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To both my parents.
Thank you for making this possible.

1. Introduction

1.1. Motivational Background

While attending one of many didactics courses at Vienna University | had the
lucky chance to peek into the zoological collection. Impressed by the short
insights | c¢chose to attend the cou
Univ.-Prof. Dr. Hans Leo Nemeschkal and Assistant Collection Curator
Maximilian Petrasko, both teaching at the Department of Theoretical Biology,
shared fundamental and technical information in the field of collection
sciences and shared historical and contemporary insight concerning
management techniques of zoological and even botanical collections. The
acquired skills were finally put to test the capability of the students to
elaborate different science projects related to collection sciences at the

University of Vienna in particular.

Fascinated by the outcome | chose to approach one of the lecturers who
shared the opportunity of working on wet specimens produced by famous
19" century comparative anatomist Joseph Hyrtl more than 100 years
earlier.! Upon first inspecting the collection it became apparent that more
than 400 specimens had to be methodologically elaborated and evaluated.
This required expansive background research and many hours of study in

the dark chambers of the zoological collection.

1 Many if not most of the specimens held at the zoological collection of Vienna
University bear Hyrtl's own signature and catalogue number. A part of the collection
does not bear his signature or was contributed by more near-term zoologists such as

Franz Spillmann.
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As it is well established, not only Joseph Hyrtl managed to reach an
awareness for the fact that is evolution. Through his works in comparative
anatomy, in particular by comparing certain life forms to one another, he
reached an understanding that a godly driven force could not be the reason
for the succession of different life forms. According to him, anatomical
features where not only based on each other, but were often convergent
developments to reach an adaptation to the same or similar niches.? As this
is one of many approaches to evolution, and since it provides an opportunity
to grasp the concept of evolution, a milestone reached by this project is to
offer or design an educational tool for high school students or similar third
parties to gain insight in evolutionary patterns or to revitalize their
understanding on evolution from a different viewpoint, based mainly on both
Hyrtl's theoretical work and the specimens he left with Vienna University's

zoological collection.

2 Joseph Hyrtl took many years to reach his understanding of evolution. Detailed

information can be obtained in the following chapters.
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1.2. Goals

One of the main objectives of this diploma thesis was to explore Joseph
Hyrtl 6s opi ni.dms pwjact, e vavheruhe igreat foundation
Joseph Hyrtl provided, does offer certain advantages. One can only be sure
that this Austrian anatomist, as also supposed by Ao. Univ.-Prof. Dr. Hans
Leo Nemeschkal, did not only use his specimens for his own entertainment,
but that he collected this specimens from all around the globe with the intent
to use them in teaching and as educational tools. Enlightened by his feat one

of the goals of this thesis is the design of aforementioned educational tool.

As the mindset of Joseph Hyrtl can only be empirically explored by studying
his extensive theoretical work, this task was also a big part of this project.
Not only do his teachings and proposals offer the potential to grasp the
mindsets and perceptions of developmental pathways in animals during his
lifetime, but moreover the potential to grasp the historical importance of his
oeuvre for our time. The latter did most certainly play a huge role in the
understanding of natural selection and evolution not only in Vienna, but also
in the far reaches of the Austro-Hungarian Empire and through his several

connections to other individuals of the western hemisphere as well.



To put things into a clear perspective, the most important questions of this
thesis are:

1 How can the progression of Hyrtl's mindset be seen in his theoretical
work and how did Hyrtl's understanding of evolutionary patterns
emerge over time as brightly illustrated in his several books?

91 How did Hyrtl compare to other biologists, anatomists, etc. of or around
his lifetime?

1 How does his collection, held at Vienna University's Department of
Theoretical Biology, reflect his credo and how can this be seen in the
specimens and preparations left behind at this institution? To which
extent are Hyrtl's ideas on evolutionary patterns reflected in his
collection?

91 His oeuvre offers the opportunity to design an e-learning tool or
application for use in Austrian schools. How can such an extensive
concept be compressed into a small tool to be used in education?
Which educational standards as offered in the model of competence
(Kompetenzmodell) for natural sciences provided by the Austrian

Ministry of Education must be met?

Apart from this thesis, arguably one of the most important features of this
project was to digitize Hyrtl's collection to be added to an online database.
This provides the opportunity for other institutions to access the collection
and its specimens. While accessing the collection an inventory was
established. It provides pictures from different angles and additional
information, partly by evaluating the labels provided by Hyrtl, but moreover
also by adding more descriptive data and by trying to determinate

undetermined specimens and updating outdated taxonomic determinations



to a contemporary status.® Joseph Hyrtl's collection does not only hold
embryological specimens but also adult specimens, often a vast array of
species from the same or related genera, unprepared or showing a huge

range of different preparations.

3 More information on sources for taxonomic updates and/or determinations is shared in
the introduction to the related chapter.






Disclaimer

Please be advised that all images in this diploma thesis were taken by the
author of this diploma thesis unless stated otherwise. The photographs in
this thesis mainly depict specimens of the embryological collection of Joseph
Hyrtl, held at the zoological collection of the Department of Theoretical
Biology of Vienna University. These images were taken for scientific
documentation purposes and to be added to an online inventory or database.
Other images carry information regarding the copyright and location at which
the object is held in their respective captions. In case of any inadvertent
copyright infringement the author of this thesis gently requests consultation

by the respective person or institution.






2. Materials and Approach

The basis of this diploma thesis is Joseph Hyrtl's embryological collection.
Severalhundred speci mens are held in the
wet speci mens) . Apart from the ATr oc
specimens) it is one of the most extensive storage facilities for zoological
preparations held at the Department of Theoretical Biology at Vienna
University. The locality is an enclosed underground compartment which

offers thousands of sealed vials and jars filled with alcohol, formalin or similar
solutions to store zoological specimens or preparations for the longest

possible time.

During the late spring and early summer of 2017 Hyrtl's collection was
inspected in detail and pictures were taken from different angles. At the same
time an inventory was established and all specimens were categorically and
consecutively numbered, described and mostly determined (They had either
been determined before or were, to the best of my abilities, determined to
family or genus level).* To facilitate this process, several online databases,

e.g. www.tolweb.org (the Tree of Life Web project) were used.

4 Due to the destructive effect of the alcohol solution, the time that had elapsed and the
impossibility to open the glass containers and inspect each individual specimen without
a glass and alcohol barrier, the effort of trying to exactly determine the specimens in

different developmental stages often proved to be futile.
10



Simultaneously, several archives were visited in person to gain more
background information on Joseph Hyrtl:
T Osterreichisches Staatsarchiv (National Archives of Austria) in Vienna
91 Niederdsterreichisches Landesarchiv (Lower Austrian State Archives)
in Sankt Pdlten
9 Archiv der 6sterreichischen Akademie der Wissenschaften (Archives

of the Austrian Academy of Sciences) in Vienna

Correspondence with other institutions, such as the National Archives of
Hungary or the National Archives of the Czech Republic was held.

Unfortunately, this effort did not lead to any additional information.®

5 As Joseph Hyrtl left Hungary when he was quite young this was to no surprise.
Nonetheless, Adam Toérok of the National Archives of Hungary kindly referred me to
other institutions and databases.

11
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3. Short Biographical Overview
3.1. Early Life

Joseph Hyrtl was born December 7", 1810° in the Hungarian town of
Kismarton (nowadays Eisenstadt and part of the Austrian state of
Burgenland) to Jakob Hyrtl sr.” and his wife Franziska Theresia. (Gasser
1991, OEAW 1965) Due to a new employment of his father the family moved
to Vienna in 1813 (Gasser 1991).

Joseph Hyrt/l i nherited his fatheros i
S2a2ngerknabend (Vienna Boyso6 Choir) at
him a proper educat i.dGasser 1991 Jore Wuiizkach k .
1863)

6 according to a handwritten letter from his brother (von Wurzbach 1863)

7 Jakob Hyrtl sr. (Oboist to the court orchestra of count Esterhazy) was the son of

Martin Hirtl (nota bene: the family name i s
name is often spelled as Hirtl or Hirtel in official documents, such as in reports to the

inK. K S-tHof-dCioemmi ssi ono, the i mperi al of fice for
at the National Archives of Austria) and fathered three other children, Jakob jr. (a well-

known copper engraver), Carl and Therese. (Gasser 1991)
13



3.2. Education in Vienna

Af t er finishi nHyrtl decided to stedg medihedat Vienna
University in 1829. (Gasser 1911, OEAW 1965) Through his great interest in
anatomy and dissections he quickly caught the attention of Joseph Berres,
who employed him as prosector at Vienna University in 1833 (Gasser 1991,
Hirsch et al. 1884, OEAW 1965) or 1832 (von Wurzbach 1863). Huyrtl
seemed to be quite gifted with his work, as he managed to manufacture an
abundance of anatomical preparations which were held at the
AAnat omi s ¢ efe(@® ThE&dtrermanatomicum, anatomical theater) in
Vienna. (Gasser 1991, von Wurzbach 1863) As the young anatomist was
guite gifted, and, through the connections Joseph Berres and Joseph Julius
Czermak® provided to the public, Hyrtl soon began to hold his own lectures
at the anatomical theater. His presentations were quite famous and were
often attended by 19" century high society (frequent attendants of his
demonstrations were, amongst many others, Franz Graf Stadion or Count

Felix Schwarzenberg). (Gasser 1991)

(@)
w

As 1 s apparent t hr o uagphactidepesgehis monéhyaphty |

fDas Arabische und Hebréische in der Anatomieo(a textbook on Arabic and

81n 1755 the anatomical theatre was built for educational purposes. Joseph Barth
(Professor for anatomy at Vienna University
(section floor or preparation floor), an amphitheater and a library. Berres and Hyrtl

changed the descriptive teaching method to a more comparative one. (Czeike 2004)

9 Joseph Julius Czermak was Professor for physiology (and later) anatomy at Vienna

University and dedicated much of his work to the emerging discipline of comparative

anatomy. His microscopic studies on blood may have influenced Joseph Hyrtl in his

strive for medicine. He managed the anatomical theater alongside Joseph Berres.

(OEAW 1965)
14



Hebrew in the field of anatomy), he was not only proficient in German,
English, Latin or French, but in eastern languages as well. His skills in the
Latin language above all (and of course his dedication and knowledge in
anatomy and physiology) determined his teacher Joseph Berres to consult
Hyrtl for his anatomical Atlas Anatomie der mikroskopischen Gebilde des
menschlichen Korpersq one of the first Viennese textbooks of its kind.
(Gasser 1991)

15
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Figure 1 The anatomical theater of Vienna University in its historic form in 1786
provided a round tribune and a section floor with gates where medical preparations,
dissections and autopsies were shown.

(University of Vienna Archives)
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It did not take long for Hyrtl to finish his studies. After only six years the young
anatomist gained his doctorate in 1835 in Vienna, where he continued his
prosectoral work for the next two years and began to conduct his own studies
on malformations. (Gasser 1991, OEAW 1965, von Wurzbach 1863)

33. Joseph Hyrt]l at Pragueodos Charl

Only two years after his graduation ceremony Joseph Hyrtl settled in Prague
(at that time part of the Austro- Hungarian Empire). Here, he was granted
professorship of anatomy (Hirsch et al. 1884, OEAW 1965, von Wurzbach
1863) and physiology (Gasser 1991). Hyrtl seemed to be quite pleased with
Prague6s i nactommadationsandespediailyshe colleagues and

students that surrounded h i “chirurgiache

h e

Directorato (directorate of the medi ca

The young professor did, however, not stay in Prague for long. After he
rejected a position in Prague to substitute for his young colleague Franz

Schuh'® as surgeon, (Gasser 1991) he decided to move to Vienna.

10 Franz Schuh (1804-1865) was professor of surgery at Vienna University from 1841
onwards. Based on the studies of Karl Rokitansky and Joseph Gk o da, Schuh
modernized the treatment of blood effusions in thoracic and abdominal cavities and was
one of the first surgeons to perform a paracentesis of the pericardial sac in 1840. (von

Wurzbach 1876)
17
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Figure 2 Taken from: APr ot . No. 3074 416 der SleKKung a
Studien Hof kommi ssionin This i mage shows the
of anatomy at Praguebs fChadteasUrnioveémosist y .[
Besetzung des Lehramts der Anatomie i mePrag:
an der Universit?at zu Prag dem Doktor Josej

(National Archives of Austria)

[ €] Agreement on the appointment for |
bestow the lectureship of anatomy at the University of Prague to doctor
Joseph Hyrtl, Vienna, May 13" ( 1) 837 [ é]
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Figure 3 This image is taken from the same page of the protocol depicted above. It reads
as f ol | Mayestit hgbén]mit h.E. (ann.: hoheitlichem Erlass) vom 13 |. M. (ann.:

letzten Monats) das Lehramt der Anatomie an der Universitdt von Prag dem Doktor

Joseph Hyrtta.h. zu verl ei hen geruht . [ €] unter neu
sein Ernennungsdekret auszuhandigen u ihn seiner bisherigen Dienstleistung zu
entheben.

(National Archives of Austria)

[ €] Hi s majesty deigned to appoint doc
anatomy at the University of Prague by royal decree from the 13th of last

mo nt h .thereférd, it is ordered to hand over Dr. Hyrtl his decree of
vocatonand to relieve him of his former

19



34.Joseph Hyrtl ds return to Vienn

Il n 1845 Joseph Hyrtl odés teacher Josept
appointed as his successor. (Gasser 1991) Hyrtl did not seem to enjoy his

work in Vienna as he stated himself in 1869. He tried to revolutionize the
AAnat omi sche Anstalto ( deapcardiigne mm, f or
A nob ody listengwhicidencouraged him to dedicate even more time to

his preparations and examinations. On the other hand, he seemed to be a

quite difficult person to work with, as elaborately explained by Karl Eduard
Rothschuh in 1974. According to Rothschuh, Hyrtl invited Ernst Briicke!? to
Vienna in 1849, where Br¢gcke was grant
to work on his dogs. However, Hyrtl soon turned on Brlicke because of the

noise the dogs made, which led to the construction of a new sound-proof

stable and ultimately a controversial public dispute between the two of them.
(Rothschuh 1974) I n hi s arti cl e 0, bdesrHerdenssEinSe |l b
Beitrag zur Mechani k dxplains hebatckgraukdlofa p p e
accusations between Hyrtl and Bricke surrounding the scientific debate on

the natur ecoritndlel éidgelIlfeft ventricle d
1855)

11 Ernst Briicke was a German physiologist born in Berlin in 1819. In his early years

Br¢cke was a member of the fABerliner physika
Berlin) and was engaged with optics and the mechanics behind diffusion. In 1849

Briicke moved to Vienna where he worked on speech sounds, chromatics and the

physiology of the eye. (von Wurzbach 1857)
20



Figure 4 Taken fr om: AProt . No. 5220 533 der Sit
Studien Ho f k o mmi sTkis qoiate skiows a recommendation of Joseph Hyrtl to be
appointed as professor for anatomy at Vienna Universityandreads as f pE$.Mws : i
(ann.: Seine Majestat) haben mit (ann: ihrem Schreiben?) zum 21 Julif é] di e Lehr k
der Anatomie an der Wiener Universit2at dem P
Joseph  Hyrtl a.h. zu verleihen geruht. Den 26 July -Unterschrift-0

(National Archives of Austria)

[ éHi s majesty has deigned to appoint |
Praguebds University, for the professol
of  Vienna  with his letter from the 215t of  July.

The 26™ of July -signature-[ € ]

21



During his time in Vienna, Joseph Hyrtl managed to acquire more than 5000
specimens for his anatomical collections. (Gasser 1991) 1845 was also the

year when Hyrtl first managed to cast wax into the respiratory system of
Lepidosiren paradoxa, which enabled him to successfully determine its

status as a fish'2. (Buklijas 2010) This constituted the base for his undisputed
mastership in the field of corrosion anatomy, which also led him to display

certain objects at the World Exhibition of 1873. (Buklijas 2010) Interestingly,
amongst others, Zi egl ¥ wdesshoemat the/sarheo g i ¢
exhibition. (Buklijas 2010, Hopwood 2002)

Being one of t he n@emanapliose saeatists of theel8o w
century, Joseph Hyrtl was appointed me mber of the ndkaiser
der Wi s s e n(Royah AchdemneyrobSciences) in May 1847. (Gasser

1991)

During the revolutions of 1848'* Joseph Hyrtl reached arguably one of the
most devastating low points of his academic career. He fled the student
protests of Vienna and went to Trieste, where he prepared fish for later

examinations. (Gasser 1991) According to the same source, his apartment,

12 The dispute around Lepidosiren paradoxa is elaborately discussed in the according

chapter.

BAdol f Zieglerds handmade wax models were us
the world and some objects can also be found in the zoological collection of Vienna

University. (Harlfinger 2016)

14 Due to the internal struggles of the Habsburg Empire, the new system of inner and

outer politics established by Metternich and amongst many other things the inspiring

example of the French revolution of 1848, inspired by a speech of Ludwig Kossuth on

the right to vote, students began to march on the Hofburg on the 15th of May 1848. This

led to many battles, a short secession of the Hungarians, the resignation of the Emperor

and a revival of neo-absolutism in the Austro-Hungarian Empire. (Vocelka 2000)
22



library and collections were destroyed in his absence. Joseph Hyrtl
overcame his urge to emigrate to the United States and started establishing
t h eMuséum fur vergleichende Anatomieo (Museum for
Anatomy) in 1850, where he soon reclaimed the objects he had lost during
the revolution. (Gasser 1991, von Wurzbach 1863)

Another controversy arose around Hyrtl when he was appointed rector of
Vienna University in 1864 and a year later in 1865 during his speech for the
500" anniversary of Vienna University. (Gasser 1991, OEAW 1965) The
former speech, in which he debated and challenged materialism and

gathered a huge audience?®, was received comparably well. The latter, on

t he ot her hand, was recei ved as Aan

praised the church-like character of the Viennese University and proclaimed
the fAidomination o¥. (CEAWBGEL e by reli

15 Albeit this fact should be accredited to his fame amongst students.

gi

or

BADji e Herrschaft der Kirche ¢ber die Wi ssens

23
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Figure 5ABer i cht d esits-Conistoriumsin Wien,vom 14. Juli 1864
[ €] ¢ber die Einst el | uRrdessdresnd Hofraks DuJdogephHth i v er
zum Univ. Rector Magnif: far das Studien=Jahr 11864/
(National Archives of Austria)

[6] R e gfthea ktk. Univ. Consistorium in Vienna, on the 14" of July 1864,
[ €] on the appoi nt me nt DroJbosedd HytlfteeRecoo r a n

for the academic year of 1864/5 0é ][

17 Honorary title in Austria
24



Joseph Hyrtl was appointed Rector of Vienna University on the 14™ of July
1864. He held his inaugural speech on the 15t of October 1864 and his
anniversary speech on the 2" of August 1865. (Gasser 1991)

Due to degradation of his eyesight, (OEAW 1965) Joseph Hyrtl held his last
lecture on the 17" of March 1874 and retired shortly afterwards*®. (Gasser
1991, OEAW 1965)

During the last 20 years of his life Joseph Hyrtl moved to his summer home
in Perchtoldsdorf, Lower Austria and continued his studies in private. He had
acquired wealth and established an orphanage foundation® in Mddling, the
expansion of the local hospital and supported the beautification of townscape
appearances. (Gasser 1991) He also provided the University of Vienna with
40.000 gulden to enable four students of accordingly poor background each
year to study medicine. (OEAW 1965)

18 According to Rudolf-Josef Gasser, Joseph Hyrtl retired at the age of 63 without
statement of reasons. fiHe had | ived @mongst
spend the short time | eft alone. o

YThe AJoseVai demtsht i ftungi was established in
hands of the provincial government of Lower Austria. In 2015 the foundation still held

more than G 1.5 mil |édtwmmlO@Gohidrenp(NOMHA®E f or mor
25
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4. Concepts in Hyrtl s Monograp

4.1. Lepidosiren paradoxa

The South American Lungfish, or Lepidosiren paradoxa, was first found in

Brazil and described by the Austrian Zoologist Johann Natterer?® who
characterized it as being amphibious, and put It I n t he 9|
Detr ot r emat ao and Dipnoag thes alfeady acknewledging o f

the capability of the lungfish to breathe. (Leuckart 1840)

According to Leuckart, whopr esent ed Nattererds theo
the AVersammlung der D e Assemldyhoé Germdra t ur f
natural scientists) in Freiburg, where a debate arose on how to taxonomically
characterize this species. While some of the attendants speculated that
Lepidosiren paradoxa had to be a fish, many others believed it to be an
amphibian, mainly because the nasal openings lead to the pharyngeal cavity,
as is the case with Siren sp. and Proteus anguinus. Even the National
Museum of Natural History in France agreed with the latter approach, stating
that it had to be a close relative of salamanders. (Leuckart 1840) On the
other Hand, Leuckart acknowledges that Owen, who described the first
African lungfish, allocated the genus to the fishes and states that it had to be
a link between Sarcopterygii and (ann: the now obsolete class of fish)

Malacopterygii. Surprisingly, for a short while, even the possibility of

%Joseph Natterer was the son of a fAkaiserlic
learned taxidermy and different preparations on animals in his youth. Natterers biggest

expedition led him to Brazil in 1817 where he stayed for 22 years. During his time in

Brazil Natterer discovered hundreds of birds, gathered about 40 000 different animal

specimens and 2000 Aethnol ogi cal objectso. (
27



Lepidosiren being reptilian (however without any given explanation) was
mentioned. (Gunther 1872) According to Albert Ginther, before the
discovery of the lungfish, the classification was quite simple. Fish had qgills,
while reptiles had Il ungs. Since some
gills (ann: considering the metamorphosis in amphibians), these

classifications seemed insufficient and amphibians were added.

In 1845 Joseph Hyrtl published his book on this prevailing discussion. In the
same year he had obtained a female specimen of Lepidosiren paradoxa, one
of the first of its kind since the return of Natterer to Europe. After explaining
the constitution of his specimen in detail and disproving assumptions made
by others, he concludes that Lepidosiren is not closely related to any other
fish species. He clearly states that after the collapse of the pre-world, all

connections to the creation seem to have been cut.

(

AMIit dem Untergange der viosowesnuthelichc hen

I auch die Bindungsglieder grésstentheils verschwunden, welche dieses

Thier an die jetzige Schopfung knipfe n [ € ] A

Hyrtl debunks the myth surrounding the classification of fish and reptilian and

states how lungs and gills do not, b
distinction criteria. (Hyrtl 1845) According to Hyrtl other fish have lungs, or at
least element ar y fAbreathing sackso, as they

eels. In his further elaborations Joseph Hyrtl explains the difference in
character between the air bladder and lungs, and how the vascular system
surrounding the tissue in question indicates its classification. Seemingly,

Hyrtl was well aware of the connection between air bladders and lungs in

28



fish2!He expl ains how some of his colleag
air bladders of different fish but did not provide additional information on the
constitution the respective vascular systems. (Hyrtl 1845) Therefore,
according to Hyrtl, it was not possible to determine whether the examined

organ had to be classified as a respiratory organ or as lungs. (Hyrtl 1845)

Following his conclusions on the lungs, Joseph Hyrtl gives the same
explanation on other hot-button issues, such as the vascular system of the
aortic arch or the position of the bladder regarding urogenital opening.
Accordingly, his colleagues argued on the nature of Lepidosiren by
showcasing distinctive traits of amphibians and fish. (Hyrtl 1845) In some
cases, Hyrtl refers to distinctive traits of one class, which can be found in
some species of the other class.?? In other cases, as in the position of the
bladder regarding to the aforementioned opening, he explains how some
traits cannot be consi der @gtl 1845) Imtleex c e p
same book, the Austrian anatomist examined that in Lepidosiren, the
position of the bladder is above the rectum, and the urogenital opening is

embedded behind the anus. Hence, this species shows a distinctive fish trait.

21 By comparing the color of blood in afferent and efferent blood vessels and the
constitution of their connection to the heart he concludes how to characterize the organ.
He is seemingly aware that there must be some sort of connection between the two
from an evolutionary viewpoint, albeit he never clearly says so.

22 This again shows how Joseph Hyrtl is already aware of an evolutionary pattern, since
he mentions how some traits can be found in primal species of the more recent class
and therefore can be considered exceptions to the rule. The apparent connection
between related species, families and classes must therefore already (at that point)

have been apparent to him.
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In Amphioxus lanceolatus,? another debated species on the other hand, the
position of the opening in front of the anus and the lower fins cannot be
considered as exceptional traits since the relevance cannot be construed
considering the lack of knowledge regarding the nature of the ureter and
genitalia. (Hyrtl 1845)

To determine the nature of this fish more specifically, Hyrtl also gives hints
to the embryonic development of amphibians. Since some colleagues hinted
that in Lepidosiren paradoxa afferent vessels ended in the heart and not the
aorta, as is the case in amphibians, Hyrtl explains how embryonical stages
of Salamandra atra exhibit fish patterns. The two separated atria on the other
hand must be as unique to the South American lungfish as their lungs are,

and clearly constitute a connected trait. (Hyrtl 1845)

The clearest distinction, according to Hyrtl, can be seen in bony structures.
Lepidosiren paradoxa clearly bares an ichthyic spine and therefore combines
fish traits and amphibian traits. As much as Ichthyosaurus and Plesiosaurus
can be considered fish due to some traits, Lepidosiren paradoxa can be
considered amphibian. (Hyrtl 1845)

23 Today classified as: Branchiostoma lanceolatum
(http://www.marinespecies.org/aphia.php?p=taxdetails&id=104906, last visited:

12.3.2018)
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Joseph Hyrtl ends his conclusions by comparing his explanations and
findings to the African lungfish?* and how he can relate to the doubts of these
two species being in the same genus. Nonetheless Hyrtl believed them to be
in the same genus and proposed the (back then) new family of
Pneomonichthyi or Pulmonati.?® (Hyrtl 1845)

24 presently, the African Lungfish is classified as Protopterus annectens. The species is

part of the Family of Protopteridae, which, together with the Family of Lepidosirenidae

constitutes the order of Lepidosireniformes. (http://www.

iucnredlist.org/details/169408/0, last visited: 12.3.2018)

25 Although Joseph Hyrtl proposed his own classification, Hyrtl states that he preferred

M¢l I ers classification ASirenoidei 0, since t
Miller had already classified Lepidosiren paradoxa as a fish species two years prior to

Joseph Hyrtl, albeit based on less data. (Hyrtl 1845)
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Figure 6 Copper engraving by Joseph Hyrtl depicting ureter and reproductive organs as
seen from the spine in Lepidosiren paradoxa. a. ovaries, b. ventral opening of oviduct, c.
extension of oviduct, d. cloaca, f. bladder, g. kidneys, h. urethra, i. afferent blood vessels
of kidneys, I. right V. cava, m. (smaller) left V. cava, n. four connecting vessels of V. cavae

|l mage from Joseph Hyrtl és Lepidosiren parado
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4.2. Hearing in Mammalia

Joseph Hyrtl compared hearing in Mammalia in different stages and bases
his framework on earlier works done by Huschke and Soemmering, who,
according to him, did such excellent work in anatomical explanations and
comparison work, that he did often not deem it necessary to add additional

profound explanations. (Hyrtl 1845)

Soemmering (1755-1830) was well known for his depictions of early human
development. The main source of German anatomist Samuel Thomas
Soemmeringbs wor k indececandspohtangoossaboftions m

and his preparations and drawings were often considered to be the best of

that time, which comes to no surprise as he often selected his preparations

to meet his demands in beauty and perfection. (Hopwood 2015) According

to Hopwood this highlighting in aesthi
criteria appropriate of age and thus, Aj udged by adherl t S
scientists in the 1830ies regarded Soe mmer i ngdos dr awi ngs
as abnormal and cut-off from i d itr eocb s e r Mherdforepimvestigations

of other species (ann: as is the case
hearing) seemed to yield more insight

human embryoo. (Hopwood 2015)
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| n his A V-amatgrhisehe c Untensuthungen dber das Innere
Geh°rorgan des Menschen und der S2uget
structure of the human ear i the ossicles, the inner ear and the tympanic

cavity i to other mammals.?®

Arteria stapedia is a small branch of Arteria carotis interna and is the main
source of cranial blood supply in Lemuriformes. In Haplorhini however, A.
carotis interna remains an embryonical or vestigial trait, while A. promontorii
assumes the main role in cranial blood supply. (Geissmann 2003) Joseph
Hyrtl was quite aware of the importance of A. stapedia.?’” As he states, this
smal | vessel could easily be owvleirkewk

appearance. (Hyrtl 1845)

26 As he states himself, Joseph Hyrtl spends several years collecting and asking

colleagues for different animal skulls to perform his examinations, which was quite

costly as the examination of the inner ear meant the destruction of those valuable and

rare specimens. (Hyrtl 1845) This too reveals that Hyrtl had associations all over

Europe, which enabled him to restore his prized collection rather quickly after the

revolution of 1848.

27 As he does not specifically refer to these vessels by their scientific terms but rather

refers to them as (e.g.) AArteria of the sta
explicitly, or rather to any similar blood vessels in this region which assume A.

stapediabs role in other primates.
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Joseph Hyrtl also compares similar structures of the ear in different species
and shows his awareness of adaptational processes in animals. In one case
Hyrtl compares the similar structure of afore-mentioned Arteria carota in
Meles sp. and Ursus sp. and concludes that, since both animals hibernate,

this must be an adaptation to environmental conditions. (Hyrtl 1845)

The most remar kabl e part of Joseph H
hearing in mammals comes with his comparative work on humans and
closely related pri mates. Certain fabe

embryos of humans lead Hyrtl to compare these abnormalities to structures
in Pan sp. and Pongo sp. Such is the case in a cavity near the semicircular
canals, which is quite pronounced in most mammals, but exists only during
early stages of human development, and interestingly, only in young
chimpanzees and orangutans. (Hyrtl 1845) In post-natal humans and in aged
chimpanzees and Orangutans, only a fissure remains according to Hyrtl.
Accordingly, as he puts his discoveries in primates in contrast to the lack of
this fissure in other mammals, Hyrtl must have already been aware of certain

adaptational and evolutionary patterns at that stage of his life.
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Figure 7 Image shows (in some cases) vastly different acoustic labyrinth in mammals. 1.
l abyrinth in newborn chil d, 2. labyrinth 1in
Yellow baboon). The first two structures are clearly quite similar.
l mage from Joseph Fagatomiscbhesuntérduehungen ébercdds énnede

Gehororgandes Menschen und der S2ugethieren (Hyrt
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