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   3.1     Introduction 

 Writing about historical events, about the major paradigm shift in systematics   
since Darwin  , is not necessarily easy, even if the record appears to be relatively 
good. Evidently, it becomes even more diffi  cult when the authors, and nearly all 
the sources, have been involved in the events. Some biases are easy to defi ne, some 
more subtle. Going through parts of the recent literature there are obvious contra-
dictions, omissions and errors – and there is no reason to believe that this chapter 
will be any diff erent. To some extent, interpretation of events is in the eye of the 
beholder. 

 Th is chapter is about the introduction of phylogenetic systematics   into the Nordic 
countries and the key persons involved. It does not, however, attempt to follow the 
subsequent rather rapid spread in diff erent disciplines in each respective Nordic 
country. Inevitably some may perhaps understandably wonder why they are not 
mentioned. However, the decision not to do so is solely the responsibility of the 
authors. 

 Th roughout this chapter the two terms ‘phylogenetic systematics  ’ and ‘cladistics  ’ 
are used interchangeably.  

   The Future of Phylogenetic Systematics: The Legacy of Willi Hennig   , eds. D. Williams, 
M. Schmitt and Q. Wheeler. Published by Cambridge University Press. 
 © The Systematics Association 2016.  
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  3.2     Hennig in the Nordic countries 

 Hennig did not travel much and rarely attended scientifi c meetings, which made him 
feel uneasy (Schmitt  2013 ), but he did go abroad while employed at the Staatliches 
Museum für Naturkunde in Stuttgart  , attending the 12th International Congress of 
Entomology in London in 1964 and visiting major European collections in the 1960s, 
including those in the capitals of Denmark, Finland and Sweden (Schmitt  2013 : 80). 

 Hennig had, however, been to Denmark much earlier. During World War II, he 
was enrolled in the 218th Infantry Division of das Wehrmacht and was stationed fi rst 
in Vordingborg in 1941 and then moved to Haderslev. Th e 218th Infantry Division 
was a part of the occupation troops, and until August 1943 this was, to the extent 
possible during wartime, a relatively easy job, with good access to local commodi-
ties, which could be sent back to the family in Germany. However, Hennig did not 
stay long in Denmark and in January 1942 the 218th Division was rapidly deployed 
to Khlom in Russia to join the 39th Army, Heeresgruppe Nord, to fi ght the Russian 
counteroff ensive launched to stop Operation Barbarossa. Th e Division was to stay 
around Khlom until January 1944 when it was forced to retreat through Estonia 
towards Riga, but Hennig was seriously wounded in his right arm and shoulder long 
before and sent back to Germany to recuperate (Schmitt  2013 : 47–49). Th e recent 
biography of Hennig by Schmitt ( 2013 ) treats these aspects of Hennig’s life and his 
scientifi c achievements in detail.  

  3.3     Hennig and Sweden 

 A key fi gure for spreading Hennig’s ideas, not only in the Nordic countries but in 
general, was Lars Zakarias Brundin   (1907–93). Brundin   did his dissertation in 1934 
on beetles from Lapland (Brundin    1934 ) and continued to publish on beetles until 
the mid-1950s. His interest in chironomid midges   (Chironomidae, Diptera  ) devel-
oped when, in 1936, he was hired by the government’s Institute for Fresh Water 
Research and became a key fi gure in the development of the application of chirono-
mids as ecological indicators. During this period, he gradually developed a keen 
interest in chironomid taxonomy   and eventually in biogeography   of the southern 
continents, which, since Hooker (see e.g. Seberg    1988 ), is one of the truly classical 
problems in the fi eld of biogeography. Brundin   got a lectureship in entomology   at 
the Swedish Museum of Natural History in Stockholm   in 1952, becoming professor 
of entomology in 1957, a position he held until retirement in 1973. His 1966 study 
 Transantarctic Relationships and Th eir Signifi cance, as evidenced by Chironomid 
midges, with a Monograph of the subfamilies Podonominae and Aphroteniinae and 
the Austral Heptagyinae  is a classic in modern biology, not least for its introduc-
tion (Brundin    1966 ). Brundin   picked up Hennig’s methodology during the 1950s 
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realising that his approach and persistence in accepting only strictly monophyletic   
groups were key to developing solid biogeographic hypotheses. 

 Of course, Brundin  ’s ( 1966 ) radical break with established tradition and its fol-
lowers elicited a response (Darlington    1970 ), followed by his own counter-response 
(Brundin    1972a ); Brundin  ’s further scientifi c work was divided between theoretical 
papers on biogeography   (e.g. Brundin    1988 ), phylogenetic systematics   (e.g. Brundin   
 1972b ) and empirical papers on chironomids (e.g. Serra-Tosio   and Brundin    1990 ). 

 An event that indirectly became of crucial importance for the spread of Hennig’s 
ideas globally was the 4th Nobel Symposium on  Current Problems of Lower 
Vertebrate Phylogeny    held June 1967 (Ørvig  1968 , see also Schultze  2009 ) at the 
Swedish Museum of Natural History in honour of Erik Stensiö   (1891–1984), who had 
been professor at the Department of Paleozoology from 1923 to 1959. Although the 
only truly phylogenetic paper presented at the symposium was given by Brundin   
( 1968 ), the meeting brought together a number of scientists, such as Niels Bonde  , 
Brian Gardiner  , Peter Humphry Greenwood   (1927–95), Daniel Goujet  , Søren 
Løvtrup   (1922–2002), Roger Miles  , Gareth Nelson  , Colin Patterson   (1933–98) and 
Hans-Peter Schultze  , who had all grasped the novelty and potential importance of 
Hennig’s work, which had just been translated into English (Hennig  1965 ,  1966 ). 
However, Brundin  ’s talk was not given at the symposium venue but at the Royal 
Swedish Academy of Sciences (Kungliga Vetenskapsakademien  ). Th e symposium 
has become a milestone in systematics  ; though the straightjacket of traditional 
thinking was still pretty obvious:

  But however primitive the acanthodians might have been, their status as fi shes 
seems secure. And as a group of fi shes they must be related to something in the 
Recent fauna.     (Nelson  1968 : 140)   

 Clearly, it takes time to get rid of old paradigms. Th ough for others present the 
pending paradigm shift was not emergent and Hennig’s ideas remained just an 
extra tool in the tool-box:

  The sister group concept recently introduced by Hennig ( 1966 ; and earlier papers; 
see also Brundin  ,  1966 ; and this volume) is certainly a useful tool for this purpose, 
because it enforces a phylogenetic way of thinking and a careful consideration of 
the evidence, but as far as vertebrates are concerned it is as present not easy to 
handle.     (Jarvik  1968 : 522)   

 Not only Brundin  ’s writings, but also the opportunity to interact with him per-
sonally had a tremendous infl uence on the fi eld as he obviously was a source of 
inspiration not least for his close Swedish colleagues, like the botanists Kåre Bremer   
and Hans-Erik Wanntorp  , but also for visitors like Nelson  , Bonde  , Ole A. Sæther   and 
perhaps Risto Tuomikoski   (see below). 

 In the mid-1960s, Kåre Bremer   ( Fig 3.1 ) met Brundin   when his school class was 
visiting the Swedish Museum of Natural History and Brundin   gave a captivating talk 
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on biogeography  . Bremer started his career as a master student at the Department 
of Botany at Stockholm University in 1970, with the intention of becoming a sys-
tematist. Having obtained his degree, he was subsequently employed at the insti-
tute from 1972 to 1980. He left this job in 1980; fi rst to become head curator at the 
Swedish Museum of Natural History and later, in 1989, professor of Systematic 
Botany at Uppsala University. In 2004, he returned to Stockholm to become vice 
chancellor of the University – a job he resigned from in 2013 to return to science.    

 While studying in Stockholm, Bremer   met Hans-Erik Wanntorp   ( Fig 3.2 ), at that 
time an assistant teacher; they got to know each other and started collaborating 
in many botany courses during the 1970s. Wanntorp   was well read in zoology and 
knew a lot about the emerging debate in systematics   – he actually subscribed to and 
read every issue of  Systematic Zoology   . In the early 1970s, Wanntorp was uncontest-
ably the only botanist in Sweden familiar with recent developments in systematics. 
Th e senior teachers and scientists in botany in Stockholm certainly did not know 
much, if anything, about the subject. Accordingly, it was Wanntorp who introduced 
Bremer   to the ongoing debate and encouraged him to read  Systematic Zoology , 
which he did ( pers. comm .) and as a consequence added a cladistic analysis to his 
PhD thesis (Bremer  1976 ). At the Department of Botany in Stockholm, however, 
an enthusiastic group of young supporters had already formed in the mid-1970s. 

 Fig 3.1      Kåre Bremer   in conversation with Gareth Nelson   in Miami in 1985. Photo: Birgitta 
Bremer  .  
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Among them were Birgitta Bremer  , Arne A.  Anderberg   and Anders Tehler  . After 
his thesis, Kåre Bremer   suggested to Wanntorp that they should publish a paper 
together on the signifi cance of cladistics   for botany. Initially, and typically for him, 
Wanntorp was sceptical about the idea, but Bremer convinced him, and together 
they published ‘Phylogenetic systematics   in botany’ (Bremer and Wanntorp  1978 ), 
which had a tremendous impact. Th is paper was quickly followed by another con-
cerning the problem of reticulations (e.g. hybridisation) in phylogeny   (Bremer and 
Wanntorp  1979 ), and yet more were to follow (Bremer and Wanntorp    1981 ,  1982 ); 
even a popular text intended for a Swedish audience was published (Bremer and 
Wanntorp  1982 ).    

 Together with Rolf Dahlgren   (see below), Bremer   performed the fi rst 
computer-based analysis (using PAUP  ) of the angiosperms (Dahlgren   and Bremer 
 1985 ). However, the use of computers in cladistics   was still in its infancy, and most 
users were on a steep learning curve, so the published analyses were largely run 
with the default parameter settings (including MAXTREE=100, which made the run 
terminate when 100 equally parsimonious trees were collected in memory instead 
of increasing incrementally). Hence, the analyses were nowhere near fi nding the 
shortest trees, let alone all of them. If their matrix   is re-analysed with either the set-
tings changed or using a contemporary computer program, for example Hennig86   

 Fig 3.2      Hans-Erik Wanntorp   at Uppsala University in 1990. Photo: Birgitta Bremer  .  
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(Farris    1988 ), collecting as many equally parsimonious trees as possible (it cannot 
run to completion), all that remains of the tree structure (Dahlgren   and Bremer 
 1985 :  fi gs 2–3) is a clade consisting of Fumariaceae plus Papaveraceae. However, 
Hennig86 was not available to Bremer. 

 Bremer specialised in the sunfl ower family (Asteraceae  ), but throughout his sci-
entifi c career phylogenetic systematics   has been a guiding principle in his research, 
no matter what type of data used (morphological or molecular). He produced a 
large number of empirical studies and classifi catory papers, and contributed to the 
development of historical biogeography  . However, from a purely theoretical point 
of view his papers on ‘Combinable component consensus’ (semi-strict consensus; 
Bremer  1990 ) and ‘Branch support and tree stability’ (Bremer  1994 ) have become 
standards in the fi eld. Th e latter was identifi ed by ISI as the most highly cited paper 
in the Agriculture, Biology and Environmental Sciences by an author in Sweden 
from 1995–1999. 

 Bremer   was a founding fellow of the Willi Hennig Society, which was created in 
1980, and its president from 1985–8. He also acted as chairman of the organising 
committee of the 6th Meeting of the Society in Stockholm in 1988. 

 Originally, Wanntorp   wanted to study zoology, but due to the tough competi-
tion for positions in zoology he chose botany instead, and during his whole active 
career he has been employed at the Department of Botany at Stockholm University. 
Wanntorp was extremely well-informed and competent in many areas of organis-
mal biology but publishing was not his strength. It is a fair guess that Wanntorp’s 
most important papers are those he wrote with Bremer   (see above) even though one 
of his own papers stands out on its own: ‘Historical constraints in adaptation the-
ory: traits and non-traits’ (Wanntorp  1983 ), an important contribution to the then 
emerging fi eld of historical ecology. Today, in retirement, Wanntorp   has returned 
to his original zoological interests and spends his time with fl oristics and faunistics 
and, not least, studying beetles. 

 Until the mid-1980s, Stockholm was the only centre of cladistics   in Sweden, but 
researchers from the Swedish Museum of Natural History with a cladistics back-
ground rapidly started to disperse across Sweden, primarily to the University of 
Gothenburg   (e.g. Christer Erséus   and Per Sundberg  ) where they heavily infl uenced 
the local developments in systematics  . 

 Th us, cladistic analysis among the zoologists in Gothenburg was introduced by 
Erséus and Sundberg, both (at that time) working on marine invertebrates. Per 
Sundberg   ( Fig 3.3 ), with his background in mathematics and multivariate statis-
tics, had applied various phenetic   approaches to his systematic studies but became 
more and more interested in cladistic analyses at the beginning of the 1980s. In 
1985, Sundberg even published a paper in a popular botanical journal explaining 
how cladistics   analyses were to be conducted (Sunberg 1985). To illustrate this, he 
used a set of nuts, nails and bolts as “organisms”, as these familiar objects did not 
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require any specialist knowledge and, thus, could easily be understood, although the 
reader would have to decide what ‘conditions’ were apomorphic   and what were ple-
siomorphic  . Th is kind of dataset is still used in biological classes in Gothenburg to 
illustrate the basic principles behind parsimony   analysis. A similar idea was used by 
Rasmussen and Seberg   in Copenhagen at their phylogenetic course (see below) using 
the contents of pencil cases. Sundberg and Erséus did not face any real opposition 
among senior zoological systematists  , even though they did not pick up the ideas.    

 At the end of the 1980s, Erséus moved back to the Natural History Museum in 
Stockholm, taking with him the phylogenetic approach to taxonomy   and system-
atics  . He has now returned to the University of Gothenburg  , again as professor in 
systematics and biodiversity. 

 Almost at the same time, Sundberg was awarded a research council funded 
position in phylogenetic systematics   and formed a research group focussing on 
phylogeny   and systematics  . From the beginning, this group took a keen inter-
est in molecular and more statistical approaches to phylogenetics. Sundberg is 
now Professor of Systematics and Biodiversity at the University of Gothenburg  . 
Members of the group were active in the fi rst discussions about the highly conten-
tious PhyloCode   (e.g. De Queiroz and Gauthier  1992 ,  1994 , De Queiroz and Cantino 
 2001 ), which met strong opposition from their botanical colleagues in Gothenburg 
and which lead to heated discussions (Lidén et al.  1997 ). 

 Fig 3.3      Per Sundberg   doing fi eldwork on the beach west of Valdivia, Chile in 2009. 
Photo: Pierre de Wit.  
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 Some of the professors and senior researchers at the botanical department 
were initially strongly opposed to cladistics  , whereas the younger PhD students 
were more interested and ready to pick up the new trends. Magnus Lidén   was the 
fi rst botanist in Gothenburg to publish a cladogram   (Lidén  1986 ), which was also 
included in his PhD thesis. Lidén was an informal supervisor of another PhD stu-
dent, Bengt Oxelman  , and together they formed an active research group in cladis-
tics. Th e opposition among senior researchers vanished, at least among the more 
active, and Lennart Andersson   (1948–2005;  Fig 3.4 ) later turned into an eager pro-
ponent of phylogenetic thinking in systematics   (see e.g. Andersson and Chase  2001 ). 
Together Andersson and Sundberg started an advanced undergraduate 10-week 
course in systematics attracting students from both zoology and botany. Part of this 
course is still included in a Nordic master’s programme in systematics. Andersson 
and Sundberg also worked together to create a common programme in systematic 
biology, based entirely on phylogenetic systematics   both in research and teaching 
at all levels. Th us, when it came to a phylogenetic approach to systematics, there 
was widespread consensus among systematists   at University of Gothenburg   by the 
beginning of the 1990s that it was the way to go.    

 Th e transition from traditional to phylogenetic systematics   was probably eas-
ier in Sweden than in most other countries. An important reason for this was that 
the early proponents were also active in the research councils and other scientifi c 
committees and thus could infl uence funding. A  further reason might have been 
that the key players early on started to form strong research groups in an environ-
ment where taxonomists   used to work in splendid isolation. Th ese research groups 
were able to attract postgraduates and had a signifi cant impact on undergraduate 
teaching in biology and systematics  , thereby virtually training a whole generation 
of Swedish biologists in the fi eld. However, the introduction of cladistics   in Sweden 

 Fig 3.4      Lennart Andersson   in the fi eld near Leticia, Colombia 1994. Photo: Claes Persson.  
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did not take place entirely without opposition. Th is is evident in the scientifi c eval-
uation made by the Swedish professor Arne Strid   (though employed at University 
of Copenhagen) of an application from one of Bremer  ’s student to the Swedish 
Research Council:

  Among the many fashions taxonomy   has been subject to during its long his-
tory, cladism   excels in several characteristics reminiscent of religious move-
ments: (1) One prophet (Hennig), (2) a series of articles of faith and holy texts, (3) an 
astonishing belief in the superiority of its own methodology, and (4) Balkanization 
into mutually hostile fractions.     (Evaluation sent to Vetenskapsrådet; July 7, 1988)   

 Nonetheless, and despite these negative statements (which were made entirely 
out of context), the student was awarded a grant, probably because of other, more 
positive reviews and interventions from members of the council.  

  3.4     Hennig and Denmark 

 Th e fi rst time Hennig’s theoretical work (Hennig  1950 ) was mentioned publicly in 
the Nordic countries was probably in the discussion period following the French 
entomologist Claude Dupuis  ’ paper on the value and taxonomic signifi cance of 
characters in Tachinidae, Diptera   (Dupuis  1956 ), given at the XIVth International 
Congress of Zoology in Copenhagen in 1953:

  Les critères de la plus ou moins grande valeur phylétique des caractères mor-
phologiques sont exposés par W. Hennig dans un livre recent (1950, Berlin, 
 Grundzüge einer Theorie der phylogenetischen Systematik   ). J’adopte en grand par-
tie les vues de cet auteur et y renvoie.     (Dupuis  1956 : 476)   

 Whether Søren Ludvig Tuxen   (1908–83;  Fig 3.5 ), one of the very fi rst to use 
Hennig’s terminology outside the German-speaking world (see below), was present 
at this event is unknown. Tuxen   was registered at the congress and, as the subject 
was entomological, it was very likely he was present. Hennig, however, was not in 
attendance.    

 Due to his upbringing, Tuxen   was virtually bilingual and spoke fl uent German 
(Kristensen  1983 ). Th erefore, he had many relations to German scientists and 
shortly after the war he participated in the newly established ‘Phylogenetisches 
Symposium’ series started in Hamburg in 1956 (Kraus  1984 , Kraus and Hoßfeld 
 1998 ) and which is still ongoing but now called ‘Systematik und Evolutionsbiologie’. 
It is certain that Tuxen   gave talks at the 1959 meeting on ‘Ontogenie und Phylogenie’ 
(Tuxen  1960 ) and the 1961 meeting on ‘Probleme der Metamerie des Kopfes’ (Tuxen 
 1963 ). Th ough Hennig occasionally attended (he did so in 1963), there is no doc-
umentation to suggest that he and Tuxen   met there, due to the scanty records of 
the fi rst meetings  – but it remains a possibility. Tuxen   was a staff  member at the 
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Zoological Museum  1   in Copenhagen   throughout his career, his main interest being 
primary wingless hexapods, Protura   in particular. However, Tuxen   did his Dr Phil. 
dissertation (then corresponding to Dr Scient., nearly equivalent to the German 
‘Habilitation’) on a very diff erent topic: ‘Th e hot springs of Iceland: their communi-
ties and their zoogeographical signifi cance’ (Tuxen  1944 ). 

 At the 10th International Congress of Entomology, Montreal, August 1956, Tuxen   
( 1958 ) gave a talk on the ‘Relationships of Protura  ’ in which he refers to a recent 
paper by Hennig ( 1953 ) – but does not mention Hennig’s  1950  book:

  If we have to rank a group among other groups the decision depends on the value 
given to each of the characters. Hennig in a recent paper (1953) has tried to direct 
this decision by introducing some terms which in fact do not introduce anything 
new, but which may help to clear up the mind and to avoid confusion. He calls 
primitive characters plesiomorph and derived characters apomorph; the aim of the 
phylogenist then is to fi nd synapomorphs and to rule out symplesiomorphs, i.e. to 
fi nd those characters common for two or more groups that are derived and rule out 
those that are only common inheritance.     (Tuxen  1958 :493)   

 In contrast to Hennig (see Hennig  1966 : 122), however, Tuxen   was not willing to 
accept the idea that, unless convergence   can be justifi ed by external evidence, spe-
cial similarity   is a fi rst indicator of relationship   (e.g. in insects, halters = modifi ed 

 Fig 3.5      Søren L. Tuxen   (1908–83) and Wolf Herre (1909–97) in conversation in front of 
University of Copenhagen’s main building. Photo: NN.  

     1     Th e Botanical Museum, the Botanical Garden, the Zoological Museum and the Geological Museum 
in Copenhagen have, since 2004, all been united in the Natural History Museum of Denmark.  
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hindwings or modifi ed forewings are potential – and actual, as it turns out – synapo-
morphies   for Diptera   and Strepsiptera  , respectively). Tuxen  ’s reluctance stems from 
his a priori belief that convergence was a common phenomenon, thus foreshad-
owing heated discussions yet to come. Otherwise, the paper includes an emerging 
modern character analysis   pointing out primitive and advanced characters. As indi-
cated above, it is diffi  cult to change old habits and their accompanying fuzzy logic, 
thus Tuxen   also wrote ( 1958 :  496)  vague statements like:  ‘Th ey [the Protura  ] are 
related [to real insects], but not very closely, to the Collembola.’ However, in his 1959 
paper (Tuxen  1959 : 412–413) in the Snodgrass Festschrift, he presented a consider-
ably more mature phylogenetic discussion of the relationships between Protura and 
the remaining insects and myriapods. 

 In 1963 his points of view further matured:

  it goes without saying that there here are as (nearly) everywhere, no recent group is 
to be directly derived from any other recent group. If ever we fi nd a fossil   Proturan – 
though the probability is very slight, when the minute size and the fragility of the 
creatures is taken into consideration – we might get little more understanding of 
direct evolution. Of course we would not fi nd a creature with primitive Proturan fea-
tures devoid of specialized ones; all species   must have their specializations just in 
order to exist     (Tuxen  1963 : 306–307)   

 However, some misunderstandings still prevailed as Tuxen  – mixing character 
state   trees   with phylogeny   – wrote:

  The area of ‘phylogenetic trees  ’ is now on the decline; two dimensions, or even 
three, are too few to illustrate what happened, already for reasons of a specializa-
tion for every species  .     (Tuxen  1963 : 308)   

 Whereas Tuxen   is well known in entomological circles for his studies on Protura  , 
being a museum curator he did not teach and his infl uence never reached beyond 
his own closed spheres. His use of Hennigian   methods remained hidden to most, 
though at a rather advanced age he used Hennig’s terminology precisely (e.g. Tuxen 
 1971 ) and performed modern cladistic analyses (e.g. Tuxen  1977 ). 

 Th e entomologist Ole Engel Heie   ( Fig 3.6 ) is probably less widely known outside 
Denmark except by those who work on aphids, as he did. Heie received his degree 
in biology in 1951, and taught biology at widely diff erent levels: primary schools, 
colleges of education and various universities. He obtained his Dr Phil. in 1967 with 
a dissertation on fossil   aphids (Heie  1967 ) while employed at Skive Seminarium 
(Skive College of Education); he became professor at the Institute of Biology at 
Danmarks Lærerhøjskole (today Royal Danish School of Educational Sciences) 
from 1981 until he retired in 1994. He contributed extensively to the taxonomy   of 
extinct as well as extant aphids, being the author of a series of publications on aphid 
taxonomy:  ‘Th e Aphioidea (Hemiptera) of Fennoscandia and Denmark, Vol. I–VI’ 
(1980–1995) in the series  Fauna Entomologica Scandinavica  and  Bladlus , Vol. 1–2 
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( 2004a ,  b ) in the series  Danmarks Fauna . Heie was very interested in phylogeny   
and became acquainted with Hennig’s work ( 1953 ,  1957 ) while studying for his dis-
sertation on fossil   aphids (see above), which he defended in 1966. Like Tuxen  , Heie 
initially focused on Hennig’s character terminology: ‘and e.g. certain characters are 
primitive and other derivative, plesiomorphic   and apomorphic   after Hennig’s ter-
minology (Hennig  1953 , 1957 )’ (Heie  1967 : 226).    

 Th is also guided his discussion of characters in the ‘Systematic and phylogeny  ’ 
section of the paper, but nonetheless, the phylogenetic tree   presented by Heie 
( 1967 :  Fig 3.7 ) as an improvement over one published slightly earlier, remained very 
traditional with no obvious relationship   to a cladogram  . However, Heie’s remarks 
on the use of fossil   age as a key to the determination of character polarity clearly 
foreshadowed discussions about the ‘paleontological argument’ (Nelson  1978 ): ‘In 
addition to that, the fossil   fi nds tell us that numerous characters and variations of 
these, of which many are undoubtedly not primitive, were found already in Tertiary 
aphids, e.g. ….’ (Heie  1967 : 244).    

 Heie’s strong interest in phylogeny   is evident in his two textbooks which both have 
very explicit cladistic contents: A textbook on evolution ( Evolutionslære ), fi rst pub-
lished in  1969 , and a textbook on zootaxonomy ( Zootaxonomi ), published in  1983 . 
Th e latter textbook had a relatively narrow circulation as it was largely an internal 
publication, published at Heie’s place of employment. However, the textbook on 
evolution was more widely distributed and used by primary school teachers who 
attended brush-up courses in biology at Danmarks Lærerhøjskole and by students 
at high schools. It was even translated into Swedish (1973). Several years prior to 

 Fig 3.6      Ole E. Heie   giving a talk at the 8th International Symposium on Aphids held in 
Catania, Italy, June 2009. Photo: Xiaolei Huang.  
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publication of the  1969  edition, xeroxed copies of  Evolutionslære  were in use by stu-
dents whose main subject was biology at some colleges of education, and by a group 
of biology students at University of Copenhagen ( pers. comm. ). Th e second printing 
of the textbook ( 1976 ) had an even wider circulation than the fi rst edition. However, 
the book had relatively little impact, perhaps because it hit the wrong audience at 
the wrong time. Th us, Seberg   (see below) has a clear recollection of reading the book 
at high school, but not dwelling on its phylogenetic contents at any length. Heie also 
published a number of true cladistic analyses (e.g. Heie  1976 ). 

 In contrast to Heie, Niels Peder Kristensen   (1943–2014;  Fig 3.7 ), who became asso-
ciate professor in 1972 and professor from 1995–2013 at the Zoological Museum, is 
probably known by all entomologists, not least for his work on Lepidoptera  , his over-
view of insect phylogeny   (e.g. Kristensen  1975 ) and, since 1995, his co-editorship of 
the ‘Insecta’ section of the  Handbook of Zoology/Handbuch der Zoologie , plus more 
than half a dozen other editorships. 

 From an historical standpoint, Kristensen began using Hennig’s terminology 
and methods in a series of papers in 1967–8 following an extended research visit 
to the University of Bristol in 1966–7. Kristensen visited the entomologist Howard 
E. Hinton’s   (1912–77) laboratory and during that visit he was inspired by Hinton to 
read Hennig. Th is led to discussion of several contemporary hot topics, for exam-
ple, monophyly   vs. non-monophyly of the Mecoptera   and the possible morpho-
logical autapomorphies   of the Lepidoptera  , for example, ‘primitive’ Lepidoptera, 

 Fig 3.7      Niels Peder Kristensen   in his offi  ce in the mid-1960s. Photo: SNM; Probably Jens 
W. Rasmussen.  
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have ‘primitive’ biting mouthparts, in contrast to the vast majority of Lepidoptera, 
which share a coilable proboscis, the ‘advanced’ state. Hinton advocated the cre-
ation of a separate order, Zeuglopeta, for the former group. Hinton’s biography in 
‘the Biographical Memoirs of Fellows of the Royal Society’ (Salt  1978 ) succinctly 
states that Hinton ‘was descriptive rather than analytical, and his achievements is 
characterized by range rather than by depth’. Th is description corresponds well with 
Engel and Kristensen’s ( 2013 :  596–597) description of his treatment of the above 
taxonomic problems; Hinton even suggested that Tuxen  ’s pet group (see above), the 
Protura  , was a class of its own distinct from Insecta. 

 However, of much greater importance for the spread of phylogenetic systemat-
ics   beyond entomological circles, was Kristensen’s publication in  1970  of a small, 
but hastily written textbook in systematic entomology   ( Systematisk Entomologi ) 
primarily for use in a course on invertebrate zoology for undergraduate students 
(bachelors degree) in biology. Th e primary reason for writing the textbook was that 
the standard textbook,  Invertebrate Zoology  (Barnes  1968 ), only treated insects very 
fragmentarily. Kristensen’s book was – in fact – written and proofread so hurriedly 
that the important key fi gure in the introduction (Kristensen  1970 :  11, fi gs A  and 
B), which is an ultra-brief introduction to Hennigian   argumentation, was wrong 
and corrections had to be distributed as a separate page together with the book! 
Kristensen, at that time just a museum curator, did not teach. Th is was unfortu-
nate, as the professors and assistant teachers using Kristensen’s textbook in clas-
ses, either did not realize, or at least never told their students, that the systematic 
principles used in Kristensen’s book were radically diff erent from those used in 
Barnes’. However, a few students spotted the diff erences and discussed them. Th ey 
were attracted by the fact that in only a few other places in systematics   was it so easy 
to diagnose taxa precisely; surely an important issue if you have to pass an exam-
ination:  ‘Th e only obvious synapomorphy   common to all members of the order 
[Lepidoptera  ] is scaly wings, which is the basis of their richness in wing patterns.’ 
(translated from Kristensen  1970 : 144). 

 A statement like this was diagnostic for all Lepidoptera   and thus was unusually 
precise in comparison with the traditional ill-defi ned limits of many higher taxa 
in both animals and especially plants. It was fairly obvious that this could remove 
the more ‘artistic’ interpretation of systematic data, viz. changing it from an art to 
a science. However, the time was not yet ripe for extensive discussion of Hennig’s 
work; that came to prevail as cladistics   spread across all fi elds related to or using 
taxonomy  . 

 It would be very diffi  cult to overestimate Niels Bonde  ’s ( Fig 3.8 ) importance for 
the introduction of cladistics   into Denmark. Bonde was hired in 1965 fi rst as assis-
tant professor and then, in 1966, as associate professor at the Institute of Geology at 
University of Copenhagen. Bonde’s inspiration to take up cladistics did not come 
from the entomological circle in Copenhagen but from the American ichthyologist 
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Gareth Nelson  . Nelson   was visiting the Department of Vertebrate Palaeontology   at 
the Swedish Museum of Natural History (Naturhistoriska Riksmusset  ) in Stockholm 
in 1966 as a postdoctoral student. He came across Brundin  ’s just published mono-
graph (Brundin    1966 ) in the department’s reading room and read the introduction. 
Subsequently, professor Tor Ørvig   (1916–1994) introduced Nelson   to Brundin   who 
gave him a copy of his book without further ado. Later in 1966, Nelson   decided to 
spend the rest of his postdoctoral time at the Natural History Museum in London  , 
travelling to London by car, for scientifi c reasons, it was rather obvious to stop in 
Copenhagen to meet with Bonde and Eigil Nielsen   (1910–68) who were both work-
ing on fossil   fi shes (Nelson    2014 ). During his short visit Nelson   introduced Bonde   
to phylogenetic systematics   (Bonde  1999 , Bonde et al.  2003 ). A year later, during a 
research visit to the Department of Vertebrate Palaeontology in Stockholm, Brundin   
gave Bonde a copy of his  magnum opus  and Bonde had the opportunity to discuss 
Hennig’s ideas with Brundin  .    

 As previously mentioned, Bonde took part in the Nobel Symposium on phylog-
eny   of the lower vertebrates (see above). Th e symposium was attended by another 
Dane, Søren Løvtrup   (1922–2002), who spent his active scientifi c career in Sweden 
where he had become Professor of Zoology at University of Umeå  , following his 
dissertation in 1953 (Løvtrup    1953 ). Løvtrup   is perhaps best known for his critique 
of neo-Darwinism (1987), but he also axiomatized the logical foundation of cla-
distic classifi cations in a series of papers of limited infl uence (e.g. Løvtrup    1973 , 

 Fig 3.8      Niels Bonde   on the Jameson Land, Greenland expedition in July, 2012. Photo: 
Th e Polish–Danish Jameson Land expedition.  
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 1975 ), and wrote a textbook on phylogeny of vertebrates (Løvtrup    1977 ) where 
this axiomatization is repeated and applied. Th e book is based purely on cladistics   
principles. Løvtrup   ( 1973 ,  1975 ), like Hennig ( 1969 ), opted for the unviable idea 
of a strict relationship   between the number of dichotomies in a cladogram   and 
taxonomic rank. 

 In contrast to museum scientists like Tuxen   and Kristensen, Bonde   had to teach, 
which he surely enjoyed. Th us, Bonde’s largest infl uence was related to his teach-
ing activities. In 1975, Bonde started to teach vertebrate palaeontology, one of no 
less than three master level courses in palaeontology, then taught at the University 
of Copenhagen. Rapidly, rumours spread among the more systematically inclined 
students that Bonde’s lectures were surprisingly interesting, and actually rather 
entertaining. Th us, even students for which Bonde’s lectures were not part of the 
curriculum chose to attend his course. Here Bonde very convincingly disman-
tled classical textbook stories, like Simpson  ’s famous scenario for the evolution of 
horses (Simpson    1951 , see also Mayr   and Ashlock  1991 : 254–258), or some of the 
many, often very primitive just-so stories, explaining the phylogeny   of humans and 
primates   (see e.g. Bonde  1977 ). Th ese experiences, and a course in zoological sys-
tematics   at the Zoological Museum (see below), truly became eye-openers and 
made the phylogenetic puzzle fall into place for a number of students interested in 
systematics. 

 In addition to his teaching activities aimed at master students, Bonde   appeared, 
mostly uninvited, and always with indefatigable energy, at PhD defences (which in 
Denmark are public events), guest lectures, etc., all over relevant parts of the Faculty 
of Natural Sciences – and even beyond. In all fairness, Bonde  ’s in-depth knowledge of 
the actual subject matter of many of these defences or presentations was not neces-
sarily great. Nonetheless, during the question sessions Bonde would ask questions, 
which, to the uninitiated, were no less than weird (but great fun for others):  ‘You 
have just postulated that taxon A  is related to taxon C, but why? As I understood 
your talk, taxon A shares only a number of “primitive” characters with taxon C, but 
two “advanced characters” with taxon B?’; or:  ‘How can members of family X be 
equally related to members of both families Y and Z?’ Out of general ignorance and 
because of his persistent bullying of the poor PhD student or guest lecturer, Bonde 
created a lot of animosity during these years, but his strategy worked! Obviously 
Bonde used a lot of his time to promote cladistics   in these years and only produced 
a smaller number of scientifi c papers. Most had some theoretical content and often 
appeared in rather obscure journals or publications with a limited circulation (e.g. 
Bonde  1981 ,  2001 ) and thus their general impact was limited. 

 Hence, from a Danish perspective, Hennig’s ideas entered the scientifi c com-
munity by several diff erent routes. First and foremost, they were picked up three 
times independently by the ‘silent revolutionaries’, entomologists Tuxen  , Heie and 
Kristensen. As Tuxen   and Kristensen did not teach, the message was not widely 
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disseminated, reaching only a very limited number of university students and pro-
fessors. Basically, Heie taught, but simply taught the ‘wrong audience’. Th erefore, 
it was Bonde   (a paleontologist/ichthyologist), infl uenced by Brundin   and Nelson  , 
who became the standard-bearer of the Cladistic Revolution in Denmark. 

 Another person with considerable infl uence on the emerging fi eld of cladistics  , 
was Nils Møller Andersen   (1940–2004;  Fig 3.9 ). Andersen became associate profes-
sor at the Zoological Museum in 1975 and, like Kristensen, is widely known in the 
entomological world. Andersen was a world specialist in Hemiptera (Andersen  1982 , 
Andersen and Weir  2004 ), particularly water bugs or water striders. Even though he 
originally started his career as a convinced pheneticist, he very quickly embraced 
Hennig’s new method (Andersen  1977 ). Th us, his Dr Scient. dissertation from 1982 
(Andersen  1982 ) is a  tour de force  in cladistic methodology. In general, Andersen had 
very little interaction with students and rarely taught. However in the mid-1970s he 
gave a specialist course on the principles of zoological systematics   primarily aimed 
at the museum’s own (at that time rather few) masters and PhD students. However, 
unavoidably a few interested external students (viz. students not preparing a mas-
ters or PhD at the museum) attended, making a total audience of never more than 
10 persons. Andersen’s belief in phenetics   had probably already started to falter and 
his doubts were most likely enforced by the students who almost at once challenged 
it – most had attended Bonde  ’s lectures and were convinced about the superiority 
of the cladistic approach. Passions were running high, disagreements were often 

 Fig 3.9      Nils Møller Andersen   and Gitte Petersen during the 2001 course on ‘Phylogenetic 
Systematics   and Historical Biogeography’. Photo: Finn N. Rasmussen  .  
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profound, but all listened and learned a lot, and Andersen’s faith in phenetics grad-
ually disappeared. Th is was a great experience, and the majority of the participants 
ended as convinced cladists: Henrik Enghoff    (specialist in Myriapoda, Zoological 
Museum), Jens Th orvald Høeg   (specialist in Crustaceans, Department of Biology, 
University of Copenhagen), Ebbe Schmidt Nielsen   (1950–2001; Lepidoptera   special-
ist, who eventually moved to CSIRO in Canberra, and was one of the masterminds 
behind the Global Biodiversity Information Facility), Jens Bødtker Rasmussen   
(1947–2005; specialist in reptiles, particularly snakes, Zoological Museum) and 
Ole Seberg   (specialist in angiosperms, Institute of Systematic Botany, University of 
Copenhagen).    

 Andersen quickly adapted the new methods to his research and rapidly grasped 
the usefulness of the emerging fi eld of historical ecology (Spence and Andersen 
 1994 , Andersen  1999 ), molecular systematics  , etc. Andersen produced an impres-
sive number of papers on extant and extinct water striders; most were empirical, but 
he also produced a few theoretical papers (Andersen  1978 ,  2001 ). However, as noted, 
his interaction with students was minimal, consequently he had a broader infl uence 
in the international entomological community rather than his local community. 

 In 1988, Andersen   and Seberg   (see below) invited Ian Kitching   and Chris 
Humphries   (1947–2009), both from the Natural History Museum in London  , to 
teach what was maybe the fi rst international PhD course on phylogenetics sys-
tematics   and biogeography   in the Nordic countries. Kitching introduced the PhD 
students to the computer-based cladistics   program PAUP  , ver. 2.4 (Swoff ord  1985 ), 
which was complied on an IBM 4341 mainframe computer (the only one on cam-
pus), and Humphries gave a series of lectures on historical biogeography, etc. 
Th is course marks the start of a series of PhD courses in diff erent settings: in 1992, 
‘Current approaches in systematics: theory and practice’ was arranged by Seberg  , 
Lars Werdelin (Natural History Museum of Sweden) and Wanntorp  , with David 
Mark Hillis   (University of Texas), Michael Donoghue   (now Yale University) and 
Jonathan Coddington   (Smithsonian Institution) as guest lecturers, and since 1995 
the advanced PhD course ‘Phylogenetic systematics  ’, which has been running reg-
ularly every alternate year at University of Copenhagen, has had a broad range of 
guest lecturers including David Swoff ord   (now Duke University), Steve Farris   (emer-
itus at the Swedish Museum of Natural History) and Pablo Goloboff    (Fundación/
Istituto Miguel Lillo, Argentina). In 1994, the 13th Meeting of the Hennig Society was 
held at the Zoological Museum under Andersen’s chairmanship. 

 In many ways, botanical systematics  , in its broadest understanding, lagged far 
behind similar developments in zoology. Th is was true in Denmark as well. However, 
several of the students participating in Andersen  ’s course in zoological systemat-
ics shared a broader interest in systematics, which clearly went beyond their cho-
sen master’s degree topic. For these students it was quite obvious that mimicking 
Bonde  ’s annoying style, which when applied to the teaching of botanical system-
atists   made the unprepared professors excellent targets. 
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 Master students with an interest in angiosperm systematics   were exposed to a 
series of lectures by Rolf Martin Th eodor Dahlgren  ’s (1932–87), who was professor 
at the Botanical Museum; his lectures were not phylogenetic in any modern sense 
of that word. However, Dahlgren  ’s lectures were delivered with a rare, catching 
enthusiasm and despite their alternative interpretation of phylogeny  , they none-
theless were a radical break from the very old-fashion systematics, which had dom-
inated botany in Copenhagen. Undoubtedly, Dahlgren   was one of the most – if not 
the most  – infl uential botanist of his time, not least in monocotyledon systemat-
ics but also in angiosperm taxonomy   in general. He focused heavily on character 
analysis   (Dahlgren   and Cliff ord  1982 ) and gave a lot of attention to secondary com-
pounds and their use in plant systematics. Th us, Dahlgren   did not become one of 
the students’ targets, except when Bonde   appeared at PhD defences, etc., and he 
would have undoubtedly embraced phylogenetic systematics   had it not been for 
his untimely death. Dahlgren   had already started, together with Finn Rasmussen   
(Dahlgren   and Rasmussen  1983 ) and Kåre Bremer   (Dahlgren   and Bremer  1985 ), to 
embrace phylogenetic systematics when, in 1987, he died in a car accident.    

 Instead of being one of the University of Copenhagen’s most pleasant spots, the 
Botanical Garden became a major battlefi eld. Here a well-attended supplement to 
Dahlgren  ’s lectures with hands-on examinations of the specimens in the garden ( Fig 
3.10 ) was established. During these excursions the professors were fl abbergasted 
when their knowledge of plant relationships was challenged by the students, and 

 Fig 3.10      Demonstrations/examination in the Botanical Garden in Copenhagen in 1999 
lead by Signe Frederiksen. Photo: Finn N. Rasmussen  .  
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often with easily accessible, hard facts and by an argumentation they were unable 
to defend their traditional views against. Seberg   (see below) has vivid recollection 
of these events, with what would now be considered unusual statements:  ‘Most 
members of family A  are related to members of family B, though some are more 
related to family C, etc.’ Th e belief in such dual (or even more elaborate) relation-
ships is the main reason for the strange, balloon-like shape of the fi gures attempting 
to depict relationships between higher taxonomic groups in the angiosperms; the 
so-called ‘dahlgrenograms’   or ‘dahlgrams’ ( Fig 3.11 ; e.g. Dahlgren    1975 , Dahlgren 
and Cliff ord  1982 ).    

 During the late afternoons and early evenings students writing their master theses 
and PhD students from the Institute of Systematic Botany discussed diff erent mat-
ters relevant to their theses including the use of cladistics  . Initiated by these discus-
sions Finn Nygaard Rasmussen   ( Fig 3.12 ), who fi nished his PhD in 1980 (Rasmussen 
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 Fig 3.11      A typical dahlgrenogram or dahlgrams showing the occurrence of epigynous 
(dotted), half-epigynous (vertical hatching) and hypogynous fl owers (unshaded) in the 
monocots. Note the peculiar shape of Liliales, which indicates the parts of the order that 
are supposed to be related to Orchidales, whereas other parts are supposed to be related to 
Asparagales (from Dahlgren and Cliff ord  1982 : 111, diagram 34. Copyright Elsevier). 

 Note the shape of Liliales that indicates that parts of the order are related to Orchidales 
whereas other parts are related to Asparagales. From Dahlgren and Cliff ord ( 1982 : 111, 
diagram 34)  
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 1982 ) and Ole Seberg  , who began his PhD in 1982 (completed in 1985: Seberg    1988 ), 
decided to create a course on cladistics in theory and practise, aimed at fellow stu-
dents plus interested professors. Th e fi rst course, which took place in 1984, was a 
great success, as approximately twice as many registered as the 20 that could possi-
bly be admitted. Th us it was decided to repeat it again the following year; this time 
for external students, too – with a comparable number of registered students and 
a higher rejection rate. For the fi rst time, cladistic analyses were performed man-
ually with strips of paper and pencils. Th e second time they were performed using 
the computer program PHYLIP   (ver. 2.8, Felsenstein  1985 ; which was soon replaced 
with PAUP  ; see above) on a mainframe computer. For most students, this was a new 
experience as most had only worked with computers as word processors, if at all. 
Two journal clubs were created, a closed local one with a restricted number of par-
ticipants, and a larger public one, called ‘Carlsberg and Cladistics’, which, beside 
botanists, was primarily attended by entomological colleagues from the Zoological 
Museum.    

 Rasmussen’s major scientifi c impact is in Orchidology and among his other 
signifi cant contributions he has been co-editor of  Genera Orchidacearum , a 
six-volume series describing and classifying all known genera of orchids in a phy-
logenetic context (Pridgeon et al.  1999 ,  2001 ,  2003 ,  2005 ,  2009 ,  2014 ). Additionally, 
Rasmussen contributed to or wrote a series of scholarly research papers on 
orchids as well as contributing to the discussions of cladistics   in botany, most 

 Fig 3.12      Finn N. Rasmussen   testing the latest Danish fl ora in the fi eld in 2006. Photo: Leif 
Bolding.  
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notably, perhaps, through a joint paper with Dahlgren  : ‘Monocotyledon evolution’ 
(Dahlgren and Rasmussen  1983 ). Th ough explicitly stated in the text, it is, however, 
often neglected that most of the paper consists of what might be called ‘reverse 
cladistics’ (Dahlgren and Rasmussen  1983 : 350); the fi gures shown are not clado-
grams  . Th e whole exercise can best be described as reverse character analysis  : how 
many times has each character evolved if Dahlgren  ’s ideas about the relation-
ships between families of monocotyledons are accepted as true? In fact, the only 
truly phylogenetic analysis in the paper is the cladistic analysis of the Zingiberales   
(gingers, bananas, etc.) performed by Rasmussen (Dahlgren and Rasmussen 
 1983 : 351–356). Perhaps, the most interesting parts of the paper are a diagrammatic 
representation of a ‘Hennigian   argumentation’ – a ‘how to do’ cladistics with paper 
and pencil – and a graphic representation of the pruning or cutting rules, a simple 
manner to explain and identify mono-, para- and polyphyletic   groups (Dahlgren 
and Rasmussen  1983 : 256–266). 

 Already, during his participation in Møller Andersen  ’s (see above) course in sys-
tematic zoology, Ole Seberg   ( Fig 3.13 ) decided to buy and read the English trans-
lation of Hennig’s book (Hennig  1966 ), which at that time was not available in any 
public library in Denmark. Seberg  ’s master thesis, which focused on the genus 
 Acalypha  L. (Euphorbiaceae  ) from the Galápagos Islands, was fi nished in 1982. It 
included a classic two-step manual phylogenetic analysis. Th e fi rst step was an anal-
ysis of a large selection of mostly South American species   of  Acalypha  in order to 

 Fig 3.13      Ole Seberg   giving an address to the participants at 4th International Conference 
on the Comparative Biology of the Monocotyledons in Copenhagen City Hall in August, 
2008. Photo: Gitte Petersen.  
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fi nd the sister group of the Galápagos Island species such that the characters could 
be polarised, viz. fi nding the plesimorphic and apomorphic   states by outgroup 
comparison   (Watrous and Wheeler  1981 ). Th e second step was a cladistics   analysis 
of what turned out to be only four Galápagos species. Th e fi rst analysis, the ‘search 
for the sister group’, was a great challenge hampered by a lack of knowledge in deal-
ing with ties; that is taxa sharing the same number of, but only partially overlapping, 
synapomorphies  . However, Seberg   was able to circumscribe the sister group and 
the second analysis was undertaken fairly easy.    

 However, real problems, which led to considerable delay in publication, started 
when Seberg   decided to publish his thesis work in a local botanical journal hostile 
to cladistic reasoning. Being a well-behaved student, he submitted his thesis to the 
 Nordic Journal of Botany  and received a very harsh and inconsiderate review that 
clearly showed the reviewer had no understanding of cladistic methodology:

  To sum up the paper is in my opinion not acceptable for publication as it stands. 
Hypotheses and speculations certainly have their place in all scientifi c work, but 
the results should not be presented as facts. The simplest way of revising the paper 
would be to cut the phylogenetic discussions and limit it to a taxonomic revision of 
Galápagos  Acalypha .     (Anonymous review to the section editor of  Nordic Journal of 
Botany , 3 January 1983)   

 Unfortunately, the section editor also lacked knowledge of cladistics   and 
rejected the paper unless the ‘hypotheses and speculations’ were removed. Seberg   
had no other option but to appeal to the editor-in-chief arguing that if it were the 
policy of the  Nordic Journal of Botany  not to publish papers with phylogenetic con-
tent, it would only be acceptable provided it was clearly stated in the instruction to 
authors. Th is put the editor-in-chief on full alert and after a few deliberations the 
manuscript was sent to a new reviewer, and subsequently accepted, with very few 
changes (Seberg    1984 ). Since then, phylogenetic systematics   has been, and contin-
ues to be, an overriding principle for Seberg  ’s research, irrespective of the data type 
(morphology or sequence data) and, at the beginning, supplemented by historical 
biogeographic analyses. He has also, on a smaller scale, contributed theoretical 
papers in both areas (Seberg    1989 , Humphries and Seberg  1989 ). He became Dr 
Scient. in 2005 (Seberg   2005). 

 From early on, Seberg   has been a fellow of the Willi Hennig Society and later 
editor of Cladistics, the society’s journal. Th us, from 1992–3 he was co-editor with 
Randall Toby Schuh   (American Museum of Natural History  ) and later, in 1994, with 
Edward Clairborne Th eriot   (then of the Academy of Natural Sciences, Philadelphia 
now at the Texas Natural Science Center and Texas Memorial Museum), and in 
1995 he became managing editor. Seberg   was the society’s president from 1997–9 
and participated in organising the 13th Meeting of Hennig Society in 1994 in 
Copenhagen (see above). 
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 Th us, there can be no reasonable doubt that Rasmussen and Seberg   can take 
credit for the introduction of cladistics   in Danish botany.  

  3.5     Hennig and Finland 

 As in Denmark, cladistics   was introduced to Finland by several routes. While some 
persons can be pointed out as central fi gures, it seems that Hennig’s ideas were 
adopted independently by several biologists. Risto Tuomikoski   (1911–89;  Fig 3.14 ), 
who was extraordinary professor at the University of Helsinki and a very versatile 
scientist with broad interests in bryology, entomology  , mycology, vegetation ecol-
ogy and linguistics (Koponen  2013a ), knew Brundin  ’s and Hennig’s work through 
his entomological research. Like Brundin  , Tuomikoski’s main research focus was 
on Diptera  , producing more than 30 papers in this fi eld (Vilkamaa  2013 ) – but never 
produced any phylogenetic analyses. Late in his career, Tuomikoski wrote a single 

 Fig 3.14      Risto Toumikoski in the Oulanka National Park, Finland in 1969 during a mire 
vegetation course. Photo: Rauno Ruuhijärvi.  
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theoretical paper dealing with some principles of cladistics, his contribution having 
an astonishingly clear idea of what was about to come:

  [I] f the recent works of Hennig and Brundin   are carefully studied by the system-
atic monographers and biogeographers and strict methodical reasoning in phyloge-
netic matters is accepted and put into practice, a new area of fruitful research will 
dawn, greatly contributing to a better understanding of the history of life on earth.   
  (Tuomikoski  1967 : 147)      

 Strangely, however, Tuomikoski ( 1967 :  145–147) favoured paraphyletic   groups 
in classifi cations. Tuomikoski had only two PhD students; the mycologist Harri 
Harmaja and the bryologist Timo Koponen  . It was Tuomikoski, who urged Timo 
Koponen   ( Fig 3.15 ) to read Brundin  ’s ( 1966 ) and Hennig’s ( 1950 ,  1966 ) books 
together with his own 1967 paper, and advised Koponen to apply phylogenetic sys-
tematics   in his thesis (Koponen  1968 ). Even though Koponen’s thesis was the fi rst 

 Fig 3.15      Timo Koponen   working at the microscope in his offi  ce in the cryptogam 
collections of the Botanical Museum, University of Helsinki in the mid-1980s. Photo: Jaakoo 
Hyvönen.  
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botanical paper to employ cladistics   it was overlooked by Bremer   and Wanntorp in 
their early publications (Koponen  2013b ).    

 Surprisingly, there were no discussions about phylogenetics at Koponen’s PhD 
defence. Surprising, because of the paper’s minimalistic discussion of methodology 
and its use of terms like plesiomorphous and apomorphous, which ought to have 
been an excellent opportunity for debate. Even the choice of outgroup was only very 
briefl y touched upon:  ‘some comparative studies were carried out on the related 
families Rhizogoniaceae and Bryaceae’ (Koponen  1968 : 134). It is worth mentioning 
Koponen’s rationale for choosing Hennig’s ‘cladistic-phyletic’ method (apart from 
being urged to do so by Tuomikoski):

  Any numerical-phenetic   classifi cation   is out of the question in the present case 
because the number of characters needed is high, according to Michener and 
Sokal (1957) 60 at least. The organization of mosses is rather simple and, accord-
ingly, the number of useful characters is low especially when, as in the present 
study, attention is mainly limited to taxa above the specifi c rank. Biochemical data 
may, however, later raise the number of characters … so that a numerical classifi ca-
tion may be attempted. The low number of characters also hinders classifi cation on 
the cladistic-phyletic basis.     (Koponen  1968 : 133)  

  However, Koponen continued to use Hennig’s methodology (Koponen  1973 ,  1980 ). 
 Meanwhile Finnish entomologists became interested in phylogenetic sys-

tematics   independently of Tuomikoski. Th us, when Lic. Phil. Mauri Hirvenoja   
visited the Hydrobiologische Station zu Plön in Schleswig-Holstein (currently 
Max-Planck-Institut für Evolutionsbiologie) in 1962 to deepen his knowledge of 
aquatic fauna, he became acquainted with Dieter Schlee    2   who in 1967 became 
Willi Hennig  ’s assistant in the Staatliches Museum für Naturkunde, Stuttgart   
(Schmitt  2013 ). Hirvenoja and Schlee shared an interest in chironomids and in 
1968 Hirvenoja received Schlee’s PhD thesis (Schlee  1968 ), the nexus of which was 
a Hennigian   treatment of phylogeny  . Hirvenoja thought he did not need to do such 
an analysis in his own study. However, Ernst Josef Fittkau   (1927–2012) and Friedrich 
Reiss   (1937–99), colleagues in Plön, off ered their assistance in revising the German 
language of Hirvenoja’s thesis and Fittkau proposed to add a cladogram  , which 
Hirvenoja did. Hirvenoja even added symbols to show instances of parallelisms. He 
did not, however, revise the text and the addition was only to present the results of a 
detailed comparative analysis of the anagenesis of the organs of all developmental 
stages whenever possible. Hirvenoja completed his thesis in 1968 but was unable to 
defend it until 5 years later (Hirvenoja  1973 ). Brundin   acted as an opponent even 
though Hirvenoja would have preferred Tuomikoski as this would have enabled 
ample discussion in his native Finnish. At the disputation dinner, Tuomikoski was 

     2     Strangely, Schlee appears to have left his job at Staatliches Museum für Naturkunde in Stuttgart   
around 1995–6 without leaving any trace of his later whereabouts.  

9781107117648c03_p31-69.indd   569781107117648c03_p31-69.indd   56 4/6/2016   4:31:17 PM4/6/2016   4:31:17 PM



WILLI  HENNIG’S LEGACY IN THE NORDIC COUNTRIES 57 

seated beside Brundin  ; what followed was a somber discussion. After the dinner 
one of the guests told Hirvenjoa that Tuomikoski was not fascinated by Brundin  ’s 
biogeographical work considering it to be exaggerated so as to draw conclusions on 
the distribution of midges and their relationship   to plate tectonics  . 

 Other contemporary entomological theses such as those of Samuel Panelius   
( 1965 ) and Martin Meinander   ( 1972 ; 1940–2004) also included discussions on phy-
logenetic relationships  . However, they did not grasp Hennigian   methodology but 
instead tried to merge it with traditional eclectic or phenetic   views. 

 By the early 1980s, monographs   using Hennigian   methodology were being pub-
lished, for example, by Rauno Väisänen   ( 1984 ), who is currently Head of Nature 
Conservation Research Unit and National Board of Waters. His work treated fun-
gus gnats, a group Tuomikoski also studied; Väisänen’s work was not super-
vised by Tuomikoski although he met him on several occasions and was familiar 
with Koponen’s PhD thesis. Väisänen considered lengthy discussions with Mauri 
Hirvenoja   about phylogenetic analyses as very infl uential for this part of his work. 
By that time phylogenetic textbooks in English were appearing, Väisänen was able 
to cite Wiley   (1981). Th e publication of Väisänen´s work was delayed partly due to 
lack of funds to print such a voluminous monograph and because by the time of 
his defense Väisänen was about to leave the university world to make a career in 
Finnish environmental agencies, frustrated by the prospect of very long delays in 
the publication of further papers (the manuscripts were fi led and forgotten; they 
were partly published later: Väisänen  1996 ,  2013a ,  b ,  2014 ). 

 Jyrki Muona  , who is currently senior curator at the Finnish Museum of Natural 
History and a specialist in beetles, undertook his PhD at the University of California, 
Davis, in 1981. In his thesis he did not use cladistic methods but instead compat-
ibility   analysis as developed by George Estabrook  , Kent Fiala   and others (see 
below). Muona took up cladistic methodology when he returned to Finland to the 
University of Oulu and during his postdoctoral period in Australia and the Western 
Pacifi c in 1985–86. In Australia, he became acquainted with Ebbe Schmidt Nielsen   
and together they had, sometimes heated, debates about systematics   and its the-
ory with local pheneticists. In 1988, Muona attended the 7th meeting of the Willi 
Hennig Society in Stockholm and presented a paper on his studies on biogeography   
of Eucnemidae of Southeast Asia and the Western Pacifi c (Muona  1991 ) and has 
since then been deeply involved in cladistics  . He has been editor of Cladistics from 
1998 to 2001 and twice president of the Willi Hennig Society   (2008–10, 2014–).  

  3.6     Hennig and Norway 

 After having received his fi rst degree from University of Oslo, Ole Anton Sæther   
(1936–2013,  Fig 3.16 ) was hired in its Department of Limnology from which he got 
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his PhD in 1963 (Sæther  1963 ). Shortly afterwards, he was promoted to lecturer 
and remained there until 1969, when he was hired at the Freshwater Institute of 
the Fisheries Research Board in Canada following an short interlude as a visiting 
scientist at the institute in 1967. Sæther returned to Norway in 1977 to become 
professor at the Museum of Zoology in Bergen. He was a specialist in chironomids 
and had almost surely read and been inspired by Brundin  ’s  1966 -work, but he was 
apparently also acquainted with Hennig’s method by reading papers of the German 
entomologists Karl Strenzke   (1917–1961) of Forschungsinstitut und Naturmuseum 
Senckenberg, Frankfurt am Main, and Dieter Schlee  , both publishing on chirono-
mid systematics  . Sæther was a prolifi c writer and was hugely productive in descrip-
tive and analytical systematics; he was also interested in environmental monitoring. 
During his career he published more than 40 phylogenetic analyses (Ekrem and 
Andersen  2007 , Andersen  2013 ), the fi rst, in 1971 (Sæther  1971 ), while still in Canada. 
When Sæther returned to Norway he became the focal point for the introduction of 
cladistics   into Norway and changed the curriculum for students to include both an 
introduction to phylogenetic systematics   and historical biogeography  . He super-
vised a number of master and PhD students in chironomid systematics and insisted 
that their projects should include phylogenetic and biogeographic analyses. Sæther 
persistently argued for the use of an Hennigian   argumentation scheme   even some 
time after the introduction of computer programs in cladistics (Sæther  1990 ) and 
was perhaps never completely convinced that modern methods in parsimony   per-
formed better in reconstructing chironomid phylogenies. However, he turned to the 

 Fig 3.16      Ole A. Sæther   at the 17th International Symposium on Chironomidae in Tianjin, 
China in 2009. Photo: Elisabeth Stur.  
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use of PAUP   and MacClade as these became available and was always quite explicit 
in his description of characters, states and weights. Sæther is perhaps most widely 
known for his promotion of and persistent use of the concept of ‘underlying paral-
lelism  ’ (Sæther  1979a ,  1986 ) or ‘canalized evolutionary potential  ’ (Sæther  1983 ) – a 
postulated tendency to develop similar apomorphic   traits in diff erent lineages – in 
phylogenetic reconstruction  , an advocacy that even reached the popular scientifi c 
literature (Sæther  1979b ). Th e concept of ‘underlying parallelism’ was shared with 
both Tuomikoski ( 1967 : 141) and Brundin   ( 1968 : 479–480;  1972b : 111) and can be 
traced back at least to the Swedish professor of Geology at University of Uppsala, 
Gunnar Säve-Söderbergh   (1910–47; 1934: 10–11) and perhaps even earlier: ‘Th us we 
fi nd that the existence of a defi nite evolutionary trend will have to be used as a sys-
tematical character in the larger classifi cation  .’ (Säve-Söderbergh  1934 : 11)    

 Sæther also developed several indices, now mostly forgotten, such as ‘the adjusted 
evolutionary index’ (Sæther  1970 ), and separated out what he called ‘objective’ 
and ‘subjective apomorphies’ (Sæther  1983 ,  1986 ). But it was from Sæther that 
Norwegian students fi rst learnt about Hennig’s methods. 

 Th e fi rst Norwegian botanist to adopt cladistics   was Inger Nordal  , who started 
her career as assistant professor in botany at Institute of Biology, University of Oslo. 
Nordal received her PhD from the University of Uppsala in 1977 (Nordal  1977 ) and 
became Professor in 1987 at University of Oslo. Her research focused on evolution, 
phylogeny  , population biology and taxonomy   of angiosperms, primarily from 
Africa south of the Sahara and in arctic-alpine areas. Nordal’s fi rst paper refl ect-
ing a truly phylogenetic point of view was written in collaboration with Th omas 
Duncan   of the University of California in Berkeley (Nordal and Duncan  1984 ). 
Th e paper is an analysis of  Haemanthus  L.  and  Scadoxus  Raf. (Amaryllidaceae) 
and includes a very thorough character analysis  . Th e characters were polarized 
using outgroup comparison   but their justifi cation was sought in a paper by Crisci 
and Stuessy ( 1980 ), which had since been demonstrated as wrong (Watrous and 
Wheeler  1981 ). Th e data were analysed on a mainframe computer in California 
using both compatibility   and parsimony   algorithms and represents a very early 
use of computer-based phylogenetic analyses. Comparison and discussion of 
methodologies, and results in the paper are, with hindsight, immature, imprecise 
and unfocused, even to the extent that a classical eclectic phylogeny in an earlier 
paper (Björnstad and Friis  1971 : 202–204) is called a ‘tentative cladogram  ’ (Nordal 
and Duncan  1984 : 145). It would not have been predicted at that time that com-
patibility analysis (Meacham and Estabrook  1985 ) would be a methodology of 
only passing interest, very rarely used today. Perhaps more interestingly, Nordal 
and Duncan’s paper has a short discussion of the correspondence between clado-
grams   and taxonomy. In a later theoretical paper, Nordal ( 1987 ) off ered a belated 
defence of compatibility analysis made with reference to Brundin  ’s and Sæther’s 
concept of underlying synapomophies (see above). Additionally, Dahlgren   and 
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Rasmussen’s (1983) rather imprecise distinction between parsimony and char-
acter compatibility is cited in favour of the latter, which may be stretching their 
statements too far.  

  3.7     Conclusion 

 Following a brief lag period and a universally slow beginning, the introduction of 
cladistic methodology in the Nordic countries was relatively fast, though, as else-
where, marked by traditionally isolated and dogged pockets of resistance – or simply 
met by neglect and sheer ignorance. A  primary source of inspiration, infl uenc-
ing not only his Swedish colleagues but also scientists in other Nordic countries, 
such as Risto Tuomikoski   in Finland, Ole A. Sæther   in Norway, and Niels Bonde   in 
Denmark, was beyond doubt the entomologist Lars Brundin  . Th at Brundin  ’s infl u-
ence reached beyond Scandinavia has been repeatedly emphasized (Hull  1988 , 
Wanntorp  1983 , Bonde et al.  2003 , Nelson  2014 ). However, there were three diff er-
ent and unrelated entomological introductions of Hennig’s idea into the scientifi c 
community of Denmark: Søren Tuxen   who most likely picked up on the ideas more 
or less directly from Hennig; Niels P. Kristensen   who was infl uenced by Hinton while 
visiting University of Bristol; and Ole E. Heie   who was inspired by his fundamen-
tal interest in phylogenetic methods and found Hennig’s early works on his own. 
For Seberg  , it is tempting to draw a direct line from the infl uence of Heie’s textbook 
(at high school) to Kristensen’s textbook in systematic entomology   (at the bachelor 
level), fi nally via Bonde  ’s and Møller Andersen  ’s teaching (at the master level), as 
being instrumental in shaping his own introduction to phylogenetic systematics   – 
but this may be due to the benefi t of hindsight. 

 Th e transfer of Hennig’s ideas from zoology (or, more precisely, entomology  ) to 
botany was rather direct and seamless in Sweden:  from Brundin   to Kåre Bremer   
and Hans-Erik Wanntorp  . In Denmark, the botanical resistance at University of 
Copenhagen towards Hennig’s methodology was more profound, and the introduc-
tion primarily took place through Finn N. Rasmussen   and Ole Seberg  . In Norway, 
it appears that Inger Nordal   was the fi rst to adopt cladistics   reasoning, apparently 
independent of Sæther, but it never played a central role in her research profi le. In 
Finland, inspiration came partly through Tuomikoski, whose taxonomic expertise 
was exceptionally broad (Koponen  2013a ), but also through others entomologists. 
Th e very fi rst use of Hennigian   argumentation in botany was most likely that made 
by Tuomikoski’s student, the Finnish bryologist, Timo Koponen   ( 1968 ). Koponen’s 
thesis was reprinted in Duncan and Stuessy ( 1985 ). 

 One of the biggest problems for many traditional taxonomists   – zoologists, pal-
aeontologists, botanists alike – has been the requirement that only strictly mono-
phyletic   groups are acceptable in classifi cations. Oddly, recent years have seen an 
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astonishing number of publications, not least botanical papers, related to paraphy-
letic   taxa (Brummitt and Sosef  1998 , Brummitt  2002 , Freudenstein  1998 , Nelson 
et al.  2003 , Ebach et al.  2006 , Schmidt-Lebuhn  2012 , Stuessy and Hörandl  2014 , and 
references therein). Th e most recent and bizarre entry in this debate was a coor-
dinated eff ort made by two Norwegian botanists for the acceptance of paraphy-
letic   taxa:  ‘Paraphyletic taxa should be accepted’ (Nordal and Stedje  2005 ); these 
authors were basically advocating a return to eclectic classifi cations. Interestingly, 
this links directly back to Nordal’s interest in character compatibility   (see also 
Estabrook  2008 : 125–126); nevertheless, no less than 150 scientists signed this peti-
tion. Th eir main arguments are stability in naming and the apparent havoc many 
name changes cause for our understanding of processes like species   extinction. 
Actually, the latter argument is a misrepresentation of E.O. Wilson  ’s contribution to 
the symposium  Linnaean Taxonomy in the 21th Century  in 2001(see e.g. Williams 
et al.  2005 ) and if stability is obtained by conveying only partial, erroneous infor-
mation about relationships to the knowledgeable, and information that can only be 
interpreted, outright erroneously by the uninitiated, its value is indeed a moot point 
(see e.g. Dias et  al.  2005 , Rieppel  2005 , Williams et  al.  2005 , Zachos  2014 ). Th us, 
maybe most biologists will know that families Hominidae, a monophyletic group, 
and Pongidae  , a paraphyletic   group, are not sister groups  ; but many non-biologists 
will not. Th at the chimpanzee (or alternatively the gorilla), one of three extant mem-
ber of the Pongidae, is the extant sister group of  Homo sapiens  and thus more closely 
relayed to  Homo  than the two other extant member of Pongidae, is totally intracta-
ble from this classifi cation  . 

 However, in passing it is worthwhile mentioning that Hennig’s strong emphasis 
on monophyly   may have deeper roots than is usually understood. Consider briefl y 
the following statement made by Säve-Söderbergh   (see above):

  And the aim of classifi cation   in Zoology is to express, in the form of a grouping into 
larger units of the individuals, the natural phyletic relations of the animals. For this 
purpose, in each group one has to include animals more closely related to each 
other than to animals of any parallel group. Each group must include the descen-
dants of one ancestral form – the group has to represent a monophyletic   assem-
blage.     (Säve-Söderbergh  1934 : 2)    
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