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ABSTRACT. Much of what is known about galaxiesbeganwith a simple classificationof their forms as seenon direct
blue-light plates. This classificationcontinuesto be useful at a time when galaxieshave neverbeenbetter understood.The
reasonfor this is that morphologycontainsinformationon the dynamicsand evolution of galaxiesin spite of the fact thatthe
featuresdominatingthe appearancenay include only a small fraction of the total mass.In this article | briefly review the
importantclassificationsystemsn usetodayandhighlight classificationasanart havingsignificantdiscriminatingability andat
the sametime serioudimitations.| alsosummarizeecentdevelopment thisfield from a morphologist'oint of view.
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1. INTRODUCTION

Galaxyclassificationis one of thoseenjoyableaspectf galaxyresearchthatfew of us considerourselvesspecialistan. Most
of us obtain the morphologicalinformation we require from the large cataloguesor lists provided by a few respected
"morphologists”,and rarely attemptto improve on thosetypeshby re-inspectingthe galaxiesourselvesor by carrying out an
imagingsurvey.Thoughwe may on occasionquestiona cataloguetype in individual casesgspeciallyif betterimagematerial
becomesvailable publishedmorphologicaltypesprovide animportantstartingpoint for mostextragalacticesearchThisis as
true todayasit was66 yearsagowhenHubble publishedhis famousclassificationsystem.Therecanbe little doubtnow that
natureandnurtureplay a role in determiningthe morphologyof galaxies.The main questionsareto whatdegreehaveeachof
theseprocessesnfluenced present-daymorphology,and how do we recognizetheseinfluences.Morphology alone cannot
answerthesequestionsso a confrontationbetweerntheoryandobservatioris essentiallt is thusfitting to beginthis conference
with a review of the morphologicalclassificationof galaxies,sincethis providesthe backgroundfor the naturevs. nurture
controversyDueto spacdimitations,thediscussionsrenecessarilyrief.

2. REVIEW OF CLASSIFICATION SYSTEMS

Thoughthe nomenclaturavasvery simplistic,the morphologicalclassificationof galaxiescanbe tracedbackto thetime of the
Herschelq1781-1847) whosetelescopesverelargeenoughto allow visual recognitionof distinctdifferencesn thelarge-scale
characteristicof the so-called"white nebulae”.Different degreesof central concentrationapparentflattening, and mottling
were clearly distinguishableMore complexstructurewas seenin a few of the brighter casesput it wasLord Rossewho, in
1845, addedthe attribute "spiral” to somemembersof the Herschelswhite nebulae.This is when morphologybeganto get
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interesting.

The adventof photographyin astronomyat the end of the 19th centuryfirmly establishedhe reality of the spiral morphology.
Photographyalso provided a greaterappreciationof the complexity and rangeof galaxy morphologythat must have proved
almostdauntingto anyonewishingto understanchow the differentforms arerelatedto oneanotherif at all. As the numberof

good quality imagesgrew in the first part of the 20th century,different classificationschemesavere naturally attempted An

excellentreviewof the stepswhich led to the recognitionof the maintypesis providedby Sandagé®, who givesall of the early
referencesaswell asreferenceso a numberof classificationsystemsvhichfell into early dis-use Examplesof mostof the main
typeswerealreadyknownby 1920.

The classificationsystemsn usetodayareall in someway relatedto that describedn Hubble's34 paper.This systemwhich
originally included only ellipticals, spirals, and irregulars,focusedon a few basic characteristicsand orderedgalaxiesin a
mannerthatwaseventuallyfoundto correlatewith somebasicmeasuregharametersThe sequencavasbestdefinedfor spirals
sincethreeclassificationcriteria were available:the relative strengthof the bulge, the opennes®f the arms,andthe degreeof
resolutionof the arms.Van denBergh%2 commentedhatthe firm establishmenandlateradditionof the SO classby Hubble32
destroyedhe "simple beauty"of the original system.t is interestingalsothatin spite of a greatdeal of recentresearchthere
havebeenno firm correlationsfound betweerellipticity andotherpropertiesof E galaxiesJeavingthe valueof this criterionas
partof the "sequence’n doubt(e.g., Tremaine39). The later division of irregularsinto two subclasses)rr 1" and"Irr 1I", was
proposeddy Holmberg32,

Hubble'sfinal revisionto his systemis illustratedand describecby Sandage*. No otherclassificationsystemhaseverbeenso
beautifullyillustrated.This wascomplementedecentlyby the Atlas of GalaxiesUsefulfor the CosmologicaDistanceScaleby

Sandageand Bedke?®, and by the published"mini-atlases"of Dresslerand Sandage?’, Sandageand Brucato 48, Sandage,
Binggeli,and Tammanr?? andthe RevisedShapleyAme€atalogue!® (=RSA).

De Vaucouleurst® 19. 20 presenteda personalrevisionof Hubble'ssystenmthat providesa betterdescriptionof whata galaxy
looks like without being too complicated.The systemusesthe conceptof a classificationvolume, rather than a simple
multi-pronged"tuning fork", andis recognizedmainly for its addition of stageslater than Sc, called Sd and Sm, and for the
notation(SA, SAB, and SB) usedto denotecontinuity of the bar characteristicTheserevisionsto Hubble'ssystemhavebeen
largely acceptedby mostastronomersThe Sm classis particularlyimportantbecauset recognizedhe MagellanicCloudsnot

simply as"irregulars"but asvery late spiralswith no spheroidacomponeng 43,

The classificationsystemproposedby Morgan 49 (seealso Morgan, Kayser,and White 41) was designedas a meansof tying
galaxy morphologyto the then currentideasof stellar populations.The degreeof centralconcentrationvasusedto definea
one-dimensionaspectralclassificationsystem(populationgroup) basedon form alone.Secondarydimensionsdefinedby the
"form family" andthetilt index, tied the systemin anindirectway to Hubble'ssystem Morganalsointroducedsometypesnot
recognized fully by Hubble. The best known of these was the cD class, although its discovery is claimed by
Vorontsov-Velyaminov®’. The Morgan systemhasrecentlybeenusedin a studyof the spiral-to-ellipticalgalaxyratio in two
nearbygalaxyclusters’?. However,it hasnotbeenusedin anyrecentmajorcatalogues.

Onelimitation of Hubble'ssystemwasrecognizecy vandenBergh®% 81 \who demonstratethe existenceof luminosity effects
on the contrastand developmenbf spiral arms.He assignechot only modified Hubble typesto galaxies,but also luminosity
classessymbolizedin a mannersimilar to stellarluminosity classesThe luminosity classesvere originally appliedto Sb, Sc,
and Irr galaxies,but the latter objects, lacking spiral structure,had to have their luminosity classesestimatedfrom surface
brightnessalone.Van denBergh'smodified Hubble systemwaslater drasticallychangedhe disagreedvith Hubble'splacement
of SO'sin the "transition region" betweenellipticals and spiralsfor reasongelatedto flattening and bulge-to-diskratio. He
insteadproposedlacingSO'sin a sequencearallelto spirals®2 (RDDO system)The two sequencessebulgeto disk ratio as
a classificationcriterion, and he identified transitioncasesbetweenSO'sand normal spiralswhich appearedo be spiralswith
little starformationin thearms.Theseweregiventheterm"anemics",andwereassumedo be gas-poor.

Becausehe RDDO systembuilds aroundthe expectedevolutionaryscenarian clustersthat strippingcandepletespiralsof the
gasnheededor ongoingstarformation, nurtureis explicit: galaxieswhich may oncehavebeenspiralsevolvedto a completely
different type called SO'sowing to an interactionwith the clusterenvironment.SO'smay not be born, but are madeby this
interaction.This is a controversythathasnot yet beenresolved A primaryproblem,notedby Burstein?, is thatthereareasyet
no known examplesof SOc galaxies,i.e., galaxiesof the SO type which havea bulge-to-diskratio as small asthoseseenin
manySc galaxies Anotherproblem,notedby vandenBergh 8, is thatthe SO classis a mixed bagof possiblyunrelatedtypes
of objects.
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Vorontsov-Velyaminov8?, referringto his work on the Morphological Catalogueof Galaxies(MCG) in the 1960's,hasheld
steadfastlyto the view that galaxymorphologyis too complicatedto be representeédequatelypy any of the availableHubble
or Hubblelike systemsHe developedn the MCG a purely descriptiveclassificationwith symbolsgearedo almosteverydetail
of morphology.This makesfor a complexsymbolismbut is still usefulbecauset allowstheisolationof specific categoriesof
objectsthatthebroadHubbleclasseslo notadequatelyepresent.

3. CLASSIFICATION AS AN ART

It is onething to know the variousclassificationsystemsput quite anotherto apply theseto real galaxies.As an art, galaxy
classificationhas many stringentrequirementsas well as limitations. For instance,a systemis usually defined by a set of
standardor prototypesasthey appearon a selectedype of imagematerial. Thus, reproducibility and consistencywill depend
on different observeraising similar materialto classifyotherobjects.For Hubble'ssystem this imagematerialincludedprime
focus and other bluelight plates taken with 1.5-5m class telescopesin general,telescopefocal length and ratio, image
resolution,and the depthof exposurejn additionto the characteristic®f a given galaxyitself, all play a role in determining
whatinformationis availablefor classification.

However,thereareimportantproblems,suchashigh inclination, andthe fact that large-scaleplatesor digital images,deal for
classification,are availablefor lessthan 15% of the approximately25,000galaxieshavinga standardsophotaldiameter= 1'.
This meanghat for mostgalaxies,morphologyis judgedfrom small-scaleskysurveyplates,prints, andfilms. The pitfall of the
sky surveyimages,in additionto the muchsmallerimagescalethanis typical of Cassor prime focuslargereflectorimagesis
frequentoverexposuremakingit difficult to seethe crucialinnerregionswherehigh surfacebrightnesdars,rings, lensesegtc.,
may be presentDistinguishingE and SO galaxieson suchimagematerial,for example canbe difficult 8. On the otherhand,
the pitfall of largereflectorplatesin the pasthasoften beenunderexposure;ausingvery low surfacebrightnessdisks, rings,
arms,etc.to be completelymissed(In fields with significantgalacticextinction,thesesamedetailscanstill be lostevenon deep
SRC-Jplates.)Thus, it is importantwhenusing publishedmorphologicaltypesto knowwherethe typescamefrom and their
limitations.

The standardHubble classificationsystemcanalso simply be difficult to applyto certainkinds of galaxies.Someof the worst
offenderscan be early-typeringed, barredgalaxies,wherethe bulge can be relatively small in spite of the fact that a spiral
patternis tightly wrappedand not highly resolved 44 12, Particularly interestingand importantin my view also are what
Vorontsov-Velyamino¥ calls "doubleor triple stagespirals",which refersto thosespiralswhich exhibit distinct setsof spiral
structureon differentscalesThe useof onepatterncould leadto a differenttype from the other.A goodexampleis NGC 3504
in the Hubble atlas,wherea well-resolvedoval andbar dustlanesleadto a classificationof Sbin the RSA, but a fainter, larger,
andsmoothouter pseudoringwith almostzero pitch anglewould clearly warranta type of Sa.De Vaucouleurs?? compromises
on a type of Sabfor this one. The classificationof galaxieswith hierarchicalspiral structureis an interestingproblemhardly

discussedn theliterature but this kind of structureplaysa selectiverole in the applicationof Hubble'ssystenf,

Perhapghe mostseriousproblemwith galaxyclassificationis thatit is still largely a subjectivevisual exercise The humaneye
is very good at patternrecognition,and is capableof integratingthe information in an image quite quickly. However, a
morphologicaltype is not a measuredjuantityevenif it is codedon a numericalscale.De Vaucouleurs? emphasizedhatin
spiteof the subjectivenatureof classification,suchclassificationis a time-honoredradition in astronomythathasbeenlargely
successfulThis hasbeenrecentlydemonstratedery definitively by the extensiveanalysisof publishedtype (T) andluminosity
(L) classificationghat providedthe codedtypesgivenin the Third ReferenceCatalogueof Bright Galaxies26 (=RC3). From
this analysis,which is basedmainly on sky survey(PSSor SRC-J)classificationsthe averageuncertaintyin both of these
parameterss = 0.9 step,whereone steprepresents differencesuchas Sb to Sbhc, Sato Sab, etc. Classificationshasedor
large-scaleeflectorplates,or for largeface-ongalaxiesbasedon sky surveyimagesaxegenerallyconsiderablybetterthanthis.

4. TYPE CORRELATIONS

Severalstudieshave quantifiedtwo aspectsof the spiral sequenceahat determinethe Hubble classification:the bulge to disk
ratio andthe pitch angleof the arms.Kennicutt3/ showedthatobjectivelymeasuregitch anglescorrelateon averagevith RSA
type, but with a largescatter;a roughcorrelationof pitch anglewith Morganconcentratiorclasswasalsofound. Simienandde
Vaucouleurs®’ usedbulge/diskdecompositionso illustrate how the bulge-to-totalluminosity ratio varieswith Hubbletype. A
smoothvariation with type wasfound, but mostimportantly, this studyfound no supportfor van den Bergh'sbelief that SO's
form a sequencearallelto spirals.The bulge contributionfor SO'sis generallyintermediatebetweenpure spheroidalystems
andspirals,thussupportingHubble'splacemenbf SO'sastransitionsbetweerkE'sandSO's.

The abovecorrelationsare expectedbecausdhey underliethe classificationsystem But whatreally makesthe Hubble system
importantare the correlationswith other parameterghat were not part of the system.lt hasbeenknown for a long time that
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Hubble types, especiallyde VaucouleursrevisedHubble types, also correlatevery closely with objective measure®f color,
surfacebrightness,and HI content 22: 11 | ate-typegalaxiesare bluer, have more hydrogen,and generallylower surface
brightnessesthan early-type galaxies. Intermediate types have intermediate properties between these extremes. These
correlationsare illustrated with new RC3 data and revised galactic extinction and tilt correctionsin Figure 1. They are
remarkableat leastfor spirals,SO's,andirregulars,andtheysuggesthattherevisedHubblesequencéasphysicalsignificance

21 possiblescenariogor theorigin of the Hubblesequencarediscussedby Larsonin this volume.
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Figure 1: Dependencef severalphotometricparameter®n
the codednumericalstagein de VaucouleurssystemThetop
two panelsillustrate the correlationsfor colors, while the
lower panelsshowthe correlationsfor hydrogenindex H. I.
andmeaneffectivesurfacebrightnesgu’, , all asdefinedand

correctedn theintroductionto RC3.

5. RECENT DEVELOPMENTS IN CLASSIFICATION AND MORPHOLOGY

Recentdevelopmentsn this field have beenconcernedwith (1) new major cataloguef standardHubble types;(2) slight

modificationsto existing classificationsystems|3) the identification of newtypesof galaxiesandimprovedunderstandingf

older types; (4) identification of the major orbit resonancesn grand design spirals and ringed galaxies;(5) widespread
applicationof electronicdetectorswith high quantumefficiency to large numbersof galaxiesof manytypes,andover a wide

rangeof passhandsand(6) computerclassification.

Major cataloguesvith morphologicadatacontinueto be produced Thesearesummarizedn reviewsby Corwin 2’ andButa13.

The RC3 combinedseveralof thesecataloguesand other smallerlists into the largestdatabasesf Hubble morphologicaltype
informationevercompiled.The 17,700typesgivenin this catalogueare basedsolely on photographicsourcesand are on the
classificationsystemof de Vaucouleurs!?. Other major cataloguesncludethe Virgo ClusterCatalogue® andthe RSA; these
give typeson Hubble'srevisedsystenf, with additionsandrevisions,somedescribedelow.

No major new classificationsystemshave beenproposedsince 1976, though modificationsto existing systemshave been
suggestedFor example,Kormendy 28 suggestedhat tensesbe distinguishedfrom rings using their own notationwithin the
frameworkof the de VaucouleurgsevisedHubble system He suggestedienotinginnerlensesby (1) andouterlensesby (L) in
the sameclassificationpositionswhereinnerandouterringswould be specified Kormendyalsosuggestea differentapproach
to morphology theideaof characterizingyalaxiesin termsof a smallnumberof "distinct components'(bars,rings, etc.) rather
thanalargenumberof morphological'cells”. The objectiveof theapproachs to makedeductionsoncerningsecularevolution
from the waysthesecomponentsnight be expectedo interact(seeTable 1 of Kormendy22). Kormendysuggestedhatsuchan
approachleadsto the possible conclusionthat bars are not permanentfeaturesof galaxiesbut may evolve under certain
circumstancet alens.Whetherthis evolutionactuallytakesplaceor notis still uncertain.

Anotherrevisionto the classificationsystemss the recognitionof "dusty E's."” The misclassificatiorof theseobjectsasS0'sis a

noteworthyproblem of cataloguesemphasizecy Ebneter,Djorgovski, and Davis 28 (and referencesherein;=EDD). The
presenceof such"features"in a type of galaxy which was by definition featurelesded EDD to suggesta more physical
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classificationof E'sis nowwarrantedA lovely montageandcatalogueof dust-laneellipticalsis providedby Bertola3.

Sandageand Brucato 48 pointed out that the original classescalled Irr | and Irr 1l in the Hubble Atlas are not satisfactory
becausegheycombinewidely differing objectsinto the samebin, namely"Irr". To distinguishgalaxieswhicharenotE, SO,or S
but which havean amorphousappearancéo the unresolvedight, sometimeswith imbeddedresolvedstars,they proposedhe
term"amorphous'galaxies SandagandBrucatoemphasizeéhattheseobjectsaresimilarto, but not preciselylike, thelrr 1I's in
the Hubble Atlas, and that somesimilar objectsclassifiedas |0 by de Vaucouleuramay be peculiarspiralsor S0's.One of the
hallmarksof theamorphouglassis a well-developecdearly-typeabsorptionspectrunspreadhroughouthe disk.

In the caseof spirals,manyaspectf the "grand design"and “flocculent” spiral morphologieshave now beenquantified 32.
Theseareaspectof spiral structuremorphologythatare not directly built into Hubble classificationsFlocculentgalaxieslack
bimodalsymmetryandhavea spiral-like structurecomposednly of smallpiecesof arms.Granddesigngalaxiesgenerallyhave
atwo-armedstructureandthe armsarelongerandmorecontinuoughanin flocculentgalaxiesTo accountfor thesedifferences
andfor combinationsof the two patterntypesin manygalaxies Elmegreerand Elmegreer?? proposeda systemof 10-12"arm
classes"or AC's to highlight a systematicorderlinessof spiral arms. The AC's are not exactly the sameas van den Bergh
luminosityclassedecauséheyemphasizesymmetryandarmlength,ratherthanarmcontrast.

The identification of the locationsof specificdynamicalorbital resonances spiral galaxieshasseenmuchprogressn recent
years Researchasfocussedn two classeof objects:granddesignspiralsby the EImegreensandringedgalaxiesby myself.
The paperby Elmegreerand EImegreen2? summarize$iow to recognizethe primary orbit resonancein a relatively typical
granddesignspiral, NGC 1566. For this purpose purely morphologicalmethodsyuidedby expectationdgrom spiral structure
theory are used. The featuresconsideredare spiral arm kinks, gaps, spurs, bifurcations,endpointsto star formation ridges,
dust-lanecrossoverpoints, interarm star formation, and the endsof a weak bar. If consistencycan be found betweenthe
positionsof thesefeaturesandthoseinferredfor specificresonancefrom a rotation curve, thenthe patternspeedof the wave
can be derived with reasonableonfidence.However,evenin an extremegrand designcaselike NGC 1566, the resonance
featuresare very weak. It takesa greatdeal of tenacity,for example,for the readerto study and identify clearly all of the

featuressummarizedn Table1 of EImegreerandElmegreer?®,

Ringedgalaxiesrefer to normal galaxiesclassifiedin the de VaucouleursrevisedHubble systemwith the symbols(R)SB(r),
(R)SB(rs),(R)SAB(s),(R)SAB(r,nr) etc., thatis, objectswhich haveinner, outer,or nuclearrings or pseudoringsTheserings
arebelievedto definethe locationsof specificorbital resonancewith a bar or oval, andif correctthey aremuchmoreobvious
optical featureswith a direct link to resonanceshan someof the featuresseenin the bestgranddesignspirals. Thus, they
providea promisingway of indirectly estimatingpatternspeedsf barsandovals,of which very little is known.At the moment,
thereis a greatdeal of evidencethat the outer rings and pseudoringsf SB and SAB galaxiestracethe location of the outer

Lindblad resonancepr OLR. This follows from statisticsof their shapesand orientationswith respectto bars 10, from their
relativesizeswith respecto innerrings2 andmostof all from their morphology2. The Catalogueof SoutherrRingedGalaxies
125 designedspecificallyto understandhe link betweerrings andresonancesandhasbeenthe basisfor the studiesof Buta 19
andButaandCrocker!2,

A numberof interestingfindingshavebeenmadeconcerningclustergalaxies A photometricstudyof brightestclustermembers,
or "BCM's", including gE, D, and cD types(Schomberl: 2. 53) hasled to a refined and quantitativeclassificationof these
galaxiesbasedon luminosity profile shapesSchomberthasnotedthatthe characteristiextendedenvelopef cD galaxiesare
generallyfainterthan10% of the night sky brightnessandarenotreadily seenon PSSprints. Thus,therathershallowluminosity
profiles of cD'sis whatled to their recognition,in addition to their centrallocationin clusters.It is the existenceof a true
extendecenvelopethatdistinguisheshecD from the D class.

As emphasizedy SandagexndBinggeli 47 (=SB), the Virgo Clustercontainsgalaxiesof virtually everyknownmorphological
type. Of particularinteresthasbeentheidentificationin Virgo of dwarf SO, or dSOgalaxieswhich morphologicallyarelike SO's

butwhich areof considerablyower luminosityandsurfacebrightnesshannormalS0's(seealsoBinggeliandCamerorf). Most
of the galaxiesin Virgo fainter than B = 14 appearto be dwarf E, or dE, systemsSB emphasizethat the "great void" in
luminositybelow Sa,Sb,and Sctypesis real - thereareno convincingcasef dSa,for example.This confirmsthatthe Hubble
sequences largely definedby giantgalaxies However,althoughno examplesof dSaor dSbwerefoundin Virgo, a promising
examplewasfound by van denBergh 83 in the compact,apparentelliptical galaxy NGC 3928, a memberof the Ursa Major
Cloudof galaxies.

Theluminosityclasssystenof vandenBerghhasbeenextendedo classed/-VI andVI by Corwin (seeintroductionto RC3)to
allow for a greaterrangeof apparensurfacebrightnesseseenamongdwarfandlate-typegalaxieson the SRC-Jsky survey.The
RSA luminosityclasssystemwasalsorefinedby SB to allow for a greaterapparentangeof surfacebrightnesseseenamongim
galaxiesin theVirgo Cluster. Amongthe galaxiesclassifiedasim V by SB are"huge"Im typeshavingsignificantdiametergup
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to 10 kpc) andpeakcentralsurfacebrightnessekessthan10% of nightskyin bluelight. Theseareaccompanietby similarhuge
dE systemsThe datafrom a variety of sourcef luminosityclassesiavebeencomparedandcombinedin RC324,

Van denBergh,Pierce,and Tully 62 (=BPT) havediscussedhe classificationof 231 Virgo Clustergalaxiesirom CCD images.
They proposea revisionto the classificationsystemof vandenBergh 82 to include Sd and Smtypes,anddemonstratéhat the
accuracyof luminosity classificationis improvedon digital images(J(MTB) = 0.7 mag)comparedo classificationsdbasedor

photographicplatespublishedin the RSA (J(MTB) = 1 mag).Of particularinterestin this work wasthe identification of ¢

possiblenew classof galaxies,called"Virgo types."Thesegalaxieshavefuzzy outerregionsandactive starformationin their
bulgesor inner disk regions,and constitute43% of 88 Virgo clusterspirals.In contrast,BPT find thatthe UrsaMajor cluster
includesonly 2 "Virgo types"outof 35 spirals,suggestingeal differencesBPT suggesthatthe early"Virgo types'represent
mild form of the Butcher-Oemleeffectthatpersistsat zeroredshift.

In a study of the HI and optical propertiesof clustergalaxies,Bothun, Schommerand Sullivan ¢ identified a classof red,
Hl-rich, low surfacebrightnessspirals.A sampleof theseobjectsis compiledby Schommerand Bothun 24, andtwo extreme
exampleof the class,NGC 3883and UGC 542, werestudiedby vander Hulst et al 86, The typesof thesegalaxiesrangefrom
Sato Scin SchommemndBothun 24, and NGC 3883is quite distinctivefor its sizeandappearancén Abell 1367. Van der

Hulst et al 88 interpretthesegalaxiesin termsof a thresholdHI surfacedensityfor starformationand possibleinterruptedstar
formationactivity or analteredIMF.

An importantserendipitoudinding from a studyof a field of the Virgo Clusterwasan objectdubbed"Malin 1" Z. This galaxy
appearssmall enoughon PSSprintsthatit did not makeinclusioninto the UGC #2. However,on amplified deepllila-J plates,
Malin 1 showsan extendedJow surfacebrightnessdisk surroundinga small bright core. The objectis not a memberof the
Virgo Cluster(it is = 20 timesasdistant)andis now recognizedasa new classof giant, HI rich, low surfacebrightnessdisk
galaxiesthelikes of which hadnot beenappreciatedefore. The propertiesof Malin 1 arefurthersummarizecgnddescribedoy
Impey and Bothun 38, anda secondexampleof the classwasreportedby Bothunet al €. Theseobjectsare now interpretedas
disk galaxieswvhoseH| surfacedensityis solow thattheyevolveonly slowly.

The studyof interactinggalaxieshasled to the recognitionof severalnew morphologiesPolarring galaxies®? are believedto

be casesvherea smallsatellitehasbeendisruptedinto a polar orbit aroundan SO. Hoag-typeringedgalaxies®® may be related
caseswherethe centralobjectis an EO system X-galaxiesareedge-onS0'sdisplayinga distinct X-shapeacrosshe centerthat

may also be relatedto polar ring galaxies8. "Ocular" galaxiesare interactinggalaxiesdisplayingan "oval-apex" structure
resemblinganeye32. Thelatter objectsareparticularlyinterestingbecauseheyrepresent type of bar not distinguishedvithin
theHubblesystemA key featureis adoublearmon oneside,asillustratedin Figurel of EImegreeretal 32.

Of particularinterestto studentf spiral structureis the discoveryof a leadingspiral armin theinteractinggalaxyNGC 4622

16 The armwasfirst noticedby Byrd on a well-knowncommerciallyavailablephotographpublishedin Shu28. The galaxyis of

type SA(r)abandshowstwo majorouterarmsthatwind clockwise butinsidetheinnerring a singlearmwindingin the opposite
sensés presentSincethe "discovery" photographwastakenin blue light, Buta, Crocker,andByrd 12 (=BCB) re-observedhe
galaxyin the Cousinsl-bandto testwhetherthe armis stellar or an artifact of dust. The leadingarm wasfound to be a clear
featurein the galaxy'sold disk population.The fact that only a singleleadingarmis observedn this case ratherthantwo, is

strongevidencehatthearmwasgeneratedby atidal interaction,asdiscussedn detailby BCB.

The widespreaduseof high quality CCD's,especiallythe largeformat TEK CCD'sat KPNO and CTIO, hasgreatlyincreased
the numberof large-scalémagesavailablefor classifyinggalaxies Whatis particularlyimportantis thata typical modernCCD
canprovidein a shortamountof time imagesthat are deeperin limiting surfacebrightnesghanthe SRC-Jsky survey,andyet
still provide detailedinformationon the centralregionsof galaxies.Thus,theybypasshe main problemsof direct prime focus
or Schmidtplatesandhavethe potentialof addinggreatlyto our knowledgeof morphology It is alsoclearthatrecentadvances
in infrared detectorsmakethe developmenbf a classificationsystemin the 1-3 p wavelengthrangea real possibility. The
advantagesf usingnearinfraredimagesto type galaxiesaretheir increasedensitivityto the dominantold stellarpopulations,
which tendsto enhancehe visibility of featuressuchasbarsand bulges.The youngcomponenbf galaxieswhich dominates
blue light imagesfor manyspiralsaswell asdustwill be lessprominentandthereforenot importantfor typing purposesThe
numberof "cells" requiredto classify galaxiesshouldthereforedecreasesomewhatHowever,going to the infrared will not
changethe pitch angle of spiral armsor the relative senseof the Hubble sequenceWhat is clear is that the numberof
"non-barred"galaxieswill probablydecreaseascanbe gatheredustthe ESO-BandESO=Rsky surveycharts.

Finally, in the future somecataloguef galaxieswill probablyinclude automaticclassification!: 28, This is an approachstill
underdevelopmentpowing to the difficulty of defining someaspectsof morphology,but once a satisfactorymethodologyis
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achievedijt hasthe potentialof providing moreconsistentlassificationghanmightbe achievedvisually.

6. CONCLUSIONS

Oneof the soberingrealizationsof recentyearshasbeenthe discoverythat a large fraction of the matterin galaxiesis unseen.
As discussedy Freeman(this conference)the evidencefor this dark matteris overwhelming,andwe areforcedto conclude
that most of what we seein galaxy morphologymay only be like icing on a cake.However,this icing makesgalaxiesmore
interestingthanthey might otherwisebe andit offersa lot for understandingyalaxystructureandevolution.It seemslearthat
externalinfluencescan drive morphologyin a variety of different ways,from gasstripping, accretion,and mergers;o tidally
generatedarsandspiral structure Naturalformation of barsand spiral patternscan probablyalsooccur,andthe influenceof
the orbital resonance®f thesenon-axisymmetriadisturbancescan add further complexity to what we see. Morphological
classificationhasmanylimitations and canonly be usedasa guideto understandinghe underlyingdynamics.However,even
thoughit canbe misleading classificationis still alive andwell in the 1990's,asevidenceddy the publicationof the RC3. Now,
for the restof a conferencdike this, we haveto weighthe evidencefor naturevs. nurturein influencinggalaxy structureand
evolution.
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