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at about year 20, the biomass starts to decrease for the remaining time steps (Figure 6C). Figure 3.6D
shows the net benefits attained from grouper fishing over 45 years.
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Figure 6. Grouper baseline simulations, no monitoring and enforcement.
Optimal solution

The optimal solution assumes that the government is trying to completely eliminate cyanide fishing. With
the elimination of the cyanide fishery for grouper, the total NPV over the 45 years is US $52.87 million
(Table 11). With the total elimination of the illegal fishery, the value of the grouper fishery is worth almost
US $10 million less over the 45 years.

The optimal solution assumes that the price of legal caught fish does not change with the elimination of
the illegal fishery. If we assume that in the optimal scenario fishers receive 50% more for their catch,
resulting in a price of US $6195/tonne, then the total NPV of a totally legal fishery would be US $65.38
million. This is only marginally higher than the baseline scenario. This increase of US $2.93 million, if
averaged over the 45 year period, could mean a difference of an estimated US $65,000 annually.
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A. Effort by strategy and scenario B. Catch by strategy and scenario
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Figure 7. Grouper baseline and optimal simulations.

Table 11. Grouper baseline and optimal simulation net present value
(NPV) in million USD.

Simulation Legal NPV  Illegal NPV Total NPV
Baseline 27.80 34.65 62.45
Optimal 52.87 0] 52.87
Difference 25.07 -34.65 -9.58

Figure 7 compares the baseline and
optimal solution. Figure 7A and 7B
show the optimal effort and catch
profiles. Over the 45 years, the total
grouper catch is 42,380 tonnes in
the baseline scenario and 55,578
tonnes in the optimal solution.
There does not appear to be a

marked improvement in grouper biomass in the optimal solution (Figure 7 C).

To attain the optimal solution, there are several combinations
of detection probability (p) and fine amount (Fee) the

Table 12. Grouper optimal detection
probability (p) and fine (Fee) combinations

government can offer as incentives. Table 12 presents these
possibilities. Essentially, the government can have a high
detection probability (by investing in monitoring) but fine
fishers a relatively small amount, or they can have a low
detection probability but fine apprehended fishers a relatively
large amount

p (%) Fee (USD)
10 10,100
15 6,750
20 5,050
25 4,040

30 3,370
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Discounting

As explained in the discounting section of the snapper model results, the value of the discount rate (used
to express benefits to be received in the future into benefits today) can greatly effect how resources are
utilized. Table 13 shows the catch,

Table 13. Grouper baseline simulation run with increasing discount NPV and biomass in year 45 for

rBa;iséﬁt type Discount rate incregsing diS(.:ount rates .in the
o* 4 . 10 baseline scenario. A higher discount
rate appears to lead to a lower
Legal catch (1) 19,493 20,973 29,500 22,785 hinmags (Table 13). Generally, a
Illegal catch (t) 9,418 10,612 12,800 13,194  hijgher discount rate leads to a larger
Total catch (t) 28,011 31,545 42,380 35,979  grouper catch, but this is only true
Illegal catch (%) 33 34 30 37 up to a discount rate of 7%. It may
Lega] NPV($-106) 79.92 35.95 278 1787 be that with a hlgher discount rate,
Tllegal NPV ($+10) 120 54.43 34.65 29.36 more cgtch is Faken at .the beginning
TUINS0) | a0 Beas g g e mulon lading o lower
Biomass (1), year 45 19,000 17,100 9,700 8,054 expected, higher discount rates
* This is actually the limit as § goes to 0, to allow convergence (Clark 2006). result in lower NPV of the ﬁshery.

Sensitivity analysis

Intrinsic rate of growth

The intrinsic rate of growth, r, is a biological parameter quantifying how rapidly a population grows in the
absence of limiting factors. Table 14 shows the results of the sensitivity analysis with the low and high
values used in the simulation given on either side of the main value used in the model. We expect the
influence of changes in r to be similar to what we would find in changes to the value of the carrying
capacity, K. A higher r value implies a more productive population, thus providing for larger catches and
value through the 45 years (Table 14). It is very interesting to note, however, that a more productive stock

appears to result Table 14. Sensitivity analysis for grouper model: Intrinsic rate of growth.

in larger losses in

NPV  associated Result Simulation Intrinsic rate of growth
with the Low (0.09) Model (0.18) High (0.36)
elimination of Biomass (1), year 45 Baseline 10,200 9,700 14,783
cyanide fishing Optimal 8,728 10,500 14,874
(Table 14). Total catch (t) Baseline 22,860 42,380 78,000
Optimal 30,265 55,578 94,198
NPV ($+10°) Baseline 32.86 62.45 115.4
Optimal 24.97 52.87 89.66
Difference in NPV ($+10°) - -7.89 -9.58 -25.74
Relative profitability - 0.76 0.85 0.78
DISCUSSION

The perverse incentives to fish using explosives and cyanide are apparent in this analysis. In both
scenarios, effort is allocated to these fishing methods due to their apparent profitability, although in the
snapper fishery, more effort is allocated to illegal methods, while in the grouper fishery, more effort is
allocated to legal gears. Even with changes in parameter values, as explored in the sensitivity analysis, the
baseline simulations show why these destructive fishing gears are common in Raja Ampat.
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BLAST FISHING FOR SNAPPER

In this analysis, the artisanal snapper fishery is estimated to be worth between US $2.85 and $6.53 million
over the next 45 years. The elimination of explosives on the reef could result in a higher stock biomass,
and fairly consistent catches through time. It appears that the optimal solution is perhaps a desirable one
for the regency government. The costs associated with the monitoring and enforcement program are
obviously an important consideration for the government. Of course any amounts collected from
apprehended fishers could potentially be used to help fund the program.

The recent rise in tourisms4 and pearl farmingss5 in Raja Ampat has resulted in a perceived decrease in the
number of blasts occurring in the area. The presence of dive operations out on the water, as well as armed
guards present at the farms, could potentially act as effective enforcers, perhaps decreasing the
government's management costs.

Several possible combinations of detection probabilities and fisher fines were presented. Although it is not
the authors’ intention to suggest which combination is best, it is important to note that the potential for
bribes in developing countries is often large (Owino 1999; Thyl De Lopez 2003). As such, it might be in the
government's best interest to invest heavily in monitoring. If government staff members are well paid to
begin with, then perhaps the incentive for accepting bribes will not threaten the integrity of a management
program.

CYANIDE FISHING FOR GROUPER

Grouper populations have decreased throughout Indonesia (Halim 2003). Researchers in Raja Ampat
have suggested that the amount of cyanide fishing has also been decreasing in the areas®. Evidence
suggests that the price of live-caught grouper is still high, although less than before the Asian financial
crisis of 1997 (McGilvray and Chan 2002), and the costs of cyanide have not increased in the area.
Furthermore, the current inability of managers to charge cyanide fishers with a crime would imply that
fishers are not fishing less due to the risk of being apprehended or fined. Therefore, less effort using
cyanide may be a result of smaller grouper stock sizes resulting in smaller catch per unit effort associated
with this gear and target species. Cyanide fishing tends to target grouper spawning aggregation sites
(SPAGS), thus possibly leading to recruitment overfishing (Cesar et al. 2000). The Raja Ampat ecosystem-
based management (EBM) project has a component study researching grouper SPAGS and preliminary
reports suggest that they have been all but eliminated in Raja Ampats’.

Elimination of the cyanide fishery in Raja Ampat does not seem to yield significant benefits, either
biologically, as grouper biomass still declines through time, or economically, as the NPV is actually lower
in the optimal solution. However, if a price function could be added into the model to allow price to
change with the elimination of the illegal fishery, then perhaps there may in fact be an economic incentive
to eliminate cyanide fishing. This implies that perhaps the high prices given to fishers who can provide live
reef fish are an overwhelming incentive. The government may be better off supporting alternative capture
methods for the live reef fish trade. For example, grouper mariculture has been shown to be a potentially
viable option in Indonesia (Halim 2003). During the first author’s field visits to several fishing villages in
Raja Ampat, several grouper pens were seen in operation. These pens are used to hold any live fish that are
caught with nets or traps until a vendor comes to purchase them from the village.

CONCLUSION

The use of destructive fishing gears threatens fisheries, marine biodiversity and ecosystem services
worldwide (Pauly 1989; Pet-Soede and Erdmann 1998; Cesar et al. 2000; Halim and Mous 2006). In Raja
Ampat, with artisanal fisheries currently valued at US $7 million (Dohar and Anggraeni 2007), it seems
evident that ensuring sustainable fishery yields through time should be a priority for the government, not
to mention conserving ecosystem services through time. And although sustainable fisheries management

> Eddie Frommenwiler, owner and operator of the Pindito liveaboard boat, personal communication.
55 Mark Erdmann, Conservation International, personal communication.

56 Mark Erdmann, Conservation International, personal communication.

57 Christovel Rotinsulu, Conservation International, personal communication.
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requires several components, the elimination of illegal fishing is certainly an important one (FAO 2001).
The current analysis suggests that if the present-day situation continues, with no monitoring and
enforcement by the government, the use of explosives and cyanide in Raja Ampat may lead to a decline in
snapper and grouper populations and catches over time.

As the government wishes to use the fisheries sector to increase the standard of living for regency citizens
(Wanma 2002), sustainability of the artisanal sector is vital. Munro (1992), explained, in general economic
terms, that the present day investment in a stock of capital will benefit a society by increasing the society's
productive capacity in the future. By increasing snapper and grouper stocks today, in part by eliminating
destructive fishing methods as shown in the snapper analysis, the Raja Ampat regency could be ensuring a
flow of benefits to the community through time. Furthermore, other commercially targeted fish, such as
trevally and fusiliers, as well as the prized Napoleon wrasse, would most likely benefit from reduced
destructive fishing methods.

What is also important to consider, as was highlighted in the section regarding the relative impact of
destructive fishing (the value of a), is that destructive fishing not only jeopardizes fish stocks, but the very
ecosystems that commercial species depend on (Pauly 1989; Cesar et al. 2000). The fact that economic
valuation analyses generally ignore amenity values, such as ecosystem services, can often lead managers to
disregard the potential benefits from ecosystem restoration (Berman and Sumaila 2006). If a valuation
study could be done to model the potential ecosystem benefits of eliminating cyanide fishing, then that
may offer an economic incentive that does not seem apparent in this model, which only examined the
change in value of the grouper fishery itself.

Ecosystem-based management (EBM) explicitly recognizes the impacts that fishing has on the ecosystem
(Ward et al. 2002). This analysis has attempted to incorporate this component of EBM, by assuming that
the impact of destructive fishing is greater than that of legal fishing methods. The traditional village clans
in Raja Ampat, which are responsible for marine management (Halim and Mous 2006), need to be
included in fisheries sector planning and educated on the destructive nature of, and lost revenue due to,
the frequent use of destructive methods. An ecosystem model has been developed for Raja Ampat
(Ainsworth et al. 2007). The effort profiles simulated in this analysis can be fed into this model in order to
predict what types of ecosystem effects could be expected in Raja Ampat based on the use of destructive
gears to catch snapper and grouper. In this way, a single-species model may lead to ecosystem-wide
predictions, which would be a great contribution to the field of fisheries economics.
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CHAPTER 4

ECOSYSTEM-BASED MANAGEMENT: THE INFLUENCE OF A PROJECT IN RAJA
AMPAT, PAPUA, INDONESIA58

Divya Varkey, Tony J. Pitcher and Cameron Ainsworth
Fisheries Ecosystems Restoration Research, Fisheries Centre, University of British Columbia,
2202 Main Mall, Vancouver, BC, Canada, V6T 124

ABSTRACT

The Bird’s Head Seascape Ecosystem-Based Management (BHS EBM) project is a joint Packard-funded
initiative between The Nature Conservancy (TNC), Conservation International (CI), World Wildlife Fund
(WWF) and the University of British Columbia (UBC). The first two years of the project were based in the
Raja Ampat Regency in Papua province, Indonesia, a region of incredible marine biodiversity. The project
came into existence with the intentions of the partner NGOs and the Regency government to develop
environmentally sound ecosystem-based policies for the management of marine resources. This paper
evaluates the expected progress from the successful implementation of the project. The evaluation is based
on previously-published criteria in implementing ecosystem-based fishery management (EBFM): overall
principles (5 attributes); criteria for success (6 attributes); and implementation steps (12 attributes). The
results show that a considerable improvement in management might be expected with the successful
implementation of the BHS EBM project.

INTRODUCTION

There is now substantial interest in establishing frameworks for ecosystem-based fisheries management
(EBFM); in fact legislative requirements in some countries are beginning to demand the inclusion of
principles of ecosystem-based management (EBM) (Hall and Mainprize 2004), while numerous
international conventions also require this type of holistic view (Garcia et al. 2003). The interest and faith
in management methods rooted in principles of EBFM has lead to an increase in the number of projects
designed according to principles of EBM. Before embarking on a project, during a mid-term evaluation or
after completion of a project, stakeholders, scientists and managers may find it interesting to evaluate the
progress towards EBM as a result of the project. This paper evaluates the marine management scenario
before and after the implementation of the Bird’s Head Seascape Ecosystem-Based Management (BHS
EBM) project.

Raja Ampat Regency in Eastern Indonesia’s Papua Province is an interesting and appropriate site for a
case study for two reasons. The BHS EBM project is highly collaborative: three environmental NGO
partners (CI, TNC’s Southeast Asia Center for Marine Protected Areas, and WWF-Indonesia) are involved
in a science-based initiative in partnership with local stakeholders to explore ecosystem processes that are
relevant to management (Conservation International 2005). The second reason is that Indonesia scored
lower than a failing grade in all of the three categories of the present analysis. Thus, we assumed that no
factors external to the project contributed to the changes observed during the 2 year period of the BHS
EBM project. We evaluated the status of EBFM in the area prior to the inception of the project and the
status expected after successful implementation against the same three sets of the listed attributes
described below.

58 Cite as: Varkey, D., Pitcher, T.J., Ainsworth, C. (2008). Ecosystem-Based Management: The Influence of a Project in Raja Ampat,
Papua, Indonesia. Pages 171-177 in Bailey, M., Pitcher, T.J. (Eds), Ecological and Economic Analyses of Marine Ecosystems in the
Bird’s Head Seascape, Papua, Indonesia: II. Fisheries Centre Research Reports 16(1): 186 pp.
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METHOD

We have chosen to base our analysis on the Ward et al. (2002) framework which consists of three sets of
attributes for ecosystem-based management: overall principles (5 attributes; Table 2, page 19 in Ward et
al. 2002); criteria for success (6 attributes; Table 3, pages 19-20 in Ward et al. 2002); and implementation
steps (12 attributes; Table 6, pages 50-51 in Ward et al. 2002). Fishery management in Raja Ampat before
and after the implementation was scored against the three main sets of the listed attributes.

RESULTS AND DISCUSSION

Scores, including the lower and upper bounds allocated to each attribute are shown in Appendix Table 1.
The scores for Indonesia were obtained from extensive material documenting Indonesia’s compliance with
the FAO (UN) Code of Conduct for Responsible fisheries (Pitcher et al. 2006)59. Following the method
outlined above, final ordination results are shown in Figures 1, 2 and 3.

10 -

Performance score

Function &  Human use and Dynamic Shared vision Management
biodiversity values ecosystems adaptive

m Indonesia = RA before BHS EBM m RA After BHS EBM

Figure 1. Scores for the five principles of EBM for Indonesia and Raja Ampat before and after the project
implementation

59 . .. . . . . .
A more recent version of this is in preparation: Pitcher, T.J., Kalikoski, D., Short, K., Varkey, D., Pramod, G.. An evaluation of
progress in implementing ecosystem-based fishery management for 33 countries.
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10 4

Performance score

Supportive Economic, Ecological No overfishing Good data Environment
policy social, cultural values considered
framework values

M Indonesia = RAbefore BHS EBM m RA After BHS EBM

Figure 2. Scores for the six indicators of EBM for Indonesia and Raja Ampat before and after the project
implementation

Performance score

Stakeholders Eco-regions Stakeholders Ecosystem Hazards Ecological Goals agreed Strategies  Information  Research  Performance EBM training
identified map interests values risk agreed system priorities measured
assessment

m Indonesia = RA before BHS EBM m RA After BHS EBM

Figure 3. Scores for the twelve steps of EBM implementation for Indonesia and Raja Ampat before and after the
project implementation

Before the BHS EBM project:

The ecosystem of Raja Ampat is in better shape than other parts of Indonesia, but no measures are in
place to protect the system (McKenna et al. 2002). The people assume that the coral reefs will remain and
support the population forever.6© The role of habitat or species in an ecosystem context is not widely-
appreciated. Despite a tradition of stewardship among the native people of Papua, traditional governance
rights have become less prevelant since Suharto’s regime. Management today exists as a conflict between

60 Abdul Halim, The Nature Conservancy, personal communication.
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the village head and the fisheries department. Furthermore there is no cooperation between different
sectors (i.e. mining, fisheries, tourism etc). Local chiefs often receive payment and allow fishing in waters
that traditionally belong to the village (Goram 2007). Recently, there is recognition of damage from
destructive fishing practices®!, with more fishers having adopted destructive fishing methods under the
influence of fishers from outside Raja Ampat. There is no assessment of the fish catches or the fish stocks;
there is also a large amount of unreported catch (e.g., Bailey et al. 2008; Varkey, D., Ainsworth, C., Pitcher
T.J., Goram J. Illegal, Unreported and Unregulated catch in the Raja Ampat islands, Indonesia and its
implications for the Regency government. Submitted to Marine Policy), and hence it is impossible to
ascertain the level of fishing for practice of adaptive management or to even perform basic stock
assessment. No information system exists; however, the government is planning an inventory of the
fishing vessels in the area®2. The best maps of the region that existed prior to the BHS EBM project were
the nautical charts made by Dutch expeditions. Environmental externalities are recognized but not a part
of consideration in management. Human use values are recognized and the people connect deeply with the
ocean. They also understand that fishers from outside Raja Ampat engage in rampant use of destructive
fishing methods as they have little respect for Raja Ampat waters (D. Varkey, personal observation). The
major management goal supported by local communities is to prevent entry of outside fishers into Raja
Ampat waters. The local fishers in general do not understand ecosystem interactions and their values. The
fisheries department probably understands what EBFM is, but does not have the same clout as the more
profitable ventures (e.g. mining) (D. Varkey and C. Ainsworth personal observation)

Expected outcomes from the BHS EBM project:

Many information gaps have been filled during the project. An aerial survey was conducted to determine
the number of fisheries operations in the Regency (Barmawi 2006). A rapid appraisal was conducted on
the demographics of the Regency for a deeper understanding of exploitation demand from the resource
(Djuang 2007). Careful evaluation of the fisheries and the other economic sectors has been done in the
project (Dohar and Anggraeni 2006). The Atlas of Raja Ampat (Firman and Azhar 2006) is a clear
inventory of habitats and eco-regions built during the project, future use of the information has been made
easy by construction of Geographic Information System (GIS) format files®s. The ecosystem model that
was built during the project integrated information from different sources, quantified interactions
between different ecosystem components and described habitats of species and the patterns of resource
use (Ainsworth et al. 2007; Ainsworth et al. this volume). The model estimated the maximum sustainable
yields of the important fish and invertebrate groups. Study on the anchovy fishery (Bailey et al. 2008)
revealed unreported catches that were subsequently used to ascertain the actual fisheries extraction from
the system (Varkey, D., Ainsworth, C., Pitcher T.J., Goram J. Illegal, Unreported and Unregulated catch in
the Raja Ampat islands, Indonesia and its implications for the Regency government. Submitted to Marine
Policy). Several scenarios were analyzed to study the direct and indirect effects of destructive fishing and
overfishing (Ainsworth et al. 2008b). Risk assessment of fisheries was done using an ecosystem model; the
model can thus be used for adaptive management. Research questions were suggested by the participating
NGOs and studied in detail (Ainsworth et al. 2008b), including analysis of spatial management options
(D. Varkey unpublished manuscript). Studies on the institutional roles and traditional marine tenure helps
to identify people who wield power in fisheries management decisions. The Papuan council, CI, TNC, and
the Indonesian Navy are collaborating on a monitoring program for Raja Ampat (Rabu 2006). The
findings will be communicated to the people via local newsletters like the CI tabloid (Rabu 2006), posters
and booklets. Training manuals prepared by the University and the NGO teams will be used to give
training and education. The information from the field surveys and the model will be used to design an
EBM plan (Sumule and Boli 2006). The BHS EBM project also interviewed several hundred fishers and
community members, collating socioeconomic information and collecting a large amount of local
environmental knowledge concerning fisheries and the ecology of Raja Ampat. Analysis prepared by
Ainsworth et al. (2008) utilized the information, which in some cases extends back 30 years, to
demonstrate that there has been shifting baselines among communities as to what constitutes an
abundant ecosystem, and suggested that serious fishery depletions have occurred in Raja Ampat.

During the course of the project, residents in Kofiau stated that they had observed improvements in catch
around their villages after following guidelines issued by the TNC. ‘Overfishing’ will decrease if the MPAs

61 Jacinta Djuang. Conservation International, personal communication.
62 Becky Rahawarin, Kepala Dinas Perikanan dan Kelautan (DKP), personal communication.
63 Muhammad Barmawi, The Nature Conservancy, unpublished files.
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are successful in limiting the impact of outsiders. The NGOs conduct regular surveys for information at the
village level, but the Regency lacks capacity for independent review. The NGOs plan and conduct review
and performance assessment regularly®4. The project is making efforts to collaborate with the Local
Papuan Council, a council of local leaders on issues of marine management and design of policy
framework. During the implementation of the project MPAs were declared to keep fishers from outside
Raja Ampat out of the fishing grounds. It is difficult to consider environment externalities for
management even after the project has been implemented. Another main benefit to the project has been
due to the high level of integration that TNC and CI have had at the community level. The presence of
local field offices in rural areas has facilitated a high degree of cooperation between NGO staff and
villagers, which has stimulated a sense of cooperation and helped increase the profile of environmental
issues and EBFM challenges in the area.
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Table 1. Scores, lower and upper bounds for Indonesia and Raja Ampat Regency before and after the implementation

of the BHS EBM project. Scores for Indonesia are taken from (Pitcher et al. 2006), and (Pitcher et al. in prep).
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CHAPTER 5

ECOLOCATOR USER’S GUIDES5

Cameron Ainsworth
Fisheries Ecosystems Restoration Research, Fisheries Centre, University of British Columbia,
2202 Main Mall, Vancouver, BC, Canada, V6T 1Z4Cameron Ainsworth

INTRODUCTION

EcoLocator is a modelling tool that displays the biomass distribution of species and species groups in a
study area based on highly resolved site-specific habitat information and our knowledge of species
ecology. The visualization tool can be used to display biomass data from field sampling or predictions
from complex population models like Ecopath with Ecosim (EwE: Polovina, 1984; Christensen and Pauly,
1992; Walters et al.,, 1997; Christensen and Walters, 2004) and Ecospace (Walters et al., 1999).
EcoLocator can add functionality to other ecosystem analysis tools by providing a graphics capability or
increasing their useful spatial resolution. Images and animations made with this software can enhance the
interpretability of simulation results, and make scientific models more accessible to non-specialists.

Dynamic species biomass data is inputted into EcoLocator for one or more functional groups. The model
predicts the distribution of populations and projects a coded colour pattern onto a habitat map, where
warm colours indicate areas of high biomass concentration and cool colours indicate areas of low
concentration. The distribution is calculated based on a cross-sectional pattern of species abundance,
entered by the user on a sketchpad, and a habitat area that is sketched onto a map. The abundance cross-
section pattern describes the biomass concentration between the habitat edge and certain ‘node’ cells,
which indicate central areas occupied. The inputs for abundance pattern and habitat areas are highly
flexible in their definitions. They may correspond to a variety of physical or oceanographic features
important in species distributions; for example, as related to bathymetry or coral reef-cover. Habitats
definitions can be shared across functional groups or tailored to represent a wide variety of organisms.

PROGRAM OPERATION

INPUTTING BIOMASS DYNAMICS INTO ECOLOCATOR

After running the application (EcoLocator.exe) the main form appears from which the user can select an
input CSV file containing biomass dynamic information. The active file name is displayed at the bottom of
the form on the status strip. The input data represents a biomass time series for one or more functional
groups. It can be based on EwE or Ecospace predictions; for example, it may correspond to a particular
Ecospace cell or output region (see section “Application to Ecospace”).

The required format of the input CSV is demonstrated in Table 1. There are two header rows indicating
the names and pool codes of functional groups. The leading column provides the year or time step used by
Ecospace. EcoLocator can accept a maximum of 200 functional groups.

65 Cite as: Ainsworth, C. (2008). EcoLocator User’s Guide. Pages 179-186 in Bailey, M., Pitcher, T.J. (Eds), Ecological and Economic
Analyses of Marine Ecosystems in the Bird’s Head Seascape, Papua, Indonesia: II. Fisheries Centre Research Reports 16(1): 186 pp.
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Table 1. Format for EcoLocator input CSV file. Values are biomass in t-km-2.

Title Mysticetae Pisc. odonto. Deep odonto. Dugongs

pool code 1 2 3 4

1990 3.32E-02 5.19E-02 9.14E-02 5.89E-02

1991 3.31E-02 5.18E-02 9.09E-02 4.99E-02

1992 3.31E-02 5.17E-02 9.09E-02 4.86E-02
APPLICATION TO ECOSPACE

EcoLocator requires a biomass value for each functional group and time step represented. The value
corresponds to the total biomass in the EcoLocator study area. When used to represent Ecospace results,
the study area can correspond to a defined Ecospace ‘output region’ (see Christensen et al., 2005). Output
regions may be used to represent management areas, habitat types or even individual cells. Although
Ecospace (in EwE V5) can output biomass dynamics automatically into a CSV file, it can only provide
summary statistics for the entire Ecospace map. In order to recover the average biomass density (or other
statistic) for a particular output region, the user must manually collate the information by pressing the
‘Results’ button on the ‘Run Ecospace’ tab following a spatial-dynamic simulation. By using the drop-
down box on the results form, the user can cycle through output regions, copying and pasting the biomass
vector of functional groups into a separate file for input into EcoLocator.

CREATING OR LOADING AN ECOLOCATOR MAP FILE

Once a CSV file is loaded containing biomass dynamics, the user can select ‘New map’ on the drop-down
menu to open a new map design form. The blank form appears as in Fig. 1. The form contains a map
panel, a biomass distribution panel and controls governing land and map-edge behaviour. The user can
save the current map design form or load saved forms under the ‘File’ dropdown menu. The file is saved
using an ECL extension.

EcoLocator V1 Beta - [Map Design Form] g@
File  Options - 8 X

Select cell type “irtual boundary Land behawiour Shiat Olutput display

@ Land ' () Node influence crosses land @ Input (%) Biomass

) Node (*) Land behaves like boundary O Output O Node association

O Other areas Biomass modifier: | 100 |z [ Eackaround ” Copy habitat ” Save BMP ” Expart Data

() Habitat Decay exponent: | 0.5 1. Mysticetas . . V

[ Protect land cells Cell infarmation

20 | Max # nodes Coordinates [4.4]

T [w] Brush width s o

— Cell type

1ze smacthin
Biomass distribution for Mysticetae g g

Mode Boundany

Select shape ] ’ Copy shape

Currenk CSY: CiiDocuments and Settingshc. ainsworthiDesktopiEcolocatoriRa dynamics from Ecospace.csy

Figure 1. Blank map design form.
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EcoLocator V1 Beta - [Map Design Form] E]@
File  Options -8 x
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A

Biomass distribution far Adult small pelagic

Baze

Mode Boundary

Select shape ] [ Copy shape

Current CS¥; Ci\Documents and Settingshc,ainsworthiDesktop! EcolocatoriRa dynamics from Ecospace.csy

Figure 2. Completed map design form

Habitat areas appear pink. They are sketched in for each functional group or copied from another group
using the ‘Copy habitat’ button. The habitat area will normally represent the area occupied by the
functional group during the initial (baseline) year in the CSV input file. The habitat area can be used to
represent some physical or oceanographic feature that defines a preferred habitat for the group (e.g., a
coral reef, shallow or deep areas, sheltered areas, etc.).

Node cells in yellow are drawn inside habitat areas. In general, the more nodes that are used, the more
homogeneous the predicted distribution will become. The maximum number of nodes is initially set to 20
to reduce computation time, but it can be increased. Fig. 2 shows a completed habitat map for the
functional group ‘Adult small pelagic’.

VIRTUAL BOUNDARY

Wherever a habitat area crosses the map edge, a virtual boundary is required for the cell biomass
calculation. The example in Fig. 2 uses a virtual boundary equal to 10% of the map width (the default
value) for the north and west map edges. It uses 30% for the east edge. The virtual boundary can be
visualized by pressing the ‘View VB’ button; this calls the virtual boundary display form (Fig. 3).
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BIOMASS DISTRIBUTION PANEL

-

The red area in the biomass distribution panel . . &3
represents the cross-sectional biomass density bbbl M i 4 g@
of the functional group from node to boundary
(‘boundary’ refers to the interface of habitat
and non-habitat cells). The relative biomass
concentration at the node is set at the X-
intercept; the relative concentration at the
boundary is set at the vertical dotted line. The
position of the vertical dotted line can be
dragged left or right, to increase or decrease
the scale of the X-axis. Dragging the line right -
increases the precision of the biomass S—
differential displayed. Dragging the line left
allows the wuser to define the biomass
concentration in more distant cells from the
node. The rightmost pixel on the red
distribution panel indicates the relative
biomass density that is assigned to cells lying
further away from node than can be described
in the panel.

The position of the horizontal dotted line
defines the area of occupation at baseline
biomass levels. In the example in Fig. 2, the Figure 3. Virtual boundary display form.

area of occupation will extend beyond the

boundary by approximately one half of the

node-boundary distance, with the highest

concentration occurring close to the node. If biomass is increasing in the inputted CSV time series, the
area of occupation will expand further away from the node as the user advances the display year.

Standard biomass distribution shapes E]@

Special distributions Mode concentrations Boundary concentrations

Double-click to apply shape to current group

Figure 4. Standard biomass distribution shapes.

The solid green lines lying horizontally below the dotted line indicate the area of occupation at 2 times the
baseline biomass, 3 times, etc., moving downwards. Dragging the dotted line downwards increases the
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precision of the biomass differential displayed. Dragging the dotted line upwards increases the total range
of biomass concentrations that can be displayed. For highly variable groups such as plankton, the
horizontal dotted green line should be brought close to the top of the panel to allow a wider range of
biomass concentrations to be represented. The display year (or time step) is set using the up/down
counter control in the top right corner of the form.

The biomass distribution can be sketched manually to represent a wide variety of population structures
and ecological niches, or it may be selected from pre-defined shapes (Fig. 4). These are accessed using the
‘Select shape’ button below the biomass distribution panel. Hovering the mouse over the various shapes
provides explanation and examples for the use of each shape (Table 2). Biomass distribution shapes may

also be copied from other functional groups using the ‘Copy shape’ button.

Table 2.
correspond to the shapes in Fig. 4.

Special distribution

Name, description and suggested uses for pre-defined biomass distribution shapes.

Node concentrations

Table entries

Boundary concentrations

Uniform distribution

Used for groups present in all water
cells.

Recommended for:

Highly mobile pelagic groups,
plankton and detritus.

Concave node distribution

Resists diffusion. Used for groups
that concentrate in the centre of their
habitat and encroach into other areas
only during periods of high
abundance.

Recommended for:

Small fish species / juveniles that
avoid exposed areas. Habitat can
represent protective areas like coral
reefs or mangroves.

Concave boundary distribution

Resists diffusion. Used for groups
that congregate near the perimeter of
their habitat area and encroach on
other areas only during periods of
high abundance.

Recommended for:

Planktivorous fish occupying the
edge of coral reefs and areas of
water/nutrient exchange.

Knife-edge distribution

Used for groups that can occur only
in habitat cells.

Recommended for:

Reef-building corals (where habitat is
based on reef area). Cryptic species
that occur only in reef habitat (e.g.,
moray eels).

Convex node distribution

Easily diffuses. Used for groups that
concentrate in the centre of their
habitat but readily occupy other
areas under favourable conditions.

Recommended for:

Herbivorous fish occupying the
centre of reef area habitats; deep
water fish and invertebrates
occupying deep water habitats.

Convex boundary distribution

Easily diffuses. Used for groups that
congregate near the perimeter of
their habitat area, but may forage in a
wider zone.

Recommended for:

Large piscivorous fish, adult fish and
sharks that hunt on the outside of
reefs (e.g., in deeper areas).

Outside boundary distribution

May be used to exclude groups from
a commonly applied habitat area
(e.g., coral reef). Can be used as an
alternative to creating a unique
habitat for a single group.

Recommended for:

Groups avoiding prohibitive habitats.

Linear node distribution

Used for groups that concentrate in
the centre of their habitat but occupy
other areas during periods of high
abundance.

Recommended for:

Herbivorous fish occupying the
centre of reef areas, small fish and
juveniles.

Linear boundary distribution

Used for groups that congregate near
the perimeter of their habitat area.

Recommended for:

Large piscivorous or planktivorous
fish.
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LAND BEHAVIOUR CONTROLS

By default, the land-habitat interface behaves like a boundary cell. However, the user can enter a special
modifier to increase or decrease the biomass of the group in cells close to land. Two parameters control
the land’s influence on the biomass distribution: the biomass modifier and the decay exponent. The
biomass modifier specifies the biomass concentration in the cells directly adjacent to land. At 100%, land
cells behave like boundary cells (default). Values larger than 100% indicate that this group concentrates
near land (e.g., intertidal or nearshore species); a biomass modifier less than 100% may be used for
species that do not occur close to shore. The decay exponent describes how far from land the effect
extends. A value of 0.5 (default) indicates that the biomass modifier effect reduces with the square root of
the distance to the evaluation cell. The appropriate decay exponent will depend on the ecology of the
organism, and on the spatial scale of the study area. Equation 1 describes the land effect:

W=100+—BM_100 (1)

dDE

BM is the biomass modifier in percent, DE is the decay exponent and W is the biomass weighting factor.
The species group modelled in Fig. 2 will show a strong presence near land.

Alternatively, the user can select ‘Node influence crosses land’. In this case, land cells are ignored and
biomass calculations will depend on a boundary location defined on the far side of the land. This feature
may be used if the spatial scale of the EcoLocator map is large. In this case, land influence becomes less
important.

BIOMASS CALCULATIONS

The biomass concentration in any map cell is calculated based on the relative distance of that cell to a
node, and the relative distance from that node to a boundary cell. The relevant boundary cell for the
calculation will lie in direct line with the node and evaluation cell. When multiple nodes are used, the
biomass concentration for any given map cell may be influenced by several nodes. A node may influence a
map cell if the straight-line path between them is uninterrupted by non-habitat cells or land cells. The cell
biomass is calculated with respect to each pertinent node, and a weighted average is taken so that closer
nodes influence the biomass calculation more strongly. Node influence decreases linearly with distance.
The influence of each node is restricted to its own continuous habitat area. This is necessary to avoid
discontinuities in the biomass concentration. Cells without direct access to nodes inherit a neighbor’s list
of valid nodes for use in biomass calculations.

It is possible to visualize the influence of nodes throughout the map by selecting ‘node association’ in the
‘Output display’ box (Fig. 5). Cells that are influenced by many nodes will appear as either dark red, if they
have direct connectance to a node, or dark blue if the nodes are inherited from a neighbour cell. Cells that
are influenced by fewer nodes will appear as light red or light blue. A colour key is provided.
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Figure 5. Colour coded node association shown on habitat map.

The final biomass value for each map cell can be calculated with or without a smoothing factor.
Smoothing is enabled by default. When this feature is turned on, biomass for each cell will be adjusted to
the average of its adjacent cells (up to 8).

OUTPUT

Selecting the ‘Output’ radio button begins biomass computations and will produce an output like Fig. 6.
Advancing the simulation year using the up/down counter control prompts Ecolocator to recompute
biomass based on the next time step in the CSV file. Biomass is displayed on the output map using the
colour index defined at the bottom right. Passing the mouse over a map cell will provide quick
information in the ‘Cell information’ group box. The biomass output for the whole map can be exported to
a CSV file for graphing in another application using the ‘Export Data’ button. Finally, the map image can
be exported as a bitmap file using the ‘Save BMP’ button; note: this feature can export either the input or
output map image.
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Figure 6. EcoLocator results.

SUPPORT, LIABILITY AND COPYRIGHT

EcoLocator may be copied and distributed freely for non-commercial purposes. It is an open source code
application; source code in Visual C++.net can be obtained from the author
(c.ainsworth@fisheries.ubc.ca). Software support is also available through the author. We encourage you
to inform us of any models created using this software, or of any bugs encountered. The author and the
University of British Columbia accept no liability for the use of this software.
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