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Summary 

This report describes methods used to pilot the use of JNCC Species Distribution Modelling 
(SDM) framework to model areas suitable for the establishment of subtidal seagrass beds, 
Modiolus modiolus beds and Sabellaria spinulosa reefs in UK waters from environmental 
variables and records of presence of the habitats. The main driver was this work was the 
development of two indicators of Good Environmental Status under the UK Marine Strategy 
namely the “Potential Physical Loss of Habitats’ and ‘Condition of Biogenic Reefs’ indicators. 
In this report we describe the approach, present, and discuss results and model limitations. 



ii 

Contents 
 

Summary .................................................................................................................................. i 

1 Background .................................................................................................................... 1 

1.1 Aim ........................................................................................................................... 1 

1.2 Ecological Review .................................................................................................... 1 

2 Data Preparation ............................................................................................................ 3 

2.1 Predictor Variables ................................................................................................... 3 

2.1.1 Sources of Environmental Data ......................................................................... 3 

2.1.2 Model Extent ..................................................................................................... 3 

2.2 Habitat Occurrence Data Selection ........................................................................ 12 

2.3 Reducing Spatial Autocorrelation ........................................................................... 14 

2.4 Training and Test Data ........................................................................................... 15 

3 Modelling ...................................................................................................................... 16 

3.1.1 JNCC SDM Framework ................................................................................... 16 

3.2 Model Selection ...................................................................................................... 16 

3.3 Summarising the Result ......................................................................................... 16 

4 Results .......................................................................................................................... 18 

5 Discussion .................................................................................................................... 25 

5.1 Variable importance ................................................................................................ 25 

5.2 Model Limitations .................................................................................................... 26 

6 Improving the Models .................................................................................................. 31 

7 References ................................................................................................................... 32 

 



JNCC Report No. 718 

1 

1 Background 

JNCC is leading on the development of several indicators that will help to assess progress 
towards achieving Good Environmental Status under the UK Marine Strategy. Some of these 
indicators require information on the distribution of seabed habitats; however, lack of full-
coverage survey data means there are gaps where the habitats have not been observed. 
Habitat modelling provides a way to predict the suitability of an area of seabed for a habitat 
and therefore offers to improve our understanding of the distribution of certain habitats. 

Two of the indicators in development are referred to as ‘Potential Physical Loss of Habitats’ 
and ‘Condition of Biogenic Reefs’. Three seabed habitats chosen to test the methods for 
assessing these indicators are: Modiolus modiolus beds (both indicators), Sabellaria 
spinulosa reefs (biogenic reef indicator only) and subtidal Zostera marina beds (Potential 
Physical Loss only). 

In 2016 JNCC contracted out work to develop the physical loss indicator method to the 
University of Hull (Strong 2016), which included modelling the distribution of Modiolus 
modiolus beds and Zostera marina beds. At a similar time, the Ecosystem Analysis team at 
JNCC developed an in-house ‘species distribution modelling (SDM) framework’ (JNCC 
2019), for use on terrestrial habitats. 

1.1 Aim 

The aim of this project is to use the JNCC SDM framework to generate a repeatable, open 
and consistent method for predicting the distribution of seabed habitats for use in the 
aforementioned projects. The focus of the initial investigation is on subtidal Zostera marina 
beds, Modiolus modiolus beds and Sabellaria spinulosa reefs. Users require information on 
potential natural distribution of the habitats, meaning that data on human-induced pressures 
are not included as model inputs. Similarly natural pressures (e.g. predation) and biological 
interactions were not considered in this work. 

1.2 Ecological Review 

A literature review was conducted to inform the model of the environmental characteristics 
known to influence the distribution of all habitats, using the following sources:  

Zostera marina: 

- Strong J.A. (2016)  
- The Marine Life Information Network (MarLIN) [see D'Avack et al. 2019] 
- OSPAR Background document [see Tullrot 2009] 
- Brown (2015) 
- Bekkby et al. (2008) 
 

Modiolus modiolus: 

- Strong J.A. (2016)  
- The Marine Life Information Network (MarLIN) [see Tyler-Walters 2007] 
- OSPAR Background document (Rees 2009) 
- Hutchison et al. (2016) 
- Gormley et al. (2013) 
- Holt et al. (1998) 
- Witman (1984) 
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- Ragnarsson & Burgos (2012) 
- Strong et al. (2016)  
- Lindenbaum et al. (2008) 
- Sanderson et al. (2008) 
- Rees et al. (2008) 
- Kent et al. (2017)  
- Elsäßer et al. (2013)  
 

Sabellaria spinulosa: 

- The Marine Life Information Network (MarLIN) [see Jackson & Hiscock 2008] 
- Jenkins et al. (2018) 
- Pearce (2017) 
- Lisco et al. (2017) 
- Gibb et al. (2014) 
 

The reviews provided the basis by which environmental data could then be sourced. 
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2 Data Preparation 

2.1 Predictor Variables 

2.1.1 Sources of Environmental Data 

A suite of environmental variables were selected as model inputs, based on a review of 
literature on their ability to influence the growth and survivability of each habitat in question 
(Table 1). Each individual dataset was then projected to ETRS LAEA 1989 and resampled 
to a common raster grid with a resolution of 300 m before being fed into the model. 

2.1.2 Model Extent 

Restrictions were applied to the extents of the environmental datasets to ensure data only 
existed within the depth limits of each habitat.  

For Zostera marina beds, the model extent was restricted to a depth range between 0 m and 
15 m as evidence suggests beds will not occur in deeper waters. Due to limitations in the 
reliability of Kd(PAR) data in shallow environments with high sediment loading, a further 
restriction was applied to remove the Severn estuary from the Zostera marina bed model 
(Figure 1). The Modiolus modiolus beds model extent was restricted to a depth range 
between 0 m and 242 m based on the deepest observation of Modiolus modiolus beds 
(Figure 2). The model extent of Sabellaria spinulosa reef was restricted between 0 m and 80 
m (Figure 3) based on the literature review.
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Table 1. A list of predictor variables used as inputs for the predictive modelling. 

Predictor 
Variable 

Source Units Original Spatial 
Resolution 

Release 
Date 

Data 
Collection 

Year 

Zostera 
marina 

Modiolus 
modiolus 

Sabellaria 
spinulosa 

Depth to 
seabed 

A combination of the 
Defra DEM (Defra 2018) 
One Second mosaic, in 
the first instance, and 
EMODnet Bathymetry 
(Schmitt et al. 2019) 
where the former was 
not available 

Metres 
(m) 

Defra DEM 
(2018) – 1 arc 

second 
 

EMODnet 
Bathymetry 

(2018) – 
1

16
 arc 

minute 

Defra DEM 
– 2018 

 
EMODnet 

Bathymetry 
– 2018 

Defra DEM 
– 1956–

2018 
 

EMODnet 
Bathymetry 

– 1977–
2018 

✓ ✓ ✓ 

Slope of the 
seabed 

Derived from bathymetry 
data (described above), 
using TASSE toolbox in 
ArcGIS based on 
recommendations by 
Lecours et al. (2017): 
slope computed using 
the Horn (1981) method 

Degrees 
(o) 

Same as depth 
to seabed data 

Same as 
depth to 
seabed 

data 

Same as 
depth to 
seabed 

data 

✓ ✓ ✓ 

PAR at the 
seabed 

Photosynthetically 
available radiation (PAR) 
at the seabed, I, 
calculated from Depth to 
seabed, d (described 
above), PAR at the sea 
surface, I0, and the 
diffuse attenuation 
coefficient of PAR in the 
water column, Kd(PAR), 
(from EMODnet Seabed 
Habitats) according to 
the following equation: 

𝐼 = 𝐼𝑜𝑒−𝑑.𝐾𝑑(𝑃𝐴𝑅) 

Moles of 
light per 
square 

metre per 
day  

(mol·phot·
m-2d-1) 

Surface PAR – 
250m 

 
KdPAR – 250 m 

 
Depth – same 

as above 

Surface 
PAR – 2018 

 
KdPAR – 

2018 
 

Depth – 
same as 
above 

Surface 
PAR – 

2005-2009 
 

KdPAR – 
2005–2009 

 
Depth – 
same as 
above 

✓   

https://www.emodnet-seabedhabitats.eu/access-data/launch-map-viewer/?activeFilters=&zoom=5&center=-7.210,54.124&layerIds=17&baseLayerId=-3&activeFilters=
https://www.emodnet-seabedhabitats.eu/access-data/launch-map-viewer/?activeFilters=&zoom=5&center=-7.210,54.124&layerIds=17&baseLayerId=-3&activeFilters=
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Predictor 
Variable 

Source Units Original Spatial 
Resolution 

Release 
Date 

Data 
Collection 

Year 

Zostera 
marina 

Modiolus 
modiolus 

Sabellaria 
spinulosa 

Light 
attenuation 
coefficient of 
photo-
synthetic 
active 
radiation 
(Kd(PAR)) 

Average diffuse light 
attenuation coefficient of 
photosynthetic active 
radiation (Kd(PAR)) 
between 2005-2009, 
values measured in 
metres-1. 
 
Variable was used a 
proxy measure of 
turbidity. 
 
Created by the EMODnet 
Seabed Habitats 
consortium using data 
from the European 
Space Agency MERIS 
instrument, used in the 
creation of EUSeaMap 
2019. 
 

Per Metre 
(m-1) 

250 m 2018 2005–2009   ✓ 

Kinetic 
energy at the 
seabed due 
to waves 

EMODnet Seabed 
Habitats (mean of annual 
90th percentile values 
over six years) 
 

Newtons 
per 

Square 
Metre 
(N/m2) 

300 m at the 
coast and 12.5 
km elsewhere 

2018 2000–2005 ✓ ✓ ✓ 

https://www.emodnet-seabedhabitats.eu/access-data/launch-map-viewer/?zoom=5&center=-7.210,54.124&layerIds=18&baseLayerId=-3&activeFilters=
https://www.emodnet-seabedhabitats.eu/about/
https://www.emodnet-seabedhabitats.eu/about/
https://www.emodnet-seabedhabitats.eu/access-data/launch-map-viewer/?zoom=5&center=-12.153,56.402&layerIds=26&baseLayerId=-3&activeFilters=
https://www.emodnet-seabedhabitats.eu/access-data/launch-map-viewer/?zoom=5&center=-12.153,56.402&layerIds=26&baseLayerId=-3&activeFilters=
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Predictor 
Variable 

Source Units Original Spatial 
Resolution 

Release 
Date 

Data 
Collection 

Year 

Zostera 
marina 

Modiolus 
modiolus 

Sabellaria 
spinulosa 

Kinetic 
energy at the 
seabed due 
to currents 

EMODnet Seabed 
Habitats (mean of annual 
90th percentile values 
over six years) 

Newtons 
per 

Square 
Metre 
(N/m2) 

300m at the 
coast and 

combination of 
1.8 km in the 

North and Celtic 
Sea and 10 km 

in the North 
East Atlantic 

2018 2000–2005 ✓ ✓ ✓ 

Seabed 
substrate 
(categorical) 

Derived from a 
combination of the 
sediment classes (Folk 
5) in JNCC’s combined 
EUNIS level 3 map, 
EUSeaMap 2019, 
UKSeaMap 2018 and 
CEFAS sediment 
modelling outputs 
(Stephens & Diesing 
2015) where the former 
was not available. 

1 – Mud / 
sandy 
mud 

2 – Sand / 
muddy 
sand 

3 – Mixed 
sediment 

4 – 
Coarse 

sediment 
5 – Rock 

JNCC 
Combined Map 
– variable, high 

resolution 
survey data and 
low-resolution 

modelled 
products 

 
CEFAS 

Sediment Model 
– 500 m 

JNCC 
Combined 

Map – 2019 
 
 

CEFAS 
Sediment 
Model – 

2015 

JNCC 
Combined 

Map – 
2005–2018 

 
 

CEFAS 
Sediment 
Model – 

See 
reference 
for details 

✓ ✓ ✓ 

https://www.emodnet-seabedhabitats.eu/access-data/launch-map-viewer/?zoom=5&center=-12.153,56.402&layerIds=43&baseLayerId=-3&activeFilters=
https://www.emodnet-seabedhabitats.eu/access-data/launch-map-viewer/?zoom=5&center=-12.153,56.402&layerIds=43&baseLayerId=-3&activeFilters=
https://jncc.gov.uk/our-work/marine-habitat-data-product-eunis-level-3-combined-map/
https://jncc.gov.uk/our-work/marine-habitat-data-product-eunis-level-3-combined-map/
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Predictor 
Variable 

Source Units Original Spatial 
Resolution 

Release 
Date 

Data 
Collection 

Year 

Zostera 
marina 

Modiolus 
modiolus 

Sabellaria 
spinulosa 

Mean of 
annual 
minima 
temperature 
at the seabed 
(over 30-year 
period) 

Derived from the ICES 
near-bed temperature 
30-year climatology 
dataset (Berx & Hughes 
2009). 

Degrees 
Celsius 

(oC) 

300 m 2008 1973–1999 ✓   

Mean of 
annual 
temperature 
at the seabed 
(over 30-year 
period) 

Derived from the ICES 
near-bed temperature 
30-year climatology 
dataset (Berx & Hughes 
2009). 

Degrees 
Celsius 

(oC) 

300 m 2008 1973–1999   ✓ 

Absolute 
maximum of 
annual 
temperatures 
at the seabed 
(over 30-year 
period) 

Derived from the ICES 
near-bed temperature 
30-year climatology 
dataset (Berx & Hughes 
2009). 

Degrees 
Celsius 

(oC) 

300 m 2008 1973–1999  ✓  
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Predictor 
Variable 

Source Units Original Spatial 
Resolution 

Release 
Date 

Data 
Collection 

Year 

Zostera 
marina 

Modiolus 
modiolus 

Sabellaria 
spinulosa 

Absolute 
minimum of 
seasonal 
salinity 

Derived from a National 
Oceanography Centre 
(formerly Proudman 
Oceanographic 
Laboratory) dataset, the 
POLCOMS model 
hindcast from the Atlantic 
Margin (Holt et al. 2012). 
Used in the production of 
UKSeaMap 2006 
(Connor et al. 2006). 

Practical 
Salinity 

Unit (PSU) 

~1 km 2006 1964–2004 ✓ ✓ ✓ 
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Figure 1. Extent of the Zostera marina beds model restricted to a bathymetry 0 m to 15 m depth and 
excluding the Severn estuary.  
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Figure 2. Extent of the Modiolus modiolus beds model restricted to a depth of 0–300 m. 
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Figure 3. Extent of the Sabellaria spinulosa reefs model restricted to a depth of 0–80 m.  
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2.2 Habitat Occurrence Data Selection 

Habitat suitability models require two types of occurrence data (also known as response 
data): presence data and absence data. As true absences are particularly scarce in survey 
data, presence of other habitats was used as a proxy for absences instead; this is referred to 
as pseudo-absence data.  

The chosen sources of occurrence data for the models were the: OSPAR threatened and/or 
declining habitats database, Natural England Evidence Base database, Marine Recorder 
database and Annex I Reef database. To ensure the highest confidence in observations, a 
specific selection method was chosen for each database, the details of which are in Table 2. 

Although the distribution of some habitats can vary on a temporal scale, having an additional 
selection criterion based on observation date would have significantly reduced the number of 
presence points available to train the model. As such, every observation possible was 
included in the response dataset. 

Although Zostera marina can occur in the intertidal zone, the model study areas only include 
subtidal areas as required for the Potential Physical Loss indicator development. 
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Table 2. Summary of datasets and selection criteria used for the presence and pseudo-absence 
response variables. 

Source Occurrence 
Type 

Zostera 
marina 
beds 

Modiolus modiolus 
beds 

Sabellaria spinulosa 
reefs 

OSPAR 
Threatened 

and/or 
declining 
habitats 

database 
2018 

Presence HabSubType 
= Zostera 

marina beds 

HabStatus = 
Present 

Certainty = 
Certain 

HabType = Modiolus 
modiolus horse 

mussel bed 

HabStatus = Present 

Certainty = Certain 

HabType = Sabellaria 
spinulosa reefs 

HabStatus = Present 

Certainty = Certain 

OSPAR 
Threatened 

and/or 
declining 
habitats 

database 
2018 

Pseudo-
absence 

HabType = 
Maerl beds, 

Modiolus 
modiolus 

horse 
mussel 
beds, 

Sabellaria 
spinulosa 
reefs and 

sea-pen and 
burrowing 

megafauna 
communities 

HabStatus = 
Present 

Certainty = 
Certain 

HabType = Coral 
gardens, deep-sea 

sponge 
aggregations, 

Lophelia pertusa 
reefs, maerl beds, 

Sabellaria spinulosa 
reefs. sea-pen and 

burrowing 
megafauna 

communities and 
Zostera beds 

HabStatus = Present 

Certainty = Certain 

HabType = Modiolus 
modiolus horse 

mussel beds and 
Zostera beds 

HabStatus = Present 

Certainty = Certain 

Natural 
England 
Evidence 

Base 

Presence  HAB_TYPE = 
A5.621, A5.622, 

A5.623 and A5.624 

MCZ_Survey = 2 and 
3 

MCZ_Source_ID_MR 
not like “MR” & 

“JNCC” (filters out 
Marine Recorder 

points) 

MCZ_Hoci_name = 
Ross worm 

(Sabellaria spinulosa) 
reefs 

MCZ_Survey = 2 and 
3 

MCZ_Source_ID_MR 
not like “MR” & 

“JNCC” (filters out 
Marine Recorder 

points) 
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Source Occurrence 
Type 

Zostera 
marina 
beds 

Modiolus modiolus 
beds 

Sabellaria spinulosa 
reefs 

Natural 
England 
Evidence 

Base 

Pseudo-
absence 

 HAB_TYPE != 
A5.621, A5.622, 

A5.623 and A5.624 
 

MCZ_Survey_quality 
= 2 and 3 

 
MCZ_Source_ID_MR 

not like “MR” & 
“JNCC” (filters out 
Marine Recorder 

points) 

MCZ_Hoci_name != 
Ross worm 

(Sabellaria spinulosa) 
reefs 

 
MCZ_Survey = 2 and 

3 
 

MCZ_Source_ID_MR 
not like “MR” & 

“JNCC” (filters out 
Marine Recorder 

points) 

 
Marine 

Recorder 
Database 

2019 
 

Presence  EUNIS2007 = 
A5.621, A5.622, 

A5.623 and A5.624 
 

Qualifier = Certain 
match; whole record 
and Certain match; 

part record 

 

Marine 
Recorder 
Database 

2019 
 

Pseudo-
absence 

EUNIS 2007 
!=  A5.51 

 
Qualifier = 

Certain 
match; 

whole record 

EUNIS 2007 !=  
A5.621, A5.622, 

A5.623 and A5.624 
 

Qualifier = Certain 
match; whole record 

EUNIS 2007 !=  
A5.533 

 
Qualifier = Certain 

match; whole record 

Annex I 
Reefs 

Database 

Presence    

Annex I 
Reefs 

Database 

Pseudo-
absence 

SubType = 
Bedrock, 

bedrock and 
stony, 

bedrock 
and/or stony, 
biogenic and 

stony 
 

Confidence 
= High 

  

2.3 Reducing Spatial Autocorrelation 

Due to the nature of surveying, the presence and pseudo-absence observations tended to 
be clustered so that several data points often occurred within a single 300 m raster grid cell.  
Reductions were made to both presence and absence data to reduce this clustering within 
every grid cell within the environmental raster stack.  
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Observations were passed through a logical statement in R to reduce observations to only 
one presence or one absence observation per grid square, ensuring a greater degree of 
independence between observations and, ultimately, ensuring the model did not 
overestimate the probability of habitat occurrence or absence.  

The selection of a single observation was based on whether there were a greater number of 
presence or pseudo-absence points, in each cell. Due to the significantly greater number of 
pseudo-absence observations compared to presence observations, a weighting was applied 
to the pseudo-absences to allow a fair selection between the two observation types. 
Weighting was calculated by the proportion of total presence observations (P) to total 
pseudo-absence observations (A), multiplied by the total number of pseudo-absences within 
the raster cell (An). 

𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑎𝑏𝑠𝑒𝑛𝑐𝑒𝑠 = (
∑𝑃

∑𝐴
) 𝐴𝑛 

Once the code identified which observation type (presence or absence) returned the highest 
total, a random selection was made to extract one point within that category in each cell. 
Details of how the selection process affected the number of response data for the model are 
reported in (Table 3).  

Table 3. Number of observations per input dataset for the response variables, including the date 
ranges the biotopes were determined. 

Model Response Date 
Range 

Number of 
initial data 

points 

Number of data points 
after selection process 

Zostera marina 
beds 

Presence 1968–
2019 

11,158 256 

Zostera marina 
beds 

Pseudo-
Absence 

1899–
2018 

116,454 6,412 

Modiolus 
modiolus beds 

Presence 1968–
2019 

1,097 290 

Modiolus 
modiolus beds 

Pseudo-
Absence 

1954–
2019 

145,797 22,317 

Sabellaria 
spinulosa reefs 

Presence 1978–
2019 

1,865 568 

Sabellaria 
spinulosa reefs 

Pseudo-
Absence 

1954–
2019 

35,596 19,905 

Before running the models, all the presence and absence points were intersected with the 
respective model domain to help speed up processing, which subsequently reduces some of 
the numbers. 

2.4 Training and Test Data 

For each model run, 25% of the response data were held back for testing the model 
performance, the remaining 75% were used to train the model.  
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3 Modelling 

3.1  JNCC SDM Framework 

To predict habitat suitability, the JNCC Species Distribution Modelling (SDM) Framework 
(JNCC, 2019) was used. The JNCC SDM is an open-source R package that includes 
functions for ensemble SDM. The ensemble modelling approach repeatedly runs the model 
with a random selection of training and test data each time, averaging the predictions from 
each run to generate a final output. 

The SDM package includes several different algorithms for a user to choose, including:  
Random Forest (RF), Boosted Regression Tree (BRT), Support Vector Machine, General 
Additive Model (GAM), General Linear Model (GLM) and Maximum Entropy (MaxEnt). The 
SDM package permits users to select multiple algorithms to execute though the ensemble, 
subsequently allowing the best performing algorithm to be chosen based on Area Under the 
Curve (AUC) statistic.  

3.2 Model Selection 

A combination of advice from the package authors and previous pilot studies utilising the 
SDM package identified that RF and BRT were typically the best performing models against 
all other algorithms. A preliminary run of the model was performed for 10 iterations on the 
Zostera marina beds and Modiolus modiolus beds models to see which, out of BRT and RF, 
performed best, based on the average AUC value (Table 4).

Table 4. AUC for 10 iterations of Random Forest and Boosted Regression Tree models. Scores 
labelled with a * denote the best performing algorithm per run. 

Habitat Model Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8 Run 9 Run 
10 

Mean 

Zostera 
m. beds

RF 0.977 0.990* 0.993* 0.988 0.994* 0.988 0.987* 0.992 0.989 0.991* 0.989* 

Zostera 
m. beds

BRT 0.984* 0.989 0.993 0.989* 0.985 0.989* 0.984 0.983 0.991* 0.986* 0.987 

Modiolus 
m. beds

RF 0.987* 0.981* 0.996* 0.998* 0.982* 0.997* 0.984* 0.987* 0.988* 0.997* 0.990* 

Modiolus 
m. beds

BRT 0.957 0.964 0.963 0.971 0.961 0.953 0.941 0.965 0.959 0.975 0.961 

In the case of both habitats, the mean AUC over 10 runs was higher in RF than in BRT 
(AUCRF = 0.989, AUCBRT = 0.987 for Zostera marina beds; AUCRF = 0. 9897, AUCBRT = 0. 
9607 for Modiolus modiolus beds). The predictive outputs generated by the BRT model 
showed predictive values only to range within 0.3 and 0.6 for both habitats, while the RF 
model output values gave a wider range between 0.001 and 0.999. With this in mind, and its 
general ability to handle collinearity between variables and low-prevalence data much better, 
RF was selected as the final algorithm for the habitat suitability modelling. The model was 
run for 50 iterations using the “randomForest” package, with each iteration using a random 
selection of training and test data. 

3.3 Summarising the Result 

For the Potential Physical Loss indicator, users of the model output need be able to quantify 
the potential area of habitat loss as a result of human activities in a specified time period. 
Two approaches were reviewed: 
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1. Classify the predictive output into ‘suitable’ and ‘unsuitable’ cells. This would allow 
the calculation of the total area of habitat before and after polygons of human 
activities are overlain. 

2. Do not classify the predictive output. Calculate a total area of ‘suitable’ habitat using 
the probabilities in the raster output. This is the approach that we chose – see below. 

The total potential area of suitable habitat was calculated according to the equation below, 
where the product of the probability, P, and area, A, of each cell, i was summed over the 
total number of cells, N, in the study area. 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒 ℎ𝑎𝑏𝑖𝑡𝑎𝑡 = ∑ 𝐴𝑖𝑃𝑖

𝑁

𝑖=0

 

This approach was suggested by Calabrese et al. (2014), who argues that aggregating 
probabilistic values is more objective than applying ad-hoc thresholds to species distribution 
model outputs.  
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4 Results 

The AUC scores for all models being above 0.9 denote well-performing models (Table 5), 
with AUC scores of 1 indicating a perfect model performance (Hanley & McNeil 1982).  

The models predicted the total potential area of suitable habitat for Zostera marina beds to 
be 4,194.1 km2, Modiolus modiolus beds at 69,605.7 km2 and Sabellaria spinulosa at 32,199 
km2.  

Table 5. Mean ROC AUC values, total calculated area and standard deviation (SD) over all model 
iterations. 

Model Mean AUC Total Area of 
Suitable 
Habitat 

SD SD% of Total 
Area of 
Suitable 
Habitat 

Zostera marina beds 0.941 4,194.1km2 ± 1,101.5 km2 26% 

Modiolus modiolus beds 0.992 69,605.7 km2 ± 10,967.2 
km2 

15% 

Sabellaria spinulosa 
reefs 

0.990 
32,199 km2 

± 4,579.6 km2 14% 

Plotted mean suitability and standard deviation values (Figures 4 to 9) showed that, across 
all models, most areas of the model domain exhibited relatively little variability in predictions 
between model runs. Geographic areas exhibiting the highest standard deviations typically 
reflect areas of high habitat suitability. Variability, as shown by the standard deviation, can 
be a useful indicator of the stability and therefore confidence, of the model. However, it is not 
the full picture; for example, there are large areas predicted to be highly suitable that do not 
correspond with observations. We might expect the standard deviation to be higher in these 
areas, but it is quite low. 
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Figure 4. Mean predictive values of habitat suitability for Zostera marina beds across the UK, within 
the model extent of 0–15 m depth. Insets represent examples of known areas of habitat: Top) Isles of 
Scilly; Middle) Ryde and Bottom) Isle of Harris / North Uist. Points within the insets illustrate habitat 
presence points used within the model. 
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Figure 5. Standard deviation in the predictive values of habitat suitability for Zostera marina beds 
across the UK, within the model extent of 0–15 m depth. Insets represent examples of known areas of 
habitat: Top) Isles of Scilly; Middle) Ryde and Bottom) Isle of Harris / North Uist. Points within the 
insets illustrate habitat presence points used within the model. Higher standard deviations denote 
greater variability in predictive values, which are indicated by orange and red. 
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Figure 6. Mean predictive values of habitat suitability for Modiolus modiolus beds across the UK, 
within the model extent of 0–300 m depth. Insets represent examples of known areas of habitat: Top) 
Orkney & Noss Head, Scotland; Middle) Strangford Lough, Northern Ireland; and Bottom) Anglesey, 
North Wales. Points within the insets illustrate habitat presence points used within the model.  
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Figure 7. Standard deviation in the predictive values of habitat suitability for Modiolus modiolus beds 
across the UK, within the model extent of 0–300 m depth. Insets represent examples of known areas 
of habitat: Top) Orkney and Noss Head, Scotland; Middle) Strangford Lough, Northern Ireland; and 
Bottom) Anglesey, North Wales. Points within the insets illustrate habitat presence points used within 
the model. Higher standard deviations denote greater variability in predictive values, which are 
indicated by orange and red. 
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Figure 8. Mean predictive values of habitat suitability for Sabellaria spinulosa reefs across the UK, 
within the model extent of 0–80 m depth. Insets represent examples of known areas of habitat: Top) 
Anglesey, North Wales; Middle) Lincolnshire coast, England; and Bottom) East of England. Points 
within the insets illustrate habitat presence points used within the model.  
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Figure 9. Standard deviation in the predictive values of habitat suitability for Sabellaria spinulosa 
reefs across the UK, within the model extent of 0–80 m depth. Insets represent examples of known 
areas of habitat: Top) Anglesey, North Wales; Middle) Lincolnshire coast, England; and Bottom) East 
of England. Points within the insets illustrate habitat presence points used within the model. Higher 
standard deviations denote greater variability in predictive values, which are indicated by orange and 
red. 
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5 Discussion 

5.1 Variable importance 

The key parameters affecting the suitability of the subtidal Zostera marina beds were, in 
order of importance: depth, PAR at seabed, minimum salinity, mean of annual minima 
temperature at the seabed and wave energy at the seabed.  

Depth and amount of sunlight reaching the seabed (PAR_seabed) are known factors 
affecting subtidal Zostera marina distribution (e.g. Gormley 2014; Bekkby 2008; D’avack 
2019). Bottom temperature contributed the most to the model of Zostera marina beds at NE 
Atlantic scale (Gormley et al. 2014), indicating that it is a key factor for Zostera marina 
growth. Contrary to what others have found using local wave exposure data (Bekkby et al. 
2008), wave exposure did not have a high importance value in our model. et alThis may be 
due to the coarse resolution of the wave energy dataset used in this work, which may be 
insufficient to capture small-scale variability, particularly in complex settings. Substrate type 
was dropped from our model, despite it being cited as a key driver for Zostera distribution by 
various authors (Gormley 2014; D’avack 2019). Further research is required in 
understanding why this is the case, one hypothesis is that the substrate layer we used as 
input, classified in five Folk classes, was not suitable for Zostera modelling. 

Sabellaria reef showed a model response to (in order of importance): current energy at the 
seabed, light attenuation coefficient, mean salinity at the seabed, mean temperature at the 
seabed,wave energy at the seabed. 

Sabellaria is often found in areas of high-water movement (Gibbs et al. 2014; Gomerley 
2014) and it requires sand in suspension to build its tubes (Pearce 2017; Gormeley 2014). 
Therefore, it is understandable that current energy and light attenuation drive the distribution 
of this habitat as they are proxies for the amount of suspended sediments in the water 
column. Salinity can affect this habitat’s suitability conditions (Gormley 2014) however other 
authors state that effects of salinity on Sabellaria distribution is unclear (Holt et al. 1998; 
Gibbs 2014); Sabellaria spinulosa is found mostly in full saline conditions but also in 
environments with variable salinity (Piearce 2017). Temperature was found to be an 
important variable in regional-scale OSPAR models, however others describe S. spinulosa 
as tolerant to various ranges of temperature changes. 

Sabellaria spinulosa has been recorded on a wide range of substrata and once a colony has 
been established it is possible for the extent to increase without a requirement for hard 
substrata or mobile sand (Pearce 2017). Substrate was one of the selected variables in the 
model, but one of the least important, probably due Sabellaria being found in a wide range of 
substrate types. 

Modelled Modiolus modiolus beds have shown that useful parameters, in order of 
importance: minimum salinity at seabed, current energy at seabed, mean temperature at 
seabed, depth, wave energy at seabed, slope and finally substrate.  

The minimum salinity at seabed is an important environmental variable to consider as M. 
modiolus are known to be sensitive to changes in salinity making them dependant on deeper 
subtidal regions (Halanych et al. 2013; Dinesen & Morton 2014). Optimum salinities have 
been reported to be between 30–35 ppt (Bakhmet et al. 2010; Gormley et al. 2013; Dinesen 
& Morton 2014). Current speeds are shown to be the second most important variable to 
consider when modelling M. modiolus distribution. Currents speeds have been suggested to 
be important factor (Strong et al. 2016), however there is disagreement whether M. modiolus 
prefer non-mobile substrates in the absence of excessive currents (Wildish et al. 1998) or 
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tidally swept regions where currents can reach 10 cms-1 (Wilson et al. 2021; Gormley et al. 
2013). The results of this study have not clarified this disagreement but do support the 
suggestion that current speeds are an important variable to consider when modelling M. 
modiolus distribution.  

5.2 Model Limitations 

• In an attempt to predict areas of suitable environmental conditions for these habitats, 

we have made the following assumptions:  

▪ Environmental data, which have all been collected from different time periods 

and different time scales, are representative of current prevailing climactic 

conditions.  

▪ The 300 m spatial resolution of the gridded response variables (the 

environmental data) is high enough to account for the true variability in habitat 

suitability for each of the three habitats. 

• The 300 m resolution of the predictor variables will not capture any small-scale 

variability in physical conditions, which could impact habitat suitability or patchiness at 

a much finer scale. Additionally, the resolution makes the number of presence / 

pseudo-absence points higher per grid cell, making it less likely to get cells with more 

presence points than pseudo-absence points.  

• The strong model performance (AUC > 0.9) is likely due to the low numbers of 

presence data points used within the model. This raises suspicion that the model 

performance may be misleading. This will be further investigated in future products.   

• Other known environmental datasets that affect the distribution of habitats could not be 

sourced at the spatial scale required for these models, for example: 

▪ Zostera marina beds: concentration of dissolved inorganic nutrients (e.g. 

nitrates and phosphates) 

▪ Modiolus modiolus beds: high sedimentation rates result in high mortality 

rates among Modiolus modiolus individuals (Hutchinson et al. 2016)  

▪ Sabellaria spinulosa reefs: areas of high turbidity are needed for Sabellaria 

spinulosa settlement (Pearce 2017), with sediment-starved areas potentially 

resulting in a net erosion of colonies (Davies et al. 2009), but given the highly 

ephemeral nature of Sabellaria spinulosa reefs (Hendrick 2008; Hendrick & 

Foster-Smith 2006; Jenkins et al. 2015), there may be additional variables to 

consider as model inputs. 

• The models were unable to make a prediction where there was not complete spatial 

coverage of all environmental variables (Figures 10–12), particularly in regions with 

complex coastlines such as northwest Scotland. Other examples of areas include: 

▪ Zostera marina beds:  

▪ Waterfoot MCZ – absence of depth to seabed data over the southern 

limits of the MCZ.  

▪ Narrows of Strangford Lough – absence of wave data, and light inputs 

used to calculate PAR at the seabed (KdPAR and surface PAR) 

▪ Killough Harbour – absence of all variables inshore  

▪ Dundrum Bay – absence of depth to seabed data 

▪ Carlingford Lough – absence of depth to seabed data 

▪ Lough Foyle – absence of depth to seabed data 

▪ Loch Sween – absence of all variables  

▪ Firth of Clyde (west coast of Arran) – absence of depth to seabed and 

wave data, with limited coverage of substrate  

▪ Loch Ailort – absence of waves and currents data 
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▪ Lyndisfarne National Nature Reserve – absence of depth to seabed, 

waves and currents data 

▪ Modiolus modiolus beds: 

▪ North-west Scotland – particularly an issue for modelling Modiolus 

modiolus beds as there are numerous known beds found in sea lochs. 

The coarse resolution and lack of environmental data made it 

complicated to model these environments, particularly with the complex 

coastlines.   

▪ Sabellaria spinulosa: 

▪ Although mainly subtidal in nature, similar to the Modiolus modiolus 

beds model some areas in Orkney and Shetland were lacking data, as 

well some inshore estuaries as the Bristol Channel and Thames 

 
Patches of Modiolus modiolus bed habitat suitability around the east coast of England 
(Norfolk coast) appear misleading as beds are not known to occur there. Furthermore, 
these areas are known distributions of Sabellaria spinulosa which require silty, turbid 
conditions to construct their tubes and reefs (Holt et al. 1998), whereas Modiolus 
modiolus are known to suffer from smothering (Hutchison et al. 2016). These model 
outputs are similar to Gormley et al. (2013), meaning the model may be focusing more 
on suitable environmental conditions but does not consider habitat specific factors known 
to influence Modiolus modiolus distribution, such as larval dispersal or connectivity 
(Millar et al. 2019). Some of the environmental data we used was derived from 
climatologies, for example temperature, salinity and currents. These climatologies do not 
usually include extreme weather events which are known to have negative effects on 
habitats (Milllar et al. 2019).   
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Figure 10. Insets represent examples of known areas of habitat where the model has been unable to 
sufficiently predict Zostera marina suitability: Top) Waterfoot MCZ; Middle) Pen Llŷn a'r Sarnau/ Lleyn 
Peninsula and the Sarnau and Bottom) Loch Sween. Points within the insets illustrate the full set of 
habitat presence points prior to applying selection criteria. Main Map: Mean predictive values of 
habitat suitability for Zostera marina beds across the UK, within the model extent of 0–15 m depth. 
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Figure 11. Insets represent examples of known areas of habitat where the model has been unable to 
sufficiently predict Modiolus modiolus suitability due to the lack of environmental data: Top) Inner 
Sound (Lochs Alsh, Carron & Duich), Scotland; Middle) Loch Sunart, Scotland; and Bottom) Loch Goil 
& Long, Scotland. Points within the insets illustrate the full set of habitat presence points prior to 
applying selection criteria. Main Map: Mean predictive values of habitat suitability for Modiolus 
modiolus beds across the UK, within the model extent of 0–300 m depth. 
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Figure 12. Insets represent examples of predicted high suitability but with no presence data and high 
pseudo-absence data for the Sabellaria spinulosa model: Top) Shetland, Scotland; Middle) 
Morecambe Bay, England; and Bottom) The Solent, England. Points within the insets illustrate the full 
set of habitat pseudo-absences. Main map: Mean predictive values of habitat suitability for Sabellaria 
spinulosa reefs across the UK, within the model extent of 0–80 m depth.  
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6 Improving the Models 

• The models only use presence and pseudo-absence points which intersect with all 

environmental variables, thereby limiting the potential distribution of suitable habitat. 

This could be improved by sourcing more presence data as the more the model can be 

trained the accurate the predictive output will be. Zostera marina. 

• Ideally, the use of true absence data, as opposed to pseudo-absences, is likely to 

provide a more accurate prediction; however, the existence of such data is very 

limited. A more careful choice of pseudo-absences and balanced number with 

presences will be tested in future modelling efforts. 

• Trialling the modelling method on a case study with higher resolution environmental 

raster data would provide informative outputs on local variability of the habitats.  

• Increased spatial coverage of environmental variables is needed, particularly for the 

inshore coastal regions. This could be achieved by either widening the coverage of the 

inputs themselves or improving the JNCC modelling packages to account for missing 

environmental data.  

• The Modiolus modiolus beds model excluded some variables which may limit their 

presence; for example, Hutchison et al. (2016) found that, although surviving for a 

short-period, adult Modiolus modiolus would not be able to emerge from a burial event 

unless local hydrodynamics assists. Accounting for sedimentation rates, both natural 

and anthropogenic, would be a valuable input for a future iteration of this model; 

unfortunately, this data could not be sourced as no UK-wide layer is currently 

available, however it would be interesting to integrate it on a small sample area if such 

data exists.  

• Similarly, the Zostera marina beds model also excluded some environmental variables 

known to limit their presence. The MarLIN website mentions parameters such as 

nutrients (phosphate and nitrate) and ‘enclosedness’ as factors influencing the 

distribution of Zostera beds, however, the data required could not be sourced.  

• The framework currently uses a specific R package for Random Forest modelling 

(Liaw & Wiener 2002), which bases the variable importance on the impurity values, 

potentially having bias to variables with higher node split points such as continuous or 

high cardinality variables. Exploring alternative approaches to measure importance 

metrics, such as conditional permutation (Strobl et al. 2008), may help eliminate model 

bias and additionally account for collinearity amongst predictors. 

https://www.marlin.ac.uk/
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