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ABSTRACT

Decadal changes in abundance of marine organisms along the Australian coastline were reported in
a recent Nature paper by Edgar et al. (2023). We reexamine the data used in that paper, and show
that the conclusion of a 59% decline in weedy seadragons (Phyllopteryx taeniolatus) cannot be justified
based on these data. The data are too sparse, especially for the final survey years of 2020 and 2021,
and it is this sparsity in combination with particular modelling choices made by Edgar et al. (2023)
that drives their results. VWhile not specifically considered here, it is likely that these issues also affect
the results on other rare or cryptic species reported in Edgar et al. (2023).
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Introduction

Alarming conclusions regarding long-term declines
in abundance of natural populations of plants and
animals, especially when due to human-caused
disturbances such as climate change, are important
and headline-grabbing (e.g., Johnson etal. 2017). Multi-
decadal field studies that can detect such changes are
rare, and one example is the Reef Life Survey (RLS)
program (see https:/ /reeflifesurvey.com/, accessed 7
March 2025) which uses highly trained citizen divers
to gather data on fishes, invertebrates and habitats
along set transects on subtidal rocky reefs around
Australia and further afield. Some very high-profile
scientific papers have summarised parts of the RLS
dataset (e.g. Edgar et al. 2014, Stuart-Smith et al. 2022)

In their paper using RLS data, “Continent-wide
declines in shallow reef life over a decade of ocean
warming”, Edgar et al. (2023) state that in their dataset
encompassing Australia’s nearshore seas, “populations
of 57% of reef species decreased in the decade to 2021,”
and, “Populations of 28% of [marine] species declined
by more than 30% between 2011 and 2021 (9 corals, 36
invertebrates, 24 macroalgae and 227 vertebrates), thus
passing the threshold that qualifies species as threatened
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for the [International Union for the Conservation of
Nature (IUCN)] Red List of Threatened Species when
generation length is unknown.” As a notable example,
they highlight “the weedy seadragon (Phyllopteryx
taeniolatus), an iconic southern Australian endemic fish
that significantly declined by 59% from 2011 to 2021”.
This species was most recently assessed for The [UCN
Red List of Threatened Species in 2025 and is listed as
“Vulnerable” (Tustison et al. (2025)). Their conclusions
would place the weedy seadragons among the species,
as Edgar et al. (2023) put it, “passing the threshold
that qualifies species as threatened for the IUCN
Red List.” If the weedy seadragon were placed in the
“Threatened” category, this would trigger Australian
Federal and State responses (e.g. Australia’s EPBC Act
1999). Here we develop an argument that the approach
and conclusions adopted in Edgar et al. (2023) have led
to erroneous conclusions on marine species declines,
particularly the weedy seadragon.

Approach

The raw data for P. taeniolatus used by Edgar et al.
(2023) contains 53 rows, i.e. 53 distinct combinations
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of survey site and survey method. There is a column
for each year from 1992 to 2021, although pre-2008
data are not referenced in the paper (in fact, the
statement quoted above refers to the eleven years
from 2011 to 2021). In a year, on average 17.5 of the 53
distinct site/method combinations were completed
(i.e. had actual data). Thus, the data are very sparse
overall. For 2021, this is especially so, with only 7
rows containing actual data, i.e., 7 sites were surveyed.
Furthermore, at all 7 of these sites, no P. taeniolatus
were counted in 2020 or 2021. However, even if we
assume that there was no decline in abundance of P.
taeniolatus, this is not an unlikely outcome, because
at those seven sites, in the majority of past years
(on average more than 80%) where those sites were
surveyed, the count of P. taeniolatus was zero. The
sparsity of the data and the substantial year—on—year
variation of the observed abundance are illustrated
in Figure 1. Note that P. taeniolatus sexually mature
at 28 months and tagging studies have shown a
longevity of up to six years and high site fidelity (see
Sanchez-Camara et al. (2005)). This means that while
rapid population decrease is possible (e.g., Booth et al.
2025) and has been documented in other syngnathids
(see Martin-Smith and Vincent (2005)), the upward
abundance spikes in 2008 and 2016 evident in Figure
1 are likely due to noise in the survey data, rather
than actual changes in abundance.
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Such substantial random variations in the number
of individuals observed are entirely unsurprising
given the RLS methodology of surveying narrow
strips along given depth transects, simply due to
the fact that individuals present in the vicinity of
the transect will only happen to be counted if they
are within 5 m of the transect line at the time the
survey is conducted, and if the observer sees the
individual(s) present. The RLS methods are suitable
to detect a majority of reef species, but RLS data for
low-density, patchy, non-sessile and cryptic species
such as P. taeniolatus are likely to be very noisy due
to variations in observers, inexact placement of
transects, sites actually surveyed in a given year, and
whether individuals present at a survey site happen
to be sufficiently close to the transect at survey
time. P. taeniolatus has specific habitat preferences,
(see Allen et al. 2022a,b) for example preferring the
kelp-sand interface where it hunts groups of mysid
shrimps. These edges would need to be intersected
by RLS transects to detect seadragons, whereas
census methods that follow these edges are far more
suitable. Furthermore, some syngnathid populations
are known to vary seasonally (see Claassens and
Hodgson (2018)), and should this also apply to P.
taeniolatus, this would introduce further random
variation into the RLS data, as the RLS sites were
not consistently surveyed at the same time each year.

2010 2015 2020

Figure 1. Standard density of P. taeniolatus per 500m? surveyed (i.e., raw data as used by Edgar et al. (2023)), averaged
across all survey sites actually surveyed in each given year. Error bars represent +2 standard deviations of the yearly

sample average.

(inset) P. taeniolatus in situ (Photo: E Schldgl)
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The sparsity of the data (and, arguably, visual inspection
of Figure 1) suggests that concluding that this species
declined by 59% between 2011 and 2021 (as Edgar et al.
(2023) claim) is not supported by the data, but rather
may be an artefact of their data aggregation, choice of
time window, interpolation and extrapolation. This
note seeks to explore this issue.

Statistical significance of downward
population trend

Based on the data used by Edgar et al. (2023), no
rigorous statistical test would lead to rejection of a
null hypothesis that P. taeniolatus declined by less
30% (the IUCN threshold quoted in the paper)
between 2011 and 2021. It is worth noting that
based on the information provided with the paper,
it also does not seem that Edgar et al. (2023) tested
that particular hypothesis. We have attempted to
reproduce the statistical test for this species that
they did conduct, as per the R code provided by the
authors on Github (we recoded this in Python). This
is a Spearman’s rank correlation test conducted on
data that were not interpolated or extrapolated, but
aggregated so that there is one data point per year.
This aggregation is still problematic, but (for the
sake of argument) accepting the approach of Edgar
et al. (2023), we still find no statistically significant
decline in P. taeniolatus based on the data from
2011 to 2021. The p-value is 0.23 using permutation
rather than asymptotic methods, and 0.47 using an
asymptotic method (the former is more appropriate
due to the small number of data points). However,
based on the information provided on Github, there
seems to be a discrepancy between the statistical test
that the authors ran and how they reported this
in the paper: The information on Github suggests
that they ran the test based on data from 2008 to
2021, on which we also obtain a significant decline,
with a (permutation method) p-value of 0.035. For
any “decadal” window, however, this significance
disappears: 2008 to 2018 gives a p-value of 0.42, 2009
to 2019 a p-value of 0.15, and 2010 to 2020 a p-value
of 0.17. Thus, using the statistical test suggested
by Edgar et al. (2023), one cannot exclude the
substantial possibility that any observed downward
trend in abundance of P. taeniolatus is simply due to
random noise, rather than an actual decline. Also,
the Spearman’s rank correlation test only can make
a statement as to whether there was a statistically
significant decline or increase, but is silent about the
magnitude of such a decline or increase.

Robustness of the population trend
estimate

Based on Section 3.2.4 “Dealing with uncertainty” of
the Red List Guidelines (see [IUCN Standards and
Petitions Committee (2022)), statistical significance
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of a downward trend may be too high a bar for a
threatened species listing. This section states,

“It is recommended that assessors should adopt a
precautionary but realistic attitude, and to resist an
evidentiary attitude to uncertainty when applying the
criteria (i.e., have low risk tolerance). This may be
achieved by using plausible lower and upper bounds,
rather than only the best estimates, in determining the
quantities used in the criteria. In cases where a statistical
method is used to estimate a quantity, a 90% confidence
interval or 90% credible interval may be used to set
the plausible range of values. It is recommended that
‘worst case scenario’ reasoning be avoided because this
may lead to unrealistically precautionary listings. All
attitudes should be explicitly documented.”

Thus, the Guidelines suggest using a trend value
such that we can be 90% sure (based on the data)
that the true trend is better (e.g. less downward
sloping) than this. However, this reinforces the
point that the data used in Edgar et al. (2023) are
insufficient (i.e., too sparse) to draw any meaningful
conclusions about the population trend of for
example P. taeniolatus one way or the other — a
correctly determined confidence interval at the
90% level based on the data used in the paper is
far too wide to be meaningful, and indeed Edgar et
al. (2023) do not provide such confidence interval.
Instead, Edgar et al. (2023) provide what they appear
to consider a best estimate of the population trend,
and it is to this estimate that they are referring in
their statement, “the weedy seadragon (Phyllopteryx
taeniolatus), an iconic southern Australian endemic
fish that significantly declined by 59% from 2011 to
2021”. Asnoted above, “significantly” in this context
cannot be interpreted as statistical significance,
so the question to now consider is whether this
is indeed a reasonably robust best estimate of the
population decline, or rather an artefact of their
modelling choices.

One can show that the latter is the case through a
relatively simple exercise by accepting (for the sake of
argument) all of their modelling choices and varying
the data time window for the trend estimation. Thus,
we follow Edgar et al. (2023) and first interpolate
and extrapolate the data they have used in the
same manner as they do, i.e., for years where there
are no data available for a particular survey site,
linear interpolation between the closest preceding
and following years for which data is available is
performed. Where there is no preceding year with
data available, the value is set equal to value for the
closest following year with data, and where there is
no following year with data available, the value is
set equal to value for the closest preceding year with
data. After rounding latitude and longitude of each
survey site to the closest full degree, sites with the
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same rounded latitude and longitude are grouped
together, and the average value for each year is
calculated for each such group. Subsequently, these
group averages for each year are averaged across all
groups, to yield a series of single values per year. After
taking the natural logarithm of these values, we find
the best—fitting straight line (in a least—squares sense),
i.e., we find the slope of the linear regression of the
logarithmic observation values on the observation
year. Reading off the value y__ on the regression
line at the starting year and the value y_, on the
regression line at the end year, the estimated relative
change in abundance is given by

exp{ yend} _
exp{ Vstart}

Due to the sparsity of the data, this estimate is very
sensitive to the data window on which the above
procedure is applied. Consider Figure 2, which gives
the abundance trend estimates with different data
window length, all ending 2021. If one uses the data
from 2015 to 2021, there is an estimated decline of
50.7% between the starting year and the end year,
while between 2011 and 2021 the estimated decline
is actually less, 34.3%. Note that we are unable to
reproduce the estimate of a 59% decline between
2011 and 2021 stated by Edgar et al. (2023). Since
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the period from 2015 to 2021 is included in the
period from 2011 to 2021, the only way we can
have a 50% decline in the shorter period and a
34% decline in the longer period is if there was a
substantial abundance increase between 2011 and
2015, which would mean that if one accepts the
approach of Edgar et al. (2023), one would conclude
that there are cyclical abundance variations, (or at
least variations not related to ocean warming) on the
order of 20%. However, we consider it most likely
both the increase and the decrease are primarily due
to observation noise and sparse data, exacerbated by
an inappropriate methodology.

Furthermore, the approach to missing data chosen
by Edgar et al. (2023), ie. filling in missing data
by interpolation and extrapolation, will tend to
reinforce spurious trend estimates. This is particularly
true of extrapolation. The observation data of P.
taeniolatus used by Edgar et al. (2023) is especially
sparse in the final two years (i.e., 2020 and 2021), so
to mitigate the impact of extrapolation (somewhat),
one could consider only the data up to 2019, which
gives an estimated abundance reduction of 17.8%
from the baseline year of 2008 (and only 11.7%
when considering the “decadal” period starting 2009).
However, from Figure 3 it is clear that trend estimates

2010 2015 2020

Figure 2: Abundance trend estimates using the method described in Edgar et al. (2023) with different data window
length, all ending 2021. If there were indeed a long term (e.g., decadal) decline, one would expect this graph to be
upward sloping. The fact that it largely slopes downward until 2016 could be interpreted as a population increase,
rather than a decline, followed a decline from 2016 to 2021. However, as explained in the text, the data are too

sparse to draw any definitive conclusions.
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Figure 3: Abundance trend estimates using the method described in Edgar et al. (2023) with different data window
length, ending in different years. If there were indeed a longterm (e.g., decadal) decline, one would expect all (or nearly
all) % changes to be negative. The fact that the % changes from different starting years to 2017 and to 2018 are largely
positive could be interpreted as a population increase until about 2016, rather than a decline, followed a decline from
2016 to 2021. However, as explained in the text, the data are too sparse to draw any definitive conclusions.

+ At least some of the issues identified with the
statistical analysis of the P. taeniolatus carry over
to numerous other species in the dataset used
by Edgar et al. (2023): Specifically, for numerous

are highly variable depending on the choice of data
window. This is true even when comparing data
windows that largely overlap and only differ by a
single year. Thus, the data used by Edgar et al. (2023)

are insufficient to obtain any informative estimate of
a trend in the abundance of P. taeniolatus and thus do
not support their conclusion of a substantial decline.

Conclusions

» Based on the data used by Edgar et al. (2023),
one cannot conclude that the population of P.
taeniolatus has declined in a way that should trigger
an [UCN classification of “threatened”. The
data are too sparse. Based other considerations
than the RLS data, P. taeniolatus was classified as
“vulnerable” in 2024.

+ The statement about the magnitude of decline in
this species in Edgar et al. (2023) is an artefact of the
way they treat the data.

+ A statistically significant decline of any magnitude of
this species over a “decadal” period is not supported
by the data, even if using their (inappropriate)
methodology.

2025

other species, the data are also very sparse, so
any abundance trend estimates based on such
data will be similarly lacking in robustness.
Using the methodology of Edgar et al. (2023),
random observation error alone would result
in negative trend estimates for around 50% of
species considered even if there is no actual change
in abundance of any species, and looking at the
entirety of species considered in Edgar et al. (2023),
they note, “Populations of 57% of reef species
decreased in the decade to 2021, a percentage
that was consistent whether all species (617 out of
1,057, 58%) or only species with significant trends
(P < 0.05; 97 out of 172, 57%) were considered.”
Thus, while it is reasonable to expect some of the
qualitative results which they obtain with respect
to changes in species abundance as a consequence
of ocean warming, from a quantitative /statistical
perspective the data do not support their
conclusions, in particular (but not limited to)
with respect to the 59% decline of P. taeniolatus
highlighted in the paper.
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+ For low-density, patchy, non-sessile and
cryptic species such as P. taeniolatus, substantial
random variations in the number of individuals
observed are entirely unsurprising given the RLS
methodology of surveying narrow strips along
given depth transects, simply due to the fact that
individuals present in the vicinity of the transect
will only happen to be counted if they are within
5m of the transect line at the time the survey
is conducted. This exacerbates the difficulty of
drawing viable conclusions about such species
from RLS data and methodology. Although we did
not consider any other species in our analysis, we
caution against drawing quantitative conclusions
from RLS data on any rare or cryptic species.

+ The fact that the analysis documented in this

note demonstrates that the population decline of
P. taeniolatus reported in Edgar et al. (2023) is not
scientifically defensible is of special concern, as this
purported decline was widely reported in the global
media, e.g. Kilvert (2023), Alberts (2023) or the lead
author’s own article in The Conversation, Edgar
(2023). Readfearn (2023) also used an image of P.
taeniolatus as the main illustration accompanying
a news article on the findings of Edgar et al. (2023).

+ Errors of fact in research on climate change
impacts can contribute to public scepticism
regarding this (scientifically well established)
phenomenon (see e.g. La et al. (2024)). One
course of action would be for Edgar et al. (2023)
to correct their conclusions as appropriate in the
journal in which they were published.
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Code and data availability

The code and data used to prepare this note are available at https://github.com/eschlogl/VVeedySeadragon. The code is
in Python, in the form of a Jupyter notebook WeedySeadragon.ipynb, also provided in read-only form as an HTML file

VWeedySeadragon.html.
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