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 Soft tissue biology 

Marcus Clauss 
Clinic of Zoo Animals, Exotic Pets and Wildlife, University of Zurich 

 
 

graphics from Hofmann (2006) 



 

 

 

 

 

 

The first principle of 
paleobiology 
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The first principle of 
paleobiology 

Christine Janis thought of it already  
(and most likely before you were born). 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

Functional anatomy (convergence) vs. 
descriptive (‘pedantic’), cataloguing anatomy? 
 
 
 



from Hofmann (1969 & 1973) 
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Reticular crests 
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% grass in natural diet 

from Clauss, Hofmann et al. (2010) 
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Reticular crests 



from Clauss, Hofmann et al. (2010) 
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Reticular crests 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

How many individuals do you have to measure 
to be certain about a ‘species trait’? 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

 
Do you assume a ‘trait’ at clade level even if not 
all species of that clade have been measured? 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

 
 
How do you treat unique traits that only occur in 
a single species? 
(and do you follow the same principle for one-species clades and 
multi-species clades?) 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

How do you treat quantitative data? 
 
(how do you ensure your process of threshold definition is 
not influenced by concepts of phylogeny?) 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

How do you make sure you do not code for the 
same (complex) trait over and over again by 
coding its many different morphological/
physiological details? 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

How do you make sure you do not code for the 
same (complex) trait over and over again by 
coding its many different morphological/
physiological details? 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

from Hofmann (1989) 

How do you make sure you do not code for the 
same (complex) trait over and over again by 
coding its many different morphological/
physiological details? 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

How do you make sure you do not code for 
body size over and over again? 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

Is the character you are coding appropriate for 
the taxonomic level you are aiming at?  
 
(and on what criteria do you base that decision?) 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

… and maybe the most hopeful question: 
 
Do datasets exist one can easily include in a 
phylogenetic analysis? 
 
(and if they do, what are your quality criteria for using them?)  
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Typical soft tissue morphology for 
phylogenetic studies 

Shape (as opposed to volume/mass, area or 
length) that is unrelated to a specific function 
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Typical soft tissue morphology for 
phylogenetic studies 

Shape (as opposed to volume/mass, area or 
length) that is unrelated to a specific function 
 
Branching patterns of vessels/ducts 
 
 
 

from Nickel et al. (2004) 
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Lung 
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Hofmann RR (2006) Wildtiere in Bildern zur vergleichenden Anatomie. M. & H. Schaper, 
Hannover (Capreolus capreolus) 
 
Liao AT, Chanf M-H, Chi C-H, Kuo T-F (2009) The bronchial tree and lobular division of the 
Formosan Reeve’s muntjac (Muntiacus reevesi micrurus) lung. Taiwan Veterinary Journal 
35:29-35 
 
Nakakuki S (1983) The bronchial ramification and lobular division of the giraffe lung. 
Anatomischer Anzeiger 154:313-317 
 
Nickel R, Schummer A, Seiferle E (2004) Lehrbuch der Anatomie der Haustiere. Band II: 
Eingeweide. Parey, Stuttgart (Domestic ruminants) 

Sources (lungs) 
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Typical soft tissue morphology for 
phylogenetic studies 

Shape can be a function of body mass  
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Typical soft tissue morphology for 
phylogenetic studies 

Shape can be a function of body mass  
 
 
 

from Hackethal (1981) 



 

 

 

 

 

 

Brain 
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Lander KF (1919) Some points in the anatomy of the takin (Budorcas taxicolor). Based on the examination of a specimen in the 
Gardens of the Zoological Scoeity of London. Proceedings of the Zoological Society of London, pp 203-218 
 
Oboussier H (1966) Das Grosshirnfurchenbild als Merkmal der Evolution. Untersuchungen an Boviden. II. Subfamilien 
Cephalophinae und Antilopinae. Mitteilungen aus dem Hamburgischen Zoologischen Museum und Institut 63:159-182 
 
Oboussier H (1967) Das Grosshirnfurchenbild als Hinweis auf die Verwandtschaftsbeziehungen der heutigen afrikanischen 
Bovidae. Acta Anatomica 68:577-596 
 
Oboussier H (1970) Beiträge zur Kenntnis der Pelea (Pelea capreolus), ein Vergleich mit etwas gleichgrossen anderen Bovinae 
(Redunca fulvorufula, Gazella thomsoni, Antidorcas marsupialis). Zeitschrift für Säugetierkunde 35:342-353 
 
Oboussier H (1971) Quantitative und morphologische Studien am Hirn der Bovidae, ein Beitrag zur Kenntnis der Phylogenie. 
Gegenbaurs Morphologische Jahrbücher 117:162-168 
 
Oboussier H, Möller G (1971) Zur Kenntnis des Gehirns der Giraffidae - ein Vergleich der Neocortex-Oberflächengrösse. Journal of 
Mammalogy 36:291-296 
 
Oboussier H (1972) Morphologische und quantitative Neocortexuntersuchungen bei Bovidae, ein Beitrag zur Phylogenie dieser 
Familie. III. Formen über 75 kg Körpergewicht. Mitteilungen aus dem Hamburgischen Zoologischen Museum und Institut 68:271-292 
 
Oboussier H (1976) Zur Kenntnis der Moorantilopen. Mitteilungen aus dem Hamburgischen Zoologischen Museum und Institut 
73:289-294 
 
Oboussier H (1978) Zur Kenntnis des Bergnyalas (Tragelaphus buxtoni) und des Bongos (Taurotragus euryceros). Untersuchungen 
über den Körperbau und das Gehirn. Zeitschrift für Säugetierkunde 43:114-125 
 
Ronnefeld U (1970) Morphologische und quantitative Neocortexuntersuchungen bei Boviden, ein Beitrag zur Phylogenie dieser 
Familie. I. Formen mittlerer Grösse (25-75 kg). Morphologisches Jahrbuch 115:165-230 
 
von Tyszka H (1966) Das Grosshirnfurchenbild als Merkmal der Evolution. Untersuchungen an Boviden I. Mitteilungen aus dem 
Hamburgischen Zoologischen Museum und Institut 63:121-158 
 
www.brainmuseum.org 

Sources (brain) 
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Maluf NSR (2002) Kidney of giraffes. Anatomical Record 267:94-111 
 
Nickel R, Schummer A, Seiferle E (2004) Lehrbuch der Anatomie der Haustiere. Band II: 
Eingeweide. Parey, Stuttgart (Domestic ruminants) 
 
Sperber I (1944) Studies on the mammalian kidney. Zoologiska Bidrag, Uppsala 22:249-431 
(Tragulus javanicus, Cervus elaphus,Rangifer tarandus, Antilope cervicapra, Cephalophus 
sp., Bubalus depressicornis) 
 
Yi Z, Ping D, Qijun W, Zhanyun W, Jiguang Y (1987) An anatomical classification of kidneys in 
mammals. Acta Anatomica Sinica 18:353-359 (Bubalus depressicornis, Budorcas taxicolor) 

Sources (kidney) 
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Garrod AH (1877) Notes on the visceral anatomy and osteology of the ruminants, with a 
suggestion regarding a method of expressing the relations of species by means of formulae. 
Proceedings of the Zoological Society of London, pp 2-18 
 
Garrod AH (1877) Notes on the anatomy of the musk-deer. Proceedings of the Zoological 
Society of London, pp 287-292 
 
Lönnberg E (1900) On the soft anatomy of the musk-ox (Ovibos moschatus). Proceedings of 
the Zoological Society of London, pp 142-167 
 
Nickel R, Schummer A, Seiferle E (2004) Lehrbuch der Anatomie der Haustiere. Band II: 
Eingeweide. Parey, Stuttgart (Domestic ruminants) 
 
 
someone mentioned an old Pocock paper on this I overlooked 
 

Sources (penis) 
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Rumen 

Rumen 
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Reticulum 

Reticulum 

Rumen 

Rumen 
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Reticulum 

Reticulum 

Abomasum 

Rumen 

Abomasum 

Rumen 
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Reticulum 

Reticulum 

Abomasum 

Rumen 

Abomasum 

Rumen 

Omasum 
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Hofmann RR (1969) Zur Topographie und Morphologie des Wiederkäuermagens im Hinblick 
auf seine Funktion (nach vergleichenden Untersuchungen an Material ostafrikanischer 
Wildarten). Zentralblatt für Veterinärmedizin Supplement 10:1-180 
 
Hofmann RR (1984) Feeding habits of mouflon (Ovis ammon musimon) and chamois 
(Rupicapra rupicapra) in relation to the morphophysiological adaptation of their digestive 
tracts. In: Hoefs M (ed) Proceedings of the Fourth Biennial Symposium of the Northern Wild 
Sheep and Goat Council. Yukon Wildlife Branch, Whitehorse, Yukon, pp 341-355 
 
Hofmann RR (1985) Digestive physiology of deer - their morphophysiological specialisation 
and adaptation. Royal Society of New Zealand Bulletin 22:393-407 
 
Hofmann RR, Nygren K (1992) Morphophysiological specializations and adaptations of the 
moose digestive system. Alces Suppl. 1:91-100 
 
Hofmann RR, Knight MH, Skinner JD (1995) On structural characteristics and 
morphophysiological adaptation of the springbok (Antidorcas marsupialis) digestive system. 
Transactions of the Royal Society of South Africa 50:125-142 

Sources (Forestomach shape) 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

 
 
How do you treat unique traits that only occur in 
a single species? 
(and do you follow the same principle for one-species clades and 
multi-species clades?) 
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(from Hofmann & Schnorr1982) 



                                                                                                                                                
         

       
      

      
     

     
     

    
    

    
    

  ©
 B

SP
G 

 M
ar

tin
e 

Fo
ck

e

ICRPM2013

  !
"#
$%

"&
#'("

&)*+(",$%$"-$*("**

.
/
0
'"&"#*123)(4$"$#'-5*

6/"
'-
2*
78

9
:*

(from Hofmann & Schnorr1982) 
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Intestine 
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Mitchell PC (1903-6) On the intestinal tract of mammals. Transactions of the Zoological 
Society of London 17:437-536 
 
Westerling B (1975) A comparative study of the intestinal anatomy of deer. Anatomischer 
Anzeiger 137:178-186 

Sources (large intestine) 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

How many individuals do you have to measure 
to be certain about a ‘species trait’? 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

(from Nickel et al. 2004) 

How many individuals do you have to measure 
to be certain about a ‘species trait’? 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

(from Westerling et al. 1975) 

How many individuals do you have to measure 
to be certain about a ‘species trait’? 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

(from Oboussier 1966) 

How many individuals do you have to measure 
to be certain about a ‘species trait’? 
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Using (soft tissue) morphology for 
phylogeny reconstructions  

Do you assume a ‘trait’ at clade level even if not 
all species of that clade have been measured? 



 

 

 

 

 

 

Ileocaecal gland 
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Derscheid JM, Neuville H (1924) Recherches anatomiques sur l'okapi I. Le caecum et la 
glande ileocaecale. Revues Zoologiques Africaines 12:499-507 (incl. references for other 
species) 
 
Nickel R, Schummer A, Seiferle E (2004) Lehrbuch der Anatomie der Haustiere. Band II: 
Eingeweide. Parey, Stuttgart (Domestic ruminants) 

Sources (ileocaecal gland) 



 

 

 

 

 

 

Liver & Gall bladder 
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Garrod AH (1877) Notes on the visceral anatomy and osteology of the ruminants, with a 
suggestion regarding a method of expressing the relations of species by means of formulae. 
Proceedings of the Zoological Society of London, pp 2-18 
 
Lander KF (1919) Some points in the anatomy of the takin (Budorcas taxicolor). Based on the 
examination of a specimen in the Gardens of the Zoological Scoeity of London. Proceedings 
of the Zoological Society of London, pp 203-218 
 
Lönnberg E (1900) On the soft anatomy of the musk-ox (Ovibos moschatus). Proceedings of 
the Zoological Society of London, pp 142-167 
 
Nickel R, Schummer A, Seiferle E (2004) Lehrbuch der Anatomie der Haustiere. Band II: 
Eingeweide. Parey, Stuttgart (Domestic ruminants) 
 

Sources (liver) 
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Cave AJE (1950) On the liver and gall-bladder of the giraffe. Proceedings of the Zoological 
Society of London 120:381-393 
 
Crisp MD (1862) On the situation, form, and capacity of the gall-bladder in the vertebrata; 
on its absence in certain animals; and on the colour of the bile. Proceedings of the 
Zoological Society of London:132-139 (for conflicting cases) 
 
Gorham FW, Ivy AC (1938) General function of the gall bladder from the evolutionary 
standpoint. Zoological Series, Field Museum of Natural History Chicago 22:159-213 

Sources (gall bladder) 
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Personal conclusion I 

Those existing datasets on soft tissue biology that I 
consider most reliable reflect current 
phylogenetic concepts and might contribute 
little to the resolution of uncertain relationships. 
 
For that aim, in my view, new, detailed and 
systematic studies are required and would be 
well worthwhile (e.g. kidneys in tragelaphini).   
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Morphological vs. molecular phylogeny 

Morphological studies require much more 
samples (volume), expertise in trait evaluation, 
consistency of various methods – 

  which makes them tedious, and data collated 
  from different sources difficult to use. 

as well as checks for covariation (‘logical 
independence’), relationship with body mass, 
threshold decisions, convergence control 

  (for which concepts/methods might still have to 
  be established). 

 



                                                                                                                                                
         

       
      

      
     

     
     

    
    

    
    

  ©
 B

SP
G 

 M
ar

tin
e 

Fo
ck

e

ICRPM2013

  !
"#
$%

"&
#'("

&)*+(",$%$"-$*("**

.
/
0
'"&"#*123)(4$"$#'-5*

6/"
'-
2*
78

9
:*

Personal conclusion II & outlook 

 
The availability of data on hard and soft tissue, 
life history, behaviour and ecology as well as 
phylogenetic hypotheses presents an enormous 
opportunity   
 

 - for ancestral state reconstructions 
 - to simulate evolutionary sequences. 
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The ruminant digestive tract – an ideal model 

(from Nickel-Schummer-Seiferle 1967, Hofmann 1969, Spencer 1995, Clauss et al. 2009, 2010, Kaiser et al. 2010) 
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The ruminant group – an ideal model 

(from Hofmann 1989, Emerle et al. 2003,  Caro 2005, Zerbe et al. 2012) 
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Reconstructing ruminant evolution 

Clauss et al. (2010) 

                                                                                                                                                
         

       
      

      
     

     
     

    
    

    
    

  ©
 B

SP
G 

 M
ar

tin
e 

Fo
ck

e

ICRPM2013

  !
"#
$%

"&
#'("

&)*+(",$%$"-$*("**

.
/
0
'"&"#*123)(4$"$#'-5*

6/"
'-
2*
78

9
:*



Clauss et al. (2010) 

Evidence for 
convergence: 
correlation of 

form and 
‘function’ (here: 

a niche proxy) 
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Reconstructing ruminant evolution 



M. Dittmann (pers. obs.) 
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Reconstructing ruminant evolution 



M. Dittmann (pers. obs.) 

Anatomical traits linked to 
grazing did not evolve in 

synchrony with each other, 
and not with grazing (!?) 
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Reconstructing ruminant evolution 
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