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The uniqueness of ruminants (Humin“ani‘tia')
among the even-toed ungulates (Artiodactyla)

Part lI: Unigue anatomical and physiological traits

Jean K. Lightner

Ahstract

n the creationist field of baraminology, one strategy for understand-
Iing relationships between creatures is to identify an apobaramin. An
apobaramin is a group of organisms that are very distinct from all other
organisms, such as chiropterans (bats) which are the only mammals
capable of powered flight. In this two-part series we are proposing that
ruminants form a clear apobaramin based on both molecular (part 1)
and morphologic (here in part 2) characteristics. Many of the unique
features of the ruminant stomach are discussed. Osseous headgear is
also discussed, as well as its apparent loss from some ruminant families.
Further important research necessary to determine if ruminants com-
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B S prise a single or multiple created kinds is briefly outlined. Ruminants

cranial appendages, four-chambered clearly reflect the glory of their Creator, who is all wise and provides

stomach

One of the purposes of creation research
in the field of baraminology is to identify
which organisms are truly related due to
common ancestry (for an introduction
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for His creatures.

to baraminology, see Frair, 2000). Un-
like evolutionists who assume universal
common ancestry, creationists affirm the
Biblical teaching that organisms were
created according to their kinds and en-

dowed with the ability to reproduce and
fill the Earth (Genesis 1). It is recognized
that organisms change and adapt as they
reproduce and fill the Earth, but these
changes do not transform one kind of
creature into a fundamentally different
type of creature. Instead, based on ob-
served examples of evolution, successful
changes require pre-existing complexity
and pathways that allow for changes that
are adaptive, useful agriculturally, or just
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add beauty and interest. This is the op-
posite direction of what is necessary to
support universal common descent, as
the latter would require most changes
to build complexity (Spetner, 199§;
Anderson and Lightner, 2016).

Identification of created kinds (ho-
lobaramins, sometimes popularly called
baramins) lays the foundation for a
better understanding of biology. When
only related organisms are used to infer
changes over history, a more realistic un-
derstanding of how plants and animals
can change can be gleaned. We can dis-
card the magical-sounding stories where
massive gene gains must have occurred
by naturalistic processes in the past to
account for groups of organisms (e.g.,
insect orders) to come into existence
(Wolf and Koonin, 2013; Rosenfeld et al.,
2016) and we have a robust explanation
for the origin of orphan genes (Neme
and Tautz, 2013; Tan, 2015; Yao et al,,
2017). A better understanding of how
organisms are designed to change may
have a significant positive impact on
agriculture and medicine.

One way to approach the identifica-
tion of related organisms (holobarmins)
is to identify significant, holistic disconti-
nuity between a group of organisms and
all others (Wood, 2003). Such a group is
known as an apobaramin, consisting of
one or more baramins, with all members
united by characters very distinct from
all other organisms. This implies they do
not share common ancestry with organ-
isms outside that apobaramin. Once an
apobaramin has been identified, it can
be further investigated to see if there is
significant, holistic discontinuity within
the group. Eventually, one should be
able to identify which groups are truly
related, belonging to the same Biblical
kind.

Examples of apparent apobaramins
would be bats (order Chiroptera), odd-
toed ungulates (order Perissodactyla,
which includes horses, tapirs, and rhi-
nos), and even-toed ungulates (order
Artiodactyla, which includes pigs and

peccaries, camels and alpacas, hippos,
and ruminants), as species in each of
these orders are very distinct from all
other organisms. In part one of this series,
molecular data was used to demonstrate
that ruminants (suborder Ruminantia)
mostly cluster together, and do not clus-
ter with any other group. In other words,
molecular data support the hypothesis
that ruminants form an apobaramin
within a larger apobaramin, Artiodactyla.
Here the hypothesis is further supported
by an examination of two unique traits
of ruminants: the ruminant stomach and
osseous cranial appendages (headgear).

The Stomach

A simple (monogastric) stomach, as is
found in humans and dogs, consists of
a single chamber that enzymatically
digests food before it passes on to the
small intestine. Many herbivores have a
more complex digestive system designed
to extract nutrients more efficiently from
plant food sources. This is accomplished
by fermentation in enlarged organs,
wherein an abundance of microorgan-
isms break down chemical bonds which
their host is not readily able to. In some
herbivores the fermentation takes place
after the stomach (hind-gut fermenta-
tion), where an enlarged cecum and/or
colon serves as a large microbial fermen-
tation vat. This is the design in odd-toed
ungulates (e.g., horses and rhinos), and
several other apobaramins (rabbits and
elephants). In contrast, most even-toed
ungulates (artiodactyls) have a complex,
multi-chambered stomach to allow for
fermentation.

While most other artiodactyls pos-
sess two or three-chambered stomachs,
ruminants are unique in possessing a
very distinctive four-chambered stom-
ach comprised of a rumen, reticulum,
omasum, and abomasum (Figure 1) that
is highly effective at extracting nutrients
from a plant-based diet. Each of these
chambers has a distinctive mucosal lin-
ing, and the digestive glands are limited

to the fourth compartment, the aboma-
sum. The first three compartments are
sometimes referred to as the forestomach
and the abomasum as the true stomach
(Membrive, 2016; Bhamburkar, 2018).

The rumen is partially divided inter-
nally by thick muscular bands, called
pillars, into a large dorsal and ventral
sac, as well as a smaller caudal dorsal
and caudal ventral blind sac. The walls
of the rumen are lined with papillae
which increase surface area and expedite
absorption of the products of microbial
fermentation, such as short chain fatty
acids (SCFAs), B vitamins, and vitamin
K (Membrive, 2016; Baldwin and Con-
ner, 2017).

dentification of

created kinds lays the
foundation for a hetter
understanding of hiology.

The reticulum is a sac located cranial

to the rumen and partially divided from
it ventrally by the ruminoreticular fold.
Since these two compartments work
together and the contents mix relatively
freely, they are often referred to together
as the ruminoreticulum. The lining of
the reticulum includes crests that form
four- to six-sided structures, giving it a
“honeycomb” appearance. Along the
lesser curvature of the reticulum is the
reticulo-omasal orifice that serves to
promote passage of very small particles
to the omasum (Membrive, 2016).

The omasum is generally round or
oval. It is lined with semilunar folds
that give the interior a book-like or leafy
appearance. These folds greatly increase
the surface area and allow for consid-
erable water resorption. The result is
that the digesta that is passed into the
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abomasum is much less dilute than what
enters the omasum. The abomasum is
the glandular stomach, and functions
similar to the stomach of monogastrics
(Membrive, 2016).

Although it is sometimes claimed
that ruminants in the family Tragulidae
do not have an omasum, most recent
sources recognize them as having a
poorly developed omasum (Martin et
al., 2001, p. 159; Masters and Flach,
2015). It has been described as a “sac-
like transition zone” that has mucosal
folds and stratified squamous epithelium
(Agungpriyono etal., 1992, 1995). Strati-
fied squamous epithelium lines the first
three compartments in a ruminant stom-
ach; this is a unique defining feature of
this apobaramin.

The ruminant stomach can adapt.
Experiments on domestic ruminants
have shown that diet significantly af-
fects physical and metabolic rumen
development (reviewed in Baldwin and
Conner, 2017). This not only includes
rumen mass, but also development and
distribution of papillae. Diets higher

in concentrates were associated with
increased papillae density and height in
both calves and lambs. Similarly, diet-
related differences in morphology of
rumen papillae were observed between
wild and domestic deer (Lin etal., 2011;
Mason et al., 2019), and with seasonal
variations in reindeer (Mathiesen et
al., 20006).

In addition to evidence that diet can
influence the development and function
of the ruminant stomach (physiologic
adaptation), there are species-specific
differences that suggest a heritable com-
ponent is involved in many cases (Lentle
etal., 1996; Clauss etal., 2017; Przybylo
etal., 2019). This is consistent with God
creating ruminants with the ability to
adapt through designed genetic path-
ways, enabling both short- and long-term
changes. Yet, even in this adaptation, the
unique characteristics of the ruminant
stomach are preserved.

Since they also chew their cud,
camelids have often been compared to
ruminants in terms of digestion. Initially,
anatomists tried to describe the cham-

ABOMASUM
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Figure 1. A stylized drawing of the ruminant stomach. https://en.wikipedia.org/
wiki/Ruminant#/media/File:Abomasum_(PSF).png

bers of the camelid stomach using the
terms used in ruminants, but this created
problems because of fundamental differ-
ences in stomach morphology. Today,
the three chambers of the camelid stom-
ach are either numbered (C1, C2, C3) or
referred to as the proximal, middle, and
distal chambers (reviewed in Alzola et
al, 2004; Bravo, 2015). The differences
in stomach anatomy are so profound
that evolutionists believe the complex
stomachs of each evolved independently
from a monogastric ancestor (Bravo,
2015, pp. 592-602; Vater et al., 2021).

It should also be noted that, in ad-
dition to the lack of head gear and the
distinctively different stomach morphol-
ogy of camelids (Tylopoda) compared
to ruminants (Ruminantia), there are
a host of other anatomic, physiologic,
and behavioral differences between
these two suborders. Additionally, the
pattern of disease and parasite suscep-
tibility is significantly different between
camelids and ruminants (Fowler, 2008,
pp- 375-385).

Cranial Appendages
(Headgear)

Osseous cranial appendages in extant
mammals are unique to ruminants.
Four of the extant ruminant families
are characterized by headgear: horns
are found in bovids, antlers in cervids,
ossicones in giraffids, and pronghorns
in antilocaprids. While each have
unique features, they are all comprised
of a bony core covered with integument;
their development is characterized by
similar gene expression profiles (Wang
etal., 2019a).

Horns are found throughout the
family Bovidae, though in many species
they only appear in the male. Horn bone
growth in the bovid neonate originates
from horn buds, which are derived from
skin. Bony processes develop in two
directions. The bony growth directed
towards the skull will fuse with the fron-
tal bone, providing a solid foundation
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for the adult horn. The bony growth
directed outwards is covered by a keratin
sheath to form the visible portion of the
horn (reviewed in Aldersey et al., 2020).
Antlers are unique to cervids; they
are the only completely regenerable
organ found in mammals. In most spe-
cies these cranial appendages occur only
in the male. They develop annually as
an outgrowth of the frontal bone of the
skull, and until fully developed, they
are covered by a highly vascular layer
of sensitive skin known as velvet. As
mating season approaches and testoster-
one levels rise in the male, the antlers
harden, and the velvet dries out. A stag
will often rub their antlers against ob-
jects to remove the flaking velvet. After
mating season, testosterone levels fall,
osteoclasts dissolve the bone at the base
of the antlers, and they fall off (Masters
and Flach, 2015, pp. 611-625; Hecke-
berg, 2017; Wang et al., 2019a).
Ossicones are the headgear of giraf-
fids. Similar to horns, ossification begins
separate from the frontal bone. However,
they remain detached from the skull
(much like scurs in bovids) until sexual
maturity and are covered with skin and
hair, rather than a keratinous sheath.
In contrast, antilocaprid pronghorns
develop similar to antlers, or at least
fuse much earlier to the skull than horns.
They are forked (hence the name prong-
horn) and are covered by a deciduous
keratinous sheath (Davis et al., 2011;
Heckeberg, 2017; Wang et al., 2019a).
Head gear is a trait that can be lost
due to genetic mutation. In domestic
cattle, four different genetic variants
have been characterized in different
breeds with polled individuals. These
involve complex mutations (indels and/
or duplication) on bovine chromosome
1 (BTA 1) in an intergenic region near
the centromere. This region is predicted
to be a topologically associating domain
(TAD), leading to the hypothesis that
the mutations affect surrounding genes
and/or non-coding RNAs to produce the
polled phenotype (Aldersey et al., 2020).

The Chinese water deer (Hydropotes
inermis) is an extant cervid that lacks ant-
lers. Similar to the two ruminant families
that lack head gear (Moschidae and
Tragulidae), it has long upper canines.
Molecular study supports the popular
hypothesis that both the Chinese water
deer and the family Moschidae, lost
headgear. Itis suggested this was through
independent pseudogenization of the
RXFP2 gene (Wang et al., 2019b). This
inference that these RXFP2 pseudo-
genes are causal is based, in part, on
the observation that an insertion in the
37 untranslated region of this gene in
sheep is often correlated with the polled
phenotype (Liihken et al., 2016).

Relationships amony
Ruminant Families

The six extant ruminant families are
divided into two groups, or infraorders.
Tragulidae is the sole extant family in
Tragulina; the other five families are
grouped in Pecora. If one wants to make
a case that ruminants are polybaraminic,
then the most reasonable division is
between the tragulids (chevrotains or
mouse deer) and remaining ruminants.
This hypothesis is also supported by our
molecular investigation of artiodactyls
in part 1 of this series where the two
tragulids represented in the study did
not fall in the large ruminant cluster
(Lightner and Cserhati, 2023). However,
three of the four families represented in
the main ruminant cluster had at least
one species outside the cluster. Further,
tragulids are notoriously understudied
(Ferndndez and Vrba, 2005). Neverthe-
less, the hypothesis that tragulids repre-
senta distinct baramin within ruminants
warrants further study.

Because members of Tragulina oc-
cur lower in the fossil record (Eocene)
than pecorans (Miocene for extant
families), evolutionists logically view
the tragulid omasum as an organ that
became more fully developed through
an evolutionary line leading to pecorans

(horn bearers). There are also no horned
tragulids, so evolutionists logically be-
lieve that pecoran headgear developed
later as well. Some hypothesize that
headgear arose once among pecoran
ruminants; others suggest it arose up to
four different times (Davis et al, 2011;
Janis and Theodor, 2014).

For creationists holding to a low
Flood/post-Flood boundary (at the
Cretaceous-Paleogene, or K/Pg), the
development of ruminants post-Flood
would likely parallel the secular evolu-
tionary progression. While I recognize
that significant adaptation can occur
because God designed pathways for
creatures to adapt (e.g., high altitude
adaptation; troglomorphism), I suspect
that it is more likely the omasum began
as a complex organ, with the ability to
decrease in functionality due to adapta-
tion to new food sources, where appro-
priate. Also, if tragulids are part of the
same holobaramin as other ruminants,
I would argue they have had a historical
loss of headgear as have several pecoran
lineages. This latter hypothesis is un-
likely to be investigated by evolutionists
because of their starting assumptions.

While the pecoran families have
remained fairly consistently defined, re-
lationships within these families, as well
as between these families, have been
highly controversial (Ferndndez and
Vrba, 2005; Davis et al., 2011; Janis and
Theodor, 2014). Several possible expla-
nations for this discordance are consid-
ered by evolutionists. One explanation
is extensive homoplasy (similar form or
function among different lineages) com-
bined with poor character selection, as
different morphologic studies based on
different characters have given differing
results (Janis and Theodor, 2014). It is
certainly true that if a character is evolv-
able, or able to change in response to a
change in environment or diet, then it
can show up a number of different times
in different lineages. This parallelism
can lead to incorrect conclusions about
how these animals are related.
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A second possible explanation for the
discordant phylogenies is incomplete
lineage sorting. In this case an ancestral
character was lost in some lineages, but
not in others. This also can create a
misleading signal when attempting to
understand relationships in a group.
Finally, introgression (hybridization that
brings in new genetics) between lineages
is recognized as a possible source (Chen
at al., 2019b). Historically, there have
been numerous reports of hybridization
between bovids and cervids (McCarthy,
2013). Within-family hybridization
could also contribute to the diffculty
in resolving intrafamilial relationships.

Since the morphologic differences
seem to be mostly a matter of modify-
ing or losing an existing structure, any
of these may be possible for explaining
the discordant phylogenies. However,
creationists need to consider one other
explanation. Namely, that the families
are clearly defined because they were
separately created. This, of course, only
addresses the confusion on how the
families are related to each other; the
confusion within families is more likely
to be one, or a combination, of the ex-
planations proffered by the evolutionists.

So, plausible creationist hypotheses
include 1) a holobaraminic status of
ruminants (where differences in the
omasum and headgear were derived
from created complexity through modi-
fication and/or loss), 2) a polybaraminic
status with tragulids representing one
holobaramin and pecorans a second,
and 3) a polybaraminic status with each
extant family representing a separate
holobaramin (as tentatively proposed in
Lightner, 2012).

Regarding the first hypothesis, the
location of the Flood/post-Flood bound-
ary would influence the reasonableness
of the hypothesis. Otherwise, there are
no obvious traits that could not be ex-
plained by created complexity followed
by modification and/or loss. Tragulids
need to be much better studied to make
a strong case for or against the second

hypothesis. The third hypothesis leaves
un-explained the numerous reports of
hybrids between two families (Bovidae
and Cervidae) as well as the high degree
of similarity in external appearance
between them. For example, female
deer and antelope can bear a striking
resemblance to each other.

Regarding the hybrids between cer-
vids and bovids, it is true that none have
been confirmed by karyotype or genetic
analysis. Thus, despite the numerous
claims of such a cross, with varying de-
grees of documentation, it is best to con-
sider such hybridization tentative until a
genetically confirmed example is found.
Clearly, God could have made groups
of similar organisms. However, given
Adam named the progenitors of these
animals, a creationist would be justified
in assuming the original progenitors
were distinctively different looking, and
their offspring would largely retain that
distinctiveness.

Summary

In this two-part series, a case has been
made for the apobaraminic status of ru-
minants. In part 1 we demonstrated that
most ruminant families cluster together
based on the Whole Genome K-mer
Sequence (WGKS) method. Further,
based on the heat maps, no ruminants
clustered with any non-ruminant mem-
bers of the order Artiodactyla. Here in
part 2, I have described two unique
anatomical traits: the four-chambered
ruminant stomach and osscous cra-
nial appendages. The complexity of this
anatomy and associated physiology sets
ruminants apart from all other mammals.
Since there is no observational evidence
that this kind of complexity can evolve,
ruminants logically represent a group of
animals that do not share ancestry with
other extant artiodactyls.

It is possible that ruminants com-
prise more than one created kind. The
most obvious differences are between
the headgearless tragulids and the

pecorans, most of which bear headgear.
It is also possible that the five extant
pecoran families represent distinct
created kinds. However, if the latter is
the case, a number of putative hybrid
reports between Bovidae and Cervidae
remain unexplained. It is also unclear
why such similar kinds would have
been created, given how similar some
females from different extant families (cf.
cervids with the bovid antelopes) appear
today. Further study to test these various
hypotheses is warranted, and the inclu-
sion of fossil data may help clarify this.

Finally, it is concluded that the ru-
minant stomach was uniquely created;
it has the ability to evolve, or change,
in ways that allow ruminants to adapt
and fill the Earth, but still retains its
distinctive features. Likewise, osseous
headgear was created, although it is
not clear if the differences between the
pecoran families are from changes in an
original design, or if the variation was
created separately. Nevertheless, these
impressive characteristics of ruminants
provide a glimpse of God’s splendor and
glory; He is the Creator who provides for
His creatures so they can reproduce and
fill the Earth. May we honor and rejoice
in Him (Psalm 96).
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