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RESEARCH REPORT

Atlatl Dart Velocity: Accurate Measurements and Implications for Paleoindian and
Archaic Archaeology
John C. Whittakera, Devin B. Pettigrew b, and Ryan J. Grohsmeyer c

aDepartment of Anthropology, Grinnell College, Grinnell, IA, USA; bDepartment of Anthropology, University of Colorado, Boulder, CO, USA;
cDepartment of Material Science and Engineering, Missouri University of Science and Technology, Rolla, MO, USA

ABSTRACT
Thrusting spears, hand-thrown javelins, and atlatls are all suggested as weapons used by Paleo
hunters to bring down Pleistocene megafauna. Before we can distinguish between weapons in
archaeological contexts, or compare their effects, we need accurate measurements of
performance characteristics. Velocity directly influences momentum and kinetic energy and thus
the damage a projectile can do, but accurate measurements of atlatl dart velocity are scarce.
Measuring dart velocity requires naturalistic experiments involving human throwers. We
measured numerous well-practiced individuals using a variety of atlatl equipment, comparing
radar gun, film, and chronograph measurements of dart velocity. The atlatls used in hunting and
warfare probably did not accelerate darts much beyond 35 m/s (78 mph). We evaluate
Hutchings’ use of fracture velocity measurements on stone points to distinguish Paleoindian
projectile systems, which seems promising but needs better experimental support, and we use
kinetic energy and momentum calculations for various projectiles to consider the shift from
atlatls to bows in the Southwest.
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1. Introduction

To understand the role of weapons in human evolution,
we need to assess their advantages in realistic ways and
accurately compare different systems. This is made
more difficult because we usually have only partial rem-
nants of the weapon systems we study. Experimental
approaches offer a useful basis, but unless we start with
realistic base lines, we cannot objectively compare tech-
nologies on even the most hypothetical level.

Early humans entering the Americas encountered
massive land mammals and at some point began hunting
them successfully. The capabilities of their weaponry
would have been one primary factor determining how
they organized themselves and approached large and
potentially dangerous prey, as well as what other game
they could have successfully pursued. Most now consider
atlatls the primary projectile weapon Paleoindians used
in the Americas (Boldurian and Cotter 1999; Bradley,
Collins, and Hemmings 2010; Hemmings 2007); how-
ever, the specifics of this weapon system are typically
overlooked. Like other weaponry, atlatls and darts
come in a variety of forms, and are subject to circum-
scribing factors such as environment, prey type, and cul-
ture. Taking these factors into consideration is an
important step for any archaeologist analyzing material

residues left by ancient hunters, and we also need to
understand the performance capabilities of the weapons
themselves.

Over most of the prehistoric world the atlatl, or
spearthrower, rapidly gave way to the bow and arrow.
This is usually considered a major technological
advance, and one that may have carried important social
implications, as hunters organized themselves differently
to take advantage of a more effective weapon, and the
nature of warfare changed as well. However, in a few
places such as Mesoamerica and the Arctic, spear-
throwers survived alongside bows, or were even preferred
for some uses. Howdowe compare two systems that work
on different principles, endured for long and partly over-
lapping time spans, and varied among and within
cultures?

The velocity of a projectile is an important measure of
weapon performance because velocity directly affects a
projectile’s range, momentum, and kinetic energy, and
thus its impact on the target and killing efficiency. In
particular, atlatl darts and arrows shot from a bow are
often compared. A common argument is that arrows
are lighter than atlatl darts, and fly faster, thus having
greater range and flatter trajectory, which makes them
easier to aim. Atlatl darts are heavier and slower than
arrows, but their greater mass may increase force transfer
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upon impact (via the projectile’s momentum and kinetic
energy), to some extent offsetting darts’ lower velocity
and potentially making a more effective weapon in
some circumstances. Such arguments are usually made
on theoretical grounds, more or less supported by a lim-
ited amount of ethnographic and experimental evidence.
Surprisingly, published measurements of atlatl dart vel-
ocity are scarce and the accuracy of some available
measurements is questionable.

The velocity measurements that have been published
for atlatl darts are mostly in the range of 20–40 meters
per second (44.7–89.4 mph) (the conversion factors
used here are 1 m/s = 2.236936 mph and 1 mph =
0.44704 m/s). However, there is a great deal of variability
in the speeds cited, and the experiments are difficult to
compare for many reasons. The strength and skill of
each thrower is different. Each experiment has used
different equipment. Methods and equipment are not
always described in detail. Within a particular exper-
iment a variety of atlatls and different dart weights
may be used. The recording equipment also varies in
accuracy. Experimenters have tried radar guns, photo-
electric timing devices, long shutter speeds on still
cameras, motion picture film or digital recording,
and calculations of initial velocity based on the hori-
zontal distance the dart travels in long throws. A dart
slows down after it has been thrown due to air resist-
ance, and with some of these instruments it is not
always clear where along its path velocity has been
measured.

To provide better velocity data for discussion, we pre-
sent a suite of velocity measurements obtained from a
number of experiments, measuring velocity with differ-
ent instruments, and including some relatively large
samples of throws with consistent equipment and experi-
enced throwers. This allows us to critique previous work,
and more accurately consider the implications of dart
velocity in weapon system evolution.

1.1. Atlatl and dart capabilities: kinetic energy,
momentum and penetration

The two most relevant physical variables involved in a
projectile’s ability to penetrate a target, causing tissue
damage and hemorrhaging that brings down the
prey, are its mass and velocity on impact. Kinetic
energy and momentum, which are commonly used to
compare projectile effect, are functions of velocity
and mass.

Momentum is the tendency of an object in motion to
continue in its initial direction, and is equal to the
object’s mass multiplied by its velocity (P = m * v). The
total momentum of the system is conserved during

impact, in large part transferred from projectile to target.
Heavier or faster projectiles continue to penetrate the
target longer (all else equal). An object in motion also
has kinetic energy, which can be thought of informally
as force of impact, or more accurately, the amount of
energetic work that the projectile does as the energy is
expended in cutting tissue, breaking bone and pushing
tissue and bone out of the way. Kinetic energy is equal
to one half the projectile’s mass multiplied by the
square of its velocity (KE =½ m * v2), thus a projectile’s
velocity affects its kinetic energy much more than does
its mass.

Both kinetic energy and momentum are important to
consider when evaluating the effectiveness of a projectile.
Heavier projectiles (momentum-dominated) require
more energy to accelerate to a given velocity, but their
greater momentum also makes them more difficult to
stop and allows them to do a lot of damage upon impact.
Lighter projectiles moving at higher velocities (energy-
dominated) tend to pierce smaller holes given their typi-
cal smaller diameter, but shed their energy rapidly on
impact, doing destructive work on the target (and some-
times the projectile).

As will be seen, comparing projectiles using just kin-
etic energy or momentum is problematic, and projectiles
that vary in mass and velocity produce kinetic energy
and momentum values that are not always simple to
interpret when modeling lethality. Of course, other
characteristics of a projectile such as the design and
sharpness of the point, and the width of the haft and
the trailing shaft (Friis-Hansen 1990; Hughes 1998;
Shea 2006; Thomas 1978; Waguespack et al. 2009) also
affect its penetration and lethality. However, even with
the differences between darts and arrows, assuming simi-
larly effective tip designs, mass and velocity are perhaps
the most important variables. Accordingly, we report
accurately measured mass and velocity values for a
large number of modern and reproduced atlatl darts,
and we use the calculated values of kinetic energy and
momentum to quantitatively compare the performance
of atlatl darts with that of arrows.

2. Experimental procedures

2.1. Instrumentation and measurement

We have measured atlatl dart velocity in three ways:
slow-motion digital video, a chronograph, and a radar
gun. All had advantages and problems, but the agree-
ment is good enough to give us confidence in our results.
In some of these experiments we have cross-checked the
instruments against each other by measuring shots sim-
ultaneously with two instruments.
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2.1.1. Chronograph
Commercial chronographs are made for firearm shoo-
ters and archers to measure projectile velocities. As the
bullet or arrow passes over the instrument, it interrupts
light entering two apertures in the top separated by a
known distance, and the time between interruptions is
measured. Our chronograph was a ProChrono Digital,
made by Competition Electronics Inc. A pair of plastic
diffuser hoods are held up by steel guide wires to keep
light even over the apertures, and form a triangular target
area about a foot wide at the top and a foot high, through
which the projectile should pass. The digital display reg-
isters velocities from 22 to 7000 feet per second (about
6.7–2134 m/s, or 15–4773 mph). However, we found it
very difficult to use with atlatl darts, which are relatively
long, slow projectiles that flex dramatically in flight
(Figure 1) (Pettigrew et al. 2015). Because of the flex,
the guide wires interfered with the flight of the dart
and it was difficult to get the dart to pass directly over
the instrument, regardless of how accurately it struck
the target downrange. Even perfect flights often failed
to register a measurement. The chronograph did success-
fully capture a few measurements, enough to confirm
that the radar gun was consistently comparable.

2.1.2. Radar
We used a Bushnell “Velocity” hand-held radar gun cost-
ing about $70–100, which provides an instantaneous
digital readout in miles per hour. The specifications
claim that it can measure speeds of a thrown ball from
10 to 110 mph (4.5–49.2 m/s) at a distance of 90 feet.
Accuracy should be ± 1 mph, if the gun is in the direct
line of travel of your target projectile. If you are observ-
ing at an angle to the line of trajectory, accuracy

decreases. We found this instrument easy to use and con-
sistent. With a recorder standing close behind the
thrower and aiming downrange (Figure 2), there is the
likelihood of a small degree of random error because it
is impossible to tell exactly where in the flight path the
instrument registers the dart. If it registers the dart
farther down range, the velocity may be slightly lower.
Over the short distances of our tests (15–20 m), this
effect was presumed to be negligible.

The radar gun and chronograph were compared using
36 shots with a modern 55-pound fiberglass and wood
recurve bow and aluminum arrows. Each shot was
measured simultaneously by chronograph (5 m down-
range) and radar gun. Arrow velocity measured by the
chronograph averaged 101.285 mph, and mean velocity
of the same shots measured by the radar gun was
100.694 mph. The chronograph had a slight tendency
to register a higher velocity with a mean difference of
0.591 mph, on the order of half a percent of these
measurements. While a paired T-test showed that this
was statistically significant (P = 0.002), both the absolute
and relative differences between the instruments are
small enough that we can regard both as reasonably
accurate and similar. The few chronograph records we
obtained for atlatl darts also agreed reasonably well
with those made using the radar gun. Since the chrono-
graph did not record atlatl darts very well, we used the
radar gun in subsequent velocity tests.

2.1.3. Video
In early experiments (Whittaker and Kamp 2007), a few
shots were recorded with slow-motion video using a
Sony “Handycam” HDR-CX110. This video camera
will capture three-second bursts of slow motion at 120

Figure 1 A typical throw with an atlatl, showing lever motion and the flex of the dart.
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frames per second. The throws were made in front of a
brick wall to provide measurable units of distance.
Again to calibrate and compare instruments, Whittaker
made four bow shots and ten throws with his usual atlatl
and several different darts, simultaneously measured
with the radar gun and captured on the digital video
camera against the brick background. The calculations
of velocity from the film were about 19 per cent faster
than the radar gun records, but because the darts passed
at variable distances in front of the wall, there were par-
allax problems. As we will see, parallax probably explains
why some other camera-based velocity measurements
are not to be trusted. We consider camera measurements
of velocity to be finicky, and they must be carefully
planned and executed.

Digital video tests were also carried out by Grohs-
meyer and Pettigrew using two different approaches.
Grohsmeyer used a Casio EX-FH100 mounted on a tri-
pod to record digital video at 240 frames per second. Dis-
tance markers were placed in a row at 1-m intervals, and
throwers were instructed to stand in position to throw
directly over the line of markers at a target 15 m away.
Some throwers throw more side-arm than others, and
this was accounted for by instructing them to stand a lit-
tle bit to one side and confirming the vertical alignment
of the dart with the markers by using a spotter standing
behind the thrower. The camera was set to the side and
velocity was measured by comparing the distance the

dart traveled over the markers with the frame rate of
the film. Post-filming analysis included counting the
number of frames required for the dart to travel a
known distance, and calculating the speed using the fol-
lowing equation:

V = d
t
= d

(f /240)

where V is dart velocity, d is the known distance traveled
by the dart, t is time in seconds, f is the number of video
frames required for the dart to travel the known distance,
and 240 is the frame rate of the camera in frames per
second. Velocity measurements began a few frames
after the dart left the atlatl hook.

In the second method, Pettigrew used a video analysis
program called Tracker (http://www.cabrillo.edu/~
dbrown/tracker/), in which videos are calibrated using
the frame rate of the film and a scale of known length
set somewhere in the screen. Points can then be tracked
across the screen, and when the dart’s mass is entered,
Tracker is capable of providing a variety of data
(Figure 3). In Pettigrew’s experiments two different
Casio high-speed cameras were used: an EX-F1 and
EX-ZR1000. These cameras cost $150–800, and although
they do not produce slow-motion film in quality com-
parable with much more expensive high-speed cameras,
the video obtained is adequate for analyzing atlatl and

Figure 2 Measuring velocity with the radar gun at Cahokia. Grohsmeyer following through on a throw, Whittaker using the radar gun,
and Pettigrew recording.
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dart mechanics, and for measuring velocity to within
2 mph or better when effective filming methods are used.

Throwing inaccurately over the 1-m-interval markers
in Grohsmeyer’s experiment also had the potential to
introduce parallax, since throwing slightly to one side
or other of the line of stakes changes the resulting vel-
ocity calculations by placing the dart and measurement
references at different distances from the camera. The
problem of parallax was best demonstrated when using
the Tracker program and altering the scale that calibrates
the video. Slight changes in the scale could produce fairly
dramatic changes in the resulting velocity. However, the
velocity data using the line of stakes method is compar-
able with data taken using the radar gun, and with the
Tracker program when utilized correctly.

The Tracker program was used by Pettigrew (2015a)
in a number of experiments. The EX-F1 produces the
highest-quality video of all three cameras, shooting 300
frames per second at 512 × 384 pixel resolution, and
600 frames per second at 432 × 192 pixel resolution. To
solve the issue of parallax, a 20-cm scale was placed on
the dart shafts themselves using colored tape, and the

videos were scaled in Tracker to this marking (Figure 3).
Trials in tracking points at the tail, center of balance, and
tip of darts found the tip to be the most stable and least
affected by oscillation of the shaft (Pettigrew et al. 2015,
figure 6). Therefore, tracking the tip provides the best
velocity measurements. An experiment that measured
shots simultaneously using the EX-ZR1000 and the
Bushnell radar gun (Pettigrew 2015a) produced similar
results for paired shots, though the radar gun was
found to be more consistent.

2.2. Throwers and equipment: Tangling with
naturalistic experiments

Realistic atlatl dart velocities cannot be measured using
artificial launching devices in controlled lab environ-
ments, yet a main concern with the naturalistic approach
is how to assess an experimenter’s skill level. Some may
argue that because we did not grow up in a time when
skill with the atlatl was paramount, we cannot accurately
represent its capabilities. Perhaps, but most of the
throwers in our experiments have been practicing for

Figure 3 A screen clipping of the Tracker program during slow-motion video analysis of a Basketmaker atlatl dart (against white screen)
impacting the hog carcass (to right). The short line above the dart represents the scale, set to a 20-cm marking on the dart shaft. The
video was shot in 300 fps. Units of measurement in the graph and table on the right are: vx (velocity) in m/sec, px (momentum) in kg-m/
sec, t (time), K (kinetic energy) in joules.
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several years, and some started young. Some of us have
hunted deer, rabbits, squirrels, and other game success-
fully. We assembled a large body of data from many
different atlatlists using a variety of equipment precisely
so that our velocity measurements would not reflect our
abilities alone.

The primary throwers in most experiments were the
authors, all three of whom have worked and played
with atlatls for years, experimenting with many different
atlatls and darts, both modern creations and replications
of ethnographic and prehistoric forms (Pettigrew 2008a,
2008b, 2009, 2013, 2014, 2015a, 2015b; Pettigrew and
Garnett 2011, 2014, 2015; Pettigrew et al. 2015; Whit-
taker 2002, 2003, 2004, 2008, 2009, 2010a, 2010b, 2011,
2012a, 2012b, 2013a, 2013b, 2014a, 2014b, 2015, 2016;
Whittaker, Bryce, and LaRue 2008, 2009; Whittaker
and Kamp 2006, 2007; Whittaker and Maginniss 2006).
Many other experienced atlatlists were also recorded as
noted. Atlatl equipment was usually personal gear with
which the throwers were comfortable. Some of the
equipment replicated ancient systems.

We cannot visit the ancient past, but our experience
and understanding of the design, function, and capabili-
ties of the weapon leave us confident that the velocities
we report represent the weapon accurately. As will be
seen, consistent velocities were repeatedly recorded for
skilled individuals, and some strong throwers were
recorded throwing with maximum effort.

3. Results of several experiments

Over the past decade, together and separately we have
engaged in several attempts to measure dart velocity,
using various combinations of atlatl equipment and the
recording instruments above. We have also occasionally
measured bow and arrow velocities, some of which are
reported here, but that has not been a focus, only a
point of comparison and calibration. We have been
encouraged by the consistency of our data, and their con-
gruency with sporadic published and unpublished recent
measurements by colleagues, some of which will be men-
tioned below. Here we report in some detail several
experiments.

3.1. Variability among atlatls and darts

An early experiment (Whittaker and Kamp 2007) com-
pared different sets of equipment used by a single
thrower. Whittaker, well practiced with all the equip-
ment, performed all the throws at an ISAC bullseye tar-
get1 at 15 m, while Kamp recorded results using the
radar gun.

Many people believe that the spine of darts must be
matched to particular atlatls (e.g., Bergman, McEwen,
and Miller 1988; Pettigrew and Garnett 2015). In our
experience, there is a wide range of acceptable spine
with any atlatl, but in any case, tests of prehistoric atlatl
replicas are hard to evaluate because we usually do not
have the darts that were used with particular atlatls,
even if we do have contemporary examples of sufficiently
intact prehistoric darts, which are quite rare. Here we
wanted to test three modern sets of darts and atlatls
(Table 1) which the makers, Whittaker, Bob Berg, and
Bob Perkins, consider compatible (Figure 4). However,
in our experiment, we tested not only the original atlatl
+ dart sets, but all combinations of atlatl and dart,
recording 43–46 throws with each combination.

The largest differences between equipment in this
experiment were traceable to dart weight. Results are
shown in Figures 5, 6 and 7 as a 95 per cent confidence
interval in brackets around a mean (average), shown by
the star. In practical terms, this means that if the confi-
dence intervals overlap, there is no significant difference
between results, even if the mean is slightly different.

Figure 5 shows that throws with the Berg atlatl aver-
aged slower, regardless of the dart used, while the Whit-
taker and Perkins atlatls gave similar results. Figure 6
shows that throws with the relatively heavy Berg darts
also were slower than other darts, no matter which atlatl
was used, while the lighter Perkins and Whittaker darts
behaved similarly.

Figure 7 shows all nine combinations, and they fall
into three groups. When Berg darts were used with the
Berg atlatl, the average velocity was 20.3 m/s
(45.4 mph), significantly slower than any other combi-
nation. The Berg atlatl with other darts, or the Berg
darts with other atlatls, averaged between 22.2 and
23.5 m/s (49.6–52.5 mph). Whittaker and Perkins atlatls
and darts are relatively faster, and interchange well. The
Perkins atlatl with Perkins darts and the Whittaker atlatl
and darts both averaged 25.3 m/s (56.7 mph). Both the
Whittaker and Perkins atlatls achieved the highest speeds
with the other set’s darts, averaging 25.7 m/s (57.5 and
57.4 mph), but the overlap of the confidence intervals

Table 1 Atlatl and dart sets compared by one individual thrower.
Name Description Mass (g) Length (cm) Fulcrum (cm)

Atlatl
Whittaker Basketmaker inspired 162 64.5 64
Berg Modern ‘Wyalusung’ 139 73 57
Perkins Great Basin inspired 259 65 60

Dart
Whittaker Cane, wood foreshaft 99 217
Berg Wood, steel point 155 185
Perkins Aluminum, steel point 82 163
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shows that the difference between all four combinations
is not statistically significant.

These results were about as expected. The Berg darts
are significantly heavier than the Whittaker or Perkins
darts. The Berg atlatl, although not heavy, is both longer
in absolute length, and shorter in its fulcrum length than
the other two atlatls. The fulcrum length from hook to
wrist roughly measures the lever arm provided by the
atlatl; all else equal, a longer lever arm should be more
efficient, but length beyond the lever arm reduces effi-
ciency by adding drag and inertia (Whittaker 2014a,
2015).

Accuracy with this equipment is another matter. All
recorded shots hit the ISAC target at 15 m. Not surpris-
ingly, Whittaker was most comfortable and accurate with
his own gear. He learned to use an atlatl with the Bob
Berg equipment, and liked it, but it now feels slow and
heavy to him. Berg is a big strong guy who may do better
with heavy equipment. Whittaker finds Perkins’ atlatl
very comfortable, and with practice would be happy
using it in competition, but considers short darts hard
to aim consistently. Perkins’ darts are also too flexible
for best accuracy with a hard throw, and Whittaker is
more accurate with the Berg darts.

This experiment gives some sense of variability in
equipment and its effects on velocity. Heavy darts
tend to travel slower than lighter ones due to the
greater energy required to throw them. Other aspects
such as the body of the atlatlist, the length and weight
of the atlatl, the flexibility of the dart and the balance
of the system are also important. Some of this variation
in atlatl equipment may be first and foremost a reflec-
tion of individual preference. Other variation may
result from adapting the weapon to certain circum-
stances. Velocities achieved in this experiment by one
strong thrower using equipment typical of the modern
sporting atlatl world ranged from 20 to 26 m/s (45–
58 mph).

3.2. Variability among throwers

The skill and strength of different individual throwers
must affect the velocity of throws, as does the equipment
used by each atlatlist. There are now a great many experi-
enced atlatlists in the non-academic world to provide a
reasonable sample of throwing speeds. Throwers at several
events (World Atlatl Association Annual Meeting at Fond
du Lac, WI, and Missouri Atlatl Association annual event
at Cahokia Mounds State Historic Site in 2012, and the
WAA Annual Meeting at Cahokia in 2015) graciously
allowed Whittaker to measure their throws with the
radar gun and use their names and data (Table 2). The
table includes a few shots with bows measured at the
same times, and the average velocities from Whittaker’s
experiment above, also recorded with the radar gun.

Grohsmeyer was also measuring atlatlists and the vel-
ocity of their throws at similar events, using digital video
as described earlier. The parallel series of calculated vel-
ocity values are also presented in Table 2. In cases where
the same throwers were clocked by Whittaker and
Grohsmeyer on different dates spread over several
years, velocities were similar, with the variation expected
for different throws and perhaps different equipment.

In these small samples with many variables, we cannot
claim any clear patterns in the physique of the atlatlist, or
equipment variables. In general, heavy darts are thrown
at lower speeds, as in the Whittaker experiments above,
but some strong throwers propel heavy darts at relatively
high speeds. Larger, stronger atlatlists tend to throw fas-
ter, but not always.

In Pettigrew’s (2015a) trials with the Tracker pro-
gram, several atlatlists were filmed at the 2014 Valley
of Fire atlatl event in Nevada, and were asked to throw
at both their typical power when throwing for accuracy,
and as hard as they could muster while still maintaining
control (Table 2). Pettigrew also measured himself using
a personal atlatl and cane dart, and another replica of the

Figure 4 Atlatls used in velocity experiments comparing equipment. Top to bottom: John Whittaker, Bob Perkins, Bob Berg.
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Figure 6 Comparison of atlatls using 95 per cent confidence intervals for mean velocity (based on pooled standard deviation). BB = Bob
Berg; JW = John Whittaker; P = Bob Perkins. S = 4.549; R-Sq = 24.01%; R-Sq(adj) = 23.63%; pooled standard deviation = 4.549.

Figure 5 Comparison of darts using 95 per cent confidence intervals for mean velocity (based on pooled standard deviation). BB = Bob
Berg, wooden darts; JW = John Whittaker, cane darts; P = Bob Perkins, aluminum darts. S = 4.227; R-Sq = 34.38%; R-Sq(adj) = 34; pooled
standard deviation = 4.227.

Figure 7 Comparison of dart/atlatl combinations using 95 per cent confidence intervals for mean velocity (based on pooled standard devi-
ation). BB = Bob Berg; JW = John Whittaker; P = Bob Perkins. S = 3.357; R-Sq = 59.24%; R-Sq(adj) = 58.41%; pooled standard deviation = 3.357.
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Table 2 Atlatl dart velocities measured by Whittaker, Grohsmeyer, and Pettigrew using three different techniques, ordered by average
m/s, from Fond du Lac, Cahokia 2012 and 2015 (stars next to names in Pettigrew’s data indicate average velocities taken from the hog
experiment).
Name Qualifier Dart M (g) V̅ (m/s) V̅ (mph) K̅E (j) P̅ (kg-m/s) N SD (m/s)

Atlals and darts
K K 115 14.8 33 12.6 1.7 3 0.37
L N 93 15.6 35 11.3 1.45 3 0.56
R M 113 15.6 35 13.7 1.76 5 1.47
L H 16 36 8 2.84
C P 115 17 38 16.6 1.96 6 0.43
A L 107 17.4 39 16.2 1.86 10 2.33
J P 17.4 39 5 0.92
K O 17.4 39 2 0.67
T W 122 17.4 39 18.5 2.12 5 0.80
D S 18.8 42 5 0.52
C B 115.7 19.7 44 22.5 2.28 3 1.10
T B 19.7 44 9 0.73
G O 20.1 45 2 0.89
Whittaker Berg atlatl 155 20.1 45 31.2 3.13 45
Pettigrew WDC replica 85 20.6 46 18 1.75 5 0.78
K V 128 20.6 46 27.2 2.64 5 0.82
L M 128 20.6 46 27.2 2.64 7 3.75
S M 20.6 46 6 0.70
F L 105 21 47 23.2 2.21 5 3.38
L B 175 21 47 38.6 3.68 5 0.44
Pettigrew Heavy cane dart 180 21.0 47 39.8 3.78 3 0.97
J G Heavy cane dart 180 21.2 48 40.6 3.82 2 0.22
Pettigrew 109.4 21.5 48 25.2 2.35 2 0.45
D S Arm only throw 21.5 48 2 5.06
D B ca 170 21.5 48 39.3 3.66 5 3.52
J N 128 21.5 48 29.6 2.75 4 0.37
G B ca 100 21.9 49 24 2.19 6 0.84
T A 55 21.9 49 13.2 1.2 7 1.40
G N 93 22.4 50 23.3 2.08 1 5.14
J G WDC replica 79 22.4 50 19.8 1.77 7 1.07
L R Fiberglass dart 22.4 50 4 0.50
P H 44 22.4 50 11 0.99 7 1.37
R M Overhand throw 76 22.4 50 19.1 1.7 5 2.49
Pettigrew Gt Basin replica 87 22.8 51 22.6 1.98 3 0.73
D M 23.2 52 4 1.11
L R Aluminum dart 100 23.2 52 27.1 2.32 3 1.32
A M 149 24.1 54 43.3 3.59 5 3.13
Whittaker WDC replica 75 24.6 55 22.7 1.85 7 1.49
J W 127 24.6 55 38.4 3.12 4 1.87
Pettigrew 109.4 25.0 56 34.6 2.74 3 2.39
Whittaker B Perkins atlatl 82 25.5 57 26.7 2.1 44
B S Heavy cane dart 180 26.4 59 62.6 4.75 2 0.00
A W 114 26.4 59 39.7 3.01 8 1.58
Grohsmeyer Willow dart 167 26.7 60 59.8 4.46 5 1.11
B S Bamboo dart 26.8 60 3 0.21
D S Hard full arm throw 27.3 61 2 0.45
Whittaker Basketmaker atlatl 52 27.3 61 19.4 1.42 7 0.78
Grohsmeyer Cane dart 176 27.5 62 67.0 4.84 2 2.46
R M Side-arm throw 76 27.7 62 29.2 2.11 4 1.85
Grohsmeyer Large cane dart 177 28.2 63 70.2 4.98 3 0.73
Grohsmeyer Heavy cane dart 180 28.5 64 73.1 5.12 3 1.48
Grohsmeyer Arrow bamboo dart 113 32.4 73 59.6 3.66 2 2.01
B S Aluminum dart 100 33.2 74 55.2 3.32 3 0.84
Grohsmeyer Distance setup; short, light dart and long atlatl 68.3 35.6 80 43.3 2.43 3 0.21
Grohsmeyer Distance setup; short, light dart and long atlatl 63.2 38.0 85 42.2 2.22 3 1.32

Bows
Whittaker 25 lb primitive bow 20 35.8 80 12.8 0.72 14
F T 40 lb horsebow 37.1 83 5 1.25
R M Small sinew backed 39.3 88 3 1.80
Pettigrew 45 lb Catawba bow 30 41.6 93 26 1.25 5 1.17
Whittaker 55 lb modern recurve 29 45.1 101 29.5 1.3 36

Grohsmeyer high speed film over line of stakes
R M 116 15.6 35 14.1 1.81 2 0.08
A H 22.2 50 1
M W 22.2 50 1
D B 25.0 56 1
M B 25.0 56 1
J R 25.1 56 2 1.57

(Continued )
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Basketmaker atlatl and dart system from White Dog
Cave in Arizona (Pettigrew and Garnett 2015). In these
tests it was found, perhaps unsurprisingly, that the vel-
ocity of an atlatlists’ typical throw for accuracy, and a
very hard throw can differ significantly. Pettigrew’s aver-
age throw hovers around 20–22 m/s (45–50 mph); how-
ever, the hardest throws he could manage with the White
Dog Cave gear ranged up to 30 m/s (67 mph).

Comparison of these sets of data, collected with differ-
ent recording equipment and at different times, gives us
confidence in their general accuracy. Not only are the
recorded velocities closely comparable, but four throwers
were measured by both Whittaker and Grohsmeyer at
different times, and produced similar velocities. The abil-
ity of practiced atlatlists to throw with highly consistent
form and velocity has been apparent throughout our
experiments, reinforcing the naturalistic approach to
projectile studies.

We recognize that exceptional individuals in good
training might be able to throw faster than most of the
throws reported here, but we feel that we have a reason-
ably representative sample of a normal population, includ-
ing instances of particularly strong throwers attempting to
throw with maximum force. Bow and arrow measure-
ments by the authors (Tables 2, 4) and by others are
almost all above the speed range of atlatl measurements.2

Velocities of over 45 m/s (100 mph) that are sometimes

claimed for atlatl darts in both popular and scholarly
descriptions of atlatls (Fadala 2000; Meltzer 2009; Perkins
2011; Slater 2011; Veronese 2012), and in some exper-
iments by others discussed later (Hutchings and Brüchert
1997; Tolley and Barnes 1979) are not attained by normal
throwers and normal atlatls; these are velocities typical of
bows and arrows.

3.3. Velocity records from a carcass penetration
test

Lastly, an experiment was undertaken on a fresh hog car-
cass using a variety of atlatls and dart types, measuring
velocity for each shot using both the EX-ZR1000 digital
camera at 240 frames/second with the Tracker program,
and the same Bushnell radar gun used in Whittaker’s
previous trials (Figure 8) (Pettigrew 2015a; Pettigrew
et al. 2015). The impacts were filmed in slow motion
with the EX-F1, and penetration for each shot was com-
pared with the location of impact, the profile and design
of the point, and the kinetic energy and momentum of
the projectile resulting from its mass and velocity on
impact (complete data in Pettigrew 2015a). Velocities
were comparable between paired shots measured with
Tracker and the radar gun, although the radar was
found to be more consistent. This was due to the lower
quality video from the EX-ZR1000, which made it

Table 2 Continued.
Name Qualifier Dart M (g) V̅ (m/s) V̅ (mph) K̅E (j) P̅ (kg-m/s) N SD (m/s)

Grohsmeyer Normal throw 195 26.6 60 69.3 5.20 3 1.14
Grohsmeyer ISAC dart 195 26.7 60 69.5 5.21 1
Grohsmeyer 72′′ ash Berg dart 26.7 60 1
J W 128 26.9 60 46.6 3.46 2 0.76
J N 94 27.2 61 34.6 2.55 1
Grohsmeyer Alex’s dart 104 27.3 61 38.8 2.85 1
R M 27.5 61 2 0.78
J N Green fletch 125 27.7 62 48.0 3.47 1
Grohsmeyer 28.6 64 2 1.36
Grohsmeyer 50 m dart 113 29.3 65 48.4 3.31 1
Grohsmeyer Hard throw 195 30.0 67 87.9 5.86 1
Grohsmeyer Small light dart 63 33.3 75 34.7 2.08 4 0.66

Pettigrew high speed film and tracker
G L Normal throw 16.7 37 1
G L Hard throw 17 38 1
Whittaker* 20.9 47 2 0.2
J G* 21.8 49 20 1.5
P H* 22.4 50 2 1.9
M H Normal throw 22.7 51 1
Pettigrew* Normal throw 23.4 52 20 1.8
B K Normal throw 23.8 53 1
J M Normal throw 23.8 53 1
B K Hard throw 24.3 54 1
C H Normal throw 24.6 55 1
Unknown Normal throw 24.6 55 1
M H Hard throw 24.7 55 1
C H Hard throw 25.8 58 1
J M Hard throw 26.2 59 1
Pettigrew Hard throw 28 63 8 1.1
Unknown Hard throw 28 63 1

Total 414
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difficult to accurately set the scale to the markings on the
dart, and to accurately track points on the screen. How-
ever, the radar gun often fails to capture a reading, and so
in a carcass experiment capturing velocity with film is
more reliable. Better quality video would decrease the
variation.

The hog experiment was instructive in a number of
ways, perhaps most notably in comparing the killing effi-
ciency of various projectiles, including darts of various
sizes as well as arrows. Velocity and other data obtained
in this experiment are presented in Table 3.

Figure 8 Velocity measurement during penetration experiments, using Bushnell radar gun and digital video cameras.

Table 3 Dart velocity and penetration against a hog carcass.

Darts Proj. Mass g
Pt. max

width mm
Pt. max
thick. mm

Pt. TCSA
mm

V (radar)
m/s

V (film)
m/s

V (radar)
mph

V (film)
mph P kg-m/s KE J

Penetration
cm

Light willow Basketmaker darts
88.6 25 5.3 66 21 1.9 20
88.6 25 5.3 66 22 24 49.3 53.8 1.9 20 14
84.2 24 5.4 65 23 0.0 51.5 2 23 18
86.2 25 5 63 21 24 47.0 53.8 1.8 19 7.3
87 23 5.8 67 21 21 47.0 47.0 1.8 19 14
87 23 5.8 67 23 0.0 51.5 2 23 16
91.2 26 6.5 85 21 0.0 47.0 2 21 4.6
89.1 28 5.3 74 22 0.0 49.3 2 22 11
89.1 28 5.3 74 22 0.0 49.3 1.9 21 12
93.1 23 7.8 90 22 0.0 49.3 2 22
93.1 23 7.8 90 22 0.0 49.3 2 22 4.7
93.1 23 7.8 90 0.0 0.0 19

Medium cane darts
112 23 7.4 85 24 53.8 0.0 2.7 33 18
112 23 7.4 85 24 27 53.8 60.5 2.7 33 32
112 23 7.4 85 25 27 56.0 60.5 2.8 35 22
112 23 7.4 85 26 26 58.2 58.2 2.9 36 20
133 25 8 100 23 26 51.5 58.2 3.1 36 21
133 25 8 100 25 27 56.0 60.5 3.3 40 20
133 25 8 100 25 25 56.0 56.0 3.3 42 24
131 26 7.6 99 23 26 51.5 58.2 3 35 17
107 21 6.3 66 25 0.0 56.0 2.6 33 11
107 21 6.3 66 22 25 49.3 56.0 2.3 26 15
107 21 6.3 66 21 23 47.0 51.5 2.2 23 20
107 21 6.3 66 26 0.0 58.2 2.8 36 20
107 21 6.3 66 20 24 44.8 53.8 2.1 22 18
133 39 8.3 162 20 22 44.8 49.3 2.7 27 24
145 47 8.4 197 23 26 51.5 58.2 3.3 38 27

Heavy darts
225 22 9.9 109 23 0.0 51.5 5.2 60 30
191 30 7.5 113 20 23 44.8 51.5 3.8 39 14
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4. Discussion

4.1. Comparisons to other experiments

A number of papers have reported atlatl dart velocities
calculated using the distance a dart traveled in a throw
for distance, and a vacuum ballistics formula: velocity
(v) = the square root of the product of distance (d) and
the acceleration of gravity (G); (v =√dG). As Hutchings
and Brüchert (1997) note, this is not the best way to
measure velocity, because distance depends on too
many extraneous variables, especially the initial angle of
the throw and air resistance, as well as the usual problems
of variation in any human throw and in climatic con-
ditions. Despite these problems, Hughes (1998) provides
dart velocities from a number of previous experiments
using this method, and the data range is fairly close to
ours. Cotterell and Kamminga (1990) calculate that to
achieve a distance of 100 m, a velocity of over 30 m/s
(67 mph) must be attained. Note that this is a calculated
velocity based on an angle of projection and horizontal
distance, not one that was experimentally observed.

Most previously recorded atlatl dart speeds are com-
patible with ours. Bergman, McEwen, and Miller
(1988) used a military “skyscreen” and “velocity compu-
ter” (a large chronograph) to compare different replicas
of early projectile weapons. Arrow velocities achieved
were 30–60 m/s (67–134 mph) from a variety of self
and composite bows. Using a Basketmaker atlatl form
and a dart weighing 195 g and 152 cm long, they report
a velocity of 23 m/s (51.4 mph), which is within our
range, although their dart was heavier than most of
those in our samples.

Raymond (1986) also used a Basketmaker atlatl form
with and without a 40-g weight, and a 70-g dart, and
recorded consistent velocities of 20–21 m/s (45–47 mph)
measured with high-speed photography, and 20–27 m/s
(45–60 mph) measured with a radar gun. Incidentally,
he felt that the addition of a weight to his atlatl produced
about an 8 per cent increase in velocity, but in fact his
figures show that there is no statistically meaningful
difference between his weighted and unweighted throws.
Raymond’s equipment and use of a radar gun makes his
records perhaps the most comparable to ours, and
increases confidence in our velocity figures.

Stodiek (1993; in VanderHoek 1998) used high-speed
film to calculate velocities at launch of 29.7 m/s
(66 mph) for a 90-g dart and 19.45 m/s (43.5 mph) for
a 140-g dart, again reasonably close to our results. Van-
derHoek (1998) also reports chronograph measurements
of initial velocity of 23 m/s (51.4 mph) for a dart weigh-
ing 195 g, and 30–60 m/s (67–134 mph) for various
arrows shot from different bows.

The most often cited source for atlatl dart velocity is
probably the work of Hutchings and Brüchert (1997).
Measuring directly with paired cameras, they tested
darts weighing from 82 to 545 g at a target 15-m distant,
and recorded velocities from 28 to 64 m/s (62.6–
143 mph). Most darts averaged 33–47 m/s (73.8–
105 mph), and while even the heaviest dart worked,
they felt that the 220-g dart was best matched to their
atlatl, a rigid spruce form 65.4 cm long and weighing
149.5 g.

Hutchings and Brüchert (1997) present some of the
most carefully documented data available, but we believe
it is not all reliable. Their average dart velocities are con-
siderably higher than ours, although most of their darts
were much heavier, and their data range is highly incon-
sistent. The consistency of our measurements of many
different atlatl and dart combinations and many differ-
ent throwers, with comparisons of three measurement
techniques, and the comparability of our data with
those of most other experimenters, leaves us confident
that our measurements are accurate, and we must sus-
pect that something is wrong with theirs. Hutchings
and Brüchert report velocities up to 64 m/s (143 mph)
with a 273 g dart. It is extremely unlikely that they can
throw a dart that weighs twice that of our equipment
almost three times as fast as we typically throw the
lighter darts, or twice as fast as the strongest throwers
in a large sample of experienced atlatlists. We suspect
problems with their measuring approach, which
involved attaching a light to the tail of the dart and cap-
turing its flight across still photos at night. There may be
problems with parallax, or measuring an undulating
streak of light, but it is difficult to be sure without repli-
cating their experiment.

The higher velocities claimed by Hutchings and Brü-
chert are in the range of arrows shot from a modern bow,
and the difference between dart velocity and arrow vel-
ocity can be observed with the naked eye. To be fair,
other researchers also claim to have achieved high dart
velocities. Tolley and Barnes (1979) report velocities of
34–46 m/s (75–104 mph) at 15-m downrange, measured
with slow-motion video and a line of stakes for the scale.
They used a variety of atlatls and darts weighing 68–
190 g. Since the stakes were placed behind the dart rela-
tive to the camera (Tolley and Barnes 1979, figure 1), we
suspect that parallax is the cause of their high readings.

We are willing to admit the possibility that larger,
stronger throwers might exceed our top measurements
a bit, but years of observing atlatlists, experience throw-
ing with many different atlatl/dart combinations, and the
data presented above leave us convinced that velocities
above 100 mph are simply not reasonable. We doubt
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that such velocity can actually be achieved by any hunt-
ing spearthrower used in prehistory. The highest vel-
ocities we have recorded result from very hard throws
with relatively long atlatls and light-weight darts, and
are around 33–34 m/s (74–76 mph), while average
throws propel darts at closer to 22.5 m/s (50 mph). Vel-
ocities above 40 m/s (90 mph) are typical of arrows, not
atlatl darts.

4.2. Interpretations: Why dart velocity matters

Understanding dart velocity is important because it
affects our interpretations of the development of weapon
systems, as well as certain artifact types and the beha-
viors associated with them, particularly hunting tactics
and warfare. Darts travel much slower than arrows, as
is to be expected given the greater mass of most darts
and the limited energy supply available from the
human arm. The velocity data presented here may be
slower than some expect, but atlatl darts are deadly pro-
jectiles that travel impressive distances and hit targets
with plenty of lethal force. Our data should not under-
mine belief in the capabilities of atlatls, but enhance
our understanding. Good velocity data are also essential
for interpreting damage to impacted artifacts and
materials, specifically damaged stone points, which stay
intact when the perishable components of projectiles
rot away.

4.2.1. Hutchings’ velocity-dependent fractures
The transition from heavy hand-thrown spears to lighter
darts propelled by an atlatl occurred early, probably
before the first hunters entered the Americas, but
whether Clovis and Folsom points armed atlatl darts is
not entirely clear. Karl Hutchings (1997, 1999, 2011,
2015) has developed a promising method of analyzing
impact fractures on stone points to identify the speed
of impact, and thus infer the likely means of propulsion.
In brief, Hutchings argues that Wallner lines and frac-
ture wings, features of fracture surfaces in fine-grained
and amorphous materials, reflect the rate of fracture
propagation, which in turn is related to the velocity of
loading, i.e., through an impact, whether by a hammer
in knapping, or a projectile point encountering a target.
Wallner lines and fracture wings occur on the fracture
surface when the fracture front encounters a local irregu-
larity in material or the surface of the material. The angle
of divergence of these features is a function of fracture
velocity and the elastic characteristics of different stone
materials.

Hutchings (1997) tested projectile point fracture vel-
ocity using a calibrated crossbow at short range, shooting
obsidian points against beef ribs and stone. He also

examined flakes produced by various knapping pro-
cedures. His measurements of the fracture surface fea-
tures allowed him to distinguish loading rates as
“quasi-static” (e.g., from pressure flaking, thrust spear),
“rapid” (percussion flaking, spear, javelin, to dart), and
“dynamic” (dart or arrow only) (Hutchings 1997,
2011). There is a great deal of overlap, particularly
between arrow and dart; arrow or dart impact-related
fractures should only rarely include velocities in the
quasi-static range, while those from javelins, spears,
and knapping regularly include quasi-static data. Both
dart- and arrow-fracture velocities will include data in
the dynamic range. Overall, Hutchings would say that
lower velocity ranges are not so distinctive, but the
“dynamic” range is only achieved by the high-velocity
impacts of arrows or darts. Observing velocity-depen-
dent fracture features on a small sample of archaeological
Clovis and other Paleoindian projectile points, Hutch-
ings (2015) concludes that many show fractures induced
by “dynamic” rates of loading and thus were propelled by
atlatls.

If it works, this is an exciting methodology, but we feel
that it needs much further independent controlled test-
ing and refinement. We see a number of problems evi-
dent in Hutchings’ various descriptions of his methods.
These include issues of observer consistency in seeing
the fracture features. There is considerable range in the
velocities categorized as different types of loading and
in the velocities of the fractures inferred from their
features. In Hutchings’ baseline experiments, similar
experimental projectile-impact velocities produced
quite variable inferred fracture velocities. Hutchings
(1997, 2011) explains that fractures are complex, and a
single impact may cause multiple fractures traveling at
different velocities, from multiple initiation points on a
projectile point. Additionally, it is known that the vel-
ocity of a supercritical crack front is directly dependent
on the applied stress that caused fracture propagation
(Wachtman, Cannon, and Matthewson 2009), which is
in turn strongly dependent on the geometry of the impact
and nature of surface flaws on the projectile point.

More important for the purpose of this article, Hutch-
ings’ crossbow impact experiments, upon which his
identification of atlatl-dart impact-fracture velocity in
points relies, assumed dart velocities that are at or
beyond the limits of what is feasible for the kind of hunt-
ing atlatl Hutchings is trying to mimic. These are based
on the work cited earlier (Hutchings and Bruchert
1997). The upper end of the dart velocities claimed by
Hutchings and Brüchert are in the range of arrows
shot from a modern bow. We suspect that Hutchings’
methodology can be useful, but it needs a more reliable
experimental base, with much additional testing.
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4.2.2. Quantitative comparison of javelins, atlatls,
and bows
Ignoring atmospheric conditions, the maximum range of
a projectile depends only on its velocity, and is not influ-
enced by its mass after it has been launched. However,
heavier projectiles require greater energy expenditure
than lighter ones to accelerate them to the same velocity,
and in practical use this often means that we are able to
shoot or throw lighter projectiles at higher speeds and
therefore achieve greater maximum ranges. Given a
fixed available amount of energy for launching, the effi-
ciency of the launching system for a certain mass of pro-
jectile becomes very important.

The choice of whether to use a heavier, slower projec-
tile, or a lighter higher-energy projectile depends on the
energy available for launching the projectile, the effi-
ciency of the launching system, and the nature of the tar-
get and the range desired. Most atlatl darts are too light
to be very effective as slow hand-thrown spears, because
the efficiency of the human arm decreases as the mass of
the projectile decreases. The more efficient lever action
of an atlatl allows the human arm to accelerate a dart
enough to make it a deadly weapon. Similarly, a bow
increases the efficiency of energy transfer to even lighter
arrows by storing the arm’s energy in the elastic material
of the bow. Given the nature of the human arm and the
efficiency of ancient atlatls and bows, the trend, if greater
damaging force is required, is to use a heavier and slower
projectile, but if greater range is desired, or targets are
small and agile, projectiles tend to be lighter and faster.

Figure 9 compares the mass and velocity of a suite of
atlatl darts measured in the present study, including
many sets of modern personal competition gear as well
as replica Basketmaker atlatl and dart sets, with mass
and velocity data for a variety of arrows. The bow-and-
arrow data include wooden and fiberglass bows
measured in the present study as well as very powerful
reproductions of historical war and flight bows, and a
modern compound bow shooting carbon-fiber hunting
arrows of various weights, taken from literature. The
overall trend of increasing velocity with decreasing
mass is obvious. Additionally, the atlatl darts and arrows
appear to fall within separate characteristic envelopes of
mass and velocity: atlatl darts as a general rule did not
weigh less than 0.05 kg and most did not fly faster
than 34 m/s, though some throws with specialized equip-
ment approached 38 m/s. Arrows generally did not
weigh more than 0.05 kg and did not fly slower than
36 m/s. Although there are a few exceptions in both
cases, 0.05 kg can be regarded as a “weight boundary”
between darts and arrows, while roughly 35 m/s can be
regarded as a “speed boundary” between darts and
arrows.

Atlatls can be constructed to allow the atlatlist to
input more work to accelerate a heavier dart, or to trans-
fer energy more efficiently to a lighter dart, but there are
inherent limits in lever systems (Whittaker 2016). It is
also possible for exceptionally strong throwers to throw
projectiles that are heavier than most darts by hand,
and accelerate them to the velocities reached by some
atlatl darts. For example Olympic men’s distance records
with modern aerodynamic javelins (800 g) are above
90 m (http://www.olympic.org/athletics-javelin-throw-
men). This would require an impressive thrown speed
of at least 30.3 m/s (68 mph), giving a minimum kinetic
energy of 368.7 J and a momentum of 24.3 kg-m/s. This
helps prove a point: atlatls are not necessarily a step up
from javelins because darts are more lethal than javelins
on impact, but rather because it is easier to achieve
greater range, accuracy, and efficiency in carrying and
launching atlatl darts, and weaker individuals with less
training can also use them effectively. The analogous
development of the bow and arrow likewise allowed for
greater ease in launching, accuracy, and greater range,
but not necessarily greater lethality than atlatl darts.
All weapon systems are compromises along these lines.

Tomka (2013, table 4) tabulated the recommended
kinetic energy and momentum for arrows used by mod-
ern bow hunters for hunting animals of various sizes.
These recommendations were developed from the
experience of modern archers hunting small to very
large game, primarily in Africa, and are worth

Figure 9 Mass and velocity plot for atlatl darts measured in the
current study and for arrows with values measured in the current
study or taken from literature. Note the segregation of darts and
arrows: measured darts did not travel faster and arrows did not
travel slower than 37 m/s, and 0.05 kg is the upper limit to arrow
mass and lower limit to dart mass. Arrow data from the following
sources: T.B.B. 4 wooden arrows (Hamm 2008, 110); English war
arrow (Baker 2000, 61); Turkish arrows (Karpowicz 2005, 2006);
modern compound arrows (Hunter’s Friend 1999).
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considering when thinking of ancient hunters who also
killed game with shots into the vitals (Friis-Hansen
1990). The hog carcass experiment provided some indi-
cation of the practicality of these measurements (Tables
3, and 4; see Pettigrew 2015a). The hog weighed

approximately 220 lbs (100 kg), which is in Tomka’s
(2013) medium- and large-game categories, and shots
into the carcass that carried kinetic energy and momen-
tum comparable with the recommended values for kill-
ing animals of that size range penetrated well, even
after impacting ribs and the scapula. Shots that had
lower kinetic energy and momentum, including replica
Basketmaker darts from White Dog Cave in the South-
west, were less likely to penetrate well, and some were
stopped by ribs.

Individually, kinetic energy or momentum alone do
not provide adequate comparisons between projectiles
of varying mass and velocity. Due to the characteristics
of the separate formulae, darts and arrows share a similar
range of kinetic energy, with darts traveling slower, but
dart momentum is generally higher because they are
heavier (Figure 10). Thus the kinetic energy and momen-
tum values for darts straddle those of arrows in Tomka’s
table 4 (Tomka 2013, 558). In Table 4 we list experimen-
tal projectiles in order of their kinetic energy to compare
with Tomka’s recommendations, although we note that
darts would seem more lethal if compared by momen-
tum, or if both measurements were used simultaneously
(Pettigrew 2015a). More controlled experiments are
needed to determine which measure, kinetic energy or
momentum, best represents the difference between
darts and arrows in impact damage.

The calculations presented in our data tables show
how values of kinetic energy and momentum for atlatl
darts and arrows of varying mass and velocity can

Table 4 Momentum and kinetic energy of various experimental darts compared to recommendations for modern hunting arrows
(Tomka 2013), ordered by kinetic energy.
Tomka’s recommended arrow KE and p by game size Experimental projectile Mass (g) V (m/s) KE (J) p (kg-m/s) Source

Small game
< 20.5 kg
KE≤ 34 J
p≤ 1.1 kg-m/s

Wood arrow from Charlie Brown Bow 20 36 12.9 0.7
WDC darts from hog experiment 80 22 19.4 1.8 Pettigrew 2015a
Target WDC (avg. V) 90 21 19.8 1.9
PP/BB 82 23 21.7 1.9 Table 1
PP/JW 82 25 25.6 2.1
P/P 82 25 25.6 2.1
Target WDC (high V) 90 25 28.1 2.3 Pettigrew 2015a
JW/JW 100 25 31.3 2.5 Table 1
JW/P 100 26 33.8 2.6

Medium game
33–136 kg
KE = 34–56 J
p = 1.1–1.7 kg-m/s

Cane arrow from Catawba Bow 34 45 34.4 1.5 Pettigrew 2015a
Cane darts from hog experiment 112 25 35 2.8
BB/BB 155 20 31 3.1 Table 1
BB/P 155 23 40 3.5
BB/JW 155 23 41 3.6
Target WDC (highest V) 90 30 41 2.7 Pettigrew 2015a

Large game
73–300 kg
KE = 56–88 J
p = 1.7–2.6 kg-m/s

Grohsmeyer (normal throw) 195 26 66 5.1 Table 3
Grohsmeyer (hard throw) 195 30 88 5.9

Very large game
227–998 kg
KE≥ 88 J
p≥ 2.6 kg-m/s

Clovis dart 465 20 93 9.3 Frison 1989

The velocity for Frison’s Clovis dart is an estimate based on other velocities recorded with heavy darts (abbreviations for dart/atlatl combinations refer to Tables 1
and Figures 5, 6, and 7; WDC indicates White Dog Cave Basketmaker replicas).

Figure 10 Kinetic energy and momentum plot for atlatl darts and
arrows. Atlatl darts carry greater momentum for any given kinetic
energy, although both projectiles are capable of similar ranges of
kinetic energy. To match the kinetic energy of heavier atlatl darts,
bows with relatively high draw weights or modern carbon-fiber
arrows are needed. Arrow data from the following sources:
T.B.B. 4 wooden arrows (Hamm 2008, 110); English war arrow
(Baker 2000, 61); Turkish arrows (Karpowicz 2005, 2006); modern
compound arrows (Hunter’s Friend 1999).
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overlap. For example, heavier darts thrown at rela-
tively high speeds can achieve greater kinetic energy
than some arrows shot by bows of low-to-medium
draw weight, and heavy arrows at high speeds can
achieve greater momentum than some light darts. In
Figure 10 an overlap is present in the momentum
ranges of the dart main cluster (1–3.7 kgm/s) and the
arrow main cluster (0.7–2 kgm/s), but for any particu-
lar kinetic energy value, the darts always have higher
momentum than the arrows. Roughly 65 per cent of
the darts in the main cluster have momentum greater
than 2 kg-m/s, which is the upper limit for arrows
shot from most self-bows. Based on this information
darts typically have an advantage in momentum,
although we are not sure yet how that affects hunting
success. Several experimental atlatl darts achieved kin-
etic energy values only matched by powerful historical
bows and by modern compound bows with carbon-
fiber arrows. These fast and heavy darts had momen-
tum values not matched by any arrows. Local and per-
sonal variations in equipment should never be left out
of consideration.

4.3. What it all means for Paleoindian and Archaic
Archaeology

Understanding the nuances of weapons that leave
material residues on the landscape is important for any
archaeologist who studies ancient hunting cultures.
Given what we have learned about atlatl dart velocity,
we can begin to apply this to a deeper understanding
of the capabilities of the weapon, and what variations
in form might mean in terms of adaptions to any par-
ticular circumstance. Paleoindians who used the weapon
to hunt very large animals, with the intent of penetrating
the body and killing with hemorrhaging, would have
needed heavy darts to reach adequate levels of kinetic
energy and momentum to be lethal. Experiments on ele-
phant carcasses support this (Callahan 1994; Frison
1989). But heavy darts require more energy to throw
and carry, indicating that optimizing the weapon with
well-designed points and stream-lined hafts that pene-
trate effectively, would have had obvious advantages to
ancient hunters. This in turn could have consequences
for the basal morphologies of stone dart points, a concept
we plan to test in future experiments. Using poison is one
way around increasing the mass of projectiles for big
game (Jones 2007; Osborn 2016). As mammoths van-
ished and some Paleoindian hunters focused on bison,
their equipment should have changed. Smaller, swifter
prey may have required Paleo hunters to use lighter
equipment as well, though we can expect that there
was always a mix of prey and a variety of suitable gear.

Archaeologists are frequently faced with the problem
of evaluating and comparing different technologies,
including those that are extinct or little used today.
For post-Pleistocene America, the adoption of bows
and obsolescence of atlatls needs explanation as it is
believed to be a technological advance having consider-
able social and economic consequences (Bingham,
Souza, and Blitz 2013; Blitz 1988; Blitz and Porth
2013; Erwin et al. 2005; Hughes 1998; LeBlanc 2003;
Tomka 2013; Whittaker 2010a). Fortunately, there are
skilled users of both atlatls and bows alive today, compe-
tent to perform experiments that give us some basis for
comparison. It is difficult to control for the skill level of
experimenters, but in this case we have addressed this
shortcoming, common in naturalistic experiments, by
measuring velocity from a large number of well-prac-
ticed throwers who participate in competition, some of
whom have hunted successfully.

If we understand the spearthrower as a lever, we see
that it is not ancestral to the bow, which is a spring,
but there remains an evolutionary trend that continues
today. Projectile weapons increasingly distance the user
from the target, increasing the hunter or warrior’s safety
and effectiveness, and decreasing the amount of bodily
strength or physical effort necessary to make a kill. In
the case of thrusting spear, javelin, atlatl, and bow
there is a compromise. The projectile becomes lighter,
often reducing momentum, but increasing velocity.
Increasing velocity not only increases range, distancing
the shooter from angry animals and hostile combatants,
but improves accuracy with a flatter trajectory (Hughes
1998; Tomka 2013; Whittaker 2013a), and helping hun-
ters to hit more elusive prey (Tomka 2013). In some cir-
cumstances where accuracy at long range was not the
most important attribute, or greater momentum was
required that could not be easily achieved with light
arrows, or because certain methods were culturally
embedded and not easily dislodged, atlatls and darts con-
tinued to be used alongside archery equipment. All pro-
jectile systems are compromises among a suite of
desirable traits.

To illustrate with a brief archaeological example, let us
consider the prehistoric Southwest. Although the atlatls
we discuss here surely differ from those in use by Clovis
and other Paleoindians, the survival of many prehistoric
southwestern atlatls and a few darts allows us to exper-
iment with accurate replicas. Bows replaced atlatls in
the American Southwest probably around 500–700
AD, although there are suggestions of earlier bows and
arrows (Reed and Geib 2013). This is traditionally one
of the material-culture distinctions at the juncture
between Basketmaker II and III. The bow may have
increased warfare and social complexity, or at least the
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efficiency of warfare (LeBlanc 1999, 2003; Reed and Geib
2013; VanPool and O’Brien 2013). Was it because bows
were more powerful? A contrary argument has been that
atlatls actually survived alongside bows in the Southwest
(and elsewhere) longer than previously thought (Van-
Pool 2006; but see Whittaker 2012a), because they
were more effective against large game and in warfare
than early bows.

Our experimentally derived data assist the discussion.
Whittaker, Pettigrew, and Justin Garnett all threw at the
same events in 2012, using careful replicas of Southwes-
tern “Basketmaker II” atlatls made by Pettigrew and
Garnett (Figure 11; Pettigrew and Garnett 2015), and
consistently registering velocities around 20–24.5 m/s
(45–55 mph) (Table 2). The same equipment clocked
at the hog experiment (Table 3) produced similar
velocities. The darts, which are close replicas of
archaeological Southwestern willow darts, used steel
field points at Cahokia and stone points of similar
weight on the hog. These darts weighed 75–85 g.
Accordingly, for a Basketmaker dart: KE = 19.4 J and
P = 1.76 kg-m/s.

We do not have very good data on prehistoric South-
western bows, but most ethnographic self-bows in the
western US were relatively light, pulling 50 lbs or under
(Pope 1923), and prehistoric bows were probably similar
(LeBlanc 1999). More powerful bows, especially recurved
and sinew-backed forms, apparently arrived later. Our
Southwestern atlatl data can be compared to Whittaker’s
shots with a light sinew-backed self-bow made by Charlie
Brown, with a draw weight around 25–30 lbs (Table 2).
Average arrow velocity was 35.8 m/s (80 mph). Mass of
the light modern wood arrows used was 20 g. In other
words, compared to the Basketmaker atlatl darts, mass
was halved, while velocity was increased by somewhat
more than 50%. Accordingly, for a light wooden arrow
from a light bow: KE = 12.9 J and P = 0.72 kg-m/s.

For a second comparison, we can use Pettigrew’s
(2015a) reproduction Catawba self-bow, which draws
around 45 pounds. We measured shots with cane arrows

weighing 25–35 grams, reaching velocities around
45 m/s (100 mph). Thus, for a Cane arrow from a light
bow: KE = 34.4 J and P = 1.5 kg-m/s.

The atlatls and darts have considerably greater kinetic
energy and momentum than the lighter bow and arrow
set. The more powerful bow, with a slightly heavier
arrow, produces more kinetic energy than our Basket-
maker atlatls and darts, but as expected, because the
arrow is lighter than the dart, it still has less momentum.
By these measures the Basketmaker atlatls and darts are
more effective than some light bows, and comparable in
lethality to arrows shot from some ethnographically-
based self-bows. At a certain point more powerful
bows are going to overtake them, but these are fairly
light darts, and heavier darts would also be contenders
against stronger bows. It is also critical to remember
that individual throwers and archers differ as well as
their gear.

Modern hunters often do not use weapons that are
overly powerful for the game they intend to hunt, and
similarly an atlatl or bow designed for hunting bison
may be impractical and unnecessary for hunting deer.
What makes a weapon system effective can hinge on
many variables. Accuracy is more easily achieved with
a bow, although a skilled atlatlist can compete with an
archer at short ranges (Bettinger 2013; Whittaker
2013a). An arrow traveling at higher speed also reaches
its target more quickly, giving prey less time to move
out of the way, and bows can be fired from a variety of
positions, while darts are most effectively launched
from a standing position. Lastly, shooting a bow requires
less movement than throwing with an atlatl. These fac-
tors could be important for individual hunting of alert
prey, and in warfare. However, variations in hunting tac-
tics, such as hunting in groups and driving prey into
approachable positions (Frison 2004), as well as tactics
in warfare, could have kept atlatls effective and useful,
even after the introduction of the bow.

The Basketmaker ‘culture’ relied on early maize hor-
ticulture for much of the diet. Except perhaps for

Figure 11 Throwing with replica White Dog Cave Basketmaker atlatl and dart.
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domesticated turkey in some areas, their meat was
hunted, but they never needed the heavy gear we expect
was necessary for hunting Pleistocene megafauna. The
largest game available in the Southwest during Basket-
maker and preceding Archaic times were medium-
sized artiodactyls. Basketmaker rock art favors bighorn
sheep images. In some areas atlatl images were also
common and often associated with portrayals of
hunts, impaled sheep, and occasionally human conflict
(Geib 2016; Whittaker, Bryce, and LaRue 2008). Deer,
elk, and some birds and predators also figure in the
rock art, but smaller game is rarely shown. Although
it has been suggested that the shift from atlatl to bow
improves the ability to hunt small game, and late faunal
assemblages are often dominated by rabbits, post-Pleis-
tocene southwesterners throughout used a mix of fauna.
Basketmaker and Archaic sites usually have lots of small
game, even when ungulates are abundant (Reynolds
2012). Later people, whose sites are also dominated by
small game, continued to hunt deer (and humans)
with bows and arrows and late rock art continues to
favor bighorn sheep. Change in game is neither simply
responding to a change in weaponry, nor reflected by
such change. Atlatls are accurate enough for small
game, there are many ways to compensate for relatively
weak bows, and other equipment such as nets and
throwing sticks surely play a part, but understanding
the two important weapon systems helps us work out
the mix.

Similarly, earlier hunters in the Americas would have
used a variety of weapons and strategies. Large, robust
points imply sturdy atlatls and darts, and relatively
heavy projectiles would be necessary to hunt large
game. That does not mean that they could not have
been used for small game as well, or perhaps different
sizes of equipment were selected. We lack the evidence
to say. Experiments with spearthrowers have shown
that they can produce killing wounds on elephants (Fri-
son 1989, 2004), our experiments quantify some of the
power of atlatls, and other formal experiments (Whit-
taker 2010b, 2013a) and practical experiences have
shown that atlatl hunters would be capable of the accu-
racy needed to target individual animals and their
small kill zones, rather than just heaving projectiles
into a herd as suggested by some (e.g., Browne 1940).

The effectiveness of a weapon is a complex matter,
involving not only the attributes of the projectile such
as point form (sharpness of tip and edges, thickness
and width), strength of material and stability of hafting,
but also the skill of the user, the nature of the target,
environmental conditions, and so on. Nevertheless,
some consistent and measurable variables including vel-
ocity and mass are necessary for objective comparisons.

Modern instrumentation and theoretical understandings
allow us to evaluate technologies in ways that were not
available to their prehistoric users. In the case of atlatls,
simple and accurate measurements of velocity allow us
to say that darts cannot be propelled as fast as arrows,
but were nevertheless highly effective.
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Notes

1. The International Standard Accuracy Competition
(ISAC), sponsored by the World Atlatl Association, is
the only standardized competition where records are
kept in the small world of sport atlatlists. The target is
a large bullseye target similar to those used in archery,
with the ISAC consisting of 5 shots at 15 m and 5
shots at 20 m. Detailed rules and scores can be found
on the World Atlatl Association webpage at http://
waa.basketmakeratlatl.com/.

2. Our arrow velocity measurements are comparable to
others obtained with pre-modern bow forms and a var-
iety of instrumentation: Miller, McEwen, and Bergman
(1986), 46–50 m/s (103–112 mph) with replicated Egyp-
tian composite bow and light reed arrow; Bergman,
McEwen, and Miller (1988), various self and composite
bows 30–60 m/s (67–134 mph); Pope (1923), Ishi’s 45–
lb bow 30.5 m/s (68 mph), English longbow 36.6–
41.1 m/s (82–92 mph); Bourke and Whetham (2007),
140–lb replicated English war bow 46–50 m/s (103–
112 mph); Klopsteg (1943), various bows of wood and
early synthetics 36.6–70 m/s (82–136 mph); modern
“traditional” bows of wood and fiberglass can reach 70
m/s, while the modern “compound” bows with cams
and cables do much more, up to 97.5–106.6 m/s (218–
239 mph) (Miniter 2014).
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