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ELSP Final Outcome Indicator Reporting guidelines:

Presentation and analysis of monitoring data

These guidelines describe the ELSP expectations for projects when reporting and analysing
outcome indicator monitoring data. They are intended to provide guidance on how final
results are presented, when statistical analysis is expected, and how it should be reported.
They do not provide advice on how to statistically analyse data. They should be taken as
general guidelines only - appropriate analysis and reporting will vary depending on the
indicator and datasets, and report-writers should consider the particular context of their
data when deciding what and how to report.

Ideally, results should be reported and analyses conducted to a level that would be
acceptable for publication in a scientific journal. Carrying out appropriate statistical
analysis will allow you to make robust conclusions on the effects of your actions to draw on
in your communications. Applying statistical analyses will also allow you to make the most
of all the time and effort that has been invested in your monitoring and to build the
scientific evidence base of what works and what doesn’t work in restoration.

However, we understand that this may not be possible for all indicators. In this case we
suggest prioritising those where results are of particular interest and importance to your
project, its stakeholders and the wider restoration community, as well as those where you
have sufficient and robust data to allow appropriate statistical analysis. If you have
guestions or are uncertain about the level of analysis required or how to report on it, we
encourage you to get in touch with the ELSP Science Team and/or share early drafts of your
reports at any stage of the process.

Requirements for all final outcome indicator reports

1. Present change over time across the full dataset

The main purpose of the final reports is to present results demonstrating whether any
change has occurred in each indicator over the ELSP project timeframe (i.e. compared to
the values reported in the baseline report) as a result of your restoration actions. The
summary data presented (including using graphs and tables) and any statistical tests used
should support this. While detailed analysis of subsets of the data, such as from individual
sites or years, can also be presented (for example in appendices), the focus of the report
should be on describing and analysing patterns in the full dataset over time.

2. Report a summary of the data including measures of variability and sample
size if relevant

Summary statistics should be reported to give an overview of the dataset, such as relevant
mean or total values, percentage change, or other appropriate metrics. Wherever an
average is reported for a dataset (in a table or in the text of your results), please also
report a measure of variability. Appropriate measures of variability depend on the nature
of the data. Generally this should be mean and standard deviation. For non-normally
distributed data, median and inter-percentile (e.g. interquartile) range can also be used.
Without this measure of spread, the reported mean or other average is much less
informative since it is impossible to know what the dispersion is of individual data points
relative to the average. Please also state the sample size associated with any summarised
data presented. Where spatial data is presented, where possible summary data should also
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be reported, for example change in area of different landcover types or vegetation indices,
change in habitat use area, or other appropriate metrics.

3. Present a summary of your data in a graph wherever possible

If possible, try to present your main findings in one or more graphs that show the change in
the value of your indicator between the start and end of your ELSP funding period. Tables
can also be used if considered more suitable than graphs to present the data. When
producing your graphs:

(i) Include variability on graphs representing averages

Wherever a value on a graph (for example, height of bar in a bar graph or point on a
scatter plot / line graph) is a mean rather than an individual data point, an error bar
(representing, for example, standard error of the mean or 95% confidence interval) should
also be plotted to represent level of uncertainty (see Example 2). If a trend line is fitted to
data, confidence interval around the fitted line should also be displayed where appropriate
(see Example 3). The type of error bar should be reported in the figure legend (e.g. SEM,
Cl) and if confidence intervals are used, the selected interval (e.g. 95%) should also be
reported.

(ii) Use box plots rather than bar graphs where appropriate

Generally, for representing a set of individual data points for a single level of the
explanatory (x-axis) variable, box plots should be used rather than bar charts since they
show a more comprehensive representation of the full data (median, upper and lower
quartiles, and minimum and maximum values) compared with a bar with height
corresponding to the mean (see Example 2).

4. Include a plan for data sharing

The ELSP expects that monitoring data is made publicly available within a year of the
project end. A plan for meeting this requirement should be presented in the final indicator
report. It is up to the project to decide on the best method for making data available, but
suitable approaches could include scientific publication, depositing in a repository,
publication on the project website, or publication on the ELSP Measuring Impact Hub. If a
planned scientific publication means making the data publicly available will be delayed, this
should be explained in the report.
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Statistical analysis

Where appropriate and reasonable, statistical analysis of outcome indicator data to test for
change as a result of your restoration action is expected. However, not all outcome
indicator datasets will be suitable for statistical analysis. The points below should help you
to consider whether analysis is necessary and appropriate for your dataset. If in doubt, do
discuss this with the ELSP Science Team at an early stage.

Is statistical analysis appropriate and reasonable?

Is the dataset based on sampling methods (e.g. measuring a subset of the
population) or census methods (e.g. measuring the entire population)? Where
sampling methods are used, statistical analysis is necessary to determine the
significance of any change observed, since the probability of detecting a change
depends not only on whether change has occurred, but also the number of samples
and the size of the change. Where census methods are used, statistical testing is
generally not required since all the data is known (see Example 1) (note that this is
not always the case, particularly if there is an element of uncertainty associated
with taking the measurement, when statistical testing may still be required to
determine whether any change observed is outside the range expected due to
measurement error alone).

Is it reasonable to expect a change to have occurred in the data over the timeframe
(or range of the explanatory variable) being analysed? For some outcome
indicators, you would not expect change in response to your project actions to occur
over the ELSP funding period. If this is the case, it may be more suitable to consider
all the data collected during the ELSP period as an extended baseline, against which
to measure change in the longer term. This may mean that statistical analysis is
unnecessary or inappropriate and providing a summary of this baseline dataset is
sufficient. This should only be the case when there is a strong a priorijustification
for treating the data as a baseline (for example, naturally high interannual
variability in population density and/or lags in the response of the indicator
variable to the restoration action). For these indicators, it is particularly important
that you describe your plans for data collection to assess future change. Note that
this does not mean that any data that appears not to show any significant trends on
first inspection should not be analysed. If, at the project outset, you expected to see
change in your indicator by the end of the funding period, please provide an
analysis to test this; analyses that yield non-significant results are still informative.

Is the indicator still of interest and value to the project, its stakeholders, or the wider
restoration community? If for some reason the data collected for your indicator are
not able to measure the changes as set out in your monitoring plan, or the indicator
is no longer considered of interest or relevance, or there are significant problems
with the final dataset that mean analysing it would be unlikely to produce helpful
outputs, statistical analysis may not be considered appropriate. If this is the case,
please explain your reasoning in the report.

Is there capacity within the project to conduct the analysis? If capacity for statistical
analysis is limited, you may choose to prioritise analysing the most important or
relevant indicators. Please discuss this with the ELSP Science Team.
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If statistical analysis is conducted, the following guidelines should be applied:

1. Clearly state the question that is being tested statistically

The question that the statistical test aims to answer (the hypothesis being tested) should be
made clear before reporting the results of the test. This aids interpretation of the test
results as well as helping to clarify what analysis is necessary and appropriate.

2. Report statistical test results

When reporting the results of the statistical test, the test statistic (e.g. t for t-test, F for
ANOVA, etc.), degrees of freedom, and p-value should be reported. Where possible, effect
sizes should also be reported, such as R? value for regression analyses.

Additional guidelines

These further guidelines reflect best practice standards generally required for publication in
a scientific journal. They should be applied as far as practically possible.

e Describe any transformations or other treatment of data prior to analysis.
e State and explain exclusion of any data points / outliers.

e Verify that data conforms to assumptions of the statistical test used. In particular:

o  When parametric tests are used, the data should first be tested to check
assumptions of normality (e.g. Shapiro-Wilk test) and homoscedasticity (e.g.
Levene’s test) (results of tests and diagnostic plots do not need to be
reported). If these assumptions are not met, a non-parametric alternative
should be used.

o For regression analysis (such as GLM) use an appropriate distribution for the
dependent variable. For example, with count data (such as numbers of
individuals of a species detected), a Poisson or negative binomial distribution
should be used rather than a normal distribution.

o Paired data should be analysed using paired tests where possible.

o Linear regression should only be used when the underlying relationship
between the explanatory and dependent variables is expected to be linear.

e  When multiple comparisons are made (multiple tests applied to the same dataset,
for example testing correlation of a dependent variable with multiple possible
explanatory variables), consideration should be given to whether to apply a
correction to reduce the risk of type | errors (false positives), which become more
likely the more tests are conducted. The simplest and most conservative method is
to reduce the p-value at which a test result is considered significant in proportion to
the number of tests conducted (a Bonferroni correction - e.g. for five comparisons,
the significance threshold is set to 0.05/5 = 0.01). Other, less conservative (e.g. less
likely to result in type Il error, or false negatives) multiple comparison methods may
also be suitable depending on the nature of the data. If no correction is applied, this
should be justified.

e Consider and where necessary account for spatial and temporal non-independence.
For example, multiple observations from the same sampling plot, or the same
individual, are non-independent. Analysing data using a mixed models approach
where sample identity is included as either a fixed or random effect (depending on
what is most appropriate for the particular dataset) can address this.
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e For time-series data, consider the effect of seasonal, interannual and other
temporal fluctuations in data when plotting and analysing. If year is used as an
explanatory variable, consider whether it should be treated as numeric or
categorical. For short time series with only a few years, or where restoration
interventions have not been applied consistently over time, treating year as a
categorical variable might be more appropriate.

e Ensure that interpretation of statistically non-significant results differentiates
between evidence for no effect and no evidence for an effect (absence of evidence is
not evidence of absence).

REFERENCES
SAMPL guidelines for statistical reporting | EQUATOR Network

ESA Statistical Analysis Guidelines

The Society for Conservation Biology


https://www.equator-network.org/2013/02/11/sampl-guidelines-for-statistical-reporting/
https://www.esa.org/wp-content/uploads/2022/05/ESA-Statistical-Analysis-Guidelines.pdf
https://conbio.onlinelibrary.wiley.com/doi/10.1111/conl.12453
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EXAMPLES

These examples are intended to give an idea of how these guidelines might be applied to
different types of datasets. They do not cover the full range of data types and analyses
that are likely to be encountered. Please use your knowledge of the specific context of a
dataset when designing analyses and presenting data. All examples are fictitious. Further

examples of monitoring data collection, analysis and presentation can be explored on the
ELSP Measuring Impact Hub.

Example 1: Census data

Indicator: area of sea under protection within marine protected areas designated or

enlarged during the ELSP funding period (ha), measured using official maps of designated
MPAs.

Summary: From a baseline of 15201 ha in 2020, the area protected has increased by 182%
to a total of 27680 ha in 2024.

Figure:
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Figure 1: Total area of sea within project area that is included within marine protected areas (hectares).


https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/
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Is statistical analysis appropriate?

This data is census data, since maps cover the whole seascape, and there is no associated
measurement error, since the size of MPAs is known with no uncertainty. Therefore, no
statistical analysis is needed, since there is no uncertainty associated with the change that
has occurred.

Further examples:

https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/jobs-

created/

https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/media-

coverage/

https://www.endangeredlandscapes.org/our-impact/measuring-impact-
hub/conservation-friendly-practices/



https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/jobs-created/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/jobs-created/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/media-coverage/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/media-coverage/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/conservation-friendly-practices/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/conservation-friendly-practices/
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Example 2: Highly variable data

Indicator: Population density of butterflies in a habitat, estimated using counts of
individuals in 5 transects in each project year.

Summary: A baseline density of 49.2 +13.6 (s.d.) individuals per hectare was recorded in
2020. There was strong interannual variation in densities measured in each year, with a
minimum of 1.8 £ 1.5 individuals / ha in 2021 and a maximum of 73.6 + 13.9 individuals /
ha in 2023. Across the five-year period, the average density was 28.6 + 30.1 individuals /
ha. 5 samples were collected in each year.

Figure:
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Figure 2: Density of butterflies in project area (individuals / ha). Blue circles represent data from individual
transects.

Is statistical analysis appropriate?

Although this data could be analysed statistically to test whether population density has
changed over the project period from 2020-2024, it is clear from looking at the data that
there is significant interannual variability in butterfly population density and that the
magnitude of this is likely to have obscured any effect of project restoration actions over
the period;: the timeframe is too short to distinguish directional change from background
noise. It might also be the case that restoration actions will require a longer timeframe to
show any effects on butterfly populations. Therefore, and if there is a clear ecological
Justification, the project might decide that in this case, statistical analysis is not
appropriate. Instead, this data could be treated as a multi-year baseline or the start of a
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longer-term dataset which the project can return to in the future to assess change over a
longer timescale.

Further examples:

https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/water-
quality-2/

https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/aquatic-
macroinvertebrates/

https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/prey/



https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/water-quality-2/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/water-quality-2/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/aquatic-macroinvertebrates/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/aquatic-macroinvertebrates/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/prey/
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Example 3: Full analysis

Indicator: Density of earthworms in soil plots (individuals / m?), measured in 5 control and 5
treatment plots in each project year.

Summary: Density of earthworms in the baseline year (2020) was similar in both control
(9.4 = s.d. 0.7 individuals / m?) and treatment (9.7 * 0.7 individuals / m?) plots. Density
increased to 10.7 * 0.5 individuals / m?in 2024 in control plots (an increase of 13.8%) and
increased to 13.7 = 1.0 individuals / m? in 2024 in treatment plots (an increase of 41.2%). 5
samples were collected for each plot type in each year.

Figure:
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Figure 3: Density of earthworms in control (green) and treatment (blue) plots. Circles represent mean
densities, and error bars represent standard error of the mean. The shaded areas represent 95% confidence
intervals around fitted linear regression lines. Note that control and treatment data points are slightly offset

for clarity.

Is statistical analysis appropriate?

From the figure, it looks like earthworm density has increased in both control and treatment
plots, but that it has increased more in treatment plots than control plots. From a
restoration perspective, we are interested in whether a difference between treatment and
control plots really exists. However, statistical analysis is needed to test whether this is a
statistically significant difference, or whether it is within the range of background variation
we could expect due to sampling only a small proportion of the total earthworm population.
This could be modelled in a number of ways, but in this example we will test this using a
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simple linear model that includes year and plot type as explanatory variables, as well as the
interaction between year and plot type:

Density ~ Year + Plot type + Year : Plot type

Hypothesis: The change in earthworm population density over time is different between plot
types (control versus treatment).

Statistical test: There was a significant interaction between year and plot type on
earthworm density (Fs 4= 33.27, p = 0.00069, adjusted R? = 0.664), with a greater
increase in density in treatment plots compared to controls.

Further examples:

https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/understory-

vegetation/

https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/community-

attitudes-2/

https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/rabbitfish/



https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/understory-vegetation/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/understory-vegetation/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/community-attitudes-2/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/community-attitudes-2/
https://www.endangeredlandscapes.org/our-impact/measuring-impact-hub/rabbitfish/

