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Preface

Antarctica: the windiest, coldest, driest,
Antarctica iIs I mmense in all/l possi bl e di me
seems suspended in time by | ayers of ancie
calving, penguin calling each other in org
guamad @&l ephant seals. the sky is i mmense,
infinite above as it does the sea bel ow.
Antarctica is power ful i n all possible dim
mi nutes. Proud mount ae nfsuisrtya nodf stthoe cwailndy. at
no mercy and nor does the ice. it expands
its thick and cold skin. | ife and death ar
Antarctica is beautiful in altl i mos snimeine ed ia
because is powerful. beautiful because i s
beauti ful Dbecause is simple but is compl ex

think that she could be subdue by the hand
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entories are a critical r e
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nNg environmiklint aér mbia@emgest oalr 19 Mg;

I n many cases, the fuppertyningt dat as
g efforts (i.e. sampling done at si

nce) or they atasebvssobl tdateddffom

s. Compiled and opportunistic datas
ng the use of sophisticated statist
ic Peninsula (AP)obseowatiobntbbsepa
ution is difficult; it is also an a
nt environment al changes, which inf
s (Smith & Stammerjohm 2001; Cl arke
raphical questions in the AP archi p.
ni stic data sets for two very diffe
s. Although taxonomically different
egsteml and share the need to coupl

g to understand species distributio

wil derness.

ic Peninsul a: climate change, tour.i

marvii me nane nt of the Antarctic Penins



highly variabl e seaseoefnraele saenad igclea czioenre ,c oavnedr
and coast al areas (Smith et al. 1999). AP
in the | asstcemthusy.regi on has experienced

temperature (King 1994; Smith & Stammerjoh

al. 2007), accompanied with increases in p
|l oss of wintet aslka 20@7( CMar gley et al . 199!
exposure of new terrestrial habitats (CIar

for AP cli mat e W t(actélpotn(s¥ giusy h3a.n7 20 016.)6 sever
rate of globallCdvarimiaggt f®.B0tNh Oocentury) ( H
di ffers from the rate of other continent al
climate warming. This change in temperatur
and flora presenti sm h&ue ARPcr &8&aseddexponent
1980s. 1t is clear that in the [ ast two de
geographic isolation deterred tourists fro
(Stewart et al . m@®38)9./ 9o rt oe x1adOMBI/ 9,9 ftrhoe nu
l andings increased by 423% (Naveen et al

of the most i mportant issues surrounding t

Both tourists and wihledlrieffeatarvelyonaderytr at e

fraotfi Amtarctica that i s coast al and free
|l eads to concern over similar concentratio
2005). Furthermore, tourism is concentrate

withephedwucti ve period of Antarctic flora

highlighted the APmMsdivatit e@riamidoduyctioomuaonfa



native and alien species (Convey et al. 20
associated pathod@®rmhy ,( Boondn @ d amls peotr talt.i o a
al . 2010) . However, even though tourists r

of fer a huge resource for scientific monit

Whil e most studies in the AR gheavsec afloec us
bi ol ogical surveyss gpleomiealbiys tex,p elritst arnidc alo nc
sensing data can be combined to identify Kk
br oedidst ri buted species. Lichens and penguir
coastal areas. Given the spatial extent an
undert akemediyalniosnit s, combined with indepen:t

efforts for other organisms (including pen

t errlesetcrosayst ems. Furthermore, | arge scale
data can be used to identify key habitats
over | arge areas. For this dissertation, I
sammlg and anal ysi-cso g tesbletmiiegim ¢ s aippra alchhwt hat

—+

he understanding on how species respond t

to help environmental conservation.

Lichens

Lichens are excepti ogalogoraparyi smest o oad.
Antarctic Peninsul a. First, l i chens are th
Antarctic ecosystem (lITvstedal & Smith 2001

Antarctic host cryptogamandcfdonmminmndg i mGS € ® $n



and |ichens; extensive vegetation communit

d

h

t

b

ange in selected coast al regions (Convey
ol erating extreme conditions, essicanadas | ow
ow tissue water contents (Convey- et al. 2

ived organisms with a high habitat specif
stimate species diversity at ahg$ &as$ mes of
i omonitors in other parts of the world is
esource (Nimis, Scheidegger, & Wolseley 2
e useful indicators in a range of differe
@atbly sensitive to environmental stress (M
esponse to environmental c¢change is a chan
an influence |ichen growth and ecology, e
hysi 6l pgocasses (Schroeter et al . 1997; S
l tering relationships between species thr
|l . 2003) and other mechani sms.

Few trained | ichen expertsnaecéeadaviol abl
stablish biodiversity inventories and bas
cosystem. The use of historical datasets
iodiversity patterns along the Antarctic
sertation is an analysis of these dataset
ypot heses that would explain the distribu
he AP. remalmasi from this work demonstrate

i oedrisvi ty ar<depiegdlenwtsaaldel argely unexpl air
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I ng pcraont obceo |pse rwhgirenhe ca lbhystmsomr e t |
the Antarctic Peninsula, where t
I ve. I n t he s epcroonpdiicscehnapear of th
ch toidawhicoll echeanphotographs

mic units (PUs) that act as spec

ity. | describe and test a protoc:

n dicwdir ictt yedusaisngpadat af the Lich
BP) at George Mason University f
c method for the estimation of P
t all owb deteotewpl pcobbpi modegl
ed number of PUs did not differ

number of species. This protocol
my all ows for raspitd ads dasxskments ud
taxonomic experts.

i s technigue was proved to be ap
| devel oped a database on Antar
rtati ombave k Weaelsicdathes ttthe sd altad

|l i chens from the Smithsonian col



applicheidasasé&t of | ichens of the Antarct|
uni que for addressingl agbestdonsmbegaondi eg
Peninsula |ichen flora, as well as providi

identifying areas for protection and prior

The pdngthiem rel ationship

Al t hough tereessybsbabkemApdarc ndienmse ndol oni
seabirds produce substantial volumes of gu
nutrient input (Hutchinson 1950) with subs
(El'l'i s 2005) . P e nmauji anrsi tcy nosft 1 & witaen thhieo maass
as such their guano i s an i mportant compon
(Tatur, Myrcha, & Niegodzisz 1997). Il n com
concentration (i n ptarrotgiecnu)l anre aprh opsepnhgouriuns caon
hundreds of times higher than in sites wuna
near nesting flying birds is between 8 and
sites (Ryan & Watkins )1989; Lei shman & Wil

The effect of seabirds on vegetation pa

(Smith 1978; Tatur 2002). Manyit seuspesi esmp!
richness of the Antarctic vegetation is pr
| elve oc®mykl a et al. 2007) . For exampl e, R.
' ichens at Signy Island growing in condit:@i

derived from popul ations of seabirds have

rat es,g rdacpheircent cover in 20 years. At Ki
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e considerable areas of the Antarc
eatt uarl .2 010929;8 ;P adalr k et al . 2006) , beca
di stribute fine particles of guano

over a much greater area than nest

el at weers hp @ndwei n col onies and | i che
at a | ocal scale, where researcher
the Iichen communities. Chapters
shgpi betwkeni psenand | ichen diversi
t sites all along the Antarctic Pe
cal data from herbaria records and
sursvtevast)e, tlhademdre size of penguin
ed with the number of | ichen speci
only demonstrate that the relatio
but al soatihan téehmphouedproamened cC:

ecological relationships among | ic
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i ns
nguins, adapitpeod atro epoliaronarecdtsuldf St one
been found to be goodbemauscatomfr st lodi re
ng and dietary restrictions (Smith et
Penguin popul ations on the western
ast 50 year s, and severdani swegmusgi es hav
iated with these changes (Smith et al
Ad®lI Pegpeagl)i sasnadqd ed hiianesR.r aapn t)paer ncgt ui i cnas
eclining in maby p3aipeueas, i Geneesi pgnguni
xpanding their range southward (Lynch
nt ol ogi cal and modern censuses sugges
going a fundamental reorganization du
m merctr ui $mith et al. 1999), highlight.i
stem to climate alteration.
e distribution of penguin colonies al

15 years for 128 sites biys tahel ocAmg atrecrtn

oring program of AP breeding birds un:
ce and educational foundation. The AS
ams in that it encompasses therentire
he study of Antarctic biogeography (L
et is ideal to explore what factors d
e to other organisms in the Antarctic

r trhteh faonud | ast chapter of this disser



bet ween the distribution along the Antarct
(Pygoscelis adeliag, BnhndaenaicwoinemantR.| @Jgagu
effecti vedl yatmebarsovard scal es with remote sens
temperatura@a, comlcemaphayliloni,cesnewt emtv.eruainmg
and Terra MODIS and SeaW FS data) and the
t he porti on aorfbotrhien gc obarseteldiinneg hc ol oni es. It
influence the distribution of breeding pen

As gl aci al retreat opens up new areas s
l ichens and mosses, it mighgabéezaexpeatedrt
colonization by breeding penguins at some
l ichens rel ati wfer de areewd sy tchaetatleadc k cler eedi r
and regular floristic survefyrseatwislilt elseltp a
identify the extent to which penguins may

establishment.



Chapter-s2al Blupatterns of moss a|

t he Antarctic Peninsul a

Abstract

Mosses and | ichens are AmMeadomi aaneér masHt
ecosystem. Using occurrence data from exi s
records, |l analyzed patterns of moss and |
Peninsula at both a regiondl sscdlee ((52A | at
indivi daatl-feeewcoastal areas for mosses an

hypot hesized rel ationships between species

to identify |l ocations whose divbeyrsity may
existing collections and online databases.
sampling frequency, number of records coll
among analtylsd stpwdii als @adc¢al es, and esti mat ed
pr oj egp¢éeides accumwl atciconnncaurfwes potenti al b i
sample heterogeneity. The estimates of mos.

Antarctic Peninsula region were within 20%

Ar e a, | atisoaldeti epatmadn summer temperatur
were considered as potenti al covariates of
was correlated with isolation and | atitude

correl ated wietalm ¢ emmpe r aetsurweh earned ,p nogu iln/s swi

pressenth | ess than 20,000 breeding pairs, p

10



scal e, moss richness was correlated with t

contrast, whbynoorsepbatédcwnth any of the
regional scale. W th the exception of temp
variation in regional moss diversity, expl.

show that patt enr nbsi oodfi vimeorsssi tdya pdeerhed ehhieg halnyd s

| argely unexplained by the biogeographic v

Il ntroducti on

Mosses and | ichens are the dominant mac
ecosystem (Smirkeas984)t henAPpmmoas peats h
exposed after bur i aplerumadneern tp esrnmawn epnatt cohre ss e(

198Ravorable habitats in the maritime Ant at

comprising carpet, turrddaarductuscde ,onf fwtrimd o
foliose |lichens, but extensive moss and |
to a small altitudinal range (to c¢c. 150 m
(Convey et al. 2008), and Iramde.l yOrlxy e d% meof

bryophytes known from t he AntGarheytriacc a& e en.

Smith 2008), consistent with a hypothesis
by recent recolonization aftersglaci al ret
Antarctic | ichens, about 50% of which are

et al,magob8aye an ancient vicariant distrib
Rogers 2007) .

Antarctic Peninsula biogeogralpatyi ors uni

11



and pronounced | atitudinal gradients, acco

seasonal day hlaewngtiylt) esr e&aeabati c winds, a
(Kennedy 1999). The AP is climatically | es:
continent, and shares more characteristics

Pat agoni-Antaairdc tsiudo Sout h Georgia) than with

rest of the Antarctic continent (Vaughan 2

and South Shetland Islands form part of the
islands | inking Tierra del Fuego and South
James 1983). The eastern and western porti
and babldgfterences. The marine environmen
much more variable seasonal fsea ilaemdzome t h
western than in the eastern coasts (Smith

The-firee coastAmR arre asn odx ctehlel ent system
biodiversity patterns resulting from recen
approxi mately 2700 islands and rock islets
ice in an island aramdpé&l| aggretsetodhilmagi 1 ®
research has applied the equilibrium theor
MacArthur & WilsoANnf(a®968)ctando®eusuakbrn Oc
(without focusing on the AR)raipmys garhohvnf,or
Gremmen, & Gaston 1998). These authors hav
explains the patterns of plant biodiversit
also plays a role in determining plant ric

bigeographical pattern is that of a marked

12



|l atitude and climatic severity (Convey 200

A major biotic factor that influences f|
all ochthonoestisnpyt sefabnutddisi and seals at s
or rest (Smith 1988; Ryan & Watkins 1989,; |
& Barci kowski 2007) . PenguiB88% bh parancul
bi omass in the Aatag&kcNiegbpdati sz, 19MYI7¢ Shir
in | arge colonies that, through their accu
the |l ocal nutrient status of the substratu
Tatur 2002) .

Many aut hogri zheadr et heciomportant role of s
resolution of geographical patterns (Hutch
Levin 1992; Crawley & Harr al 2001). Specie

scal e at which t htehye amesc hndmsies mse da fbfeeccatuisneg s

are -semsietive (Lyons & Wi llig 1999; Rahbek
bi ogeography of any terrestrial organi sm i
generally sparse sampleinngy. sEvend wWwlyerscamrndrn

species wndeteemadnbecause of the differen
of detection of géainfifsensentantdypédse d&fi ghly var
coll ectors. Because theAdaaachavai babbeogoa

strongly dependent of sampling effort (Cho

address heterogeneous sampling before maki
ri chness. I n this anal ysi s,ntls tods tt hwea rrii ccthsn
of mosses and |l ichens at two spatial scale

13



indivi daab-fseewcoast al areas (|l ocal scal e)
priorities that address bhedchaltbsehgeinfth
Antarctic.

Several analyses have examined the biod
AP. Some examples of these include Ochyra
George | sl and, Convey et al .nyeg9o0Qploav) Caa
Smith (1972) at Signy Island, and Smith (1

and Deception I sl and. Peat et alfrdd007) e

ground and | ichen and mosses slpoencgietsude chn
boxes, and | atitudinal gradients of specie
However, no previous sstcwadyy Isgpse cdxamirn edc ntels

on the AP from inforamd-iiome ono inoa M ihaddnweds s

relationship between spatial scale and spe

Materials and Met hods

Study Area

| considered moss and |lichen records fo
and 68AS. At the local scale, the number o
mosses and 56 for | ichens, al | wi t-h at | ea
sectivamiat i on in the predictor variables a

separated from each other by water or perm

regi onal scale, six latitudinal bands betw

14



(the banAS] 6udAS,n®2 considered because it |

Dat abase

| assembled a database containing recor

studies of mosses and | ichens undertaken o
not i ncliudeedworat ®nin this wor k. Data from
observations of Antarctic | ichens and moss

Dat abaskt t{t A:PD: www. antarctica. ac. uk/ Resour ce

index amdmit he Ausdc rRat anCéldmt aect  Ausdsrali an |
herbarium database: http:// data.aad. gov. au.
Evolution and Biodiversitywwiw. eba. Aqgt arcti
I also conducted arlkecoads!| nbéranct edeeda
dat abases, querying el ectr onsiccalrees oourr cseist ef
specific studies at each site included eit
(Naveen & Lynch 2011) orr dedaomh tshiet eAPWI tam da't
Australian databases (see Appendix 2.2). I
currently accepted species name where syno
2001, 2009; Oabyrafetemates2008amended the
record ds omeéegdedcl uded speci mens that were
I did not include | ichen specimens determ
written by Dodgemamytdfi st s¢ usdye bieeaudescr il
no |l onger accepted as valid (Castell o & Ni

been redeter mi ned. Potenti al correl ates of

15



geogr aphi ef rfeaec taorresa ,( iJcaceantt utheani sempéranur e
as abundance of breeding penguins at the s
use of these variables in the analysis, th
sources. The AntarctiR¢, DRgWCMC Da&OvO8hape ol B

geographic component of our database.

Anal yses

Estimation of species richness

Occurrence data are strongly influenced
expertise, as many species may r emananlunde
size, poor visual prominence, occupancy of
coastal communities of Qoarliogph tadayXiacaoplpoorreida | i
sppan be seen from afar, while hhtahsert Hase e
occurring in the fissures of rocks. Al so,

i ssue when considering sampling effort. To

numberpeccfi es f or eac+dansdafnrpgde@ npga tudnhieta |, ( slnaotw t
bands, and the whole Peninsula) wusing an a
curves (Sober - mMmsé&slalmpd e mige eX 993, defined
speci mens coll ected, increases at a given
repeated should saturate toward the true s
species accumulation curve for abassed!| ing
rarefaction curve. | did this by randomly

uni tand then calculating the cumul ative nun

16



addition of each new specimen. | wused al/l
dat abases and papers used for this study.
sammlg unit and took the mean of the 100 cu
richness | -Meintt eam Miuchaeel(iSober - n & LIl orente

Coddington 1994) to the smoothed species a

unit. Evenchh#&legph enhenobllil iI's known to have
been shown to perform well for a number of
199@articularly for systems, |ike ours, wi/i

LIl orente 1993).

Speci es-brogbeogsaphic variables relationshi

To analyze the relationship between bi o

moss species richness, | plotted estimated
predictor variable. Ty aancesnt madrdvapiezhle
across sampling units, |l used weighted reg

inverse variance of the isspceaclieees ri chness e

| debgansformed all wvariables; this appr«
bi oggremphi cal studies, including (Peat et al
with these previous studies. Sites were co
regression analysis, if their Cook's dista

influeact pobint on t hewgs eldarcgerd tmeam v a(l Qi
Wei sber.g FloX82)he regressions with penguin c

where information about penguin popul ation

17



mosbk)used stthiec aslt aptackage R for the anal yses

2010) .

Research priorities i1dentification

Sites predicted to have many more speci
had been surveyed only once arSei tiedse ntthiafty a
are part of the Antarctic Peni,sisués tClhapen
have Antarctic Treaty Site Guidelines for
Protected Areas (ASPA) or Antarctitc Speci al
have any information on |ichen or moss flo

particular focus for future floristic suryv

Resul ts

| estimated a total of 90 moss species
Penins®l0fA S®OMAhummiablzes2.a2 lssites with th
coll ections, number of specimens, observed
(from t heMeMitema alniad ysi s) and their corresp
vari abl es. Esti mat ed s peicfifeesr erntc hwvaersisa bMaess
depending on the taxa considered (moss Vvs.
(regional VS. | ocal) (Table 2. 3).

Latitude and isol atieea drmasadafomed bhlet:
correlated withomalssscalcanelbst a¢explhai hmed o1

the variance respectively. At this site | e

18



correlated with penguin colony size for th
Hope Bay with a | argers)( pE0@,uld ®0 clod @end/i, n ¢p a
species richness than expected by the rela
site composed by Baily Head and Whalers Ba
because there i1 s ne glteshalalsepamadi mad off e (
species richness than expected. However, t
Head holds one of the | argest colonies of

of the caldera, themké¢ eirs sndBayemwguihm ncadlheny

mean sea surface temperature around the si

richness, but only explained 10% of the va
moss richness was sisgmimfeirc anetalny sear selrdtaeae
and | atitude, whereas | ichen species richn
vari ables considered. Because multiple com
famwige Type | error raptpe opmd attleud hd etsdroridl
statistical signifi cvaalcwees lobrtegpiomrad imy Tabrd

suggested by Moran (2003)corfoirdermhealplurpoorsre
wi ph< 0.05 significanti awh ifloer rsepcuorg noiuzsilnyg sti
correlations.

Of the 27 sites that have guidelines fo
System, only 7 have |l ichen d&nod moss data a
bi ogeographic analyses. $®SihmAS®AbEyhaoel dala
available. Of the 142 sites I|listed in the

l ichen and moss data available to use on b

19



highlighted in this paper thoseesitlastthat
have not been surveyed before but are eith
special scientific interest could then be

documenhttatpi: ® hw@w.ratisn atghe Ant ai am ¢ NRemiems u

and Lynch 2011). Sites that are predicted -

currently known are shown in bold in Tabl e

Di scussi on

The human i mpact in Antarctica has incr.
years with an expansion of scientific rese
the 1957/58 International Geophysical Year
i ncreasiesmnsitmae the | ate 1980s (Lynch et
tourism activity are concentrated in the r
Antarcticadrtrat nasemmee and which also sup
the cdantsisneantd | i ¢heostedidaér i tBymimam 2801 Vi t

has been responsible for a number of <chang

introduchabonvef spenies (Frenot et al. 2005
the trampbedg 6Ti moes al. 2009). Understan
patterns of Antarctic mosses and | ichens i

high species diversity or sensitivity that
Antarctic Treaty System.
There are approxi matlev gt SB&Hl spredaredsi toh -

111 species of moss (Ochyra et al. 2008) k-

20



estimators provided r emarvwiadoel yd icvl eorssei teys td ens
the ungpvbihabéd number of areas with sampl
our study.

Our results support the hypothesis that

at different spatial scales. However, our
bi ogehoigcraalp vari ables explain |ittle of the
the AP at the |l ocal scal e. Lichen and mos:

to support the basic MacArthur and Wil son

MacAutr and Wil son model is based on the as
extinction dynamics are in equili-brium, wh
changing environment | ike the AP. Al so, the

| ast gl aciralcemaxirmumfo endemi sm might be a
| ooking at patterns of richness with respe
Latitude and isolation both correlate w
explained |ittées?«R0r.itla@ iaomd amolnyy rsdstpect i ve
One source of wunexplained variance could b
no -speeific data, such as the characteri st
in each siteUBmuah 280p@565)es are often foun
as the alkaline marbles and amphibolite at
ash at Deception Island (Smith 2005). This
di fficult, amnfd extgrueme i maudtaivommr when consi de
a site that may appear species poor. While

mosses has been documented for ot her areas

21



Maud Land ar eaandra,c hQhetranli9,95& IKmura 2002),
relationship between moss richness and pen

Lichen richness at a | ocal scale was re
this variable also expl aeisr™ @R 10t ttl &blod 2 .h2)
contrast to the results for moss, the corr
| osaxlal e |ichen richness implies that pengu
diversity at sites where tHOY,HN0® merssont .
penguin colonies appear to loawe dragd hu oend sg g
with | arge and intermediate colony size wo
The effect of seabirds on vegzeé¢edt(dmi patte

1978; Tatur 2002). Many stuidhesspephasi ze -

richness of the Antarctic vegetation is pr
| evel & Sontyckura et al. 2007). For exasmpl e, Sn
on Signy Island growing -dexr icoendliniitornesg emaou ¢

compounds haveorlolnatziavea loyn raani dgr owt h r at es
percent cover in 20 years. I n a study at K
zonesi dvermrtei fi ed at varyéngedigutiaan oo ofkreo m etst
et al. 2007). Toxic |l evels of manuring and

vegetati on damage, -doeurti vae dd encirteraosgee ni onu sp ei nngpuu

500 met ercolfornomattHeows nutrients to fall to
of many taxa (Smykla et al. 2007). Penguin
Antarctic terrestrial ecosystem (Greenfi el

Park et al wa2®06) umeeddusaed strong winds re

22



guano, -lmuterni esmtl uti ons, and volatilized amn
than the breeding col oni.esPdargunsre | prepsu l(aStmyc
t he western cstiidce Poefnitnhseu |Aan thaarv e changed muc
and are undergoing a fundament al reorgani z
influence their |l ong term recruitment ( Smi

Fagan, & NAageghahi#0)orpeetns up new areas Sui

|l ichens and mosses colonization, it might
reorgani zation, or colonization by breedin
establishment of | i dhaefrese er ealraetai sv ewittoh onuetw | byr

penglunhensive and regular floristic survey
i ecferee will help i dentify the extent to whi
' i chen esThde | afsfhanetns .ekabt beft obi edsoandti che
richness patterns (All en,-LGmigmskaw,al & R®I1d
need further investigation, although they
nutrients only were pengwimest negle abeseditng Fe
affeclti dlbermldi versity and community composi
sites (Ryan et al. 1989; Ryan. & Watkins 19¢

At the regional scale 91% i nitnlkead Wari ab

summer mean sea surface temperature. Howev
with any of the variables analyzed in this
tolerant of a wide range of physical condi
certain chemicals attributes, notably nitr
Al so, the differences between moss and | ic
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mi ght

been

P

refl ect di fferent col oni zatti dmshi st o

roposed that bryophytes have recent|l

through gl aci ati,onandicduwrr ar eestu latls a&dgr0e88e wi t

recen

an anci

Il i che
extin

Sp
under
bi odi
Het er
i n th

probl

speci

bet we

mo st

det ai

t

c

moss dispersal fromi§dhenhfAmermri eona.y
e ndi svtircialru tainan ( Peat et al . 2007; Ro
communities could be the results of

tion when environment al conditions d

atial stabescamei denadaegral to the pro

thhddhgeosity data, because scale ca
ersity patterns and also can affect
geneous saomplihwmgdpeesents!| hemaj ng ac
Antarctic Peninsula region, and our
m to confuse inference regarding the
S . However ,ndumosaxn arliysh rse o @ d tctheernn sa
of fers a unique perspective and com
the AP region.
ni ficant heterogeneity exists among
eceivedf sphecnumwmms t hat have been co
s identified. Only a few specimens w
n 61AS and 62AS. This might be becau
ssible, hasngewepgetant oal sy tiest eoe s i
hips traveling between the South She

ed study of this stretch of coastl in
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Tabl e

2.1.

Descripti

on of t

he

g

eographic &

| cfer ee

| cfer ee ar ea me

capaci sytefs t

species (MacA

1963) .

Antarctic
Dat abase
and WCMC

accessed

D
(B
19

Ap

Sum of-f aéé
avail abl e i

the austr al

|l sol at

The potenti al

wi || be deé¢ er

proximity of

(MacArthur an

Ant arctic
Dat abase
and WCMC

accessed

D
(B
19

Ap

Sum of-f aéé

availabl e i
10 kil omet e
each site,
summer .




Pengui

col-eny

near surface
I n the Antarc
(2000) showed

correlate wit

temperature d

the anal ysi s

AP). This ise

a measur ement

temper atur e.

Penguin col on

i mportant com

mariti me cAhrstys

t hey acc o u8nlt%

the Antarctic

(Tatur et al

2008) . Pengui

in size from

from a few ne

100, 000 nest s

ot her seabird

contridrmitfei aanrn

nutrients at
this has a ma
floristic ric

1 KRand
ocean

sites.

Ant ar c
dat aba
2008) ,

(Appen

cove

sur f

tic
se (
and

di x

a

S

L

2

Average nes

three pengu

ge(Phgosce

ant arR.t ipcaap
P. adlel tdaec
all wvisits
Only 19 of
for this st
availabl e c
popul ati on
penguin col
| ocated at
snhneawnd-firee
coast alelarne
for this st

27



Table 2. 2. Il nformati on about the sites

Sites in bold are predicted to have me
Antarctic Site Inventory Compendi Amea]j
ATSG = Antarctic Treaty site guideline

Note that ASIC cover some (but not alll

three penguin species together, throuc

Visitation g

Site Name ASI (CASPA ATSG
Al mirante Brown Station Vi a

Andree | sl and

Arct owsKkii Station Vicinit) a a

Ardl ey 1 sl and a
Barton Peninsula (King Ge:

Barnard Point (Livingston

Bl ai kl ock I sl and a

Byers Peninsula (Livingst: a

Cl aud Point (Brabant | sl

Cockburn | sl and a
Cormorant 1sland

Cuverville Island a a
Dori an Bay/ Damoy Point a
Deception Island site 1 a a
Deceptisnhtkeskand a a a
Deception Island site 3 a a
False |Island Point (Vega | a

Ferraz Station Vicinity (I a

Fildes Peninsula (King Ge: a
Fredriksen |Island

Gamma | sl and

Cape Geddes (Laurie | sl ani

Gibbs | sl and a

Green | sl and a
Hal f Moon I sl and a a

Cape Hansen (Coronation |
Hope Bay a a



Jenny I sl and

Cape Lachman (James RosSs

an

Lagotellerie Island

an
an

Port Lockroy

Met chni koff Point (Brabant

Neko Harbor

an
an

Omega | sl and

an
an

Petermann | sl and

an

Rot hera Point (Adel ai de

Signy Island site 1

Stinker Point (Elephant |

Urugua Il sl and

Wal ker Point (El ephant | sl

Tabl d cdn2inued)

Al mi ran
Brown S
Vicinit

©
7

Arct ows
Station

Vicinit 104. 21 6 27 26 16 4 4 2
Ardley  53. 82 10 77 42. 16 9 30
Barton

Peninsu

(King G

Il sl and) 35. 11 1 15 50. 14 2 19




Cl aude
(Braban
Il sl and) 39. 10 2 13 18. 9 2 19

Il sl and 177

Fil des

Peni nsu

(King G

Il sl and 11 59
Gamma | 1 13

Gi bbs |

Hal f Mo
Il sl and 33. 13 5 21 31. 9 3 12
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Tabl d cdn2i nued)
Site Name

Al mirante Brown
Andree | sl and
Arct owsKki St ati
Ardley I sl and
Barton Peninsul
Il sl and)

Barnard Point (
Bl ai kl ock 1 sl an
Byers Peninsul a
Il sl and)

Claude Point (B
Cockburn I sl and
Cormorant 1| sl an
Cuverville |Isla
Dorian Bay/ Damo
Deception 1 sl an
Deception 1| sl an
Deception I sl an
False |Island Po
Ferraz Station
George | sl and)
Fildes Peninsul
Il sl and)
Fredriksen | sl a
Gamma | sl and
Cape Geddes (La
Gi bbs I sl and
Green |Isl and
Hal f Moon 1| sl an
CapHansen (Coron
Hope Bay

Hor seshoe | sl an
Jenny | sl and
Jub&bhwgtion (Kin
Il sl and)

Cape Lachman (J
Il sl and)

Lagoon | sl and
Lagotellerie |Is
L®oni e I sland

Environment al \
Ared Lat Long I(;'r)
7.1 4 -6 4 . -6 2.
3.2°% -64. 6 1.
4.7 % 62. -5 8.
1.2°% -62. -58.
7.5°% 62. -58.
9.0°¢ 62. -6 0 .
1.068: 67. -6 7 .
5.87. -62. -6 1.
1.0°8: -64. -6 2.
4.0 ©; -6 4 . -56 .
6.2 3% -6 4. -6 3.
8.3 4. -64. -6 2.
1.0% -64. -6 3.
3.87. 62. -6 0 .
4. 2% 62. -6 0.
3.1°%; -63. -6 0.
6. 168; -6 3. 5 7.
4.5¢°6; 62. -5 8
3.17:. -62. -5 8
1.56 60. -4 4
7.35% -64. -6 2
9.95 60. -4 4
3.2°6 61. -5 5.
1.6 °% -65. -6 4 .
9. 45, 62. -59
1.7°5% -60. -4 5
5.56:. -63. 57
4.7 °% 67. -6 7
5.56°6:. 67. -6 8.
2.9°%. -62. -5 8
1.828; -63. 57
2.7°% 67. -6 8 .
1.6°6: -67. -6 7
1.2 6; -6 7 . -6 8
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Port Lockroy
Lynch I sl and
Met chni koff Poi
Moe | sl and
Neko Harbor
Ol'ivine Point (
Omega | sl and

Penglusilnand
Petermann | sl an
Rasmussen | sl an

Rot hera Point (

Shi lCplvee ( Cor ona
Signy I sl and si
Signy I sl and si
Stinker Point (
Cape Tuxen

Uruguay | sl and

Vernadsky Stati
Wal ker Point (E
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6 5.
67 .
6 0.
-6 0.
-6 0.
-6 1.
-6 5.
-6 5.
65 .
61.

45 .
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Table 2.3. Results of the regression analys

richness.

Values in theatabbefondtbateepgression analy

R2 valuesalgsesheBold = significahdari é&n aBaky

PoiAMoe | sland and Penguin I|Island.

Latitude 0.18 (C O0.5@. 1 o0.03 (¢ 0.04 (
Ar ea 0.08 (C 0.88.2 O0.5®. Q1 0.69 (
Summer Tempe O0.010 ( O.6M ¢ O0.80. 2 0.001 (|
Il sol ation 0.08 (¢ 0. 009AX
Penguins 0.0247( 0.90. (7
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Figure 2.1. Distribution ofalsongst we tAntraercotride Rerid

Base maps are from the Antarctic Digital Dat abase (
2011). The projection used for the map is South Pol

ArcMap 10. 0.
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ChaptlLeervggdrrmag citi zen science a

understanding | ichen dive

Abstract

Lack of access to experts and the chall
make traditional approaches for the coll ec
speci mensiinmpmaagytiscaluati ons. To accelerate
bi odiversity for conservation aeafdf g@tsiowe ce
survey methods and/ or surrogate methods fo
Lichen communi tdieatarse fetiwabéeecondition o
terrestrial ecosystems because they are no
represent a promising sysiemcienbabiedhappr o
propécsiet iazemappi @adlmst coll ection in which
are used to identify parataxonomic units (
rapidly build databases on biodiversity. E
di stinguishable unit ba&séeddescexter mald mhers
to collect preliminary i nfmgr datiaomodnh ema ed
par tLiocfhean Bi omonitoring Project (LBP) at C
validation. The LBP has surveyed National
D. C. area for macrolichen diversity since
phot ographedcaddryiAmgudery®011. The number of

PUs identified depended on photograph and
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units and plots. To account for variation |

number of PUs aedi ¢ hepmasndretr iodf esgpch par k

metri c. | al so propose a mechanistic metho
advantage of a sampling design that all ows
probability. | cammpad edUobseérypécinadsngiste ha
for all park units, the observed number of

observed or estimated number of species. |
citizen science withrpaidtassesmynenthatfall

areas that |l ack a sufficient number of bot

Il ntroducti on

The main objective for establishing pro

biodiversity (Margules & PresseymiR&®O&OI0OO0of Sar

species inhabiting an area is often used a
(Sarkar et al. 2006) . For this reason, one
monitoring biodiversity in proteamutmbkrareas

of species present over time (Buckland et

species richness, |l et alone estimation of
chall enge even for relatively small areas.
ri cshsnei nvolves expert collection of speci me
determinati ons. However, this approach 1is
areas access of experts to the field is di
speciamednst heir i dentification by experts 1is
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conservation and management (Stevenson, Ha
2009) .
To accelerate assessments of | ocal bi od

costfecrtvevye maut hods and/ or surrogate met hoo

richness are needed. Aepdrrtuicdulver smengpd | engi
that avoid the complications associated wi
Examples lwmédsuchn mee found in acoustic sur
Depraetere et al. 2012; Tegel er, Morrison,

(Bridges, Dorcas, & Mont goRievegr 200D®®Q06 Aceve
Combining photogr aphn@axfpeerltds dwaittah ctohl e eucst el

surrogates for the determination of specie

of preliminary diversity information and t
bi ol ogical diversity.

Afci ti zemwi sceexmpEeeaeson, wusually a volunte
coll ect or process data for a scientific p
citizen scientists in data collection effo
temporal scales mpassabéeeditbicoltecifuson
scientific methods (Silvertown 2009; Conr a
2012) . I n addition to providing numerous s

bi odiversity monitorinffobubi dbogobmamuncogsse
participati on osfc alaey rpeegrisoonnasl isnurlvaerygse has b
demonstrated in several projects, includin

network in England (www. oplad £ xPrl ojrentatUTleui
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et al. 2004; Gelfand et al. 2005; Midgl ey
Bird surveys and Christmas Bird counts (Bu
of July butterfly counts (Swengel 1995) .
An easy wayp fHathpeopgheati s by photograp
in their natural environments. Phot ographi
that all ows the general public to actively
di gital camer aome cchimeod poggry amds moerce ubi qui tc
cameras previously available only to profe
avail able, and in many cases have been int
smart phones or t albsl eat 9.h yA ipchaolt osgpreacpihme nj,u sp
for the scientific community to view and d
regarding the organism photographed (Steve

record for any necestsaaly. f(uzuQ 2) rprva ppd Lend t

digital photography of | ichens not only fo
speci mens, but also to detect changes in a

Given that the identification of specie
i mpossi ble for many taxa, parataxonomic un
A PU is defined as an artificial <classific
(Krell 2004). Parataxonomic units have bee
ricshsneen different communities, including a

Lake @Do&wdO 2004), <colonial reef corals (Budc
plants (Garrettson et al. 1998), and insec

2000) .
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I hhi
bi odi ve
di ffere

stress

mi-8900s

speci al

where s
many sp
only th
phenome

Fina
taking
probabi

Beoae t

s, workescribe and test a protocol f ¢
rsity. Lichen communities are usefu
nt terrestrial ecosystems because t

(MbGewach98&8; Nimis, Scheidegger, &

to date, many different approaches
ment al stress have been proposed (C
al . 2002stdkran&efkatt 2002). Thes

d methods based on different par ame
r. Mor eover, macrolichens as a grou

h. I ndeed,ewnonrldmninged nSt hees-ocoamndthe@rs e

i sts were able to find between 65 a
of essional l i chenol ogist (McCune et
technique combahnhi og-spch cemd g rsa psh iwd t dho

ication of |ichens from the photogr
aphic documentation procedure with
peci mens were i denpearfti eldi dhoe nadhleo gsipset
ecies and PUs are always undetected
e observed richness at each | ocatio

nol ogi cchdt emotdiedpnafr(@mheat ammen €Hhtaioda .

l'ly, | propose a mechanistic method
advantage of a sampling design that
l' ity that each PU has been detected

his mechanistic method informs abou
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detectability of every PU jtrmitsh e pcpanonaucri tgy
more i nformation about community composit.i
rare orPUWsommoaand coul d be particularly usef
campaigns. This i1s important not only in t
and classifying physical specimens, which

expert fmicsaitd eonnt.i

Materials and Met hods

The aims of this study were to test whe
documentcatrito mad foaulsi chens by citizen scient
estimate species richness reliably, and to
technique to more complete diversity analy
chall enges to oWsrtcao meredihet uspe wifes ri chne

coll ect-epdebiyahbsat s.

Reference dataset

Units ofNathenbl SRaeak ®gshiemgton, D.C., \
as part of the Lichen Biomonitoring Projec
duing 2004, 2006-lamee 2009 (dataset on
http:// mason.gmu. edu/ ~j | awrey/ CUE/ ) . Il n ea
pl ots were established. Within each plot,

species were recordetd. byorxmtrige xwoB Ro, ulsi cheno
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macrolichens consisted of al |l foliose and

including those on dead and down trees.

Photographic dat aset

Five of aheombbvE€apitalkereegphonogamlphimia:

surveyed -Augusg Jd0bE. I n each park unit, pl
surveyed with participants instructed to t
including those on dead and down trees. A
| ackivinigoupsr eexpertise with | ichens) particip

numbers of plots were surveyed at each par

The photographic protocol consisted of
every corticolous mactehi mhentehpgrsad dor
wal ked freely inside the plot. A black and

included in each photograph. At each pl ot,

protocol s,i neutlatratnienogu ssityotli t her phot cboonavoid
i ndependence i.n Tthhe beslmsa&revatpironocol contro
standardized the sampling effort in the fi

species richness that aictcyuamorng@rordgdriies ma.
Before the |ichens in the photos were i

each picture was standardized using the bl

Then, all possible | ichens weurse ndgi gtihteal | vy
i maged i mage processing program (Abramof f,
Rasbangdan2dd 1g0i)ven a wunique identification na

4 2



was C

on édiidgeirteadl O@Fp gci Berl) . Once all speci me

four di ff eriennde pcel nadsesnitfliyercsl assi fied them usi

descr
wer e-e
taxon
depen

uni ts

Dat a

Ri chn
Sp
speci
and d
Mac Ke
t he s
shown
al so
t hen
(Chao
uni t
PUs)
pl ot s
Chao?2

di ffe

I ptions, photographs and distribution
Rperts, but they were trained on basi
comydo( Bt al . 2001; Nash 2008). The num

ded on the quality of the photographs

and pl ot s.

anal yses

ess estimations and comparison betwee
eaqiiecddnaetsas are al ways dependent on samj
es (or, similarly, PUs) wi l | remain u.
etection probabilities of different t
nzie €ol héct@abo@ypertise is an additi
uccess of Dbiodiversity inventories. S
that as the number of plots increase
i ncreas,esl. tGoenasteeqdu etnhtel ypl ot s i n each p
estimated the number of PUs present i
1987) . Li kewi se, | used Chao2 to est
from theokBBRsdatmat oThesChanates the nu
present using the frequency distribut
altl each mattee. PU richness for the dif
esti matosebdatobeehewedel matui on of sp

rent organisms, e .nRgelautd i ny alrikceh e n& cCoonmnv
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Mand|I et

(0]

ver al | b

| comp
eparatel
pecies p
0O assess
PUs vs.
i fferenc
0000 ran
i fferenc
not her v
eject th
993; Ros

alues ob

pecies d

I i nve
denti fie
i chness
l assi fie
rom t he

ombi nat.i

al. 2010; Spribille et al. 2010,
ias isnracheeisswesft i snpaeoires ( Walthe
ared PU richness with species ric
y the number of PUs and species o
resent as estichabedabdomheaChaon2 m
whet her, for each park unit, di f
Sspecies) were statistically signi
e between thedtwbemenhcessobfarned
dom permutations of the data betw
e -baswdeni t hpe gbth saendd rtjhael hsepsesc ii ess
alue of theedivedi fand mopeadvmhwdiul de
e null hypothesis that these two
si 2011). 1 also considered the c
tained by the two .tephhmtiggureasp hiecx p
PUs), to test whether these two
iversity among park units.
stigated the effect of the number
rs using a j)ac kakhreirfee |a pcpornpaac he d( Mih
with different combinations of nu
rs. | then calculated the differe
LBP project and hyePWdbsferovmmdeadlth

ons of photographers and cl assi fi
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I ntroducing a mechanistic method for the e
To compl ement the phenomenol ogical appr:
estimator, | developed acomeechtsi Soi ct medet

of -denection for each PWsed d4 hmodiaftiaesadtv e IrTs

the hierarchical model proposed by (Dorazi
replicates for each phobsgraphser sanakggaogs
visit, and multiple photographers at the s
These replications provided the data neede

absence adnedt ePcl inoonn.

To employ thisoanelt,hatnhesddEte eatpipoondaba ar

(7))

haped into a thrmeedeée melmas i Dinat s atiheagR B ohl
second djj meastbha, plot; kandsthleel akassdi mears
el e mejins the n uongbrearp hoefr sp htohra tjpdfsotu e nPW f i ed L
cl aski.fiFemrst, asmedeflFiof debhecpions of a si
This model is then extended to combine inf

community for Whrei etnesnatioene oDorPazi o & R0\

al. 2Ap®peamnddx 3.1 for a detailed descripti
parameters estimation). Using this model,
park unit, as wel/l aseshematespédocyeact o¢
PUs .

To understand the effect of the number
classifiers on the patterns of detection a

in which | varied thedehfoFmatexamphe@utwihinl
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dat a f

combi na

r

separ at

combi na

(R Deve

Gel man

Resul t

t hat we

mean of

PUs. Th

(Tabl e

Ri chnes

wer e n

i ndi cat

dat as e

whi ch

t hree

Wh e

showed

t

t

t

n

om four classifiers, | performed th
tion of any two photographers, and

ely retained datva nfgr @mef cdrasphdti ®gr,

tion of any two classifiers, and an
| opment Core Team 2010) and Wi nBugs
2005) .

S

ocessed a totraelsudfti 2933 npl28tldg rda mh &

re each identified by four cl assifi
1172 (range = 1023 to 1381 among t
e total number offf eprheodt ocagnmroanpgh sp aarnkd usn
3.1).

s estimations and comparison betwee
mates of true species richness base
t significantly hiagharaltl hyarc otumd erdy m
ing that there were few rare specie
s (Fig. 3.2, Table 3.2). The only e:
he estimation by Chao2 wds s@lemo ts r
i mes the observed species richness
comparing PU richness with species

significant differences using the o
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for eac

di ffere

correl a

umber

=}

The
and the
number
3.2b) .

l nsi ght

The
hi gher
PUs (Ta
di ffere

consi de
However
occurre
common
suggest
detecti
when <ch

anal yse

h parek)c,e pandnwiotfh Rtolt&k Creek Par k, n
nces using the Chao2 estimated rich
tion between the observed number of

of PUs fr@amitome pplodétocddc memtr el ati o

Nt er’c@pO®8,Rsl opeaku6. 880a0d0p) .

di fference between the observed spe.

observed PU richness from the phot

of photographers increased and the

s from the mechanistic method for t
hierarchi cal mo d e |-d edteevcetlioopne dp rtood uaccecd
e std ntahtee sChtahcazn edsit i mat or as applied
ble 3.2, Figure 3.3c). Frequencies

nt PUs showed similar patterns acro
rable varnadquemcieas thfe dbts@&¥ytviean f (r
, in general, there were | ow | evel s
nce, which were high for most PUs,

(-F) g. T BsepSeac iRfW Ixi Ipirtoi es of occurrence
ed that detection failures for many
on, and not to | ow rate of occurren
anging the numbemberf @hoclogs aiphiee s

s are shown in Fig. 3.3d. The patte
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did not change radically as more than two
|l ncreasing the number ocfh acnl gaes sdieftieecrtsi obne yaonnd

occupancy frequencies but did increase the

Di scussi on

I demonstrate a sampling and analysis m
comparison of species richness using two d
national parkguDPin€Cs ©Oemarr ashts showed t ha
of Rock Cr edbeske rRraerdk ,a ntdh eefsa ad malt cetdh rti ¢edimreiscgu e
not statistically significantly different
Rock Creek Park may umbdrecdf amamwenuspeadil ¢s ,h
sampling in this park unit may be necessar
the Chao2 estimator or incomplete detectio
species richness estimation by photodocume
dfif erences among parks as traditional sampl
estimates deriving from this approach conyv
surveys as the number of photographers and
macroli ppeass thaa at | east two photograph
classifiers is sufficient to reach results

The wutility of parataxonomic data for Db
by Krell (2004) evehot hecoghgnt hed thkeatnique

often the only way to get information abou
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parataxonomic data has been found useful [
(Basset et al .et20a00., 22000034;; Waardr &t tSt anl ey 2
2010) , bmuots saelss o( @ni ver & Beattie 2002) and
richness should only be used for taxonomic
acceptabl e sur rhongeastse s( Dfeorrr hanpkesagitehsa traisc2 § 1 09 h
of PUs significantly increases the number

the time spent ((ObBazssaeth e«tl asls.i f2C@®@A) .on

Al l bi ol ogical surveys, cwhientthdroroft hepec
possi bi ldiettyecdfi omgn and statistical-approach
detection and true absence are critical fo

| devel op a mechanistic stadatsd iclatlaiaped ola)

means of the photodocumentation technique

model i-igt @othi on probabilities, this model
detectability and occurrence ofonhe differ
bet ween detectability and occurrence 1S US
campaigns, as well as informing us as to t
PUs in the communities. From our analysis,
eveprlyot in a given park and rPuattekig easy
subr udescetea Fig. 3b), as well as PUs that ar

(e.Fd.avopar mehnMy elagpgehradcdahacrhulsdhhotwed t he sa
patterunpaonfcyocacnd detection in all the park
Even though the geographical patterns o

geographical patterns of rarity (Kerr 1997
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(Prendergast et al . pex92)s. rilckdhmefssr ea,l otntee a

conservation priorities could | ead to | eav
Distinctiveness i s another i mportant chara
it is usually used rmathenppotcesstoboéssébar
The mechanistic modeling framework for the

into the distinctiveness of the communiti e

probabilities of detecectriverd.f drhiesaah | owes a fe
di stinguish communities composed primarily
composed primarily of common speci es. Il n t
macrolichen communities i ncotnhneo np aRlks utnhiatts
varied in their detectability. These resul:
that these macrolichen comnatuonlietriaenst ,wer e do
nitrophilous cBmpeoi apmcl| eegfang, Punctel.

Fl avoeparam gapewvhatlee vesgnbewi pel rateoBspeci ec
preseduckerganngpgiseecirlesatits at

http:// mason. gmy.edan/ apl awpegi CYELiIi tuati on

pobabilities for most PUs would indicate a
PUs. This result is a c¢l ear adevtaencttaigoen odv er
the phenomenol ogi cal model s | i ke Chao2, wh

i nf or mataroing iomd & théec nh bppanrsa meNtorni ¢ est i mat or s,
Chao2, need a minimum sampling effort to p
2008nd they could be used on PUs datasets

than one phoftioglraapher i n the
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Citiz
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(www.

has b
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( Di ck

t hat

char a

purpo

otodocumentation and analysis of PUs

versity databases that are i mmedi at el
es soon after the field work is compl
tsthe Bhrcekdssites and subsequently id
en scientists could play an invaluabl
the collection of data in the field t
spihnogt otghreaphs from a personbhineomputer.
en scientist projects can be found am
zooniverse.org). The advantages of wus
een recognécarmmdunint ¥ ,hearsdciwintth ftilce adve
ata collected with this approach has
i nson et al. 2012).

e photodocumentation pmotacec vle prerchns g
does enextmreagui me toli organisms from th
cteristic of the method if it would b
ses). Moreover, for some remote geogr
e per fspremtesh ldinse ntome onhiysfpasi btel ops i
bl e because it provides a mechanism f

ated for conservation and management .
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3. 1.

Sampling

ef fort

f

or

each

natior

Catoctin 4

Harper's 5

Manassas 3

Prince W7

Roc k

Cr ee3

A A W O b

350
553
221
695
313

308
718
249
795
245
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Table 3.2. S8pedinessardfdrPl@ach national par

Catocil3 15.2 (N Total 19 (N 4.Mean = 36
Mount : Mean = Medi an =

Manas:17 21.9 (N Total 21.0 (N Mean = 44
Mean = Medi 48 . 9

Rock (10 28.0 (N Total 10.6 (N Mean = 17

Mean = Medi an =
* Tot al refers to the combinwhiba méaRUBef
among the determinations. Note that | usec



Figure 3.1. Photograph taken in the field.
(a) aasdci ated digital specimen (b). Photograph take

Forest Park, Virginia.
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Figure 3.2. Comparison between the Lichen Biomonito

the photodocumentation PU richness.

(a) & a@ame shown from |l eft to right, as the data fo
two of the determinations, the mean of any three of
det er mi rvaatliueerss .coR respondi ng mean hrei dhiifdeg efncre tbhhed wf
classifiers and the richness from direct expert sur
the text. (b) Observed richness differences between

phot ogr aphernsunered sdiofff ecrlearstsi fi er s.

55



Figure 3.3. Mechanistic statistical method for th
(a) Probabilities of detection andspecupaocy for
probabilities of detecti on Fdmd opcac umed n @y cfagre r Ra cak

My el ochr oa Paurrnuolternetnaa ; hBitlpaod o phpwsicd;easSlpaso p hyos ci a

e

€ a

C

rubropubPbhsai a miPlylxd girea rsadBed d iedtim. TPurdttelei a rudect ¢

10Pyxine caesiCapdei aos$a Pdlonccteelldra;, sludmbdéctari a

mammu)l .at@ac) PostefibrcdestPUbutcbness for Rock Cree

detection and occupancy for different numbers of

for each park unit separately.

56

p h



ChaptUndedr:st anding | ichen diver
Peninsula using parataxonomic u:

rio chness

Abstract

Expert collection of specimens in the f
species is the best method for determining
paucity of botanists working in Antarctica
scale $uAmegscbic floral bi odiversity. Lic
of the terrestrial Antarctic ecodysttem, an
terrestrial ecos-fseemt eMaprygtdi ati habitats
reperneesed in the current network of Antarcti
di fficult to identify appropriate areas fo
di stributional patterns of Antarctic flora
Anttairc | i chen species are-efidtecetomwmei sedve@or
met hods and surrogates for the prediction
assessments of | ocal bi odiversity and helop
combi nat itoongro&pihtiicp bmappieathstor the coll e
and the use of parataxonomic units (PU) ri
richness might be an effective means to co

buil d dateabeacsoessy sacanenm'hs di versity. I have de
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gat hered photographic information on | iche
visited by tourists. |l test the identifica
Antarctic kFiomhéehei dda e s Nf tainadn aslh oHwerdb a rhiaum a
Sspecies used in this test can be detected,
were able to identifyTwdret gwemiurse osi ttde W@rr:
photographically amdvegedi bysreseweehe?2809,
in the Antarctic Peninsula. | estimated PU
each ofsitbde 29r veyed,xaanmpd epsr coMi ddea ttah raepep | 1 c
surveys provi de purseelfiumi nfaorry iidnefnotrinfaytiinogn ar e

and priorities for future research.

Il ntroducti on

The biogeography of the Antarctic Penin:
pronounced | atitudinal gradients and its g
Licheme a@momeninant and most diverse macrophy
ecosystem (Smith 1984). Crustose, fruticos
cryptogamic communities, especially along
recent isahluedry roincHness drivers on tthhaet Ant ar c
patterns of richness observedlepuesndhgntmuared m
|l argely unexplained by the biogeographic v
(CasanovaXx) .etHoawe. v e2r0,1 data available for th
are a significant heterogeneity in samplin

Antarctic Peninsul a.
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The i nput of-binudsia&amd sséyl seian t he i sl ar
an piomtant factor that influences | ichen di
& Wild 2001; Smykl a. eltt alhas 2I00&dn <Smowm Q20O&€t
colonies in particular affect the diversit

compositthieon icfhen communities change as the

penguin colony, Smykla et al. 2007) and th
islands with bigger colonies, when col ony
Casanovas) et al. 2012

There are extensive areas of the Antar c!
were never coll AStand( 62dAS, bE€Enwadomabyet a
sites frequently visited byPaaturaetstasl | aZzk0
Chowmd Covey 2007; Chsraaiwd/saseTehtadae .2@402;2) .
severfarlea cteerrestri al habitats in the Antar
current network of AntarctiTherfnteaxrteetdi car e
Peninsud ai cldheangi ng dr amatdi daloldy ve€Cosnuvwegy =
inventories &doe astabdaménngl baseline cond
judge changes in flor.al abundance and comp

Protadtei fd ora of the Anttar dthiec ARMd mirrcd ulc
Treaty Parties, and visitor site guideline
l anding sites as a priority for conservat.
and damage of vegetation asseweraf pbapubpat

touri st I(aredierdgp artebhdwe V2&r0,j9s 2dilf2)i cul t t o

appropriate areas for |Iichen conservation
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not available for most of Ahtaheni especri esco
Expert coll ection of specimens in the f
species is the best method for determining
paucity of botanists working in Andt arctica
scale surveys of Antarctic floral biodiver
| ocal bi odiversity and hedfpf escetliewda wuaurevaesy f
met hods and surrogate methods for the pred
commati on of fAai tpihoe vy mipehadch st or the col |l e
and the use of parataxosmamiy dinstisngd®iUshabl
external mor phad ogyhaKkiretrficrhb®gEnht beyiang
poslseé bsol ution to effectively collect preld.@

dat abases on ePaspstbemaodyvensi bgen used s

prediction of species richness in differen
macroinveraebeaetesal C 2004), coloni al reef
vascul ar plants (Garrettson et al. 1998),

Afci ti zemi s caexmpbeirst per son who helps col |l

with a scientifiThe udiproescet (pCaorhtni 2i0opa8t)i.on of

data collection efforts provides informat.
i mpossible to collect using traditional me
2011; Dickinson et al. 2012) .

I'n paper , Il show how such a diversity deze
approach. I combined a phot-ogirampthi €t swuir ¥iety

the Antarctic with classification by parat.
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domi nant emaorfopghtyt terrestrial Antarctic ec
Antarcti cToPdreisisulhae. i denti fication capabil
classifications, | developed a photographi
from t he al. Fer MNeartii wom. I also compared | ict
richness for the I imited number of sites w

From photographs taken in the three aus
2011/ 12, differehateéeédchent P&siiswker ®aneeh scat al
To date | have collected 1804 speci mens fo
richness as a proxy for species and genus
Using these datamplle profvidatda tehp rlei et i ons,
ecol ogi cal guestions on community composit
and other taxa, to specific questions dire
Antarctic Peninsilea ef Igparmoav.d ydsed dp rt e loinmail nl ayr,y ti

useful for identifying areas for protectio

Materi als and Met hods

Phot ographic dataset

To date, 29 sites have been surveyed al
and 7 ( mecaine ndt)i sntosh phot ographers participat
1 and 7 (mean=1) separate surveys were com
the photographers were variable, but none

According ptrottemeoths, tpwady i ci pant took pict
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macroscopic |ichen seen at a given site, w
the time avail aBl eaoanr sghorUes i(hwgs wmalbllyack and
included Iistaadlhrq hwhidt, el bal ance i n each pi
i sol ated all l ichens from the photographs

(Abramoff et al. 2004, Ferreira and Rasban
identification nafidiegiathal afsagsre ctiohmiessi dpearpeedr .a On
speci mens were i sol atsdadnulttharneseo udsil fyf earnedn ti ncd
classified them using ITvstedal and Smith (
the reference datasedi f maayl 8t icheinmppeci els
without a physical specimen, therefore | ¢
parataxonomic units (PUs) and not true spe
identified among them depentdedquoalthg ot mb

photographs and specimens, and varied acro

Reference dataset

With the objective of testing the ident

(e .hiow similar were the determinations of PI
species being identified), | devel oped a r
photographed were known. Even t hough, as m

many s pecheesdectaenrnmitned only wusing their ext
classifiers used the photeodalaphrsd al8mi diesCc2
as a guide, and | expected that some speci

classificatiomsthiTher e fmargerscd rdat aset wer e
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with the i mages taken in the field.

I n coll aboration with the Core Collecti
Smithsonian Department of Botany, | | ocat e
met adat at droat i3 PAmysi cal specimens represer
|l ichens. The U. S. Nati onal Her barium host
Mason Hale to #8bhg , Amtsamwetlilc acE1d&8@l i cates o
obtained drmrmar iod .heForh each physical speci me
photos of the sheet on which thepsollectio
These -rdedar d and i mages) became part of tfF
to | ichen r eisdeea.r ditthdrreseewnld r Ircevg@ ear ch assi stan
ficl asejafcitemyg i ndlepenidfeined yt he | i chens on th

collections dis$migt H vc2@@nan,l 2amM09) as guides.

Data anal yses

PU identificati onsanaf ctohrep arre fseorne nwci et hd ast paescei
identifications

Al l i mages from the reference dataset w
t hree cAatsestidli eafs.12 species and 7 genera v
dataset, and the PWS8r Pdulstpxe cg lesweadc da 8mePdin ¢

lvstedal and Smith 2001, 2009 as guides).
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Esti mation of PU richness for di fferent si

Esti mates ofaspealiwaysi dbpesdent on samj

(Boulinier et al. 1998), dauned tnoa ntyh eP W iwfiflelr e
abundance and detection probability of dif
2002) . Because of this, | e s tpiamatmed rtircue s
estimator Chao2 (Chao et al. 2005).

Compari son dwattahs entisst or i c

Seven sites surveyed with the photodocu

surveyed before, and estimations of speci e
(2012). | compared the observed and esti ma
observedtamnd nasnbiema species in each of thes
Examples of data applications
Mechani stic model for estimating species r
presence

Using the photodocument atiuesmdpmaaotocol a
mechani sbi esmodat et of PU richness. This ap
probability that different PUs have of bei
photographer and a classifier. | wused a mo

proposed by Dor azmud tetpleal .cl(as0s06&)i,erusiamnsg r e
photographer analogous to multiple observe

photographers at the same site in |ieu of
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Sp
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Pe

ma

w h

pe

pe
t h

ecies richness¢cyaasanaved é¢ét acstitbhe estumanes
served PU genera. | did this procedure w
mes (Whalers Bay and Jougla Point, seven
vel opment Core Teafnt walrleO )( Launndn Véitn Baulg.s 2s000
05) .

ngluiicnhen rel ationships

I n the Antarctic Peninsula, penguins ne:
cumul ated excreta, these penguins contri
atus ofumheMgyubbarat al. 1985, Smith 198
|l onies vary in size from one site to ano
| ocal scale, the input of netbtirridesnthsasbya c
j or ionnf |fuleonrciesti ¢ richness (Smith 1978, ¢
Here | <correlated |Iichen PU richness wi:
ere information was available (22 of the
ngui n coltoen,y Isisauamsattth esa Ipsem d aonccceusr roifn gt hr e e
ngui nPggescebki § antarcti)caandP.t lpeamp uav ernag
ose abundance across visits. Average peni
om 271 to 6,0d6@Mimrestag.e Alolc-atneed icaete t he s a
astal areas delimited in this study. The
om the Antarctic Site Inventory database
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Tourliisamhen rel ationships
Touriimnt hec ARemirmsul a has been increasin

Envirommemtcal in now one of the most i mport

in Antarctica (Stewart et al . 2005) . Both

relatively

t icntyi cfar atchtaito ni so fc oAansttaarl and free

this activity | eads to concern over simil a
(Stewart et al. 2005). Trampling and damag
Tejedo et al o(f2 0%, p2ohle2n)t iaasl chnueman | mpact
areas. Research has al sod&ahivgHInieghatbed ittlye tA
medi ated introduction of both native and a

Here, |1 |l ooked at comirehmées osnandettiweemur
tourist visiting 20 sites (of 29) where su

information o

Antarctica To

includ
cCruise
of tou
at eac

2007,

ed in t
ships
rist wvi
h site

2008) .

n tourist visitation comes fr
ur Operators (I AAT®)ar &nl y t he
his analysis, which account f
operating and 90% of all the
siting each site wasvicadltoulsat

every 4 eaDBre,s 2far@odnm st (el A2A0TO3 2 0

6 6



Resul ts

The complete metadata and the | ocation of

|l ichens of the Antarcti d xPednilnsul a can be

PU identifications of the reference datase;
identifications

A total of 12 species and 7 genera were
the PU results showed a mean of 18 aPd spec
Smith 2001, 2009 as a guides). For 74 perc
identified the genus of the specimen corre
|l east one classifier identifieded htehegenus
species correctly in only 13 percent of th
the species correctly for 69 percent of th

dat aset were detected.

Estimation of PU richness for different si
The estimations of | ichen PU species anc

4.1, and this I|list is part of the overal/l

Comparison with historic datasets
Table 4.2 shows the observed number of
sist,e as wel | as the number of physical spec

Except for two cases (Half Moon I sl and and
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from historical records and the number of

Examples of nbdata applicatio
Mechani stic model for estimating species r
presence

For the two different sites, PUs occupa

di fferent patterns of detection and occupa
pr oiblaibt i es were different in the two sites
were some PUs that showed similar probabil
Siteeggcbroapduragi ddpscdhemmean PU genera riclt
Bay 4®m.s5 (N 10.4) PUs and the mean PU richr

11.5) .

Pengluiicnhen rel ationships

I found a significant correlation betwe
(using observed or estimated PU genera or
colonies (Table 4.3). These res&l0d29goncur
whi ch af sumgdi fi cant correlation between 1|ic

hi storical records and penguin colony size

Tourliisathen rel ationships

I found a significant correlation betwe

(using gevpelrwme dWs0s.pecivmd uRYysaAdORhe number

6 8



Vi sitors t(Thheas egiaven exipteet ed results becaus
sampling effort, the most popular sites ar
events in thisddat almbasé.i ndowevcver,rel ation b
number of PUs (-valog gef@ebd ;- Phlsuspechd.eG8)PU

and the number of vi sitors to the sites st
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Di scussi on

Using the reference datasehofvedmtbhhée &im

determinationspécigahiesta Wiyt momi ni mal trai n
mor phol ogy and taxonomy is very accurat e,

The ability of accurately identify gener a

data collected for answering ecological an
hard or impossible if the data were depend
specially in the Antarctic Peninsula, wher
exepnsi ve. Furthermore, this technique all ow
certain genera are present, and then targe

having to spend resources on surveying are
survewedshutgenera have not been found.

The estimations of species and genera P

this study are the only estimations avail a
useful to compare diversidrnyd amoaigursea merst, s af
the protection of flora in the Antarctic P

Comparison with historical datasets sho
estimations were very similar to the estim
Petermann | etdamdr @ophdt ographic surveys to
di fference with historical datasets is due
|l ichens on the island had changed over the
coll ected from HadtforMowmall Irsd anrddd ,n drhde thhat

of the difference between the richness &est
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the photographic documentati on.

The data provided here are a unique res

the ecollbigygamgr aphy of the I ichen flora i.1
provided two examples of data applications
the data for detailed analyses of the rich

each sisecoanddomnkeeshowing the relationship

di versity of |lichens.
The mechanistic statistical model for t
the detection probabilities allows for a m

communities that the simple estimation of

|l i ke the Chao2. For instance, |l can show a
there are many rare PUs in these |ichen co
find on the field). Also, | can i1identified
This is not only useful when comparing amo
answering other ecological guestions, but
area.

The correlation between penguin colony
with resul test p@l0.C2y awbivak found the same s
using data derived from historical records
i mportamewi mg this relationship between t w
on the Antarctic Peninsula, this demonstr a
be used for ecologicalscdludidkst & head!| |Ibeemteifar

correl atni amubretsweeand | i chen richness, and
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site themsel ves, could be use directly to

in terms of the protection of the Iichen f
Il n sunhneardyat aaset of |uncihtesn so fp atrhaet aAxnot naor nti
Peninsula devel oped here will be useful fo

guestions regarding Antarctic Peninsula |
information useful for ideati fyesagfarehstt

research.
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Table 4.1. Estimation of PU species and g

m

Barrientos 114 17.6 21 28.5 4
Il sl ands)

Baily Head (8 10. 6 9 12.1 3
Il sl and)

Booth Islandl3 53.5 18 67.0 6

Cuverville 115 19. 5 33 117.5 4

Danco | sl and?9 N A 12 N A 1

Devil I slandl3 16.1 14 20. 4 3

Georges Poinl9 103.5 32 59.5 4

Hanna Point 14 18. 9 20 44 .5 5

Jougla Pointlo0 10.0 18 24. 7 6

Petermann 1s10 34.5 9 33.5 3

Pour qua pa 13 N A 20 N A 1

Spiegot Peak5 5.6 6 10.0 3

Torgensen 1 s12 14. 2 3 5 2

Wat er boat Po1l4 18. 9 29 62. 3 4
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Table 4.2. Comparison between PUs data anc

Hal f Moor33 13 21 273

Cuvervill31.6 34 62 307

Brown st 8. 6 5 9 33

Hor seshoel3 17 24 93




Table 4. 3. Results from the correlation be

Observed number 0.23 0.01 none

Observed number 0.26 0.006 none



FigurMedhdni stic statistical met hod for the esti mat

(a) and (b) PU specific probabilities of detection

and (d) Posterior disftarn bWhaloemr 9fBdy cdhrech Pdugli & hPheis
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tions suggestdsaisatrong |

|l studied the relations
i ag, aPongnt @dectAintay cP.i cp
es ovelnveetloayt &a@dyear

s that are most effectiyv
a wurchacent e-imgp & nax m @t ,S ¢
MODI S atth&eaWhES dat a) .
s related to the presenc
s I mportant for deter min
vari abl ese adfecdii fnfge memtg
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Il ntroducti on

Penguin popul ation abundance on the weste
(AP Ibaen changing over the | ast 50 years, &
environmental drivers associated with these
& Murphy 2002; .Mpmehretcealkl]l y20L2searchers ha
clmages in species spatial distributions as w:
di stributi @resmpiog atlh a i ssp awiiibmitteiro ma nopfl iifciec.atMiod

warming trend can affect the exsgeaticde hed cakere

(Smith et al . 1999) and significant changes
sea ice around Antarctica (Whiclod stalkd €xani so 1
if asisbesea ice that has fr ozefnr canh olnagn d& hien tcoo atsht
ocean) exhiabnintusalhivgahr iianbtielri ty, the durati on
decreasing (Murphy et al. 1995), Ilikely as a
1999). Antceer chtaisc aslesao b eteenr nihddeecr g oi sgpaai honeg.

particularly in waters neawesheW8ddéehl OBkaey
(Murphy et al. 1995). Moreover, the northern
been shrinking over the . Saogsweutbhornyse almasvd Vaeaga
on the importance of sea ice changes on the
al . 2007) , because the alteration in sea ice

marine fauna through shabfittsata safsorb eiactee thi hgoaas

(Cl arke et al. 2007)
Besides ice, the | ocation of penguin bree
regi onal penguin popul ations among sites cou
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and/ or sea surf adad vteamp earraet umoeg.e Toresdess | mp
of the year depending on the breeding phenol
may be differentially sensitive to change. T
t he abundankeiEufp hfarutsa Jac tswmpaeelbya recogni zed as
bet ween primary producet*tseandgmary tpdpuwltatsi, o
penguins (Knox 1970)

For this work, | studied the relationship
of penRBwgonscdlis adeliag, aPongnt darecwiecsd er . Ap
sever al environmental factors hypothesized t
patterns of diastmwuiabutcihh@amgamsd iinntdr oceanogr

hypoteldedioz i nfl uence penguin distributions ali

AP. Empl eiynifnlgatzeedr o0Poi sson and Bi nomi al regr e
abundance in combination with broad scale re
di fferendt pemgaiienss amare influenced by these el

Materials and Met hods

Dat asets

Penguin data

The distribution of penguin colonies alon
19 years for more than 169 sites by the Ant a
monitoring program of AP breeding birds unde

sci eamde educati onal foundati on. The ASI i S ur
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in that it encompasses the entire Peninsul a

of Antarctic biogeography ¢Naviee m a& ulryen cohf 2tO0l

daaset is ideal for exploring what factors d
relate to other organisms in the Antarctic t
colonies, and the mean nest countsifes the d
where there are colonies present, as the res

whi ch usaeb spesnecuedsob here we have known absence.
the space of wunsuitable habitat; sl fiomcdrmgor a

anal yses of both occupancy and abundance.

Remote sensing and bathymetry dat a

Five covariates were considered in my pen
seiace conditi-anspnchkbhoraphgyhl as an indicator
surface temperature, and two aspects of the |
aspect) . | used the November mean for the fi
more influence in previous works (Lynch et a
for these variables are highly correlated.

Seiac et isptaempor al distributi-@6nSwasnéesagi mat
Mul ti channel Microwave Radi ometer (SMMR) and
Programs (DMSP) Special Semdgdort hMi cSrpewa vad / I1Smea
Mi crowave I mager/ Sounder (SSMIS) passive midc
of 225 kmused the mootehkypnmeahsatoonsewawhich a

averaging all the avail abtlhe, deaxidlyu diinge spifxoerl

80



mi ssing data. The data were obtained from th
binary format, and converted to ASCII for mat

Primary marine production was estimated u

measursemdntocean chlorophyl |l data derived fr
spectroradiometer (MODI S) , I n -vorebwitn go nWi tdhee A
Fi eolfMi ew Sensor (SeaWlFS)2, ilnusreldi tt hen | tetvee | O

mergedplynhblbdoumt (concent raatiino®mgo/vi thl arspatyi &
resol uti2onThd ®atkean were obtained from the Oc
(OBPG), Gl obal Change Data Center, Earth Sci
Directodandce, SgGaoade Flight Center, NASA (httop:
hierarchical data format and converted to AS

For sea temperature spatiotemporal patter
(SST) derived themAyodlI gl atfomm. SST is deri
infrared channels wusing two elhRameneirs i n ei th
channel s-iinfirahe eshi.die)gegi onl (u3s.e8d | evel 3 month
(@), with a splatkimmThe edatl atweme odbt ai ned fr
Gl obal Change Data Center, Earth Sciences Di
Directorate, Goddard Space Flight Center, NA
hierarchical dat a f orrmeatt amd nogo rEVSeRrlt éAd ctGd SALS

The bathymetry dattolwer é&eprspwitd ead [Cye ntt lee
of Eart hUnScvieernscietsy, of Kri ensncelswttiao n()i.n Taw o5 Oc hna r a
the bathymetry were used in the analyses, sl

estimate the sl ope, the maxi mum change in el
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cel | and its eight nsetiegehpbeosrts dwawsn hiid el n tdiefsiceedn
The output rasmedewaeecalflous athedmaen.gl o odal cu
aspect for the bathymkbtuey data, 3abpl @aneet b n

around the centierecacteildn itso fwhiteehld.t WThepldane f

given cell . The values of each cell i n the o
surface faces at that | ocation (measured clo
north). Botsh weeraes ucraelnceunitat ed using the speci

Al l raster data was subsetprntomj ¢ hteed® nitrar ct

ArcGl S10 to South Polar Lambert Azi mut hal eq

Habitat characterization

| focusedpengbrepedohgnies, whiicde aranadl wa
such as occurs on the islands in the west S i
coastli e eemedranidce n the AP mainl and and i sl e

sets of ewaiirabmest abne set for each penguin
buffers around each point, with radii equal
each penguin species respectivelycekFomrseaach
sur feartpee rtat ur e an cc oonhcleort apahtyi loln) I calcul at e
deviation values in the over water portion o
range was described by Trivelpiece, Trivelpi
oPygoscelid penguins at the ti-thewerksthel deas
chicks, in Point Thomas, King George 1|Isl and
Ad®l i e penguins and 33 Km for chinstrap peng

8 2



For each of themumraat!l msnt memedal magi for
area where penguin colonies are present were
mi ni mum values, I mapped tfhree ea vcaoialsatb iolfi ttyh eo f
Peninsul a. I al so icalrd wluati eodh tfloa ftrheeggee vaay id

the penguin species separately.

Modeling frameworKk

Penguin aAbasndascgnificant number of true
know that a given species of pemtguimodesl str ul
for each speci esnfweartee df iPtoiusssionng aznedr onegati ve
model s. Thes ec ommopdoenlesn ta rneo dtcewos combi ni ng a po
t he Poisson count distributiormrnacre a brseqatei v e
data. This modeling framesperlki aancommdodhat e att a

shows the model devel opfmemtt Hfe oRmo iMagdrn nc aede .a

DI Wad p NGO NnwAID_a

s s AGBP_G g L
LIw 1"y N TR h plghssh
wmMi Q
at G | 7
biga 1 1 4
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Equatp@refresents the prohiavdigengr athad ahrobglerrvawl iom
distribution, irrespective ofewdh estfdrleanpertehsee nothss etrhvea tnieoar
number of nests at site | and and it can ubgegh eaxpr es s ec
l og tranpfpamabeoaxpressed as a fumoasiaoag afl bbgetexpl e
transf dfamadirieopor.esent constant ter msbanbhaeaehveegoessi o

representing the toeféacheaexpl easdatomayevariable fittec

| analyzabsgpmesemnae abundance separately,
data on the ASI| -abasteaalteeseo®fomoproes erscd han on ¢
at the colonies. wberltg gaeangufnompectes are cao
absent where used for the development of the
(sl ope and aspect) data and the oceanographi
a and sea iceratetegnt bacbasp sbpabathymetry
poor resolution in some areas of the coastl]

The best models among the candidate set o
model s with the deviance infora2n@@RBhins criter.i
criterion is use for model comparison in con
models in terms of their fit and complexity.
exhaustive screening of all/l posrsg bttlee model s.

statistical package R (R Development Core Te

Resul ts

Habitat characterization

Maxi mum and mini mum values for the coast a

8 4



present are shown in Table 5.1. Figure 5.3 s
unsui table habitat wusing just the maxi mum an
for Ad®l i e penguin colonies. The other two p
There were no significant differences among
presented for each variable, and the frequen
similar patterns among species. However, the
(Fig. 5.2). Chinstrap colonies aogleonioeated i
even wheqannhali vtaen abi l ity is higher in the
gentoo colonies are | ocaa ecdon cne matrreaatsi owh eirse It
where Ad®l i e colonies are in geeas aWwWheHewehkhe
i nea@emual variabtal iitsy | fweahlrer aghwlel t o the a
species of penguins are | ocated. I n relati on

colonies are | ocated in £s8ss steep areas tha

Habitat model s

The results from the habitat nraobdseelnsc eshowe
of colonies is not explained by the same var
The best models are shown ich Tafblteh &s €, mad eln
(only model@8l € haft lheasyse tahan 3 units are show

with their reBlp@cdrneel iDdtCed nidn Appendi x 5. 1)

that not all model s t hat dmicfliuadeen telnw i diofnfrmeernd
the null model s (a model with only an interc
For Ad®l i e penguins, bat hymetry variabl es
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determination @abspecguion pbheadrdrOE e SS. I n cont

i mportant for the | ocation and abundances of
sl ope of the coastlines appeared I mportant f

Al l oceanographic variables appeared i mpo
pegnui n abundanaes, amut temlpyersadair e were | mpor

absence of col oni es .-i cFeora pcphd anrsee d agps ptemeg ud mlisy,
explaining abundances oni déhiangealgpubmnowgdy loini
toe brel ated -absteheepoétsentenies along the AP
colonies, all variables appeared I mportant i

absence of the col oni es.

Di scussi on

The use of ocean enwviarionn mehnet adli-lswt ar dibaubt i eosn

colonies has been extensively tested in many
sites i srandgohth yammdonis correlated with the ma
Fraipont 1998). Hheer eo, ¢ el a nhoagvrea pshhiocw nf atchtaotr st r e

or absence of colonies are not always the sa
the abundance of penguins breeding at the si

Whet her or not a penguin colhanyeifd egrnteadn
the conditions at those areas when the pengu
necessarily modern conditions. Most penguin

hundreds of years old (Emaliwe g2®0®dbp, cwil omi & s

86



h

ad been established in the |l ast 10 years (L
ompetition for food during the breeding sea
tage, | imit the numaeraoéacpOphepeessi & Bienbh

However, Ainl ey, Nur, & Woehler (1995) showe

p

t

hicks does not explain differences in size
pecies. They attri buanec et hofs froeosdu |stu ptpol yt hdeu rs
reeding season in polar regions. I n these a
uitabl e areas are not all colonized, the ro

f penguin breedi mgtakleoani @$ calacscosmoulich B ut
ormation and distribution of breeding sites

The results from this work showed that ba
n the characterization of chinstrwep and gen
ound that Ad®lie colonies are not related t
ontradicts what was flEprod wwhyo Ffroawsred t&h altr i 5/ e
iggest colonies in the AP were assoeciceatdd w
or the understanding of the role of bathyme
sing maps of higher resolution and |l ooking
omplexity of the ocean basins around breedi

For osddwemsi ed by penguins, different speci
references for the variables tested in this

hese environmental factors affeeq@t penguin p

Trivel pi elc9e8 7e;t Farlaser & Trivelpiece 1996; Cr

\'

ariables are related to changes in number i
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for many years (Lynch et al. 2012) . Her e, I
detiemimng the geographic distribution of <col o
three Pygoscelid penguin species that inhabi
For all speci-eceoéxpemguampeansed as a sSi g
determining the nuonbenTiheed ppefhguires habithates
species are | argely defined by the presence
Trivel piece et al. 1987; Trathan,et al. 1996
2006 ; Ly nc lE xdte naliev €00vle2r) in | ate spring and
physical barrier preventing access to breedi
i e¢teol erant (Lishman 1985; Trathan et al. 199

Forcada et al . fRO@O63 .t Beadiseriabsobi an and bi

required by kril!]l | arvae to achieve maxi mum
200By3tensive and persistent ice conditions f
winter ice conaedtyr dteimmard £ mrocmmaltad e evel opmei

& Loeb.S199HmY changes in sea ice extent might
variability on primary production; the south
accompanied bynatseutoclcwamd pshimfatr yi producti vi

For Ad®l i es and-ageminecesntrahli omomamyl Ivari at
significant relatiobahge whythoplagki oan nloimbem
austral spring ndnswamer s @aamrstice alt ad! wi t h i
continental shelves (Sullivan et al . 1993; \
2003). Spring and summer phytoplankton bl oon

(seavi ewi rpoglv iwvd vd es ensedfll) datsltarn dphy on, i nfl uen

8 8
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n though the environmental variables t
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clvaei wbhdsand sea surface conditions,
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w cover plays a direct role in deter mi
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|l ooding and subsequent nest failure (E
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Table 5. 1. Mi nu muwma lamels maxri mt he environment al var.i

SST NovemB&)r mn -1. 82 -1.53 1. 73 1. 32 1. 75 -1. 04

Chl or@apiNyplvle mbe 0.13 0.22 0.114 0. 214 0.13 0.33
( mg3j m

Il ce Extent Nov 0 50. 8 0 50. 8 0 54,
(percent of oc
i ce

.
)

Sl ope 1.07 16. 0! 1.07 15. 1! 0.18 69
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Table 5.2. Best models for explaining the

Ad®lieVlia ~ 1 + V2 + \0.000 192.0.58

ChinstiVia ~ 1 + V7 0.000 -19. 0.00

=
+

Gentoo Vlia -~ V3 + NM0.000 176.2. 26

Ad®l i eVla -~

[N

0.000 215.0. 93

GentooVla -~

=
+

V9 0.000 300.0.00

Chinst Vib ~ 1 + V2 + \0.008 42.¢.00

Ad®l ieVlb ~ 1 + V9 + \0.083 88.10.00
~ ChinstWVlb - 1 + V9 + \0.200 64.(00.00

GentooV1b ~ 1 + V10 0.191 134.0.00
Via = count of pengabsenestsef pMéb)gei preska
V2 = SST NoX¢mb¥BNmeSBOTEC) ;SDV4L = -EhNowemhgsg
(mg¥ m V5 = @hINorvepbyelrP) SDVeémg/ ¢ me Extent (DN
Extent (November SD); V9 = Slope; V10 = As



Figure 5.1. Marine variables used for the analyses.

The buffers represent the foraging area around sites

or absent. Al i mages are November means for the vari
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Figure 5.2. Defnori tayl Idiwadrriidlultdsonstudi ed, at sites wit
col oni es.
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Fiug e 5. 3 haduatntadda bhlaebi t at out si de t he prteufddoerded range f
Ad®l i e pengui ns.
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Appendi x 2.1

Maps shbeisgtes used in the study. Base maps
Database (BAS, SPRI, and WCMC 1993, |l ast acc
for the maps is South Pole Lambert Azi mut hal

10. 0.
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Appendi x 2.2

Papers with moss and | ichen data wused for th
1. Aptroot, A. & van der Knaap, W O. (1993)

Shetl and | sl andsl.83¥®2v.a Hedwi gi a, 56,

2. De Leeuw, C., Aptrodhe AicBeWamndamtrgophhy
vegetation of Cuverville 1|sl-44&@®., Antarctica.
3. Martins, M. F. N., Spielmann, A.A., Put zke,
on mame substrata in Decepti oar dtsilaan.d,p.Sout |
Ciudad Aut -noma de Buenos Aires, Argentina.

4 . Pereira, A.B., Put zke, M. T.L. & Putzke, J

Peninsul a, Ki-Angt agecotrigcecea *I sCoamuni dades Bi ol - gi

Kel |l er, | lTAat Reada d &@mo Geke Pesqui sa S®r. Bi o. ,
6 B7 4.

5. Pereira, A.B., Spielmann, A.A., Martins,
communiti€sekrameiaseof keller peninsula, kir
Oecol ogia Bfidsiliensis, 11,

6. Smykla, J., Wogek, J. & Barcikowski, A. (
Penguin Rookeries on King George |Island, Mar

Al pine Rels#&®51l.h, 39,

7. Tatur, A., Myrcha, A.i o& Nife gadbdaznidsozn,e dJ .p e(ni
rookery ecosystems in the madil¥7i me Antarctic
8. Victori a, F. de C., Cost a, D. & Pereira,

communi t-f eesei arease adjoining tdhomi PalltywyhBay.,at

10



King George |Island, Antarctica. p. Ciudad Au
9. Winkler, J.B. (2000) The role of snowcove
maritime Antarctic (Potter Peninswlhai,ngKi ng C

371, 151.

Papers with penguin data used in this study:
1. Aguirre, C.A. & Acero, J.M. (1995) Distri
Channel, Antarctic Peninsul Mardoei @gnit hboll 6§
2 3, 1113249.

2. apa, B. & Arrieta, A. (1971) Las aves de C
Chi l-ecemmas 0 y dResvt.r iBoiuocli.e2nm&r ., 14, 221

3. Chwedorzewska, K.J. & Korczak, M. (2010)
the vicinity mf KAirmcg oGeskrigeStlastlisond ,48Ant ar ct i
60 .

4. Cobley, N.D. & Shears, J.R. (1999) Breedi
(Pygoscelis papua) at a colony exposed to hi
Bi ol o8wi836D1,

5. CrJo.xPal I& Davis, L.S. (1999) Penguins: par.
Ornithollbyy, 27, 1

6 . M&chear ze, -Schwa rMgd,l eD. (19 A5)urA rsouorkveeryi eos
of pygoscelid penguins in the Antsarctic Peni
7. Poncet, S. & Poncet, J. (1987) Censuses o0

Peninsu8a. BmMOi8t3i sh AntarctlizZz9.Survey Bulletin

10



8. Shuford, W D. & Spear, L.B. (1988) Survey
Sout h SheatdlsandAnltsalrcti ca. Britil®ho Antarctic ¢

9. Tr at han, P. N. , Forcada, J ., At ki nson, R.

Popul ation assessments of gentoo penguins (F
Antarctic ououer stskane, Bort Lockroy, Pal mer
Bi ol ogical Cons3r2v8a.t i on, 141, 3019

10. Zale, R. (1994) Changes in size of the F

from Lake Boeckell a298&0#édment . Ecography, 17,
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Appendi x 3.1

Description of the mechanistic model wused fo
model and parameters description, R code for
dat a.

This modeling approach draws heaRoylyeon the
(2005): here we summarize that :model i n th

The probability that a PU is detected condit
nw™ 0h o © p O p Ow

XiFt he numbe of photiogr ppwerdenthiati ¢édumy KR Uc
d 7 probablllty of detection of PU i given tnh
arF probablllty of occurrence of PU i at pl ot
K = numbe of classifiers

I () = ﬁtmnlazlciad)m:,r equal s one when its argument

The effectspecacth fli-wpamidioiPdJ di f ferences in rate
detection are model ed as:

| o ghid=t i(tu ;U

I o qli)t=¢(+ ;b

uanddemnot el ®pgecifdsect s

Uanfgdenotleewdlt eeffects, and it is assumed for
val ues.

R code for the model and i mplementation usin

###Code modified from
##Ht t p:/ /-ppwrwc . mbggs. gov/ site/ comaoenitymodel i ng

l'i brary("reshape")

l'ibrary("R2Wi nBUGS")

HUHBRHHBHUBRH BB HHBRH

#Write the model code to a text file (used t
cat ("

model {

#Define prior distrivedt mModse!|f graramememist y
omega ~ dunif (0, 1)

10


http://www.mbr-pwrc.usgs.gov/site/communitymodeling/software-code/

u. mean ~ dunif (0, 1)
mu.d og (u-ImeganImean)

v.mean ~ dunif (0, 1)
mu. v og (Vv:-Imegt(nIne an)

au.u ~ dgamma(0.1,0.1)
tau.v ~ dgamma(0.1,0.1)
foolri in 1:(n+nzeroes) ) {
#Create priors for PUs i from the community
wli] ~ dbern(omega)
ul[i] ~ dnorm(mu.u, tau.u)
vii] ~ dnorm(mu.v, tau.yvVv)
#Create a |l oop to estimate the t matrix (tru
for (] in 1:J) {
logi t (pus[ii[lj , i ]) <
mu. pstpsii,[ij], i<] *w[i]
Z[j , 0] ~ dbern(mu. psif[],11])
#Create a |l oop to estimate detection for PUs

for I(K[jh) | _
logit(pyfjik,i]) <
mu. p[ rplkj, ik, i<] *Z[j, 1]
X[j,k,i] ~ dbern(mu.pl[j,k,il])
} Pl

#Sum al |l PUs observed (n) and unobserved PUs
ri chness

n<-sum(wWj (6m+nzeroes)])

N - + noO

#Fi ni snhg wrhiet itext file into a document <calle
} ", file="basicmodel . txt")

HUHHBBHHB B U BB H BB HHRH
##DC | ichen dat a
Lichemle@d<csv("DC_ | iche)ns I dentifications. c:¢

HHAHHHBHH BB HHBHE BB HEH
## P RWI = Prince W lliam Park unit
#Sel ect PRWI ddadtas eftr om t he

10



PRWI P-Ui<chenl D[ Lichenl D$Taxon_Ilevel =="PUs" &
& Lichenl D$site=="PRWI ", ]

PRWI Mmel t ( PRWI PU)

#Reshape the tables and select the informati
#Rep = the classifiers thaspbeavmensdenti fiers

PRWI Ida<t a. frame(cast (PRWI M, pl ot + Photograpl
Protocol))

PRWI PRWI-%]| ,

names ( PRWI"TPodi nt ", " Photographer "™, "PUs", " Rep"
PRWI dasaemit ( PRWIT)

PRWI dat ar$eOc(cl ,< di m( PRWI data)[ 1])

#How manyf ocri teiancchs P U

PRWItotal.count = tapply(PRWIH data$Occ, PRWId
#Find the number of unique PUs

PRWIuPU = as.character(unique(PRWIdata$PUs))
#n is the number of observed PUs

PRWI n=1engt h(PRWI uPU)

#Find the number of uniqgque plots

PRWIupoi ntest er @snicihae @PRWI dat a$Point))

#J 1is the number of plots

PRWI J=1ength(PRWIupoints)

#The det edcettieocnt/inooon data i s reshaped into a t

#array X where tjhei §itrtsea pmliontesr;sitome second
#di merksios,t he rampd (tche slsa gti edsi) mehres iPdun ,

# the arrakset Bmentumber of phoiiongrpadphter s t ha
#i denti fie@¢@ by classifier

PRWI junk. melt=melt(PRW data,id.var=c("PUs",
PRWI X=cast (@RW]) j Rokntm ~ Rep ~ PUs)

#Add in the missing |ines with NAs

#There are not missing |lines in the I|Iichen d
sampl ed)

for (i in 1: dim(PRWI X)[3]) [{

b = which(PRWI X[, ,i] > 0)

PRWI X[, , i [b] = 1

PRWI ., Xp] [= O

}

#Create all zero encounter histories to add
#as part of the data augmentation to account
#PUs (beyond the n observed PUs).
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#nzeroes 1Is the number of al | Zero encounter
PRWI nzeroes = 50

#X.zero i s a matrix of zeroes

PRWI X. zero = matrix(0, nrow=7, ncol =4)

#Xaug Iis the augmented version of X. The fi
#and the n+1 through nzeroes PUs are al/l zer

PRWI Xaagrogy (

di m=c(di m( PRWI X)[1],di m(PRWI X)[ 2], di m( PRWI X)
PRWI Xaug[,, (di m(PRWI X)[3]+1):di m(PRWI Xaug) [
PRWI nzer oes)

di mnames ( PRWI X) =NULL

PRWI Xaug[,, 1:dimMRWIRXVI X)[ 3]] <

#K is a vector of | engoh depsadatacaaly pbdiennu
PRWI KKRPRWI X. zer o

PRWIa—whlch(PRWIKK::OM; PRWI KK[ PRWI a] <

PRWI K=appl y(PRWI KK, 1, sum, na.rm=TRUE)

PRWI K=as.vector ( PRWI K)

HHBHBHAA AR A B HBHBH

#Create the necessary arguments to run the b
#Load all the data

PRWIikggpt.a = | ist(n=PRWIn, nzeroes=PRWInzeroes
X=PRWI Xaug)

#Specify the parameters to be monitored
PRWIsp.params = |list('"u'", '"v', "mu.u', 'mu.yV
#Specify the initial values
PRWI sp.inits = function() {
omegaGuess = runif (1, PRWI n/ (PRWIn+PRWInzer
psi . meanGuess = runif (1, .25,1)
|l i st(omega=omegaGuess,w=c(rep(1, n), rbinon
prob=omegaGuess) ),
u=rnorm( PRWIn+PRWInzeroes) , v:rnorm(PRWI
Z = matrix(rbinom((PRWI Nn+PRWI nzeroes) *J,
nrow=PRWI J, ncol =( PRWIn+PRWInzeroes) )
)
}
n <P RWI n
JPRWI J
#Run the model and call the results ?2fit?

PRWI f i tPRWIbsupg.sdat a, PRWI sp.inits, PRWI sp. par

11



debug=TRUE, n.chains=3, n.iter=1000, n.burni

#See baselinespeticimatcenvcafupRUsy and detecti
#t he habitat types (PRWI)

PRWI PU. occ = PRWIfit$sims.list$u

PRWI PU. det = PRWIfit$sims. | ist$v

#Show occupancy and detection estimates for
PRWI psi = plogis(PRWIPU. O [, 1:n])

PRWI p = plogis(PRWIPU.det[,1:n])

PRWI occ.-mdi mndX appl Y(PRWIpsi, 2, mean), appl y(PF
coln®®R&s pOpcc. matrix) = c¢c("mean occupancy", "s
rownames( PRWIocc. matrix) = PRWIuPU

PRWI det .-mhtndgkappl y(PRWIp, 2, mean), appl y(PRWI
colnames( PRWIdet. matrix) = c¢c("mean detection
rownames( PRWIdet. matrix) = PRWIuPU

PRWlesubasas<frame( PRWIuUuUPU, round( PRWIocc. matr |

digits=2), round( PRWI

PRWI results$PRWI uPU
PRWI results$mean. occ

det . matrix, digits=2))

with(PRWIresults, fact
upancy))

PRWI r esPuRWIsr essul t s[order (PRWIresults$mean. de'

#See estimates of t ot al
PRWI N = PRWIfit$si ms. i

mean( PRWI N)
summary( PRWI N)
tabl e( PRWI N)

pl ot (tabl e(PRWIN))

pl ot ( PRWIresults$mean. occupancy, ylim=c(0, 1)
= "Probability")

points(PRWH results$mean. detection, ylim=c(O0,
axis(1l1, at=c(1:1length(PRWHuPU)), | ab=F)

text (c(1l:1 en@.th, PIRMWH arlPUOFATRWISURUWU,40xp adj =1, cex
axis(side = 2, cex.axis = 1)

box ()

ric
l i st $N
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Exampl e of t iDeC d dtcah etnassb Il edoefndri fi cati ons. csv

Par Rl oPhot ogPaphec Gt owt hPUonam€l assi fier
Technique

CATOATOOL DA 1M Foli ose Al l ocetrarialoakesi

Phot o

CATOATOOL DA 1M Foliose Al l ocetrari ad4doakesi
Phot o

CAT OATOOL EZ 1M Foliose Al l ocetrarialoakesi
Phot o

CAT OATOOL JS 1M Foliose Al l ocetrarialoakesi
Phot o

CAT OATOOL JS 1M Foliose Al l ocetrari ad4doakesi
Phot o

CAT OATOOL PC 1M Foliose Al l ocetrarialoakesi
Phot o

CAT OATOOL PC 1M Foliose Al l ocetrari ad4doakesi
Phot o

CATOATOOL PC 1M Fol i ose Al l ocetrarialoakesi
Phot o

CATOATOOL PC 1M Foliose Al l ocetrari ad4doakesi
Phot o

CATOATOOL DA 1M Foliose Cetrelia chi8itae
Phot o

CAT OATOOL EZ 1M Foliose Cetrelia chi8itae
Phot o

CATOATOOL JS 1M Foliose Cetrelia chi8itae
Phot o

CAT OATOOL PC 1M Foliose Cetrelia chi8itae

Phot o
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Appendi x 4.1

Met adata of Antarctic Lichen Photography dat

Data set status and accessibility

A. Status

Latest 2wWpldRat e:
Met adat aMesttaadtautsa: are compl et e.
Data verTHe chdtimnwere checked for consistenc

were thoroughly checkddsaredl adorameaelc tSend t dhc  210d

B. Accessibility

Storage |l ocatiThe &codl mgdicam: Bocliegiycalf Amehi

CContact persons

Paul a Casanovas

Department of Biology

Coll ege of Computer, Mat hemati cs and Natur al
University of Maryl and

Col |l ege Pardkd,1 5MDJS2A0 7 4 2

E-mai | : paul ac@umd. edu

Heat her J. Lynch

Department of Ecology & Evolution

11



Stony BreokyUniver
Stony Brook, NY 11794 USA

E-mai | : heat her.l ynch@stonybrook. edu

D. CopyrightAniye ptampieact uens,g the data shoul d

Data structural descriptors

Description of sampling sites

A. Data Set File

|l denBitgs. csv

Si Be823 bytes

For mat and sASClalget enxotd,e:comma separated

B. Header information

Site_ UDique I D for each site

Site:n&meée name according to the U.S. Boar d
Lati:t Ldhd i tude of the site

Longttudaegitude of the site

note#& description of the site, or any ot her

Description of wvisits

11



A. Data Set File
|l denVi syt . csv
Si Z4e 324 bytes

Format and sASCIlalg et emxotd,e:comma separated

B . Header information
Vi si:t UnD quefnambete of data collection
Site_II D for each site. For detailed site des

Visit Mamber -Bétween 01
Visit. mdmmher of thelZmonth, between 01

Visit_¥Year number, wusing four digits

notlAkemsy note® tbalkevasiitt

List of the parataxonomic units on the datab
A. Data Set File

|l denPatgtaxonomy. csvV

Si 4é€:;, 519 bytes

For mat and sASClalget enxotd,e:comma separated

B. Header information

ParataxonUmiagee name for the parataxonomic u

11



Paat axon _llnedvieclat es i f the parataxonomic unit

Growt hh_fGrromwt h form of the | ichen parataxono

Description of photographs coll ected in each
A. Data Set File

|l denPhoyograph. csv

Si B8:;, 428 bytes

For mat and sASClalget enxotd,e:comma separated

B. Header information
file:. ndmeque name for the photograph
Vi si:t |IIDD for each visit. For detailed visit

Phot og:r alphh girfoat d direap her
Copyright Thel ¢gdot ographer or the Antarctic &

Phot o :quAalguayl i tati ve measurement of the pic

i mage are not possible to distinguish; mediu
di suiisnlged, but the resolution is very | ow, a
the |Iichens in the image are well defined, b
excellent: the |ichens in the i madgenasre well

can be observed.

NottedNotes about the photograph

11



Description of specimens i1isolated from the p
A. Data Set File

|l denSpéegi mens. csvV

Si 44’5, 034 byt es

For mat and sASClalget enxotd,e:comma separated

B. Header information

catafobe_ _nlanmeque name for the speci men

file:. nhthef or each photograph from where the

photograph description see file Photograph.t

NottedNotes about the speci men

|l denti fication of specimens by different <cl a
A. Data Set File

|l dentdewgwti fication. csyv

Si 59, 961 bytes

For mat and sASClalget enxotd,e:comma separated

B. Header information
identificdnigwmel Dumber for the identificatio
catal og :fillDe froarmeeach speci men. For detail ed

11



Sp

P a

me

De

De

De

N o

De

eci mens. t xt

rataxonPamaameaxonomic unit name. For detail

scription see file Parataxonomy. txt

enti fic:atA ogqquagluiatlattiyveemeiaiucameon og@alkihey

dium, good, excellent)

termi nnatNombelrayBét ween 01

terminati dummemt&df t hel2nont h, between 01
terminatiYearyeamber, wusing four digits

tedNotes about the photograph

scriptibneef PBY Bi tes

Data Set File

enRi thness. csv

e 357 bytes

rmat and sASCGIlalg et emxotd,e:comma separated
Header information

ti matiOmi_ 4§ e number for the estimati on

ite I D for the site. Ffoirl ed eSiatielse.dt xsti t e desc

served GedMwmbdéerU of PUs observed

ti mated. GEsusm®Ued number of PUs wusing Cha
11



Observed_ SpdouamberPUOUf PUs observed
Esti mated_&¢pecmase®PUnumber of PUs wusing Chao

NottedNotes about the estimations
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Appendi x 5.1

Al'l models for explaining the distribution of penguir
Via = count of pengabsenestsesf pébguei preskanees (0
V2 = SST No’Ce¢mb¥®B me&BTCANOV eVb e=r -&hNo(v e mh gt | mean

( mg¥ vYh5 = Ch lao rNoopvheynible r ) SDVEmg/ ¢ me Extent (November me

( November SD); V9 = Slope; V10 = Aspect.

Ad®l ivia ~ 1 + V2 + V3 0.0001910.0
Ad®l| ivia ~ 1 + V2 + V5 0.000 1920.5
Ad®l ivia ~ 1 + V3 + V4 0.468 1931.7
Ad®l ivia ~ 1 + V2 + V3 0.532 1953.1
Ad®l ivlia ~ 1 + V2 + V5 0.000 1953. 2
Ad®l ivia ~ 1 + M2 V5 W3 0.000 1953.5
Ad®l ivia ~ 1 + V2 + V4 0.000 1997. 3
Ad®l ivia ~ 1 + V5 + V6 0.000 1997.5
Ad®l ivia ~ 1 + V2 + V4 0.0002019.7
Ad®l ivia ~ 1 + V2 + V3 0.000 20210.
Ad®| ivlia +~ VI3 + V5 + V70.000 20311.
Ad®l ivlia ~ 1 + V2 + V3 0.000 20311.
Ad®l ivia ~ 1 + V4 + V5 0.000 207 15.
Ad®l ivia ~ 1 + V5 + V6 0.000 208 16.
Ad®l ivia ~ 1 + V6 + V7 0.000 20816.
Ad®l iVlia + VI6 0.000 208 16.
Ad®l ivlia ~ 1 + V4 + V5 0.000 209 17.
Ad®l ivlia ~ 1 + V3 + V7 0.000 21220.
Ad®l ivlia ~ 1 + V4 + V5 0.000 21523.
Ad®l ivlia ~ 1 + V2 + V4 0.000 21523.
Ad®l ivia ~ 1 + V2 + V50.000 21523.
Ad®l ivlia ~ 1 + V2 + V4 0.000 21927.
Ad®l ivia ~ 1 + V3 + V4 0.000 22029.
Ad®l ivia ~ 1 + V3 + V5 0.000 22129.
Ad®l ivia ~ 1 + V4 + V6 0.000 22230.
Ad®l ivlia ~ 1 + VA4 0.000 22230
Ad®l ivia ~ 1 + V3 + V4 0.000 22230.
Ad®| ivia ~ 1 + V5 + V7 0.000 22331
Ad®l ivia ~ 1 + V3 + V4 0.000 22331
Ad®l ivia ~ 1 + V2 + V3 0.000 22432.
Ad®l iVvlia -~ 1 0.000 225 33.
Ad®l iVlia ~ 1V3+ +2V4 + VO. 000 226 34.
Ad®l ivia ~ 1 + V4 + V6 0.000 22836
Ad®l ivia ~ 1 + V2 + V3 0.000 22836
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Ad®lI
Ad®lI
Ad®lI
Ad®lI
Ad®lI
Ad®lI
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Ad®lI
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V1
Vi
V1
Vi
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Vi
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V1
Vi
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Vi
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V1
V1
V1
V1
V1
V1
Vi
V1
Vi
V1

DO DD OO OODDOYDDLOOODYDOODLOOOOODYDYDYDYDOYOOOOOOOOO”DDYLYDOOYOOOOOOOOOOVYDYYYYY

1 + V2 + VA4
1 + V2 + V3
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1 + V7
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1 + V3 + V6
1 + V2 + V7
1 + Vv3 + V5
1 +V&3++VV¥5
1 + V3 + V4
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