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ABSTRACT

May 200

Context. The Hubble tuning fork diagram has always been the prefesthdme for classification of galaxies. It is based on mogaobnly.
At the opposite, biologists have long taken into accoung#reealogical relatedness of living entities for classiftrapurposes.
1 Aims. Assuming branching evolution of galaxies as a 'descent mitidification’, we show here that the concepts and tools ofqggnetic

systematics widely used in biology can be heuristicallpsposed to the case of galaxies.
Methods. This approach that we call “astrocladistics” is applied teddf Galaxies of the Local Group and provides the first evohary tree

C for real galaxies.

O Results. The trees that we present here aréfisiently solid to support the existence of a hierarchicabaigation in the diversity of dwarf

U) galaxies of the Local Group. This also shows that these geda! derive from a common ancestral kind of objects. We tliradsomekinds of

S— dlrrs are progenitors dfothdSphs and other kinds of dirrs. We also identify three evmhatry groups, each one having its own characteristics
and own evolution.
Conclusions. The present work opens a new way to analyze galaxy evolutidragath towards a new systematics of galaxies. Work on other

—~galaxies in the Universe is in progress.

0 Key words. Galaxies: fundamental parameters — Galaxies: evolutioalax@s: formation

©
1. Introduction
o

O Since Hubblem6) classification of galaxies sdlegely on morphology: spirals (flattened galaxies witinad@rms),

O barred spirals, ellipticals (galaxies with no obvious at} and |rregulars (Kormendy & Bender 1996; Roberts & Ha@oh).
Subdivisions have been created since then (de Vaucollé88s Sandagp 19F1) in an attempt to transform morphology int

(/) @ more quantitative parameter. The use of a limited numbadditional characters—radio and X-ray properties, emvirent,

(O nucleus activity, gas content, star formation, coloursa@thérs—has led to the recognition of numerous classes veinechssen-

O tially catalogues of objects. This traditional approaciklassification might look inadequate to describe the nowmaskedged
complexity of galaxies. Multivariate analysis of theseratders has been once proposed to tackle the problem ofesyritig the
classificatory information brought by independent chwleso(tWhitmor4; Watanabe et985). However, thgsmaphes
remain based on overall similarities estimations.

Indeed, galaxies are complex systems in which several pdiyasind chemical processes govern the evolution of theicbas
constituents: stars, gas, dust, molecules and probatili biales (e.g. Vilchez et dl. 2001). Surprisingly, besidesble’s primer
hypotheses on the evolution of galaxies leading to the fanttubble or tuning fork diagram (Hubd@%), there has reen
further attempt to ground classification of galaxies ondmisafevolutionary relationships. Nowadays, the physical arehabal
processes are individually often roughly understood amdesiones well modelled (e.g. Sauvage e002), but theyat
collectively integrated, and grasping the causes of gadiwersity in their entire complexity remains fiftult task.

Send g@print requests toD. Fraix-Burnet, e-mailfraix@obs.ujf-grenoble. fr
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Table 1. List of characters used in the cladistics analysis. Thetcaim$ on the evolution of each character is indicated by “0”
for “ordered” and “u” for “unordered”.

Character Constraint
1 Ellipticity u
2 Coreradius o]
3V Luminosity (integrated) o]
4  B-V (integrated) o]
5 U-B (integrated) o]
6 Total mass o]
7 Central mass density u
8 HImass o]
9 Mass/ luminosity ratio o]
10 HI masgd total mass ratio 0
11 HI mas¢ B luminosity ratio o]
12 Dust mass o]
13 Hiflux o]
14  CO flux u
15  Ha flux o]
16 Fe/Hratio o]
17 O/ Hratio u
18 N/Oratio o]
19 Star Formation Rate u
20 Rotational velocity u
21 \Velocity dispersion of ISM u
22 Rotational velocity Velocity dispersion o]
23  Maximum rotational velocity u

c

24 Central velocity dispersion

Similar concerns have already been addressed in the studiplofical diversity. Nearly 150 years ago, Darw859)
suggested that the hierarchical classification of livingamisms should reflect their genealogical relationshifés Was an
incredibly successful idea that drove biological systérsahto a new era. There is now a common agreement that aahatur
classification should be derived from phylogenetic trees,a branching structure describing the evolutionantticaiahips of a
set of biological entities or taxa (Wiley et 91). Acdimgly, the concepts and methods of phylogenetic systemhative been
successfully applied to other sets of entities for whichdrisal or evolutionary relationships could be documengdmples
are found in linguistics (Wellg 19B7) and stemmatics (Rebin& Roberf 1996).

We therefore hypothesize that galaxies can be classifiedniamt@al hierarchy of nested groups reflecting evolution: Ou
purpose is thus to introduce the parameter “time” in thesif@sition scheme, using all available and suitable deseegighar-
acters, and to propose an integrated way to represent gdizensity. We named this approach “astrocladistics” (Biirnet
et al.[200B; Fraix-Burndt 20p4). The method and associaiadapts are presented in detail elsewhere together witnaly-a
sis of two samples of simulated galaxies (Fraix-Burnet eP@06h, [2008b). In this paper, we present the first appbioadf
astrocladistics on real galaxies. We chose to focus on tharDyalaxies of the Local Group for which a reasonable amotint
complete and homogeneous data were available. Accorditigetthierarchical scenarid’of galaxy formation, these galaxies
could belong to small dark matter halos that are the builtlogks of larger structures that may host big galaxies.iBw#spect,
dwarf galaxies are not considered to be formed by the mexfisgnaller structures, but because of the relatively sthadjoav-
itational well they are certainly subject to disturbanced aweeping. However, this hierarchical scenario of gafaxyation
has some diiculties, like predicting too many small structures whick aot seen in the form of dwarf galaxies (e.g. Moore
et aI., Venn et a4). The Local Group could alsoasgmt an evolutionary microcosm where the environments hav
been somewhat similar for all the dwarfs. Here we scorediatyasf characters, and inferred the most parsimonioustyighat
describes the evolution of Dwarf Galaxies of the Local Group

2. Methods
2.1. Conceptual framework

A cornerstone of phylogenetic systematics is to focus oriveércharacter states to infer common ancestry relatipsshi
(Hennig|196F). Such characters may be viewed as evolutianarelties appearing in a particular lineage. It is assuthat

1 This is not to be confused with the hierarchical organisatibgalaxy diversity dealt with in this paper.
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Fig. 1. Tree of 14 galaxies obtained by a maximum parsimony anabfsld characters as described in the text. It has 167 steps,
Consistency Index0.68, Retention Index0.75, Rescaled Consistency Iné€x51. Numbers at each node are bootstrap (above)
and decay (below) values. Bootstrap percentages are eftafter 1,000 resampling of characters. Decay indexesspond to

the minimum number of character-state changes to be addezktength to break the corresponding node.
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Fig. 2. This tree with the 36 Dwarf galaxies of the Local Group, is $hiéct consensus of 1041 most parsimonious trees having
317 steps each. Groups corresponding to sub-structur@sticated and discussed in the text.
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two closely relative objects (also called taxa because theybe individuals, groups or species) share derived clegisagvhich
presumably originate in their common ancestor. Regardegsification, phylogenetic systematics defines clades{gonary
groups) as groupings that are significant with respect téuéien in the sense that they contain affgpring from a common
ancestor, and their members share common derived stadess th say a common history.

Now, let’s consider two identical galaxies hence belondmthe same class. If they evolve independently and isaldted
number of processes at work within each galaxy makes it fipletihat after a given time, they will beféérent enough to be put
into two different classes. For instance, if they were both of spiralesftapy will remain as such but one could have developed a
bar or had a starburst activity modifying its stellar popigia. In addition, galaxies live in an environment made aérgalactic
gas and gravitational potential fashioned by dark mattdraher galaxies (Sauvage et @002). If two galaxies aatewith
each other, the dynamics will most of the time Itkeated diterently in both because of asymmetries in the encountehado t
they could then be put in two separate classes. In all cases;lass gives birth to at least two classes. This is the tiefirof
branching evolution. Its driver is mainly the randomnessxdérnal interactions, and to a lesser extent that of iatqgrrocesses.
This branching evolution results in a hierarchical or tlike-organisation of the diversity.

Al details on astrocladistics are given in Fraix-Burneakf2006h] 2006b.

2.2. Data

We used data from Mate98) on 36 galaxies and identifiethaacters. For each character, we discretized the whodera
of values in up to 8 bins plus the unknown value??These are assumed to be evolutionary states. For insttweeaccept that
metallicity increases with time, then a very low value wobéan ancestral state whereas a high value would be a detated s
This has to be adapted to the sample under study. We imposeldatacters to be ordered (see Tei}le 1), i.e. changes between
two adjacent states are more probable than between distastindependently from the sense of the change. The magibal
character (dlIrr, Intermediate and dSph) was discardedeimtialysis because it notablyfférs from the other ones in being the
only qualitative property and somewhat subjectively definewas coded into three states merely for projection om¢orésult
trees. We thus ended up with a matrix of 36 objects descripetficharacters, the total percentage of unknown valuegbein
33%).

The outgroup, used to root the tree —i.e., to orientate t&udonary processes— indicates the ancestral state® afttr-
acters for which transformation can be hypothesized wihi@asonably accepted paradigm. Given the complicatedt@wohry
behaviour of Dwarf galaxies, for this first astrocladistirmlysis, we decided to choose a galaxy of the sample. Trangabye is
that the result tree can be easily rerooted with any of theptmobjects depending on one’s own guess, because theusaudt
the tree does not change. SagDIG is chosen here as root bethas the highest ratio MIAW of the sample. It is interesting to
note that SagDIG seems to be at the verge of our Local Groupdea Berglf 2000).

2.3. Tree construction

An important aspect of phylogenetic systematics is to atleédgrouping of objects based on similarities due to evohaiy
convergences or reversals. In phylogenetic analysis, maxi parsimony (Fitcl) is one optimality criterion fetecting
among competing trees. It states that the most probableitévodry scenario is the simplest one as measured by the tota
number of character state changes (called steps). The rGHt@Nious tree thus corresponds to the simplest evalatienario
compatible with all the input data. The use of the parsimatygiple also minimises the number of convergences or saler
We used maximum parsimony to identify the tree best reptegeour data matrix. Since there is an important number of
unknown values in the data, the full tree obtained with th@&@xies is not extremely robust in the sense that slightfigint
trees could also fit the data. To assess its significance,wsddbked for smaller trees and kept the more robust one wérgin
with a subsample as large as possible. The evaluation oétiaditity of tree nodes was made through bootstrap (peacss of
node occurence obtained after 1,000 resampling of chasaételsensteiand decay (minimum number of charatzte
changes to be added to tree length to break the corresponditey Bremef 1994) estimates. All calculations were cotatlic
with PAUP*4.0b10 (Swéford[L99B) and the tree interpretation was done with MesgMedison & Maddisofi 2004).

3. Results

We found a fully resolved tree with 14 galaxies (Fﬁb. 1). Islzetotal of 167 steps (character state changes), bootstdagegay
values are high for nearly all nodes (F[b. 1), indicating tiast tree nodes are strongly supported by the data. Nor ledtes
could be found with 14 or more objects. Regarding the graygand evolutionary behaviours of characters, that is thdtieg

phylogeny, all robust trees we found with 14 or slightly lgs¢axies are all compatible, as they are with the full treseased
below.

2 Tables are available on httfhal.ccsd.cnyauffraix-burnet
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Performing an analysis with the full sample of 36 galaxi€gZimost parsimonious trees were found, each having 313.step
The strict consensus of all of them is shown in Fﬂg. 2. It isaekably well resolved despite the important number of umkmo
values. The strict consensus means that the nodes presietioee are found in all the 1041 individual trees. We mushwiaat
this tree is not as robust regarding bootstrap and decaya&stis as the previous one so that its very detailed streistuwuld be
taken with some caution. However, the two trees are fully gatible and the character behaviours, as will be discusskxvb
are identical, pointing toward the same evolutionary histj diversification.

Generally speaking, a galaxy situated far from the root [B&Q is more diferentiated from it. It is not necessarily more
evolved since it depends on the timescale of each evolutjqracess (sefe 200qa, 20D6b for a more complete discusbidhjs
paper, for simplification at the level of the discussion aadause we lack an evolutionary clock, we will identify disification
and evolution.

The very existence of resolved and robust trees impliesatdhese galaxies share a common ancestor with respect to
SagDIG, that is they all derive from the same kind of objektsaddition, diversity in the Dwarf galaxies of the Local G
arranges itself in a hierarchical way.

Five groups are identified in Fiﬂ. 2 and defined in T{I)Ie 2. €lpeups correspond to structures on the tree, mainly legag
exceptGU which gathers a set of unresolved branches for conveniertbe idiscussion. After SagDIG, the root of the tree, there
are four groups with unresolved respective phylogei@és,GA1l, GAZandGB (GB1andGB?2) plus the pair GR 8—DDO 210. In
contrast, the branch after Pegasus diverges in two clearegsisB1 andGB2, which are by the way the most diversified from
SagDIG among the whole sample. There are three pairs WiBia LGS 3—Antlia, Ursa Minor—Draco and Sextans—Carina. On
the small tree (Fid] 1), the phylogeny is fully resolved, #melabove groups are present with at least one object reyatise of
each (indicated in Tab(¢ 2). After the branch toward Leo &réhare only two diverging branches, one leadinGAdthenGA2,
the other one finally leading to another binary bifurcatiomardGB1andGB2 Note thatGA (1 and 2) andsB2have very high
bootstrap and decay values, indicating that they probatngtitute true evolutionary group. The support@B1is somewhat
less but still very significant. In other words, the smaletod Fig.ﬂ is a phylogeny of the groups defined in Ta[ble 2.

The reasons for the tree structure lies in the evolution efdharacters. Their values are projected onto the largerirre
Fig.B in order to visualize both the character evolution #redgroup properties. The latter are summarized in Tﬂbleamiears
that, except foGU which by construction cannot be considered to form an eiaiaty group because the relative placement of
galaxies inGU is unknown, groups can be unambiguously characterized by af properties. The three groug#\2, GBland
GB2have unique characteristics. GroG@\1 resembles$SA2 but lacks a high V luminosity. Following the small tree in Hil
these two groups are related, implying an increase in V losity with evolution along this branch. It isfcult to conclude
with the present data whether they are one or tWiedint lineages.

On the contrary, there are undoubtedly two species idethtifiethe two group$&B1andGB2 In the first case, galaxies
are specifically bright in V, have a high central mass densitya low central ratio ML, together with a low MHIBlum. In the
second case, galaxies are of low V luminosity with a high ardasing (along this branch) central ratigl\Ma decreasing
MHI/Blum, and may be more importantly a very low metallicityiHe

Assuming that SagDIG, as the root of the tree, resemblesoimenon ancestor to Dwarf galaxies of the Local Group, a few
characters seem to evolve regularly with the evolutionaenario revealed by our tree: colours (B-V and U-B) mighbglity
increase, while MHM, the HI mass, MHIBLum might decrease. But the structure of the tree is not vegular, and most
characters, like the V luminosity, the total mass, or thet cuess, have dierent behaviours depending on the branches. Hence,
the tree structure is explained by multiple parameterstmgevith possibly a very few global evolutionary trendse Beemingly
complex history of diversity in this sample might be due ® plarticular nature of dwarf galaxies, and this shows treatlifierent
evolutionary stages cannot be established with only one@descriptors.

This statement could seem to be contradicted by the morgiidiehaviour as can be seen on the corresponding projection
in Fig. B Despite this character was not used to build the, meperfect dichotomy appears between galaxies beforesega
(dIrrs with groupsGU, GA1 and GA2) and after it (dSphs with groupSB1 and GB2). This galaxy is of intermediate type.
Interestingly, our 14-galaxy tree (Fifj. 1) diverges afteg&sus into two groups, one of which is composed exclusivély
three other intermediate-class galaxies (Antlia, LGS &driix). But it corresponds t6B2 (Fig Q) which also have dSphs. The
last intermediate-type galaxy (DDO 210) is paired with GR@ag the dirrs. As clearly demonstrated by the structuréef t
tree, the dichotomy dSph-dirr is far too simplistic to regmet the diversity of dwarf galaxies, even solely in the L@gaup,
and misses all groups identified in this paper that are basdtieinformation included in 24 characters. Indeed, sgtato
galaxies are all gathered in the gro@B. These galaxies constitute a separate evolutionary lesamnd Fig[ll stipulates more
precisely that they derived from ancestors of irregularphotogies. However, this is not enough to depict the ditgimnd
evolutionary history of these galaxies since there areailybat least two kinds of irregulars and certainly two ratthiéerent
kinds of spheroidals. The character projections (Hig.l8$litate the well known fact that the spheroidal dwarf gedsave lost
their HI gas, but goes further in describing with more detaél several kinds of evolutionary groups identified above.
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Table 2. Characteristics of groups identified in FE}. 2. Starred maimdicate galaxies present on the small tree in ﬁig. 1. The
unique characteristics belong only to the group, while tineiocharacteristic are found in other groups. The wordsr&asing”

or “decreasing” refer to evolution within the group as otézhon the tree rooted with the SagDIG galaxy. The morpho{ogy
parentheses) was not used to derive the tree.

Group Members Unique characteristics Other charactesisti
GU LeoA* High MHI/BLum
Sextans B * (dlrr)
EGB042%63
UKS2323-326
GAl Sextans A Low Central Mass density
WLM Low central ML
IC 1613 * High MHI/BLum
(dlrr)
GA2 IC 5152 High Mass High V Luminosity
NGC 55 * High HI Mass Low Central Mass density
NGC 3109 * High Dust Mass Low central M
NGC 6822 High HI Flux High MHIBLum
IC10* High CO Flux (dlrr)
High He Flux
High SFR
High Vrot/Vdisp
GB1 And | High U-B Increasing V Luminosity
Sagittarius Highly increasing Central Mass density  InsiegB-V
Fornax Decreasing central/M Very low HI Mass
Leoll Low MHI/BLum Very low MHI/M
NGC 147 * (dSph)
NGC 185 *
NGC 205 *
M32
GB2 Tucana Low and decreasing V Luminosity Increasing B-V
And I Increasing central ML Increasing Central Mass density
And Il Decreasing MH/IBLum Very low HI Mass
Phoenix * Low Fe¢H Very low MHI/M
LGS 3* (dSph)
Antlia *
Sculptor
Leo ll
Ursa Minor
Draco
Sextans
Carina

4. Discussion

The trees show a hierarchical organization of the Dwarf @ataof the Local Group with well identified evolutionary gius.
This result is particularly remarkable since these gal&imlve in the same microcosm which probably mean lesssiiyeBut
more importantly, the two main hypothesis of astrocladista common ancestor and a hierarchical organisation efsiiy, are
thus verified. The present result strongly stimulates tieeafishis approach to other galaxies, as is currently undsgness.

The existence of a hierarchy in galaxy diversity makes isfe to track ancestral types of galaxies. Our result shtbats
the Dwarf galaxies of the Local Group very probably have ammm ancestor, meaning that they derive from the same kind of
objects. This seems to be in contradiction with Ricotti & G) who assume two ftiérent initial formation processes
for irregulars and spheroidals. Even though SagDIG is ssggbdnere to resemble the common ancestor of our sample, it is
impossible to tell how much it resembles the common ancedtal dwarf galaxies. Study of much more objects is needed.
However, our result might not be incompatible with RicottiGhedin’s result since it depends on the definition of botreatar
object and formation concept (see Fraix-Burnet ef al. 40@6a6b). In addition, dwarfs are currently thought to forrithin
small dark matter structures but this formation procesariérdm being understood and even definitively established.

Assuming diferent stellar formation histories, Ricotti & Gnedin defifeete groups: survivors, true and polluted fossils.
Only the true fossils correspond relatively well to one of groups,GB2, except for Carina, LGS 3 and Leo Il that they classify
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as polluted fossils. But our classification lies on othercdpsors than only the stellar population. In the same mar@eebel
) presents a diagram tentatively summarizing thetyistf dwarf spheroidals based on star formation episodesel
compare the exemplar galaxies of her categories with oar we find that Draco (“old”) and Carina (“episodic”) both beg

to GB2, Fornax and Phoenix (both “young”) belong respectivels®l andGB2, and Leo | (“intermediate”) is close to Fornax.
Again, the two classifications do not match for the same meascabove, indicating that the star formation history isacely
insuficient to depict the whole diversity of the Dwarf galaxies. Ba contrary, our data may be inadequate to characterize the
stellar population in detail. Since an astrocladisticdysis reflects the knowledge at a given epoch and is thus Himiged,
extension of the present work in the future will have to imiglumore descriptors as they become available for most oflagigs.

Because the cladogram recapitulates evolutionary infoomaf several characters, we think it could give a bettsight on
possible caveats of wordings like “young galaxy” and “oltbyg”. All the galaxies of the sample are contemporaneauissbme
resembles more the ancestor than others, that is they lkeKdid” species. They are not necessarily “old” objectkewise,
galaxies at the bottom of the tree are more diversified, huhagbe said “younger”. For instance, Ursa Minor is ofteridweld
to have little evolved (Matep 19P8; Carrera efal. 2002; Mith999) because it has old stars. At the opposite, IC 10 hadea
strong and recent starburst activity (Ma998; Wilcotisi#fler [L1999). From our cladistic analysis, it would be meazgless
to qualify one “younger” than the other, rather Ursa Mincgrss to be more diversified from the ancestor as compared t6.IC 1
They do belong to two dierent species, each with its own evolutionary pathway,dh&rged sometime in the history of these
galaxies and all their progenitors (see Fraix-Burnet 2@06h[2006b). Hence, we think it is tricky to speak of “old™goung”
galaxies based on star formation history alone. It is muelfigpable to refer to the stage of diversification.

The evolution of dwarf galaxies of the Local Group is oftedueed to the segregation between dirrs and dSphs (see e.qg.
Mateo). For instance, one explanation for the depletfddl gas in dSphs could be the proximity of a big galaxy. lg Ej
each galaxy name has a colour corresponding to the sub-grauich it belongs (Mate8). All members of the Milky Way
family are spheroidals, but they do not belong to the sam&iggoary group. There is no clear correlation with distana the
Milky way. For the M31 (Andromeda) family, the four closestallites (M32, NGC 205, NGC 147 et NGC 185) are grouped
together inGB1 with, among some others, Sagittarius, a very close satefiour Milky Way. The other members are spread
all over the tree with EGC042%63 and IC 10 being iU andGA2respectively. The NGC 3109 family is spread over the tree,
while the Local Group Cloud members are spread @&dr GA1, GA2and everGB2for Tucana. Note that SagDIG belongs to
this last family, but is certainly the farthest member of theal Group being at its verge (van den BeOOO). Our emieh
is that the measured distance to a big galaxy is not enougtptaie the diversity of the Dwarf galaxies of the Local Graayen
though companions of the two big galaxies of our Local Groegrly all belong to the grougsB1andGB2together with only
three more “isolated” objects. One must keep in mind thatkeasured distance is the current distance, while the piepef
galaxies are the result of a long history along a probablyplmated trajectory that saw this distance change corelder

Another example is given by conclusions like dirrs beingikely progenitors of dSphs (e.g. Gre05). This kind of
statement ignores the complexity of galaxies and theirugiami. Comparing the two morphological types globally cainipe
successful due to the large variety of objects within eads<l(see e.g. Mat98). The tree on E:ig 2 and the character
projections (Fid]3) illustrates that the evolutionary gtaf a galaxy cannot reasonably be assessed with the soléhalogy
criterion. Our result rather shows thedmekinds of dirrs are progenitors difoth dSphs and other kinds of dlirrs that diverged
and developed their own lineage.

Our choice of SagDIG as root provides a globally satisfgcemolutionary scenario. This choice could easily be chdnge
without modifying the structure of the tree, but then theiptetation would be fierent. Regularity of evolution was imposed
to some characters (Se2.2, Taﬂle 1), but this constdai@s not imply monotonic behaviours as can be seen on the tree
(Fig.B, Sect[|3). More importantly, characters can evoltferently in diferent lineages. For instance, the V luminosity regularly
increases iGB1, while it decreases i6B2, making a global evolutionary behaviour quite complex afhgomr significance.

We have identified at least three evolutionary groups (Tﬁhlé'he first one GA2) is composed of massive galaxies with a
high star formation rate, lot of HI gas and dust, high fluxeslbfCO and Hy, and a high ratio between rotational and dispersion
velocities. The second on&B1) has relatively red galaxies (high U-B), with an increasiegtral mass concentration and a
decreasing central M, while the ratio MHJB luminosity is low. The third oneGB2) has galaxies with low and decreasing V
luminosity, an increasing central /M a decreasing MHB luminosity and a low F&1. In summary, the grou®A2is rather
active and massive;B1 accretes gas toward its center and increases its global \hasity, andGB2 looks like a dead end
with gas-poor galaxies with decreasing V luminosity. Thasethree dferent evolutionary paths grouping objects with similar
histories that models will have to understand.

Since it is based on observational data, the evolutionaya@o depicted by the tree is globally consistent with euoirr
thoughts about dwarf history and physics (e.g. Mteo]1988eta et alf 20§2; Wilcots & Milldr 1998; Gallagher & Wysea.

It has the advantage of being built without choosing soméquaar parameters, and is the unique way to synthesisafbeia-
tion contained in such a multivariate problem. In addit@strocladistics introduces the evolution in the analysedfi, providing
a direct view of the diversification process.

The results are based on the data and naturally depends iomjtladity, in particular on distance estimations of gadesxi
Regarding error bars in the original data, it is not expetiad they bring much noise in the result because initial tjtegive
data are binned (coded). In the same manner, fifeeteof any aberrant point is smoothed out in the analysiedine result is
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a synthesis of all the input information. In any case, a sléE analysis has this invaluable quality of being entitednsparent
and falsifiable, so that it is always possible to modify argivalues, modify the way the coding is done, introduce Wsigo
characters, and compare the resulting phylogenies.

5. Conclusion

We conclude that branching evolution is the dominant difieegion process among the 36 Dwarf Galaxies of the Locau@ro
since the diversity is organized in a tree-like or hierazahivay. Phylogenetic systematics is thus applicable t@pkysics and
provides a powerful tool to apprehend galaxy formation aradwgion. The tree depicts relationships between galaxyesking
into account physical and chemical character changesust phovides the opportunity to formulate new inferences alaxy
evolution by providing a synthetic view of current knowledg

We have identified at least thredf@érent evolutionary groups, each one having its own chaiatitss and own evolution: one
is composed of massive and star forming galaxies, anotleehasgalaxies that seem to increase the luminosity whitefearing
mass toward their centre, and the last one looks like the-daddf dwarf galaxy evolution with dimming and concentrgti
objects.

Morphology classification appears to be too simplistic tdenstand the evolution of dwarf galaxies. From the treesave h
found, we derive thasomekinds of dlIrrs are progenitors tothdSphs and other kinds of dirrs. Two of our evolutionary gioup
are composed of dSphs, the other one of dlrrs, the interrgeiyipe being spread over the tree.

We must stress that the phylogeny found is entirely baseti@ata input. The best way to avoid introducing a subjective
bias is to consider all available characters excluding alsly redundant ones, as is done in phylogenetic systesnéticnew
data angbr new characters become available and introduced in thigsisiathe current phylogeny might change somewhat
in the future. This is normal process of knowledge progresghe particular case of the Dwarf galaxies of the Local Grou
spectrophotometric observations will certainly be inedlle for astrocladistics, but this would ideally requirerfageneous data
on a significant sample to be available.

Extension of this study to much more types of galaxies in thavétse is in progress and will possibly yield the basis for a
new taxonomy of galaxies.
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