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Morphological characteristics of ant assemblagesr{&hoptera: Formicidae) differ

among contrasting biomes

Sophie F. BHOFIELD, Tom R. BsHOP & Catherine L. RRR

Abstract

The environment is thought to strongly shape th@ogly and evolution of species. Similar environrsemiay cause
species to look the same or converge upon partitaliés. Dissimilar environments can cause speadédsok different
or to diverge in their traits. These ideas havenb®elored at the single species level or withstrieted geographic
areas for ants. We ask whether the signature of@maental filtering can be detected within antrfas at the biogeo-
graphic scale. We quantify differences in the motpgical traits of ant faunas between two contrastiomes: a
rainforest in Costa Rica and a desert in Iran. lo$tspecies from each habitat type were compiled,rapasurements
of ten functional traits were taken from scaled gesm Body size, relative femur length, and tibiagterwere signifi-
cantly smaller in Costa Rica suggesting speci@sdre complex environments are smaller in respangavironmental
complexity. Relative eye width was also smalleCiosta Rica, and individuals were lighter in colowyeBize and
body pigmentation showed differences which may besalt of altered foraging patterns or protectgainst UV-B
irradiance. The Costa Rican fauna also had a migérwrait space (higher functional richness), mdian species oc-
cupied a narrow range in terms of mandible andsleg suggesting species invest less in foragingialiem in un-
productive environments. Significant differencesrinrphological traits and their degree of overlap therefore be
observed in ant faunas occupying contrasting bioMé&ssuggest that this is due to the environméhtdncing the trait

composition of these faunas at biogeographic scales
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Introduction

Environmental conditions play a critical role inagling
the ecology and evolution of species. Species bristle
to cope with the prevailing temperature, rainfalimidi-
ty, habitat structural complexity and disturbanegimes
at a location if they are to exist there. This iflmans the
basis of community assembly theory — how is it Sps-
cies come to exist in the places and combinatioaisthey

do (WEIHER & al. 2011)? It is thought that species must

be able to pass through a series of hierarchidatialand
biotic filters if they are to survive at a site.€Tfirst filters
a species must pass through are abiotic (temperatin-
fall, etc.). This suggests two related predictidfisstly, a
given environment should force species to converge
similar adaptive strategies via their morphologiplysio-
logical or behavioural traits; the trait compositiof tro-
pical tree communities appears to be constraingtign
way (SVENSON & al. 2012). Secondly, different abiotic

challenges will cause species to display divergeaptive
traits between different environments. Evidencthisf can
be seen in the different life history strategiebeé com-
munities living at high and low elevations @i$s & al.
2012). High elevation bee communities have a mueater
proportion of large bodied and ground nesting speci
that are able to cope with the harsher conditions.

In this study, we use morphology as a proxy for-eco
ogy and ask whether the environment can control aba
semblages look like across biogeographic scalesrfam-
portant and dominant insect group — the ants. Anés
abundant, diverse and dominant across all tetaebtdmes
except the poles (NN & al. 2009). They make up to 15 -
20% of all terrestrial animal biomasscf&)L.Tz 2000) and
up to 50% of invertebrate individuals in the trapi(€.L.
Parr, unpubl.). Previous studies have exploredefadion-
ship between ant morphology, local environment, ldad



Tab. 1: Selected morphological traits measuredacheant
significance.

assemblage, traits analysed and their stegh&unctional

Characteristic | Trait measured Trait analysed Functional significance
Head size Head width Head width Head size may vary allometrically with body sizeadi size ma
also be linked to predatory strategies, with wideads allow-
Head length Head length ng;or(:\zg{egrgﬁg%lgées and therefore larger Hil€XSPARI
Clypeus Clypeus length Relative clypeus length Meditilypeus is more common in species that relyooriol

food (EISNER 1957, [AVIDSON & al. 2004.

Mandible size | Mandible length Relative mandible ¢Man-

dible length / Head widt|

Predation is linked to mandible size with largendibles allow-
ing larger pre\(WEISER& K ASPARI2006.

ter-

W

Eye position Interocular distance Relative intefaculist- | More dorsally positioned eyes (bigger interoculiatahce) are
ance; Relative eye position characteristic of visual predatorsofFfLER & al. 1991).
= (Head width — Interocular
distance) / Head lenc
Eye size Eye width Relative eye width Wider eyes mayound in more predatory species, or al
natively may depend on foraging period, with nocalior low
light level foragers having bigger eyes §\8ER & K ASPARI
2006, MRENDRA & al. 2013.
Leg lengtl Hind tibia lengtl Relative tibia lengt Leg length size increases locomotion speed in sirhpbitats;
. . where habitat is complexed smaller leg length alexploita-
Hind femur length | Relative femur length | jo1 of crevices and manoeuvrabilitys&ry & al. 2006, Ges
& PARR 2010, 2013
Mesosom Weber's lengt Weber's lengt Indicative of overall body size and often linkedésource us
- - (KAsPARI & WEISER1999).
Pronotum widt Relative pronotum vdth
Colour N/A Lightness index (v) Pigmentation mayameadaptation to thermoregulation and

exposure to solar radiation with lighter individsiatcurring
wheretemperatures are high(WILLMER & UNwIN 1981.

history, shedding light on potential environmerititérs
and the ways in which ants use their morphology.

For example, a number of studies have investighied
link between body size, leg length and habitat demity
— an idea called the size grain hypothesis. Thiothesis
suggests that ants in complex, interstitial habisitould
have relatively small legs in order to move aroeffeti-
ently. This limitation is removed in simple, plamviron-
ments and relatively long legs are favoured. Eédesup-
porting this has been repeatedly foundh$kKARI & WEI-
SER1999, 3RTY & al. 2006, G8B & PARR 2010, 2013).
There are also links expected between diet andhtogy.
Predacious ants tend to have small, laterally ipositl eyes
(WEISER& KASPARI 2006, GBB & al. 2014). Despite these
studies, however, there has not yet been a congpaois
the relationship between ant morphology and théremv

ment across broad geographical scales. Do these sam

local relationships — indicative of environmenti#tefs —
hold at the biogeographic scale?

We compare ant morphologies from assemblages in tw@.

contrasting biomes: deserts and rainforests. Tabp#in-
forests represent a highly productive environmé&hey
have relatively consistent temperatures, high masiow
light levels and a high diversity of plants andnaalis. The
constant layer of leaf-litter supports extensiveedsity
which may enable a range of survival strateqiesefB-
SLADE 1983, VA & BRANDAO 2010). In contrast, deserts
tend to have low resource availability and low acefcom-
plexity, highly variable temperatures (from belawdzing
to more than 40 °C) and low water availabilityp(EELL
2006). These factors will likely provide a smallange of
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potential niches under more severe conditiorso{BN &
al. 1979).

Given the large differences in abiotic and biotodi-
tions between these two biomes we expect there tods-
phological differences between the ant faunas faand
them. Overall, we expect there to be a greatererahgior-
phologies present in the rainforest due to thetgreaum-
ber of opportunities that this environment offéfée also
predict that there will be differences between vidlial
morphological traits based on specific hypotheses:

1. We predict that ants in desert habitats willdrger
and have relatively longer legs — in accordancé wit
the size grain hypothesis A&PARI & WEISER 1999).
We expect that eye sizes will be smaller inrtdie-
forest because many rainforest dwelling speciesgyfor
within the leaf litter layer (BHER 1999b), which is
nearly always dark. Consequently, they may be se-
lected to have a smaller eye sizeH®(R & KASPARI
2006). We call this the light level-eye size hyyasis.
We predict that desert ants will be lightercoiour
than rainforest ants because of the necessityflette
ing the desert sun. One prediction of the thermad m
lanism hypothesis is that lighter coloured ecotherm
should occupy hotter environments to reflect inaami
radiation and avoid overheating(GSELLA-TRULLAS

& al. 2008, Tab. 1). Single species examples efist
desert ants adapting to reflect light in orderhierino-
regulate (81 & al. 2015).

Due to a wider range of available foraging amsi we
predict that there will be more specialist pred@oe-
cies in rainforest habitats, manifested throughédar

2.

4.



mandible sizes on averageA\DbsON 1978, Tab. 1). In
contrast, desert ants will be largely omnivorousns
vory and low levels of foraging specialism in alid
omes have been documented for various taxa (aetg,, a

erial to this article, at the journal's web pagéshle 1 de-
tails the measurements taken and the functionaifisignce
of each trait. This was done using scaled images fww.
antweb.org, www.antbase.net, antwiki.net, lucidegmtrg,

mammals and birds) and may be the most successflnd academic.evergreen.edu (Appendix S2). Measnteme

strategy in unproductive, highly unpredictable bésm
(MORTON & BAYNES 1985). Consequently, the Iranian
fauna will have smaller mandibles on average. bi-ad
tion, this will result in the occupation of a grefatange
of multivariate trait space for Costa Rica. We dai
the foraging specialism hypothesis.
We collected trait data from representative listard spe-
cies from Costa Rica and Iran. These two regioxs heell-
documented faunas, high- resolution images of avds-
able and represent two contrasting biomes. Ideafiynter-

were only taken for worker or minor worker indivals.
Six specimens per species were measured wherdlgossi
For the majority of specimens an image was avalabl
head, profile and dorsal views. The ImageJ measemem
software (version 1.47) was used to obtain measemésn
of ten morphological traits (where possible). Tragas-
urements were standardised by head length. Heaghlen
was used to standardise the traits (trait valieatiHength)
as this was missing from the dataset the leastéety
and is highly correlated with overall body size §MER

biome comparison would be performed within the same& K AspPARI 2006). This was for all traits except relative

biogeographic region. In this case, we are limbgdiata
availability. At a global scale, it is unknown hdke dif-
ferent evolutionary histories of ant faunas haveaéd
their ecology.

Methods
Study sites

mandible size, which was standardised instead lag he
width. This was done in line with previously puhsl work
(BisHOP & al. 2015) and is intended to express the size of
the mandible relative to what feasibly may fit ohsithe
mouthparts. Head width was deemed a better metsame
head length in this instance. Colour values wesessed
for the head, mesosoma and gaster of each spebised

We measured ant species from the Central Persidn aron a colour wheel developed for the Global Ant Date

Southern Nubo-Sindian desert regions of Iran, &odd
known to occur in the tropical rainforest regionQista
Rica. Costa Rica is a small country compared to (-
ITED NATIONS STATISTICS DIVISION 2012). Approximately
51% of the land-mass in Costa Rica is coveredoipi¢al
forest (ULNDQUIST & al. 2012) and despite its relatively
small size; the country is home to an estimate&oddb
global biodiversity, making it a biodiversity hotéf{KOHL-

(Appendix S3). Colour values were converted toHIs/
colour model which controls for light intensity vamce
(RaJA & al. 1997), with analysis based on lightness galu
v, where black is 0 and white is 1. Measurable iezag
were available for 64.5% of the Costa Rican speaieb
100% of the Iranian species (Appendices S4 - S7).

Statistical methods

MANN & al. 2010). The desert biomes of Iran are drier Univariate: We compared each trait across the two bi-

(annual precipitation = 122 - 127 mm) and cooleefa
age annual temperature = 17.1 °C) than the raist®ef
Costa Rica (annual precipitation = 4000 mm, anauvat-
age temperature ~ 25 °C)€BHMATI 2007, WHITFIELD &

al. 2007, RKNIA & PFEIFFER2011b). The seasonal varia-
tion in arid biomes, such as deserts, is more edréhan
that in rainforests. Rainforests experience a redigeaso-
nal and diurnal temperature fluctuatione@timATI 2007,

WHITFIELD & al. 2007). Rainforest biomes support a com-

plex surface environment of leaf litter, deadwoad detri-
tus which varies in depth with season@@d & al. 2005).
This contrasts with arid biomes that have a plandrsparse
environment with little vegetation ARNIA & PFEIFFER
2011b).

Specieslists

A list of rainforest dwelling species from Costa®&iwas
compiled by combining a comprehensive list fromne

omes using a bootstrapped t-test with permutediyesa
Bootstrapping allows us to circumvent the problendib
ferences in regional species pool size by resaigtom
the larger Costa Rican fauna with replacementhigdase
999 replications) (NG & al. 2014). The p-values were
corrected for multiple testing using a Bonferrodjuest-
ment (WESTFALL & WOLFINGER 1997) from thesoin pack-
age in R (ZILEIS & al. 2008).

Multivariate: A convex hull volume estimation method
was used to describe the minimum multidimensiooil v
ume that includes all species in each of the as¢ras
blages (ORNWELL & al. 2006). From this, the multidimen-
sional overlap between the two biomes was calcdlate
Not all species had a complete list of traits duentssing
images or obscured appendages. Volume estimatitm me
ods, however, may struggle with incomplete data$ets
LIBERTE & LEGENDRE 2010). To counter this, we esti-
mated the missing trait values based on thoseeobther

GINO & al. (2002) with additional species from the same species in the dataset using multiple imputatiothwi

location catalogued online (academic.evergreen.éer)
Iran, a list of species was compiled from two s8dRK-
NIA & PFEIFFER2011a, b). The first provided a compre-
hensive list of all species found in Iran, whilsé tsecond
was used to determine which species lived in tisede
All species hames were validated and amended ggiec
sary using the antcat.org website.

M easurements

Measurements were taken of morphological traitsteel
to life history (Appendix S1, as digital supplen@ytmat-

chained equations (MICE version 2.22 in RU(REN &
GROOTHUISOUDSHOORN 2011). This method has a rela-
tively small error compared to others. In additiafter-
native solutions such as removing incomplete resogsh
lead to bias, reduced statistical power and annpdete
understanding of the ecology in questioENBNE & al.
2014). Principle coordinates analysis (PCoA) was-co
ducted on six traits from the dataset (including tim-
puted values) for the analysed traits shown in &abl
The traits were relative eye width and positionatiee
femur length, relative mandible length and headjten
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Fig. 1: Trait value differences by
region for statistically significant
relative traits, showing lower val-
ues for Costa Rica across all siz
traits, as well as lighter pigmenta:
tion across individuals. A plot for
relative mandible length is also in-
cluded for illustration, although for o
this trait there was no significant®

difference.

Tab. 2: Bootstrapped estimated differences ofsttaétween biomes including standard deviation efdifference, 95%
confidence intervals, the test statistic Z and peeu p- values. Statistically significant resulte ahown in bold for
Weber's length, relative eye width, relative feraungth, relative tibia length and for colour, iralied by the lightness v.
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Trait Estimated dif- SD 95% 95% Z p
ference between Lower CI Upper CI
biomes

Weber's lengt -0.71 0.2% -1.1¢€ -0.27 -3.61 <0.01
Relative mandible leng 0.0 0.0z -0.01 0.07 0.65 0.6¢€
Relative clypeus leng 0.0z 0.01 0.0C 0.02 1.2t 0.21
Relative eye widt -0.0€ 0.01 -0.07 -0.04 -4.71 <0.01
Relative femur lengt -0.3C 0.07 -0.4: -0.17 -3.67 <0.01
Relative interocular distice -0.0Z 0.0: -0.07 0.0: -0.72 0.47¢
Relative pronotum widi 0.07 0.0z 0.02 0.11 1.52 0.12¢
Relative tibia lengt -0.3¢ 0.0¢ -0.5C -0.17 -4.91 <0.01
Relative eye positic -0.0: 0.0z -0.07 0.0C -1.4¢ 0.13¢
Lightness index () 0.2% 0.0t 0.1¢ 0.3¢ 3.9¢ <0.01

These were chosen a priori as potentially relatingis-
tinct functional adaptations (Tab. 1) and also beeahey
were the most complete prior to the MICE procedure.intervals. These analyses used Bzandbetapart pack-
The PCoA produced six synthetic axes that were tsed ages in R (LLIBERTE & LEGENDRE 2010, BASELGA &
compute the convex hull. A PCoA was used as itheas

come the standard ordination method in the funetion

traits literature (e.g., BHOP & al. 2015, RIFFITHS & al.
2015) and easily allows a set of orthogonal treotbe
created using a variety of distance matricesLBEGER &
al. 2008). A similar bootstrapping procedure asvabmas
used to control for the much greater number of iggda

Costa Rica. The Costa Rican dataset was subsarpled
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25 species 999 times without replacement and thetifu
onal volume recalculated in order to generate denite

ORME 2012, IALIBERTE & al.2014).

Data subsets: The same analyses (univariate and multi-

variate) were also performed on a subset of the where
species in Costa Rica that were known to occuneénctn-

opy were excluded (Appendix S8). We did this toueas

that there was no bias introduced by the CostarRaca
boreal fauna since the Iranian desert fauna isaejig
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Fig. 2: Biplot outlining the morphological trait ape for
the first two PCoA axes (those showing the most-var
ation) for all species combined. The traditionaand y
axes describe the assigned trait scores from talysis,
while the right hand and top axes describe theetation
of synthetic trait scores to the original traithebe cor-
relations are shown with red labels and arrowsijctieg
relative eye width (EW), relative eye position (ER)la-
tive femur length (FL), head length (HL), relativendible
length (ML), and lightness (Li) positions.

Tab. 3: Eigenvalues and trait loadings of a PC@{yre-
senting the morphology of both Costa Rican andi&ran
ant communities. Eigenvalues quantify the role adhe
axis in explaining the morphological variation. iTlaad-
ings are inferred for the traits where the mainatéon
emerges, indicating the strength and directionoofeda-
tion of the traits with each axis.

Eigenvalues Axis1 | Axis2 | Axis3 | Axis4
Eigenvalu 711.67 | 381.3¢ | 25467 | 204.9:
Relative eigenvalt 0.3¢ 0.21 0.1 0.11
Cumulative eigenvalu | 0.3¢ 0.6( 0.7¢ 0.8t
Trait loadings

Head lengt -0.4z | -0.4¢ 0.2¢ 0.3¢
Relative femur lengt -0.4t | -0.3z | -0.3¢ | -0.14
Relative eye positic -0.4¢ | -0.0¢ | -0.4z 0.22
Relative mandible siz 0.2C | -0.6¢ 0.1z | -0.6C
Relative eye widt -0.4: 0.3¢ | -0.1C | -0.6€
Lightness index (\ 0.41 | -0.17 | -0.7¢ 0.07

Results

Functional trait measurements were taken from tladl-a
able species in each list used. This amounted tep25
cies and 3 specimens per species on average foaim

275 species and 2 specimens per species on avierage
Costa Rica (Tab. 3, Appendix S4).

Univariate analysis

The bootstrapped t-tests showed significant diffees be-
tween the biomes for five traits: Weber's lengttative
eye width, relative femur length, relative tibiadgh and
lightness (Tab. 2). Trait values for Costa Ricaeveon-
sistently smaller than those in Iran. Iranian drase re-
latively larger legs, eyes and overall body sizenpared
to Costa Rica. Costa Rican ants were lighter inurathan
those in Iran (Fig. 1). There were no significaifteden-

ces between the biomes for the remaining traitb (Za

Multivariate analysis

The first two PCoA axes represented ~ 60% of the-mo
phological trait variation in the dataset, with 4@%the
variation being described by axis 1 (Tab. 3). Tésui-
tant biplot is shown in Figure 2. From the traiadiings
(Tab. 3), we can interpret axis 1 as a gradiergaunfio-
gies relating to habitat structure and opennesspéea-
ture regime and possibly predation. Negative scores
this axis described species with large heads,ivelgt
long legs, darker pigmentation, and dorsally positid
eyes. Leg length and head size are traits assdomth
foraging in planar, open and less complex hab{ftsrR
& al. 2003, GBB & PARR 2013, BsHopP & al. 2015).
Dorsally positioned eyes are often associated pridua-
tory behaviours (8vA & BRANDAO 2010), while darker
pigmentation may be associated with lower ambiemi-t
peratures (OUSELLA-TRULLAS & al. 2007, 2008). The
opposite was true of positively scoring traits bis taxis,
indicating individuals were smaller sized and hatalker,
more laterally positioned eyes and lighter pigmgaia
Traits largely related to foraging in more densd eom-
plex habitats (@B & PARR 2013), reflectance of heat in
higher temperatures and potentially less preddiehav-
jours.

Axis 2 represents a gradient of predatory speclis
negative scores represent species with small heelds,
tively short legs and relatively short mandibleaits which
largely relate to more generalised foraging. Negaicores
on axis 2 represent species with larger mandiltdesgier
legs and large heads; traits which in the main geem to
correlate with predatory specialisation.{& & BRAN-
DAO 2010) although longer leg length does not tenldeto
characteristic of predatory specialismgMER & K ASPARI
2006).

The convex hull (Fig. 3) volume of Costa Rica iscmu
larger than that for Iran (11.52 for Iran, with &am +
standard error bootstrapped volume of 29.86 + ®89
Costa Rica). The average + standard error (follguaioot-
strapping) shared volume was 3.65 + 0.043. Raistore
species had a much larger volume of unique tralitspst
entirely encompassing the desert-dwelling fauna.

With axis 1 representing traits within the CostadRi
volume associated with habitat structure (with éatrim-
dividuals being represented by negative valuesyethp-
pears to be substantially more small rainforestigsere-
presented at the positive end of the axis, withisradesert
species tending to occur at the negative end aithelr
body and leg size (Fig. 3). This matches our unatar
results. For the predation gradient of axis 2, deheel-
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Fig. 3: Convex hull projection of functional trapace
for Costa Rican rainforest community ants (largeshed
black line) and Iranian desert community ants ($anal
dashed red line); species for each region are septed
by the same colours. Axis 1 defines a gradientaits
responding to habitat structure (negative: long lagge
body, large dorsal eyes; suited to planar envirorigaéo-
sitive: shorter leg, small body, small laterallysgmned
eyes; suited to complex environments). Axis 2 defia
gradient of traits responding to predatory spesial{ne-
gative: small head and leg length, small relatiandible
size; generalist forager; positive: large headlagdength,
large relative mandible size; predatory specialigtg right
hand and top axes describe the correlation of sfitth
trait scores to the original traits.

ling species appear to occupy the central portiotmait
space, suggesting they are less specialised teaBdbta
Rica ants.

Data subsets

The same qualitative results were found when exatud
ants from the Costa Rican canopy (Appendix S9ih&n
univariate analysis Weber's length, relative eydthyire-
lative femur length, relative tibia length and lighss were
significantly different. In the multivariate anaiyghe vol-
ume of trait space occupied by the Costa Ricandatiti
dwarfed that of the Iranian fauna (Iran = 11.52st@o
Rica mean + standard error = 21.56 + 0.29) andtes-
lap was similar in magnitude to the full analy<ist(0.03).
The removal of the Costa Rican canopy fauna didafiot
fect the direction of magnitude of our results.

Discussion

For the first time, we show that there are brodtedin-
ces in the morphology of ant faunas that occupfedifit
biomes and geographic areas. We find that antben t
deserts of Iran are, on average, larger with lonegs,
bigger eyes and darker cuticle colours than the aft
Costa Rica (Tab. 2, Fig. 1). We also see that tbstadC

extreme and generalist morphologies. We suspettibse
differences in univariate and multivariate traiscigptions
are a consequence of the strongly contrasting@mwients
of Costa Rica and Iran.

We find biogeographical support for the size gtan
pothesis in ants. Our univariate analysis showéfrdi
ences in body size and relative leg length (TalbeRyeen
the two biomes. The size grain hypothesis preditas
there is a threshold at which large legs no lomgevide
efficient movement to smaller organisms, and thiaiflev
increased leg size is advantageous in simple emvieots
(speed and efficiency), the cost of restricted s&de in-
terstices outweighs the benefits as environmentsrhe
more complex (KSPARI & WEISER 1999). The implica-
tion of this is that ants foraging in more planarieon-
ments would be larger with greater relative legitbr{fPARR
& al. 2003, ARJI-BRENER & al. 2004, 3RTY & al. 2006,
WEISER & KASPARI 2006, GBB & PARR 2010, WESCHER
& al. 2012, GBB & PARR 2013). Our finding of larger and
longer-legged ants in the deserts of Iran suppbidsidea
and our initial prediction.

Our data also find support for the light level-esjee
hypothesis. We predicted that eye sizes would kedlem
in Costa Rica as a consequence of many speciegrigra
within the dark environment of the leaf litteri$HER
1999a, WEISER & K ASPARI 2006). We find significantly
smaller eye sizes, on average, in Costa Rica lmidif
ference is relatively small (Tab. 2). A more degdibna-
lysis of species' microhabitats may be able toctliydink
eye sizes to lower light conditions.

Contrary to our prediction, we found that antsreml
were darker, on average, than those in Costa Riesex-
pected that ants would be lighter in colouratiorider
to reflect more radiation (e.g.H5& al. 2015). Differ-
ence in ant colour (pigmentation) may be relatedito
ferences in the thermal environment mediated bea t

moregulatory mechanism such as that proposed by the

thermal melanism hypothesis(@GSELLA-TRULLAS & al.
2007). The thermal melanism hypothesis suggests tha
darker pigmentation is an advantage in lower teatpegs
as low body surface reflectance allows faster Ingati
(CLUSELLA-TRULLAS & al. 2007, 2008). It may be that the
desert ants of Iran are avoiding peak temperatanels
foraging seasonally (during the day in cooler mehtr
at the cooler parts of the day in summer. This d@x-
plain their darker colouration compared to the Eé%tan
ants. Under this idea, desert ants could actualtpenter
lower ambient temperatures than those in the redsto
and have adopted a darker body colour to gain ineat
effectively. This idea, however, is unlikely to éxip the
lighter colouration of the rainforest ants. Therthal me-
lanism hypothesis relies on solar radiation reaglhire
organisms bodies. Under the canopy of the CostarRic
rainforest, solar radiation will be limited. We g&st,
therefore, the thermoregulatory benefits of beiatkdre
being used by the Iranian ants but are not apgdkctdb
the Costa Rican fauna. In Costa Rica the variatidight-
ness values around 0.5 (on a scale of 0 - 1) nagsent
adaptations to completely different selective pness such

Rican ant fauna occupies a much larger morpholdgicaas disease resistance (80N & al. 2001), or could simply

space which almost entirely encompasses that of Thae
Iranian ants have relatively generalist combinatiof
traits, whilst the Costa Rican ants have repretigataof
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be the result of historical artefacts.
An alternative, and not mutually exclusive hypotbes
is that ants in Iran may be darker as melanin hglptect



against harmful UV-B irradiation (6bkINSON 2005). In

Morphological differences were not seen across the

areas where there are high levels of UV-B, orgarism two biomes in all traits. Relative clypeus leng#stbeen

have been observed to have higher levels of me(@aRo
2005, BASTIDE & al. 2014, KOskl & ASHMAN 2015). It
may also be that this protective role explainsdtiter-
ences in the colour of ants between the desertaind
forest biomes. Under the forest canopy, ants alikain
to require UV-B protection. The opposite is liketybe
true in the desert. Therefore, a protective role&JutB
may provide a better explanation of our observéidi
ences in ant colour between biomes. Our data alel@ito
tease apart these competing hypotheses (thermahisrel
versus UV-B protection), yet preliminary data frather
studies (T.R. Bishop, M.P. Robertson, H. Gibb, Bah

Rensburg, B. Braschler, S.L. Chown, S.H. Foord,.C.T

Munyai, . Okey, P.G. Tshivhandekano, V. Werenki&@ut
C.L. Parr, unpubl.) suggest varying UV-B irradianam-
bient temperatures and melanin levels tied withamt
semblage information may be able to provide a elear
picture as to the relative roles of these two higpseés.

Initially, we predicted that due to the greater app
tunities present in the Costa Rican rainforestehesuld
be more specialist predators living there. We teritiés
the foraging specialism hypothesis. We expectesitthi
be indicated by longer mandible lengths. We didfimat
this in our univariate analysis (Tab. 2). Eithegréhis no
difference between the biomes in the numbers adare
tory specialists or our use of mandible length gscxy
for this kind of behaviour is inappropriate. We filed
differences in the multivariate space occupiedhwyhii-
omes, however. This suggests that there are diffesein
the proportions of predatory specialists in eaatnis
(Fig. 3). Costa Rica occupies a much wider rangexisf 2
(which relates multiple traits to predatory behavjahan
Iran does. Together with the outliers in Figurg@bsta
Rican ants with either very small or very large dibles),
this result suggests that whilst similar on aver@gesta Rica
does have a greater diversity of ants along theials-
generalist gradient.

The Iranian fauna occupies only a narrow portion of

trait space on axis 2. This suggests a trend afgicey
generalism among desert species, with no investment
mandibular specialism in either direction. This rbayevo-
lutionary bet-hedging in which traits which may veé
short-term success are favoured in order to miinasg-
term risk. Because investment in specialisation maty
pay off in a harsh, unpredictable environmentNXBLE
2007), there is a smaller window of traits in désets.
This generalism may also include scavenging behasio
exhibited by some desert dwelling antsHoRD & al.
1980). If food sources are variable and randomaitune

proposed to relate to reliance on liquid foodLy@ &
BRANDAO 2010). From the results, there was no differ-
ence in clypeal size between the two biomes (Tab. 1
While low levels of specialisation may be expedtethe
dry desert biome, some level of specialisation tragx-
pected from the rainforest species. It may be Wisre
rainforest species do utilise liquid resourcescigisation
is unnecessary as resources are plentiful or easg-t
cess. Similarly, there was no difference in measerds
of relative pronotum width between the two biommaean-
ing that body width changes no more than bodyaizess
the two regions.

Overall, this study has documented the level of-mor
phological trait overlap between two contrastingnbés;
it is likely this is a result of adaptation to twontrasting
environments. Our results confirm a greater rarfgehe-
notypes in rainforest habitats but suggest thatager
traits may be similar even where environments arge-
ly different. The use of the PCoA and functionalitr
based analyses allows us to see the important emuifc
variation in each community. We reiterate that ¢ffect
of the different biogeographical contexts of Iram £ osta
Rica on the results presented here is unknown. Ve e
phasise that this first look at biome-level diffeces is a
valuable step toward understanding global variaitioant
morphology. Future comparisons of similar biomesdlifa
ferent biogeographic areas and of different biomiéisin
the same biogeographic area would go much furthaf-i
lowing us to assess exactly how the environmetsr§l
and shapes the morphology of ant faunas.
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