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Bioaeoinformatics The trus distribution of most

C marine organisms is poorly

HEncouls known, but medam technology is

. making rapid inroads 1o improve

knowledge in thiz critical realm.

Relavant technologies includs

both direct and indirect methods

of understanding maring crganism

distributions. Wa have devaloped

atoalio infer from existing distributional data whers alsa individuals
of particular spacies might coour

Thie time-henoured mathod of datermining what ocours whara
is by docurnenting occurrences in the field. Some modem
tachinclogies that allow such diract measurements without having
1o ba in tha field (including passive acoustics, image analysis
systams, and telamatryy ara not practical for the vast majority
ofmanne specias. Thizincludes naarly all invertebratas, which
rmaka no noise, mave little ar not at all, ara of little ar o direct
acoromic value, and may be very small; furtharmare, individuals
typically cocur among, on, orin cther organisms.

Wea and collaborators have developed the web rasource
“Bicgecinformatics of Hexacorals” (hitp:fwew kos ku.eduw!
Hexacoral) that consists of biolegical and environmental data
linkad to gach other and to a gecgraphic information systam.
The biological componant contains published occurrence
records of 2a anermones, corals. and thair relatives. Directly
accessible as "Hexacorallians of the World™ (http:/fgacpartal.
kgz ku.edwhexacaralanemonezindex.cim}, it is underlain by a
relational database that includes bibliographic, taxonomic, and
bicgeographic data, The erwvironmental data, drawn from public
sounces such as the World Ocaan Atlas. currently include global
covarage for 43 physical and chemical parameaters gridded in
register at a half-degres msoltion.

Eoth the biclogical and environmeantal data are sarved 1o CBIS
- 1the Ocean Eiogecgraphic Information Systam - a growing
invartory of occurrences of maring organisms described by
Yanden Barghe (2007 OBIE passes tha biological data on to
GEIF - the Global Biodiversity Information Facility (hitp:ifwew.
gbif.org). Thess distributed systems rely on cortributors making
data publicly accessible, recognising that multiple scurcas of
digtributional data can provide a more accurate biogeographic
pictura than any cne akna.

The biclogical and erwironmental data intaract through
K&SMappear, a taol that allows us 1o infer, basad on known
occurrences, where els= individuals of a spacies might oocur
It ie ana of the “software tools for data exploration and analysis”
refarrad to by Vanden Eerghe (2007). It resambles concaptually
a growing number of such tools that rely on modern computing
pawer applied toincreasingly accessible, and increasingly rich
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Fgure 1. Display for some of the snvironmental parameisrs vesd by
HSEManper and boxez for selkcting which ams to be vzed in generating
e moda! owput.

bicdarsity data {see Elith ai al, 2006 for a review), Accessibl
through “Hexacorallians of the Word " OBIS, and FishBase (hip 7
www Tishbase.ong), KGEMapper provides awarkspace intowhich
anyana can import organism occurrance data for analysis, akina
of in combination with data from the database through which it
is enterad.

KESMapper displays ihe value of all 43 parameters for sach
half-degrae call in which an arganism has been recordad (mora
than 43 values are shown because some of the datasets ars
divided temporally; 2.0. values for chlorophiyll @ concertration
are provided on an annual basis and in three month pericds).
For an arganism that cccurs in more than one call. KGSEMappsar
calculates the mean and standard deviation for the valuss of all
parameterzin al cells in which an occurrence is recarded. Thase
data giva an idea of some of the physico-chamical attributes of
the arwvircnment suitable for the target arganism. KGSMappsar
then zzarches for, and displays, all cell: inthe world having valies
matzhing those for placas where mambers of the targst species
ara known to occur, Thesa are places whers the habitat is most
likely to be suitable for tha species, whether or nct it has been
recorded from thers.

Inferring undecumantad occurrences by using attributes of
the habitat where ndividuals are krown to ocour is cammon to
all such biodiversity modelling tools.  Azida fram having besn
designed to operata in the marine environmant fwhers soma of
the others perform poorly), KGEMapper is distinctive in input.
processing, and cutput.

IMPLIT: The uzar controls which of tha 43 parameters
will be usad 10 search for cthar cells that hava
similar values (Fig. 1). This allows the usar to
apply expert kmowdadoe abaut which pararmetars
may cantrol & spacies’ distribution (2.9, aragonita
saturation) and which ars likely to be irrslevant to
it {00, cygen saturation). Trying combinations
of paramstars allows exploration of the factors
important b a species.
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PROCESEING: The basis of the match is simple statistics. For
aach paramatar, the algoritbm calculates the mean
and standard deviation of all cells containing at
lkeast ans cooumence of the target species. Itthen
finds all cthar calls with values within the 1-20
rangs far calls containing accumencas, within the
250 ranga, and in the ertire range for all tha
paramaters selacted.

CILTPLUT: All cells in which all parameters selected 1o
gansratz tha map are within the 1-50 range of
the value of those paramsters of cells in which
the spacies i known 1o occur are displayed in
rad. Cells in which parameters outside of 1-20
are all within tha 2-80 range are dizplayed in
arange. Cells inwhich pararmaters ara withinthe
full ramge, but &t least one is beyond the 2-20
rarga, are displayed in ochra.

The colaur-codad autput map sarses as a rough maasura of
probability. It alzo sarvas as a means of data-claaning. Wa
hawve found that values beyvand two standard daviations arg
aften the result of a misplaced poirt or an anomalous hakitat
(for example, an intartidal crganism might occur ana small
island surrounded by desp water, so tha average depth of
the hal-degres cell is not represantative of the habitat of tha
targat arganism). KiaSMappar can remove the valuas beyond
1 or 2 E0; we hava found tha rd areas of a map vary likeky
to provide a suitable habitat, Guinotte of &' (2006) described
KGESMapper in datail. and assossed zome facats of its accuracy
and precizion.

Expertknowledos is assential. Figure 2 i a warld map showing
the distribution, accarding to FishBase, of Plarcis walitans, tha
Rad Lionfish, in purple-ringad dots. Areas suitabla for the
accurrance of this fish - using the parameters of annual maan
zurface termperatura, minimum monthly suface temparatura,
and minimum dapth (constrained to dapthe no greatar than
200 m; 2@ Figura 1) are coloured rad and oranga ithe ochais
tairt and thera is very litthe of it). Clearly the fish is enderic o
the Indo-Wast Pacific. But infermed suitable habitats alsc axist
in the eastern Pacific and Atlantic. Within the native range of
tha figh, the map can be used to infer where the fish might
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oocur other than where it has bean reported (as in planning a
fieldtrip. or assessing areas for conservation valug), Outzide
that area. the map can bs uzad to identify areas vulnerable to
invasion. Most of the western Atlantic coast fram southermn Brazil
ta the central US appears to be suitable or very suitable for 2
vilitans with respect to the parameters usad to gersrate the map.
And, indead, recenthy-astablished braeding populations of £
viltans hava been reponed from the central eastarm Unitad States
(e.g. Semmans af &, 2004).

Currantly, KGEMapper iz linked to environmantal data for the
surtace {e.9. 55T and chlorophiyll & concentration) and the
bottom {e.g. dapth and bottomn cxygan saturation). In thaory
it could be used for the palagic realm. Likewisa, the grid size
could ba raduced to increasa pracizion. We have demaretratad
that KGESMapper is scale-indapandent by using it with fineby-
gridded data for tha Hawaiian Islands (http:/hercules kas.
kuadwhexacoralhawaiibiodatal, Extending KGSMapper to
tha pelagic realm and a finar grid wauld require significantly
mara environmantal data and commeansurate gawing of tha
pracass. But in future, with fastar computars. zuch tools ara
cartain to be devaloped.
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