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OBJECTIVE

Local threats, when harming a reef, are an important priority for conservation and management, as mitigating
these pressures (especially within climate refugia) can lead to better outcomes for coral reef health and the
livelihoods and wellbeing of people who depend on these reefs. Mapping the variability of local threats to coral
reefs can help prioritise where to monitor for impacts to reefs and where to invest conservation resources to
protect the function and ecosystem services provided by healthy coral reefs.

In this analysis, we use global data layers to map three local threats across each of the Solomon Island
Provinces: fishing pressure based on proximity to markets, local fishing pressure based on local human
population, and sedimentation from land-based runoff (all described below). Given the limitations of
globally available data layers, this analysis should be validated and complemented by local knowledge and,
where available, local data layers. Most importantly, local threats are not always a threat, and can instead
describe context. For example, at low levels of impact, each ‘threat” may only be a local context and not a
‘threat’. For example, local fishing provides livelihoods and food security for hundreds of millions of people
while exploitative overfishing or destructive gear can be a threat.

IMPORTANT CAVEATS:
1. Local knowledge and validation is crucial.

2. Preliminary results are subject to change following scientific peer-review and the layers will be updated if required.

METHODS

MARKET DRIVEN FISHING PRESSURE

Threats due to fishing were measured as market gravity. The gravity concept draws on an analogy from Newton’s Law of
Gravitation and predicts that interactions between two places (e.g., cities) are positively related to their mass (i.e., population)
and inversely related to the distance between them (Anderson 2011). Cinner et al. (2018) applied the gravity concept to coral
reefs under the assumption that human interactions with a reef are a function of the population of a place divided by the
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squared time it takes to travel to the reefs. Using travel time instead of linear distance accounts for the differences incurred by
traveling over different surfaces, such as water, roads or tracks (Maire et al. 2016). High market gravity, measured as (humber
of people) / (hours of travel)?, reduces fish biomass and the occurrence of top predators on coral reefs. We mapped gravity to
the coral reef grid cells by calculating the mean value of market gravity of all the intersecting grid cells from Cinner et al.’s
original layer.

LOCAL FISHING PRESSURE

As noted by Cinner et al. (2018), gravity values can be similar for places that have large populations but are far
from the reefs (e.g., population = 15,000 people, travel time = 7 h, gravity = 306) as to those with small
populations that are close to the reef (e.g., population = 300 people, travel time =1 h, gravity = 300). We
therefore also mapped the potential for fishing pressure based on population size alone, as an indicator for local
fishing pressure unrelated to markets. We used the number of people living on the coast obtained from the
population count layer v 4.11 for the year 2020 at a spatial resolution of 2.5 minutes of degree (about 5 km)
from the Socioeconomic Data and Applications Center (SEDAC). Population counts were mapped to the
grid cells by summing their values within a distance of 5km from the boundaries of each grid cells. We
included population within 5 km distance on the basis of previous fisheries surveys undertaken by WCS in
Western Province, which indicated that over 70% of the fishing effort (out of 571) was shore-based or short
(less than 4 hours) boat-based trips where no fuel was used.

SEDIMENTATION

We combined two approaches for estimating sediment delivery to river mouths. For the first approach, we estimated
sediment delivery using the Natural Capital Project’s Integrated Valuation of Ecosystem Service Sediment Delivery Ratio
(SDR) Model (InVEST SDR version 3.7.0) (Tallis & Polasky 2009; Hamel et al. 2015). Operating at the resolution of the
land-cover input (250m), the SDR model calculates sediment yield by combining the revised universal soil loss equation
(RUSLE) with a sediment delivery ratio (SDR) to quantify the amount of soil eroded for a given area that will travel to a
stream pour-point (Hamel et al. 2015). The RUSLE approach uses five different environmental input factors: land cover
and management factor (C-factor), rainfall-runoff erosivity (R-factor), slope length and steepness factor (LS-factor), soil
erodibility (K-factor). Each of these layers plus global land cover data (from 2012) were taken from Borrelli et al.

(2017). For the second approach, we used the SDR values from the Reefs at Risk analysis (Burke et al. 2011). While the
calculations for these SDR values are more simplistic than the INVEST model, they account for sediment trapping
potential of dams and mangroves, which INVEST does not.

The sediment exposure to adjacent reefs was modelled using a sediment plume model, written and run in R (version
3.5.3). The dispersal of potential sediment at each river mouth was modelled using a cost-path surface, where a decay
function evenly distributes 0.5% of the initial potential sediment value to all adjacent cells, until either a threshold of
0.05% of the global maximum value or a distance of 80 km from the river mouth was reached (Halpern et al. 2008; Burke
et al. 2011). The sediment plumes from each river mouth were then summed to provide a cumulative sediment exposure
value, measured as tons of sediment / km?. Finally, the sediment plumes for the two approaches were averaged.

Because the land cover layer used for this analysis was from 2012, we also mapped deforestation rates for each Province
since 2012, using data from Global Forest Watch (Hansen et al. 2013).



READING THE REPORT CARD

The first map in the report card shows you the location of the Province.




Global Threat Indicators. These are the detailed maps of the different threat variables. Each map shows you the variability of
the threat across the specified Province (5 x 5 km pixels).
Fishing: Pollution: Local Fishing Pressure:

Market Pressure Sedimentation Human Population

Market gravity ton / km2 Number of individuals
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3. Threat ranking. This shows how each of the 5km x 5km pixels in a particular Province compares to all Solomon Island reef pixels.
Values are shown in percentiles, where higher values represent higher pressure than other Solomon Island reefs. The black line is the
average percentile for all the pixels within the Province.

In the example below, the average local fishing pressure variable for all the pixels in that Province (black line) is higher than ~75%
of the market pressure values measured in all Solomon Island reefs. Each dot shows the value for one pixel, and together they show
the variability of the values within the Province. In this example, while the average value of the Province might be higher than ~75%
of local fishing pressure values measured on all Solomon Island reefs, local fishing pressure is highly variable within the Province,
as shown by the spread of the dots.

Threats ranked from highest to lowest; province average and pixels compared to all Solomon Islands pixels
A value in the 50th percentile means that the province's average is higher than 50% of Solomon Islands' coral reefs' values
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4. National context. These graphs show the raw values of each variable (listed in the detailed maps above), and not as a percentile
like the threat ranking graph. Here, you can see how the average Province value (colored dot) compares to the average values of other
Provinces (grey dot) to provide a regional perspective. The dark grey triangle shows the Solomon Islands average, and allows you to
compare the specific Province identified in each threat report card (coloured dot) and all Solomon Islands Provinces (grey dots) to
the country average (dark grey triangle). The bar graphs on the right show the same information with each Province labelled.

(Coloured point in left panel represents Central Province)
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PROVINCE THREATS

See additional report for threat report cards for each Province.

Table 1: top ranked threats for each province

Province Top ranked threat

Central Market driven fishing pressure
Choiseul Market driven fishing pressure
Guadalcanal Market driven fishing pressure
Isabel Sedimentation

Makira-Ulawa Local fishing pressure

Malaita Local fishing pressure

High

20 40

500 1,000 1,500



Rennel and Bellona Local fishing pressure
Temotu Local fishing pressure
Western Sedimentation

Coral reefs in Guadalcanal faced the most market-based fishing pressure, with the Province average pressure being
higher than ~95% of all Solomon Islands coral reefs (see attached threat report card and reference guide on how to
interpret results below). Central Province reefs also faced high levels of market driven fishing pressure, with the Province
average pressure being higher than ~90% of all Solomon Island coral reefs. Market driven fishing pressure was also the
highest ranked threat for both Provinces.

Although local fishing pressure was not the top ranked threat within Central Province, when the total pressure from this
threat was compared to all other Provinces, Central Province coral reefs faced the most local fishing pressure out of all
the Provinces, with the average pressure from this threat being higher than over 75% of all Solomon Island coral reefs.
However, unlike market driven pressure, which was consistently high across all Central Province reefs, there was much
more variability in how much local fishing pressure there was at each reef (see Central Province threat report card). The
Makira-Ulawa and Guadalcanal Provinces also experienced high levels of local fishing pressure, with the Province
average for both being75% higher than all other Solomon Islands reefs. Similarly to Central Province, there was also a
lot of variability in how much local fishing pressure there was within each Province.

Although within the Isabel and Western Provinces the top ranked threat was sedimentation, when compared to all other
Provinces, the threat from sedimentation was highest in Guadalcanal, with the average pressure from this threat being
reater than almost 90% of all Solomon Islands reefs. Makira-Ulawa Province experienced the second highest pressure
rom sedimentation when compared to all other Provinces, with the average pressure from this threat being higher than
60% of all reefs within Solomon Islands. However, within all Provinces gwith the exception of Rennel and Bellona), the
var:jat))ility across reefs was high, with some reef areas experiencing high levels of sedimentation (see threat report
cards).

Because the land cover map used in this analysis was from 2012, we also identified deforestation hotspots, which would
indicate regions where the threat from sedimentation had increased over the last ten years.

Forest lost within each province since 2012

See Appendix 1 for maps of deforestation in each Province since 2012.

Table 2: area of forest lost within each Province since 2012

Province Deforestation (ha) Proportion of Province (Percent)
Central 1852 2.9
Choiseul 15338 5.2
Guadalcanal 27072 4.9
Isabel 13566 3.2
Makira-Ulawa 6550 2.0
Malaita 11012 2.4
Rennel and Bellona 877 1.2
Temotu 637 0.7
Western 30945 55
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APPENDIX 1: DEFORESTATION IN EACH PROVINCE SINCE 2012
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Solomon Islands: Central Province

Global Threat Indicators

Fishing: Pollution: Local Fishing Pressure:

Human Population
VN, -

Market Pressure Sedimentation

ton / km2 Number of individuals

80 800 0 2,000 200,000

1) This is a mapping exercise that ranks a series of global data layers to understand the different contexts
and/or threats of various reef locations. Local knowledge and validation is crucial.

2) Preliminary results are subject to change following scientific peer review; updated data layers can be found
on https://programs.wcs.org/vibrantoceans/Map



Ranked Threats

1. Fishing: Market Pressure
2. Local Fishing Pressure: Human Population

3. Pollution: Sedimentation

Threat Ranking

Threats ranked from highest to lowest; province average and pixels compared to all Solomon Islands pixels
A value in the 50th percentile means that the province's average is higher than 50% of Solomon Islands' coral reefs' values

100% aPefo . _ ® s @ -
e ) (‘\)Ué)o,‘oq? $ o 0o o ° ¢
$ 25
SO0
75%
Q
=]
c
Q
o
et
& s0%
©
(3]
=
=
'_
25%
0% (] oo
Fishing: Local Fishing Pressure:
Market Pressure Human Population
Context

(Coloured point in left panel represents Central Province)

A i

Solomon Islands Average Other Solomon Islands Province Averages Low

Fishing: Market Pressure

Guadalcanal

~ Central

Makira-Ulawa

& ® I\/{alagte}
) sabe

- Choiseul

Western

Rennel and Bellona

emotu

0 1 2

Pollution: Sedimentation

Guadalcanal

Makira-Ulawa

Wflsst%rnl

sabel

£ Central
Choiseul

Malaita

Temotu

Rennel and Bellona

0 20 40

Local Fishing Pressure: Human Population

~ Central

Makira-Ulawa

Guadalcanal

Malaita

A Western
Choiseul

Temotu

Rennel and Bellona

Isabel

0 500 1,000 1,500

o © © %00 © ©

Pollution:
Sedimentation

20

500

High

1,000

40

1,500



Solomon Islands: Choiseul Province

Global Threat Indicators

Fishing: Pollution: Local Fishing Pressure:
Market Pressure Sedimentation Human Population

Market gravity ton / km2 Number of individuals

0 80 800 0 2,000 200,000

1) This is a mapping exercise that ranks a series of global data layers to understand the different contexts
and/or threats of various reef locations. Local knowledge and validation is crucial.

2) Preliminary results are subject to change following scientific peer review; updated data layers can be found
on https://programs.wcs.org/vibrantoceans/Map



Ranked Threats

1. Fishing: Market Pressure
2. Pollution: Sedimentation

3. Local Fishing Pressure: Human Population

Threat Ranking

Threats ranked from highest to lowest; province average and pixels compared to all Solomon Islands pixels
A value in the 50th percentile means that the province's average is higher than 50% of Solomon Islands' coral reefs' values
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Solomon Islands: Guadalcanal Province

Global Threat Indicators

Fishing: Pollution: Local Fishing Pressure:
Market Pressure Sedimentation Human Population

Market gravity ton / km2 Number of individuals

0 80 800 0 2,000 200,000

1) This is a mapping exercise that ranks a series of global data layers to understand the different contexts
and/or threats of various reef locations. Local knowledge and validation is crucial.

2) Preliminary results are subject to change following scientific peer review; updated data layers can be found
on https://programs.wcs.org/vibrantoceans/Map



Ranked Threats

1. Fishing: Market Pressure
2. Pollution: Sedimentation

3. Local Fishing Pressure: Human Population

Threat Ranking

Threats ranked from highest to lowest; province average and pixels compared to all Solomon Islands pixels
A value in the 50th percentile means that the province's average is higher than 50% of Solomon Islands' coral reefs' values
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Solomon Islands: Isabel Province

Global Threat Indicators

Fishing: Pollution: Local Fishing Pressure:
Market Pressure Sedimentation Human Population

Market gravity ton / km2 Number of individuals

0 80 800 0 2,000 200,000

1) This is a mapping exercise that ranks a series of global data layers to understand the different contexts
and/or threats of various reef locations. Local knowledge and validation is crucial.

2) Preliminary results are subject to change following scientific peer review; updated data layers can be found
on https://programs.wcs.org/vibrantoceans/Map



Ranked Threats

1. Pollution: Sedimentation
2. Fishing: Market Pressure

3. Local Fishing Pressure: Human Population

Threat Ranking

Threats ranked from highest to lowest; province average and pixels compared to all Solomon Islands pixels
A value in the 50th percentile means that the province's average is higher than 50% of Solomon Islands' coral reefs' values
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Solomon Islands: Makira-Ulawa Province

Global Threat Indicators

Fishing: Pollution: Local Fishing Pressure:
Market Pressure Sedimentation Human Population

Market gravity ton / km2 Number of individuals

0 80 800 0 2,000 200,000

1) This is a mapping exercise that ranks a series of global data layers to understand the different contexts
and/or threats of various reef locations. Local knowledge and validation is crucial.

2) Preliminary results are subject to change following scientific peer review; updated data layers can be found
on https://programs.wcs.org/vibrantoceans/Map



Ranked Threats

1. Local Fishing Pressure: Human Population
2. Pollution: Sedimentation

3. Fishing: Market Pressure

Threat Ranking

Threats ranked from highest to lowest; province average and pixels compared to all Solomon Islands pixels
A value in the 50th percentile means that the province's average is higher than 50% of Solomon Islands' coral reefs' values
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Solomon Islands: Malaita Province

Global Threat Indicators

Fishing: Pollution: Local Fishing Pressure:
Market Pressure Sedimentation Human Population

Market gravity ton / km2 Number of individuals

0 80 800 0 2,000 200,000

1) This is a mapping exercise that ranks a series of global data layers to understand the different contexts
and/or threats of various reef locations. Local knowledge and validation is crucial.

2) Preliminary results are subject to change following scientific peer review; updated data layers can be found
on https://programs.wcs.org/vibrantoceans/Map



Ranked Threats

1. Local Fishing Pressure: Human Population
2. Fishing: Market Pressure

3. Pollution: Sedimentation

Threat Ranking

Threats ranked from highest to lowest; province average and pixels compared to all Solomon Islands pixels
A value in the 50th percentile means that the province's average is higher than 50% of Solomon Islands' coral reefs' values
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Solomon Islands: Rennel and Bellona Province

Global Threat Indicators

Fishing: Pollution: Local Fishing Pressure:
Market Pressure Sedimentation Human Population

Market gravity ton / km2 Number of individuals

0 80 800 0 2,000 200,000

1) This is a mapping exercise that ranks a series of global data layers to understand the different contexts
and/or threats of various reef locations. Local knowledge and validation is crucial.

2) Preliminary results are subject to change following scientific peer review; updated data layers can be found
on https://programs.wcs.org/vibrantoceans/Map



Ranked Threats
1. Coastal Development: Human Population

2. Fishing: Market Pressure
3. Pollution: Sedimentation

Threat Ranking

Threats ranked from highest to lowest; province average and pixels compared to all Solomon Islands pixels
A value in the 50th percentile means that the province's average is higher than 50% of Solomon Islands' coral reefs' values
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Solomon Islands: Temotu Province

Global Threat Indicators

Fishing: Pollution: Local Fishing Pressure:
Market Pressure Sedimentation Human Population

Market gravity ton / km2 Number of individuals

0 80 800 0 2,000 200,000

1) This is a mapping exercise that ranks a series of global data layers to understand the different contexts
and/or threats of various reef locations. Local knowledge and validation is crucial.

2) Preliminary results are subject to change following scientific peer review; updated data layers can be found
on https://programs.wcs.org/vibrantoceans/Map



Ranked Threats

1. Local Fishing Pressure: Human Population
2. Pollution: Sedimentation

3. Fishing: Market Pressure

Threat Ranking

Threats ranked from highest to lowest; province average and pixels compared to all Solomon Islands pixels
A value in the 50th percentile means that the province's average is higher than 50% of Solomon Islands' coral reefs' values
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Solomon Islands: Western Province

Global Threat Indicators

Fishing: Pollution: Local Fishing Pressure:
Market Pressure Sedimentation Human Population

Market gravity ton / km2 Number of individuals

0 80 800 0 2,000 200,000

1) This is a mapping exercise that ranks a series of global data layers to understand the different contexts
and/or threats of various reef locations. Local knowledge and validation is crucial.

2) Preliminary results are subject to change following scientific peer review; updated data layers can be found
on https://programs.wcs.org/vibrantoceans/Map



Ranked Threats

1. Pollution: Sedimentation
2. Local Fishing Pressure: Human Population

3. Fishing: Market Pressure

Threat Ranking

Threats ranked from highest to lowest; province average and pixels compared to all Solomon Islands pixels
A value in the 50th percentile means that the province's average is higher than 50% of Solomon Islands' coral reefs' values
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