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Introduction
	Due to their unique life history, amphibians (frogs, salamanders, and caecilians) are vital to the maintenance of terrestrial and aquatic ecosystems, as well as the transitional zones between them. Despite their importance, 41% of all amphibian species are in decline (IUCN red list). There are currently six leading hypotheses on the mechanisms behind the global decline including habitat change, alien/invasive species, overexploitation, disease/pathogens, environmental contaminants, and increased UV-B exposure  (Collins & Storfer, 2003). However recent research has shifted to focus on the synergistic nature of these mechanisms, and their effects on population decline (Bishop et al. 2012). Lack of public awareness has further lead to lack of funding, research, and government protections. Incomplete understanding of mechanisms that impact population dynamics contributes to ineffective management strategies, accelerates the global decline of species richness and abundance, and ultimately prompts further lack of public interest and government protections. Increased public awareness is necessary in order to provide sufficient funding for research that would provide relevant data needed to confidently propose and introduce policy, as well as implement efficient and effective management strategies in order to conserve amphibian populations globally. In this paper we will examine the current leading hypotheses for the global decline of amphibians, and their synergistic nature, as well as perspectives for the innovation and implementation of effective amphibian conservation and management in the future.

Ecological Importance
	Unlike most other groups of animals, amphibians have complex habitat requirements due to their unique life history strategies developed over evolutionary time. The word amphibian comes from the combination of the Greek “amphi-“ meaning “both,” and “bios-“ meaning “life”. When combined, they form the Greek “amphibios,” or “living both in water and on land”. They are distinguished from other taxa primarily due to their different habitat requirements as juveniles and adults. Adults inhabit terrestrial ecosystems where they play an important role in the food chain as invertebrate regulators, and as protein biomass for reptilian, avian, and mammalian predators. Juveniles develop in aquatic ecosystems (with some exceptions) and help control primary and secondary production by consuming periphyton, phytoplankton, zooplankton, and aquatic insects. They also provide protein biomass for aquatic predators. They are nutrient vectors, transporting and dispersing protein and nutrients between aquatic and terrestrial habitats through seasonal immigration and emigration events (Semlitsch & Skelly, 2008). The importance of these organisms should make them desirable candidates for increased research and protections. Unfortunately, that is not the case. It is well known that anthropogenic influence on land and climate change have influenced direct and indirect ecosystem changes correlated to amphibian declines, yet lack of public and political urgency to provide policy that protects individual organisms, populations, and their habitats has spiked declines across the globe. 


Current Hypotheses
	Habitat change is the current leading hypothesis on the global decline of amphibians (Bishop et al. 2012). Due to the transitional habitat requirements of amphibians, habitat split and land use change have been directly correlated to amphibian declines. A study published in 2007 focused on the effects of habitat split on amphibian species richness in Brazil and found that habitat split negatively influenced the species richness of amphibians with aquatic developing larvae, but not those adapted for terrestrial larval development (Becker et al. 2007). Another study published in 2007 looked at the global rates of habitat loss and implications for the conservation of amphibians. Using GIS analysis, researchers compiled a series of maps depicting amphibian species richness, ecoregions, human population growth, and land use dynamics. Cross-analysis of these maps revealed overlaps between human population growth/anthropogenic land use change, and amphibian biodiversity hotspots/preferred ecoregions (Gallant et al. 2007). Drastic changes to landscape variables like tree cover, and accessibility to water can create unsuitable environments and contribute to declines in amphibian populations. In addition, habitat change may create environmental conditions that promote the establishment and survival of alien/invasive species, and increase the magnitude of decline.
	Alien and invasive species can cause declines in native populations through competitive exclusion, predation, and/or the introduction of disease/pathogens. Amphibian species richness has been negatively correlated with the presence of non-native fish in aquatic environments. Between 1870-1960 the historically fishless alpine lakes in Yosemite National Park were stocked with trout for recreational purposes. Although active stocking seized in 1991, the trout have maintained reproducing populations (Knapp, 2005).  A study published in 2005 examined the impacts of non-native trout on amphibian species richness in the Yosemite alpine lakes. The presence of trout was negatively correlated with amphibian species richness (Knapp, 2005). Species richness and abundance has also been negatively correlated to the presence of invasive amphibians like the Cuban tree frog (Osteopilus septentrionalis), and the American bullfrog (Rana catesbeiana) in both aquatic and terrestrial environments. Cuban tree frogs are well adapted to urbanized environments. Their presence has been correlated with the decline of native Floridian amphibians and reptiles, and they are known to competitively exclude native tadpoles during development (Johnson, 2007). American bullfrogs are also correlated with native amphibian declines. A study published in 2010 examined the American bullfrog as a reservoir and transportation vector for Batrachochytrium dendrobatidis, commonly known as Bd, or chytrid fungus; a lethal amphibian pathogen that we will discuss further in later sections. Researchers found genetic evidence for the spread of Bd by farmed bullfrog populations in Brazil, suggesting that the farming and trade of this species may have provided a potential pathway for Bd into wild and native populations of amphibians (Schloegel et al. 2010). The negative impacts farming and trade of the American bullfrog on wild populations of native amphibians serves as one example of how overexploitation of amphibians contributes to population declines. 
	Amphibians are exploited globally for dietary, medicinal, and recreational purposes (Carpenter et al. 2014). The trade and farming of some amphibians is regulated under the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES). However, regulations are difficult to enforce, and CITES harvest estimates are likely conservative. Additionally, many species are not CITES-listed, and are therefore harvested without regulation or protections. The exotic pet trade is one of the most unregulated exploitative markets, and has negative impacts on small endemic amphibian populations across large spatial scales. A study published in 2016 shows the negative impacts of the exotic pet trade on the Emperor Newt (Tylototritan shanjing) and the Himalayan Newt (Tylototritan verrucosus.) through population declines after the mass harvest of wild specimen in 2007. Although captive breeding programs have gained popularity since, populations of both species have continued to decline, and there were no reports of Tylototritan verrucosus during the last year of data collection in 2014 (Rowley et al. 2016). Additionally, the anthropogenic introduction of exotic species to non-native habitats through overexploitation has the potential to increase the spread of diseases and pathogens, as in the case of the American bullfrog and Bd.
	Disease and pathogens inevitably cause population declines. However, unique combinations of landscape, community, and climate variables can impact the success of pathogens within a particular ecosystem. Chytrid fungus (Batrachochytrium dendrobatidis), or Bd, is the most recent and emergent amphibian-targeting pathogen that has gained notable attention in recent studies, among others like Batrachochytrium salamandrivorans (BSal), and Ranavirus. A study published in 2007 linked the decline and/or extinction of 200 frog species to the presence of Bd  (Skerratt et al. 2007), while another study published in 2010 linked a 41% decline in amphibian lineage diversity to a Bd outbreak in the central Panama highlands (Crawford et al. 2010). BSal, the salamander-specific chytrid strain, has also been an emergent cause of salamander population declines. A study published in 2017 examined Belgian fire salamander (Salamandra salamandra) two years post BSal emergence. Researchers observed a rapid population collapse without recovery due to the lack of increased resistance of surviving individuals and demographic shifts to account for mortality (Stegen et al. 2017). Ranavirus has also been the cause of mass mortality events in frogs and salamanders. A study published in 2014 documented the decline of multiple amphibian species in northern Spain over 8 years (2007-2015) correlated with the emergence and spread of ranavirus throughout the region and across taxonomic boundaries (Price et al. 2014). A commonality between these pathogens is the behavioral changes they exhibit under varying environmental conditions, like the presence of toxins or increased UV-B radiation.
	Due to the sensitivity and permeability of the amphibian integumentary system, as well as it’s importance in respiratory processes, amphibians have very specific habitat requirements. Changes to environmental variables like temperature, moisture, leaf litter, canopy cover, and soil pH can have adverse effects on amphibian populations. The presence of environmental toxins in the form of agrochemicals like pesticides and fertilizers can have particularly negative impacts on individuals and populations. A study published in 2013 documented a negative correlation between the presence of agrochemicals and the growth/survival rate of local amphibian populations (Baker et al. 2013). Another study published in 2012 provided a meta-analysis on the impacts of environmental toxins on amphibians. Research revealed moderate impacts on species richness and abundance, but large impacts on morphology resulting in abnormalities (Serrano et al. 2012). The abundance in abnormalities has the potential to indirectly influence population declines due to decreased fitness. In addition, the presence of environmental toxins and other changes to climate regimes can suppress immune function, and increase amphibian susceptibility and mortality to pathogens.
	In addition to specific moisture requirements in order to maintain respiratory function, many amphibians lay eggs in shallow bodies of water and vernal pools. Changes in precipitation patterns, temperature, and/or canopy cover can influence embryonic exposure to UV-B radiation and have lethal or sub-lethal outcomes. A study published in 1997 reported lower hatching and development rates, as well as increased deformities in individuals exposed to high levels of UV-B (Blaustein et al. 1997). Another study conducted in 2000 focused on the impacts of UV-B exposure on the growth, behavior, and survival of long‐toed salamanders (Ambystoma macrodactylum). Researchers reported increased exposure to UV-B radiation was negatively correlated to all three variables (Belden & Blaustein, 2000). In addition to the direct influences of increased UV-B exposure on population declines, increased exposure can also increase the susceptibility of individuals and populations to pathogen outbreaks, among other synergistic examples.
	While research provides evidence for direct influences of the aforementioned hypotheses on amphibian decline globally, recent research has revealed the synergistic nature of these mechanisms, creating complex conservation management problems (Hof et al. 2011). Habitat change alters landscape and community structure, which has the potential to create ecosystem dynamics in which generalist (and often invasive) species have the ability to negatively impact native species through competitive exclusion, predation, and/or the introduction of infectious diseases (Johnson & Chase, 2004). In addition, habitat change and resource depletion/competitive exclusion can trigger range shifts and create potential pathways that further the spread of disease and pathogens. Alternatively, the presence of environmental stressors like agrochemicals and increased UV-B radiation can lead to increased vulnerability to pathogens, and increase the magnitude of population declines (Blaustein et al. 2003). It is evident that the mechanisms involved in the global decline of amphibians are more complex than previous research suggests. However, the lack of public interest has created a lack of funding for sufficient research. Up-to-date research on the nature of the decline is necessary in order to provide a logical argument for effective protections and management plans. With 41% of amphibian species on the decline, and the broader environmental implications of their disappearance, public awareness, increased funding, and government protections are vital in order to protect amphibians and the ecosystems they regulate. 

Effective Management
	As reiterated throughout this paper, public awareness, increased research funding, and increased government protections are necessary in order to create management plans that will effectively conserve amphibian biodiversity and abundance globally. These three variables, like the mechanisms for decline, work synergistically to create complex management problems. Increased outreach and education to the public on the ecological importance of amphibians creates awareness and the desire to protect these organisms. When the public is motivated about the conservation of a species, the demand for sufficient research and government protections increases. More funding is allocated to research, and government officials consider constituent and stakeholder concerns when creating environmental policy. In addition, the increased understanding of the nature of population declines can help policy makers and habitat managers implement informed and strategic management operations. 
	Currently, ex-situ programs like the Amphibian Ark, and in-situ programs like the Amphibian Survival Alliance are working diligently to increase public awareness, research, and protections for amphibians around the globe. Awareness campaigns like the “In Search of Lost Frogs,” campaign that launched in 2010 have successfully lead to increased understanding of the extent of the amphibian decline, and even the discovery of new species. In the future, public outreach and education should continue to aim to create involved and charismatic attitudes towards amphibians in the hopes that increased awareness leads to increased protection; and the reverse of the global amphibian decline.

Conclusion
	At 41% of all species threatened with extinction, amphibians are the most at risk taxa of all living organisms. As important players in the regulation of ecosystem processes within aquatic and terrestrial habitats, as well as in the transitional zones between them there is an urgent need for their conservation. Through increased public outreach, funding, research, and government protections we can implement informed and strategic management plans that will lead to a decrease in the magnitude of amphibian declines globally.
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