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ABSTRACT

Understanding the effect spiral structure has on star formation properties of galaxies is important to completing our picture of
spiral structure evolution. Previous studies have investigated connections between spiral arm properties with star formation, but
the effect that the number of spiral arms has on this process is unclear. Here we use the Galaxy and Mass Assembly (GAMA)
survey paired with the citizen science visual classifications from the Galaxy Zoo project to explore galaxies’ spiral arm number
and how it connects to the star formation process. We use the votes from the GAMA-KiDS GalaxyZoo classification to investigate
the link between spiral arm number with stellar mass, star formation rate, and specific star formation rate. We find that galaxies
with fewer spiral arms have lower stellar masses and higher sSFRs, while those with more spiral arms tend toward higher stellar
masses and lower sSFRs, and conclude that galaxies are less efficient at forming stars if they have more spiral arms. We note
how previous studies’ findings may indicate a cause for this connection in spiral arm strength or opacity.
Key words: galaxies: spiral galaxies: star formation galaxies: statistics galaxies: stellar content galaxies: structure

1 INTRODUCTION

Though they are visually distinctive, the exact properties that affect
the formation of arms in spiral galaxies are not yet fully explored.
The potential and observed links between spiral galaxy structure
and pitch angle, arm strength (Seigar & James 1998; Yu et al. 2020;
Kendall et al. 2014) are now being examined with increasing samples
sizes and sophistication in analysis (Hart et al. 2017b; Yu et al. 2018;
Lingard et al. 2021). The motivation for increased interest in spiral
morphology in representative samples is to constrain the dominant
formation mechanism of spiral arm structure (Masters et al. 2021).
For example, Pringle & Dobbs (2019) find a constant distribution of
pitch angles of arms, consistent with the density wave theory origin of
spiral structure. Hart et al. (2018) found 40 per cent of arm formation
in massive spirals can be by “swing amplification"; the number of
arms is consistent with the prediction from this mechanism with the
remainder originating from other mechanisms.
Díaz-García et al. (2019) do not find observational evidence that
spiral arms are driven by stellar bars (as do Hart et al. 2017b) or
through “manifolds", pathways of infalling material, which would
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show as a dependence of arm strength and pitch angle (Athanassoula
et al. 2009). They found that bar and arm strength are correlated,
while bar strength and pitch angle are not. In multi-wavelength data,
Yu & Ho (2018b) found younger stars to reside in tighter arms and
Miller et al. (2019) found that these stars then trailed out from the
arms.
Seigar & James (1998) found no correlation between pitch angle
and Hubble type, which was reiterated by Kendall et al. (2014); Yu
& Ho (2018a); however, they note that not finding a correlation is
unsurprising given the small range of pitch angles they examined.
Yu et al. (2020) later found a loose correlation between pitch angle
and spiral arm strength, with an overall tendency for pitch angle to
decrease with weaker arm strength, while Savchenko et al. (2020)
find no strong difference (except for number of arms) between grand
design, multi-armed, and flocculent spirals in pitch angle, arm width
or strength. The link between arm strength, pitch angle and formation
mechanisms remains complex.
Instead of focusing on the formation of spiral arm structure, one
can examine the correlations with global properties of the galaxies
such as star formation, stellar mass or specific star formation. Hart
et al. (2017a) investigated spiral structure using the Sloan Digital Sky
Survey (SDSS) main galaxy sample, with morphological data from
the public release of Galaxy Zoo 2 (Willett et al. 2013), stellar mass
from Chang et al. (2015), and star formation from GALEX fluxes
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T00: Is the galaxy in the centre of the image simply smooth and rounded, or does it have features?
A0: Smooth

A1:
Features

T08: How rounded is it?
A0:
Completely
round

A1: In
between

A2: Star or
artifact

T01: Could this be a disk viewed edge-on?

A2: Cigar
shaped

A0: Yes

A1: No

T07: Does the galaxy have a bulge
at its centre?
A0:
Rounded

A1: Boxy

T02: Is there any sign of a bar feature through
the centre of the galaxy?

A2: No
bulge

A0: Bar

A1: No bar

T03: Is there any sign of a spiral arm pattern?
A0: Spiral

A1: No
spiral

T05: How tightly wound do the spiral
arms appear?
A0: Tight

A1: Medium

A2: Loose

T06: How many spiral arms are there?
A0: 1

A1: 2

A2: 3

A3: 4

A4: More
than 4

T04: How prominent is the central bulge, compared with the rest of the
galaxy?
A0: No
bulge

A1: Obvious

A2:
Dominant

T09: Is the galaxy currently merging or is there any sign of tidal debris?
A0: Merging

A1: Tidal
debris

A2: Both

A3: Neither

1st Tier Question
2nd Tier Question
3rd Tier Question

T10: Do you see any of these odd features in the image?
X0: None

X1: Ring

X2: Lens or
arc

X3: Irregular

X4: Other

X5: Dust
lane

X6:
Overlapping

4th Tier Question

T11: Would you like to discuss this object?
A0: Yes

A1: No

End

Figure 1. Galaxy Zoo 4 GAMA-KiDS decision tree. The decision tree can be viewed at https://data.galaxyzoo.org/gz_trees/gz_trees.html under
the ’GZ GAMA-KiDS’ section.

(Martin et al. 2005). Using these data, they determined no significant
dependence of spiral arm number on specific star formation rate
(sSFR).
In this paper, we explore the connection of spiral arm number with
stellar mass, star formation rate (SFR), and specific star formation
rate (sSFR), using similar methods to Hart et al. (2017a). We make
use of the improved star formation and stellar mass estimates by
the Galaxy And Mass Assembly (GAMA, Driver et al. 2009; Liske
et al. 2015) survey using self-consistent magphys SED fits to the
full uv to sub-mm SED (Driver et al. 2016; Wright et al. 2016) and
GalaxyZoo voting base on deeper and higher-resolution KiDS data
(Holwerda et al. 2019a, Kelvin et al. in prep.). With this improved
quality data, we investigate the trends with spiral arm numbers that
the results from Hart et al. (2017a) suggested. We compare spiral arm
number subsamples of stellar mass, SFR, and sSFR to the whole set
of galaxies to determine any notable differences. The sets defined by
a spiral number (m = 1, 2, 3, 4, 5+) are from the visual classification
from the GAMA-KiDS Galaxy Zoo project, detailed in Section 2.3.
This paper is organized as follows: section 2 describes the data used
MNRAS 000, 1–8 (2022)

in the paper and how subsamples are defined, section 3 presents the
results for star formation, stellar mass, and specific star formation as
a function of the number of spiral arms, section 4 discusses these
results and section 5 lists our conclusions.

2 DATA
The data used comes from the Galaxy and Mass Assembly (GAMA)
survey (Driver et al. 2009; Liske et al. 2015). We use the GAMA DR3
(Baldry et al. 2018) and the Kilo Degree Survey (KiDS, de Jong et al.
2013, 2015, 2017; Kuĳken et al. 2019) imaging. Additionally, we
use the MAGPHYS table described in the GAMA DR3. MAGPHYS
computes the stellar mass and specific star formation rate used and
is fully described in da Cunha et al. (2008).
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Statistic

Significance

Statistic

Significance

25%

10%

5%

2.5%

1%

0.5%

0.1%

Stellar Mass

k-Sample A-D Test Critical Values

m=1
m=2
m=3
m=4
m=5+

0.138
0.034
0.152
0.252
0.264

0.038
0.203
0.001
0.081
0.000

3.977
0.763
6.642
-0.071
10.216

0.008
0.159
0.001
0.250
0.001

0.33
0.33
0.33
0.33
0.33

1.23
1.23
1.23
1.23
1.23

1.96
1.96
1.96
1.96
1.96

2.72
2.72
2.72
2.72
2.72

3.75
3.75
3.75
3.75
3.75

4.59
4.59
4.59
4.59
4.59

6.55
6.55
6.55
6.55
6.55

SFR

k-Sample A-D Test

m=1
m=2
m=3
m=4
m=5+

0.099
0.110
0.281
0.291
0.217

0.256
0.000
0.000
0.028
0.004

0.278
36.514
39.523
4.342
7.721

0.250
0.001
0.001
0.006
0.001

0.33
0.33
0.33
0.33
0.33

1.23
1.23
1.23
1.23
1.23

1.96
1.96
1.96
1.96
1.96

2.72
2.72
2.72
2.72
2.72

3.75
3.75
3.75
3.75
3.75

4.59
4.59
4.59
4.59
4.59

6.55
6.55
6.55
6.55
6.55

sSFR

2-Sample K-S Test

m=1
m=2
m=3
m=4
m=5+

0.234
0.072
0.187
0.261
0.143

0.000
0.000
0.000
0.064
0.126

9.270
19.745
10.309
0.901
1.976

0.001
0.001
0.001
0.139
0.050

0.33
0.33
0.33
0.33
0.33

1.23
1.23
1.23
1.23
1.23

1.96
1.96
1.96
1.96
1.96

2.72
2.72
2.72
2.72
2.72

3.75
3.75
3.75
3.75
3.75

4.59
4.59
4.59
4.59
4.59

6.55
6.55
6.55
6.55
6.55

Table 1. Spiral arm number (m), Kolmogorov-Smirnov test statistic and significance for stellar mass, star formation rate, and specific star formation rate are
shown under the header 2-sample K-S Test. Bold values for the K-S test significance are the statistically significant values discussed in section 4. The Anderson
Darling test statistic and estimated significance level for Stellar Mass, SFR, and sSFR are shown under the header k-sample A-D Test. The critical values for
different levels of significance are listed, with the critical value that each subsample meets in bold. The Anderson Darling test significance estimates are floored
at 0.1% and capped at 25%.

2.1 GAMA

2.3 Galaxy Zoo

GAMA is a combined spectroscopic and multi-wavelength imaging
survey designed to study spatial structure in the nearby (𝑧 < 0.25)
Universe on kpc to Mpc scales (see Driver et al. 2009, 2011, for
an overview). The survey, after completion of phase 2 (Liske et al.
2015), consists of three equatorial regions each spanning 5 deg in
Dec and 12 deg in RA, centered in RA at approximately 9h (G09),
12h (G12) and 14.5h (G15) and two Southern fields, at 05h (G05)
and 23h (G23). The three equatorial regions, amounting to a total
sky area of 180 deg2 , were selected for this study. For the purpose of
visual classification, 49,851 galaxies were selected from the equatorial fields with redshifts 𝑧 < 0.15 (see below). The GAMA survey
is >98% redshift complete to r < 19.8 mag in all three equatorial
regions. We use the magphys SED fits data-products (Driver et al.
2018) from the third GAMA data-release (DR3, Baldry et al. 2018).

Information on galaxy morphology is based on the GAMA-KiDS
Galaxy Zoo classification (Lintott et al. 2008, Kelvin et al., in prep.).
The GAMA-KiDS Galaxy Zoo project is described in Kelvin et al.,
in prep. RGB cutouts were constructed from KiDS g-band and rband imaging with the green channel as the mean of these. KiDS
cutouts were introduced to the classification pool and mixed in with
the ongoing classification efforts. For the Galaxy Zoo classification,
49,851 galaxies were selected from the equatorial fields with redshifts
𝑧 < 0.15. The Galaxy Zoo provided a monumental effort with almost
2 million classifications received from over 20,000 unique users over
the course of the first 12 months. This classification has been used by
the GAMA team to identify dust lanes in edge-on galaxies (Holwerda
et al. 2019b), searches for strong lensing galaxy pairs (Knabel et al.
2020), and the morphology of green valley galaxies (Smith et al
in prep.). In this paper we use the visual classifications of spiral
galaxies from the Galaxy Zoo project; the full decision tree for the
GAMA-KiDS Galaxy Zoo project is shown in Figure 1.

2.2 KiDS
2.4 MAGPHYS SED
The Kilo Degree Survey (KiDS, de Jong et al. 2013, 2015, 2017;
Kuĳken et al. 2019) is an ongoing optical wide-field imaging survey
with the OmegaCAM camera at the VLT Survey Telescope. It aims
to image 1350 deg2 in four filters (u g r i). The core science driver
is mapping the large-scale matter distribution in the Universe, using
weak lensing shear and photometric redshift measurements. Further
science cases include galaxy evolution, Milky Way structure, detection of high-redshift clusters, and finding rare sources such as strong
lenses and quasars. KiDS image quality is typically 0.00 6 resolution
(for sdss-r) and depths of 23.5, 25, 25.2, 24.2 magnitude for i, r, g
and u respectively. This imaging was the input for the GalaxyZoo
citizen science classifications.

In addition to the GAMA-KiDS Galaxy Zoo classifications, we use
the magphys (da Cunha et al. 2008), spectral energy distribution fits
to the GAMA multi-wavelength photometry (Wright et al. 2017),
presented in Driver et al. (2018). magphys computes stellar mass,
star formation rate, and specific star formation rates which will serve
as comparison data for the Galaxy Zoo arm classifications.
2.5 Sample Selection
To be included in the subset of the GAMA-KiDS Galaxy Zoo project
used (herein after referred to as ’the limited sample’), a galaxy
MNRAS 000, 1–8 (2022)
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Figure 2. Stellar Mass vs. Redshift for the GAMA-KiDS Galaxy Zoo project
data. The limited sample, which includes only those galaxies with 𝑧 < 0.08
and 𝑀∗ > 109 , is indicated by the red box. Only galaxies with 30% or more
votes in favor of being a spiral galaxy are included.

must meet three criteria. First, the galaxy must have a stellar mass
𝑀∗ > 109 . Any galaxies below that limit are excluded. Second, the
galaxy must have received at least 30% of votes in favor of it being
a spiral galaxy. This is represented by question T03 in the Galaxy
Zoo decision tree shown in Figure 1. This avoids galaxies that were
misclassified as spiral galaxies due to a low number of votes. Third,
included galaxies must have a redshift less than 0.08, meaning any
galaxies with 𝑧 ≥ 0.08 are not included in the limited sample. Doing
this excludes those galaxies whose spiral arms are not correctly represented by Galaxy Zoo votes because of unclear imaging or lack of
distinction between, for example, two-armed and four-armed spirals
at 𝑧 ≥ 0.08.
The limits on the limited sample from the full GAMA-KiDS
Galaxy Zoo project is shown in Figure 2.

2.6 Defining Subsamples
Each subsample of spiral galaxies is defined by their spiral arm
number as voted by Galaxy Zoo participants. This is represented
by question T06 in Figure 1, with answers A0, A1, ..., A4 being
classified in this paper as m=1, m=2, ..., m=5+.
In addition to fulfilling all the criteria described in section 2.5, to
fall into any given subsample m=x, a galaxy must meet two additional
criteria. First, it must have received at least 50% of votes in favor
of having x spiral arms; that is, a galaxy is in the m=x subsample if
the fraction of votes in favor of x arms is > 0.5. The cutoff at 50%
means that the majority of votes dictates what subsample the galaxy
falls into, so no galaxy falls into more than one subsample. Second,
the galaxy must have less than 100% of votes in favor of it having
x spiral arms. This eliminates some galaxies that have a very low
number of votes. So, a galaxy that with a fraction of votes 𝑓𝑚 in the
range (0.5 < 𝑓𝑚 < 1) for answer A0 in Table 1 would be included
in the m=1 subsample, and similar for m=2, 3, 4, and 5+ spiral arms.

3 RESULTS
The limited sample of galaxies is compared with each subsample
as determined in section 2.6, with respect to stellar mass, SFR, and
sSFR. The number of galaxies N given in each subsample is shown in
Table 1, along with the Kolmogorov–Smirnov test (K-S test) statistic
and p-value.
The K-S test statistic indicated how similar the subsample is to the
MNRAS 000, 1–8 (2022)

parent sample, with smaller values being more similar and larger values being less similar, where a statistic of 0.0 indicates two identical
distributions. The p-value associated with each K-S statistic dictates
the significance in the K-S statistic, and we consider a p-value of .05
or lower to be significant.
For an additional test of sample similarity, we perform the
Anderson-Darling test on the above samples with the resulting statistic and p-values also listed in Table 1. The critical values for each
A-D test are returned for different levels of confidence and we bold
the value that is exceeded by the A-D statistic in each case. The
benefit of the A-D test over the K-S test is that it identifies confidence levels independently from the reported p-value. The A-D test
is much more sensitive to the tails of any distribution and the K-S test
is more dependent of the center of distribution. As our distributions
are all non-Gaussian, this makes the A-D test better suited for the
comparison.
Broadly the K-S and A-D tests agree on which populations differ
but they disagree on the level of significance. For example Stellar
Mass and one arm (m=1) or SFR (m=4), the A-D test assigns higher
significance to the difference. We note that the K-S test reports a
small, but low significance difference for the m=5+ sSFR distribution
but the A-D identified a (just) significant result (5% critical value
exceeded, Table 1).

3.1 Stellar Mass
Figure 3 shows the histograms resulting from the process described
in sections 2.5 and 2.6, and from the K-S test described above.
The m=1, m=3, and m=5 subsamples show visual differences in
their stellar mass distributions. The m=5 subsample, though limited
by a small number of galaxies, shows a notable shift towards higher
stellar masses. Likewise the m=3 subsample tends towards higher
masses as well, with the peak falling just below 10.0 for stellar mass,
versus the peak at 9.5 for the limited sample. The m=1 subsample
shows a tendency to lower stellar masses.
These are reflected in the K-S statistic in Table 1, with the m=5
subsample having the greatest difference from the limited sample.
The m=4 sample has the second highest statistic value, but with the
lowest number of galaxies and p-value of .08 on that statistic, we do
not consider it as significant. The m=1, 3, and 5 values are significant
in their A-D test as well, with slightly higher significance for m=1.
Figure 4 shows the distributions in the colored violin plots, with
the gray band indicating the median and ± 1 standard deviation for the
limited sample. This also reflects the shift in distribution, with m=1
having both a lower median than the limited sample and showing
a greater quantity of galaxies at lower stellar masses. Likewise, the
m=3 subsample is shifted to slightly higher stellar masses, and m=5
visibly higher than the median from the limited sample.

3.2 Star Formation Rate
As for stellar mass, Figure 5 shows the histograms resulting from
the above process. The m=3, 4, and 5 distributions show a notable
difference in their star formation rate distributions, with each of them
having a higher SFR distribution than the limited sample. Visually,
the m=3 subsample appears to have the highest distribution for SFR,
and the K-S statistic reflects a greater difference from the limited sample than most other subsamples. We find that these three subsamples
have a notable difference in their distributions from the limited sample, as reflected in Table 1 with their K-S statistics being much higher
than the m=1 or m=2 samples. This difference is reflected again in

5

Figure 3. Stellar mass histograms for each of the subsamples selected from the limited GAMA-KiDS Galaxy Zoo sample. The gray filled histogram shows the
distributions of the entire limited data set, while the colored outlines show the distribution for the individual spiral arm number subsamples.

3.3 Specific Star Formation Rate

Figure 4. Stellar mass distribution densities for each of the spiral arm subsamples. The shaded gray region indicates ±1 standard deviation of the whole
sample. The dotted gray line indicates the mean for the whole sample. Each
spiral arm distribution shows the high range, mean, and low range, indicated
by horizontal dash marks. The number of galaxies in each subsample is shown
above each distribution.

As in sections 3.1 and 3.2, Figure 7 shows the histograms for the
sSFR values. The distribution for subsamples m=4 and m=5 are
shifted to lower sSFRs. The K-S statistics for m=4,and 5 reflect these
distribution shifts, but we consider the p-values of their K-S statistics
to be less significant.
Conversely, we see a significant shift in the m=1 population towards higher sSFRs, and the m=3 population’s distribution weighted
heavily towards -10. Again this is reflected by the K-S statistics and
high significance p-values in table 1, where the m=1 subsample has
a greater difference in the limited sample, and m=3 fitting the limited sample quite well. The A-D tests confirm the significance of
different distributions depending on the number of spiral arms and
add a significant difference for the m=5+ distribution (5% critical
value exceeded by the A-D test). This lends high confidence to the
conclusion that sSFR and arm number are strongly correlated.
As above, Figure 8 shows the summarized distributions for sSFR.
We see that m=1 has a higher than average sSFR compared to the
other samples, and that the distribution of m=3 is more concentrated
into one peak region.

4 DISCUSSION

their A-D statistics with high significance for the m=2, 3, 4, and 5+
samples. The agreement between K-S and A-D statistics is due to the
mostly Gaussian shape of the distributions in SFR with only a weak
tail to lower SFR.
Figure 6, as above, shows the summarized distributions for SFR.
This reflects a higher average distribution for m=3, 4, and 5 subsamples. Though the m=1 and 2 subsamples appear to have higher SFR
distributions than the limited sample in Figures 5 and 6, they also
have relatively low K-S statistics compared to the other subsamples,
showing a higher similarity to the limited sample than m=3, 4, or 5.

In section 2.5, we detail how the spiral arm number subsamples are
defined. In categorizing them based on the Galaxy Zoo votes (question T06, shown in Figure 1) we are treating spiral arms as integers.
However, this does not take into account whether a spiral galaxy has
well-defined arms; flocculent spiral galaxies with poorly-defined or
discontinuous arms can not be well classified with an integer number
of arms. The voting pattern does reflect this somewhat, as the classifications came from real people voting, and so any galaxies with
poorly-defined arms would be best categorized through the majority
vote. So, a galaxy is classified as accurately as it can be into an integer
number of spiral arms. From question T03 (Figure 1), we do know
that these are all spiral galaxies.
MNRAS 000, 1–8 (2022)
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Figure 5. SFR histograms for each of the subsamples selected from the limited GAMA-KiDS Galaxy Zoo sample. The gray filled histogram shows the
distributions of the entire limited data set, while the colored outlines show the distribution for the individual spiral arm number subsamples.

for sSFR (see Figures 3 and 7). This is supported by the findings
of Hart et al. (2017a), who noted that two armed spiral galaxies are
more gas deficient than other galaxies, and so are more efficient at
converting gas to stars.

Figure 6. SFR distribution densities for each of the spiral arm subsamples.
The shaded regions are equivalent to the definitions in Figure 4.

In Figures 3, 5, and 7 we can see that the low number of galaxies
in each subsample does leave the m=4 and m=5+ distribution lacking
in statistical weight for the K-S test results compared to, for example,
the m=2 subsample. Hart et al. (2017a) used the optical-WISE SED
inferred stellar masses and separately estimated star formation rates
from either FUV flux or 22𝜇m flux. The improvement in our data
is the use of a self-consistent SED to determine both from 21 filters
spanning ultraviolet through sub-mm (Wright et al. 2016; Driver
et al. 2016). Additionally, the A-D test results lend more statistical
significance to the m=5+ distribution in particular, while giving a
more significant result (to 0.1%) for sSFR for m=1, 2, and 3. Because
of the small sample size of the m=4 subsample, the A-D test (which
is more sensitive to the tails of the distribution) does not show a
higher significance than the m=4 sSFR result.
Overall, we find that spiral galaxies are less efficient at forming
stars if they have more spiral arms. The m=1 subsample has a much
lower stellar mass on average, but a higher than average distribution
MNRAS 000, 1–8 (2022)

Galaxies with stronger bars have fewer but stronger arms (Yu et al.
2020), and arm strength has been found to correlate well with SFR as a
function of stellar mass (Yu et al. 2021). Given our results, it is unclear
if the causation is more arms leads to weaker arms which in turn
leads to lower sSFR. Alternatively, it is possible that the perceived
change in sSFR is caused by a subtle bias in the MAGPHYS SED
results (Section 2.4), because the arm patterns rearrange the dusty
interstellar medium (ISM) in the disc, skewing SED measurements
of star formation. Arms are more opaque than the disc (Domingue
et al. 2000; Holwerda et al. 2005), and therefore better at hiding
directly measured star formation. The many-armed spirals with low
sSFR might simply be hiding their directly measurable star formation
instead of having lower rates overall. However, Hart et al. (2017a)
found that two-armed spirals have more mid-infrared (MIR) dust
emission, indicating that a greater proportion of new stars in twoarmed spirals are in heavily obscured region and the MAGPHYS
SED result is based on balancing the missing ultraviolet light with
the observed heated dust emission. Given this, it seems unlikely that
low sSFRs in many-armed spirals are caused by a higher obscuration
fraction of new stars.
Higher star formation for a given mass will likely highlight the
spiral structure in these disks as the site of recent star formation.
Hart et al. (2017a) note that the mean of their distribution shifts with
only 0.05 dex with each additional spiral arm. We point to Figure
8 to show that the mode of the distribution is a better indication
of the change with the number of arms. Between the shift in the
distribution of sSFR values and the much improved star formation
and stellar mass accuracy thanks to a consistent SED treatment rather
than single-flux based estimates, we find the trend in lowering sSFR
with number of spiral arms convincing.

7

Figure 7. sSFR histograms for each of the subsamples selected from the limited GAMA-KiDS Galaxy Zoo sample. The gray filled histogram shows the
distributions of the entire limited data set, while the colored outlines show the distribution for the individual spiral arm number subsamples.

A different, non-integer classification of the number of spiral arms,
allowing for the voting tally to assign fractions of spiral arms to
galaxies may reflect the reality of these galaxies better. Additionally,
changing the limited sample to include only galaxies with a sufficient
number of votes to ensure accuracy in arm classification (as opposed
to percentages of votes in favor of spiral arm pattern) may yield a
higher sample size with stronger statistical significance.
The Rubin Observatory and future iterations of the Galaxy Zoo are
expected to improve the statistics of spiral arm numbers on galaxies
in the nearby Universe. Equally important however, are good stellar mass and star-formation estimates from SED models for similar
comparisons as this work and in Hart et al. (2017b).
The Euclid and Roman space telescopes will a wealth of morphological data on higher-redshift spiral galaxies. These will allow for a
direct comparison of the evolution of spiral structure.
Figure 8. sSFR distribution densities for each of the spiral arm subsamples.
The shaded regions are equivalent to the definitions in Figure 4.
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The material is based upon work supported by NASA Kentucky
under NASA award No: 80NSSC20M0047.
This research made use of Astropy, a community-developed core
Python package for Astronomy (Astropy Collaboration et al. 2013,
2018).

6 DATA AVAILABILITY
The data for this project is available from the GAMA DR3 website http://www.gama-survey.org/dr3/schema/table.php?
id=82.
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