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Executive Summary 
 

We report on short-term ecological impacts from the KKP3K Pulau Koon, Pulau-Pulau Kecil dan Perairan Sekitarnya 
(Koon MPA), in Maluku province, Indonesia, based on monitoring conducted in 2016 and 2018. Koon MPA was initiated 
in 2011, but has not yet been formally established and therefore lacks zonation and has limited implementation. Our 
results suggest that hard coral cover is stable within the MPA and at surrounding control sites. Fish functional group 
(herbivore) biomass increased both within the MPA and at surrounding control sites, suggesting this increase was not 
driven by the MPA. Key fisheries species biomass was stable/has a non-significant decline in the MPA and at control 
sites. We therefore find limited evidence that the MPA is currently having any effect on ecological conditions using a 
matched-control sites impact evaluation framework. This lack of impact is unsurprising given the low level of 
implementation of the MPA, and the short time period (two years) of this evaluation. Given a longer period of time, and 
continued MPA management actions focused on building MPA effectiveness, it is likely that the MPA performance will 
increase. 
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Introduction 
 

Kawasan Konservasi Perairan Kab Seram Bagian Timur (Koon) 
Marine Protected Area (MPA) —part of the Sunda Banda 
Seascape (SBS)— is located in Indonesia and the Coral 
Triangle – the region containing the greatest coral and fish 
biodiversity of anywhere globally. The SBS region contains 
over 1 million ha of coral reefs, and is home to thousands of 
reef fish species and hundreds of coral species (Setyawan et 
al. 2018a). Unfortunately, marine resources in Indonesia face 
increasing anthropogenic threats, with destructive fishing and 
overexploitation leading to reef declines in some areas 
(Setyawan et al. 2018b). In response, the Indonesian Ministry 
of Marine Affairs and Fisheries (MMAF) has been working to 
increase the number of and size of MPAs to ensure 
sustainable fisheries and biodiversity protection for the 
future. 

Koon MPA (Figure 1) is located in Maluku province, and spans 
approximately 9,900 ha, of which 3,100 ha is coral reef and 
115 ha is seagrass (Setyawan et al. 2018b). Koon has been 
confirmed as an important spawning area for high economic 
value reef fishes, such as Epinephelus lanceolatus, 
Plectropomus areolatus, and Lutjanus bohar. WWF- Indonesia 
has been working in Koon since 2011 in partnership with 
Petuanan Adat Kataloka (adat council), and supported the 
initiation of the Kesepakatan Lokal Pengelolaan Kawasan 

 
1 Kep Bupati No. 523/189/KEP/2011 

Konservasi (Marine Conservation Agreement) to effectively 
manage Koon marine resources. The MPA was initiated in 
20111, but has not yet been formally established. It is 
managed by Maluku Marine and Fisheries Agency in 
partnership with local communities. 

Initial baseline condition surveys of Koon conducted in 2016 
found that hard coral cover averaged 33% within the MPA 
and 30% at control sites outside (Prastowo and Amkieltiela 
2016). In 2016, combined fish biomass for our herbivorous 
fish indicators families (Acanthuridae, Scaridae, Siganidae) 
and key fisheries indicator families (Haemulidae, Lutjanidae, 
Serranidae) was 747 ± 242 kg/ha inside the MPA and 501 ± 
248 kg/ha outside (Prastowo and Amkieltiela 2016). 

The 2016 Koon MPA surveys represent an ecological baseline 
after MPA initiation, but prior to full MPA establishment. 
While there were differences between fish biomass inside 
and outside the MPA it was not possible to draw conclusions 
whether these differences were caused by the MPA. To 
understand the causal effects of MPAs specialist impact 
evaluation methods must be used (Ahmadia et al. 2015). A 
time series dataset from regular MPA monitoring —combined 
with a rigorous quasi-experimental design— allows the 
impact of an MPA to be established through careful selection 
of appropriate control sites. In this technical report we 
describe the results of repeat monitoring conducted in Koon 
MPA during 2018, and calculate the short-term impacts of the 
MPA on coral reef health.  

Figure 1. Map of Koon MPA. Figure shows the MPA boundary (red), MPA and control sites surveyed in 2018, and adjacent islands. 
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Methods
 
Ecological Monitoring 
Sites were surveyed during 9-22 April 2018 following the protocol 
of Amkieltiela & Wijonarno (2015) based on Ahmadia et al. (2013). 
In brief: for hard coral cover, three 50 m transects were conducted 
during each survey at approximately 10 m depth. Along each 
transect, at 0.5 m intervals, the benthic cover was visually 
recorded into broad benthic groups including hard coral. For fish 
biomass surveys, five transects of 50 m length were conducted 
during each survey at approximately 10 m depth. The transect 
width varied based on fish length, with fish from 10-35 cm total 
length recorded at 5 m width, and fish >35 cm recorded at 20 m 
width. Abundance of fish functional groups (herbivorous fish; all 
species in Acanthuridae, Scaridae, and Siganidae) and key fishery 
species (all species in Haemulidae, Lutjanidae, and Serranidae) and 
their lengths were recorded visually by divers (Table 1). 

Koon MPA is does not have formal zonation yet, though some 
zoning has been proposed but not yet implemented for part of the 
MPA (Figure 1). Therefore, in this report we have grouped all sites 
within the MPA and compared them to matched control sites. 

Changes in ecological condition can be caused by many complex 
factors associated with MPA establishment. To understand the 
effects of MPAs on coral reef communities in Koon MPA, the SBS 
monitoring program also monitored conditions in similar non-MPA 
controls (using the same standard protocols as in the MPAs). By 
monitoring changes over time both inside MPAs and in 

corresponding sites not affected by MPA establishment, 
we can determine which ecological changes are directly 
caused by MPA establishment - and which changes are 
caused by other processes (e.g., fisheries market shifts, 
natural disturbances). Control sites were located outside 
of Koon MPA or KKP3K Pulau Kei Kecil, Pulau-pulau dan 
Perairan Sekitarnya (Kei Kecil MPA). Kei Kecil MPA 
control sites were used to increase the pool of potential 
matches for controls. 

In total 13 MPA and 10 control sites were monitored 
around Koon during 2018. In addition, we used the 
baseline data from Prastowo and Amkieltiela (2016) to 
enable comparisons. 

Data Analysis 
To identify causal effects of MPAs, we statistically 
matched sites within the MPA with non-MPA control 
sites (Ahmadia et al. 2015). Matching allowed us to 
compare MPA sites with controls that have similar 
biophysical conditions and also risk from human 
pressures, such as fisheries. Contextual variables used in 
matching are listed in Appendix 1. Each individual site 
within the MPA was matched with a single control site 
outside the MPA based on the matching criteria listed in 
Appendix 1. Control sites were reused, such that 
multiple different MPA sites could be matched to the 
same control site. 

 

 
Table 1. Ecological Indicators 

Indicator Definition Justification 

Hard coral cover Percentage cover of live hard corals. 

Live hard coral cover provides information 
on the health of the benthic environment. 
Generally, healthier coral reef ecosystems 
have greater live hard coral cover. 

Fish functional groups 

Fish biomass of all species within the fish 
families: Acanthuridae (Surgeonfish), 
Scaridae (Parrotfish), and Siganidae, 
(Rabbitfish). 

Ecological resilience can be defined as 
the capacity of an ecosystem to absorb 
recurrent disturbances or shocks, and 
adapt to change while retaining 
essentially the same ecosystem function 
and structure. Herbivorous reef fish play a 
crucial functional role in maintaining reef 
resilience, through removing algae from 
reef surfaces. 

Key fisheries species 

Fish biomass of all species within the fish 
families: Lutjanidae (Snappers), 
Haemulidae (Sweetlips), and Serranidae 
(Groupers). 

Reef fisheries are a crucial livelihood for 
local people. Through the use NTZs 
surrounded by use zones, where locals are 
allowed to fish, the MPAs aim to improve 
important fisheries species biomass. 
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Once matching was complete we calculated the mean annual 
change in hard coral cover, fish functional groups, and key 
fisheries species for each MPA site and the matched control 
site to indicate trend. 
 
We calculated MPA impacts for the three indicators as the 
difference between the recorded trend for the MPA site and 
the matched control site. However, following matching there 
were residual differences (standardized mean difference 
>0.5) between MPA sites and control sites in six contextual 
variables: distance to 50 m depth contour, distance to 
market, mean wave exposure, sea surface temperature 
variation, initial fish herbivore biomass, and Chlorophyll-a. To 
account for this we adjusted our MPA site level impacts using 
a post-hoc bias correction by: first, we calculated the impact 
for each individual MPA site and paired control site. Next we 
calculated the difference between the MPA site and control 
site for each of these poorly matched contextual variables. 
We then used a linear regression, fitting the MPA impacts as 
a function of the difference in poorly matched contextual 

variables. All variables were fitted as fixed effects and no 
interactions included. The residuals — the amount of 
variation unexplained by the contextual variables in the 
impact— were then extracted as the adjusted impact. The 
mean adjusted impact was then calculated for the MPA. In 
some cases this adjustment changes interpretation of these 
results, therefore in this report we present both the original 
and the adjusted impact values. 
 
We used the one-sample Wilcoxon test to identify significant 
trends in indicators for MPA and control sites, and to identify 
significant impacts. Wilcoxon was used because it is a non-
parametric method, and can be used to test for difference 
from 0 in trends or impact for our surveyed sites. 
 
All statistics are reported following the Intergovernmental 
Panel on Climate Change’s (IPCC) standard classification for 
describing quantified measures of uncertainty. See Appendix 
2 for a guide to results interpretation, including uncertainty 
terms and an impact typology. 
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Results and Discussion 
 

 

Hard Coral Cover 
Our results indicate that it is unlikely (p=0.56) that hard coral 
cover has changed in Koon MPA respectively (Figure 2). 
Within the MPA hard coral cover was estimated to be 33% in 
2016 (Prastowo and Amkieltiela 2016), which is similar to the 
36% recorded in 2018. For control sites it is unlikely (p=0.83) 
that hard coral cover has changed between 2016 and 2018, 
with cover at 30% in 2016 and 28% in 2018 (Figure 2). 
 
With very slight increases in hard coral cover in the MPA and 
very slight declines in hard coral cover at control sites, our 
impact evaluation analysis suggests that it is about as likely as 
not (p=0.56) that Koon MPA is having an effect on coral cover 
(Figure 3). Using the adjusted impact (Figure 4), it is unlikely 
(p=0.69) that Koon MPA is showing impact for hard coral 
cover. These results are not surprising, as there has been very 
little change in coral cover. The Koon MPA and surrounding 
area has not suffered from widespread coral bleaching. 
 
Fish Functional Groups 
It is likely (p=0.15) that fish functional group biomass 
increased within Koon MPA (Figure 2). In the MPA, fish 
functional group biomass was 270 ± 49 kg/ha in 2016, but 
reached 1123 kg/ha in 2018 (Firmansyah et al. 2018). It is very 
likely  (p=0.06) that fish functional group biomass increased 
at the control sites between 2016 and 2018 (Figure 2). 

Control site biomass was 208 kg/ha in 2016, and increased to 
673 kg/ha in 2018 (Firmansyah et al. 2018). 
 
Impact evaluation suggests that it is unlikely (p=0.84) that the 
MPA is having an effect on fish function group biomass 
(Figure 3). Our adjusted impact (Figure 4) suggests that it is 
exceptionally unlikely (p>0.99) that MPA is having an effect. 
This implies that the increases in fish function group biomass 
is a regional pattern not influenced by the MPA, and that the 
MPA is currently not enhancing or hindering this recovery. 
Given the MPA has limited implementation, these results are 
generally encouraging as they suggest that fish functional 
groups are showing recovery, and that there is potential for 
the MPA to further enhance this recovery. 
 
Key Fisheries Species 
It is unlikely (p=0.84) that key fisheries species biomass 
changed in Koon MPA (Figure 2). Key fisheries biomass was 
800 kg/ha in 2016 within the MPA, and recorded at 405 kg/ha 
in 2018, though with much variation between sites. Similarly, 
it is unlikely (p=0.83) that key fisheries biomass changed at 
control sites (Figure 2). Key fisheries biomass was 505 kg/ha 
in 2016, and was recorded at 201 kg/ha in 2018, but with high 
variation between sites. While the there was no statistically 
significant change in key fisheries biomass, both MPA and 
control sites showed negative trends. Key fisheries species 
should be monitored closely in the future to identify whether 

Figure 2. Indicator trends for MPA and control sites. All values shown are mean annual rates of change. Yellow bars represent controls, with green, 
purple, and orange bars representing hard coral cover, fish functional groups, and key fisheries species respectively. Error bars represent one 
standard error above and below the mean. 
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this negative trend was just the result in high variation, or 
actually represents a decline in key fisheries species biomass.  
 
The stable/non-significant decline in key fisheries biomass at 
both MPA and control sites means it is unlikely (p=0.84) the 
MPA is having any effect on key fisheries biomass (Figure 3). 
The adjusted impact values suggests it is about as likely as not 

(p=0.44) that the MPA had impact on key fisheries biomass 
(Figure 4). These results should be treated with caution 
considering the short time period (2016-2018) comparisons 
are being made over. With continued MPA management and 
a longer monitoring time series the MPA impact is expected 
to become more clear.

Figure 4. Impact values for hard coral and fisheries indicators. Green represents hard coral, while purple and orange represent fish functional 
groups and key fisheries species respectively. Error bars represent one standard error above and below the mean. 

Figure 3. Adjusted impact values for hard coral and fisheries indicators. Green represents hard coral, while purple and orange represent fish 
functional groups and key fisheries species respectively. Error bars represent one standard error above and below the mean. 
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Recommendations 
 
Short-term MPA impacts are changes in ecological or social 
conditions that are directly caused by an MPA being initiated 
or established. Short-term impacts can include rapid 
ecological responses to protection, potentially following 
changes in fisheries practices and locations. The results of our 
analysis show that there has been limited short-term 
ecological impacts from the Koon MPA. This is unsurprising, 
as the MPA was only initiated in 2011, but has not yet been 
fully established. Therefore this report reflects an evaluation 
over two years while formal establishment is underway, and 
management is not yet optimized. 
 
Recommended management actions to improve Koon MPA 
include: 

- Implementing formal zonation across the MPA in 
partnership with local communities to ensure 
existing customary management is recognized and 
integrated within the zonation plan 

- Increase socialization of MPA rules to increase 
awareness within the community and with other 
stakeholders. This should include the motivations 
behind the community fishing zones that will be 
zoned. This should help build support for the MPA 
from all parties. 

- Increasing frequency of patrol activities and stronger 
enforcement of rules to prevent illegal fishing within 
the MPA. This will increase effectiveness of fisheries 
regulations within the MPA. 

- Further work with the local communities around  
harvest control rules and regulations, ideally building 
off customary management practices to support 
community sustainable fisheries. These may include 
further fishing gear rules, fish size and catch limit 
rules, periodic harvest closures, etc., but must be 
designed and implemented based on local 
community input.
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Appendix 1. Covariates used in matching 
Table 2. Biophysical and social contextual variables used in matching, their rationale, and any matching restrictions. 

Matching covariates Rationale Restrictions in treatment-control 
matched pairs 

Reef Angle (Flat, Slope, or Wall) 
 

Control for natural variation in coral and 
fish communities by habitat 

Same or 1 level different only (e.g. Flat 
can match with Slope but not Wall) 

Reef Type (Patch, Fringing, 
Barrier, Atoll) 

 

Control for selection bias in MPA placement 
and natural variation in coral and fish 
communities by biophysical structuring  

Same or 1 level different only (e.g. Patch 
can match with Fringing but not Barrier) 

Wave exposure (kW/m) Wave energy explains variation in marine 
community structure. Adverse sea 
conditions can also be a deterrent for small 
fishing vessels resulting in lower fishing 
pressure and likelihood of fishing 

Minimize mean difference in all survey 
sites except extreme upper outliers (top 
5%) 

Cumulative Degree Heating 
Weeks (above 4 °C-weeks) 
2013-2017 

 

Temperature anomalies cause bleaching, 
mortality, stress, and disease 

Minimize mean difference in treatment 
and control survey sites 

Cumulative Degree Heating 
Weeks (above 8 °C-weeks) 
2013-2017 

Temperature anomalies cause bleaching, 
mortality, stress, and disease 

Minimize mean difference in treatment 
and control survey sites 

Sea Surface Temperature Temperature anomalies cause bleaching, 
mortality, stress, and disease 

Minimize mean difference in treatment 
and control survey sites 

Mean Chlorophyll-a (2002-2009; 
mg/m3) 

Control for variations in available primary 
productivity which could affect community 
composition and subsequently biomass 

Minimize mean difference in treatment 
and control survey sites (maximum 
difference of 3 standard deviations) 
except extreme upper outliers (top 5%) 

Distance to nearest local fishing 
settlement (km) 

Greater fishery risk for a site the closer to a 
fishing settlement 

Minimize mean difference in treatment 
and control survey sites 

Distance to shoreline (km) All else equal, fishing intensity usually 
negatively correlated with shore distance. 
Also controls for other human impacts (e.g. 
pollution, destructive nearshore activities) 
from neighbouring coastal populations 

Minimize mean difference in sites <20 
km, >20km MPA sites can pair with any 
control site >20km 

Distance to mangroves (km) Source of fish recruits, protection from 
pollution 

Minimize mean difference in treatment 
and control survey sites 

Land area within 5 km Larger land areas nearby will likely affect 
access to the reef, and have different 
pollution and recruitment dynamics 

Minimize mean difference in treatment 
and control survey sites 

Reef area within 5 km Larger reef areas are likely to have different 
recruitment dynamics and responses to 
localized fishing pressures than smaller reef 
areas 

Minimize mean difference in treatment 
and control survey sites 
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Distance to provincial capital 
(market) (km) 

Greater fishery risk for a site the closer to a 
fishing provincial capital 

Minimize mean difference in treatment 
and control survey sites 

Distance to local markets (km) Distance to markets is negatively correlated 
with fishing intensity, and positively with 
demand for product.  

Minimize mean difference in treatment 
and control survey sites 

Human population within 20 km Greater human population within close 
distance is likely to lead to greater fisheries 
pressure 

Minimize mean difference in treatment 
and control survey sites 

Distance to deep water (km) Potential impact on fish community 
structure and potential fisheries depth 
refuges 

Minimise distance to deep water (50m 
contour) 

Marine Pollution Risk Marine pollution affects marine 
communities 

Minimize mean difference in treatment 
and control survey sites 

Initial Conditions: Herbivorous 
Fish Biomass (kg/ha) 

Initial time point fish biomass likely to 
affect future biomass recorded at the site 

Minimize mean difference in treatment 
and control survey sites 

Initial Conditions: 
Key Fisheries Species Biomass 
(kg/ha) 

Initial time point fish biomass likely to 
affect future biomass recorded at the site 

Minimize mean difference in treatment 
and control survey sites 

Initial Conditions: 
Hard Coral Cover (%) 

Initial time point hard coral cover likely to 
affect future biomass recorded at the site 

Minimize mean difference in treatment 
and control survey sites 

Latitude Control for unobserved spatial variation 
caused by factors such as exogenous shocks 
(e.g. storm events, algal blooms) and other 
changes between survey locations. Also, to 
reduce latitudinal variation 

Minimize mean difference. Maximum 
distance 2 degrees latitude 

Longitude Control for unobserved spatial variation 
caused by factors such as exogenous shocks 
(e.g. storm events, algal blooms) and other 
changes between survey locations. 

Minimize mean difference. Maximum 
distance 2 degrees latitude 
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Appendix 2. Interpreting Findings 
 

Uncertainty 
Scientific monitoring always involves uncertainty. Uncertainty 
may occur at each step of the monitoring process - from 
developing methods to data collection, analysis, and 
interpretation. Some uncertainties (e.g., measurement error) 
are easily documented and quantified, while others remain 
unknown (e.g., whether an indicator is an accurate 
representation of an unknown, true state). The relative 
magnitude of uncertainty can be quantified through 
statistical analysis or other techniques. 
 
In this report, we adopt the Intergovernmental Panel on 
Climate Change’s (IPCC) standard classification for describing 
quantified measures of uncertainty (IPCC, 2013). Based on 
statistical analysis of monitoring data, we express a 
probabilistic likelihood (i.e., the chance that a specific trend 
or outcome would occur) to describe the conditions and 
trends in the MPA (see Table 3). 

 

Term Likelihood of the 
Outcome 

Associated 
Probabilistic 
Likelihood (P value) 

Virtually certain 99 - 100% probability P < 0.01 
Extremely likely 95 - 100% probability P < 0.05 
Very likely 90 - 100% probability P < 0.10 
Likely 66 - 100% probability P < 0.33 
About as likely as 
not 33 - 66% probability P > 0.33 and < 0.66 

Unlikely 0 - 33% probability P > 0.66 

Very unlikely 0 - 10% probability P > 0.90 

Exceptionally 
unlikely 0 - 1% probability P > 0.99 

 

Note: The categories under ‘Likelihood of the Outcome’ are not mutually 
exclusive, and reflect standard scientific convention when reporting a 
probabilistic likelihood. 

For each finding in this report, we provide the likelihood term 
in italicized font (e.g., virtually certain) and the exact 
probabilistic likelihood in parentheses.  For example, if there 
is less than 1% chance that the trends documented for a 
specific indicator would arise by chance alone, we describe 
the trend as ‘virtually certain (p=0.01)’.  

Here, the p value expresses the probability of obtaining a 
result equal to, or more extreme than, was actually observed 
in the data.

Impact Types 
The outcomes of conservation interventions occur in the 
context of broader social, economic, political and 
environmental trends. Interventions, such as MPAs, may 
impact a social or ecological factor in a variety of ways (Figure 
5).  It could: 

A. Catalyze an absolute increase, reversing a broader 
decline 
 

B. Magnify broader increases 
 

C. Buffer against broader declines (less decrease) 
 

D. Match broader trends (no net impact) 
 

E. Penalize a widespread increase, in an outcome of 
interest 

 

F. Constrain a broader increase 
 

G. Exacerbate a broader decrease 
 
In Figure 5, bar height represents relative change since a 
conservation intervention was established in MPAs (blue) and 
matched control non-MPA areas (grey).  Panels A-B represent 
positive impacts; D represents no net impact; and E-G 
represent negative impacts of conservation interventions.

Table 3. Uncertainty terms 

Figure 5. MPA impact typology 
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Results Format 

All results figures in this report present changes in hard coral 
cover and fish biomass as mean change in % coral cover per 
year or mean change in fish biomass (kg) per year. Results are 
standardized to mean change per year as MPA sites and 
control sites were surveyed during different years within the 
monitoring period. Figure 6 shows interpretation for a trend 
figure, illustrating the meaning of each component. 

Impact is calculated  as the difference between the mean rate 
of change for the MPA sites, and the mean rate of change for 
the control sites (Figure 7). Therefore, it is possible for MPAs 
to have increasing trends in hard coral cover, or fish biomass, 
yet show negative impact. This would be caused by control 
sites showing greater mean annual increases in hard coral 
cover or fish biomass over the monitoring time period (see 
Figure 6).

  

Figure 6. Understanding and interpreting trends 

1. Bar height represents mean 
value 

2. Error bars represent the 
amount of variation around 

the mean (one standard error) 

3. Mean and variation for the 
No-Take Zone (NTZ) and the 
associated control is shown 

separately from the Use zone 
and controls 

4. Longer error bars indicate 
greater variation 

Figure Legend: 

5. Values shown are changes 
in coral cover or fish biomass. 

This represents the mean 
change in % coral cover per 
year, or the mean change in 
fish biomass (kg/ha) per year 
across the years that data is 

available 
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6. Impact values 
represent the 

difference between the 
rate of change 

recorded in the MPA 
zone, and the rate of 

change recorded in the 
control site 

Figure Legend: 

Figure 7. Understanding and interpreting impact 


