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BACKGROUND ON HYSTRICOGNATH EVOLUTION
Hystricognathi is a high-level taxon within Rodentia, first 
recognized by the Swedish zoologist Tycho Tullberg (1899). 
These rodents obtained much attention because of their 
enigmatic biogeographical history with a disjunct dis
tribution in (South-) America on the one hand and Africa 
and Asia on the other (George 1993, Wilson & Reeder 2005). 
The fossil record goes back to the Late Eocene in both Africa 
and South America (Jaeger et al. 1985, Campell et al. 1996; 
see Mess et al. 2001). An impressive radiation occurred from 
the Eocene-Oligocene time interval on (e.g. Wood & Patter-
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Hystricognathi represent a monophyletic taxon within Rodentia. Since phylogenetically 
analyzed morphological systems are essential for revealing evolutionary processes, this 
study identifies evolutionary character transformations on the stem lineage of Hystricog-
nathi as derived from the author’s own work and the literature. Data so far indicate that 
evolutionary transformations in the rostral head region, the loss of tactile ability in the 
outer nasal skin and the mobile arrangement of the associated cartilage, were allied with 
a switch from omnivorous to herbivorous and fiber-rich nutrition. Additional character 
transformations in the skull assist in digesting such food. Structures associated with repro
duction and placentation show a remarkable proportion of derived character conditions: 
the chorioallantoic placenta has a ring-shaped organization and growth structure which 
optimizes the capacity for passive diffusion, a subplacenta occurred as a specialized region 
responsible for placental invasion and the inverted yolk sac facilitates substance exchange 
with the main placenta. Finally, precocial newborns evolved as a derived condition within 
Rodentia. All things considered, a mode of reproduction is indicated, which does not de-
mand excessive additional energy intake by the mother and is in accordance with her low 
energetic diet. Hystricognathi possess major character transformations that represent pre-
requisites for their successful radiation at the time when more open ecosystems and grass-
lands evolved during Earth history. The analysis resulted in the reconstruction of a life-near 
picture of the hystricognath stem species pattern with high explanatory power in terms of 
changes in space and time and their interdependence with biodiversity. 
INDEX TERMS: Hystricognathi, Caviomorpha, functional morphology, organismal biology, phylogeny.

son 1959, Patterson & Wood 1982, Wyss et al. 1993, Winkler 
1994, McKenna & Bell 1997, Flynn & Wyss 1998, Vucetich & 
Verzi 1999, Vucetich et al. 1999, Sánchez-Villagra et al. 2003, 
Rinderknecht & Blanco 2008), associated with global cooling 
and a shift of the vegetation towards more open ecosystems 
such as temperate forests or wooded savannah formations 
(Mess et al. 2001). Most remarkably, the origin and radiation 
of hystricognaths has taken place when South America was 
entirely isolated from other continents (Tarling 1980, Ge
orge 1993, Flynn & Wyss 1998). A parallel is recognized for 
the New World primates (Chiochon & Chiarelli 1980, Martin 
1990). Thus, accepting hystricognaths as a monophyletic as
semblage implies the necessity of recognizing remarkable 
migration routes, such as crossing the South Atlantic Oce
an from Africa to South America by drifting or island hopp
ing (Lavocat 1969, 1980) or colonization of South America 
via Australia and Antartica from an Asian origin (Huchon 
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and Douzery 2001). In view of the geographical disruptive
ness, a long lasting dispute came about in the last century, 
if hystricognaths in fact represent a monophyletic taxon in 
the context of phylogenetic systematics or not (overview in 
Luckett & Hartenberger 1985). However, no other group of 
Rodentia was ever proven phylogenetically as sister group 
to one of the geographical groups or any other subgroup of 
hystricognaths (Luckett and Hartenberger 1985). Recently, 
Hystricognathi is supported as a monophyletic taxon prima
rily by molecular data sets (Nedbal et al. 1994, 1996, Cat
zeflis et al. 1995, Huchon et al. 1999, 2000, Huchon & Do
uzery 2001; see Sullivan & Swofford 1997). Morphological 
systems were in general not properly examined by modern 
phylogenetic or cladistic approaches. Since phylogenetically 
analyzed morphological systems are of great importance 
for revealing evolutionary processes and significant for the 
biology and ecology of organisms, the present study provi
des a comprehensive overview of morphological systems 
that have been regarded as relevant for supporting Hystri
cognathi. Evolutionary character transformations on their 
stem lineage are identified, as derived from the author’s own 
work and the literature, and their functional significance 
were discussed in regard to the group’s evolutionary history. 
The analysis includes systems commonly used for mamma
lian phylogenetics such as skeleton, teeth and musculature. 
Main attention is drawn to an unusual system, the placenta 
and the fetal membranes, which resulted as most important 
in the above mentioned regard. 

RELEVANCE OF MORPHOLOGICAL SYSTEMS FOR 
HYSTRICOGNATHI

Lower jaw and associated musculature
In Tullberg’s influential study, Rodentia were divided by 

differences in the dental bone (see Fig.1) into two clades, 
Hystricognathi and Sciurognathi. In hystricognaths the pro

cessus angularis is situated on the lateral surface of the den
tal and the ventral border of the process, the margo inferior, 
is in parallel to the zygomatic arch (Tullberg 1899, Fig.1B). In 
addition, the pars reflexa of the m. pterygoideus lateralis super
ficialis is located on the median surface of the processus an
gularis and inserts in an incisura praeangularis towards the 
corpus mandibulae (Tullberg 1899, Starck 1995). In sciuro
gnaths the processus angularis is located at the ventral border 
of the dental and curved to the inside, with an evident incline 
between the Margo inferior and the zygomatic arch (Tullberg 
1899, Fig.1A). As a rule, the m. pterygoideus lateralis super-
ficialis is restricted to the outside of the processus angularis 
and inserts on its margo inferior. In a few sciurognaths small 
portions of the muscle are sited median, but not in the pat-
tern of a prominent pars reflexa (Tullberg 1899). To employ 
the structures concerned in modern phylogenetics causes 
some difficulties: Ctenodactylidae, a group originally belong
ing to Sciurognathi, share some characteristics of the hystri-
cognath condition (Tullberg 1899, Mess 1997). Moreover, the 
conditions of the lower jaw differ from that of other mammals 
and thus, the character polarity cannot be established by out-
-group comparison (Mess 1997). However, a sciurognath lo-
wer jaw occurs in early fossils of Rodentia, indicating that the 
hystricognath condition is derived (Luckett & Hartenberger 
1985, Landry 1999). A derived state is also assumed for the 
pars reflexa (Mess 1997, Landry 1999). While these features 
are revealed as synapomorphies of Hystricognathi (plus Cte
nodactylidae), the functional significance is enigmatic. Yet, it 
may be linked with the hystricognath chewing pattern that 
is characterized by a pronounced propalinal (fore- and back
ward) gliding of the teeth surfaces. 

Maxillare and M. masseter medialis 
Some authors speak of a “hystricomorph” condition of 

the skull, i.e. the enlargement of the foramen infraorbitale of 

Fig.1. The lower jaw in rodents. (A) The sciurognath condition. It represents the ancestral 
condition of Rodentia. The processus angularis is located at the ventral border of the dental 
bone. It curved to the inside with an evident incline to the zygomatic arch.  (B) The hystri-
cognath lower jaw. It is a derived character condition within rodents that evolved on the 
stem lineage of Hystricognathi. The processus angularis is situated on the lateral surface 
of the dental. Its ventral border is in parallel to the zygomatic arch. Derived from Tullberg 
(1899) and other authors.
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the maxillare for the insertation of the m. masseter media-
lis. It occurs in all Hystricognathi except some members of 
Bathyergidae. However, the later are hystricomorph in ear-
ly ontogeny but lose this condition during growth (Maier 
& Schrenk 1989). Originally introduced by Waterhouse 
(1848) and Brandt (1855), four conditions are currently 
recognized: the myomorph one has also an association of 
the m. masseter medialis with an enlarged foramen infraor
bitale, but the m. masseter lateralis inserts rostrally at the 
outside of the maxillare (“Sciuridenplatte”). In the sciuro-
morph and protrogomorph conditions the foramen infraor
bitale is small without an association to musculature. In the 
first, a rostral insertation of the m. masseter lateralis is pres
ent, whereas the later is not specialized. Though the protro
gomorph condition is similar to that of other mammals and 
certainly is plesiomorphic for rodents, the character pola
rity of the other forms is not resolved. They do not represent 
separated conditions in the phylogenetic sense and must be 
the result of convergences. Finally, the hystricomorph con
dition is shared with numerous other groups. In conclusion, 
this complex is not valuable to support Hystricognathi. 

Other skull components 
In all hystricognaths except adult Hydrochaeris, the fos-

sa pterygoidea breaks through into the orbita (Fig.2) and 
the m. pterygoideus internus inserts at the skull base or in 

the orbit (Tullberg 1899, Landry 1957, 1999). An analo
gous formation is present in Spalax and some geomyids, 
whereas in other rodents the fossa pterygoidea is closed 
and served for the insertion of the m. pterygoideus inter
nus (Tullberg 1899). Since the usual condition in mam-
mals resembles the later, the hystricognath condition is 
apparently derived (see Landry 1999). The functional sig-
nificance is yet not entirely resolved, but this feature may 
be associated to the propalinal mode of chewing (Landry 
1999). In addition, the lacrimal foramen of hystricognaths 
and ctenodactylids is positioned posterior and medial in 
relation to the incisor and the nasolacrimal duct runs ven
tral or medial to the tooth, regarded as a derived condi-
tion compared with the ancestral or plesiomorphic state 
of Rodentia, represented by an anterior and lateral posi-
tion of the duct (Frahnert 1999, Landry 1999). This shift 
may be linked with the anterior location of the m. masse
ter (Frahnert 1999). Finally, two of the inner ear bones, 
the malleus and incus, are fused or at least closely joined 
in hystricognaths and ctenodactylids, whereas they are 
separated in other rodents (Tullberg 1899, Landry 1957, 
Fleischer 1973). Even though this system is not well stu
died, separated ear bones are typical for mammals and 
may represent the plesiomorphic condition of Rodentia. 
Thus, the linkage of the malleus and incus is presumably 
derived (see Landry 1999). The functional advantage over 
the ancestral condition is not clear.

Rostral nasal complex
This region shows significant derived character conditions, 

presumably caused by a functional shift of tactile exploration 
from the hairless skin of an extended rostrum to the gnawing 
teeth (Ade 1999). Data so far indicate that the outer nasal car
tilage (Fig.3A,B, top line) to transformed from a rather stab
le, ring-like enclosure of the nasal openings a more mobile 
construction in Hystricognathi (Mess 1997, 1999a, Mess et 
al. 2001). Only the Bathyergidae retain some plesiomorphic 
features of Rodentia, suggesting an early dichotomy between 
them and the other hystricognaths (Mess 1997, 1999a). As a 
first step, the associated skin exhibits an evolutionary trans
formation on the stem lineage of Hystricognathi. The tactile 
narial pads (Fig.3A, bottom line) of Rodentia and Lagomor
pha (Glires) are reduced to tiny knobs (Fig.3B, bottom line) 
located inside the narial opening (Ade 1998, 1999). Thus, the 
rostral nasal area lost its tactile ability (Ade 1998). Obviously, 
the evolution of the skin evoked further evolutionary steps 
in the cartilaginous skeleton, a fact that is not often the case 
in mammals or that at least is only occasionally documented. 
Since hystricognaths lost an important instrument for sear-
ching invertebrates in the ground, the above mentioned evo
lutionary transformations in hystricognaths are regarded to 
be associated with the switch from omnivorous to herbivo-
rous nutrition (Ade 1999, Mess 1999a). It expedited their ra
diation when open ecosystems and grasslands arose during 
the Earth history (Mess et al, 2001).

Incisor enamel microstructure and molar arrangement
The rodent gnawing teeth, classified as ever-grow

ing dI2 (Luckett 1985), provided an enormous potential 

Fig.2. The skull of a South American hystricognath, Octodon 
degus. As typical for hystricognaths, the fossa pterygoidea 
breaks through into the orbita (red arrow). This represents a 
derived character condition that evolved on the stem lineage 
of Hystricognathi. In the ancestral condition of Rodentia the 
fossa is closed towards the orbita.
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for the exploration and manipulation of the environment 
(Ade, 1999). The incisors have a doubled layer of ena-
mel only on the front side (Martin 1999). The inner layer, 
consisting of the Hunter-Schreger bands (HSB) with lay
ers of crystalline prisms among an interprismatic matrix 
(IPM), differs among rodents (Martin 1999). Hystricogna
thi, Ctenodactylidae and Pedetidae have multiserial HSB 
with an angular arrangement of the IPM to the prism long 
axes (Martin 1993, 1994). This condition is regarded as an 
adaptation that strengthens the enamel and provides a hi-
gher wear resistance (Pfretzschner 1988). It evolved from 
an unspecialized pauciserial pattern of the last common 
ancestor of Rodentia, and is convergent with HSB in other 
extant rodents such as murids (Martin 1993). Though the 
multiserial type is not exclusive for hystricognaths, it evi
dently represents an important character transformation 
to use a variety of plant species and parts including hard 
material, and may be a key for understanding hystricogna-
th radiation (Mess et al., 2001). In addition, the hystrico
gnath molars have lophate structures with crests instead 
of cusps, suggesting a marked herbivorous component in 
the diet (Mess et al. 2001). Several parallel transformations 
have been taken place with regard to the macroscopic form 
of the cheek teeth: starting from relatively flat, low crow
ned or brachydont ones, beginning in the Oligocene many 
clades evolved high crowned or hypsodont forms that are 
often rootless or ever-growing (see Mess et al. 2001). The-
se tooth forms are essential to successful use plants with 
high fiber content such as grasses, which are often siliceous-
rich too, and may be a key factor to occupy the extended 
grasslands that arose from the Miocene onwards (Mess et 
al. 2001). In addition, the presence of animals that were 

able to utilize grasses may have limited the dimension of 
the world’s grasslands. 

Inner organs
Several features associated with the inner organs are as-

sumed to be significant for Hystricognathi. However, most of 
these systems are not well studied and the variety of charac-
ters within rodents is too poorly understood to allow suffi-
cient conclusion on the phylogenetic value. For instance, this 
is the case for the cranial arterial pattern (Bugge, 1985) or 
traits in regard to mycology of the locomotors system (Woods 
and Hermanson, 1985). Even though the diversity of condi
tions is likewise not easy to interpret, Landry (1999) listed 
two features in his new classification: citing Gorgas (1967), 
the gut includes a colon with muscular folds that project into 
the lumen and increase the surface area for absorption, and 
a caecum with laterally thickened muscular bands. Second, 
as established by Tullberg (1899), Dathe (1937), Landry 
(1957) and George (1993), there is a sacculus urethralis, for
ming a bladder-like extension from the cavity of the glans pe-
nis upon erection and protruding beyond the penis tip (cte-
nodactylids have a “reduced” sacculus, whatever this means 
for systematics). The functional significance is unresolved. 
Finally, recent analysis on the lung anatomy and systematics 
(Wallau et al. 2000) indicated several derived character con
ditions: an asymmetry evolved with the left lung dominating 
and lobed (shared with ctenodactylids) and the left lung pos-
sesses an eparterial bronchus as well as a ventral lobe (syn
apomorphic for hystricognaths). The authors did not refer to 
functional implications. However, species that live in burro-
ws or tight places tend to have more lobed lungs (Steven F. 
Perry, pers. comm.). In addition, the results derived from the 
lung structures indicated a dichotomy between the Bathy
ergidae and the other Hystricognathi (Wallau et al. 2000), 
likewise to the rostral nasal skeleton. 

Reproductive strategy 
Compared with the altricial reproductive mode as the 

ancestral or plesiomorphic condition of Rodentia, Hystri-
cognathi are derived and possess a precocial strategy that 
is characterized by long gestation periods, an advanced 
developmental status of the newborns with open eyes, 
full fur and sensory and locomotion activeness, as well as 
a generally slow development towards the adult (Mess et 
al. 2001). Thus, hystricognaths established a K-strategy 
of reproduction when compared to the ancestral rodent’s 
condition. This strategy is shared with Ctenodactylidae 
and may have been evolved in their common stem lineage. 
Using the domestic guinea pig as a model (Künkele et al. 
2000), precociality is regarded as an adaption to reprodu-
ce with an efficient energy budget such that the mother’s 
additional energy demand per day and the total costs for 
reproduction are lower than in altricial rodent species. 
This strategy allows reproducing under harsh or unstable 
conditions (see Mess et al. 2001).

Placentation and the fetal membranes 
Structures associated with the chorioallantoic pla

centa and the other fetal membranes also provide im-

Fig.3. The rostral nasal region. (A) The ancestral condition of 
Rodentia. The outer nasal cartilage (above) forms a ring-like 
enclosure of the nasal openings. The associated skin (below) 
possesses the narial pads with tactile ability.  (B) The derived 
state in Hystricognathi. The nasal cartilage (above) trans-
formed to a more mobile construction and the narial pads are 
reduced to tiny knobs at the inside of the narial opening (below). 
As a result, the rostral nasal area lost its tactile ability. Derived 
from Mess (1997, 1999a), Ade (1998) and Mess et al. (2001).
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portant characters. Although such features were briefly 
mentioned in the traditional classification of Tullberg 
(1899), they were in general neglected in the phyloge-
netic systematics. At first Patrick Luckett (1985) incor
porated these systems within a phylogenetic context to 
rodent systematics. He mentioned three characters as 
derived for Hystricognathi: an invasive or superficial im
plantation, the fibrovascular ring as a capillary system in 
the attachment area of the visceral yolk sac and a sub-
placenta as a specialized region within the placental disc 
(Luckett 1985). However, the study included only 8 spe-
cies of hystricognaths, often without proper data on the 
ultrastructure and the course of ontogeny. Important taxa 
that may represent ancient conditions of the group were 
not known at that time. Moreover, the character polarity 
was achieved in comparison to a hypothetical pattern that 
was regarded as ancient for eutherian mammals and was 
difficult to understand. Thus, own investigations in the 
last years included additional hystricognaths with special 
reference to species that may possess ancient character 
states by means of modern ultrastructural and immuno
histochemical techniques as well as by applying more 
comprehensive computer based analyses of character 
evolution. In particular, maximum parsimony analyses on 
the basis of published results of other systems were used, 
because the placenta provided too few characters for in
dependent cladistic approaches and - due to the time-con
suming methods - there are large amounts of missing data 
(Mess 2003, Mess & Carter 2006).

The following list of derived character states is consis-
tent with the monophyly of Hystricognathi: 

1. The chorioallantoic placenta has a ring-shaped or
ganization, characterized by inner areas for the feto-

maternal exchange processes, associated with a ra-
dial flow of the maternal blood, and outer regions to 
sample the mother’s blood (Fig.4; Mess 1999b, 2001, 
2003). This arrangement is regarded to optimize the 
capacity for passive diffusion (Mess, 2001). 

2. Allied is the pattern of placental development with 
proliferating trophoblast cells positioned at the ou-
ter margin of the placenta that follows bands of fe
tal mesenchyme towards the fetomaternal exchange 
areas inside (Mess 2007a,b). 

3. A subplacenta (Fig.5), characterized by 18 shared fe-
atures, occurred as a specialized region responsible 
for placental invasion (Mess 2003, 2007a,c, Mess et 
al. 2007). 

4. Finally, the fibrovascular ring is confirmed by a wider 
taxa sampling (Mess 2005) and the completely inver
ted yolk sac facilitates substance exchange with the 
main placenta (Mess 2007c,d, Mess et al. 2008). 

All things considered, a mode of placentation and repro-
duction in general is indicated that does not demand exces
sive additional energy intake by the mother and is in accor
dance with her low energetic diet (see Mess et al. 2001).

CONCLUSIONS
In summary, Hystricognathi possess major character 

transformations that represent prerequisites for their suc-
cessful radiation at the time when open ecosystems and 
grasslands evolved during Earth history. 

As a main result, structures associated with placenta-
tion show a high proportion of derived character condi
tions, in addition to the likewise derived precocial repro-
ductive strategy. 

Fig.4. (A-D) Chorioallantoic placentation in Hystricognathi, established for an advanced stage of 
Petromus. (D) Reconstructions. Each blood system is shown in one placental half. (E) Functional scheme. 
The placenta has a ring-shaped organization with inner areas for the fetomaternal exchange processes, the 
labyrinth, and outer regions to sample the mother’s blood, the trophospongium. The later also served as grow
ing zones for the placental disk. The revealed arrangement is derived within Rodentia, evolved on the stem 
lineage of Hystricognathi.
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by the mother and is in accordance with her low energetic 
diet. 

The analysis resulted in the reconstruction of a life-near 
picture of a pattern for the hystricognath stem species with 
high explanatory power in terms of changes in space and 
time and their interdependence with biodiversity. 

In addition, the reconstruction of the hystricognath 
stem species pattern with the above revealed structural 
and functional characteristics creates an organismic view 
of theoretical concepts such as the strategy form of repro
duction. 

The creation of such integrative pictures of organis-
mic biology may also find application in other fields of 
science.
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