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Abstract: Nematode worms are the most abundant multicellular
organism on Earth. They thrive in every habitat known, and they
are voracious feeders within the top 70 cm of soils. Their sturdy
cuticle protects them from environmental factors and predators.
Nematodes play a significant role in the decomposition of verte-
brate remains in soil and serve as indicators of nutrients that enter
soils during decomposition. Certain parasitic nematodes have been
identified in fossil remains, but reports of fossil worms are rare. We
demonstrate the abundant presence of opportunistic nematodes
feeding within dinosaur bones from the Hell Creek formation, MT.
The presence of visible worm ultrastructure indicates that they were
alive when preserved within the dinosaur bones. Our findings are
identical to worms characterized as “blood parasites” in a dinosaur
bone from Brazil, demonstrating that there is sufficient soft tissue
within dinosaur bone canals to sustain large populations of nema-
todes post-mortem.
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Introduction

Nematodes (Figure 1), often called roundworms, are the
most abundant multicellular life form on Earth. The “father of
nematology,” Nathan Cobb, famously wrote, “In short, if all the
matter of the universe except the nematodes were swept away,
our world would still be dimly recognizable, and if, as disem-
bodied spirits, we could then investigate it, we should find its
mountains, hills, vales, rivers, lakes, and oceans represented by
a film of nematodes.” [1]

It was estimated in 2017 that a million undescribed species
exist in this ubiquitous group of soil organisms. That number
may be far too low. A recent survey [2] of over 6700 soil samples
estimated that there are 57 billion nematodes for every living
human being on Earth. They are found in every habitat, can
feed on many sources, and their seeming impermeability to
hazards from foes and nature is astonishing. Nematodes can
be frozen for weeks, and, once revived, can resume their prodi-
gious reproduction schedule unimpeded [29].

The earliest reports regarding nematode infections of
humans date to writings from Chinese medicine in 2700 BC and
from the Egyptian Papyrus Ebers (1550 BC) [8]. The current lit-
erature describing these organisms is voluminous, therefore the
reader is encouraged to review cited works for background on
their biology [3-19]. Nematodes are generally categorized by the
types of feeding they conduct and the substrates upon which they
feed. Many are free-living and opportunistic omnivores [4,7,9,10]
that feed upon bacteria, fungi, algae, plants, animals, and even
each other [6-8]. Some are strictly human parasites [13-19], and
others infect and parasitize only insects. In many cases the same
insects destroy plant crops globally [6-7,12,20-26].

26 MicroscopyToDaY

https://doi.org/10.1093/mictod/qaad110

The abundance (and permanence) of nematodes might be
related to the ultrastructure of their cuticle. The nematode cuticle
is a complete covering, variable in both thickness and numbers of
layers. It is somewhat like a puncture-resistant bag that encapsu-
lates and protects the nematode from predators and the environ-
ment [20-24]. Two to three layers of unique tissues make up the
cuticle complex, and worms with 4- to 7-layer cuticles are com-
mon [20-21]. Workers have noted that the cuticle inhibits proper
fixation and infiltration during lab processing for microscopy
[20]. The cuticle is also known to thicken post-mortem in some
nematodes [27]. The cuticles of nematodes that died in distilled
water swelled significantly, while some were desiccation-tolerant
when water loss was gradual [20]. These tough nematode cuticles
might be the reason why many plant parasitic nematodes are so
successful [25-26] and our management of them is not.

Nematodes play a large role in the decomposition of ver-
tebrate cadavers that enter or lie upon soils [10,28-31]. Cadaver
presence in soil is characterized by increased biomass due to
microbial, fungal, and nematode activity, particularly if the
cadaver is on the surface [10]. This increase persists over time
and is supplemented by the introduction of fecal matter, dead
insects (all life-cycle stages), feathers, hair, fur, etc., by decom-
posers attracted to the site [10]. Burial below the surface restricts
access to most scavengers and insects [28,30]. This is known to
retard cadaver decomposition, however, 70% of nematodes are
known to live under the soil surface, in the top 20-30 cm of soil
[10,28], and they play a large role in decomposition. Nematodes
become undetectable below 85 cm soil depth. Bacterial growth,
as a result of nutrient pulses from a cadaver, is sufficient to boost
free-living nematode populations. Burial at depths below 40 cm
slows decomposition due to restrictions placed on above-ground
insect scavengers. In this way, preservation of cadavers can per-
sist for thousands of years [10], and soft tissues can remain for
long periods [30]. One forensics report analyzed nematode abun-
dance under human remains in a Swiss forest and noted that
the highest density of nematode populations occurred under the
cadaver head, while most nematode diversity was clustered below
the upper body [29]. Those workers observed no soft tissue on the
outside of the skeleton and deduced that it had been in the forest
for less than a year, however, no mention of soft tissue within the
bones was made. Interestingly, carbon compounds such as sug-
ars, lipids, and proteins are consumed rapidly by microbes, such
that cadaver fluids do not generally persist below the topsoil [31].

Recognizable parasitic nematode forms are represented in
fossil remains, but reports are sparse [32-42]. There exists enough
material, however, to establish their presence within the Mesozoic
era, but little in the Paleozoic [34,35]. “Nematode-like” structures
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Figure 1: Light micrographs of nematode collected and processed by the Baermann funnel method. Note cuboidal ovaries in B. A, scale bar=300 pm. B, scale

bar=75pm.

have been observed in Precambrian rocks, but clear examples of
nematodes are not noted. Reports from the late Mississippian era
[37,38] are clearer. Either way, corroboration is scarce.

Recently, a claim was made for the “first record of a parasite
inside fossilized bone,” even though the bone was infiltrated by
calcite and permineralized [42]. A Brazilian titanosaur fibula
fragment had evidence of bacteria-caused osteomyelitis on its
outer surfaces as well as multiple “fusiform shapes” (described
as trypanosomids) within bone canals. If corroborated, these
would be by far the largest trypanosomes discovered [43]. We
interpret the “trypanosomes” as the tough cuticular and other
remains of opportunistic, free-living nematodes [20-24, 43-45]
that migrated from the soil into dinosaur bones after burial
to scavenge resources found within. If nematodes are present
within dinosaur bones in Brazil, the present work might be a
corroboration at the North American deposits at Hell Creek.
The purpose of this paper was to examine thin sections of bones
of Triceratops, Nanotyrannus, and Edmontosaurus removed
from soil at Hell Creek, MT for the presence of nematodes.

Materials and Methods

We collected fresh scapula (DSTRI#5622-ES), jaw
(DSTRI#5622-EJ), and rib (DSTRI#5622-ER) from
Edmontosaurus annectans at Hell Creek formation, Glendive,
Montana, during the summer of 2022. The Edmontosaurus
skeleton was complete and measured approximately 27 feet
in length, possibly because it came to lie as if folded over
on itself. Bones were immersed in formalin at the site and
transported to the lab for further processing. Specimens were
washed, air-dried, and 40 pm ground sections (uncoated)
were prepared. Non-cover-slipped sections were viewed
under brightfield, polarized light, and SEM in backscattered
electron mode and examined for the presence of fusiform
nematode cuticles in vascular canals. We examined these
fusiform shapes for several identifying characteristics,
including location, size, width, one end more tapered than the
other, and dark internal spots [42]. Additionally, we sampled
previously collected specimens of Triceratops horridus and
Nanotyrannus lancensis [45,46] from Hell Creek, including
Nanotyrannusrib (DSTRI#831-H) and vertebra (DSTRI#91-C)
and Triceratops horn (DSTRI#HCTH-03), rib (DSTRI#
HCTR-11), vertebra (DSTRI# HCTV-22). and frill (DSTRI#
HCTEF-39). We similarly sampled a Triceratops condyle
previously examined for nerves [47] (DSTRI#HCTH-44).
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Results

All thin sections examined microscopically contained nem-
atodes (Figures 2-12). Nematodes (n =217) were always found in
vascular canals, displayed a grey/green color in brightfield, were
fusiform in shape, had one end more tapered than the other, had
internal dark spots, and measured 100-600 microns in length
and 10-80 microns in width. The shortest worms observed
were 8 microns in length and were also the widest, suggesting a
behavioral contraction (Figures 5C and 3D, left side) prior to, or
as a result of, preservation within the canal. Nematodes mostly
infested canals containing a brown crystallized material adher-
ing to the bone canal walls (Figure 7A). This brown material
glowed brightly in UV autofluorescence (Figures 3D and 5D),
indicating that they are iron-rich clots. These canals must still
have proteins within them that attract fungi (Figure 6A) and
certainly bacteria for decomposition. Moreover, many canals
had multiple worms of varying sizes, suggesting an environment
conducive for reproduction. This is evidenced by the presence of
smaller worms, which we interpret to be juveniles (Figures 3A,
4D, 6C). Internal dark spots were present in most worms, often
as one large spot and sometimes as two or more small spots.
Many worms also displayed complex internal structure, indicat-
ing they were alive when fixed (Figures 6C, 7B, 7C, 11D, 12A).

Discussion and Conclusions

We find that bones collected at Hell Creek, MT are rarely
or only lightly permineralized, which might contribute to soft
tissue abundance and would allow free access to opportunistic
scavengers such as fungi, bacteria, and nematodes. Bones in
this condition might also support an environment conducive
for reproduction and population increase if ample food sources
are available. If in-bone resources are plentiful we would expect
nematode offspring to be present and at differing stages of
growth, as evidenced by the varying sizes of fusiform shapes in
blood canals described here and by Aureliano et al. in the titano-
saur fibula [42]. That study proposed 6 characteristics of the fusi-
form microorganisms found in the Brazilian bone canals. Five
of the six characteristics matched the forms we found in Hell
Creek specimens. These include grey/green color of the shapes
in brightfield, fusiform body shape, always being found only
in vascular canals, one end being more tapered than the other,
internal dark spots, and measurements of 100-600 microns in
length and 10-80 microns in width. Worms in the titanosaur dis-
played irregular anisotropy, unlike the Hell Creek worms which
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Figure 3: Thin sections of nematode infestation from bone canals of Edmontosaurus jaw. A, B, and C, light micrographs. D, UV fluorescence showing bright clots
adhering to the canal walls. A and B, scale bar=24 um. C, scale bar=10 um. D, scale bar=20 pm.
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Figure 5: Thin sections showing four examples of nematodes in the rib bone canals of Nanotyurannus. A, note the dark brown fungal hyphae penetrating the bone
to the right of the canal. D, UV fluorescence image shows the autofluorescent clot adhering to the canal wall. A and B, scale bar=10 um. C, scale bar=7 um.
D, scale bar=25 pm.
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Figure 6: Thin sections showing 4 examples of nematodes from the vertebra bone canals of Nanotyrannus. A and C, scale bars=12 ym. B and D, scale bars=15 pm.

are isotropic [42]. This might be an artifact of processing in the
Brazilian work due to the use of cyanoacrylate glue (PaleoBOND)
to infiltrate the bone or more probably because calcite was pres-
ent in canals. We fix at the site and use no cyanoacrylate, and
calcite permineralization is rare at Hell Creek. Therefore, canals
are generally clear of debris or detritus (Figures 4-12).

Characteristics of nematodes shown here closely match
observations made on nematodes within the titanosaurus fibula,
except for the presence of calcite. We do note one characteristic
not mentioned by Aureliano et al. [42]. In their figures 5A-H,
we observed that all fusiform shapes are associated with brown
material in the vascular canals. We interpret the brown material

Figure 7: Thin sections showing four examples of nematode infestation from the of condyle bone canals of Triceratops. Scale bars =12 ym.
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Figure 8: Thin sections showing four examples of nematode infestation from the frill bone canals of Triceratops. Scale bars=12 pm.

to be the remains of blood clots described by us previously [45,46]. that the dark spots are the remains of nematode organelles that
This suggests that both the titanosaur bone from Brazil and the = experienced putrefaction within the cuticle of the nematodes. As
Triceratops, Nanotyrannus, and Edmontosaurus specimens stud-  discussed, the highly resistant cuticle even impedes infiltration of

ied here suffered identical infestation by opportunistic nematodes ~ fixative [20], therefore worms that came in contact with fixative
living in the soil where the bones came to be buried. We suspect ~ may have sealed themselves off in an attempt to impede the action

Figure 9: Thin sections showing four examples of nematode infestation from the horn bone canals of Triceratops. A, scale bar=12 ym. B, C, D, scale bar=10 pm.
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Figure 10: Thin sections showing four examples of nematode infestation in the rib bone canals of Triceratops. Scale bars=12 pm.

of the fixative. We also examined thin sections containing canal
nematodes using back-scattered electron imaging (Figure 12B).
The top of the nematode cuticle was removed during sectioning
revealing two cuboidal structures within the body of the worm.
These cuboidal shapes resemble nematode ovaries present in liv-
ing worms (Figure 1B). More studies must be done to corroborate

the presence of what we interpret to be living opportunistic nema-
todes feeding within the Hell Creek dinosaur bones shown here.
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Figure 12: A, thin section showing nematode infestation from the vertebra bone canal of Triceratops. B, SEM backscattered electron image showing nematode
infestation in a vertebra bone canal from Triceratops. Note cuboidal structures (possible ovaries) within the body of the nematode. Scale bars =30 um.
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