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ABSTRACT

Investigations into the distribution and ecosystem functions of fruiting amoebae revealed
that localscale environmental conditions can largely explain broad biogeographical patterns in
species assemblage, the way in which amoeboid predators shape bacterial communities and how
this topdown influence may affect global biogeochemical processa€iranging climatelhe
distribution and assemblage of protosteloid amoebae on the islands of New Zealand and Hawaii
did not yield any expected patterns of island biogeography, and conformed to other global
regions studiedlhe strongest predictor of spes richness in a given region was sampling effort
and these species do not appear to have any extant barriers to global dispepalbosed that
morphological adaptations such as tiny resilient spores contribute to their ability to disperse
widely. In addition, the role of soil amoebae in stimulating the mineralization of soil nutrients
was examined using a series of microcosm experimiémias confirmed that amoeboid
predators are causative for large increases in carbon and nitrogen mineratiaathat the
magnitude of this effect depends on complex interactions between climate and edaphic variables.
In particular, land management practices such adlragriculture determine the nature of
predator responses to climate change with regaragebchemical cyclingSubsequently, soil
amoebae were shown to have a strong influence on the composition of bacterial communities.
This influence was also dependent on climate factdrs.predatiosinduced changes to bacterial
taxa was different when éabation temperatures were increased, suggesting that even if protists
are considered in models of nutrient dynamics, the parameters describing their influence on
decomposer communities will depend on environmental fadtatare work should focus on
testng hypotheses concerning the importance of morphology and anthropogenic vectors to
amoebal dispersal and on further quantifying the interaction between a changing environment

and predatemediated control of bacterial communities for a wider range ofbpoethxa.
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CHAPTER 1

INTRODUCTION

Introduction to mycetozoarcology

Mycetozoan®xist only in theperipheryo f  mo st bi ol cagdittwsesod awar en

whom the ternhas anyfamiliarity will likely reflect only onthe famous model organisms
Dictyostelium discoideumndPhysarum polycephalunyet to one who has gotten to know these
organisms just a little bit, ftetozoansepresent a sublimely diverse group whichiangortant
andubiquitous members of the microbial communitynanyhabitats.They are categorized into
three main groupswo monophyletic sister groups known as Myxomycetes and Dictyostelids,
and aparaphyletic assemblage known as protosteloid amoebae (Shadwici009). First
described in the mid800s, consensus on their phylogenetic affiliation has varied considerably
(Baldauf and Doolittle, 1997put now places these main groupsmbiguasly within the
eukaryotic supergroup of Amoebozoa.

Mycetozoan8life cycle detailssary considerably between taxa, but in general are
characterized by an amoeboid or flagellated trophic $tdlgsved by a dispersal stage in which
spores are born on argide a fruiting bodySome of these fruiting bodies can by very
conspicuougeven beautifuland often superficially resemble fungal morphologies, a fact that
contributed greatly to the initial confusion surrounding their classific§@bne, 1975).

Mycetomans can, in theory, be isolated from any habitat where decaying plant material is
present (Rollins, 2008Y.hey have been found in melting snowbanks (Ronikier and Ronikier,
2009),in freshwater ponds (Lindlegt al, 2007),andon the bark of tree&Schnittler, 2001)

They occur in tropical, temperaggasslanaind desert habitats, on remote islands, in dense
urban centers andf coursejn soilswhere they often represent a full 25% of all protistthe

community (Geisemet al, 2015; Urichet al, 2008).
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Despite their ubiquityabundancgand environmental diversity, the detailed study of their
distributional and functional ecologies is still a young disciplirtes is true to varying degrees
between the three groumictyostelid ecology has peaps received the most attention, spurred
by earlywork by Cavender and Raper (19@6)d which has now accumulated into a large body
of literature examining the genetic ecology of dictyostelid populations (eg. Forttrelto
2003; Cavender, 2013; Landek al, 2014) Work regarding the functional ecology of this
group howeverhas largely been limited to one species, the model orgddistyostelium
discoideun{Montagnest al, 2012).The ecology of myxomycetes has received less attention,
though magr efforts during the past two decadeg. Liuet al, 2015; Stephensaat al, 2011;
Stephenson and Feest, 2012; Stephenson, Bat&)begun téorm a sharpening image of the
distribution of this charismatic groupastly, and described most recentfif®, 1967), the
paraphyletic assemblage of protosteloid amoebae has received the least attention, likely due to
their relatively inconspicuous fruiting bodiasn d | ack of a current fAmode
species in this diminutive group have been foundrmally every location and habitat where
myxomycetes and dictyostelids have been obsgithedigh they are less common in sodap
recent efforts haashown them to be globalbpiquitous (Chapter 2).

The greatest scarcity of information with allekrof these groups concerns the
environmental factors that influence their distributions (particularly at scdsant to
microbe$ and the functional roles that they playthe systems/here they are foundk has been
shown that, at broadscale, pecipitation patternéRollinset al, 2010; Ogatat al, 1996),
latitude(Zahnet al, 2014; Stephensaegt al, 2000; Perriget al, 2012) and elevatiorfLandolt
et al, 2006; Roja®t al, 2012)influence mycetozoan abundanead that some taxa seemn t

show | imited occurrence consistent with Foi ss



(Stephensoet al, 2007).1t is yet to be accounted for, though, what specific mechanisms are the
driving factors behind these patterns or whether they account for acyivefffunctional
differences in the overall makeup of the mycetozoan community.

Mycetozoans arkargely bacterivorous predataasd as such abundant members of the
predatory protist community they undoubtedly play a significant role in shaping bacterial
communities on a global scale. T$gecifics of these interactions with bacterial decomposers
and the extent to which thisteractioninfluences largescale biogeochemical processes remains
elusive.Thus, he focus of this dissertation is tviold: 1) Toincrease our understanding of the
global distribution of the leasitudied mycetozoans (the protosteloid amoebae) and the broad
factors that influence their local diversity and abundance, and 2) To investigate, mechanistically,
the roles thainycetozoarpredators play in shaping soil bacterial communitiesthad
biogeochemical processes associated with soils.

Microbial distributions

There are two major competing hypotheses regarding dfsalgdiistributions of
microbes.The first is known ashe BaasBecking hypothesisii Ev er yt hi n gbuttle ever y:
envi r on me (EiE) (BaasBeeking, 4934 Finlay, 2002)nd insists that the small size of
microbes lends them to worldwide disper#alk suggested that the reason a given microbe does
not occur ina given location is not due to lack of dispersal but to lack of a suitable h@biat.
main alternative hypothesis is known as the i
which claims that, for perhaps a full third of extant protist taxa, histoor morphological
limitations act as barriers to dispersal, generating endemic groups.

Forthe EIE model to be accurate some necessary conditions must be met by the taxa in
guestion: 1) High dispersal rates, 2) Small size, 3) Availability of approplispersal vectors,

4) Morphological adaptations for resilience and dispersal such as spores or cysts, and 5)
3



Sufficient time to have achieved ubiquitous dispetsakems clear that many protist taxa fail to
meet some or all of these crite(those laking spores or cysts, for examplanhd in fact, the
literature shows that some protistsajipear texhibit endemism or patchy distributio@mith
and Wilkinson, 2007; Kooistret al, 2008).The key to this hypothesis, however, is more likely
tobefomd in the second clause of the sl ogan, A ék
Proponents of the ME model often cite evidence from mamganisms as evidence that
small size and dispersal vectors do not equate ubiquitous dispensed.are a favorite example,
as many fern species have very patchy distributions though they disperse via large numbers of
tiny resilient spores and have been extant for hundreds of millions of Yeassthey seem to
fulfill the requirements of the EIE model yet exhibit clear biogapgical patterns (Foissner,
2006).0f course, crucial to this example is @sertion by Foissner and other proponents of ME
that suitable habitats exists for these widely dispersed propagules (FoissnerTBR0aRImM is
then extrapolated to protisssnd becomes something akin to: AHe
protist X, yet protist X does not occum here,
light of how little we know about what actually constitutes a suitable habitat for agy giv
species, this claim seems absurd and has been experimentally debunked, at least in the favorite
fern example (Frahm, 2007).
Thisillustrative argument against the ME model is not intended to refute the hypothesis.
Both model{ME and EiE)may turn outo be correct, just not for the same species (Caron,
2009).1t is clear that some protist species do exhibit endemism or patchy distiibhit it is
still entirely plausible that the mainoreason
Pehaps it just selecis ways we currentlgo notunderstandwWe know so little about so many

protist taxa that we simply ¢ ann®ohiscaabeseeme wha



as a problem of scale, particularly is some of the extremelplesnenvironments where protists
are abundant, such as soil.

Introduction to soilhabitats, communities, andiogeochemistry

Soils aresome of the most complex environments on earth with the most diverse biota
(Tringeet al, 2005) and most versatile blwamistry (White, 1995)They are extremely
heterogeneous at scales from continents to micrometers, making quantitative extrapolations
difficult, and most of our current knowledge about the microbes living in them comes only from
environmental DNASoil conplexity is difficult to overstatand an adequate treatise is beyond
the scope of this work (for thorough reviews see Paul, 2006; Tan, 1998; Matsiiall 996)
but it is crucial that wevork tounderstand it because thiieirthso f  E derrdsthaicarbon
(Whitmanetal, 1998) and a substanti al portion of
Svensson, 1976) atied up in soils

The fluxes of carbon and nitrogen into and out of soils are controlled largely by biotic
processesuch as microbialetomposition, but microbial processes are highly dependent on
abiotic fadors. These factors, such as water availability, temperature, cation exchange capacity,
and physical structure are in turn, highly interdependent and thus present a difficult ehaleng

untangle. Still, accurate predictions of biogeochemical cycling in a changing global climate

hinge on understanding the myriad interactions between the abiotic environment and the diverse

biotic componergof soils.

One important type of relationshiipat has received comparatively little attention is the
interaction between the soil organisms themselves (Wardle, 200f)fairly recently soil
systems have been tr e a tseatkamosicinputsiatdlgeoché&michlo x 0

outputs were nmasured without regard to the mechanisms behind the observed trends€Tiedje

w h



al., 1999).For example, it has been noted that a linear increase in soil temperature leads to
exponential increases in total respiration (Lloyd and Taylor, 1994).

This black ba approach was taken out of necessity since an estimated 99% of microbial
taxa are not amenable to traditional cultbesed study (Pham and Kim, 2012) and though it has
been useful in generating rough predictions, improvements in environmental moleethladsn
such as higlthroughput nucleic acid sequencing are now enabling more detailed mechanistic
research into the biotic processes at wWavkiteleyet al, 2006) Incorporating measures of
microbial community structure and biochemical potentialdi@eady proven useful as it hdsd
to improved predictive power mutrient fluxmodeling effortgAli et al, 2015).With growing
concern over global climate change, accurate modeling of the fate of soil carbon and nitrogen is
becoming more importanbut this goal cannot beealizedif mechanistic data about the
organisms responsible for these processes are lagitagiples of such data include quantifying
the influences of temperature, precipitation variation, and management strategies on soil bacteria,
fungi and protists, and the way in which these groups interact with each other under predicted
climate scenarios.

Fortunately, there is a substantial body of work investigatingitieetinfluences of
environmental parameters on soil micrgliesugh nost d these efforts have focused on
bacterial and fungal members of the commu(ety. Williamset al, 1972; Haydert al, 2012;
Creggetret al, 2012; Evans and Wallenstein, 2014; Zeggl, 1997) Considerably less effort
has been made to quantify the saeffects on protists, though mamgearctgroups are
currentlyattempting to eliminate this gap in our knowledge (eg. Tsygahal, 2013; Stefaret
al., 2014; Domonelet al, 2013).Additionally, there has been a small but steady interest in

dissectng the relationships between bacterial and protistan taxa and in measuring the emergent



biogeochemical changes that result from these species interalttlvas been shown, for
example, thabacterivorougprotists significantly change bacterial commurmitmpositions
(Rennet al, 2002), increase rates afganiccarbonand nitrogerdecompositior{fKuikmanet

al., 1990) and stimulate plant growth (Bonkowski, 200d)it surprisingly little is known about
the environmental factors that influence these auttons (Rosenbergt al, 2009) or of the
identity of bacterial groups that are affected by protist grazing (Metsse 2006).

Driving questionsbehind this research

The motivations behind this dissertation work were driven by the aforementioneid gaps
knowledge concerning the distributional and ecological function of profisisking to fill those
gaps in such an abundant and widely distributed group as myectozoans is necessary in order to
better predict globadcale biogeochemical processElse questions that drove this research
were:

1. Do mycetozoan taxa exhibit biogeographical patterns despite traits that lend
themselves to widespread dispersald if so, what factors might explain these
pattern®

2. What specific taxonomic and functional changesmymetozoans exert on soll
bacterial communities?

3. How will climate change affect the influence of mycetozoan predators on carbon and
nitrogen cycling in soils?

4. Do these communityor functionatlevel changes to bacterial communities explain

any or all of he changes to nutrient dynamics?
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CHAPTER 2

ECOLOGICAL DISTRIBUTION OF PROTOSTELOID AMOEBAE IN NEW ZEALAND
Abstract

During theperiod of March 2004 to December 2007, samples of aerial litter (dead but
still attached plant parts) and ground litter (dead plant material on the ground) were collected
from 81 study sites representing a wide range of latitudes (34°S to 50°S) aretyaofari
different types of habitats throughout New Zealand (including Stewart Island and the Auckland
Islands). The objective was to survey the assemblages of protosteloid amoebae present in this
region of the world. Twentpine described species of pro&sid amoebae were recorded by
making morphological identifications of protosteloid amoebae fruiting bodies on cultured
substrates. Of the species obserrrdiostelium mycophagaas by far the most abundant and
was found in more than half of all sampl&kst species were found in fewer than 10% of the
samples collected. Seven abundant or common species were found to display significantly
increased likelihood for detection in aerial litter or ground litter microhabitats. There was some
evidence of a genakcorrelation between environmental factoesinual precipitation, elevation,
and distance from the equator (latitud@nd the abundance and richness of protosteloid
amoebae. An increase in each of these three factors correlated with a decreasabariaiathce
and richness. This study provides a thorough survey of the protosteloid amoebae present in New
Zealand and adds to a growing body of evidence which suggests several correlations between
their broad distributional patterns and environmental facto
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Figure 2.1.Fruiting bodies of protosteloid amoebae in sKwluster of sporocarps of the
protosteloid amoeb@ychsporium acutostipdruiiting on a leaf. This image was
taken at a total magnification of 100X. The scale bar is 100 um. Homiglity
images of all species discussed in this paper, see Spiegel et al. (2007) online.
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Species Abundance per Line of Substrate by Site
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Figure 2.2. Map of sampling locations. Sample site markers are scaled to represent the mean
number of protosteloid amoebae fruiting bedemcountered for each line of
substrate observed from that site. N = species richness observed at each major
latitudinal range
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Table 2.1.Study site locations and information

Elev. Month/year  Lines Site
Site Latitude/longitude (m) Habitat collected plated richness
Tairoa Head Albatross 45°46'30.1000"S, 67 Grassland 3/2004 218 10
Colony (263) 170°43'41.4998"E
West of Dunback (264) 45°19'13.3000"S, 130 Grassland 3/2004 306 13
170°34'34.2001"E
West of Morrisons (265) 45°13'16.1000"S 561 Scrub 3/2004 192 11
170°25'24.3001"E
Boundry Creek Rest Area 44°21'13.5000"S, 277 Mixed Dry Forest 3/2004 194 7
(266) 169°10'07.7002"E
Blue Pools (267) 44°09'00.8640"S, 277 Beech 3/2004 160 1
169°16'00.6100"E
Haast Pass (39 45°06'00.4380"S, 716 Beech 3/2004 188 1
169°21'00.2830"E
South of Haast (269) 44°03'21.1000"S, 716 Rainforest 3/2004 320 7
168°42'35.3999"E
Jacksons Head (270) 43°57'52.6000"S, 1 Podocarp/Beech 3/2004 320 11
168°36'19.4000"E
Road to Hokitika (271) 42°59'00.0790"S, 30 Rainforest 3/2004 162 5
170°40'00.7961"E
Port Elizabeth (272) 42°22'00.5920"S, 0 Beach 3/2004 156 18

171°14'00.3862"E
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Table 2.1. (Cont.)

Elev. Month/year  Lines Site
Site Latitude/longitude (m) Habitat collected plated  richness

Punakaiki (273) 42°06'00.9560"S, 0 Beach/Nileau 3/2004 336 9
171°19'00.7741"E

Temple Basin Trail (274) 42°54'44.1000"S, 876 Scrub 3/2004 160 7
171°33'32.1001"E

The Chasin Trail (276) 42°55'09.3000"S, 842 Beech 3/2004 162 1
171°3330.4999"E

U of Canterbury (277) 43°02'09.0000"S, 561 Grassland 3/2004 168 6
171°45'25.9999"E

Eastern Beech (278) 43°17'28.8000"S, 493 Beech 3/2004 158 8
171°55'01.2000"E

Sharplin Falls (279) 43°37'41.20008, 463 Beech 3/2004 154 8
171°25'04.5998"E

Peel Forest (280) 43°53'34.7000"S, 289 Podocarp/Beech 3/2004 443 12
171°15'42.0001"E

Te Anau (281) 45°26'38.0000"S, 218 Beech 3/2004 229 3
167°41'03.0998"E

Mirror Lake (282) 45°01'44.200'"S, 350 Beech/Wetland 3/2004 239 2
168°00'46.8000"E

Lake Gunn (283) 44°53'26.4000"S, 485 Beech 3/2004 164 1

168°05'06.7999"E
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Table 2.1. (Cont.)

Elev. Month/year  Lines Site
Site Latitude/longitude (m) Habitat collected plated  richness

Red Tussock Conservation 45°33'38.0000"S, 480 Native Grassland 3/2004 162 6

Area (284) 168°02'07.4000"E

Taputaputa Bay (302) 34°26'13.7400"S, 5 Teatree 5/2005 40 10
172°42'48.4200"E

Pine Block Road (303) 34°44'57.7800"S, 70 Pine 5/2005 52 12
173°01'05.8800"E

Ahipara Gum Lands (305) 35°11'40.6800"S, 178 Teatree 5/2005 40 9
173°08'06.5400"E

Herekino Forest Tracks 35°12'35.5200"S, 154 Teatree 5/2005 40 10

(306) 173°11'27.2400"E

Mangamuka Forest (304) 35°11'24.2400"S, 379 Broadleaf 5/2005 30 10
173°27'18.7801"E

Puketi Forest (307) 35°16'32.6400"S, 16 Podocarp 5/2005 40 13
173°41'09.9600"E

Harrison Scenic Reserve 35°18'37.2600"S, 79 Forest (Coastal) 5/2005 40 9

(308) 174°06'24.7799"E

Trounson Kauri P& (309) 35°43'13.5000"S, 234 Podocarp 5/2005 40 1
173°39'00.1199"E

Mill Bay (310) 36°59'30.7800"S, 17 Rainforest 5/2005 44 5

174°36'11.2201"E
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Table 2.1. (Cont.)

Elev. Month/year  Lines Site
Site Latitude/longitude (m) Habitat collected plated  richness

Aratoro Scenic Reserve 38°30'14.7420"S, 129 Podocarp 12/2005 40 7

(359) 175°15'10.8000"E

TongariroNP1 (360) 39°14'16.8540"S, 1636 Scrub 12/2005 20 1
175°33'26.5680"E

TongariroNP2 (361) 39°12'08.9820"S, 1134 Beech 12/2005 40 6
175°32'25.8720"E

DesertRoad (362) 39°18'59.4180"S, 1015 Grassland 12/2005 40 2
175°43'49.7280"E

TongariroNP3 (363) 39°10'10.6140"S, 930 Flax/Scrub 12/2005 40 1
175°31'26.5440"E

AraokiGorge (364) 38°40'16.8240"S, 8 Tree Fern/Podocarp 12/2005 40 14
174°41'40.102&

GorgePulloff (365) 38°53'45.9240"S, 214 Tree Fern 12/2005 40 11
174°35'56.4360"E

EgmontNp1l (366) 39°16'45.1560"S, 1199 Scrub 12/2005 40 1
174°05'05.9280"E

EgmontNP2 (367) 39°14'20.6880"S, 941 Podocarp/Broadleave 12/2005 40 2
17406'46.1160"E

EgmontNP3 (368) 39°18'28.4760"S, 1159 scrub 12/2005 40 1

174°05'50.2800"E
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Table 2.1. (Cont.)

Elev. Month/year  Lines Site
Site Latitude/longitude (m) Habitat collected plated  richness

Wanganuil (369) 39°49'08.7600"S, 120 Mixed Broadleaf 12/2005 60 13
174°50'22.2360"E

Wanganui2 (370) 39°45'564.2160"S, 24 Beech 12/2005 40 10
175°10'15.1680"E

Manawata (371) 40°20'22.5600"S, 76 Broadleaf 12/2005 40 9
175°49'05.3760"E

Waihini (372) 40°59'46.1760"S, 166 Podocarp/Broadleave 12/2005 40 3
175°23'22.8120"E

Rimutaka (373) 41°20'56.3280"S, 70 Podocarp/Broadleave  12/2005 40 6
174°56'15.9000"E

Titahi (374) 41°05'58.8840"S, 0 Scrub (Coastal) 12/2005 40 9
174°50'06.5760"E

QEPark (375) 40°58'19.5600"S, 0 Scrub (Coastal) 12/2005 40 15
174°57'36.5400"E

Otaki (376) 40°51'14.2920"S, 128 Secondary Growth 12/2005 40 11
175°14'06.6480"E

Mahia (377) 39°04'18.0480"S, 34 Scrub 12/2005 40 10
177°48'39.4920"E

Bush (378) 38°52'34.1040"S, 543 Secondary Growth 12/2005 40 14

177°51'20.4480"E
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Table 2.1. (Cont.)

Elev. Month/year  Lines Site
Site Latitude/longitude (m) Habitat collected plated  richness

Okita (379) 38°39'53.5320"S, 37 Mixed Broadleaf 12/2005 40 10
178°1049.4040"E

TeUruweral (380) 38°47'56.6880"S, 607 Beech/Fern 12/2005 40 8
177°07'22.9440"E

TeUruwera2 (381) 38°47'02.3280"S, 609 Scrub 12/2005 40 14
177°08'04.0200"E

TeUruwera3 (382) 38°43'43.8240"S, 653 Beech/Podocarp 12/2005 40 11
177°(%'11.0760"E

TeUruwera4 (383) 38°39'51.3000"S, 661 Beech 12/2005 40 6
177°02'13.3440"E

HukaFalls (384) 38°38'57.3720"S, 580 Broadleaf 12/2005 40 10
176°05'20.6160"E

LakeTaupo (385) 38°44'41.7840"S, 367 Grassland 12/2005 40 7
176°04'07.5000"E

HinaKapu (386) 38°02'14.6400"S, 350 Podocarp 12/2005 40 9
176°33'00.0000"E

BayPlenty (387) 37°52'15.2400"S, 2 Dunes 12/2005 40 4
176°42'32.0400"E

Hiwy25 (388) 37°18'16.9920"S, 65 broadleaf 12/2005 40 9

175°53'®.7600"E
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Table 2.1. (Cont.)

Elev. Month/year  Lines Site
Site Latitude/longitude (m) Habitat collected plated  richness

TwinKauri (389) 36°58'44.6520"S, 117 Tree Fern/Kauri 12/2005 40 10
175°50'30.9120"E

Maungataururu (390) 36°44'54.7440"S, 370 Tree Fern/Nikau 12/2005 40 12
175°32'15.2520"E

SquareKauri (391) 36°59'23.0640"S, 306 Kauri/Broadleaved 12/2005 40 9
175°34'19.3080"E

Hihi (392) 37°06'43.5600"S, 59 Nikau/Broadleave 12/2005 40 11
175°38'02.2920"E

AUKO06-1 (422) 50°50'20.6412"S, 9 Forest (Coastal) 3/2006 4 2
165°55'15.2400"E

AUKO06-2 (423) 50°50'20.6412"S, 9 Forest (Coastal) 3/2006 4 2
165°55'15.2400"E

AUKO06-4 (425) 50°51'11.0412"S, 324 Fores (Coastal) 3/2006 4 1
165°55'12.9000"E

AUKO06-9 (430) 50°48'58.6188"S, 20 Forest (Coastal) 3/2006 4 2
166°12'02.5200"E

AUKO06-16 (437) 50°32'43.8612"S, 11 Forest (Coastal) 3/2006 4 1
166°12'45.7812"E

AUKO06-17 (438) 50°29'34.3788"S, 35 Scrub (Coastal) 3/2006 4 3

166°16'51.960(E
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Table 2.1. (Cont.)

Elev. Month/year  Lines Site
Site Latitude/longitude (m) Habitat collected plated richness

AUKO06-19 (440) 50°31'51.4812"S, 6 Scrub (Coastal) 3/2006 4 1
166°18'05.1588"E

AUKO06-20 (441) 50°31'51.4812"S, 6 Scrub (Coastal) 3/2006 4 1
166°18'05.1588"E

Charming Creek (1188) 41°44'24.0000"S, 3 Forest (Native) 5/2006 24 1
171°35'42.0000"E

Truman Track (1187) 42°00'38.8800"S, 0 Scrub (Coastal) 5/2006 20 2
171°20'09.6000"E

Knight's Bush (1281) 45°54'44.1000"S, 152 Beech/Broadleaved 5/2007 20 8
169°29'42.5004"E

Route 6 Nelson (1282) 41°09'47.4984"S, 84 Scrub 5/2007 20 1
173°32'55.3992"E

Kowhai Point (1284) 41°42'44.2008"S, 420 Scrub 5/2007 20 5
173°06'46.2996"E

Lewis Pass (1286) 42°22'26.4000"S, 914 Beech 5/2007 16 1
172°23'46.7988"E

Route 63 (1287) 42°01'52.1004"S, 479 Beech 5/2007 16 3
172°14'35.8008"E

Kahurangi (1288) 41°41'07.5984"S, 259 Beech/Broadleaved 5/2007 16 4

172°26'37.1004"E
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Table 2.1. (Cont.)

Elev. Month/year  Lines Site
Site Latitude/longitude (m) Habitat collected plated richness
Pigeon Saddle (1289) 40°49'57.2988"S, 244 Tree 5/2007 32 6
172°58'08.5008"E Fern/Broadleaved

Note Table of study sitegdabitat types are generalizations. No significant correlations between habitat type and abundance were
found, either generally or by species. At some sites dead vegetation suitable as a substrate was very limited arichvaisdtiggly i
abundant. Thughe number of lines plated at each site varies from 4 to 443.
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Figure 2.3.Primary isolation plate for protosteloid amoebagrimary isolation plate with 8
lines of substrate arranged in a circle. Each line of substrate is labeled and
observations of protosteloid amoebae are labeled according to which line they
occurred on.
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Scaled Abundance*Distance from Eq (km) Scaled Abundance*Elevation (m) Scaled Abundance*A I Rainfall (mm)

Rsq.=0.130 | ° R-sq.= 0.038 * R-sq.= 0.081

Scaled Richness*Distance from Equator (km) Scaled Richness*Elevation (m) Scaled Richness*Annual Rainfall (mm)

34 R-sq.= 0.161 R-sq.= 0.048 R-sq.= 0.069

Sample Richness and Abundance

40|00 48b0 56|00 6 10b0 20|00 (I) 25|00 SOIOO
Site Factors (Distance from equator, Elevation, Annual Rainfall)

Figure 24. Rarefaction curve of species richnessl sampling effort. Sampling effort appears
sufficient to uncover the diversity of protosteloid amoebae. An increase in random
subsampling from 200 to 300 collections only yielded an additional 2 species.
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Table 2.2.0bserved species

Total Frequency Aerial Ground
Species hame Abbreviation encaunters per sample Category encounters encounters

Protostelium mycophag& Pm 598 2.06 A 398 200
Schizoplasmodiopsis Sps 323 1.2 A 119 204
pseudoendospo?a

Nematostelium gracifé Ng 239 1.05 A 83 156
Soliformovum irregularis Si 213 1.14 A 130 83
Schizoplasmodiopsis vulg&ie* Sv 197 0.95 A 40 157
Protostelium nocturnufiy* Pn 182 0.98 A 136 46
Schizoplasmodiopsis amoeboifiea Sa 174 1.06 A 92 82
Protosteliumarachisporur Pa 73 0.33 C 43 30
Protostelium pyriformi% Ppyr 57 0.41 C 27 30
Schizoplasmodium cavostelioifes Sc 51 0.28 C 38 13
Tychosporium acutostipes Ta 49 0.42 C 29 20
Cavostelium apophysattim Ca 43 0.25 C 15 28
Nematostelium ovatuim No 41 0.31 C 14 27
Protostelium mycophadaar. little*** liIPmM 34 0.25 C 33 1
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Table 2.2 (Cont.)

Total Frequency Aerial Ground
Species hame Abbreviation encounters per sample Category encounters encounters
Endostelium zonatum Ez 31 0.19 C 17 14
Echinosteliopsis oligospofa Eo 28 0.20 C 14 14
Soliformovum expulsutn Se 27 0.3 C 21 6
Echinostelium bisporufn Eb 16 0.16 O 7 9
Protosteliopsis fimicofa Pf 12 0.12 O 7 5
Microglomus paxillu$ Mp 9 0.07 O 1 8
Clastostelium recurvatuin Cr 8 0.09 @) 3 5
Protostelium mycophadaar. repeater Pmrep 7 0.05 0] 7 0
Schizoplasmodiopsis micropunctata Sm 5 0.05 O 5 0
Protostelium okumukuau’ Po 5 0.05 O 1 4
Schizoplasmodiopsis reticuldta Sr 4 0.01 R 2 2
Ceratiomyxa hemisphaerita Ch 2 0.01 R 0 2
Protosporangium articulatufn Partic 1 0.01 R 1 0
Protosporangium bisporuin Pbisp 1 0.01 R 1 0

Schizgplasmodium obovatuin So 1 0.01 R 0 1
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Note Total observed species from all sitAsabundantC: common O: occasionglR: rare
2Qlive and Stoianovich

bQlive,

¢ Spiegel

dQlive and Whitney

€Spiegel, Moore, and Feldman

Olive, Bennetand Deaey

9Reinhardt and Olive

hSpiegel, Shadwick, and Hemmes

*P < 0.05**P<0.01,*** P<0.00L1;All tests: significant difference between aerial and ground Hiteindance, Kruskalallis test
Superscript numbers refer to naming authorities



The nufmbssammpwl es varied at each site due to
suitable standing plant material, but of the
fruiting bodies of pheseshembedsamoebhsen¢b? Wg
studies (Aguilar et al ., 2011;WWNdliegina sttudile s
previously examined the protosteloid amoebae
coll ection and observation rn the previous su

Mi crohabitat (aeri al VS. ground | itter) di
abundance or species richness of -Warluliitsi;ng amo
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|l i keli hood of being obsOdfdr uddecittp sa es p eaeni fmy c omih
Protosteli,Pmotoctwednwm myan&phadgar mavwel explué s
significantly more | irkeMycihtie@ obpe afsomwondd oopns iaser i

pseudoe nNeonsaptoarsat e L a nudn Scrhaiczi d pel a sweorde onposri es  |viukl egl

(on
D
—

ound on geRo@ndrloihtabet at Tabls®e made no di ff
correlations bemwetal bfaadersefvieonl atitude,
precipitation) and community richness or abun
significant effect on richness or abundance,
di stributionnameaoagSpeeemsf becarring in only o
uncommon or rare, thus it could not be determ

The most i mportant factors related to prot
el evatciiopni,t aptrieon and | atit uldhebl jedRet3aasesfromalt
factors |l ed to perceived declines inrPvptateste

for linear correl2 Thhensmavetr ea veradea rctb mgrud ed ii wees
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typically found in drier, morEi gbralnfdebl ¢ | oca

2)1
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Table 2.3.Statistical test values

Model Test statistic (H) P-value
Abundancex Distance from equator 341.38 <.0005
Abundancex Elevation 264.68 <.0005
Abundancex Precipitation 275.23 <.0005
Richness< Distance from equator 298.86 <.0005
Richness< Elevation 248.29 <.0005
Richness< Precipitation 259.39 <.0005

Note KruskalWallis test statistics anfé-values for the ifluence of environmental factors on
protosteloid abundance and richness. Model = Response x Factor. Abundance refers to scaled
abundance per line of substrate. Richness refers to scaled richness per line of substrate. Test
statistics are corrected for tieSll models showed significant effects of environmental gradients
on scaled abundance and richness
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Rarefaction Curve
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25 |
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15 |
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Figure 25. Species encounters along environmental gradient YAl he scaled abundance
(abundance per line of substrate observed) of protostelmédlzae (all species). (D
F): The scaled species richness (richness per line of substrate obsersgid). X
factors: Gradients of distance from equator (km, A and D), elevation (m above sea
level, B and E), and annual rainfall (mm, C and F). R squared Viaugee linear
regression are given in each panel.
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Di scussion

The main focus of this study was to provid
amoebae of New Zealand and to investigate the

precopitetevati Ansaiamlde tdat at efiectdsamggewsrtwse thR

sampling effort was sufficient to recover the
presBemta.dl vy, we were able demonstaofatper dthadt dlhe
amoebae in New Zeal and were correl daakldew2td |
However, ecosystem type did noMooapepeear atlo i(n2f0

initially suggestedi hhahel ptesadeemabhbsphag af
when only 6 species were recov®&hredwifak me t8 0als.a
had results more consistent with the present
Great SmakynysMNant olnralt Pardkyr rTeN\nt st udy micr oh.
predictor of presencdbabbeellt@t ftohe sexteermd cipet
|l ess than was reported by Aguil @&s etcalver @Ol
100 samples did not display significant diffe
The sampling method variedTédeméwhat bhedweéea
samples coll ected (s ampll lere@® eyleparryss i 200 4 ya rsce p2al
Ssubstrate type (i .e. a separate bag for each
were pooled together (i.e. all aeriallhilsitter

change was medeefosi coavmany study sites had |

and it was difficult to find substrate specie
species in the&€ugasmeg ygamar ylsiasr eod. t ha ttwats amp
species observations were not affected by ini

were treated as equaBrifefrl pal]ldaudbsegomnt han2a0
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were artificially pool eddwittohirre ssintbd & awhd tr gm
occurred in poollhe sseampd ssampllddkcdatomswer e not
from a random selection of thewWadrliigdihneaelstunpoo
sampling protocolr diidgoonous|titewtifog dodfurtihies a:
the scope of Atdlde tproemsadrdty,sttiheéy.number of pl ate
|l ocation varied fTam o2 oImé48 assteloww 8ion, at

swhtrate were plated for observation.

These heavily observed sites may display a
rare species when compared with sampling | oca
only four lTinebdbsefOvVedihset fatve wamre Cepatiemykde

hemi splaaRirotc@asporangi wearki spbyumound at the s;
which 443 |l ines were plated (Peel Forest) and
t han n3e2s |lwelfbepkatade species account for only
excluding them from further analyses had no i
been |l eft in.

The effectiveness of variocgud hleewelt® cdfi omb
amoebae was queant((&ld.leld) bayndgiuti lvaas found that
sampl e was enough to detect 80% of species pr
yield 90% of ttShueb sstpaenctiieasl prnecsreemases i n observa
two additional thar prepeaitestudy, site richnes
with the number of pl &t0e do 3I3i;n ePs= OpMaliOl3$, & ukdr yussl koacl
Il nterestingly, six of the nine observations o

substrate were plated, further suggesting tha
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increase the effectivanesspeti esobbglptcatosuel
apparent that comparisons between abundant, c
made using tdhesamphkienmng asanddgbservation protoc:
This study took place oveal Isewvtead |l d wreiamrg i
seasTohnosugh there is |ittle evidence for true s
presence/ absence (Spiegel, unpublished dat a)

from t he pVoeosreenta nsdt uSdhyvoevgell t h200 @)Yy ot ost el oi d e

di spersal was dramatically reducedinnswinoter
substrates, dormant stages of these amoebae p
are very tolcemant i omsadwWweryseg out, etc.) and
Ssubstrate at | east as |l ong as 12 years after
seasonal cihm mgdtsuviin yt lod t he amoebasampkingt r
protocol, which inherently encourages encyste
Further, in the present study, North Island si
and South I sland sites ewamustgsgarhplsed i prgi. ma&roirlrye

in temperate North America are exc@&tillht ti me
seasonal changes to substrate quality, type,
amoebae presewmiurameésmaysaffect
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CHAPTER

PROTOSTELOID AMOEBAE AS A FLAGSHIP GROUP FOR INVESTIGATING THE
GLOBAL DISTRIBUTION OF NAKED AMOEBAE

Absract

Protosteloid amoebae offer an excellent "flagship” group for investigating biogeography
and dispersal within the naked amoebae. The historically isolated islands of Hawaii were
extensively sampled over a period of eight years (the most intensivey fifrprotosteloid
amoebae yet reported) but did not show any evidence of classical island biogeographical
patternsHere we present results from this survey and previously unreported global distributions
to suggest that protosteloid amoebae do not hayextant barriers to dispersaheir global
occurrences are briefly discussed within the context of competing models of microbial
distribution.

Body

The ongoing debate over the global distribution of microbes features two main
paradi gms: feervyew hyetrheion g( HisE)e,v ref erring to cosn
microbes selected only by local environmental variables (Fenchel and Finlay, 2004) and
Amoderate endemi smo (ME), with the contrastin
patchy distributiongven within suitable environments (Foissner, 200&ich effort has been
devoted to testing these models and it seems clear that some protist species do appear to have
limited geographic ranges (Foissner and Hawksworth, 2009) though it remains unabear as
which factors (species age, availability of dispersal vectors, adaptations for dispersal, or
availability of local habitats) are lacking in suitability to facilitate EIiE distributions for these
speciesThe use of WAfl agshi pauousgze morghslogy, nd/ar e x hi bi t

colouro has been proposed as an effective way
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testate amoebae (Foissner, 2006), but little attention has been given to distributiontestaten
(naked) amoebae, largely digethe difficulty associated with their accurate identification.

Protosteloid amoebae, formerly known as protostelids, are a paraphyletic assemblage of
nontestate amoebae scattered widely across the Amoebozoa supergroup and are characterized
by a sharedHality to form distinctive fruiting bodies consisting of one or a few spores on an
acellular stalk (Lora L. Shadwiat al, 2009).They f it the qualification.
since the fruiting bodies are conspicuous (from 10 to >100 um), morpbaliygiistinctive
(Spiegelet al, 2007), and have varied microhabitat requirements (Ageilal, 2011).
Additionally, nearly one third of the 31 described morphospecies exhibit ballistosporous
dispersal and the most common species, Protostelium mygaps&nown to readily and
successfully disperse via airborne spores (Tesmer et al., 2005) in spite of claims by Foissner
(2006) that adaptations for air dispersal were unknown in protists. Here, we present results from
the most intensive local survey motosteloid amoebae within the context of previously
unreported global distributionsde the Appendix to this chaptés suggest that no distributional
barriers currently exist within this morphological grouping of-testate amoebae.

Selected for the unique geologic isolation, the Hawaiian Islands were repeatedly
sampled for protosteloid amoebae, over a period of 8 years, in order to look for classical patterns
of island biogeography such as limited richness, endemism, and radgstiapling and
observation methods were comparable to methods described in Zahn et al. (2014) but, briefly,
they consisted of plating out collections of dead plant material from different microhabitats at
each site onto weak nutrient agar dishes and microscopically olisémiting bodies after-3
days of incubation. Basic site information collected included elevation, mean annual rainfall, and

dominant vegetation.
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When compared to other global observations, Hawaii showed no expected signs of island
biogeographical pattes, emerging instead as the richest region yet stutliedsix observed
islands contained every described species with generally @vevage abundance, and there
was no correlation between island size and species richfigesg 3.). Several undesdred
species were observed, but these have been recorded either previously or subsequently from
other regions (data not shown). Sites dominated by alien (recently introduced) vegetation had
greater richness (ANOVA, P<0.001) and relative abundance (ANOVA.082) of protosteloid
amoebae than those dominated by native vegetdtios.observation is consistent with the ME
model prediction that human influences can be expected to play a key role in microbial
distributions and it cannot be ruled out that pristilosd amoebae have been recently introduced

to Hawaii, possibly transported with humisntroduced vegetation.
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11 Sites

’.”25 Species

13 Sites

/ 26 Species

17 Sites

/ 23 Species
8 Sites /‘

21 Species

12 Sites

/ 24 Species

99 Sites

/ 29 Species

Figure 3.1.Map of study des within the Hawaiian Islands. Site locatia@atored by mean
species richness per line of substrate observit aite
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The species assemblage in Hawaii was remarkably similar to the majority of regions
surveyed globally (Tabl8.1). It appears that the relative abundance classes (see Ndliaity
2009) of morphological species remain nearly the same regaadlgeographic region, but site
specific microhabitat and environmental variables have a significant influence on species
compositions in Hawaii and around the globe (Zetal, 2014; Aguilaret al,, 2011; Ndirituet
al., 2009; John D. L. Shadwiekt al, 2009).The strongest predictor of regional richness was
sampling effort (Univariate linear regression on{sox transformed data?+0.528, P<0.0005)
which seems to imply that regions with low observed richness simply need to be more
intensively studid. It is obvious however, that similar sampling effort can yield very dissimilar

richness from different regionsd Central United States vs. Patagoiiiable 3.).
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Table 3.1.Globalprotosteloid amoeba richness and species distributions

Sample Protostelium Schizoplasmodiopsis Schizoplasmodioj Soliformovum

Global region Effort Richness mycophaga pseudoendospora sis amoeboidea irregularis
Hawaii 11658 31 0.216 0.150 0.088 0.084
New Zealand 6251 27 0.176 0.065 0.046 0.064
Carribean 1908 24 0.496 0.339 0.240 0.151
Central USA 3387 27 0.422 0.103 0.059 0.164
Eastern Africa 2128 23 0.599 0.174 0.184 0.135
Kazakstan/Russia 468 26 0.114 0.195 0.059 0.131
Australia 1140 24 0.242 0.068 0.068 0.059
Northern Thailand 264 20 0.353 0.108 0.037 0.167
Western USA 920 21 0.255 0.119 0.197 0.110
Ukraine 204 18 0.424 0.068 0.136 0.295
NE Canada 260 16 0.578 0.029 0.025 0.211
China/Mongolia 1314 18 0.113 0.245 0.491 0.005
Ascension Island 200 14 0.029
Northern Africa 120 13 0.171 0.198 0.028 0.036
Oman 344 12 0.071 0.136 0.087 0.016
Patagonia 4086 13 0.064 0.045 0.012 0.023
Bermuda 64 10 0.396 0.042 0.021
Southern Mexico 428 10 0.213 0.238 0.038 0.080
France 64 7 0.056 0.250
Germany 119 7 0.295 0.045 0.152
U.K./Norway 122 7 0.282 0.09 0.075
Antarctica 264 1

Total 35713 31
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Table 3.1. (Cont.)

Sample Nematostelium Schizoplasmodiopsi Cavostelium Echinostelium

Global region Effort Richness gracile vulgare apophysatur  bisporum
Hawaii 11658 31 0.089 0.0Z 0.051 0.016
New Zealand 6251 27 0.052 0.044 0.011 0.005
Carribean 1908 24 0.336 0.026 0.221 0.081
Central USA 3387 27 0.050 0.045 0.016 0.009
Eastern Africa 2128 23 0.081 0.009 0.040 0.141
Kazakstan/Russia 468 26 0.051 0.010 0.294 0.129
Australia 1140 24 0.038 0.021 0.023 0.013
Northern Thailand 264 20 0.105 0.005 0.039 0.017
Western USA 920 21 0.023 0.044 0.122 0.057
Ukraine 204 18 0.076 0.083 0.068
NE Canada 260 16 0.010 0.049
China/Mongolia 1314 18 0.077 0.028 0.094 0.033
Ascension Islad 200 14 0.066
Northern Africa 120 13 0.036 0.036 0.083 0.143
Oman 344 12 0.136 0.011 0.016 0.005
Patagonia 4086 13 0.034 0.078 0.002
Bermuda 64 10 0.208
Southern Mexico 428 10 0.076 0.312
France 64 7 0.028 0.028
Germany 119 7 0.009 0.091
U.K./Norway 122 7 0.000 0.052
Antarctica 264 1 0.521

Total 35713 31
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Table 3.1. (Cont.)

Sample Echinosteliopsis  Protostelium  Tychosporium Endostelium Protostelium

Global region Effort Richness oligospora arachisporum  acutostipes zonatum nocturnum
Hawaii 11658 31 0.036 0.048 0.015 0.024 0.031
New Zealand 6251 27 0.009 0.014 0.014 0.004 0.047
Carribean 1908 24 0.103 0.190 0.004 0.143 0.086
Central USA 3387 27 0.044 0.033 0.029 0.026
Eastern Africa 2128 23 0.081 0.027 0.029 0.076 0.030
Kazakstan/Russie ~ 468 26 0.121 0.024 0.161 0.007 0.068
Australia 1140 24 0.013 0.024 0.005 0.018 0.022
Northern 264 20 0.191 0.069 0.005 0.034 0.074
Thailand
Western USA 920 21 0.021 0.037 0.021
Ukraine 204 18 0.061 0.015 0.1 0.015 0.038
NE Canada 260 16 0.054 0.025 0.098 0.010 0.020
China/Mongolia 1314 18 0.059 0.012 0.003 0.008
Ascension Island 200 14 0.015 0.022 0.228
Northern Africa 120 13 0.036 0.036
Oman 344 12 0.005
Patagonia 4086 13 0.002 0.004 0.002
Bermuda 64 10 0.104 0.042 0.021
Southern Mexico 428 10 0.010 0.020
France 64 7 0.083 0.028 0.000
Germany 119 7 0.009 0.000 0.009
U.K./Norway 122 7 0.038
Antarctica 264 1
Total 35713 31




12°]

Table 3.1. (Cont.)

Sample

Nematostelium Schizoplasmodiun Protostelium Soliformovum Ceratiomyxella

Global egion Effort  Richness ovatum cavostelioides pyriformis expulsum tahitiensis
Hawaii 11658 31 0.037 0.024 0.022 0.036 0.002
New Zealand 6251 27 0.007 0.010 0.018 0.009
Carribean 1908 24 0.070 0.013 0.035 0.051
Central USA 3387 27 0.019 0.057 0.015 0.019
Eastern Africa 2128 23 0.019 0.016 0.015 0.051
Kazakstan/Russi¢ 468 26 0.030 0.025 0.004 0.120
Australia 1140 24 0.039 0.009 0.040 0.012 0.000
Northern 264 20 0.039 0.108 0.005 0.010 0.002
Thailand
Western USA 920 21 0.011 0.011 0.002 0.025
Ukraine 204 18 0.015 0.008 0.008 0.023
NE Canada 260 16 0.005 0.025 0.029 0.005
China/Mongolia 1314 18 0.014 0.003 0.002
Ascension Island 200 14 0.015 0.044 0.044
Northern Africa 120 13 0.028 0.028
Oman 344 12 0.071 0.005 0.011
Patagonia 4086 13 0.004
Bermuda 64 10 0.063 0.042 0.021 0.000
Southern Mexico 428 10 0.000 0.000 0.010
France 64 7 0.000 0.000 0.000 0.083
Germany 119 7 0.000 0.0 0.000
U.K./Norway 122 7 0.029 0.013
Antarctica 264 1
Total 35713 31
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Table 3.1. (Cont.)

Sample Protosporangium Microglomus Clastostelium Schizoplasmodiun Protostelium

Global region Effort Richness  articulatum paxillus recurvatum seychellarum okumukumu
Hawaii 11658 31 0.010 0.014 0.007 0.001 0.007
New Zealand 6251 27 0.000 0.004 0.002 0.002 0.000
Carribean 1908 24 0.011 0.029 0.004 0.028
Central USA 3387 27 0.005 0.001 0.001 0.000
Eastern Africa 2128 23 0.013 0.007 0.008
Kazakstan/Russi 468 26 0.034 0.026 0.050
a
Australia 1140 24 0.015 0.000 0.003 0.000 0.003
Northern 264 20 0.010 0.000 0.034 0.000
Thailand
Western USA 920 21 0.045 0.007
Ukraine 204 18 0.044 0.008
NE Canada 260 16
China/Mongolia 1314 18 0.008
Ascension Islanc 200 14 0.029 0.022 0.088
Northern Africa 120 13 0.028
Oman 344 12 0.000 0.000 0.000 0.000
Patagonia 4086 13 0.000
Bermuda 64 10
Southern Mexica 428 10 0.002
France 64 7
Germany 119 7
U.K./Norway 122 7
Antarctica 264 1
Total 35713 31
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Table 3.1. (Cont.)

Sample Protosporangiu Protosporangium  Ceratiomyxa Endostelium

Global region Effort Richness M bisporum conicum hemisphaerica amerosporum
Hawaii 11658 31 0.004 0.000 0.001 0.004
New Zealand 6251 27 0.000 0.001
Carribean 1908 24 0.001 0.006
Central USA 3387 27 0.006 0.001 0.001 0.001
Eastern Africa 2128 23 0.004 0.001
Kazakstan/Russic 468 26 0.003 0.009 0.180
Australia 1140 24 0.001 0.004 0.000 0.001
Northern 264 20 0.000 0.000 0.000
Thailand
Western USA 920 21 0.008 0.018
Ukraine 204 18
NE Canada 260 16 0.010
China/Mongolia 1314 18 0.005 0.002
Ascension Island 200 14 0.066
Northern Africa 120 13
Oman 344 12 0.000 0.000 0.000
Patagonia 4086 13
Bermuda 64 10
Southern Mexico 428 10
France 64 7
Germany 119 7
U.K./Norway 122 7
Antarctica 264 1
Total 35713 31
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Table 3.1. (Cont.)

Sample

Protosporangium Schizoplasmodiopsis Schizoplasmodiopsi Schizoplasmodiun

Global region Effort Richness fragile micropunctata reticulata obovatum
Hawaii 11658 31 0.002 0.001 0.002 0.000
New Zealand 6251 27 0.001 0.001 0.001
Carribean 1908 24 0.001
Central USA 3387 27 0.002 0.004 0.002
Eastern Africa 2128 23 0.001
Kazakstan/Russie 468 26 0.002 0.082 0.031
Australia 1140 24 0.001 0.000 0.000 0.000
Northern 264 20 0.000 0.000 0.000
Thailand
Western USA 920 21 0.012 0.011
Ukraine 204 18
NE Canada 260 16
China/Mongolia 1314 18
Ascension Island 200 14 0.015 0.022
Northern Africa 120 13
Oman 344 12 0.000 0.000 0.000
Patagonia 4086 13 0.002
Bermuda 64 10
Southern Mexico 428 10
France 64 7
Germany 119 7
U.K./Norway 122 7
Antarctica 264 1
Total 35713 31
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Note Table of relative species abundances for each observed global region (proportion of observed lines on which each species was
seen at least once&§ampling effort refers tthe number of observed lines of substrate from that relylmsing values indicate
absence of that species in a given region.



Since so little is known about the detailed ecological requirements of most microbes, the
variables that constitute a suitablgbitat are best not assumédfact, it is probable that a large
portion of the factors that shape microbial diversity occur at scales that have not yet been
addressed (Vost al, 2013). Fruiting amoebae have been extantfbi5billion years (Emet
al., 2014), have adaptations (cysts and spores) that facilitate dispersal, and are likely capable of
exploiting anthropogenic vectors. Thus, it cannot be ruled out that environmental factors and the
availability of suitable local microhabitat are the maiivers of regional differences in
protosteloid richness as opposed to dispersal barfiessing this hypothesis is currently
impossible since it would require extensive knowledge of spspiesific microhabitat
requirements, including biotic and ab@factors, at scales for which there is currently a paucity
of data. It would be theoretically possible, however, to test hypotheses regarding the importance
of anthropogenic vectors for dispersal of this group.

The results from global distributions arnilstintensive survey of Hawaii make it clear
that, even with flagship species, increased sampling effort may alter our previous assumptions of
microbial distributionsThe protosteloid amoebae are a useful system for testing hypotheses
regarding the biogepaphy of nortestate amoebae, but it must be remembered that these
findings cannot be carelessly applied to all4testate amoebae since the traits that define this
group also lend themselves to environmental resilience (Aguilar and Lado, 2012) amuteddes
dispersalGenetic data generated thus far seem to agree with this implication. Preliminary data
from one speciefrotosteium mycophaghas not yielded any geographic patterns in genetic
haplotypes (Shadwick, JD and Spiegel FW, unpublisiWih this in mind, future research

should be directed toward investigating the importance of the various factors that might explain

59



the universal distributions of these species (i.e. anthropogenic vectors, spore viability, and air
dispersal).
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Appendix SpecieDistribution Maps

Distribution maps for each species of described protosteloid araoelpaesented belowots indicateéhe presencef protosteloid
amoeban a given location.

Global distributions of
protosteloid amoebae

Maps arranged alphabetically by species name


























































































































































































































































