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Abstract 

Conservation planning is sensitive to a number of scale-related issues, such as the spatial extent of the 

planning area, or the size of units of planning. An extensive literature has reported a decline in 

efficiency of conservation outputs when planning at small spatial scales or when using large planning 

units. However, other key issues remain, such as the grain size used to represent the spatial 

distribution of conservation features. Here, we evaluate the effect of grain size of species distribution 

data vs. size of planning units on a set of performance measures describing efficiency (ratio of area 

where species are represented/ total area needed), rate of commission errors (species erroneously 

expected to occur), representativeness (proportion of species achieving the target) and a novel 

measure of overall conservation uncertainty (integrating commission errors and uncertainty in the 

actual locations where species occur). We compared priority areas for the conservation of freshwater 

fish in the Daly River basin (northern Australia). Our study demonstrates that the effect of grain size 

of species distribution data was more important than planning unit size on conservation planning 

performance, with an increase in commission errors up to 80% and conservation uncertainty over 90% 

when coarse data were used. This was more pronounced for rare than common species, where the 

mismatch between coarse representations of biodiversity patterns and the smaller areas of actual 

occupancy of species was more evident. Special attention should be paid to the high risk of 

misallocation of limited budgets when planning in heterogeneous or disturbed environments, where 

biodiversity is patchily distributed, or when planning for conservation of rare species. 

 

Keywords: Commission error, grain size, Marxan, priority area, uncertainty, freshwater fish. 
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1. Introduction 

Biodiversity conservation usually competes with other human uses and interests so the 

identification of priority areas where conservation management actions can be effectively carried out 

(conservation planning) is a crucial task. In this sense, conservation planning is a spatially explicit 

task that involves many spatially-related decisions, such as establishing the extent of the planning area 

(e.g., continent, or river catchment), the size and shape of the units of planning or the grain size of the 

biodiversity data used in the planning process (Mills et al. 2010). However, these decisions 

concerning spatial scale can have important implications for the outputs of conservation planning 

assessments and hence the efficient use of limited resources for conservation management. 

The spatial extent of conservation planning assessments has varied from global (Brooks et al. 

2004), continental (Carwardine et al. 2008) or finer regional scales such as individual river basins 

(Hermoso et al. 2011a), islands (Payet et al. 2010) or political boundaries (Amis et al. 2009). The 

spatial extent of the planning exercise influences not only the spatial allocation of priority areas, but 

also the efficiency of the conservation plan and feasibility of its implementation (Wiersma 2007; 

Vazquez et al. 2008). Broad-scale assessments outperform small-scale ones in terms of efficiency. For 

example, Kark et al. (2009) found that the same conservation targets could be achieved at half the cost 

if a fully coordinated (multi-country) conservation plan was carried out across the Mediterranean 

basin. However, such broad-scale plans often require coordinated efforts among different regional 

governments and countries which can hinder its application. Planning unit shape varies according to 

the realm in which the conservation planning process is carried out (e.g. regular grid cells or hexagons 

in terrestrial and marine planning, versus irregular polygons such as sub-catchments in freshwater 

planning). In contrast, the choice of planning unit size is often arbitrary (Warman et al. 2004), 

although planning units tend to be larger in assessments of extensive regions and smaller in more 

localised studies (Pressey and Logan 1998). Determining the appropriate shape and size of planning 

units is an important consideration in conservation planning because it also influences the spatial 

distribution of priority areas and their efficiency. Previous studies have reported a decrease in 

efficiency (defined as the ratio of the total area occupied by each species to the total conservation 

priority area) when using large planning units. This is mainly due to the lack of fit between the species 

area of occupancy and the boundaries of planning units, which can result in the selection of areas 

where the species of interest do not occur (Pressey and Logan 1995; 1998; Pressey et al. 1999; Rouget 

2003). The use of different planning unit sizes has also proven to affect the identification of 

conservation priority areas (i.e. priority maps change with different planning unit sizes) (Rouget 2003; 

Warman et al 2004, Shriner et al. 2006).  

Despite the comprehensive scientific literature devoted to evaluating the effect of the spatial 

extent of the planning area and planning unit size and shape on conservation outputs, other important 



4 

 

spatial issues have not been adequately assessed.  For example, little is known about the effect of the 

grain size used to represent the spatial distribution of biodiversity surrogates (e.g. species or 

environmental classes). This is a different issue to planning unit size, since different grain sizes of 

species distribution data can be used on the same set of planning units (for example, see Figure 1a). 

Although fine-grained data on biodiversity surrogates are desirable due to their greater information 

content and hence precision of outcomes (Pressey and Bedward 1991; Rouget 2003; Banks and 

Skilleter 2007), conservation assessments are usually undertaken at coarse resolution due to limited 

data quality and quantity.  So the use of coarse grain data is normally a consequence of data 

availability rather than a conservation planner or stakeholders’ decision.   

Given that data gathering is an expensive and time-consuming task, conservation practitioners 

are usually forced to use the limited available data. These data sources often offer a biased picture of 

biodiversity patterns towards well studied areas (e.g., data records from birdwatchers) and are prone 

to commission or omission errors (Loiselle et al. 2003; Rondinini et al. 2006, Hermoso et al. 2011b). 

Commission or type I errors arise when species are erroneously expected to be present, which leads to 

false representation as the areas selected for conservation do not contain the expected species. 

Omission or type II errors occur when species are not detected, which may result in the selection of 

areas which are unnecessarily large or more expensive to manage than needed (Rondinini et al. 2006; 

Wilson et al. 2005). Coarse representations of species distributions tend to overestimate the species’ 

area of occupancy, and are therefore prone to commission errors (Rondinini et al. 2006). This is 

especially the case for rare or patchily distributed species (e.g., in highly fragmented areas due to 

human perturbations). Coarse grain sizes also convey an increase in uncertainty in the spatial 

distribution of species. For example, a species could be expected to occur throughout a large patch if 

using a coarse grain size to represent its distribution, but only occupy a small portion of the patch. 

These issues have clear implications for the effective implementation of management actions to 

conserve biodiversity. Uncertainty concerning the precise distribution of species also makes it 

difficult to decide where to implement conservation actions or potentially very expensive if entire 

expected areas of occupancy (whole patch) had to be managed. Importantly, these two issues that 

arise from coarse conservation assessments and that could hinder the achievement of efficient 

conservation outcomes have not yet been explored. 

Here we evaluate the effect of grain size on the efficiency, representativeness (adequate 

representation of all species), commission errors and conservation uncertainty (derived from species 

distribution uncertainty) of priority areas identified using a systematic conservation planning 

approach. We focus our study on freshwater fish biodiversity in the Daly River basin, northern 

Australia, an area with important ecological, cultural and economic values (Chan et al. 2010). We 

evaluate the role of two different sources of grain size variation: i) grain size of planning units used 
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for conservation prioritisation and ii) grain size used to represent the spatial distribution of species. 

We use the outcomes of our study to provide critical guidance to conservation researchers and 

practitioners on the influence of grain size on conservation assessments. 

 

2. Methods 

2.1 Study area and species distribution data 

The Daly River basin (Fig. 1b) encompasses 53 000 km
2
 and is in relatively good 

environmental condition compared to other major rivers in Australia. The dominant land-uses are low 

density cattle grazing and conservation areas (including a few major national parks), although small 

parts of the catchment have been cleared for more intensive land-uses such as urbanization, pasture 

and agriculture. The Daly River is currently unregulated, with only a small volume of groundwater 

extracted annually for agriculture, but there is considerable pressure for further agricultural 

development and water demand (Chan et al. 2010).  

Fish species distribution data was sourced from Kennard (2010). This database contained 

continuous predictions of the spatial distribution for 104 species of freshwater fish across northern 

Australia derived from Multivariate Adaptive Regression Splines models (Leathwick et al. 2005) at a 

fine scale (average area of predictive polygons was 3.6 km
2
). The predictive model was built on a data 

set of 1 609 presence-only records and validated using an independent data set of 719 presence-

absence records (see Hermoso et al. (2012) for more details on predictive models). Predictions for 

each of the 46 freshwater fish species occurring in 14 587 predictive units for the Daly River basin 

were extracted from this data base and used for subsequent analyses.  

 

2.2 Identification of priority areas  

Priority areas for conservation of freshwater fish in the Daly River basin were identified using 

the software Marxan (Ball et al. 2009). Marxan uses a simulated annealing optimization algorithm to 

find an optimal combination of areas to represent each species at a given target level of occurrence 

(e.g., 100 km
2
 of river catchment, hereafter termed conservation target). By using the principle of 

complementarity (gain in representation of biodiversity when a site is added to an existing set of 

planning units) Marxan tries to find an optimum set of planning units that achieve the target 

representation for each species at the minimum cost. This is done by trying to minimize an objective 

function (Formula 1) that includes the cost of planning units in the solution and other penalties for not 

achieving the conservation target for all the species (Feature Penalty, weighted by Species’ Penalty 

Factor, SPF). We used a high SPF across all analyses (SPF=100) to ensure all the species achieved the 

target. Additional penalties and costs can be specified in the objective function to force the spatial 
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aggregation of planning units included in the solution and ensure high internal connectivity within 

priority areas, and to favour the selection of priority areas that are potentially cheapest to manage. 

Given our special interest in exploring the effect of grain size and the lack of accurate estimates of 

conservation cost for the Daly River, we used a constant cost across the study area (all the planning 

units were assigned a cost of 1) and we did not include the connectivity term in the objective function. 

If heterogeneous cost data and connectivity had been used, the Marxan selection processes would 

have been forced to avoid expensive areas and select connected planning units (see Hermoso et al. 

2011a), and it would have been difficult to distinguish between the effect of local patterns in cost and 

connectivity from the effect of grain size. We made these simplifications to explore the effect of the 

different grain sizes although we acknowledge that better estimates of conservation or management 

cost and the incorporation of connectivity issues would be desirable for the actual design and 

implementation of a conservation plan for a particular area.  

 

(Formula 1) 

 

The optimization algorithm in Marxan was run 100 times (1M iterations each run) to find 100 

near-optimal solutions, the best of which was used in the analyses below (called best solution 

hereafter). 

 

2.3 Influence of grain size on conservation outputs 

Five different scenarios were designed to evaluate the relative importance of variation in the 

grain size of planning units used for conservation prioritisation and the grain size used to represent the 

spatial distribution of species (Fig. 1a, Appendix A). These conservation scenarios were: i) constant 

fine planning unit size, with varying grain sizes of species distributions, ii) constant coarse planning 

unit size, with varying grain sizes of species distributions, iii) constant fine species distribution grain 

size, with varying grain sizes of planning units, iv) constant coarse species distribution grain size, 

with varying grain sizes of planning units, and v) a mixed scenario. We varied both planning unit size 

and grain size of species distributions at the same time for the mixed scenario (finest grain size would 

include both the smallest set of planning units and finest grain size species distribution, while coarsest 

option would include the largest set of planning units and coarser grain size distribution data). 

Separate analyses were run for the two most common types of species distribution data used in 

conservation planning: species’ occurrence and area of occupancy within each planning unit. 

featuresunitsplanning

PenaltytyConnectiviCSMPenaltyFeatureSPFCostfunctionObjective
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Planning units. Rather than using equal-sized grid cells as planning units as is usually done in 

terrestrial and marine conservation assessments, we used sub-catchments as they are more appropriate 

and ecologically relevant for freshwater ecosystems. Moreover, they produce more cost-effective 

solutions than other regular-shaped grids (Basset and Edwards 2003). We used ARC Hydro 

(Maidment 2002) for ArcGIS 9.3 (ESRI 2002) to delineate planning units from a 9 second digital 

elevation model. Planning units were separately delineated for eleven grain sizes (finest grain size and 

10 coarser test grain sizes) (Table 1). Each planning unit included the portion of river length between 

two consecutive nodes or river connections and its contributing area (ranging from 4 to 1 121 km
2
 on 

average for the finest and coarsest grain sizes, respectively). Planning units were spatially nested 

across different grain size scenarios, so a coarse planning unit contained a number of finer size 

planning units (Fig. 1).  

Species distributions. We translated the predicted spatial distribution of each species into the 

finest grain set of planning units. A species was assumed to be present in a planning unit (and occupy 

its entire area) whenever it appeared in at least one of the predictive polygons described earlier. This 

finest grain size of species distribution data was used to scale up predictions to the ten coarser 

planning unit grain sizes. In this way, whenever a species was present in a finer scale planning unit 

contained within a coarser planning unit, that species was assumed to occupy the entire extent of the 

coarser planning unit. This approach had been used elsewhere to re-scale predictions in conservation 

planning studies (e.g., Conroy and Noon 1996; Justus et al. 2007). We then assumed each of them to 

be the best available representation of species distributions for each scenario (i.e. as if no better 

information was available).  

The use of coarse grained data to represent species distributions necessarily results in higher 

uncertainty in their actual spatial distribution, especially for rare species or highly fragmented 

populations. For example, the spatial extent of patchily distributed species will be overestimated using 

coarse grain sizes and will be expected to occur in areas where they are not present or areas with low 

habitat suitability. At each grain size the uncertainty of species distributions (hereafter termed 

distribution uncertainty) was quantified for both species’ occurrence and area of occupancy data as 

the proportion of expected occurrence or area of occupancy that was actually true at the finest grain 

size averaged across species (Formula 2; Fig. 2a).  

 (Formula 2) 

Where Du stands for distribution uncertainty, n represents the total number of species and ai the 

ratio between the areas that each species truly occupy (finest grain size) and the expected occupied 

area at each coarser grain size for each species i. 
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Conservation targets. A constant target of species representation was used across all species 

(i.e. the same number of species’ occurrences or area of occupancy). Given that the number of 

occurrences changed with grain size (all occurrences within a coarser planning unit became one) the 

target was adjusted accordingly to the new grain size to represent approximately 6% of total number 

of planning units (Table 1). This was not an issue for species distribution data expressed as area of 

occupancy, so a constant value was used in this case (Table 1). 

Similar to Rouget (2003), we compared the results from the different conservation planning 

scenarios against the finest planning unit and species distribution grain size (representing the best 

potential result achievable or “true situation”). All best solutions from the conservation prioritization 

analyses run at different grain sizes were translated into the finest grain size of planning units, so they 

could be compared. For example, whenever a coarse planning unit was included in a best solution, all 

the finest ones contained within it were marked as included in the coarse best solution.  

We used four different performance measures to evaluate the effect of grain size of planning 

units and grain size of species distribution data on conservation outputs. 

a) Efficiency. For species’ presence-absence data we measured the efficiency of best solutions 

for each species as the ratio of the number of planning units where each species was present within 

the best solution to the total number of planning units in the best solution. For species’ area of 

occupancy data we measured efficiency as the ratio of the total area occupied by each species to the 

total area of the best solution. The total area or number of planning units occupied within the best 

solution is referred as representation hereafter.  

b) Commission error rate. Commission errors for the range of grain sizes of planning units and 

species distribution data were calculated by comparison to the true situation. This was estimated as 

the proportion of the expected species’ representation at a given scale that would not be actually 

achieved due to overestimation of species occurrences (Formula 3, Fig. 2b). 

  (Formula 3) 

Where, Ce stands for commission errors, rt is the expected true representation (finest possible 

grain size) and rc is the actual representation achieved at a given grain size. 

c) Conservation uncertainty. Both commission errors and the increase in uncertainty of species 

distributions when planning at coarse grain sizes may have negative consequences for the practical 

conservation of species. We integrated loss in efficiency and distribution uncertainty into a single 

conservation uncertainty index (Formula 3) to evaluate the influence of different grain sizes on 

conservation outputs. This index ranges from 0 – 1, 0 indicating solutions with the lowest overall 
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uncertainty (low commission errors and low distribution uncertainty) and 1 indicating high 

uncertainty in the spatial allocation of species within priority areas and high commission errors.  

 (Formula 4) 

Where Cu stands for conservation uncertainty, Ce is commission error and Du is the average 

distribution uncertainty across species for a given grain size (Formula 4; Fig. 2). 

d) Proportion of species that achieved the conservation target. We measured the proportion of 

species that achieved the conservation target level for each best solution obtained at any given grain 

size when translated to the finest or true scenario. Although Marxan might achieve the conservation 

target for any given grain size, the proportion of species that actually achieved the target at the finest 

grain size available might be inflated due to commission errors. So, a species was considered to 

achieve the target at the finest grain size either when representation in best solution > target level used 

or representation = maximum area of occupancy predicted at finest grain size. Given that a common 

target level was used across all the species, this could exceed the actual area of occupancy for some 

rare species. Therefore, a species was also considered to achieve the target whenever its entire 

predicted area of occupancy was included in the best solution.  

We used Generalized Linear Models (GLM) analyses to test for significant effects of grain size 

(of planning units or species distribution data, depending on the conservation scenario) on the 

variation of performance measures for each of the five conservation scenarios. We ran independent 

analyses for each performance measure (dependent variable), with grain size and species identity as 

explanatory factors. A gamma distribution of errors with an identity link function was used across all 

the GLM models. We also explored if the effect of grain size was similar across species (all species 

are equally affected), using a “homogeneity of slopes” analysis. The homogeneity of slopes is tested 

by introducing the interaction term (species x grain size) in each GLM model. Lack of significance of 

this interaction term indicates no significant differences in the slope of the relationship between the 

dependent and the continuous predictor (grain size) across factor levels (species). 

 

3. Results 

The effect of increasing grain size on the uncertainty in species distributions (averaged across 

all species) increased in a curvilinear fashion up to a maximum of 80.2% and 83.1% for occurrence 

and abundance data, respectively, at the coarsest grain size (Appendix B). This increase was stronger 

for rare than common species (e.g., 96.1%, 79.7% and 2.1% for Neoarius graeffei, Toxotes chatareus 

and Leiopotherapon unicolor, respectively) due to the higher expected frequency of occurrence or 

area of occupancy of rare species with increasing grain size compared with common species (Fig. 3).  
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There was little difference between species’ occurrence and area of occupancy data in the effect 

of grain size on all performance measures (Table 2). For this reason and the sake of simplicity we 

refer hereafter to results based on area of occupancy data only. Whenever fine grained planning units 

or species distribution data were used to identify conservation priority areas, efficiency in 

representing species was usually higher compared to coarse grained data, but it declined around 27% 

on average from the finest to the coarsest grain sizes of the other parameter (Table 2, Fig. 4a). In 

contrast, use of coarse grained data for one parameter resulted in insensitivity to variation in the grain 

size of the other parameter (for example efficiency for constant coarse planning units was 0.15 and 

did not vary appreciably with increasing species distribution grain sizes, Fig. 4a).  

Commission errors increased markedly with increasing grain size for all scenarios (up to 93% 

for the “constant fine distribution” scenario), except for the “constant coarse distribution” scenario 

which always had high commission errors (Table 2, Fig. 4b). These results indicate that there was up 

to 93% of the expected species’ representation that would not actually be achieved. These results also 

indicate that when using coarse grained data for one parameter (i.e. planning units or species 

distributions), the probability of commission errors increases, irrespective of the grain size of the 

other parameter. Overall conservation uncertainty (which combines both commission error and 

distribution uncertainty) followed a similar pattern to commission errors for all the scenarios, 

increasing by up to 97% for the “Constant fine distribution” scenario, if the coarsest planning unit 

grain size had been used instead of the finest one (Table 2, Fig. 4c).  

Commission errors arising from the use of progressively coarser scale species distribution data 

resulted in progressively fewer species achieving the representation target when analysed at the finest 

scale for the “constant planning unit” scenarios (both fine and coarse) and the “mixed” scenario (Fig. 

4d). The decline in the proportion of species that achieved the target was up to 70% (i.e. only 30% of 

species achieved the target when using the coarsest grain size). This indicates that independently of 

the planning unit grain size used, the proportion of species that achieve the target is strongly 

influenced by the coarseness of the species distribution data used. This result was confirmed by the 

“constant fine and coarse distribution” scenarios (Fig. 4d), where the proportion of species that 

achieved the target remained almost invariant across different planning unit grain sizes, but with very 

different results. The proportion of species that achieved the target was very high (close to 100%) 

when fine distribution data was used, while it remained very low (<25%) when coarse distribution 

data was used (Fig. 4d). 

These results were supported by GLM analyses, where grain size had significant effects on 

efficiency for all scenarios except for the coarse scenarios (“constant coarse planning unit” and 

“constant coarse distribution”; Appendix C). Grain size had significant effects on commission errors 

for all scenarios except for the “constant coarse distribution” scenario and had significant effects on 
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conservation uncertainty across all tested scenarios (Appendix C). The analysis of homogeneity of 

slopes showed the interaction term to be always significant, demonstrating species-specific responses 

to changes in grain size for all performance measures (Appendix C). These changes tended to be 

stronger for rare species than for common ones (Fig. 5). 

 

4. Discussion 

Conservation assessments are often carried out at broad spatial extents and rely on coarse 

resolution data due to constraints on data quality or budgetary and time limitations (Groves et al. 

2002). Although some studies indicate that coarse grained biodiversity surrogates are suitable for 

conservation planning in homogeneous and relatively pristine areas (Rouget 2003), there is a general 

agreement that finer-scale data should ideally be used where available (Pressey and Logan 1995; 

1998; Rodrigues and Gaston 2001; Banks and Skilleter 2007). Previous literature has focused on the 

evaluation of the effect of the size of planning units on the efficiency of priority areas to represent 

biodiversity (Pressey and Logan 1994; 1995; Rouget 2003). However, little is known about other 

spatial related issues, such as the effect of varying resolution species distribution data, or the 

implications of these factors on other measures of the performance of conservation outputs apart from 

the well-studied effects on efficiency (Wiersma 2007; Vazquez et al. 2008). Here, we show that the 

influence of the choice of grain size of both planning units and species distribution data extends 

beyond assessment of efficiency and that the achievement of conservation goals could be seriously 

compromised by commission errors and uncertainty in the distribution of species associated with 

coarse grained assessments. We demonstrate this by using species distribution data rather than coarse 

biodiversity surrogates based on land types, vegetation classes or other environmental classifications 

as previously done (Pressey and Logan 1994). To our knowledge, this is the first time that these issues 

have been addressed for freshwater ecosystems. 

Previous studies have reported a decrease in efficiency with increasing planning unit size (e.g. 

Pressey and Logan 1994, 1998, Pressey et al. 1999). This decline has been primarily related to the 

lack of fit between the boundaries of planning units and the spatial extent of species’ area of 

occupancy (Pressey and Logan 1995). Large planning units will usually contain areas where the 

species are not present, so their distributions patterns could be better represented using finer-scale 

planning units and hence lead to greater efficiency in selection of priority areas. An additional 

drawback associated with large planning units is that they might be too big as to be efficiently 

managed. Other factors such as the nestedness of species distributions have also been cited as an 

important factor explaining this reduction in efficiency when using comparatively large planning units 

(Pressey and Logan 1995). Nhancale and Smith (2011) showed the effect of planning unit size on 

efficiency decreased when cost and connectivity constrains were applied. Here we argue that the 
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resolution of species distributions should also be considered as an additional factor with strong 

implications for conservation assessments. Our study clearly demonstrated that the effect of grain size 

of species distribution data was more important than planning unit size on conservation planning 

performance. We found that different planning unit sizes had no significant effect on efficiency, and 

commission error rates when coarse species distribution data is used (“constant coarse distribution” 

scenario). Moreover, we found significant changes in commission errors when the size of planning 

units was kept constant and the grain size of species distribution varied (up to 93% commission errors 

when using the coarsest species distribution data). In addition, the proportion of species achieving the 

representation target was highly dependent on the grain size of the species distribution data but 

insensitive to planning unit size. The effect of cost can be ruled out from these results given that we 

found similar patterns when a spatially heterogeneous surrogate of cost was used (planning unit area, 

data not shown).  

We also calculated for the first time an overall performance measure of conservation 

uncertainty by integrating commission errors and uncertainty in the actual locations where species 

occur. This provides important information on the effects of grain size when planning for 

conservation of rare species with restricted distribution ranges (Andelman et al. 2002) or planning in 

disturbed landscapes where biodiversity is distributed in fragmented patches (Rouget 2003).  In these 

cases where there is a mismatch between coarse representations of biodiversity patterns and the 

smaller areas of actual occupancy of species, species’ occurrences are overestimated leading to the 

inflated commission errors and low representativeness that we report here. Moreover, coarse 

resolution maps entail high uncertainty on species’ spatial occurrences. This makes the planning and 

implementation of management actions for conservation, which are usually required when planning in 

perturbed landscapes, more difficult and potentially inefficient. The limited budgets available for 

conservation constrain the total area that can be effectively managed (e.g., implementation of 

rehabilitation programs). This entails a high risk of misallocating the management actions in areas 

where the targeted species do not actually occur; thereby missing the expected benefits from those 

management actions (Carwardine et al. 2008). We demonstrate that this happens even when using 

irregular-shaped planning units (sub-catchments) specifically derived to accommodate constraints on 

the distribution of freshwater biodiversity. Regular-shaped planning units (e.g. square or hexagonal 

grids) are normally used in conservation planning in the terrestrial or marine realms. We expect that 

the use of regular-shaped planning units that are not defined using ecologically sound criteria would 

increase the potential for mismatches between species’ actual occurrences and their representation in 

planning units.. 

Despite the benefits of using fine resolution data in conservation planning, it is not a common 

practice due to cost constraints. Data gathering to refine species’ distributions can be expensive and 
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time-consuming, and in many cases may not be possible (Regan et al. 2009). Acknowledging this 

limitation, some new advances in predictive modelling and research on different species mapping 

methods might help fulfil the necessity of fine resolution species distribution maps. Bombi et al. 

(2011) showed the pros and cons of different methods used to obtain distribution maps for 

conservation assessment. Stockwell and Peterson (2003) compared different methods of mapping 

biodiversity for gaining spatial resolution when limited data are available. They found species 

distribution predictive models produced more reliable and fine resolution data than the aggregation of 

species occurrences records or the use of vegetation surrogates. Araújo et al. (2005) and Barbosa et al. 

(2009) downscaled coarse distribution maps for different species in Europe by using predictive 

models fitted at coarse grain size to make predictions at finer resolutions, reporting good predictive 

performances.. However, these methods must be used cautiously given that additional research is 

needed to better understand the potential errors in downscaled predictions (Wiens and Bachelet 2010).  

Uncertainty in conservation planning has been associated in part with inaccuracies in data used 

for the identification of priority areas (Regan et al. 2009). Key issues include uncertainties due to the 

grain size of planning units as well as the grain size of species distribution data used in conservation 

planning assessments.  Our sensitivity analyses demonstrated the implications of choices concerning 

grain size on the efficiency, commission errors, overall conservation uncertainty and 

representativeness of priority areas for conservation. We therefore recommend that: 1) conservation 

planners should utilise the finest species distribution data available, particularly when planning for 

rare species or in fragmented landscapes where the limitations of coarse grain sizes are likely to be 

greatest; 2) whenever fine grained species distribution data are available, the use of coarse planning 

units should be avoided, 3) a sensitivity analyses such as demonstrated here should be undertaken to 

confirm that the effects of choices of grain size on conservation performance (as shown here for 

freshwater fish) are transferable to other taxonomic groups and/or realms. 
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Table 1. Average area and total number of planning units (n) for each grain size tested in this study. 

Also shown are the targets for each species distribution data type (occurrence or area of occupancy) 

used in the different conservation scenarios. Targets were set to make the total number or area of 

planning units comparable across the different grain sizes. 

 

Planning unit Occurrence Occurrence Area (km
2
) 

Grain size 

(km
2
) n 

Constant 

planning unit  

All other 

scenarios All scenarios  

4.0 13992 838 838 3363 

7.7 7412 838 436 3363 

14.7 3881 838 228 3363 

28.2 2032 838 119 3363 

66.1 865 838 51 3363 

130.9 437 838 26 3363 

197.9 289 838 17 3363 

273.6 209 838 12 3363 

430.0 133 838 8 3363 

602.0 95 838 6 3363 

1121.3 51 838 3 3363 
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Table 2. Change in performance measures between the finest and coarsest grain sizes tested in each 

conservation scenario (%Change= (Value finest grain size- Value coarsest grain size) / Value coarsest 

grain size)*100). Average values across all species are shown. 

 

 Efficiency Commission errors 
Conservation 

Uncertainty 

Scenario Occurrence Area Occurrence Area Occurrence Area 

Constant fine planning units -27.0% -26.2% 81.1% 81.7% 91.3% 90.9% 

Constant coarse planning units 3.3% 1.2% 81.9% 80.9% 90.9% 90.8% 

Constant fine distribution  -27.5% -27.6% 81.9% 93.2% 90.9% 96.5% 

Constant coarse distribution  3.3% 5.4% 0.6% 1.1% 9.4% 7.6% 

Mixed -27.5% -27.0% 81.9% 81.0% 90.9% 91.3% 
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Figure 1. Conceptual representation of different combinations of grain sizes used for planning units 

and species distribution data (b) for a subcatchment (highlighted) of the Daly River basin within 

northern Australia (a). The shaded area represents the hypothetical distribution of a particular species.  

The finest grain size of species distribution data (left maps) was used to scale up predictions to coarser 

grain sizes (right maps). In this way, whenever a species was present in a finer scale planning unit 

contained within a coarser planning unit, that species was assumed to occupy the entire extent of the 

coarser planning unit. 

 

Figure 2. Example calculations for two performance measures on an intermediate grain size. (a) 

Uncertainty in species distribution was assessed as an average across all species using Formula 2. In 

this example we show how uncertainty in distribution for each species (ai in Formula 2) was assessed. 

The species occupies 0.22, 0.40 and 0.25 of planning units 1, 2 and 3 respectively, so the uncertainty 

in its distribution for this grain size is 0.71 (i.e. 1-0.29). (b) Commission errors were assessed as the 

proportion of the expected species’ representation not achieved using Formula 3. In this example, the 

species was expected to occupy all of planning unit 1 but not occur in the other planning unit that 

comprised the best solution (note that the additional planning unit might have been necessary to 

represent other species), but it only occurred in a small proportion of the total area (0.22), so we can 

infer a commission error of 0.88 (i.e. 1-0.22). 

 

Figure 3. Change in expected area of occupancy for three different species in the Daly River at three 

different grain sizes. The spatial distribution of each species at each grain size was obtained by scaling 

up predictions made at the finest scale and attributing this data to the different planning unit grain 

sizes.  

Figure 4. Effect of grain size on performance measures for the five different conservation scenarios. 

See methods for more details on how each performance measure was assessed. Trends in average 

values across all species are shown. 

Figure 5. Effect of grain size on performance measures for the three different species (shown in 

Figure 3) under the “mixed” scenario. See methods for more details on how each performance 

measure was quantified.  
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