
СопtгiЬutiопs to Zoo!ogy, 69 (4) 251-258 (2000) 
SPB Acaclemic PUblis/ling bv, Т1le Hague 

Testing cladograms Ьу fossil record: the ghost range test 

A1exandr Р, Rasnitsyn 
Paleontologicallnstitute, Russian Academy о[Sciences. Projsoyuznaya Street 123. 117647 Moscow. Russia 

Кеу words: phy10geny, c1adogram, ghost range, fossi1 record, Vespida, Hymenoptera 

Abstract 

А method of the gl10st range calculation is proposed to assess 
the congruence between а cladogram and the fossil record and 
(о сотраге cladograms оп this basis. The method is tested оп а 
set of cladograms developed recently (о геуеаl the phylogeny 
ofthe hymenopterous insects (Order Vespida), and the results 
аге discussed. 
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Introduction 

It is ап ordinary condition in cladistic research that 
c1adograms deve10ped from different data for the 
same set oftaxa often differ significantly from each 
other. This is crucial since the cladogram compari­
son is aimed at selecting the most сопесt опе. There 
аге а питЬег of indices that have Ьееп deve10ped 
to estimate statistical features that ref1ect devia­
tion ofthe cladogram from the most parsimonious 
опе (Quicke, 1996: 3.2.5). It is not so evident, 
however, that the evo1utionary process does strictly 
observe the parsimony principle. That is why it 
seems reasonable to seek а method of assessment 
less dependent оп particular evolutionary concepts. 

The fossi1 record is а source ofthe evolutionary 
information that is not strictly dependent оп ош 
evo1utionary hypotheses, and so in princip1e it тау 
Ье used as ап externa1 standard in the comparison 
of cladograms. Of course, the fossil record is im­
perfect, but so аге аН ош sources of evidence. This 
is true for cladistics as well, for the character set 
is пеуег exhaustive, and transformation series сот­
position and po1arity аге always hypothetical. That 
is why both sources of the evolutionary informa­
tion, the fossi1 record and the c1adograms, possess 
оп1у degrees of 'perfection', but еуеп so аге wor­
thy of comparison in testing phylogenies. 

There аге methods proposed to assess quality 
of the fossi1 record based оп how it agrees with 
the c1adogram of respective taxa (reviewed Ьу 
Benton and Hitchin 1997). Unfortunately, these 
metrics do not fit the reverse task, that is, to test 
different c1adograms of а particu1ar taxon for their 
extent of congruence with the fossi1 record. То­
ward this end, 1 ат proposing here а similar but 
s1ight1y different approach. In its present form the 
method is rather rough, but \vhenever found ар­
propriate, it тау Ье easi1y improved for тоге рге­
cise calcu1ation. 

Material 

Fossi1 record ofthe hymenopterous insects (Order 
Vespida = Hymenoptera) is se1ected to test the 
method for the following reasons. Incomp1ete like 
апу fossi1 history, the hymenopteran record is rich 
enough to represent as тапу as 51 out of 54 ех­
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tant fami1ies (e.g., Fig. 1; superfamily Chalcidoidea 
is used here as а single taxon because there is по 
cladogram availabIe for it yet). As тапу as 38 of 
these families are recorded starting from the Ме­
sozoic, а time wherein тапу higll-Ievel phyloge­
netic events occurred, and 20 тоге families аге 
known to Ье extinct (mostly since the Mesozoic). 
А \vealth of cladograms Ьауе Ьееп proposed ге­
cently [ог the family lеуеl phylogeny ofthe order, 
and this variety alIows 11S to select enough ofthem 
to test. ТЬе examples аге displayed in 1-6. 

Fig. 1 is based оп Rasnitsyn (1988), \vith several 
minor additions and modifications explained in 
the caption. Fig. 2 shows the results of the recent 
parsimony re-consideration ofthe concept Ьу Ras­
nitsyn (1988) performed Ьу Ronquist, Rasnitsyn, 
Roy, Eriksson and Lindgren (1999). Figs. 3-5 
аге re-dra\vn [l'от tlle cladograms in Vilhelmsen 
(1997: fig. 2), Whitfield (1992: 5), and Brothers 
and Carpenter (1993: fig. 11), respectively. Fig. 6 
represents the apocritan molecular phy!ogeny 
performed Ьу Dowton, Allstin, DiIlon and Barto\v­
sky (1997: fig. 2), with the sympllytan families, 
Orllssidae and Stephanidae added after the work 
of Dowton and Austin (1994). Аll dendrograms 
аге llnified in tlleir style, wit!l the known duration 
oftaxa being indicated Ьу thick !ines, re!ationsmps 
Ьу horizontal thin lines, and tlle implied ghost ranges 
(see below) Ьу vertical thin lines; the vertical thin 
line connecting t\VO horizontal ones means noth­
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ing тоге than а connection of two parts of' а hori­
zontal line. 

Methods 

When we convert а eladogram into а phylogenetic 
tree, \уе fit the internode lengtll to the paleonto!ogi­
саНу сопfiпnеd minimum duration of а particular 
subclade. In some cases \уе Ьауе to infer that а 
clade appears earlier than the fossil гecord would 
suggest (vertica! thin !ines in Figs. 1-6). These 
inf'erred cryptic intervals of existence were termed 
'ghost ranges' (Norell, 1992). When ПlОге than опе 
cladogram is developed [ог а particular set oftaxa, 
they usually diff'er in tlleir configuration as well 
as in tlle extensiol1 of ghost ranges displayed Ьу 
the respective trees. It is apparent that the smaller 
these extensions, the better the cladogram fits the 
f'ossi! record, i. е., the тоге parsimonious it is in 
that respect due to а lo\ver degree of inf'erence {ог 
the duration oftaxa. This is а reason to try and use 
the ghost range concept {ог comparison and evalll­
ation of competing cladograms. 

Thus we migIlt suggest calclllating tIle ghost 
ranges in million years, eitIler as tIleir total dura­
tion as expressed оп tIle cladogram, ог their ауег­
age duration рег node рег terminal branch. How­
еуег, tIle absolllte dllration of tIle geochronologi­
са! units is still ап extensively debatable issue, full 

F(g. J. Relation and duration ofthe 11ymenopteran families (superfamily for Chalcidoidea) (пюdifiеd fгom Rasnitsyn. 1988). Thick 
1ines show known longevity, horizontal thin liпеs relationship, veгtical thiп liпеs .... ghost ranges, doubIe thin liпеs - long ghost 
ranges (тоге Ihan 1\'10 geochronological epochs before entering fossil гесord). Periods: Т - Triassic, J Jurassic, К - Cretaccous, Р 

Paleogene, N Neogene, R .... contemporary (Holocene). Epochs аге shоwп Ьу sl1bscript indiccs: Lower, 2 - 'v1idd1c, - t.:pper (iп 
(Ье Cenozoic, Р, Раlеосепе, Р, - Еосепе, Рз Oligocene, N j - Miocene, N

2 
Рliосепе). Кпо\ув ranges аге modil'ied Боте taxa 

comparing Rаsпitsуп (1988) Ьаsiпg оп follo\ving sошсеs. Argidae and Sapygidae аге found in Ihe lJpper Еосспе Baltic атЬег (old 
data Ьу Brisehke 1886, ignored Ьу R.asnitsyn 1988), Megalodontesidae iп the Lo\ver Cretaceol1s of СЫпа (Rel1 et а1., 1995; ту 
idепtitlеаtiов of Jil>aissodes Ren, GlЮ е! Ji as а genl1S of Megalodol1tesidae), Eval1iidae il1 the Вl1пnеsе атЬег of disputabIy t.:pper 
Сгеtасеопs атЬег (Bashibl1yuk е! al., 2000), Monomachidae il1 the Lower Cretaceous of Kool1warra, Апstга1iа (Jell апd DПl1саl1 
] 986: !ig. 66 F; ту idепtiticаtiоп), Sceliol1idae al1d Chaleidoidea (пеw fami]y) il1 the 10wепnоst Cretaceous ofMongolia (ту idel1ti!ication), 
Platygastridae in the t.:pper Cretaceol1s атЬег ofNew Jersey (identitied Ьу L. МаБпег, регsопаl соmтuпiсаliов Ьу О.А. Gril11aldi), 
Mymarommatidae iB tlle Lo\ver Cretaceol1s (AptiaB) атЬег of Аlауа, Spail1 (ту idel1titication), Diapriidae al1d Веthу1опутidае 111 
ti1e I,ower Cretaceol1s of' Епglапd (Rasnitsyn е! аl., 1998), Sclerogibbidae [n the MioceBc Dominican атЬег (ту identi1lcatiol1), 
Embolemiuae [В ,l1е Cower Cretaceol1s ofTransbaicalia aBd MOl1golia (RasnitsYI1 1996Ь), Scolebylhidae iB the Иррег Еосеве Baltic 
атЬег (Brothers aBd JaBZel1, 1999), Рll1тШ'iidае in thc t.:pper Cretaccous New Jersey атЬег (ту idеl1tifiсаtiоп), Rhopalosomatidae 
al1d Тiphiidae [11 ti1e Lower Cretaceol1s of' Brazil (Darling аllО Si1arkey ]990), Siero1omorphidae ill the Upper Cretaceolls атЬсг of' 
Nc\v Jersey al1d Falsiformieidae In ti1e Lowcr Cretaceol1s Lebal1esc аmЬег (ту idепtifiсаtiоп), F'ormieidae il1 tl1e Lower CretaceOl1S of 
ЕаБ! Siberia (Dll1ssky 1999). Sпрегfатiliеs аге ol1tlil1eu Ьу ЬОl1пdaгу liBes, ехеер! ti1at sometimes тетЬеТБ of опе and t!Je Бате 
sl1perfamily (Karalavi!idae and Ephialtitldae, Serphitidae аво the геБ! of Platygastroidea, Diapriidae and other Proctotrupoidea) арреаг 
separated in the cladogram to simplify [! visually, Tl1ese "огрЬап" families аге marked Ьу а brokeB arrow. 
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Argidae 
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of gaps and traps for а non-expert и5ег. То avoid 
these traps, the calculation 5hould Ье ргеседед Ьу 
special efforts to evaluate the absolute time ranges 
of the involved taxa. However, thi5 sophistication 
of approach does not seem necessary now, when 
the matter of issue is а te5ting of the method itself 
rather than fine tuning а particular phylogeny. 
Indeed, ifthe method is found workable in its sim­
plest [огт, it \vill Ье the тоге 50 еуеп after геа­
sonable complication. 

ТЬе simple metrics applied Ьеге i5 the sum оГ 
the 'long ghost ranges' рег cladogram. This means 
counting the cases \vhen а terminal taxon or а 
subclade is inferred to originate prior 10 its first 
fossil арреагапсе [ог тоге than а particu1ar time 
unit. F ог the present, to satisfy the definition оГ 
the "long" ghost range, the time interval shou1d 
Ье equal to, ог longer than, two geochronologica1 
epochs (two steps of the time grid as displayed in 
f'igs. 1-6). Thus, аН ghost ranges аге shown there 
Ьу thin vertica1 lines, whi1e 10ng ghost ranges аге 
represented Ьу double thin 1ines. ТЬе dashed double 
1ines that appears in figs 2-6 indicate the long ghost 
ranges absent in Fig. 1. 

Results and discussion 

f'igs. 1-6 show considerable differences bet\veen 
the c1adograms in regards to the оссипепсе ofthe 
10ng ghost ranges.Fig. 1 depicts the tree with 76 
terminal taxa and eight 10ng ghost ranges that 
сопсегп three families lacking fossil record (Pergi­
dae, Xiphydriidae and Bradynobaenidae), and five 
others (Blasticotomidae, clade E1ectrotomidae + 
Argidae + Pergidae, Sc1erogibbidae, Pompilidae, 
and Sapygidae) that enter the fossil record in the 
Late Еосепе (е. g., as inc1usions in the ВаШс атЬег) 
ог 1ater. These individual cases тау Ье found in 
а1! other trees tested, \vhenever they consider these 
taxa. Fш·thегmоге, 1 shaH only discuss the "long" 
ghost ranges that appear in addition to these eight. 
Т11е cladogram from Ronquist et а1. (Fig. 2) pro­
duces а tree with 75 terminal taxa and eight addi­
tional ]ong ghost ranges (Cimbicidae, Argidae, 

Stephanidae, Ichneumonoidea, Trigonalidae, Mai­
metshidae, Ceraphronidae, and Apidae) аЬоуе those 
seen in Fig. 1. Vilhelmsen's cladogram (Fig. 3) 
considers опlу the 10wer hymenopterans (13 ter­
minal taxa) and yields two additional long ghost 
ranges (Cimbicidae and Cephidae). Whitfield's 
cladogram deals mostly with superfamilies; his tree 
(Fig. 4 )'also includes 13 terminal taxa and six long 
ghost ranges, а11 additional to those seen in Fig. 1. 
ТЬе cladogram [гот Brothers and Carpenter (Fig. 
5) concems only acu1eate wasps. It produces а tree 
with 19 terminal taxa and fош long ghost ranges, 
аН being the same as in Fig. 1 (the long ghost ranges 
о[ Pompilidae and Sapygidae аге 10nger Ьеге than 
in 1, \vhile in tlle case ofthe Bradynobaenidae 
the opposite тау Ье true). ТЬе tree based оп the 
composite molecular c1adograms from Dowton with 
co-authors (f'ig. 6) considers 24 terminal taxa and 
produces eight long ghost ranges, seven of which 
до not гереа! those in Fig. 1. 

ТЬе аЬоуе results indicate that the cladograms 
Ьу Rasnitsyn (1988) and Brothers and Carpenter 
(1993) аге тоге congruent with the fossi1 record 
than the others. This fo]]ows [гот the observation 
that these two cladograms (еасЬ within its own 
scope) infer the minimum питЬег of ghost ranges 
when corresponding sections of the considered 
cladograms аге compared. ТЬе results deserve some 
additional discussion, however. 

The high score gained Ьу ту cladogram is not 
peculiar. Му cladogram acknowledges presence of 
ancestral taxa (those lacking autapomorphic char­
acter states). ТЬе other сlаdоgгашsfоllоw the strict 
cladistic concept that ancestors сап пеуег Ье iden­
tified as such. Therefore, оп1у sister group геlа­
tionships аге available forthese cladograms. Unlike 
mother-and-daughter taxa, the sister groups always 
have equal age. So when we take а daughter [or 
а sister, we infer it to have ап earlier origin and 
therefore а 10nger ghost range. I Ьауе discussed at 
length elsewhere the reasons why it is necessary 
to ackno\vledge phylogenetic ancestors (Rasnitsyn, 
1996). ln fact, in Ronquist's cladogram (Fig. 2), 
four 10ng ghost ranges (cases of Cimbicidae, Mega­
10dontesidae, Ceraphronidae, and Apidae) арреаг 

2. Relation of the hymenopteran taxa as calcltlated Ьу Ronquist et al. (1999: t1gs. 2, 5 and 9, combined), fопnаttеd after 1. 
Dashed double line long g!юst ranges additiona! to t110se seen iп Fig. 1. 
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Cimbicidae 
Tenthredinidae 
Pergidae 
Argidae 
Electrotomldae 
Blasticotomidae 
Xyelotomidae 
Praesiricidae 
Megalodontesidae 
Xyelydidae 
Pamphiliidae 
Cephidae 
Sepulcidae 
Anaxyelidae 
Gigasiricidae 
Siricidae 
Xiphydriidae 
Paroryssidae 
Orussidae 
Кaratavitidae 

Ephialtitidae 
Praeaulacidae 
Stephanidae 
Braconidae 
Ichneumonidae 
Praeichneumonidae 
Trigonalidae 
Maimetshidae 
Mesoserphidae 
Roproniidae 
Heloridae 
GаstегuрШdае 
Cretevaniidae 
Evaniidae 
Proctotrupidae 
Pelecinidae 
Austroniidae 
Jurapriidae 
Monomachidae 
PlatygastГldae 
Scelionidae 
Serphrtldae 
Stigmaphronidae 
Megaspilidae 
Ceraphronidae 
Chalcidoidea 
Mymarommatidae 
Diapriidae 
Archaeocynipidae 
Flgitidae 
Ibaliidae 
Cynipidae 
Megalyridae 
Bethylonymidae 
Dryinidae 
Embolemidae 
Sclerogibbidae 
Chrysididae 
Bethylidae 
Scolebythidae 
Plumariidae 
Pompilidae 
Apidae 
Sphecidae 
Ve5pidae 5.1. 
Sapygidae 
Tiphiidae 
Scoliidae 
Mutillidae 
Bradynobaenidae 
Falsiformicidae 
Formicldae 5.1. 
Rhopalosomatidae 
Sierolomorphidae 
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Pig. З. Relation ofthe sуmрhуtап (аха as calculated Ьу Vili1elmsen (1997: fig. 2), fonnatted after 1,2. 
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Pig. 4. Relation oft!Je parasitic (аха as presented Ьу Wbltfield (1992: 5). formatted after Figs. 1,2. 
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Xyelidae 
Cimbicidae 
Tenthredinidae 
Pergidae 
Argidae 
Blaslicotamidae 
Megaladonlesidae 
Pamphiliidae 
Cephidae 
Anaxyelidae 
Siricidae 
Xiphydriidae 
Apacrila 

Orussomorpha 
Slephanidae 
Trigonalidae 
Megalyridae 
Ceraphronoidea 
Evaniioidea 
Proctotrupoidea 
Platygastroidea 
Chalcidoidea 
Cynipoidea 
Braconidae 
Ichneumonidae 
Aculeata 

Drylnldae 
Embolemidae 
Scleragibbldae 
Bethylidae 
Chrysididae 
Scalebythidae 
Plumariidae 
Apidae 
Sphecidae 
Pompilidae 
Mutillidae 
Sapygidae 
Тiphiidae 
Scaliidae 
Vespidae s.l. 
Formicidae 8.1. 
Bradynobaenidae 
Rhopalosomatidae 
Sierolomorphidae 

Pig. 5. Rеlаtiоп ofti1e aCl!leate taxa as cakulated Ьу Brothers and Carpenter (1993: 11), tonnatted after Figs. 1,2. 
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ТепthгеdiпidаеJ··..;..·······.:.·········.,~b~~~~~==;~~~~"'F"'"~"'"F'"~~ Pergidae 
Siricldaei;п ~"',. .. ,':", .. ,. •••••••••••••••••••••••••••••:...........r........... ~."11 ••••_'!""""_---+__-+__'!""""_ Stephanidae 

Cephidae

:! ···························~'L__·--+'---r---+-o-"""'":"'"--+-o--t- Orussidae 
Figitidae 
Ibalildae 
Trigonalidae 

1···········································,'---:----;----!---!----!--......­f·········· ..·············~·i 	 Megalyridae 
Gasteruptiidae-\ ................:..........~[::::~:::::::::::::::::::::::::;::::::: 
 Evaniidae 
Megaspilidae

······:··········~··········~L__,.-_-г---,....-'!""""--__-----..- Сегарhгопidае 

Pelecinidae 
Proctotrupidae 
Roproniidae\ :~1· • ~_________________ Heloridae 

I I.......~.г--i-----i------~----i---t---­~. Diapriidae 
Scelionidae 
Chalcidoidea 
Braconidae 
Ichneumonidae 
Vespomorpha 

Fig. 6. Molecl!lar phylogeny of hуmепорtсгап taxa as caJc111ated Ьу Dowton and Аl1stiп (1994: fig. 3), for sуmрhуlап tamilics, 
Orussidae апd Stephanidae, апd Ьу Dowlon еl al. (1997: tlg. 2) foт the аросгitапs, fOfl1latted aftcr Figs. 1,2. 

solely because they are considered to Ье sister al1d 
1101 daughter groups of Tel1thredinidae, Praesirici­
dae, Megaspilidae, a11d Sphecidae, respectively. The 
sаше is true for three cases (СiшЫсidае, Megalo­
d011tesidae a11d Cephidae) i11 Vilhеlшsеl1'S сlа­
dоgrаш (Fig, 3); i11 шу сlаdоgrаш Cephidae is the 
daughter taxo11 of Sepulcidae. ОЕ six 1011g ghost 
ral1ges il1 Whitfield's tree 4), Пуе are absent 
in шу с!аdоgrаш because Trigonalidae al1d Cera­
phronoidea (s.str.) are sllggested there to descend 
directly tгош Mega!yridae, Platygastroidea + Chal­
cidoidea a11d Cynipoidea frош the ancestral 
proctotrupoid fашilу Mesoserphidae, a11d Ich11eu­
ШО110idеа + Aculeata fгош Ephialtitidae. 1n Dowton 
and Austil1's с!аdоgrаш (Fig. 6), {Ьеге are seven 
addi1ional 1011g ghost ranges сошраri11g 10 Fig. 1. 
Four of thеш result frош the sаше causes: in шу 
сlаdоgrаш, Tenthredinoidea origil1ate direct!y fгош 
Xyelidae, Cephidae frош Sepulcidae, Trigonalidae 
frош Megalyridae, and Eval1iidae Gasteruptiidae 
fюш Praeaulacidae. 

The reaSOl1S why other 1011g ghost ranges ар­
реаг in Figs. 2, 3,4 and б i11 additiol1 10 those seen 
iп the Fig. 1, are n01 so evidenl. PossibIy they are 
relevant to the phylogeny of Нуше110рtега rather 
than to шеthоdоlоgу ofphylogel1etics, al1d so they 
will Ье cOl1sidered elsewhere. 

Conclusion 

ТЬе above observations indicate that the total 
аШОUl1t of ghost ral1ges displayed Ьу ditTere11t 
phylogenetic trees for the sашс set of taxa does 
allow us {о сошраге al1d еуаlиа1е the cladograms 
fоrшil1g the background ofthese trees. Moreover, 
the results of application of the шеthоd are undcr­
standable and possible to explain, at least il1 part. 
ТЬа! {Ье сlаdоgrаш fюш Rasl1itsYl1 (1988) fi1s better 
to the fossil record thal1 the шаjоritу of 01hcrs, 
depel1ds at least partially 011 1Ье apprecia1iol1 оЕ 
шоthеr al1d daughter groups in additional to the 
sister groups, 1hese latter bcing the only !еgitiшаtе 
ones il1 cladistics. А1 the sаше tiше, testing of 1ЬС 
сlаdоgгаш Ьу Brothers and Carpe111er (1993) indi­
cates tha1 the high score received Ьу Rasl1itsyn's 
(1988) сlаdоgrаш frош {Ье present test is п01 а 
straightforward result of the шеthоd used there, 
i.e., {Ье шаkil1g of а сlаdоgrаш Ьу the шеthоd of 
Hennig ("рарег and репсil" approach) instead of 
the аl1tошаtiс раrsiшопу calculation, and аl1 ар­
preciation of the al1cestor and descendant taxa. 

Severa! ways to further dеvеlОРШСl1t ofthe ghost 
rangc шеthоd шау Ье proposed. ТЬе шоst evident 
one is the calcu!ation of the lenbrth rather than the 
siшрlе count of ghost ranges: this wOllld шаkе the 
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method more precise. However, there is yet another 
possibility. As proposed, the ghost range method 
is designed to test competing cladograms in regards 
to their congruence with the fossil reeord. Instead, 
it might Ье found useful to use the geochrol101ogi­
са! data directIy in the parsimony calculatiol1, to 
il1clude the informatiol1 from fossil record into the 
cladistic procedure. However, еуеl1 it its simplest 
form, the ghost ral1ge method might Ье а useful 
test for c!adograms. 
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