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INTRODUCTION

Wildlife is a vital component of the ecosystem and plays a critical role in maintaining the ecological environment that humans depend on for survival (Ervin, 2016). Unfortunately, due to excessive harvesting and habitat destruction, many species have declined rapidly or have become extinct (Brondizio et al., 2019; Scheffers et al., 2019). Increasing attention, labor, and financial resources are being devoted to wildlife protection (UNEP-WCMC and IUCN, 2021) making it essential to evaluate overall conservation outcome. Moreover, the results can be used to review and improve previous programs (UNEP-WCM et al., 2018), and provide wildlife protection advice to policymakers (Stevenson et al., 2021).

With the development of technology, scientific conservation assessment methods should be constantly updated. In general, ecosystem conservation approaches have advocated a single-species approach (Friedlander et al., 2007). However, the overall assessment of the health of the ecosystem is fairly labor-intensive and time-consuming. Moreover, more is often known about specific species targeted for protection than about other components of the ecosystem (Maxwell et al., 2011).



SELECTING A SUITABLE INDICATOR

In conservation, the choice of indicators to be monitored is critical because each evaluation has a different focus. The various approaches to evaluating conservation outcome should be regarded as complementary rather than as alternatives. As the requirements for safeguarding ecological environment become increasingly stricter and widespread, particularly with detectable destruction, such as deforestation, hunting (with fire, gun, or net), it is also becoming difficult to implement them in most countries and regions. For legal punishment on illegal behavior and activity to be effective, it is crucial to ensure that we can measure the necessary responses on the targeted taxa, such as vegetation, birds, and mammals. The most obvious and common conservation indicator is vegetation, but it has its drawbacks. For example, vegetation losses can occur in the forest interiors, where they may not be as easily detected, and species may disappear even from well-protected vegetation (Redford, 1992; Gong et al., 2017), creating a situation like “silent spring”. Indeed, well-protected vegetation can create an illusion of good conservation, especially in the eyes of the majority of policymakers and non-professional citizens. However, it cannot fully reflect the conservation outcome. Therefore, it is crucial to select a reliable taxon as an indicator for monitoring.

Among the vertebrates, chelonians should be a suitable taxon. Compared to other major groups of reptiles, chelonians are slow and defenseless (Lovich et al., 2018), and much easier to track and observe than snakes and lizards. Birds and mammals are often regarded as priorities and targets for global protection by conservation programs, but chelonian diversity are seldom given adequate consideration (Roll et al., 2017). Similarly, amphibians have been widely used as indicator species in environmental monitoring (Pounds et al., 2006); however, these taxa are mostly nocturnal and heavily dependent on water, so their distribution is quite limited, and they are sensitive to short-term and local environmental changes, such as temperature, pollution, and loss of water supply, and their populations fluctuate greatly (Richter et al., 2003; Relyea, 2006). As such, they are likely not ideal as long-term indicators.



CHELONIANS ARE VULNERABLE TO HUNTING

Chelonians are arguably the most threatened of the major groups of vertebrates, as of the IUCN Red List 2021, 171 chelonians species (62.4% of 274 red-listed species and 47.9% of 357 scientifically recognized species) are officially considered globally threatened (Rhodin et al., 2021). The threats facing chelonians are varied and include habitat loss, overexploitation, predation, invasive species, diseases, and climate change (Gibbon et al., 2000; Browne and Hecnar, 2007). While chelonians may be susceptible to the effects of anthropogenic climate change (Butler, 2019), demonstrating its impacts may prove to be quite challenging.

Chelonians' life-history traits (e.g., long lifespan, delayed sexual maturity, and small clutches of eggs) make them highly vulnerable to human impacts and extremely susceptible to hunting (Wu et al., 2020; Wang et al., 2021). Hunting activities threatened survival of the offsprings of the species and leads to a significant decline in the population. Thus, the population will decline rapidly if the protection is weak (Eisemberg et al., 2011), and may even become extinct (Stanford et al., 2020). Hunting is the most traditional, direct, and dominant factor in chelonians destruction (Wu et al., 2020).

Chelonians have high economic, cultural, and ornamental value. They are also used as pets, utilized in traditional Chinese medicine, and eaten by humans, making almost all of them a popular and long-term target for hunting. Chelonians have naturally high densities and biomasses (Iverson, 1982); hence, if they are well protected, their populations tend to be large (Lovich et al., 2018). In these cases, they are easy to observe and quantify, making them good conservation indicators. Most chelonian populations can maintain a stable level or even increase when the human impact is reduced (Berry et al., 2020). For example, the density of yellow-bellied sliders (Trachemys scripta scripta) was about 220,000/km2 in some habitats where hunting by humans are absent (DeGregorio et al., 2012). Without human impact, about 10,000 loggerhead sea turtles (Caretta caretta) females can nest each year in each of the following locations: Florida, North Carolina, the Cape Verde Islands, and western Australia (Witherington et al., 2006). In other words, illegal hunting should be forbidden in areas where it is possible to enforce the law effectively.

The most direct evidence is that Sung et al. (2013) demonstrated that the number of big-headed turtles (Platysternon megacephalum) in areas with good conservation performance was significantly higher than in areas with poor conservation performance. Likewise, a 34-year mark-recapture study of Agassiz's desert tortoise (Gopherus agassizii) found that the population densities in protected areas were significantly higher than in adjacent locations outside the protected areas (Berry et al., 2020). These findings show that chelonians can be abundant and play an important role in the material and energy flow in the ecosystems, provided they are not actively hunted by humans (Lovich et al., 2018). Changes in wildlife abundance are almost always used as indicators of conservation outcome (Barnes et al., 2016; Kiffner et al., 2020). Therefore, the prevention of hunting is the most basic requirement for biodiversity conservation, and chelonian is the simplest and most effective indicator for evaluating conservation outcome.

The effectiveness of using chelonians as indicators to evaluate conservation outcome has already been partially demonstrated. For example, the use of sea turtles as a model for the conservation of a highly mobile endangered marine vertebrate is effective (Schofield et al., 2013). Gong et al. (2017) conducted a long-term study of chelonians, where they highlighted the damaging impact of poaching in nature reserves on wild populations.



CONCLUSION

Taken together, we propose that chelonians should be used as indicator taxa for evaluating conservation outcome, particularly as an early warning indicator of weak protection and rampant hunting by humans. In other words, if chelonians are rarely seen in areas where they should be abundant, then the conservation performance in such area is likely lacking or at least should be questioned. To the best of our knowledge, this paper is the first to propose the chelonians as an ideal taxon for testing conservation performance. With growing attention on the use of this taxa as a key indicator, we hope to raise the public and scientific awareness on the plight of this critical yet extinction-prone reptilian taxa.
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