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DEDICATION

This book is dedicated to Kornell Nash (1954-2019), a good
friend, dinosaur footprint expert, and Christian brother.
Kornell was the owner of the Nash Dinosaur Track Quarry
in Massachusetts Over a span of 12years, he donated
dinosaur tracks and many of the other fossils you will see
in our museum. Although living on opposite sides of the
continent, we spent many hours together talking and
sharing experiences.l am particularly thankful for his
sharing his experience and knowledge about the Bible,
fossils, and dinosaur tracks.



Just as they did not see fitto
acknowledge God any longer,
God gave them over to a
depraved mind, to do those things

which are not proper

6 Romans 1:28
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Thus d$heslLord God,
In the beginning God created the heavens and the earth.

The earth was formless and void, and darkness was over the surface of
the deep, and the Spirit of God was moving over the surface of the wa-
terssThen God sai d, fanetheretwhsdighe Gddsaw!l i ght «
that the light was good; and God separated the light from the darkness.
God called the light day, and the darkness He called night. And there
was evening and there was morning, one day.

Then Godistitdheexepanesneahhe midst of tt

and |l et it separate toBedwmbhdest heoaxp

and separated the waters which were &L

ters which were above tGed exglalnesc ;t e

panse heavenasArdetnherge awd t here was
ond day.

Then God estaitdh,e waters below the heayv

one pl ace, and | ebandei td Qpadd asad.| & pp ¢

dry | and earth, and the gathering of
God saw that it was good.

-Genesi-ks0 1: 1
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| NTRODUCTI ON

Would you like to photograph a dinosaur? A real, living
dinosaur? What | am talking about is going back in time, tracking
down a dinosaur and getting a ¢
if you know what you are doing. Make a few mistakes and you could
become anebitesnack for a -Rex.

Before yowvarm up your time machjeensidewhat you need
to know

(1) Where do you go to find dinosaurs? What are the best
location8

(2) When were the dinosaurs there? You wantiteat a time
when there will be disaurpresentln additionjt probably
would be a bad idea to pop into existence at a location that
was under water at the time you arrive. Dinodaunstlive
underwaterand unless you are using a submésimatime
machine, you cannstirviveundewatereither

(3) You also need theameskills used today to find animals in
the wild. The most important is the ability to identify and
track the dinosaur based on the footprints it leaves behind.

Animal tracks, including dinosaur trackseal important

information abouthe aimal. For example, knowing where it is
going and how fastigmoving, ismportantHowever, you need to

1



Introduction
know more than that.

i was |l earning to track rhinocerose
on an anirmall yhat thought odMarthgoi ng
Beck

It is the sam@day. If you want to photographhénoceros, or
bearor adinosauryou need to be able to read the signs thesy. le
Dinosaur tracks can reveal how big the dinosauhas,type of
dinosaur it isand how fast it is movingnportant information, if
you want to survive and return with your photos.

Solet usget started. We will learn about dinosaur tracks by
studying fossilized dinosaur footprints. Then we will figure out how
far bak in time you need to gogafelyfind large numbers diving
dinosaur€ENJOY!Even if you do not own a time machine, you will
learn a lot about dinosaurs and the history of our.world
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Introduction

Then God said, oLet Us
image, according to Outlikeness; and let them
rule over the fish of the sea and over the birds
of the sky and over the cattle and over all the

earth, and over every creeping thing that
creeps 0 n Gddlereateé man in His 6
own image, in the image of God He created
him; rale and female He created them.

6DSYS§)TH§T MYHC
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CHAPTER1
TYPES OF DINOSAURS

We willbe learning how to track dinosaurs. Howednefgre
getting startel will be usefulo know a little about dinosaufghen
you start trackingne,it will be handy to know what yaretracking.

To beginthere are a few special waits areusefulto know
These are words commonly used wdikimg about dinosaur tracks.
Dondt worry. T haefiyst botahyareseasgvondss t r ar
Here they are:

Theropod 0 a type of threetoed carnivore (meat eater)
dinosaur. IRex and raptors afeeropods.

Ornithopod @ another type othreetoeddinosaurthis time a
herbivore (plant eate@rnithopds leavéootprints similar to those
of a heropod.

Grallator 6 a type of smatheropoddinosaur footprint

Eubrontes- a type of largiheropoddinosaur footprint

Trackway - a trail of footpints made by a single dinosaur.

There are more words to learn and we will pick them up as we

go alongBy the end of chapteight you willknow more about
dinosaur tracks than 99.9% of all peapbkbe in a good position

5



Types of Dinosaurs

to track dinosaurs
Pubis BonesAre the Difference

Dinosaurs are divideinto two categorieSaurischia (lizard
hipped) and Ornithischia (bintpped) What distinguishes one from
the other is therientation of thie pubis bongsee figure 1)n
Ornithischiadinosaurst pointstowardthe back of the dinosaur and
in Saurischidinosaurghis bone points forward/hy are dinosasi
categorized based on theubjs bone? Because 1888British
paleontologist Harry Govier Seetmticed a similarity between
dinosaur hips and tliigps of other animals and used that similarity
to divide dinosaurs into two categories

The Sauris¢ga dinosaurs includeeropodssuch as -‘Rex and
raptors Theropod fogprints are the most common typedofosaur
footprints sowe willbe seeing a lot of thoSéheropodsrecarniv-
orous andheywalkon two legs.

Ornithischian Saurischian

iliwm ilium

Figure 1: The two types of dinosaurs a
by differences in the pubis bone.

Although heyphysicalljyook very different but both-Rex, a
carnivore, and theugelong-neckedplanteatingdinosaursuch as
Supersaurs,are categorized asu$schia

Everyoneeitherloves TRex, or is afraid of-Rex. It is the most
popular dinosaukHowever,T-Rex did not leave many fossil foot-
prints.Most of the fossilrackswe willbe looking at artne three
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toed type thought to have been made by carnivorous dinosaurs clas-
sified as Coelurosauimth T-Rex and the Ceolosaurstaeropod
dinosaurs.

Ornithischia dinosasiaremanly herbivores and include the o
nithopod dinosaurs that most likely mtudeother type of fossil
footprint wewill beexaminingln addition toornithopodsthis cat-
egoryincludes other wethown dinosaurs such as Triceratops and
the Stegosaurs.

Figure 2: 'I"hegdinosa‘ar in the foreground is a Coelophysis. The
larger one in the background is a Dilophosaurus.

Theropod Dinosaur Tracks

Mostof the dinosautrackswe willbe looking at arderopod
footprints In the abovémage, there are tweropods. The smaller
dinosaur in théoreground is a@lophysis. Some experts say that a
similar dinosaur made the seralreetoed tracks, known &val-
latortracks thayouwill see in many of our examples

The larger dinosaur is a Dilophosaurus. The experts at Dinosaur
State Park (Rocky Hill, CT) have proposed this as the dinosaur that
made the larger tracke will be looking AtalledEubronestracks.

On the othehand,other experts safl of the theopodtrackswe

will be examiningrere made by the same typeliabsaur, just dif-
ferent sizeguvenile, young adult, and adulitisere are some disa-
greements. THeottom lineis that no one knows for sure whitlet
ropoddinosaumadewhichtracks. The best we can say is that certain

IMost of the tracks you will see in this book a

v



Types of Dinosaurs

threetoed tracks were made byharopod dinosaur. Thswhy fos-

sil dinosaur tracksre nothamed foithe dinosaur that made them.
With living animals, tracks have the name of the animal that made
t h e mé trdrhks,anpose tracks, cougar tracks, etc. We see the living
animal and can observe the tracleaitesDinosaur are no longer
around, and their fossils are not found with the tracks they made
That meansve cannot know for sure which specific dinosadem
which tracksThis is why fssil dinosaur tracks are given separate
names@GrallatorandEubronesfor examplehased on their size and
characteristics

Key Fact:

Fossil dinosaur footprints are not
named for the dinosaur that made them.
Fossil footprints are named based on
their size and characteristics. The
dinosaur that made a footprint typically
cannot be positively identified.

Ornithopod Dinosaur Tracks

A bipedal, herbivorsuornithopod dinosaur made the other
type offossil track we will be looking ldbwever, ltere is no agree-
ment on what type ofroithopod. $me say it may have beera S
tellosaurusHowever,Scutellosaurus does not seem to have been
large enougto have madsome of thdargertracks\We are ging
to go with just a generiecnithopod without trying to be specific
about which dinosaur made the tracks

Sauropod (Long Neck) Dinosaurs

Because of their huge sibe longneck @uropodsare easily
recognizedWe do not have Sauropod footprintoum museum.

2]t is interesting to note that dinosaur tracks
arsi gni fliocweerftdléyt han t he sedi mebrotn el & yoesrssi |vsh eorfe
di nogawwrught to have nfaodueendt.he tracks, are

8
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They are difficult to come by and not very interesting to |ddieat.
oftensimply look like a round hole in the groundnamycasesa
trackway is needed for the impressions to be identified as sauropod
footprints.

1 Supersaurus vivianae ~ 34m
2 Argentinosaurus huinculensis ~ 33m
3 Diplodocus hallorum ~ 32m
. 4 Alamosaurus sanjuanensis ~ 30m
5 Xinfiangtitan shanshanesis ~ 30m
6 Sauroposeidon proteles ~ 28m

30 meters - 96.4 feet

e 3:diSmausapod.

Sauropod Tracks

Belowis a photograph okauropod footprinten the Paluxy
River in Dinosaur Valley State Park in Téd&gyou can se¢hey
look like a circular hole in the groumte larger holéoot print)
was made by a rear foot and the smaller hole is a front foot. The
photo in the upper left corner shows part of an exhithie @ r k 6 s
museunshowing sauropod foot bomasuntedn a sauropotbot-
print.

Figuir®audropod dinosaurytRiac&s. i hhe¢ hien$fatl uixn t he
ner shows the bone structure of a Saur

9



Types of Dinosaurs

Fi gbifr®auropod f oot priodtds lpwisten LAobkatbtkwmeg, such
in the Purgatoire,nakadcsk esaidice nthietEmwlladss ado
Saur otproadc k s .

10
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CHAPTER?Z2
HOW TRACKS ARE MADE

il
ack.

Fi géEach dinosaur footprint makes two f
natural cast called a raised

0SS
tr
How were fossil dinosaur trackade?

The answer is obvious. We do it whenever we step in mud or wet
sand. The dinosaur steps in mud and leaves behind a footprint. How-
ever, in the dinosaur's case thatpioint became a fossiactually,
each footprint oéin becomes two fossihcks Bothresultfrom the
one footprintThat iswhat you see in the above photo. Both of those
fossil dinosaur tracks came from the same footprint. Notice how they
are mirrofimages.

Here iswhat happens:hE dinosaur steps in thet sediment
and leaves a footprint. A new layer of sediment is deposited, filling

11



How Tracks Are Made

in and covering the footprint. The sediment turns to 3\dren the

rock iscracked open (se@pendix B)the bottormportion has the
depressiomade by the dinosaur's foot. The top is a natural cast, a
raised impression of the footprint. Both are considered original fossil
footprints.

=0

Mold/Impressed Track Cast/Raised Track
FigdfBhe dinosawet ssedismeoaming mpressi on of its f
|l ayer of sediment covers the footprint. When t
footprints. An impressed track and a r

Impressed / Raised Tracks

The above image assketch showing the twaatks, with the
upper raised track lifted off and set to the side. There you have it.
Two fossil dinosauracks from a single footprint.

Sounds simple, but rdié is more complicatekh this exam-
ple,the rock split exactly where the dinosaur's foot stepped in the
soft sedimentThisis known as true print or true trackWhen
looking at fossil dinosaur footprints, a true track can be identified
because it will have more detail than an underprmexmple,
footpads and skin impressions may be visible on a true track.

Howeverthe rock does not always split wiveeewouldike it
to split. First, there is no way to see inside theBeftre a rock is
splitno one knowsf there is a dinosaur tkaor where the rock
needs to be split to reveal the track. Secontilharé/are few options
for wherethe rock will split. fie rock will only split at a weak point,
such as where there is mica or a biofilm.

12
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The Rock Splits Where There Is Mica

The tracks in our museum are in a sedimentary rock known as
shale. In this case the shale will spilt where there i h@icack
will not split anywhere elffethere is © micawhatyouwill have is
a solidrock

Notice infigure7 the layers of sedent beneath the footprint
are bent, taking on a less distinct impression of the footprint. The
footprint impression goes deeper than the layer of sediment the di-
nosaur's foot touched.

Dinosaur Tracksd Underprints
If themica layer is belawe layer the dinosaur's foot touched,

the rock will split at that lower location. This reveals a less distinct
impression of théotprint called an underprint.

Mold Underprint Track Raised Underprint Track

Fi g8frBhe rock has split at a Bofopbtbébawhwdet @e
ment. This results in a less distinct underpri
track are underprints.

Figure &howsthe same rocésfigure 7, but this time it split at
a lower sediment layewealing an underprittnderprints have less
detail than a true print. While a true print may clearlyfsbtpads
and skin impressions, underprints do not have much detialle g\t
they may retain the impressions of all three toes and the claws, but
in otherinstanceghe underprint may be barely recognizable as a
dinosaur footprintHowever, it is still a real dinosaur fossil footprint.

13



How Tracks Are Made

Overprints

An overprint is similar to an ungent. An overprint is pro-
duced when the rock splits at a location above the sediment layer the
dinosaurds foot touched. The 1 e:
If you have an individual track that does not show ditiaitsy be
either an under averprint.

Sediment Quality

Anotherfactor that effects the quality of the footpristthe
consstency and quality of the wgetdiment. A hard, nearly dry sed-
iment layer can result in shallow impressions that may still have a lot
of detail. Soft sediment will result in deep impressions with little de-
tail. Soft sediment may also result in parts of the track collapsing and
distoring the shape of the footprint.

And, of course, the weight of the dinosaur may impact track
gualityA small dinosaur may not leave tragksrge dinosapwalk-
ing on the same sedimangy leavdeepfootprint impressions.

Sound conf us iByith&end oDahap@ightyeuo r r y
will be able to track a dinosaur.

14
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CHAPTER 3
HOW ARE
DINOSAUR TRACKS NAMBD?

Dinosaurs rarely died in their footprints, so waeeaer be sure
which specific dinosaur made a certain fimbtd his means there is

n

one naming system for dinosaurs and a separate naming system for

their fossilized dinosaur tracks.

i is worth noting however, that t

t
the basis of a track is essentially

h e

finding a 9k algaitoemibdnfel ai n a trackwa
never be certain of t he tr acdkomark-er .
renhew could we establish thatavet he

made identical tracks? This is one

aration of ichnotaxonomic nomencl at

Current procedure dictates that t
knowabl e animal that made it

Our tracks come from thdash Dinosaur Track Quarry in the
ConnecticuRiver Valleyn Massachusettan area with an abun-
dance of dinosaur traglsee Appendix Byeven different types of
tracks have been identifiecabbout @ 80 mile stretch othevaley

3
Footprlew&,i ety of Vertebrate Paleontology

15
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How Are Dinosaur Tracks Named?

with several othearetypes of tracks remaining unidentiflestt s
start by looking at thbdropod tracks.

The Most Common Dinosaur Track:Theropod Tracks

Three variations othéropod trackkave been namett was
originallythought theetrackswere made by three different dino-
saurs. However, many experts now believeméreymade by the
same type of dinosaur at different stages of growth: juvenile, young
adult and full adulEor example,

it is probable tha&tl 3A% hd esratuirmetuesr & |
10 inchesnpeltomg footprints of | arge
|l ator trdackmaker.

In additiont has been noted that

it is very hard to distinfdwessaf thes
footprint4f r om one anotheonké¢cawse whegya
ries in which shape changes with si z

In other words, the experase not sure what dinosaur made
which track, or if the same type of dinosaur rdhdé them and
in any case it is difficult to distinguish one typeneropodtrack
from anotherHowever, the naming nomenclature remains in use, so
that is what we will usehe three types ohéropodtracks are pri-
marilyidentifiedby sizeas neasured from the tip of the claw on the
certer toe to the back of the he€hey are:

Grallator 3 to 6inches;
Anchisauripus$ to 10 inches,

Eubrontes10 to 20 inches.

4David B. Wei shampelDiamods aLuurtsh eorf Yidtoen gE aHotp kC mass t
Universip9Brpessge 98

SLeTrourneaau,d,McODosnen, , Kds sainlds Geand yFaci es of the
Val | ey b&poang &Ingl ,

16
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It is estimated that several biflidmosaur tracks have been
found.Theyarefound on every continent, except Antarclibese
threetypes of theropod trackse by farthe most common types
of dinosautracks found around the world

Grallator Eubrontes
Anchisaurous

FigufrTehexr ¢d t ylpesompdd ttracks are primary
di stinguished by size.

Two QuestionableFossil Footprints

Gigandipus tracks are 10 to 20 inches and are rarelyTtoeyd.
arethought b have beemade by ahtropod dinosaur similar to a
Dilophosaurus. They are distinguished from other tbhgckao
characteristictil dragging and the presence of a hakux to

M@‘igandipus
Otozoum.

FigaoObeTwo are tQ@preseofi cduitnowaaureytracks.

SMartin iMoaklke yn,g @®@danmobsraiudrgse, Uni (@i ftiyr Pr esasge
inside the cover (not numbered)

17



How Are Dinosaur Tracks Named?

(dew claw)All dinosaurs have a hallux toe, but it normally does not
leave an impression in the ground. As sdegune 1Qthe hallux is
the small toe on the right side of the heel.

Gigandipugrackdookvery much like Eubrontes tracks. For this
reason, some scientists believe they were made by the same dinosaur
as the maker of Eubrontes tracks, but walking with a different stance
or indifferent conditions.

Otozoum tracks are rare. They were made by what is thought to
be a large, bipedal, dinosaur, possibly simaRtateosaurus. How-
ever, no one knows for sure wiyae of dinosaur made these tracks.
The shape and structure of thetfdoes not match any known di-
nosaur

Anomoepus and Batrachopus

Both of the illustrationselowshow two footprints. Thesee
animals that walked dour legs. The larger print is from the rear
foot (pes). The small impression is that of a fron{fioahus)

Anomoepus

&
Batrachopus @

FigulrieOrhit hodowmds pdralfittes mo etpruasc k s
Batrachopus tracks are fairly common and are t
crocddiklee ani mal .

Anomoepus tracks are typically 8 tochesn size They were
made by a®rnithischian dinosaur (herbivore). The dinosaur that

7't is assumed that these tracks were made by a
evolutionary timedumepqgasddceinpoebyr sawgeeani mal s
time these tracks were made. However, if all
f ldoo( N®afthl ood), Otozoum track$ amagopd ihmossea tbreen n
ani mal .

18
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made these tracks was usuailpetal, but aimes,it walked on all
fours. Anomoepus tracks are the second vfpgackwe willbe
looking at in more detail.

Batrachopus tracks are not dinosacks$tal hey were made by
what is thought to be a small crocodiliea reptile. Batrachopus
tracks are typically one inch or smdllam mentioning therbe-
cause they acedmmonand smetimegoundon the same stone as
a dinosaur track.

Sauropods andTriceratops Tracks

What aboutracks made by other types of dinosaurs.?

Threetoed heropod tracks are, by far, the nooshmon fossil
dinosaur trackSauropod tracks are also fairly common. However,

being somewhat like a posthole, they are not asatieenor as
interesting as the thremedtracks.

Tracks made by other types of dinosaurs, such as Triceratops

(ceratopsians) and Stegosaurs are virtualgxistent. Dinosaur
track experts Martin Lockley and Adrian Haxpdain

fifThe rarcieryatopsi an tracks, prior
Laramie Formati on, flamed a debat
track types. The debate turned on

n

h

| arge quadrupedal odbebepbcbsahl gn cdri |
sians  osamnkyyl, andasrteegasaeuroy unknown

their skeletal remains are common
puzzle is all he more intriguing
of these trac
t &t it fails t
were heavyAta
amples of st
ankyl osaur t
ot her tlhaarna R
expla®ned?

That final sentengaresentan interesting question. Based on
the limitations of evolutionary thinking, finding the answer is
difficult. Lockley and Hunt speculate:

e
racks. Few cer aetpoopssiitasn
oheemat i on. How can this

1
w

t
ks cannot be attributec
0 depress the sedi ment
mpirmeaslesn.t t h e raec ceerpe esdt ielxl-
gosaur tracks and only

t
t

8Martin Lockl ey fMinmo®aui ahr ddaulng ,and ot her Fossil

Western Unio€Celdu@biaae¥ni versity Press, 1995,

19
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How Are Dinosaur Tracks Named?

fOne appealing argument for the sca
tracks of t he ornithischian group
trackmakers generally, or frequent |

environments where track® are most C

However, they go on to point othis is not likely. fie
ceratopsiatracks found in the Laramie Formation were mate in
samewet sedimerds darge numbeonf threetoed tracksThere are
also avariety ofnon-dinosaur tracka this same sedimefitey thus
turn to saying tlsetypes of tracks r e s car ceé

foecause paleontologists have not | o«
they have failed tod°l ook in the right

On the other hand, there is another possitMighaelOard
writes:

fiSi ncedianldsaur tracks are Oed ddecirat e
because of the sedimentary environme
t r acikts i s worth assessing t he S Wi m
di no<aSiewser al types were probably p
woul d i nctlaugdees @athres,s with their tall
the ceratopsians, with their thick
ankylosaurs, with thedr bulky bodi e:c

Facing the rising vea$ from a global flood, a good question to

ask is, odtimegaut oegd cwaatwerrf@dsomd he a
dinosaurgnay have been 0 Not very | ong. 6
°lbi d

Opid

“Mi chael DJ.no@racu,r Chal | eng@rse atnido MyBd ek i Rwshl i she
2031 page 93

20
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CHAPTER 4
THEROPOD DINOSAUR
TRACKS

Billionsof dinosaur trackisave been foundaround the world.
The most common tracKsy farare the thre®ed theropod tracks
similar to the one shoviere

Identifying
Theropod
Tracks

-, 2

Fi gurieThle2 opod dinosaur track

For those of yowho plan to go back in time and photograph
dinosaursyou need to know what type of dinosaur made the tracks
you are following. Rrgetheropod could make a quick meal of you.
On the other handin ornitlopod dinosaura herbivoremight be
safer to photograph. Theropods and ornithofemle differenbu

21



Theropod Dinosaur Tracks

similar threg¢oed tracksYou can tell which is whicli you know
what to look for.

Theropod Foot:

Long center toe,

and foot longer
than wide.

Fi gurid hle3 opod & rdentnmreirntnhtedyavia d e .
Theropod: Long Center Toe

The first thing yomay haveotical in figures 12 and 13 dhe
center toe Theropod footprint impressions often have a center toe
that is significantly loagthan the toes on either side.

Second, notice the toes on either side are close in to the foot.
The foot impression is noticeably longer than wide.

It is important tokeep in mind that dinosaur footprimisre
made by a living animal in a medium (mud) that can vary greatly. That
means foot impressionanvary greatly, and that means some the-
ropod footpmts will not haveall of these characteristics. What we
look for is an identification supported bpraponderance of the
evidence

Theropod: Side Toeand Claws

Anothercharacteristics of a theropod footprint is that the inside
toe appears to be attached to the side of thenbi¢, the atside
toe goes all of the way back to the heel.

A fourth characteristic is that theropods have larger and more
distinct claws. Ornithopodsetbivorektypically leave smiabngu-
lar shapedlaw impressions. For both typesiofosaurshe claws
tend to make théeepest impression. When the footprint is faint,

22
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Toe on side

Large
claws

Figurid agedsharp claws and a toe that appears to
characteristics of a theropod dinosaur

the claw impressions often will be th&est part of the footprint to
spot. When examining roshko find dinosaur footprintdegin by
lookingfor claw impressions.

TheropodsareLiving Animals

These are the four key characteristicsligtatguista theropod
footprint (carnivore) from an ornithopod footprint (herbivore).

(1) Long center toe

(2) The foot is longer than it is wide

(3) Large claws

(4) One toe appears to be attached to the sidedbot

These are not hard and fast rules. Dinosaurs are liviggsanim
They willmove their feet in different ways as they, watkven when
standing stillThereforegachfootprint can be slightly different. In
addition mud is a dynamic medium that takes on impressions in dif-
ferent ways depending on the characteristics of the mud. At times
theropod footprints do not have all four, or even any of these char-
acteristicA trackway may start out looking like theropodgracid
then suddenly several tracks later they look like ornithopod tracks.
Did the dinosaur suddenly morph into a different dinosaur? No. The
way the foot was placethangedpr the character of the mud
changedPossiblythe footprint was distorted by amer animal. Or
a combination of these or something. élsgvever, laen all four
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Theropod Dinosaur Tracks

characteristics ackearlypresent you can be confident you are look-
ing at a theropod footprindvhen fewcharacteristics are saemay
be difficult to positively identifiyetype of dinosaur.

Here is an important lesson. Information about dinogmads
fossils in generafoften presented in a manner that makes it seem
the experts know all the answers. ThegotloWwhen it comes to
fossils, there is a lot of guessvan many assumptioitsmay be
that these arangere guesses athek assumptionare made with
good intentions, but that does not make them covkecheed to
look at all the facts, understand when assumptions are being made,
and logicallgliscern whemve are dealing with faat conclusios)
and when we are dealing with conclusions based on guesses and as-
sumptions.

We alsmeed tdkeepin mind we are dealing with historical sci-
ence, not empirical science. Empirical sciencehssrgationsge-
peatablexperiments and calibrated measurements to produce facts.
However, we cannot obsemer do experimenteor direcly meas-
ure things in the pagtor example, we cannot observe a dinosaur
walking and leaving footprintherefore whenthere is naecord
of direct observation$Historical science uses a preponderance of
the evidence to arrive at a conclusion.

12Courtroom trials use the testhnliiguesi mfa htisitalr,
eyewi tpmoeys des the most compellinghdwsti mony a
wr i tetyemwi tdrnesisnent ati on recording(bbsenottions

dinosaur Weawképpetgeth stthoée nchapter on eating di:
(chapter 10, page 49)

24



Beginnerds Guide To Trackin

CHAPTERS
ORNITHOPOD DINOSAUR
TRACKS

In the same location where our therodotbsaur trackare
found, there are alsomeornithopod tracks, but they are rare. There
are differences of opinion concerning the type of dindbaur,
made the ornithopod racken&expertsay it was a dinosaur simi-
lar to ScutellosauruBthers araot so sureMost experts simply say
theyare unable to identify the specific typ@miithopod In any
casetiis all guesswork tirsomeone finda dirosaur that deein its
tracksFor our study @ will go with @eneric ornithopod designa-
tion.

Thename o0ornithopodd means Obir
ornithopods leave thréeed tracks. Birds also leave tracks with three
forward facing bioed, f aoddsbot heh

Most ornithopods have a theggedbipedal stance, altingh
they will sometimes walking all four limbseaving both front and
back foot impressions

As with theropod tracks, ornithopfassil footprintxan either
be impressed or raisedwever that can be difficult to see in a pho-
tographFortunately, whiber it is impressed or raised isaniically
important when leammy about track characteristics.

The imagen the next pagshows an impressed ornithopod
fossil footprintAs with most of the tracks in this book, the track has
been stained at the queilo make ieasieto see the impression.
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Ornithopod, More of a Square

Notice that the track is close to being as wide as it is long, much
more so than the theropod footprint. The toes on either side are
spread widein addition the center toe iypically shortethan a
theropod center toeshen compared with the side toes

Ornithopod

FigurieAnlornithopod dinosaur footpri

| know | havesaid this before, buti# important. Keep in mind
that with fossil footprints we are looking at impressiaue by a
living animal in a maddy sedimerthat is highly variable. That means
there is a huge variability in traBks.example, an ornithopod may
drag the tip of its center toe as it steps forward. This extends the
center toe impression, making it appenger. On the other hand,
some tracks made by an ornithopod dinosaur may not have all of the
characteristics oftgpicalornithopod dinosaur footprint. To make a
positive identification of a footprint outside of a trackway, we need
to find multiple iéntifying characteristics.

Equal Side Toes and Small Claws

Threeother characteristics that helgtinguish an ornithopod
track from a theropod track are that the claws are samall&ian-
gular shapethe angle of the toes on either side of theidatout
the saméor each togsuch that both toes angle toward the aeel
the heel isvider andounder than on a theropdtbot.

26



Beginnerds Guide To Trackin

Small claws

Both toes angle
toward the heel

Fi gurieChlaG acteristics of an ornithopod

Did you notice thathis fossil has an impression notnmalty
seen on dinosaur tracWghat is that pointing from the foot toward
the lower left corner of stoggure 16)Whatyouare seeing the
"dew claW alsoknown as a hallux toe. Both theropod and ornitho-
pod dinosaurs have this toe, but it typidaks not leave an impres-
sion. Because dinosaurs walk on their toes, as with a dog, the hallux
toe rarely contacts the ground.

Ornithopod vs Theropod Footprints

In figure 17 you sdberopod anarnithopod footpring side
by-side. If you were trackinglimosaur in thevild,you should now
be able tadentify which track belongs to a meat eater and which
belongs to a vegetarian

FigurieA *theropod footprint on the | ef
or ni t hfoopootdpm i nthe ri ght.
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Ornithopod Dinosaur Tracks

Summary of the Dfferences

Theornithopod footprint is widethe heels rounderthe side
toes are about equal in sa®l the claws are smaller.

For theropodshe claws are larger and more distimetoverall
footprint is long and narrow; the center toe is longer in comparison
with the side toes; and one of the side toes appears to go all of the
way back to the heel while the otygpears to be attached on the
side of the foot

If you a tracking a dinosaur, it is important to know whether it
is a carnivore or herbivodau now know how ttell the difference
Howeverdo notrun out and start tracking down a dinosaur just yet.
There is morgou need to know. For example, how big is it? We will
answer that questidoyt first, a very short chapter describing how
dinosautoes aremumbered
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CHAPTERG
NUMBERING DINOSAUR TOES

It may sound a little strange, Boimal toes, including dinosaur
toes,are numbered. Thovides arasyandaccuratevayto refer
to a specific tosuch thaeveryone knows which teebeing dis-
cussed

Our collection of dinosaur track fossils mainly consists of the-
ropod and ornithopod footprints. These are ttwed footprints
made by dinosaurs that walk on their toes. i$mot uncommaon
Dogs and cats walk on their tdets called digitgraaealking Dig-
itgrade animals generally move quicker than those that put their feet
flat on the ground (plantigrade).

Humans are plantigrade, meaning we walk with our ankle bones
near the groundn addition, we are unique in being the only ones
who land on our heels when we are rufhing

Although both theropod and ornithopod dinosaurs commonly
leave thre#oed footprints, they actually have four toes. There is a
hallux toe, called a dew claw on dogs, that normally does not touch
the ground. The hallugeis on thenside of the foot and inum-
bered as toe #INote that numbering of toestraditionallydone
using Roman Numerals.

We then go around the foot numbering the toes in order. The
next toe isyumber "lI" (#2) What is commonly seen as the center

Bhttps:// breakingmunechaodamidnihnesg/ t he
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toe isnumber'lll" (#3). The toeon theoutside of the foot is num-
ber "IV" (#4).

Letds |l ook at the bones in a d
Figure 8 shows the numbering of the toes onrtghtfoot of a
theropoddinosaurWe know this is Aght foot because thieallux
toe is &ways on the side of the foot.

Numbering
Dinosaur Toes

Figure 18 1 Toes are numbered using Roman numerals. The
hallux toe (#1) normally does not leave an impression.

Looking at a fosdiheropoddinosaur footprintielow we can
see how this numbering works.

The #1 toe (hallux) did not leave an impressiontheropods
the toe that appears to be attached to the side of the foot is on the
inside of the footSnce there is no #l toe impression, we start num-
bering the toes with #lI.

Numbering Center toe #I11
- s T

Dinosaur ~

Toes

Inside toe #1I —

#I toe did not l'
leave an impression &g

) A
Y. . S

FigurieToRE9 numberanfossi l dinosaur footp
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CHAPTERY
READING DINOSAUR TRACKS

The size and shape otheropoddinosaur footprint gives us
additionalnformation about #adinosaur.

Fi gudieNhzat can you |l earn from these foot

Look at the footprint on the left figure B. This is an im-
pressed track (indented into the rock). Notice that the toe on the left
sideappears to be attached to the side of the foot. That is one char-
acterigt indicating a theropod made this footprint. In addition, the
toe that appears to be on the side of the foot is always on the inside
of the foot. That means the dinosaur's right foot made this footprint.

Next look at the tip of the center toe. Notice ihdtends
slightly to the left. For theropods the tip of the center toe tends to
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bend toward the inside of the fobhat isanother indication this is
a right foot.

Take a look at the footprint on the ridglgure ). Is this a left
or right foot? Théip of the center toe is nobticeablyent, but the
toe on the right appearstie slightly closer to the heel than the toe
on the left. That would indicate this may be a right foot. Yes, this
track is harder to read. Dinosaur traostemade by livingnimas.
They could flex their toes and move them independently. They could
change their stance. In additibefootprintwas made in a medium
(mud) that varies greatly. That means dinosaur tracks are highly vari-
able and theidentificationmay notalwgsbe clear. It also means
this track, which most likely is a theroggtt foot may not be a
right foot or even a theropod footprifitNot every footprint is a
good source of information about the dinos&teenyou are track-
ing a dinosaudo notjump to conclusions.

Here is somethinigterestingo do if you vig a museum that
has adinosaur on display with footprin@eck to see if the foot-
prints are correct for the left and right féiseums usually have
good quality footprints, but sonmedis they do not pay attention to
which foot goes wherat timesthey are not evahe correct foot-
prints for the type of dinosaur

Looking At Raised Tracks

In a photograph it can be difficult to know if you are looking at
a rased or impressed footpriftgure 2 shows a raised travhen
you ardooking at raised tracks you need to keep in mind that it is a
mirror image.

Notice the track hdargeclaws. The center toe is long, and the
footprint is longer than it is widene toe(the one on the bottom
of the imagedppears to be attached to the side of the foot. It is a
theropod footprint. However, is it a right or left foot?

“This is most likely a theropod footprint. T
it has a more pointed heel compared with t
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Raised Track
Theropod
Right Foot

Fi gukieThz2ropod right foot, raised natur

A raised track is a natural cast of the dinosaur's fodiinien
a rock is splitheraisel foot impressioms on the bottom side dhe
sectionof rock that was split offo see that impression we reskd
to turn the rock over. Thaneans what we are seatg footprint
for which the right and left sides are swapped. Look la&ackef
your left hand. Your thumb is on tight Now turn your hand over
and look at th@almof your hand. Your thumb is now on taé.
That iswhatwe are seeing when we look at a raised tracla It is
mirror imagef an impresseiotprint.

Notice the tip of the center toe and claw betigatlydown-
ward in this photdn additionthe toe that appears to be attached to
the side of the foot is ohd bottom of the picture. That means this
is a right foot. Do you see it? Remember you are looking at a reversed
image (mirror image).

Although this foot impression is very high quelgy)avenade
this one more difficult to see by lookai raiseddck turned on
its side. Howeveypu have seen this track befpegé 28 andall
the characteristics of a theropod's right foot are there.

How Big Was This Dinosaur?
To get the approximate size of the dinosaur, measure the foot-

print from the tip of the center toe claw, to the back of the heel. For
thistrack,that is about six inches. This is the dinosaur's foot length.
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How Big Was
This
Dinosaur?

Fi gu2ieThz | ength of tlkstfiomat epobdvidhes sanmze

To get the height of the dinosaur at its hip, multiply the foot
length by four. In thisxamplethat gives us 24 inches. The dinosaur
that made this footprint stood about two feet high at the hip. Please
note, this is a rough estimarhe ratio varies from four (used here)
to five. It would be equally valid to multiply the six inch foot length
by five to get a hip height of 30 inchdsat isa variation of six
inchesput itis as close as we can get.

To get the size of the dinostake the number of inches in the
foot size andnultiply it by 12. That gives the length of the dinosaur
from the tip of its nose to the tip of its tailolr examplethe foot
lengthis six inchesThat means the dinosauf7i inchessfx fee}
from its nose to the end of its tail. Again, this is a rough estimate.
Some, instead of multiplying by 12, will multiply by 10. Jystdike
ple,there is variation in dinosaurs. Some small people have propor-
tionally large feet, and some large people havetmoally smaller
feet. What we can say is this dinosaur was probably between five and
six feet from nose to tail.

Remember, thegermulasonly give an approximation. The ra-
tio varies with the dinosaur. \Mever, the above ratios do provide a
reasonablegimateof the size of the dinosaur.
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How Fast Was The Dinosaur Going?

The ichnological record indicates th
whose tracks were pr e&seédockiey ander e v
Gillettes

The fossil record indicates that dinosaurs walked most of the
time. However, that does not mean they could not run. Their cardio
vascular system appears to have been designed to support bursts of
high energy activity, unlike birds that have a easiodr system
designed to support continuous high energy activity (flyiagine
t hi s s iyduweaeappooacking a dinosaur, trying to get a selfie
with the dinsaurin the backgroundou are downwind and moving

guietlyé until ybouarn cfhodo tt hker eda knso
t o wa r ddogobagséme the dinosawill beslow movingDo
not try to outrun it They can be fasEr ee z e . Dondt r

hopefully the dinosauilixnot see you.

When tracking a dinosaur you can estimate how fast theidinosa
was moving. All that is needed series of three or more footprints
(a trackway)Measuring thenwill give a rough estimate of the
dinosaurds speed.

Fi gud3iDihosaur speed can be estimated bas:¢

B’Publ i sbedosaur Tracks and Traces, Edited by Da
University of Cambridge Press (1989)
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Figure 3 shows two photograpld the same trackwayhe
lowerphotograph hathe step and stride mark&tese photos show
a double trackwayhis is somethingou may encounter when track-
ing a dinosauffwo differentdinosaurs stepped in almost the same
spots as their paths crosskedlok to see which set of footprints
(trackway) is impressed into (is on top ofdpthertrackway.

Having at least three footprints allows us to measure both the
step length (from the heel of a right foot to the heel of the next left
foot step) and thstride length (from the heel of the right foot to the
next impression of the heel of the right foot).

In the previous sectiome saw how to cal cul
hip height based on trenpth of the footin thatexamplehe dino-
saur had hip height24 inches. To get the speed of the dinosaur
divide the stride length (in inches) by the hip height (in inches).

If the resulting number is 1.0 or less, the dinossuwvalking.

If the resulting number is 1.0 up to 1.99, the dinosaur was trot-
ting.
If the number is 2.0 or greater, the dinosaur was running.

Of course, these are just estimates, but rtheghly show
whether he dinosaur was taking its time, or was in aRuurtlye
trackwayin figure 3t he r at i o dinosaur Wambvwing t hi s
along It wasprobablytrotting

8This is slab 45/1 in the Berneski Museum at An

36



Beginnerds Guide To Trackin

CHAPTERS
CAN YOU SEE THE DINGCSAUR
TRACKS?

Now | et 6s $omstiinesyracks are agbkioud ahdseasy
to see. Mostften,they can be difficult to spot unless you know what
to look for. A good place to start is to look for the claws. Claws tend
to leave better impressions even when the toe arichfivessions
are faint and difficult to se&&econd, look for the general shapa
dinosaur tragkand in particular the center.toe

How Many
Dinosaur
Tracks Do
You See?

Fi gudievhZzn you are | ooking at the ground,
be what you see. Are there any dinosaur t

There are five or more dinosaur tracks on the rock pictured
above. Can you find any of them? Once you know what to look for
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it becomes easier to see tracks. However, trying to findomagks
difficult stone such as this, amédsmalblack and whitghotograph
in a bookcan be difficultl tried to make it as eampossible. Tis
photo was taken early in the morning when the sun was at just the
right angle tdighlight twoof thelargerracks”’

This stone has some of the most difficult to spot aimasacks
in our collectionf you would like taive it a tryvith a higher reso-
lution color imagehe image is onlirs: www.AJ83.com/tracks

An image showinghare one of the trackdagatedcan be seen
at:www.AJ83.com/trackanswer

Herearea couple of easier ones. Can you see atraekcks
on either of the stones pictutgelow?Can you identify the type of
dinosaur?

Fi gugieNhzat do you tw®t omegshese

The stone on the leftas been stained to improve visibility. It
looks like this was a mutant dinosaur with two center toes. This type
of impression can happenainy ofthree ways. The dinosaur steps
in the mud, then picks up a toe and moves it a little. Often this will
be sen as the toe having multiple tips and claws. The dinosaur might
also pick up its entire foot and then put it down in almost the same
spot. The third possibility is that a second dinosaur stepped in an

"7Finding tracks at high noon can be very diffic
the early morning or | ate afternoon, when the
shadows that highlight the tracks.
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existing footprint with the result being one footmveriaying an-
other footprintl can assure you, dinosadid not have two center
toes BTW, did you recognize this agheropod dinosaur tréck

The stone on the righbes not have any dinosaur tracks, but it
does have an interesting fossil ripfier was water flowing from
thetop of the photograph to the bottom. There was probably some-
thing stuck in the mud, possibly parts of a tree branch, and the water
was flowing arourttiemleavingwo horseshoe shaped ripples in the
sediment®

Fi guGieT®2 one on the right is obvious, but
see on the stone on the |l eft?

In figure & the photo on théeftis what you might see walking
through an area thought to have dinosaurstrable track on this
stone is in its natural conditigro highlighting&art by looking for
the claws. Do you see the large claw just above and tdtloé rig
the center of the ston&®w look to the left of that. You mdne
able to see a faimhpression of rothertoe the almost goes all of
the way toltte bottom edge of the stofidere may be two tracks,
one on top of the othefhese areaised trackthataremost likely
underpring In is not uncommon for dinosaurs to leave incomplete
prints such as these.

The track on the right has been stainednmdke track obvi-
ous. This is a Eubrontes track measuring about 14 inches from the

18For ripples such asretshuiysi quoe fcoosnedvidttieoen dn.a d@Tutt o
be heavily saturated wiutth osfe dnonveinntg, wahtiecrh sdeoti
qui cskol yms to bobbrgrehkeerapipée. words, the ripp
buried in sedi ment a&setlaey woreofndi meadnsThxi s
could accomplish this.
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