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Abstract: Although amphibians have been widely promoted as indicators of biodiversity 

and environmental change, rigorous tests are lacking. Here key indicator criteria are 

distilled from published papers, and a species that has been promoted as a bioindicator, the 

great crested newt, is tested against them. Although a link was established between the 

presence of great crested newts and aquatic plant diversity, this was not repeated with the 

diversity of macroinvertebrates. Equally, amphibians do not meet many of the published 

criteria of bioindicators. Our research suggests that a suite of indicators, rather than a 

single species, will usually be required. 

Keywords: bioindicator; indicator; amphibian; biodiversity; environmental change; 
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1. Introduction 

 

Resources to monitor and protect species are restricted by logistics and funding. Surrogate taxa may 

therefore be chosen on the basis that protecting these will protect other species facing similar threats. 

Surrogate species are used in several ways to monitor or solve conservation problems, but a number of 

the terms in common usage are employed inconsistently [1]. Although some taxa are frequently 

referred to as ‗indicator species‘ there is actually no consensus on what they are supposed to indicate. 

Equally, other terms such as ‗umbrella species‘ (where the protection of one species also protects 

many other species sharing the same habitat) utilize notions that are ―a matter of faith rather than 
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research‖ [2]. Here we examine one of these terms, indicator species, and follow an earlier precedent 

in recognising two types [3]. A type (i) indicator reflects community composition, whilst a type (ii) 

indicator reflects environmental change. The term bioindicator is sometimes used as a synonym, 

especially for type (ii) indicators, (e.g., [4-8]). Many of these studies utilize a single species as an 

indicator of environmental change or pollution. Several authors define the characteristics of good 

indicator species [1,9-14]. Many of the papers defining the characteristics of good indicators are more 

than a decade old, but the confusion in terms continues [15,16]. Disorder has been compounded by the 

additional application of the term in policy making, where the term ‗headline indicator‘ has been 

proposed to describe an indicator that is simple to comprehend and intended to inform decision makers 

and the general public [16,17]. The characteristics of headline indicators are defined elsewhere, and 

include using as many species in a taxon as possible, as well as being stakeholder driven, and policy 

relevant [17]. As such, they are different in nature to the type (i) and (ii) indicators considered here, 

and are not considered further, except to examine the resulting confusion when the term ‗indicator‘ is 

loosely used without further qualification. 

In recent years, research into indicators of biodiversity has concentrated on the use of multiple 

species as indicators, either taken from within a single taxon or across a range of taxa, with varying 

results. It has been noted that areas of richness of rare species across different taxa are larger in South 

America than in other biodiversity hotspots [18]. It is perhaps, therefore, unsurprising that some recent 

studies from this continent have suggested that certain groups are good indicators [19,20], whilst 

studies examining the diversity in temperate regions have found less support for one taxon indicating 

richness in another [21,22]. 

Amphibians have been promoted as biological indicators on the basis that their sensitive skins and 

use of both aquatic and terrestrial habitats makes them vulnerable to environmental  

change (e.g., [23-25]). Promotion of amphibians as indicators dates back to the late 1980s when there 

was a resurgence of interest in amphibian declines (e.g., [23,24,26,27]). Despite the paucity of 

supporting data, this advocacy has continued [28-31]. In contrast, it has been argued that there is little 

evidence supporting the notion that amphibians are particularly sensitive indicators [32]. The skin of 

amphibians is an effective protective covering for many species, whilst others show resistance to 

pesticides [33]. Even when species are adversely affected by pollution, it has been pointed out that this 

does not necessarily imply that a large number of other species are similarly affected [2]. Tests of the 

effects of insecticides and herbicides on amphibian larvae have shown that whilst some species are 

adversely affected, others may benefit as the chemicals used have differential effects on predators or 

competitors [34,35]. An examination of the sensitivity of amphibians to environmental contaminants 

has suggested that far from being ―canaries in a coal mine‖, they are rather ―miners in a coal mine‖, 

i.e., they are no more sensitive to chemical contamination than many other taxa [36]. There may be 

difficulty in distinguishing between population changes caused by environmental stressors and those 

due to natural fluctuations [37].  

Previous studies have not clearly evaluated amphibians against the criteria for indicator species. 

Mostly, amphibians have been suggested as type (ii) indicators [38-40], although great crested newts 

(Triturus cristatus) have been suggested as indicating higher amphibian species richness in ponds that 

they occupy [41]. In a study based on a small sample of ponds it was suggested that the species may 

also be a type (i) indicator of aquatic plant diversity [42]. 



Diversity 2009, 1              

 

 

104 

The great crested newt is a declining species and is protected in Europe under the Bern Convention 

1979 and is also listed in Appendices II and IV of the EU Habitats Directive. Since the 1990s, it has 

been promoted as an ‗indicator‘ species of UK environmental health, or as an umbrella species, 

protecting other species in the habitat it occupies [43-45].  

The aim of the current paper is threefold. Firstly, we seek to examine the extent to which one 

species can meet the requirements of an indicator by comparing the diversity of aquatic plants and 

invertebrates in ponds with and without great crested newts. We believe this to be the first study to 

examine a single amphibian species as a type (i) indicator for multiple taxa against published criteria. 

The only similar study we are aware of [46] examines amphibians as type (ii) indicators, and only 

considers a set of criteria given by one pair of authors [14]. Secondly, we evaluate the great crested 

newt against explicit criteria for indicator species that we distilled from the literature. Thirdly, we 

discuss the evidence that amphibians in general meet the criteria for indicator species. 

 

2. Methods 

 

2.1. Analysis of Indicator Criteria 

 

A number of papers setting out criteria for the selection of indicators [1,9-14] were examined, and 

criteria that were common to two or more papers were retained. Both explicit and implicit criteria were 

included: for example, one paper [12] does not explicitly say that a suite of indicators may be better 

than a single indicator species, yet the entire paper is built around communities of organisms as 

bioindicators, and the paper additionally states that indicators may have a physical or chemical basis 

instead of a biological one. It has also been attempted to assign these criteria as relevant to type (i), 

biodiversity, or type (ii), environmental indicators, or as both, following earlier precedence [3].  

 

2.2. Study Area 

 

The study site comprised a 5 km × 5 km grid, situated near Canterbury in southeast England, UK. 

The area comprised a mixed landscape of woodland fragments and agricultural land. There were also 

built up areas, including several villages and a University campus. Ponds were located from an 

Ordnance Survey 1:10,000 scale plan, from local knowledge, and from a previous study [47]. Small 

garden ponds were excluded due to time constraints and the relatively low suitability of such ponds for 

great crested newts. Study ponds varied between 2 and 1,045 m
2
 in area. The initial sample was 74 

ponds, but this was reduced for both aquatic plant and macroinvertebrate surveys, as described below. 

 

2.3. Data Collection 

 

Great crested newts were located using funnel traps spaced at 2 m intervals around the pond 

shoreline [48,49] and by night time visual surveys using a 500,000 candlepower torch. At most sites, 

we used both methods but torchlight surveys were impossible at some ponds on certain survey dates 

due to water turbidity, whilst at some others public access precluded trap use. Three visits were made 

to each pond during the breeding seasons of 2004/5. Where netting surveys for invertebrates  
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(see below) yielded additional information such as the presence of eggs or larvae, we incorporated 

these into the results. 

Methods of data collection for aquatic plants followed established methods [50]. Each pond was 

surveyed three times by daylight. Plants found within the outer boundary of the pond were included, 

and estimates of abundance made. Vegetation surveys could not be completed at all ponds, including 

two that were destroyed before the vegetation surveys began. The reduced sample size was 65, 

comprising 21 ponds occupied by great crested newts and 44 unoccupied by the species. 

The cover of each plant species was recorded on all visits, and expressed as a percentage of pond 

area. The maximum extent of cover for each species was used in the analysis. Cover of each species 

was calculated by multiplying pond area (m
2
) by the estimated coverage of the species for each pond. 

To facilitate plant identification, 35 common species were chosen from a list of aquatic plants [50]. 

Plants were identified using several identification guides [51-53] and a local flora [54]. For two genera 

(Lemna and Callitriche) where several similar species existed, identification was only to genus level.  

Data collection methods for invertebrates again followed established methods for pond  

surveys [50], and utilized a three-minute sweep of a hand net (2 mm mesh) at each pond, except in the 

case of small ponds where 100% coverage could be achieved in fewer sweeps. To cover areas that 

would be missed by the netting effort, such as the water surface or under stones, we made an additional 

quick visual search of 1 minute per pond. Sampling was carried out twice at each site, once each in 

summer and autumn. The intensive effort involved meant that only a small number of ponds could be 

sampled. The total number of ponds in the macroinvertebrate sample was therefore reduced to 27, 13 

occupied and 14 unoccupied by great crested newts. 

Each macroinvertebrate sample was sorted on the bank of the pond and the organisms returned to 

the water. Some taxa included in the sample, such as some of those within the Diptera, could not be 

identified with certainty to species level at the larval stage [55,56]. All comparisons and analysis were 

therefore carried out from a list of pond invertebrate families [57]. Zooplankton, such as Cladocera 

(water fleas), were sometimes encountered in large numbers but were excluded from analysis, as the 

mesh size used was not designed for retaining such taxa. 

 

2.4. Data Analysis 

 

For most analyses, we compared ponds occupied by great crested newts to those that were 

unoccupied. The species is known to favour larger ponds in the range 500–700 m
2
 [58,59]. Therefore, 

the effects of pond size on aquatic plant presence were also examined, even though pond size is 

sometimes considered unimportant for aquatic plant diversity [60]. Heterogeneity in each occupied and 

unoccupied pond was determined using both the Shannon–Wiener  function and the reciprocal of 

Simpson‘s index. Differences in diversity between occupied and unoccupied ponds were compared 

using an ANCOVA with pond size as the covariate, and with Simpson‘s indices arcsin transformed. 

Levene‘s test was used to check for equality of variances between the two samples. 

The probability of detecting great crested newt occupancy in ponds was examined using the 

software program PRESENCE [61]. Rarefaction analysis was used to determine whether the sampling 

effort adequately captured the diversity of invertebrates and aquatic plants present [62-64].  
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3. Results and Discussion 

 

3.1. Indicator Criteria 

 

Eight key criteria for indicator species were distilled from the literature and are listed in Table 1. Of 

these, the only criterion common to all seven papers was the value in using a suite of species as 

opposed to just one. The second ranking criterion was that an indicator species should be easy and cost 

effective to monitor, common to six of the seven papers examined. However, Table 1 also shows that 

these criteria are common to both type (i) and type (ii) indicators. Greater numbers of occurrences 

would logically be expected for criteria that are common to both, compared to those only applicable to 

one type.  

Table 1. Criteria for type (i) and type (ii) indicator species. 

Criteria 
Applicable to type (i) or 

type (ii) indicator, or both 

Number of 

occurrences 

1. The species should be easy and cost effective to 

observe, identify and monitor 

Both 6 

2. Patterns of species richness should be closely 

correlated with those of other, non-related groups  

Type (i) 3 

3. The species should be sufficiently sensitive to 

provide early warning of change in the 

environment 

Type (ii) 4 

4. Species should be capable of providing a 

continuous assessment over a wide range of 

stresses, including anthropogenic stresses 

Type (ii) 4 

5. It should be possible to differentiate between 

the species responses to natural and anthropogenic 

stresses 

Type (ii) 4 

6. The species should be distributed over a broad 

geographical area, if the indicator is at family or 

higher level, ideally worldwide 

Both 4 

7. It may be better to use a number of species 

rather than have just one  

Both 7 

8. The indicator should be relevant to ecologically 

significant phenomena 

Both 2 

Criteria in the tables are distilled from seven published papers [1,9-14]. 

 

3.2. Relationship between Newts and Plant and Invertebrate Diversity 

 

Great crested newts were found at 22 sites by night time surveys (i.e., trapping and torch counts), 

whilst netting added an additional site. The species was therefore located in 23 out of 74 sites. This 

gave a naïve (naïve in the sense that the species is assumed to only be present at sites where it was 

actually detected) occupation rate of 0.30, or 0.31 if the extra site revealed by netting is incorporated. 
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Various models were tested in PRESENCE as part of a related study [65]. The most parsimonious 

model estimated occupancy at 0.32 (SE = 0.041). This suggests that the actual number of occupied 

ponds in the sample of 74 was 23.7 (SE = 3.03). As this is nearly identical to the naïve estimate of 23 

occupied ponds, it was assumed that occupied and unoccupied ponds had been correctly identified. 

At least one plant species was found in 58 out of the 65 ponds surveyed. In most cases, ponds 

without plants were in woods with dense shade and quantities of dead leaves in the water. Most ponds 

without aquatic plants were unoccupied by great crested newts, but one occupied pond was located. Of 

the 35 plant species examined, 21 species occurred in five or fewer ponds. Only two species occurred 

at more than 30 sites (Epilobium hirsutum and Juncus effusus). No species of plant appeared to show a 

particular association with either occupied or unoccupied ponds.  

Individuals representing 28 families were located during the survey of aquatic macroinvertebrates. 

Up to 19 families were located in a single pond, although there was seasonal variation. Of the 28 

families encountered, all were found during the summer survey of ponds occupied by great crested 

newts compared to 23 families in unoccupied ponds. The autumn survey located 22 families in 

occupied ponds and 21 in unoccupied ponds. 

The most frequently encountered macroinvertebrate family was Asellidae (freshwater hog lice), 

with 2787 individuals encountered, 36.5% of the combined invertebrate sample. The second most 

frequently encountered family was Corixidae (water boatmen), with 861 individuals. 

Table 2. Diversity of aquatic plants and macroinvertebrates in ponds with and without 

great crested newts. 

 Occupied ponds  

mean ± SD 

Unoccupied ponds 

mean ± SD 

ANCOVA with pond 

area as a covariate 

Aquatic plants    

Number of species per 

pond 

6.9 ± 3.85 3.8 ± 3.11 F 1, 62 = 19.22 *** 

Percentage cover per 

pond 

45.2 ± 24.00 25.6 ± 28.97  F 1, 62 = 0.05 NS 

Shannon–Wiener  

function 

1.1 ± 0.67 0.67 ± 0.65 F 1, 62 = 19.30 *** 

Simpson's index 0.54 ± 0.35 0.36 ± 0.36 F 1, 62 = 12.82 *** 

Macroinvertebrates    

Number of families per 

pond 

12.6 ± 3.36 11.6 ± 3.86 F 1,24 = 0.04 NS 

Individuals per pond 276.8 ± 125.30 287.7 ± 265.44 F 1,24 = 0.002 NS 

Shannon–Wiener  

function 

3.36 ± 0.88 3.05 ± 0.93 F 1,24 = 0.04 NS 

Simpson's index 0.71 ± 0.12 0.67 ± 0.15 F 1,24 = 0.026 NS 

n = 65 (21 occupied and 44 unoccupied) for aquatic plant sample and 27 (13 occupied, 14 

unoccupied) for macroinvertebrate sample. NS, *P > 0.05; **P < 0.01; ***P < 0.001. Levene‘s test 

confirmed homogeneity of variances in all ANCOVAs. 
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The mean (±SD) areas of occupied and unoccupied ponds in the aquatic plant survey were  

200.7 ± 212.93 m
2
 and 146.9 ± 224.94 m

2 
respectively, but the difference was not significant.  

(F1,63 = 0.841, P = 0.36). There was a correlation between pond area and the number of plant species 

recorded in the overall sample of occupied and unoccupied ponds combined (r = 0.49, df = 64,  

P = 0.001). The mean number of plant species per pond was significantly higher in occupied ponds 

than in unoccupied ponds (Table 2). Occupied ponds had a significantly greater percentage of aquatic 

plant cover than unoccupied ponds.  

In the macroinvertebrate survey, the mean (±SD) area of occupied ponds (260.2 ± 250.26 m
2
) did 

not differ significantly from the mean area (349.9 ± 312.39 m
2
) of unoccupied ponds (F1, 25 = 0.673,  

P = 0.42). The increase in mean pond areas in both categories over the earlier aquatic plant survey was 

as a result of the drying of small ponds between the sampling periods. This had a greater effect on 

unoccupied than occupied ponds. There was no correlation between pond area and the number of 

macroinvertebrate families present (r = –0.60, df = 26, P = 0.77). Neither the number of 

macroinvertebrate families, nor the number of macroinvertebrate individuals, differed significantly 

between ponds with and without great crested newts (Table 2).  

For both aquatic plants and macroinvertebrates, rarefaction curves for both occupied and 

unoccupied ponds levelled off at about 1,500 m
2
 and 1,500 individuals respectively (Figure 1). The 

combined sum of areas of plant cover at 2,463 m
2
 (occupied ponds) and 3,022 m

2
 (unoccupied ponds) 

was therefore adequate, as was the total sample of individual macroinvertebrates, comprising 3,598 

individuals (occupied ponds) and 4,028 individuals (unoccupied ponds). 

Figure 1. Rarefaction curves for macroinvertebrate families (above) and aquatic plant 

species (below) comparing ponds occupied or not occupied by great crested newts. 
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When pond area was included as a covariate, comparisons using both the Shannon–Wiener function 

and Simpson‘s Index revealed higher levels of aquatic plant heterogeneity in occupied than in 

unoccupied ponds (Table 2). In contrast, there were no differences between occupied and unoccupied 

ponds in terms of heterogeneity of macroinvertebrates using either the Shannon–Wiener function or 

Simpson‘s index, even when pond area was included as a covariate (Table 2). 

In summary, ponds containing great crested newts had significantly more aquatic plant species and 

plant cover than ponds where they were absent. Measures of plant diversity showed the same trend 

when pond area was included as a covariate. These patterns were not, however, repeated when 

macroinvertebrate diversity was examined. 

As a typical temperate pond-breeding amphibian, does the great crested newt meet the 

characteristics of an indicator species? This will be examined in terms of the criteria laid down for 

indicator species shown in Table 1. 

 

(1) The species should be easy and cost effective to observe, identify and monitor 

 

Twenty-two occupied sites were located during the three night time surveys. The location of only 

one additional site by netting suggested that these three surveys were nearly sufficient to detect all 

populations of the species. Multiple surveys are therefore required. With the added caveat that most 

detection methods require night time fieldwork, and that detection rates for amphibians are  

variable [60,65-68] the species meets this requirement, as long as sufficient repeat surveys  

are incorporated. 

 

(2) Patterns of species richness should be closely correlated with those of other, non-related groups 

 

When only a single species has been examined, it is impossible to explore relationships between 

amphibian species richness and different, non-related groups. The species examined here does show a 

relationship with aquatic plant species richness, as has been noted by others [42], but this pattern is not 

repeated with macroinvertebrates. This difference between groups has been noted previously. An 

earlier study examined six taxa and only found significant relationships between woody plants and 

birds; Orthoptera and terrestrial herpetofauna; and birds with aquatic herpetofauna, with woody plants 

the best biodiversity indicator overall [70]. Another study found a lack of congruence between taxa, 

but shows that selecting priority forests on the basis of data on a single taxon also captures species 

richness in other groups with the same efficiency as using all studied taxa at once [13]. The great 

crested newt therefore only partially meets these requirements. 

 

(3) The species should be sufficiently sensitive to provide early warning of change in the environment 

 

As they respond rapidly to environmental change, arthropods may make good indicator  

species [11], although, conversely, others have suggested they make poor indicators for exactly the 

same reason [15]. Like many other amphibians, great crested newts, in contrast, are relatively  

long-lived, and breed repeatedly during their lives [71]. It is therefore possible that the species may 

persist at a site long after it has deteriorated, as a pond within our study area demonstrates. In 1994, 
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good terrestrial habitat, comprising an orchard and rough grassland, adjacent to a pond was replaced by 

an arable field [47], whilst the area directly around the pond became increasingly shaded. Although 

conditions in both the terrestrial and aquatic phases of the newts‘ annual cycle had deteriorated, the 

species declined slowly before extinction at the site in 2002 [65]. Great crested newts, and possibly 

other long-lived amphibians, do not, therefore, meet this criterion as they may be present in a pond for 

some years after deterioration in the environment has occurred. More generally, a recent study 

suggests that amphibians are no more sensitive to environmental contaminants than many other  

taxa [36], and are therefore unlikely to provide an early warning of change. 

 

(4)  Species should be capable of providing a continuous assessment over a wide range of stresses, 

including anthropogenic stresses 

 

For both type (i) [9] and type (ii) [14] indicators, the use of multiple indicators is envisaged, indeed 

all the papers examined for indicator criteria considered the use of a suite of indicators to some extent. 

It is not necessary that all of these complementary indicators need be species [9]. This criterion applies 

when a number of indicators are being tested together, as it suggests that they should be chosen for 

complementarity in what they indicate rather than relatedness to each other. It has already been noted 

under item 2, above, that multiple indicators may be necessary, and that is again the case here. 

 

(5)  It should be possible to differentiate between the species‘ responses to natural and anthropogenic 

stresses 

 

As a species that is generally associated with medium to large farm ponds and those associated with 

mineral workings [72], many of the stresses suffered by great crested newts are anthropogenic, 

resulting from a lack of management of the pond and surrounding environment or other stresses, such 

as isolation of populations. These issues apply to many amphibian species, and natural population 

fluctuations coupled with complex synergies between different factors that regulate  

populations [28,73,74], may make disentangling natural and anthropogenic stressors  

problematical [75]. Although this was not tested in our study, great crested newts, as well as other 

amphibians that respond in complex ways to stressors, may therefore only partly meet this criterion. 

 

(6)  The species should be distributed over a broad geographical area, if the indicator is at family or 

higher level the distribution should ideally be worldwide 

 

Within the UK, great crested newts are widely distributed in lowland areas, whilst European 

distribution extends to Russia [58]. The species therefore meets this requirement, which may make it 

useful as an indicator up to the European level. At a higher level, the Order Caudata, is absent from 

most of Africa, Australasia, and much of Asia and South America [72]. At these levels the Order does 

not meet the requirements of an indicator. Choices of indicator should therefore be appropriate to the 

scale of the biodiversity issue under consideration. 
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(7) It may be better to use a number of species rather than have just one indicator  

 

The concept of using more than one species as an indicator has been made on numerous occasions 

in addition to the papers examined in this study (e.g., [76,77]). Although the utility of using multiple 

indicators is clear [9], it has also been argued that use of too many indicators can result in nothing 

being left to indicate [2]. Amongst the questions examined here, numbers 2, 4, and 6 have already 

shown the value of using more than one species in an indicator suite. Whether all additional indicators 

need to be species is debatable [9]. If the additional indicators are species, complementarity is probably 

more useful than relatedness, for example an invertebrate species showing a speedy reaction to 

environmental change would probably be more useful than another amphibian species with similar 

weaknesses as an indicator to great crested newts.  

 

(8) The indicator should be relevant to ecologically significant phenomena 

 

Great crested newts have been examined here in their aquatic phase. Ponds are important wildlife 

habitats, collectively rich in species and supporting populations of about half of the UK‘s Red Data 

Book wetland plant and animal species [78]. Ponds have a biodiversity value probably higher than any 

other aquatic habitat in the UK [79]. However, great crested newts have particular aquatic habitat 

preferences, including pond area and permanence [59]. Other studies [60,80,81] have shown that ponds 

of varying sizes and permanence all have strong conservation value. The presence of a single species 

with a comparatively narrow range of habitat preferences therefore only indicates a subset of pond 

diversity. The protection of the species throughout its range is therefore valuable to a wide range of 

other species, but not the entire range of pond biodiversity. Whether this implies that the species is 

valuable as an indicator or as an umbrella [3] is more debatable. 

 

4. Conclusions 

 

In Table 1, criteria 1, 2, 6, 7, and 8 were applied to type (i) indicators, whilst 1, 3, 4, 5, 6, 7 and 8 

were applied to type (ii) indicators. Great crested newts—and probably many other amphibian 

species—fail to meet several of these criteria. It is difficult to meet either criterion 2 or 4 with a single 

species in isolation, as both envisage the use of multiple species. Like other long-lived amphibians, 

great crested newts may respond relatively slowly to changes in the environment, and therefore fail 

criterion 3. The wide and complex variation in amphibian population sizes means that it is difficult to 

separate natural and anthropogenic stresses (criterion 5) in many species. The species examined here 

may well be a typical example. Based on existing knowledge of amphibians, it appears that few, if any, 

species could adequately meet all criteria for either type (i) or (ii) indicators. 

We therefore agree with a number of other studies [9,21,82], that multiple indicators should be 

used, and would choose these on the basis of complementarity rather than relatedness. The use of the 

term ‗indicator species‘ may therefore be misleading when a single amphibian species is used in 

isolation, but may have more merit when used in combination with other taxa. Indeed, it is notable that 

of the eight criteria examined, the use of multiple indicators was the only one common to all seven 

papers (Table 1). We therefore find little support for the concept of a single species as an indicator. 
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Despite the number of papers being published quoting a single species as a type (ii) indicator of some 

form of environmental change, we suggest that suites of indicators are essential for both uses. For type 

(i) indicators the situation is slightly better as most recent papers either suggest use of multiple species 

from a single taxon [16,17,19] or species from a number of taxa [20,21]. Particularly intriguing is the 

discovery that not only do indicator taxa with a high number of species tend to perform better than taxa 

with few, but that indicator groups drawn across a range of taxa tended to perform better than those of 

similar size drawn from a single taxon. This suggests that some taxa previously highlighted as good 

indicators might have appeared so simply because they were species rich, rather than having good 

indicator qualities per se [82]. 

Confusion in terminology has also arisen as a result of a schism in the interpretation of what an 

indicator species is between policy makers and scientists. A key criterion of an indicator in 

policymaking is that it is relevant both to policymaking itself and to management practice [16,17,83]. 

Those working in the area appear to find the use of large-scale indicator suites effective, but there are 

increasing calls from policy makers for a single biodiversity indicator, presenting clear messages for 

the general public [17]. We find the term less confusing when the qualifier ‗headline indicator‘ [17] is 

used, but as yet this is rarely the case in general usage. The general use of the term ‗indicators‘ or 

‗indicator species‘ by statutory bodies, conservation agencies, and funding campaigns is therefore 

often poorly defined. For example, this broad interpretation of ‗indicator species‘ is used in the UK 

Biodiversity Action Plan, and by UK government departments [84-87]. In a case from the USA, 

emphasising amphibians as ‗indicators‘ of environmental health gained government funding for 

amphibian conservation [88]. Such usage contrasts with the strict ecological criteria demanded of 

indicators by scientists when referring to type (i) and (ii) indicators (Table 1). Indeed, scientists view 

those species that primarily serve strategic, as opposed to ecological, functions as ‗flagships‘ rather 

than indicators [1-3]. The schism is occasionally breached when the strategic use of the term permeates 

the scientific literature, without the use of qualifying terms (e.g., ‗headline‘), propagating confusion 

and debate. Improved communication between conservation scientists and practitioners is needed if a 

consensus is to be achieved. Until then we advise against the advocacy of amphibians, or any other 

taxon, as indicator species unless the appropriate ecological criteria are tested, or strategic indicators 

are explicitly defined. 
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