 min
and 15 sec at 72°C. Amplification success was determined using agarose gel
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electrophoresis. Successfully amplified sequences were diluted and 3ul of the amplicon
was transferred to sequencing plates. A thermocycler of 36 cycles of 1 min at 94°C, 1
min and 30 sec at 51°C, and 1 min and 15 sec at 72°C, with a final step of 5 min at
72°C was used in DNA sequencing. Successful sequences were edited in Sequencher
(version 5.4.5) and aligned in BioEdit (Hall 1999). The successful sequences and
sequence information was uploaded to the Barcode of Life Data System (BOLD)
(Ratnasingham & Hebert 2007). Once added to BOLD the DNA barcoded specimens

were put into a queue to be automatically sorted into BINSs.

Measurements

All DNA barcoded ants from Ontario and all specimens from New Brunswick
were pointed and photographed from the head and the left side so as to allow for
accurate measurements for the functional trait space analysis. Measurements were
taken of each specimen using the Leica Z16 APOA Macroscope and the Leica
Application Suite V4.3 program. All photographs were uploaded to BOLD.

Each barcoded specimen was identified to genus based on morphological
characters commonly relied on for ant identification (Creighton 1950; Ellison et al. 2012;
Glasier et al. 2013).

Photographed specimens had 11 standardized morphological trait
measur ement s t ak e (nateMleibwe theddstancesfrong thehposterior
most border of the met pleural lobe to the anterior most border of the pronotum,
excluding the neck [Weber 1938]), head length and width, eye length and width,

mandible length, scape length, petiole length, femur length, tibia length, and total leg

22



length (Fig. 4). These measurements were chosen due to their association with
particular ecol ogical functeadsesareobothr ol es. Web
indications of overall ant size (Weber 1945; Kaspari 1993), head size is also an
indication of predatory behavior and caste separation (Kaspari 1993), eye size
influences food searching ability in ants (Weiser & Kaspari 2006), mandible length is an
indication of feeding and competitive behaviour (Weiser & Kaspari 2006), scape length
is a strong functional character for generalist ant feeding behaviour (generalist ant
species have longer scapes resulting in the ability to pick up more chemosensory
information and pheromone trails than specialist ants) (Weiser & Kaspari 2006), petiole
length is an indication of strong interspecific competition(longer petioles support
enhanced aggression and stingers) (Fowler 1991), and leg length indicates foraging
capacity and speed (Feener et al. 1988; Weiser & Kaspari 2006; Silva & Brandao 2010).

To test the assumption that cut sites are on average warmer than uncut sites,
HoboPendant temperature dataloggers (UA-001-64,) were placed in each of the paired
sites within Algonquin Park; from June 2015 to March 2016 for Shaw Woods/Douglas,
Achray, Basin Depot, and Oxtongue, and for June 1-2, 2016 for Brent and Rock Lake.

To test for habitat complexity and available nesting/feeding resources for ants
Lassau and Hochulids (2004) modified version
method for scoring habitat complexity was used. GigaPan images for each site were
scored based on six variables determining habitat complexity for ants. For each site,
each of these variables was given a score between 0 and 3 based on criteria

summarized in Table 3. |1 f a site scored 09 ou
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as of low habitat complexity, a site was categorized as of high habitat complexity if

scoring 010.

Data Analysis

Statistical Tools Used

Analyses were split up between the Ontario and New Brunswick sample sites.
Statistical analyses were conducted using R Studio (R v 3.2.5)(R Foundation for
Statistical Computing, Vienna 2011) utilizing the ncf (Spatial & Covariance 2016), Flury
(Package & Flury 2015), reshape2 (Wickham 2014), ggplot2 (Wickham 2014), picante
(Kembel et al. 2010), and phytools (Revell 2016) packages, as well as EstimateS
(version 9.10 [Colwell 2009]). For all phylogenetic and richness analyses the Oxtongue
paired sites were omitted due to insufficient sample size. Only 8 specimens were taken

from this paired site (7 from uncut, 1 from cut).

Rarefaction Curves and Betadiversity

BIN-based individual rarefaction curves were built using EstimateS (Colwell
2009) on the pooled presence/absence data from all barcoded ant specimens. Jaccard
indices (Jaccard 1901) of betadiversity were calculated in EstimateS and compared to a
matrix of geographic distance for New Brunswick and Ontario separately using a Mantel

te st ( U(SrBouse &t jl. 1986) in R.

Phylogenetic Analysis
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To create the phylogenies used in my analyses | utilized the sequences that were
separated into BINs to make maximum likelihood trees for New Brunswick and Ontario.
| then mapped the distal tips of those maximum likelihood trees to a multigene
phylogeny based on six gene regions (Fig. 5; Fig. 6). The six gene phylogeny for the ant
genera of North America was created by Moreau et al. (2006) (Fig. 7; Fig. 8). My
maximum likelihood trees (Tamura et al. 2011) were created using the Tamura Nei
algorithm (TN93) (Tamura & Nei 1993) with gamma distribution and assuming some
sites are evolutionarily invariable in MEGAG6 (Tamura et al. 2013) (Fig. 5; Fig. 6). This
approach was selected based on the best protein/DNA model algorithm in MEGAG,
which modeled the best fit substitution pattern for the sequences based on multiple
criterion, including the Bayesian information criterion and Akaike information criterion
(Tamura et al. 2011, 2013). The best protein/DNA model algorithm in MEGAG6 builds a
maximum likelihood tree to estimate topographic values for determining which model
selection is most appropriate based on a sequence dataset. It considers information on
transition/transversion bias, nucleotide frequencies, and base substitutions when
reporting the information criterion (Tamura et al. 2011, 2013). A total of 658 positions
were analyzed for the Ontario sequence dataset, and 597 positions for the New
Brunswick dataset. The maximum likelihood (ML) algorithm was selected because one
of the tree-building methods selected by Moreau et al. (2006) was a Maximum
Likelihood-based approach. From this point forward the combined maximum likelihood
and Moreau et al. (2006) phylogeny is designated as the concatenated Moreau
phylogeny. Presence/absence matrices foreachsitewer e cr e at EAdperdin r
10).
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Utilizing each of the trees and each sites respective presence/absence matrix, |
calculated phylogenetic diversity and BIN richness with the picante package in R
(Kembel et al. 2010).

| analyzed phylogenetic structure for each park, PNA, and paired cut site with the
Net Relatedness Index (NRI) using the picante package in R (Webb et al. 2002; Kembel
et al. 2010). The NRI is the standard effect size of mean phylogenetic distance (MPD)

which estimates whether species are more related than by chance in an area. The NRI

iscalculatedas. 2) pz , where mpd(Yobs) is the mean of all the

mean phylogenetic distances in the observed community, and mpdY(n) and sdY(n) are
the mean and standard deviation of mean phylogenetic distances for (n) random draws
of communities (Webb et al. 2002). All 7 null models associated with NRI were tested
with 999 replications. There was no difference between the results using the different
null models (Appendix 9); therefor the standard null model of taxa labels was used.
Significant (U = 0 ) @bsitive NRI values indicate that communities are more related than
expected by chance (a signal for phylogenetic clustering) (Webb et al. 2002; Kembel et
al. 2010). To determine if ant diversity and phylogenetic structure were significantly
affected by anthropogenic disturbance, paired two sidedt-t est s ( U=0. 05)
performed on the phylogenetic diversity, BIN richness, and phylogenetic structure.

In order to test whether temporal effects contributed to the trend in my
phylogenetic diversity and phylogenetic structure data, delta (the difference between the
most recent cut and the uncut pair) time was plotted against delta phylogenetic diversity

and delta phylogenetic structure, and tested for via a linear regression.
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Functional Trait Space Analysis

Analyses of ant functional trait space were conducted on all tissue-sampled
worker ant specimens. The analysis on ant functional trait space was separated into 3
groups; all of the Formicidae, genera with over 100 tissue sampled specimens within
Formicidae (the Formica, Camponotus, Lasius, and Myrmica; Table 4), and within BINs.
To determine which traits accounted for the majority of the variation in ant functional
trait space within each of the groups, correlational principle component analyses (PCA,;
Hotelling 1933) were conducted on each trait separately for Ontario and New
Brunswick. In each group the appendage measurements were divided by body size to
control for autocorrelation, as a preliminary analysis found body size to be strongly
correlated with each measurement and did not account for differences between cut and
uncut sites (Ontario: t-value = 1.2331, p = 0.2176; New Brunswick: t-value = -1.67, p =
0.156). With body length controlled for, comparisons were made between cut and uncut
sites for each group usingt-t ests (U=0.05). To further invest
appendage-specific differences between ants from cut and uncut forests , body length
controlled measurements accounting for the majority of the morphometric variance
(approximately 25% of the total variance within PC1) were selected for statistical
analysis (Appendix 6). To control for sampling bias in the genera functional trait space
analysis, an equal number of specimens from cut and uncut sites were randomly
sampled within each of the most frequently collected genera. Between cut and uncut
treatments single specimens from each BIN were randomly selected from each site

when analyzing functional trait space within BINs. To determine if ant appendage length
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is shaped by anthropogenic disturbance paired two-sidedtt ests (U=0. 05) wer e
completed on the 4 primary measurements of all groups. Due to the amount of testing,
the Benjaminii Hochberg method (Benjamini & Hochberg 1995) for controlling the

expected proportion of false discoveries was used on the t-test results.

Temperature Analysis

To determine if anthropogenic disturbance significantly affected temperature,
paired two-sidedtt ests (U=0.05) were compl eSemethben aver
temperature, average minimum summer temperature, average maximum summer
temperature, and average summer temperature range (the difference between mean

maximum temperature and mean minimum temperature for a given site) between cut

and uncut sites within Algonquin Park.
Complexity Analysis

To determine if complexity was significantly affected by anthropogenic
disturbance paired two-sidedt-t est s ( U=0. 05) \wed complexity sogrdset ed or

between cut and uncut sites for all sites sampled within Ontario and New Brunswick.

Results

Between June 2009 and 2015 over 10,000 ant specimens were collected in
Ontario and New Brunswick. A subsample of 1,032 specimens distributed across all cut
and uncut sites were taken for tissue sampling for DNA barcoding of the COI

mitochondrial gene. Of the 1,032 specimens subsampled for tissue sampling, 791
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(77%) were successfully barcoded. Standardized measurements (n=11) were recorded
from 1025 specimens. A summary of sampling can be found in Table 5. All tissue
sampled specimen data was uploaded to BOLD and is available at
dx.doi.org/10.5883/DS-ADNBA .

Based on species identifications made in this study, existing NBM collections,
and the limited literature on the ants of the Maritimes and surrounding states and
provinces, | developed a preliminary list of ant species for New Brunswick (estimated at
85 species) (Appendix 2). Also, based on collections, and because species lists can be
central to the development of management plans for conservation areas, | developed

ant species lists for Algonquin Park (Appendix 3), and Rockwood Park (Appendix 4) .

BIN Accumulation

Individual rarefaction curves based on BINs suggest that the majority of the ant
diversity contained within my sample sites has been captured using the standard
sampling methods | employed (Fig. 9). The BIN estimate reached an asymptote at

approximately 38 +/-5 BINs for New Brunswick sites, and 48 +/-5 for Ontario sites.

Betadiversity

When comparing the Jaccard matrix to the geographic distance matrix there was
no significant correlation between the Ontario sample sites (Mantel test, correlation -
0.31, p =0.175) (Fig. 10). Similarly, there was no significant correlation between New

Brunswick sample sites (Mantel test, correlation = 0.174, p = 0.371) (Fig. 11). Cut and
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uncut sites were colored on the graph to investigate any treatment patterns in

relatedness; however cut and uncut sites had the same distribution.

BIN Richness and Phylogenetic Diversity

The maximum likelihood tree and concatenated Moreau phylogeny were found to
be comparable based on a phylogenetic diversity assessment (R* = 0.751, p < 0.05)
(Fig. 12).

Sixty-seven unique BINs were collected between all sample sites from the DNA
barcoded material, 48 of those BINs were found in Ontario and 38 were found in New
Brunswick. Seventeen (25%) of the BINs were common to Ontario and New Brunswick,
30 (45%) unique to Ontario and 20 (33%) unique to New Brunswick.

Of the 38 BINs for New Brunswick 19 (50%) were common to cut and uncut
sites, 11 (29%) were found in only uncut sites, and 9 (24%) were restricted to cut sites
(Fig. 13). Of the 48 BINs in Ontario 32 (67%) were common to cut and uncut sites, 4
(8%) were found only in uncut sites, and 17 (35%) were found only in cut sites (Fig. 14).
Furthermore, in Ontario, Ponera and Crematogaster were restricted to cut sites (Fig.
14).

As expected there was a significant correlation between BIN richness and
phylogenetic diversity (R? = 0.704, p < 0.05) (Fig. 15). Treatment did not have a
significant impact on phylogenetic diversity (t-value = 2.31, p = 0.0683) or BIN richness
(t-value = 2.101, p = 0.0896) in Ontario sites, however when Dairy Bush was omitted
from the Ontario sites treatment did have a significant impact on the phylogenetic

diversity (t-value = 4.90, p < 0.05) and species richness (t-value = 3.57, p < 0.05) of
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Algonquin Park (Fig. 16&17). Treatment did have a significant impact on phylogenetic
diversity (t-value = -3.57, p < 0.05) and BIN richness (t-value = -5, p < 0.05) in New
Brunswick sites (Fig. 16 &17).

Age between cut site and paired uncut site had no effect on phylogenetic
diversity or BIN richness of New Brunswick or Ontario sites (R? = 0.007, p = 0.812) (Fig.

31).
Phylogenetic Structure

There was no evidence of non-random phylogenetic structure in the NRI among
any of the sample sites (Appendix 9). Differences in phylogenetic structure, when
comparing cut and uncut sites in Ontario (t-value = -1.67, p = 0.156) and New
Brunswick (t-value = 1.24, p = 0.304) appeared to be random (Fig. 18).

Age between cut site and paired uncut site had no effect on phylogenetic

structure of New Brunswick or Ontario sites (R? = .247, p = 0.144) (Fig. 32).

Morphological Variation

Camponotus, Myrmica, Formica, and Lasius were the most frequently collected
genera. When functional trait space was compared between cut and uncut sites for
these genera and the family Formicidae (Table 4) there was no significant difference
among Formicidae, Camponotus, Lasius, Myrmica, or Formica within New Brunswick or
Ontario (Table 6; Fig. 19). When investigating the appendages responsible for the
majority of the variation in PC1 most appendages measured showed no significant

difference between cut and uncut sites in Ontario or New Brunswick (Table 7). The
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exceptions to this were: eye length variance in Formicidae (t-value = 2.51, p < 0.05)
(Fig.20) and mean eye length in Camponotus (t-value = -2.86, p < 0.05) (Fig.21), which
was significantly different between cut and uncut sites in Ontario. Also, mean head
length in Formica (t-value = -3.29, p < 0.05) (Fig.22) and scape length variance in
Camponotus (t-value = -3.29, p < 0.05) (Fig.23), which was significantly different
between cut and uncut sites in New Brunswick. Within BINs between cut and uncut
sites total leg length (t-value = -4.54, p < 0.05) was found to be significantly different
(Fig. 24). When the expected proportion of false discoveries was controlled for using the
Benjaminii Hochberg method (Benjamini & Hochberg 1995), only BIN total leg length
was found to still be statistically significant (Table 7). A summary of the analysis on the

traits responsible for the majority of the variation can be found in Appendix 6.

Temperature

My temperature data supported statements in the literature in that mean
temperature between early June to late September (the predominant activity period for
ants in this region (Kipyatkov 2001)) and maximum temperature for this period were
both higher for cut than uncut sites (t-value = 3.82, p < 0.05)(Fig. 25). | also found that
mean minimum temperature was lower for cut sites than uncut sites (t-value = -3.46, p <
0.05) (Fig. 26) and temperature range was greatest for cut sites (t-value = 3.96, p <

0.05) (Fig. 27).

Habitat Complexity
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Complexity was significantly greater in cut sites compared to uncut sites in both
Ontario (t-value = 8, p < 0.05) and New Brunswick (t-value = 3.58, p < 0.05) (Fig.

28&29). A summary of the complexity scores for each site can be found in Table 8.

Discussion

The results presented here suggest that in disturbed environments ant
community assembly is dependent on the type of disturbance and the regional species
pool. Within Algonquin Park (Ontario) | found greater BIN richness and phylogenetic
diversity in cut sites compared to uncut sites, but no difference in phylogenetic structure,
or functional trait space. However, in New Brunswick and the Dairy Bush (Ontario), |
observed the opposite trend where richness and phylogenetic diversity in uncut sites is
greater than in cut sites. | found no difference in phylogenetic structure, or functional

trait space in New Brunswick.

Diversity and Species Turnover

The most apparent difference between Algonquin Park (Ontario), and New
Brunswick and Dairy Bush (Ontario) is that the results are opposite in direction.
Algonquin Park cut sites have greater diversity than uncut sites, while New Brunswick
and the Dairy Bush uncut sites have greater diversity than cut sites. The difference in
species turnover found between these two sites could be due to the difference in cutting
regimes. New Brunswick and the Dairy Bush are both clear cut sites, and have been cut
in recent history (within1-2 y ear s) . However b afellaggelynsglective

cuts, and occurred much longer ago (between 5-15 years).
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Clear cutting a forest removes all of the old growth resources (such as tree
seeds, and tree base mosses [Keenan and Kimmins 1993]) used by the resident ant
species. It is possible that selective cutting that leaves some of the old growth creates
micro-habitats where uncut preferring species can persist after a cut. Furthermore,
added time since cut allows more species invasion into the cut sites, giving time for ants
to disperse into the new habitat and utilize the fresh course woody debris and leaf litter.

The likelihood of these patterns is evident in the species turnover observed in
New Brunswick and the Dairy Bush compared to Algonquin Park. In New Brunswick and
the Dairy Bush Myrmica, Lasius, Stenamma, Leptothorax, and Temnothoax have more
species represented on uncut sites compared to cut sites. Uncut sites had less coarse
woody debris and less leaf litter, and more moist soils, which are favorable conditions
for Myrmica species (Francoeur 1997; Francoeur 2007). Uncut sites had closed
canopies with large seed bearing trees, a preferred food source of Lasius species
(Wilson 1955; Taylor 1967). Stenamma is an ant genus often associated with colder,
mature forests, preferring tree seeds for food and moss for nesting. Smith (1957) found
this genus more abundant in colder, uncut, forest sites, such as the ones in New
Brunswick. Leptothorax and Temnothorax prefer wood in the latter stages of decay for
nesting, which is more prevalent on uncut sites, and are predators of the Collembola
and other invertebrates living in uncut forest habitats (Lafleur et al. 2006; Boucher et al.
2015).

InAlgonquin Park, cut sites have the majority of the ant species found on uncut
sites, as well as more Camponotus, Formica, Ponera, and Crematogastor species.

Camponotus and Formica often use fresh, course, woody debris as nesting substrate,
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which is more plentiful on the cut sites. This may explain of the increased presence of
these genera on the cut sites (Creighton 1950; Cannon 1998). Formica is comprised of
common social parasite species, such as Formica aserva, that parasitize other Formica
species (Forel, 1901). Formica is therefore more likely to thrive in the more ant speciose
environments, which is the case in Ontario cut sites. Not coincidentally, there are more
BINs for Formica from cut sites in Ontario. Ponera are comprised of many scavenger
and soil dwelling species (Wilson 1955; Taylor 1967; Wing 1968). Warmer temperatures
help support subterranean aphids, which these genera farm, suggesting that cut sites
may offer a more favorable environment than uncut sites (Wilson 1955; Taylor 1967,
Wing 1968). Crematogaster includes scavenging species that rely on debris (such as
dried leaves and twigs) for nesting substrate (York et al. 2013).Cut sites had dried
leaves and twigs in higher abundance, due to the numerous downed trees.

The regional species pool in New Brunswick and the Dairy Bush sites is primarily
composed of ants that prefer shaded, cooler, and less structurally complex
environments. Al gonquin Par ko6 osedioftaetsthat e gi on al
prefer exposed, hotter, and more structurally complex environments. While New
Brunswickds species pool as a whole has simil
ants similar to Algonquin Park (Appendix 2) there has likely not been enough time since
the clear cut for dispersal and establishment of these ants to occur (Emerson &

Gillespie 2008; Kraft et al. 2015). Despite Algonquin Park and the Dairy Bushd slose
proximity (similar to the geographic separation between Ne w B r u n BNAS) thére s

is more similarity in the pattern of species turnover between New Brunswick sites and
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the Dairy Bush. This supports the claim that cutting type might largely determine ant
species response to disturbance.

While a test of whether these temporal effects contributed to the trend in my data
has been conducted, it revealed no difference between younger cut sites and their
uncut counterparts or older cut sites and their uncut counterparts (Fig. 31). Therefore,
time from cut is likely not solely responsible for the species turnover patterns, and is
likely a combination of the time and cutting regime (clear cut versus selective cut).

Other studies investigating regional ant community response to disturbance
include Boucher et al. (2015), Franklin (2012), Lessard & Buddle (2005), Thompson &
McLachlan (2007), Crist (2009), and lvanov (2010). Boucheretal6 s (2015) wor k o
post-fire succession found that ant communities shift over time and are dependent on
the age and composition of the course woody debris present. Franklin (2012) showed
that between sites of various major vegetative change ant species communities in
Sonora, Mexico showed little difference (Franklin 2012). Work by Lessard & Buddle
(2005), Thompson & McLachlan (2007), Crist (2009) and Ivanov (2010) has shown that
the ant diversity following urbanization show ant community assemblages to change
significantly, but with mixed results on whether there is greater or fewer species present
after disturbance. These mixed findings reflect my results, as there is such a difference
between Algonquin Park,and New Brunswickodés sites and the
communitiesd response to disturbance.

As such, it is possible that ants benefit from disturbance; however they are

dependent on time and scale of the disturbance. My data supports Roxburghet sal . 6
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(2004) meta-analysis on the intermediate disturbance hypothesis in that ant diversity

appears positively affected by disturbances that are limited in time and space.

Phylogenetic Structure

The prediction that cut and uncut forests have different phylogenetic structure
due to differences in forest structure and temperature is not supported, either in New
Brunswick sites or Ontario sites. | found no significant signal for non-random
phylogenetic structure within either cut or uncut forests in Ontario sites or New
Brunswick sites. Furthermore, the pattern in phylogenetic structure varied from site to
site, with all sites phylogenetically randomly dispersed. When investigating whether
there is evidence for the age of the cut influencing the distribution of clustering versus
random patterns there appeared to be no link. Despite there being significant
temperature and complexity differences between cut and uncut sites it appears that the
overall structure of the ant community is not significantly changed. This means that
despite there being some significant species turnover, as illustrated above, genera are
largely conserved within the ants. As each of the ant genera is still represented within
both cut and uncut sites, the overall phylogenetic structure does not change. While
Smith et al. (2014) showed that the cold, wet conditions of the high elevation cloud
rainforest led to environmental filtering of the ant species community, my results
suggest that this environmental filtering is geographically dependent. This supports
Smit hés ( 20 labalysid, shdawing thatreaviranmental filtering in cold, wet

conditions is not pervasive.
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Impact of Disturbance on Functional Trait Space

In general, functional trait space did not significantly change between cut and
uncut sites. There is no significant difference in ant functional trait space between cut
and uncut sites for Formicidae, Camponotus, Formica, Lasius, or Myrmica in New
Brunswick or Ontario. When investigating mean and variance for the four primary
measurements within Formicidae, Formica, Myrmica, Camponotus, and Lasius, only
four of the 80 variables are statistically significant. However, these 4 variables are no
longer significant when controlled for using the Benjaminii Hochberg method. My results
support research by Alessandro et al. (2015), and Yates and Andrew (2011) that
complexity and land use change do not change the functional trait space of ant
communities. My data suggest that there are other factors beyond disturbance and
complexity that are the major drivers of ant functional trait space. Since the spatial scale
of my study (i.e. between Ontario sites and New Brunswick sites) had no effect on the
functional trait space, changes in functional trait space may be biogeographically
dependent (Chofield et al. 2016), or dependent on the evolutionary and phylogenetic
history of the species present (Parr et al. 2003; Gibb et al. 2015).

Although there are no group effects on ant functional trait space, there are BIN
specific effects. Total leg length is found to be significantly longer in uncut sites
compared to cut sites for the same BIN. This suggests the same species have different
leg lengths in uncut sites, suggesting that they could be faster, surface scavenging or
active hunting individuals than their cut site counterparts (Feener et al. 1988; Weiser &

Kaspari 2006; Silva & Brand&o 2010). There has been similar morphological evidence
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found in work by Eberle et al. (2014) who showed within molecularly the same species

functional trait space changed in differing environmental and ecological pressures.

Conclusion

My research suggests that ant community assembly in disturbed forests is
complex, and is dependent on the parameters defining the cut, is regionally dependent
based on the species pool. Furthermore, the level of disturbance intensity tested here,
as well as the amount time since these cuts, may not play a major role in shaping ant
communities or their functional trait space. In Algonquin Park (Ontario) BIN richness
and phylogenetic diversity are significantly greater in cut sites. However, in New
Brunswick and the Dairy Bush (Ontario) BIN richness and phylogenetic diversity are
significantly greater in uncut forests. Phylogenetic structure is not significantly impacted
by high species turnover in New Brunswick, suggesting that evolutionary history is
conserved, even in the face of disturbance. The functional trait space of the ant species
community is not impacted by disturbance, suggesting that there are other pressures on
the ant community that drive family and genus level functional trait space in both
Ontario and New Brunswick.

My results indicate that the mechanisms behind ant community assembly are
highly variable between study locations, disturbance types, and may be regionally
dependent. Also, based on the difference in the phylogenetic diversity and BIN richness
results between Ontario sites and New Brunswick sites, the response of ant species
communities to disturbance may likewise be regionally dependent. This variation in ant

community response to disturbance suggests that habitat assessments for ant

39



conservation should focus on local species pools, and further investigate the impact of
various forms of disturbance on invertebrates, rather than extrapolating natural history
data from other regions for the species pool involved.

My study revealed significant differences within BIN leg length between
treatments. Thissuggests that di st ur luacticoatiisspgeeneag sur e s
be at a conspecific level which supports research by Bolnick et al. (2003) that individual
variation is important to note in ecology and is often disregarded. Further work into
whether this is true for all ant species found in Ontario and New Brunswick, and how
different stages of succession shape the leg length could provide valuable data on the
value of scales in disturbance ecology. Investigating species turnover in greater detalil
via measuring time after cut, frequency of cut, and cut type could better reveal the
factors influencing the pattern of species turnover presented here. The scope of this
project is limited to environmental influences impacting the regional ant species pool.
Future studies should investigate whether the patterns observed here are further
influenced by interspecific competition, or meditated by the dispersal capacity of the ant

species found in cut versus uncut forest sites.
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EPILOGUE: Overall Conclusion and Summary of Thesis Impact

Studying disturbance can provide ecologists with important insight into the impact
that humans have on ecosystems, communities, and the ecosystem services that these
organisms provide. However, arriving at a clear picture of the impact of this disturbance
can be difficult, given the mixed responses between taxa and across geographic
locations. My thesis explored disturbance impacts on ants by utilizing molecular and
morphological measures of diversity in order to understand how disturbance is
impacting these organisms.

| examined the effect of disturbance on the phylogenetic diversity, BIN richness,
phylogenetic structure, and functional trait space of ants at forest sites in New
Brunswick and Ontario. In Algonquin Park (Ontario) | found significantly more BIN
richness and phylogenetic diversity in cut sites compared to uncut sites, but no
difference in phylogenetic structure. In New Brunswick and the Dairy Bush | found
significantly more, BIN richness and phylogenetic diversity in uncut sites compared to
cut sites, but no impact on phylogenetic structure. Given the significant temperature and
complexity differences between uncut and cut sites, my results suggest that ant species
di versityds r esponsmrdentanthe pammeters buargucdmgaicst, d e p e
and is regionally dependent based on the local species pool. Future work into intensity
of disturbance, type of disturbance, and time since disturbance could tease apart some
of the differences between the sites in my study.

Disturbance does not seem to have altered the structure of the ant communities

in either province significantly. Species turnover is observed in all cases, suggesting
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that there are species that favor specific environmental conditions. Ant functional trait
space did not significantly change between cut and uncut sites, suggesting that ant
functional space is not shaped by disturbance in both Ontario and New Brunswick.
However, significant differences are found within BINs between treatments. This
suggests that there is within species variability that is dependent on environmental
conditions, and investigating conspecific effects could prove valuable in disturbance
ecology.

My research has advanced knowledge of an understudied taxonomic group, the
ants, in Ontario and New Brunswick. The information collected here provides New
Brunswick with a first species list to the ants of the province (Appendix 2), as well as a
species list of ants for Rockwood Park, one of the largest municipal conservation areas
in North America (Appendix 4). Furthermore, my thesis has contributed 1222 new
records to BOLD, and 900 new ant sequences, which will be used in the future by
ecologists and taxonomists to better assess ant diversity in Canada and elsewhere.
Additionally, 6717 fully curated ant specimens have been provided to the New
Brunswick Museum that will stimulate and support future ant research in Maritime

Canada.
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Tables

Table 1. GigaPan photograph galleries for all sites.

Gallery URL

Rockwood Park http://gigapan.com/galleries/b72015270f8b4f832eb943aca4a74157
Protected Natural Areas of New Brunswick and Paired Cut Sites | http://gigapan.com/galleries/6555a842d458a62367bel1bf716731ab9
Algonquin Park http://gigapan.com/galleries/7832

Dairy Bush http://gigapan.com/galleries/5668
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Table 2. Primers used in amplification and sequencing reactions. In amplification
reactions Folmer (Fol) primers were used in a cocktail with Lepidoptera (Lep) primers of

the same direction. Sequencing reactions involved only the forward primers (LepF1,

FolF).

Primer|]Sequence (50 t o|Geéne) |Reference

LepF1 |ATTCAACCAATCATAAAGATATTGG  [CO1-5P |(Hebert et al. 2004)
LepR1 [TAAACTTCTGGATGTCCAAAAAATCA [CO1-5P [(Hebert et al. 2004)
FolF GGTCAACAAATCATAAAGATATTGG  [LCO1490 [(Folmer et al. 1994)
FolR TAAACTTCAGGGTGACCAAAAAATCA |HC02198 [(Folmer et al. 1994)
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Tabl e 3. Lassau and Hochul:i

0s

0 (2004)

modi f

visual method for scoring habitat complexity for ants. Each structure scored is relevant

to ant survivorship in the site in question.

Structure Score

0 1 2 3
Tree canopy (% cover) 0 <30 30-70 >70
Shrub canopy (% cover) 0 <30 30-70 >70
Ground flora (height in m) Sparse*(and <0.5) | Sparse* (and >0.5) Dense** (and <0.5) Dense** (and >0.5)
Logs, rocks, debris etc. (% cover) 0 <30 30-70 >70
Soil moisture Dry Moist Permanent Water Adjacent Water-logged
Leaf litter (% cover) 0 <30 30-70 >70

* Sparse ground flora refers to grasses covering <50% of a study site.

** Dense ground flora refers to grasses covering >50% of a study site.
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Table 4. Number of specimens of each genus from tissue sampled specimens within
Ontario and New Brunswick sites. Genera with over 100 specimens (highlighted) and
evenly distributed between the two treatments were selected for the genus level

morphometric analysis.

Cut Uncut Grand Tota
Formica 189 121 310
Myrmica 105 151 250
Camponotus 50 67 117
Lasius 52 65 117
Stenamma 24 46 70
Tapinoma 18 35 53
Leptothorax 16 17 33
Temnothorax 4 13 17
Tetramorium 11 3 14
Solenopsis 10 1 11
Dolichoderus 5 3 8
Aphaenogaster 1 5 6
Stigmatomma 4 2 6
Prenolepis 2 1 3
Brachymyrmex 1 0 1
Crematogaster 1 0 1
Ponera 1 0 1
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Table 5. Summary of sampling of New Brunswick and Ontario ant specimens.

Type of Sample

Number Sampled

Total Specimens 10,000+
Total Pointed Specimens 7155
New Brunswick Pointed Specimens 6717
Ontario Pointed Specimens 438
Tissue Sampled Specimens (for analysis) 1032
Specimens Part of Treatment Comparison 791
Measured Specimens 1025
Total Measurements Taken 11264
Specimens ldentified to Genus 1222
Specimens ldentified to Species 658
Photos Taken 2444
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Table 6. Summary of the statistical analysis on the relative functional trait space of

Formicidae, Formica, Camponotus, Lasius, and Myrmica in Ontario and New

Brunswick.

Ontario

Circalized Plot of PC1 and PC2
Group Analyzed |Degrees of Freedom [t -value |p -value
Formicidae 0.0361 3628.567| 0.9712
Camponotus 212523 0.0617 0.9509
Formica 416.258 -0.2434 | 0.8079
Lasius 537.594 0.3706 | 0.7111
Myrmica 561.63 0.5581 0.577

New Brunswick

Circalized Plot of PC1 and PC2
Group Analyzed |Degrees of Freedom |t - value |p -value
Formicidae 4563.273 1.2331 | 0.2176
Camponotus 480.138 0.1712 | 0.8641
Formica 1705.658 1.0652 0.287
Lasius 435.445 -0.2532 | 0.8002
Myrmica 751.983 -0.555 0.579
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Table 7. Summary of most variable measurements and paired t-tests for mean and

variance for Ontario and New Brunswick.

Ontario
Test of Means
Group Measurement Degrees of t- p - Benjam'mu Hochberg
Analyzed Freedom value | value Correction
Total Leg -
. Length 6 17813 0.1251 0.9937
© S -
:g Tibia Length 6 0.3705 0.7237 0.9937
o Eye length 6 01167 0.9109 0.9937
Scape Length 6 0.6589 | 0.5344 0.9937
" Scape Length 4 0.1057 | 0.9209 0.9937
>
g Head Width 4 0.2685 0.8016 0.9937
o p <
= Eye Length 4 -2.863 0.9937
Q 0.05
© Head Length 4 0.7243 | 0.509 0.9937
Scape Length 5 0.2965 | 0.7788 0.9937
_8 Head Width 5 0.7907 | 0.465 0.9937
S -
° Head Length 5 1.2699 0.26 0.9937
Eye Width 5 0.3747 | 0.7232 0.9937
Mandible -
Length 4 0.4001 0.7096 0.9937
2 Petiole Length 4 1.3565 | 0.2465 0.9937
‘0 -
©
« Femur Length 4 0.3813 0.7224 0.9937
Eye Width 4 1.7897 0.148 0.9937
Petiole Length 5 0.5493 | 0.6064 0.9937
© Mandible -
é Length 5 05107 0.6313 0.9937
% Femur Length 5 1.0609 | 0.3373 0.9937
Tibia Length 5 0.6872 0.5225 0.9937
Test of Variance
Group Measurement Degrees of t- p - Ben]am_lm'r Hochberg
Analyzed Freedom value | value Correction
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Total Leg -
. Length 6 0.6504 0.5395 0.9937
]
©
o
S -
5 Tibia Length 6 -0.353 | 0.7361 0.9937
LL
p <
Eye length 6 2.507 0.05 0.9937
Scape Length 6 1.8112 | 0.1201 0.9937
® Scape Length 4 2.1363 | 0.0995 0.9937
o Head Width 4 2.3069 | 005%° 0.9937
o
% Eye Length 4 1173 | 0.3055 0.9937
O Head Length 4 1.4461 | 0.2217 0.9937
Scape Length 5 0.5954 0.5775 0.9937
«
é Head Width 5 2.3069 0'0523 0.9937
,_5,_ Head Length 5 1.2591 | 0.2636 0.9937
Eye Width 5 0.3398 0.7478 0.9937
Mandible 4 0.1882 | 0.8599 0.9937
Length
S Petiole Length 4 0.5125 | 0.6353 0.9937
E Femur Length 4 1.5027 | 0.2073 0.9937
Eye Width 4 0.2203 0.8364 0.9937
Petiole Length 5 1.2014 | 0.2834 0.9937
(U .
o Mandible
= Length 5 1.8731 | 0.1199 0.9937
g‘ Femur Length 5 1.6924 | 0.1514 0.9937
Tibia Length 5 1.6173 | 0.1667 0.9937
New Brunswick
Test of Means
Group Degrees of t- p- Benjaminii Hochberg
Analyzed Measurement Freedom value value Correction
Total Leg 3 1.6529 | 0.1969 0.9937
@ Length
o Tibia Length 3 2.2497 0.11 0.9937
(&)
= -
= Eye length 3 0.9372 0.4178 0.9937
LL -
Scape Length 3 0.5413 0.6259 0.9937
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Scape Length 2 0.9224 0.4537 0.9937

[2])

2

o

5

g' Head Width 2 0.0946 | 0.9332 0.9937

IS

o
Eye Length 2 0.2983 0.7936 0.9937
Head Length 2 0.6747 0.5694 0.9937
Scape Length 3 0.4821 | 0.6627 0.9937

(]

Q2

IS . -

LBL Head Width 3 0.0085 0.9937 0.9937

- p <

Head Length 3 3.2979 0.05 0.9937
Eye Width 3 0.3155 | 0.773 0.9937
Mandible 1 -1.043 | 0.4866 0.9937
Length

2 Petiole Length 1 2.5227 | 0.2403 0.9937

‘0 -

©

< Femur Length 1 0.3813 0.7224 0.9937
Eye Width 1 0.9191 0.5268 0.9937
Petiole Length 3 0.1123 | 0.9177 0.9937

(U .

o Mandible -

= Length 3 0.2865 0.7931 0.9937

g‘ Femur Length 3 0.306 | 0.7796 0.9937
Tibia Length 3 0.0797 | 0.9415 0.9937

Test of Variance
Group Measurement Degrees of t- p - Benjaminii Hochberg
Analyzed Freedom value | value Correction

Towl Leg 3 0.743 | 05114 0.9937

° Length

(]

o Tibia Length 3 2.4723 0'0398 0.9937

(&)

e -

LBL Eye length 3 0.8487 0.4584 0.9937
Scape Length 3 0.0639 0.9531 0.9937
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Scape Length 4.4-106 0?0<5 0.9937
[2])
3
o
5
& Head Width 0.312 | 0.1469 0.9937
S
Eye Length 1 9522 0.1846 0.9937
Head Length 0 5'731 0.6244 0.9937
Scape Length 1 0'326 0.3777 0.9937
3 Head Width 2.312 | 0.1469 0.9937
= -
o Head Length 0.4478 0.6846 0.9937
Eye Width 0 7'155 0.526 0.9937
Mandible -
Length 0.6419 | 0-6367 0.9937
[7)] . -
S Petiole Length 0.7384 0.9937
'@ 9 0.4357
| Femur Length 1.5027 | 0.2073 0.9937
Eye Width 0 7'222 0.6018 0.9937
Petiole Length 0 7'252 0.5208 0.9937
© Mandible -
E Length 15154 | 0-2269 0.9937
2 Femur Length Lovsg | 02918 0.9937
Tibia Length 1 4;1 43 | 0-2444 0.9937
MOTU
Total Leg - p<
Length 45372 | 0.05 p<0.05
= Scape Length -2.223 O'OfO3 0.09031
O
= Head Length p 7025 0'0; 1 0.07119
Eye Length -2.118 | 0.1683 0.1683
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Table 8. Summary of complexity scores for each site in Ontario and New Brunswick

based Lassau and Hochulids (2004) modi
visual method for scoring habitat complexity.
Score
Ground Logs,
Site Structure I;(re\?) (% CSQr:L(;b (% flora rocks, Soil Leaf litter Net score
_ _ Py Py (heightin debris etc. | moisture (% cover)
cover) cover) m) (% cover)
Ontario
Achray| 3 1 1 2 1 3 11
Cut
Achray| 3 0 1 1 1 3 9
Uncut
Basin
Depot| 2 3 2 2 1 3 13
Cut
Basin
Depot| 3 1 1 1 1 1 8
Uncut
Brent|
Cut 2 1 2 3 1 3 12
Brent| 3 0 2 1 1 1 8
Uncut
Dairy
Bush| Cut 0 3 3 1 3 1 11
Dairy
Bush| 3 0 1 1 1 1 7
Uncut
Douglas/
Shaw 2 0 1 2 3 3 11
woods|
Cut
Douglas/
Shaw 3 0 0 1 2 3 9
woods|
Uncut
Oxtongue 3 1 3 2 1 2 12
| Cut
Oxtongue 3 0 3 0 1 2 9
| Uncut
Rock
Lake| Cut 3 1 3 2 2 2 13
Rock
Lake| 3 0 1 1 1 3 9
Uncut
New Brunswick
Caledonial | 0 1 2 3 2 2 10
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Cut

Caledonia|
Uncut

Grand
Lake
Meadows|
Cut

11

Grand
Lake
Meadows|
Uncut

Jacquet
River
Gorge
Cut

10

Jacquet
River
Gorge
Uncut

Nepisiguit|
Cut

10

Nepisiguit|
Uncut
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Figures

Figure 1. Algonquin Sampling Locations, scaled to Ontario. Sites include 1) Brent-Cut 2) Brent-Uncut 3) Achray-Cut 4)
Achray-Uncut 5) BasinDepot-Cut 6) BasinDepot-Uncut 7) RockLake-Cut 8) RockLake-Uncut 9) Oxtongue-Cut 10)

Oxtongue-Uncut 11) Douglas -Cut 12) ShawWoods-Uncut.
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Figure 2. Dairy bush sampling locations, scaled to Guelph. White dots indicate pitfall trap lines, blue dots indicate malaise

traps. Light green is the field, dark green is the forest.
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Figure 3. The Protected Natural Areas (PNAs) of New Brunswick (highlighted in green) and Rockwood Park, New
Brunswick. Numbers indicate sampled sites; 1) Jacquet River Gorge PNA 2) Jacquet River Gorge cut 3) Nepisiguit PNA
4) Nepisiguit cut 5) Grand Lake cut6) Grand Lake PNA 7) Caledonia Gorge cut 8) Caledonia Gorge PNA 9) Rockwood

Park, Saint John.
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Figure 4. Nine standardized and measurements taken selected for their contribution to
specialized function. 1) Head length 2) Head width 3) Mandible length 4) Eye length 5)
Eye width6) We b e r 673 Petioke terggth B) Femur length 9) Tibia length 8+9) Total

leg length.
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BOLDAADO829 | Myrmica
BOLDAAA1857 | Myrmica
BOLDAAA1866 | Myrmica
BOLDAAL7002 | Myrmica

BOLDAAA1869 | Myrmica
BOLDACWS8722 | Myrmica

BOLDAAA1841 | Myrmica
BOLDAAB2766 | Myrmica

BOLDAAA3898 | Tapinoma

BOLDADBO856 | Tapinoma

BOLDADBO0335 | Dolichoderus
BOLDADBQ796 | Dolichoderus
BOLDAADS8987 | Dolichoderus
BOLDAAC7475 | Dolichoderus
BOLDADBO0857 | Dolichoderus

Figure 5. Maximum likelihood tree based on TN93+G+lI, created from the pool of New

Brunswick ant sequences.
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