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Introduction:

Studies have previously been conducted to
verify the survivability of living cells during hyper-
velocity impact events to test the panspermia and litho-
panspermia hypotheses [1, 2]. It has been demonstrated
that bacteria survive impacts up to 5.4 km s™ (approx.
shock pressure 30 GPa) — albeit with a low probability
of survival [1], whilst larger, more complex, objects
(such as seeds) break up at ~1 km s™ [2]. The surviva-
bility of yeast spores in impacts up to 7.4 km s™ has
also recently been shown [3]. Previous work by the
authors  demonstrated  the  survivability  of
Nannochloropsis Oculata Phytoplankton, a eukaryotic
photosynthesizing autotroph found in the ‘euphotic
zone” (sunlit surface layers of oceans [4]), at impact
velocities up to 6.07 km s™ [5]. Other groups have also
reported that lichens are able to survive shocks in simi-
lar pressure ranges [6]. However, whilst many simple
single celled organisms have now been shown to sur-
vive such impacts (and the associated pressures) as
those encountered during the migration of material
from one planet to another [1, 3, 5], complex multi-
cellular organisms have either largely not been tested
or, those that have been, have not survived the process
[2]. Hypsibius dujardini, like most species of
tardigrade, are complex organisms composed of ap-
proximately 40,000 cells [7]. When humidity decreases
they enter a highly dehydrated state known as a ‘tun’
and can survive extreme temperatures (as low as -
253°C or as high as 151°C), as well as exposure to X-
rays and the vacuum of space [7]. Here we test the
shock survivability of Hypsibius dujardini by firing a
nylon projectile onto a frozen sample of water contain-
ing frozen tardigrades using a light gas gun (LGG) [8].
The recovered ice and water were then analysed under
an optical microscope to check the viability of any
remnant organisms that may have survived impact, and
the pressures generated.

Methodology:

Several original samples of tardigrades were
sourced from Sciento [9]. These were first analysed to
ascertain how many viable organisms were in each
sample, then the samples were divided up and placed in
a freezer at approx. -20°C. A shot program ranging in
velocity from 0.372 to 5.49 km s was undertaken,
firing a cylindrical nylon projectile (diameter 4.4 mm x
length 4.5 mm) at a reinforced target of frozen water
containing frozen tardigrades (51 x 51 x 10 mm). For

each sample fired upon, another was also removed
from the freezer and thawed; this served as the
unshocked control. Table 1 give details of the shot
programme. The target was mounted in a specially de-
signed target holder and the pressure in the target
chamber was lowered to 50 mBar and at which point
the gun was fired. Immediately after the shot, the target
chamber was returned to atmospheric pressure, the
target holder removed, and the remaining water and ice
in the target holder were collected and analysed under
an optical microscope to search for surviving
tardigrades.
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Fig. 1. Optical images of Hypsibius dujardini at 100x zoom.
1. A living organism. 2. A dead organism. 3. A discarded
husk. 4. An egg laden husk.

Results:

To test the viability of the shocked samples,
the ice and water collected after impact were left to
thaw overnight, and then analysed under an optical
microscope. In all of the shocked samples surviving
organisms were found. These surviving organisms were
found to be in an active state, moving around and
eating algea, just as the unshocked samples showed.

Shock Pressure Experienced During Impact:
To get an understanding of the range of pressures ex-
perienced across the whole target (and thus, what the
organisms experienced) a series of simulated impacts
were run using Ansys’ AUTODYN software using a 2-D
Lagrangian mesh solver with axial symmetry to accu-
rately gauge the pressures involved (Table 1).
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Fig 2. Ansys AUTODYN simulation showing: Left. Set up
showing gauges #2 and #160. Right. Pressure contours dur-

ing 3.23 km s™ impact, (snapshot 6.13 ps after impact).

Survivability Ratio: The original sample of
tardigrades showed a ratio of living-to-dead (‘LtD”)
organisms of 1.26. After freezing (using fourteen sam-
ples for varying time intervals) this drops significantly
(Table 1). However, the survival rate appears to be
constant regardless of the length of time the sample is
frozen, with a mean of living-to-dead ratio of 0.3089 +
0.0227 (Fig 3). The first 2 data appear to be outside of
the scatter, however, these were only frozen for one
day and it is likely that some organisms survived be-
tween ice crystals before the entire sample could freeze
thoroughly. The fourteen shocked samples show a de-
creased survival rate with a clear trend such that as the
impact velocity (and shock pressure) increases, the
living-to-dead ratio of the organisms drops significant-
ly (Table 1 & Fig. 4).

Table 1. Parameters of shot programme so far undertaken.

Shot Impact Pressure Time LtD ratio LtD ratio
ID. Speed AUTODYN  Frozen  (Shocked (Control
(kms™) (MPa) (Days)  Sample) Sample)

Orig N/A N/A N/A N/A 1.26
S1 0.372 415-71.1 14 0.120 0.28
S2 0.650 9.23-107 8 0.117 0.30
S3 1.028 24.8 - 166 07 0.115 0.32
S4 1.398 51.3-232 22 0.113 0.30
S5 1.409 54.5-234 14 0.113 0.32
S6 1.427 56.6 — 238 1 0.113 0.33
S7 1.950 99.9 - 368 21 0.111 031
S8 2.230 111 - 440 135 0.100 0.29
S9 2.800 172 - 634 6.5 0.091 0.31
S10 3.230 219-971 01 0.076 0.37
S11 3.450 235-1,218 26 0.073 0.30
S12 4.290 288 - 1,752 20 0.071 0.31
S13 5.180 371-2,935 36 0.030 0.28
S14 5.490 374 —3,348 28 0.018 0.30
*0rig = Original sample, unfrozen, and unshocked.
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Fig. 3. Graph of freeze time vs. living-to-dead ratio for un-
shocked control samples.
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Fig. 4. Graph of impact velocity vs. living-to-dead ratio of
shocked samples of tardigrades.
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Fig. 5. Expected survival pattern for living micro-organisms
subjected to hypervelocity impacts (taken from [3]).

Conclusions:

We have extended the range of organisms that
survive hypervelocity impacts to include, for the first
time, a complex multi-cellular micro-animal. This
demonstrates that in addition to bacteria, yeast, and
phytoplankton, the complex multi-cellular life form
Hypsibius dujardini could survive the ejection and re-
impact onto a planetary body, such as Mars, the Moon,
or Europa for example. Work is also ongoing for vari-
ous freezing temperatures and timescales, as well as
simulations of various impact scenarios that may allow
survival at even great velocities.
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