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Abstract

Cladistics is a multivariate analysis technique most of-
ten used in the biological sciences. Recent advances
have brought this method to Astronomy, forming a
new discipline, Astrocladistics. The technique uses
clustering analysis to link closely related objects, and
presents the resulting hypothetical relationships based
on their characteristics. We apply Astrocladistics to
the Jovian Trojans, a population known to contain at
least six collisional families, to further demonstrate the
technique in the planetary sciences. Through this anal-
ysis, we can incorporate dynamical information, as
well as datasets from three surveys, WISE, SDSS and
Gaia DR2, without truncating datasets. The resulting
dendritic trees identify members of existing collisional
families, and can be compared with other taxonomic
systems. This is preparation for the future datasets,
including the release of Gaia DR3 and other next gen-
eration surveys, such as LSST.

1. Introduction

Modern cladistics began in the mid 20th century [4]
and rapidly became the methodology of choice for bi-
ological taxonomy. Today, the discipline has expanded
to include genetic analysis, with large datasets giv-
ing us a clear understanding of the ‘Tree of Life’ [6].
There have been recent efforts to expand the cladisti-
cal technique into Astronomy, collectively called ‘As-
trocladistics’” [1]. These works include investigations
into the satellite systems of Jupiter and Saturn [5]. In
order to expand the use of Astrocladistics in planetary
sciences, we chose the Jovian Trojans as a test case
for the technique. The Jovian Trojans are a population
of approximately 7000 known small bodies, located at
the L4 and L5 Lagrange points of Jupiter. Within the
two swarms, six collisional families have been iden-
tified [10], four in the L4 swarm and two in the L5
swarm.

2. Astrocladistical methodology

Astrocladistical methodology begins with the creation
of a 2D matrix. In the rows are the objects of inter-
est, in this case the Jovian Trojans, with each column
representing a specific characteristic. The characteris-
tics are the dynamical proper elements (Aa, e & sin-i)
[8], calculated librations, geometric albedo and col-
ors from three surveys, WISE [3], SDSS [7] and Gaia
DR2 [12]. Characteristics for each Trojan are binned
and coded, with incomplete data accounted for with a
?. In total there are 349 L4 Trojans and 351 L5 Trojans
analysed, selected for having data in at least one of the
surveys. Once constructed, a block of 10,000 equally
parsimonious trees are generated using TNT [2]. A
consensus of the trees [9] then represents the hypothe-
sised relationships between the Jovian Trojans.

3. L4 and L5 Trees

In each of the L4 and L5 consensus trees, the respec-
tive identified families can be seen. We show the ex-
ample of the extended Eurybates family in figure 1.
The core family is identified, with the rest of the ex-
tended family shown. Within this extended family,
new groupings may be seen, for example around 9817
Thersander, that have not been previously identified.

4. Future Work

Astrocladistics can be used to combine the analysis of
disparate survey databases. As we move into the new
era of large sky surveys, the technique could be used
to analyse even larger datasets. Gaia DR3, which is
to be released in late 2021, will incorporate more col-
ors and a wider range of Solar system objects. LSST
[11], which is to gain first light in 2020 will provide a
plethora of information regarding estimations of mil-
lions of Solar system objects. Astrocladistics, being
parallelizable on HPC systems [2], is well suited to
these large forms of data analysis.



5. Summary and Conclusions

Cladistics is traditionally used to study the relation-
ships between organisms. We expand the use of the
technique in the planetary sciences, specifically the
Jovian Trojans, adding to the field of Astrocladistics.
By incorporating data from three surveys, WISE [3],
SDSS [7] and Gaia DR2 [12] we can improve our un-
derstanding of these objects. This work establishes a
framework for the technique that could be used in the
next generation of surveys, including LSST [11].

Other L4 Trojans

101466 (1998 WJ15)

y 14265 (2000 ART56)
-3;‘{: 24531 (2001 CE21)
Takpm= 24341 (2000 AJS7)

Si’E 9817 Thersander (6540 P-L)
53477 (5000 AAS4)

9960

voos0 7%

5041 Theotes (1973 SW1)
4501 Eurypylos (1989 CJ3)

14980
$

) 21900 Orus (1999 VQ10)
«é-‘qr: 111932 (2002 GG33)
g S 12917 (1998 TG16)
&

= 10664 Phemios (5187 T-2)
L

19725 (1999 WT4)

21271 (1996 RF33)

15094 Polymele (1999 WB2)
23144 (2000 AY182)

38607 (2000 AN6)

3391 Sinon (1977 DD3)

42230 (2001 DE108)
129602 (1997 WA12)
63291 (2001 DUB7)

13383 (1998 XS31)
7214 Anticlus (1973 SM1)
24233 (1999 XD94)
23963 (1998 WY8)

1869 Philoctetes (4596 P-L)
16152 (1999 YN12)

63202 (2000 YR131)

13184 Augeias (1996 TS49)
42168 (2001 CT13)
38574 (1999 WS4)
39692 (1996 RB32)
63259 (2001 BS81)
24539 (2001 DP5)
42403 Andraimon (6844 P-L)
63286 (2001 DZ68)

8241 Agrius (1973 SE1)
8317 Eurysaces (4523 P-L)
9590 (1991 DK1)
19913 Aigyptios (1973 SU1)
57920 (2002 EL153)
161017 (2002 EP106)

18263 Anchialos (5167T-2)
23123 (2000 AUS7)

5209 (1989 CW1)

11351 Leucus (1997 TS25)
12658 Peiraios (1973 SL)
83977 (2002 CE89)
35673 (1998 VQ15)
23939 (1998 TV33)
13062 Podarkes (1991 HN)
14707 (2000 CC20)
21593 (1998 VL27)
15651 Tlepolemos (9612 P-L)

9694 Lymmedes(sﬁﬁ! P
39287 (2001 CD

103508 (2000 avw)

111785 (2002 CQ186)
23126 (2000 AK95)

17874 (1998 YM3)
10247 Amphiaraos «sazs PL)
103989 (2000 DC94)

Figure 1: Consensus tree showing extended Eurybates
family. Identified members shown in green, with the
core family highlighted. A potential Thersander group
is highlighted in blue. Numbers at each node represent
the frequency of the branch in the tree block.
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