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Abstract: Vertebrate Permian bones have been the subject of his-
tological study for decades. However, no such studies have been
conducted on phalanges, even though these important bones must
certainly have played a role in retaining balance, maneuverability,
reproduction, and certain behaviors in Permian terrestrial vertebrates.
We report the results of thin-sectioning and decalcification on the ter-
minal phalanges of Eryops, a well-known Permian tetrapod. Toe bones
responded quickly to decalcification and revealed the presence of ves-
sels, pillar clots, and clear fibers that we interpret as Sharpey'’s fibers.
These vessels, clots, and fibers jutted out from phalanges even after
millimeters of bone had been removed. Red-stained osteocytes with
robust filipodia were also liberated.
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Introduction

There is certainly no shortage of histological studies on
the skeletal and dermal bones, tooth-like projections, and
teeth of Paleozoic terrestrial vertebrates [1-21]. Such studies
elucidate valuable clues regarding growth rhythms and rates,
for example, arrested lines of growth, annuli, primary and
secondary osteons, and erosion cavities, as well as preferred
habitats and periods of change or stasis in paleoenvironments
and ecosystems. Documentation of changes in bone can infer
abundance or absence of food and water resources, predator
activity, competition from other vertebrates, and environ-
mental disasters.

Most histological studies on ancient terrestrial vertebrates
have been performed on Mesozoic dinosaurs [5]. Neverthe-
less, paleohistology of Paleozoic vertebrates has been reported
with a particular focus on postcranial limb and vertebral
bone architecture. These details elucidate variations in bone
structure (parallel-fibered, plywood-like-fibered, laminated,
thickened, and lightly or heavily vascularized bone) and lines
of growth. It is significant, however, that histological reports
of toe bones or phalanges of Permian vertebrates are essen-
tially nonexistent. Some work has concentrated on terminal
phalanges and mobility of Paleozoic hands and feet (manus
and pes), however, these studies include no histology [22-24].
Morphology of toes and claws are also inferred from Perm-
ian vertebrate trackways (ichnofossils), first identified in the
1800s, and are found within sedimentary deposits across 21
countries in six continents [25-35]. Permian phalanges are also
well represented on Paleozoic sales websites and in museum
collections, yet these bones are rarely sectioned or otherwise

studied with destructive techniques, including demineraliza-
tion. It could be that workers do not consider decalcification
of Permian bone a valid methodology for the study of these
specimens since none seems to have been reported. Workers
might also resist destructive testing (and resort to CT scans
[19] and such) because Permian terrestrial vertebrate fossils
are rare, thus precious to collectors, museums, investigators,
and sales outlets.

Intuition would dictate that toes play a significant role
in maintaining balance, maneuverability, reproduction, and
social/survival behaviors for any vertebrate. They certainly
are weight- and pressure-bearing structures and must respond
capably at a moment’s notice under varying environmental
conditions to ensure viability over time. Therefore, it is lam-
entable that they remain largely unstudied histologically or via
demineralization.

We report here the results of decalcification experiments
on Permian toes of Eryops, a well-known Paleozoic terrestrial
vertebrate.

Materials and Methods

Phalange specimens of Eryops, an early Permian amphib-
ian (Figures 1 and 2) were donated by William May of the
Sam Nobel Oklahoma Museum of Natural History (Lawton,
OK) for destructive histological and decalcification testing.
Toes were immersed in 10% formalin upon receipt and after
washing and drying were either infiltrated with polymer and
polymerized for 24 hours under vacuum or decalcified in 14%
EDTA. Polymerized blocks were cut and affixed to glass slides,
and non-coverslipped 40pm ground sections were made. All
images were collected with a Canon T6s 24MP camera attached
to a ZEISS Jena, Jenaval-Contrast microscope.

Results

Most Eryops toes used in this study retained an outer
periosteal layer of bone (Figures 2 and 3), but others did not,
possibly an environmental burial or erosion artifact. Sur-
prisingly, toes were demineralized quickly (within 2 hours)
in EDTA (Figures 3-6). Therefore, specimens were removed
after short intervals to record the progress of decalcification
and note the structures that were uncovered by this process.
Only one toe was decalcified completely. Vascular canals were
exposed and eroded rapidly (Figures 7-9), revealing the pres-
ence of vessels and other structures. Vessels were white or tan
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Figure 1: Brightfield image of Eryops terminal phalanges. Figure 4: Brightfield image of Eryops terminal phalange after light demineral-
ization. Scale bar=3.5mm.

Figure 2: Brightfield image of Eryops terminal phalange showing thin perios-
teal dark bone. Scale bar is in 0.5 millimeter divisions. Figure 5: Brightfield image of phalange in Figure 4, after moderate deminer-
alization. Scale bar=3mm.

Figure 3: Brightfield image of phalange in Figure 2, after light demineralization. Figure 6: Close-up image of phalange in Figure 4 displaying tan-colored ves-
Scale bar=3.5mm. sels and dark pillar clots. Scale bar is in millimeters.
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Figure 7: Brightfield image of Eryops terminal phalange after light demineral-
ization. Scale bar=2mm.

Figure 8: Close-up image of phalange in Figure 7 after moderate demineraliza-
tion showing vessels emanating from canals. Scale bar=1mm.

Figure 9: Brightfield image of an Eryops terminal phalange after extensive
demineralization showing pillar clots and fibers. Scale bar=2mm.

in color and sometimes clear (Figures 6, 8-9). They contained
dark (reddish brown to black) pillars of compacted occluding
material within the lumen (Figures 9-11), and many of these
pillars had no vessel structure around them. This could sug-
gest that vessels had already disintegrated or were removed
during processing or at some time during burial or removal.
The vessels and pillars projected out of the bone in a perpen-
dicular angle much like pins from a pincushion (Figures 9-11)
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Figure 10: Brightfield image of an Eryops terminal phalange after extensive
demineralization showing pillar clots and fibers. Scale bar=2mm.

Figure 11: Brightfield image of a thin section of Eryops terminal phalange
showing clots in vessels (red arrows). Scale bar=100 microns.

for a millimeter or more (Figures 6, 9-10), and both struc-
tures seemed to extend from below the bone removed and may
be anchored by a vessel or the hydroxyapatite itself. Within
sectioned material, in situ occluded vessels were identified
and reacted to UV (365nm) autofluorescence (Figures 11 [red
arrows], 12, and 13). Thin sections revealed how vessels were
also invaded by intrusions of calcite (Figure 14A), however,
the intrusion did not dislodge the occlusions in the canal,
which were reactive to UV (Figure 14B).

Clear and white fibers were similarly exposed (Figures 9,
10, 15, and 16) and in most cases were as long as the vessels
and pillars uncovered. Most of these structures remained in
place during EDTA processing. Furthermore, in many cases,
the terminal end of the clot pillars extended into a widening
canopy of dark material, possibly where vascular capillaries
may have intersected with soft tissue surrounding the phalange
(Figure 17). Vessel fragments containing these dark brown to
black occlusions were collected by pipette from the bottom of
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Figure 12: A, close-up brightfield, and B, UV auto fluorescence images of vessels in Figure 11 showing iron-auto fluorescence of iron in vessel clot. Scale bars=

80 microns.

Figure 13: UV image of a thin section of Eryops terminal phalange showing
spherical iron oxide framboids in vessel clot reacting to UV. Scale bar=40 microns.

demineralization vials and were also positive for iron under
examination with 365nm UV epifluorescence (not shown).
Osteocytes, stained red to brown, were also liberated during
demineralization and feature multi-branching extended filipo-
dia (Figures 18A and 18B).

Discussion and Conclusions

We were surprised that Erypos phalanges demineralized
rapidly. One toe was allowed to remain in EDTA until comple-
tion and left an amorphous, unrecognizable mass of debris in
the vial, but most toes retained their structure during decalcifi-
cation. We interpret the dark pillars and the material occluding
vessels to be the remains of clotted blood [13,36] still present as
a result of an asphyxiation event during or just prior to burial.
The presence of clots in thin-sectioned Permian bone has been
noted previously [13,36], therefore it was not unexpected to see
them in these specimens.

2025 July e https://academic.oup.com/mt

Reports of vessels within the bones of Permian terrestrial
vertebrates are absent from the literature to date, making this
the first such report. Whether the vessels are per-mineralized
is yet to be investigated, but their presence is remarkable and
suggests incomplete or no per-mineralization took place,
especially in the case of the dark clot pillars. The surround-
ing vessel material may be missing because it was labile and
was lost in processing or was not preserved in burial.

We interpret the semi-clear fibers as Sharpey’s fibers. At
higher magnification (Figure 16), they reveal a speckled inner
core with discreet dark dots across the fiber, as if it is reinforced
for stress loads applied to the toe in life.

The fact that Permian bone can be removed via standard
decalcification suggests that they are only lightly mineralized if at
all. The vessels, clot-pillars, and fibers within these phalanges like-
wise must also be minimally affected by environmental conditions,
thus more study (including destructive study) must be undertaken
to fully understand the preservation of Paleozoic bones.
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Figure 17: Brightfield image of clot-pillars with broadened canopy of wider clot
uncovered by demineralization. Scale bar=40 microns.

Figure 16: Brightfield image of a Sharpey’s fiber under cross-polarization
with wave plate. Note structural dots in matrix of fiber. Scale bar=
15 microns.
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