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Conservation should be the higher purpose of any modern zoological facility and has consistently been a required element of accreditation by the Association of Zoos and Aquariums (AZA). Each year, AZA-accredited zoos and aquariums collectively commit considerable resources to conservation around the world, exceeding 150 million USD annually since 2011 and exceeding 231 million USD in 2019. Furthermore, with 195 million people visiting AZA-accredited zoos and aquariums each year, there is enormous opportunity to connect people to nature and engage them as agents of change. As AZA facilities continue to prioritize conservation-driven missions, their participation in field conservation has increased greatly. AZA SAFE: Saving Animals From Extinction (SAFE)® was established in 2014 to encourage greater collaboration of AZA members and their field partners to save species. The SAFE framework is dedicated to species recovery and based on conservation best practices. SAFE species programs develop 3-year action plans that build on established recovery plans, evaluate impact, and combine AZA facilities and visitors to increase resources for research, public engagement, communications, and conservation funding. Here we share preliminary outcomes of the SAFE program as they relate to programmatic measures of success to determine whether the framework 1) is useful for the AZA membership as measured by engagement and participation, and 2) increases conservation activity on behalf of targeted species as measured by the number of facilities supporting a species' conservation and financial investment. In this analysis we utilized data supported by the AZA Annual Report for Conservation and Science (ARCS) to demonstrate benefits of the SAFE framework and provide insights into future strategies to enhance conservation impact.
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INTRODUCTION
Conservation should be the higher purpose of any modern zoological facility, and collaboration is key to conservation success. Zoos and aquariums are well-positioned to achieve conservation goals, as they have specialized expertise in a breadth of relevant disciplines from small population management, to reproductive endocrinology, animal behavior and welfare, veterinary science, conservation breeding, education, marketing, communications, and related social science fields, while also being embedded in both community and conservation networks.
Conservation has consistently been a required element of accreditation by the Association of Zoos and Aquariums (AZA). Each of the 240 AZA members has met the accreditation standards, which are rigorous, scientifically based, and publicly available (Association of Zoos and Aquariums, 2020a). These standards examine an entire zoo or aquarium’s operation, including animal welfare, veterinary care, conservation, education, guest services, physical facilities, safety, staffing and governing body. The majority of standards are performance-based, which includes assessing the level of achievement considered acceptable to fulfill a performance characteristic, and choice in method for meeting the goal. This approach is in contrast to engineering standards which prescribe the exact, precise steps required to fulfill an engineering characteristic and offer little or no variation in the method for meeting the goal. There is an emphasis on a continual raising of all–including conservation–standards.
Per the accreditation standards, conservation must be a key component of each institution’s mission and messaging. Each institution must follow a written conservation action plan/strategy with defined outcomes that must include: 1) in situ efforts that have a direct and measurable impact on animals and habitat in the wild; 2) natural resource conservation and sustainability/green practices; 3) connecting animals in their care with saving species in the wild; and 4) conservation education and advocacy programs measured against the written conservation goals of the institution.
Many AZA member activities serve the higher conservation purpose within the mission, such as informal learning and awareness-building opportunities and experiences at animal habitats, zoo-based summer camps, staff and volunteer led talks, and investments in green and sustainable business operations and infrastructure. Field conservation (hereby referred to as “conservation”) has been narrowly defined within the AZA as that which directly contributes to the long-term survival of species in natural ecosystems and habitats through: 1) direct action; 2) research; 3) field conservation education; 4) advocacy; and 5) fundraising/direct grants (Association of Zoos and Aquariums, 2019). As such, these are the conservation activities that are the focus of our discussion.
Zoos and aquariums have achieved conservation successes. For instance, the Bronx Zoo began an American bison recovery program in 1913 and led the way to saving the species (Kisling, 2001; Seddon et al., 2007). Conservation breeding programs, often including or led by zoos or aquariums across the globe (Conde et al., 2011a, Conde et al., 2013; Conde et al., 2015), have played an important conservation role for at least thirteen species (Conde et al., 2011b) and over 40 species have been reintroduced into the wild by AZA members through breeding programs. These AZA programs include takhi (Equus ferus przewalskii), California condor (Gymnogyps californianus), Virgin Islands boa (Epicrates monensis granti), lake sturgeon (Acipenser fulvescens), and Kihansi spray toads (Nectophrynoides asperginis; Association of Zoos and Aquariums, 2017).
Every year, AZA members submit their activities related to field conservation, research, education, and green practices to the AZA Annual Report in Conservation and Science (ARCS). For this study, we examine data reported in the “Field Conservation” survey. While AZA has tracked member engagement in conservation since 1990, the scope of the survey and reports were refined in 2010 with respect to field conservation (Association of Zoos and Aquariums, 2020b). Data show that AZA-accredited zoos and aquariums collectively commit considerable resources to conservation around the world, exceeding 150 million USD annually since 2011 and exceeding 231 million USD in both 2018 and 2019. In 2019 alone this benefited 987 species and subspecies in 127 countries–42% of projects were in the United States, while 58% of projects took place in foreign range countries. Though AZA members collaborate with many partners, 28% of those projects were led by AZA member organizations.
Further, 195 million people visit AZA-accredited zoos and aquariums each year, more visitors than NFL, NBA, NHL, and MLB annual attendance combined (Association of Zoos and Aquariums, 2020c). As such, there is enormous opportunity to connect people to nature and engage them as agents of change. The primary causes for species declines are anthropogenic in nature (Lande, 1998) and the growing impact of zoos on visitors’ behaviors, perceptions, and conservation efforts is reviewed in Godinez and Fernandez (2019). Zoos and aquariums are well-known and valued by many in their communities as family institutions and as a local voice for wildlife (Fraser and Sickler, 2008). While some visitors and members are motivated by educational opportunities (Falk et al., 2007; Gusset and Dick, 2011), others are motivated to visit by other factors, such as family bonding and advancement of childhood moral development (Falk et al., 2007; Fraser and Sickler, 2009). Therefore, zoos may uniquely have reach to those who may not be primarily concerned with conservation at the outset of their visit or relationship with zoos and aquariums. A number of studies, conducted at zoos worldwide, have quantified impact to visitor learning during zoo visits or when participating in zoo educational programs that have demonstrated benefits, such as improvement in respondents’ biodiversity understanding (Jensen and MossGusset, 2017; Moss et al., 2015; Moss et al., 2017), increased likelihood that families will engage in nature-based activities after zoo visits while overcoming barriers to spending time in nature (Ernst 2018), and the role of visitor-reported “extra special” zoo experiences (such as observing baby animals) in fostering concern and empathy for wildlife (Luebke, 2018). However, the zoo conservation model is not without controversy, criticism, or calls for additional evaluation and program refinement. Some argue that evidence is still lacking to support the value of zoos’ efficacy in promoting environmental stewardship (Marino et al., 2010), and that additional data are still needed to evaluate this approach (Moss and Esson, 2013), that shortfalls exist in current programming (Buckley et al., 2020; Ojalammi et al., 2018), or that zoos have not yet fully embraced conservation opportunities (Balmford et al., 2011; Brichieri-Colombi et al., 2018; Fa et al., 2014).
As AZA facilities have continued to prioritize conservation-driven missions their participation in field conservation has continued to increase. However, ARCS data show that while members contributed to or supported similar field conservation initiatives, coordination among these institutions was not apparent. Social network analysis has similarly demonstrated relatively low connectivity to one another (Maynard et al., 2020). Interdisciplinary and inter-organizational collaborations are necessary and continue to grow in the field of conservation and when utilized can enhance conservation impacts (Goring et al., 2014; Fan et al., 2020). With access to a large community with diverse experience and visitor background, collaboration across AZA members has the potential for even greater conservation impact. AZA SAFE: Saving Animals From ExtinctionⓇ was established in 2014 to focus the collective expertise within AZA-accredited zoos and aquariums and to leverage the community’s massive audiences to save species. The SAFE framework is dedicated to species recovery and is based heavily in principles of the Open Standards for the Practice of Conservation (Conservation Measures Partnership 2013) and the IUCN One Plan Approach to Conservation (Byers et al., 2013).
SAFE targets animals that have historically benefited from AZA facility commitments, and that are at risk of extinction with the intent to increase the conservation impact of the AZA community by strategic partnerships and resource stewardship. SAFE is effectively split into species- or taxon-specific groups proposed by AZA members and their field partners. These groups are called “SAFE species programs”. A SAFE species program is led by a SAFE Program Leader- and in some cases a Vice Program Leader- and a Steering Committee made up of SAFE Program Partners. Field partners join the program plan as advisors and collaborators for various projects. Each SAFE species program creates a 3-year program plan that aligns with and seeks to implement aspects of a current recovery or action plan for that species. SAFE program plans outline a 3-year goal, objectives to reach the goal, and actions to reach their objectives. Goals, objectives, and actions are time bound.
Several metrics for SAFE were developed to monitor and evaluate progress and achievements. Because AZA’s conservation-related standards are performance-based, there is no required method for how those standards are met. As such, AZA member participation in SAFE is voluntary and not required for accreditation. The benchmarks developed for SAFE were based off previous long-term data collection including conservation spending and member engagement in field conservation projects as reported through the Field Conservation ARCS survey and seek to determine whether the SAFE framework was deemed attractive enough for voluntary participation by AZA members. In addition to tracking spending and member engagement to support field conservation projects, the number of SAFE species proposed by the AZA community, and the percent of members participating in SAFE are also included to evaluate the uptake of SAFE by AZA facilities over time.
Expected outcomes as part of the SAFE framework include: demonstrated conservation impact for species in the wild, positive impact on public perception of zoos and aquariums, increased favorability of AZA zoos and aquariums, increased awareness of the role of zoos and aquariums in conservation, and the development of a culture of collaborative conservation across the AZA community. As many of these are long-term outcomes that require measurement across multiple datasets, both qualitative and quantitative, we seek to understand in the short-term whether this framework is useful to the AZA community and whether or not it has potential to facilitate increasing conservation engagement and commitment among members.
The ARCS survey and recorded data provide an initial opportunity to understand these preliminary outcomes. Here we share results from data analysis of the ARCS dataset as it relates to SAFE programmatic measures of success to determine whether the framework 1) is useful for the AZA membership as measured by engagement and conservation spending, and 2) increases conservation activity on behalf of targeted species as measured by the number of facilities supporting a species' conservation and financial investment. As SAFE progresses, additional data are being collected and will be analyzed to determine progress towards other SAFE goals mentioned above.
MATERIALS AND METHODS
Annual Report in Conservation and Science and Data Collection
AZA members complete an annual survey to track their contributions in field conservation, research, green business operations, and education. The collected results are recorded in a proprietary online database and published in AZA’s Annual Report in Conservation and Science (ARCS). The ARCS survey began in 1990 with a focus on understanding AZA member operations. In 2010, AZA more clearly defined field conservation to enhance consistency in reporting, focusing specifically on those activities that have direct impacts on animals and habitats in the wild. Submissions focus on activities which directly contribute to the long-term survival of species in natural ecosystems and habitats through, 1) direct action; 2) research; 3) field conservation education; 4) advocacy; and 5) fundraising/direct grants. Members record their engagement in field conservation by submitting project-specific data such as project name, description, target species, country in which a project occurs, and the amount spent each year. To enhance consistency across the data, submissions are reviewed by between three and five members of AZA’s Wildlife Conservation Committee for adherence to the standardized definition of field conservation (Association of Zoos and Aquariums, 2019) who indicate whether the submission meets the definition, does not meet it, or whether there is insufficient information to determine adherence. AZA staff provide the reviewers’ feedback for those with insufficient information to the submitting organization for additional clarification and to confirm whether the project should be included in the database. AZA staff perform an additional editorial review and add the target species or country to the appropriate data field if that information is explicitly provided in either the title or description but was not entered.
Completing the ARCS survey is not required for accreditation but is encouraged and lists of programs and projects submitted to ARCS may serve as evidence during the accreditation process that the institution is following its conservation action plan/strategy. Field conservation survey response rates are on average 85.4 ± 2.4%. We used data from the field conservation section of ARCS to analyze SAFE’s impact on AZA members’ conservation engagement. Data concerning report year, organization name, project description, focal species, amount spent, and keywords for projects were exported from the online database into Excel. While some of the AZA survey data are publicly available on AZA’s website, additional data may be made available upon requests for research collaborations.
Evaluating Conservation Engagement Through SAFE
The raw data file was split into separate data sheets to evaluate questions. “Amount spent” and “number of members engaged” have been recorded in ARCS since its inception, providing a consistent and long-term (>5 years) data series to evaluate member participation and commitment to conservation over time. We used “amount spent” and “number of members engaged” as proxies to evaluate conservation engagement for field conservation and then species-specific conservation before and after SAFE was established. To understand conservation engagement and species-specific conservation engagement, we refined the dataset to exclude duplicates that resulted from multiple keyword entries to ARCS. For field conservation engagement we added a column to assign a category for the years before SAFE began (“before SAFE”; ≤2014) and after SAFE was established (“after SAFE”; ≥2015).
Eight of the current 28 SAFE species programs, as of April 2020, were selected as case studies to evaluate the impact of the SAFE program on species-specific conservation engagement. Five of the selected species programs were established in 2015, including African penguin, cheetah, sharks and rays, vaquita, and western pond turtle. SAFE was initially launched by AZA with ten species and these five were the first to develop 3-year program plans. AZA members were invited to propose additional SAFE species programs in 2017 and the three established that year were for African vultures, giraffe, and radiated tortoise. Therefore, the primary reason for the selection of these eight SAFE species programs was their longevity. For this dataset, we added a variable to assign a category for when the SAFE species program was established (“before SAFE” and “after SAFE”). For projects that benefited multiple species or taxa (e.g., projects in Africa focused on conservation of both African lions and African vultures), the total amount spent was divided by the number of species or taxon that were supported so that the total amount spent reflected spending for the specific SAFE species or taxon of concern.
We evaluated overall AZA member engagement in field conservation through conservation spending (USD) and the number of members engaged in field conservation before and after the inception of SAFE using individual generalized linear mixed models (GLMM) each with a gamma-distributed response variable built in the lme4 package (Bates et al., 2012) in the R software platform (R Core Team 2014). Year served as the random effect to account for repeated measures and the ordinal nature of the data, while timeline (before vs after SAFE initiation) served as the fixed effect. Estimates, 95% confidence intervals, and odds ratios were back transformed to the original response scale through natural exponent.
In addition to overall member involvement in field conservation, we wanted to examine the benefits for creating species-specific programs within the overall SAFE framework. First, we utilized a GLMM with a gamma-distributed response variable [conservation spending (USD) and the number of members engaged] across all the case study species combined. Species served as the random effect to account for repeated measures within each species, while timeline (before vs after SAFE species program initiation) served as the fixed effect. Next, in order to determine the individual effect of the SAFE program for each of the case species, we developed individual GLMMs for each of the eight case study species to test for significant differences in member engagement (amount spent and number of members engaged) before and after the individual SAFE species programs were approved. Year served as the random effect for each of these models with timeline as the fixed effect. Following analysis estimates, odd ratios, and 95% confidence intervals were back transformed to the original response scale through natural exponent.
RESULTS
Our first research question sought to determine if implementation of SAFE increased AZA member engagement in in situ field conservation on a broad scale. Thus, we analyzed the reported total amount spent and the number of members participating in any field conservation projects from 2010 to 2019, with 2010–2014 serving as before SAFE and 2015–2019 serving as after SAFE in the overall timeline. For general conservation engagement, we found a positive increase for both the amount spent and total number of members engaged in field conservation after the establishment of SAFE (Table 1). Amount spent in field conservation by AZA members showed a 1.4-fold increase in expenditures while the number of member institutions reporting participation showed a 1.2-fold increase. While this increase could be attributed to a gradual increase over time and inflation, the variance and standard error of Year, which was used as the random effect, are both small (0.0064 and 0.08 respectively) and so we are confident that there was a positive and potentially causative influence of SAFE on dollars spent and AZA members involved in in situ conservation.
TABLE 1 | AZA Member contribution and engagement in in situ conservation projects before and after initiation of SAFE conservation programs in 2015. Model estimated means are provided for each variable level, and regression coefficient (Effect Estimate), 95% confidence interval, and p-value are provided for each pairwise comparison.
[image: Table 1]Our second research question addressed conservation engagement for species-specific conservation. When we look specifically at the selected SAFE species case studies we see that the overall effect of SAFE has a highly positive effect on amount spent (p < 0.0001) and on the number of members reporting engagement (p < 0.0001) for in situ conservation projects within the targets species programs with a 3-fold and 2-fold increase respectively following initiation of SAFE species programs (Table 2). While we saw strong positive effects overall for both variables and the confidence intervals around these effects were both small in size, we knew from observing the high variance of the random effect of “species” and the greatly differing slopes when species was included as a fixed effect, that there was a large difference in how the individual species were impacted by the SAFE species program initiation. The results from running an individual analysis on the effect or benefits of SAFE for each species program for amount spent and number of AZA members engaged are presented in Table 2. In most cases, both the amount of funding spent and the number of members engaged increased at similar rates, but there were some cases, such as with the giraffe program, that while both trajectories were positive, the amount of funds spent increased at a higher rate than the number of AZA members participating. All species, other than the vaquita, have a high effect estimate and a tight 95% confidence interval which does not overlap zero, indicating a highly significant relationship in member donations to field conservation projects for that target species following induction of individual SAFE species programs and a general trend on increasing amounts of funds donated by AZA member facilities. Spending for African vulture conservation increased the most with nearly a 7-fold increase in spending after becoming a SAFE species program, followed by radiated tortoise and giraffe species nearing 5-fold increases. The vaquita displays a larger confidence interval, although it does not overlap zero and so could be classified as significant, due to extreme fluctuations in spending from 1 year to another even after the initiation of the SAFE species program.
TABLE 2 | Effect of SAFE program initiation on amount of money donated to and number of AZA member facilities engaged in in situ conservation efforts across the eight selected case species. Regression coefficient (Effect Estimate), 95% confidence interval, and p-value produced by individual models are provided for each species.
[image: Table 2] The amount spent before and after SAFE programs is presented graphically for four of the eight test species [Figure 1: A) Western pond turtle; B) Radiated tortoise; C) African vulture; D) African penguin; expressed as mean ± SEM generated from the GLMM]. Each of these four cases show interesting but different patterns within the overall increase in funding following the SAFE program based on the magnitude of the effect and the size of the after-timeline error bars.
[image: Figure 1]FIGURE 1 | Evaluation of the effect of SAFE project implementation on amount of funding contributed to in situ conservation projects for individual species programs. Programs include (A) Western Pond Turtle, (B) Radiated Tortoise, (C) African Vulture, and (D) African Penguin. Data is expressed as model generated means ± SEM. For (A) and (C) SAFE programs were implemented in 2015 (Before: 2011–2014, n = 4 years; After: 2015–2019, n = 5 years), while for (B) and (D) SAFE was implemented in 2017 (Before: 2011–2016 n = 6 years; After: 2017–2019 n = 3 years). Variation in SEM is indicative of variable effect of SAFE programs and variation between different years.
Along with an increase in the amount of funding donated to in situ conservation, all the test case species displayed a positive increase (effect estimate) in reported number of members engaged following the SAFE species program initiation compared with before (Table 2). A graphical representation of member engagement increase is presented in Figure 2 based on model predicted means ± SEM. Overall, the trend for increased member engagement is similar across species but there are noted differences, such as the large error bars surrounding the “After” timeline for giraffe, indicating that member engagement in projects has had larger variation over time. However, with a tight 95% confidence interval, it is reasonable to trust this positive trend. Other species, such as the radiated tortoise or the African penguin have much smaller error bars, as well as tight 95% confidence intervals, which depicts a consistent trend or increase over time. Member engagement increase was highest for the vaquita with about a 4-fold increase, was followed closely by African vulture and radiated tortoise member engagement with effect estimates at 3.12 and 3.561, respectively. While giraffe saw one of the greatest increases in conservation spending, member engagement saw a lower effect at around a 2-fold increase.
[image: Figure 2]FIGURE 2 | Evaluation of the effect of SAFE project implementation on number of AZA member facilities participating in in situ conservation projects for individual species programs. Data is expressed as model generated means ± SEM. Variation in SEM is indicative of variable effect of SAFE programs and variation between different years. Overall effect and each species individually showed significantly more member engagement following SAFE program initiation.
DISCUSSION
SAFE’s Effect on Field Conservation Engagement
Zoos and aquariums worldwide are uniquely positioned to make lasting contributions to conservation outcomes. Their professional expertise in conservation breeding programs, education and advocacy, as well as the capacity to reach large audiences, positions them to be an important force for effective conservation strategies (Gusset and Dick, 2011). We recognize that this study evaluates solely the contributions of the AZA community of zoos and aquariums. 235 of the 241 current AZA-accredited zoos and aquariums are located in the Americas, and 217 of those are located in the United States. As such, this analysis is focused on conservation efforts by institutions that are located in a narrow region of the world. These contributions must be contextualized within the rich contributions of the broader global zoo and aquarium community, including regional zoo and aquarium associations from other areas of the world, such as the European Association of Zoos and Aquaria (EAZA), the Central Zoo Authority (CZA), the Pan-African Association of Zoos & Aquaria (PAAZA), and the Zoo and Aquarium Association Australasia (ZAA). The World Association of Zoos and Aquariums, which has over 300 members worldwide, including national and regional associations as well as zoos and aquariums, has developed a comprehensive conservation strategy (Barongi et al., 2015) with a global perspective. More recently, Gusset (2019) details a holistic approach to integrated species conservation by the global zoo and aquarium community.
When evaluating the overall impact that global zoos and aquariums have on in situ conservation projects, Gusset & Dick found that members of the World Association of Zoos and Aquariums (WAZA) significantly contributed to the success of those projects, both monetarily and with support of resources (2010). They also suggested that coordinated efforts within the zoo and aquarium community has potential for even greater contributions, and thus impact. The experience of the AZA-accredited zoo and aquarium community and AZA SAFE: Saving Animals From Extinction suggests that this may be true. We found that after SAFE was established in 2014, AZA member conservation engagement increased significantly. There had been an increasing trend in field conservation spending and member engagement before SAFE was established, however, after the launch of SAFE in 2014, there was a significant increase in the amount of field conservation spending (1.4 fold increase) and member engagement (1.2 fold increase), where spending and engagement were significantly greater after SAFE. With a small variance and standard error between years (included as the random effect), there is strong evidence that SAFE had a positive and potentially causative effect on field conservation engagement overall. It is possible SAFE may have encouraged member organizations to have greater participation in field conservation projects as a result of shifting priorities in the AZA community (e.g., increasing communication around and promotion of field conservation). Another explanation could be that SAFE encouraged members who were already participating in field conservation programs to report their contributions more consistently and fully, thus SAFE may be a catalyst for creating greater transparency and accountability for field conservation engagement. Future analysis and surveys to understand the perception of AZA members are needed to fully understand the impact of the SAFE program.
Engagement in Species-specific Conservation
When we analyzed how SAFE affected member engagement for species-specific conservation, we found that conservation spending and the number of members engaged in that species' conservation were significantly higher for all case species. However, the estimated effect varied across species. African vultures, giraffe, and radiated tortoise saw the greatest increase in conservation spending, each with at least a 4-fold increase. Vaquita, radiated tortoise, and African vultures had the greatest increase in member engagement. This suggests that SAFE can increase resources for species conservation, but the definition of “resources” may be different for some species. Several factors may be associated with these trends. AZA members range in budget size from small (≤$1,999,999) to extra-large (≥$26,000,000) which may affect their level of involvement. SAFE species program plans include objectives related to field conservation support, public engagement, public awareness, and funding. AZA members can choose to help further these programs by signing on as “program partners” and selecting areas of the program plan that they can support, either financially, or in-kind benefits such as dedicated conservation education staff that create shared messaging for the program for public engagement objectives; or dedicated field and animal care staff that monitor an amphibian head start. Some species, such as the SAFE giraffe program, historically already engaged multiple members, so may not see as much of an increase in member participation but may see an increase in conservation spending.
Some species may see large variance in spending from year to year due to current events and shifts in priorities. For example, the large error bars on the radiated tortoise and African penguin conservation spending chart are explained by increased spending in 1 year after the SAFE species program was established because of concerted efforts by the AZA community to rally around a certain event (Figures 1B,D). In 2017, the SAFE African penguin program launched a Kickstarter campaign to develop and build artificial nests for installation at critical nesting sites in South Africa. This campaign generated a $193,560 spike for African penguin conservation (Kickstarter, 2017). The radiated tortoise conservation spending shows a spike in 2018 when more than 10,000 radiated tortoises were confiscated from illegal trade (Gray, 2018) in April of that year and the SAFE radiated tortoise program made a plea for emergency funds to support the confiscation and care of these tortoises (Association of Zoos and Aquariums, 2018). A subsequent confiscation of another 7,000 radiated tortoises that October drove additional need and engagement (TRAFFIC, 2019). The AZA community responded to these pleas immediately, providing funds and sending veterinarians and animal care staff to care for these animals and building infrastructure to support their long-term rehabilitation and ultimate reintroduction in Madagascar. Member engagement saw similar trends, such as the 4-fold increase for the vaquita, due to a push to engage members in a vaquita rescue effort in 2017, resulting in a spike that year for member engagement (Taylor et al., 2020). These each suggest that the spotlight added to a species when they become a SAFE species may bring added benefits when emergencies rise; however, this relationship would need to be further explored. Even with these dramatic examples and emergencies, we still see an overall increase in member engagement following the initiation of a species-specific SAFE program.
While increased member engagement in field conservation is one desired outcome of SAFE implementation, and reflects scalability of AZA member conservation efforts this outcome may also be integral to achieving and enabling more directly targeted species-specific conservation efforts and achieve strategic species-specific conservation outcomes as established in SAFE program plans. Data regarding this more direct measure will become available over time as the SAFE program matures.
Regarding species-specific conservation, the debate on whether to use a species-specific versus an ecosystem-based approach when planning for strategic conservation activities is still relevant today. Along a management continuum, species managers may employ a single or multi-species approach when developing strategies to promote protection and conservation of ecosystems and landscapes (Barrows et al., 2005; Rinne and Stefferud 1999; Runge et al., 2019), while in other contexts they may employ an alternative -- protecting species through ecosystem-level conservation planning (Barrows et al., 2005; Block et al., 1995; Simberloff 1998). Each approach has its strengths and limitations. There are certainly risks in focusing too heavily on single species to the exclusion of a more ecosystem-based approach. For instance, food webs may seem healthy when assessing constituent species, but resilience of these communities may be affected by trophic cascades (Gilarranz et al., 2016). Likewise, there can be a danger in focusing on an ecosystem or landscape to the exclusion of constituent species. For instance, Tracy and Brussard (1994) argue that, by using an ecosystem approach, individual species may be lost while preserving many ecosystem-level processes. It has been convincingly argued (Lindemayer et al., 2007) that, where possible–and this may be resource-dependent–the simultaneous implementation of both types of approaches is ideal and can be complementary and even synergistic.
In the case of zoos and aquariums, a careful species-specific approach has the benefit of reflecting recovery work that is being accomplished in partnership with USFWS and other stakeholders under the species-driven focus of the Endangered Species Act (ESA), though ecosystem- and habitat-based goals are also considered under the ESA (Barrows et al., 2005). Further, many zoos and aquariums rely on “flagship species” to communicate complex conservation issues to visitors and how the public can engage in conservation solutions (Skibins et al., 2017), building on the connection that people make with specific animals they see during their visit. By experiencing a sense of connection, empathy, or instilled values that can help protect a species, the zoo and aquarium visiting public may become more likely to express intentions or prosocial behaviors to protect that species, thus helping to protect the habitat in which it resides (Bexell et al., 2007; Clayton et al., 2014; Grajal et al., 2017; Young et al., 2016).
Single species, or even specific animals within a species, are often used by AZA zoos and aquariums to tell the larger story of conservation efforts and to also effect social change for conservation impact. For example, some aquariums may use vulnerable freshwater species such as lake sturgeon to engage visitors and community stakeholders in reintroduction efforts (George et al., 2013), marine species such as corals or Magellanic penguins to explain climate change to their guests (Katz-Kimchi and Atkinson 2014), or zoos may share the story of confiscated animals rescued and rehomed by law enforcement to illustrate the impact of illegal wildlife trade on individual animals and species (Raghavan et al., 2015). Along this vein, SAFE species programs target specific species or taxonomic groups and engage other members and their field partners in strategies that can promote conservation and public engagement both for those species and for the ecosystems they inhabit.
Priority Alignment for Conservation
Miller et al. (2004) outlines questions for organizations to consider when they have a conservation mission, particularly those of collection-based organizations such as zoos, aquariums, museums, and botanical gardens (e.g., how does the institution define institutional policies, how do they allocate their resources and staff time, what are the appropriate target audiences in education programs, what are the direct contributions to conservation and protection, and how can exhibits portray the correct conservation messages?). The objectives outlined in SAFE species program plans can provide a “menu” of options for zoo and aquarium directors seeking to understand where their resources can have the greatest impact.
SAFE species program plan requirements such as defining a 3-year goal, conservation target, threats, and objectives to address these threats, align with the well-accepted standards for conservation planning from the Conservation Measurement Partnership (CMP) as well as principles of IUCN’s One Plan Approach. Similar best practices have been shown to be effective in tracking and monitoring conservation impact overtime (Margoluis et al., 2009; Washington et al., 2015). With increased support for SAFE species and greater transparency of field conservation projects that AZA members are supporting, it is possible that SAFE may help to influence decision-making at AZA member organizations searching for the most impactful allocation of resources.
After mapping alignment of reported keywords from projects reported in ARCS for species-specific conservation efforts, we found initial evidence that SAFE species programs are helping to align priorities for field conservation support through conservation spending. However, this is still anecdotal and will need to be tracked and evaluated after a longer period to show influence over decision-making and management at AZA facilities.
We acknowledge that while conservation spending and member engagement are relevant proxies to evaluate member participation in field conservation at the outset of SAFE, other variables will need to be tracked over time to evaluate the actual conservation impact of AZA member efforts on the target species. AZA has worked with members to develop a study that will examine the “conservation culture” of AZA members over time to encourage and assess how SAFE affects and promotes organizational priorities for conservation engagement. Other initiatives and collaboration of AZA committees, such as the Wildlife Conservation, Conservation Education, Public Relations, and Marketing committees can assist in making efforts of SAFE species programs stronger and more effective. As the number of SAFE species programs increase, other factors that provide potential for greater collaboration also increase. For example, many SAFE species programs are addressing threats that overlap with one another (i.e. climate change, habitat loss/degradation, wildlife trafficking). Building on the species-specific work already in place, AZA can work with members to develop initiatives that help bolster and connect public engagement sections of SAFE species program plans to social change movements and wildlife conservation. Knowing that SAFE has already impacted the AZA community positively allows for the opportunity to continue growth and collaboration.
When revisiting our initial questions as to whether or not the SAFE framework is useful for the AZA membership for increasing their engagement in field conservation and, subsequently, increasing engagement for species-specific conservation, the early analysis provides a resounding “yes” to both questions. While it remains unclear if SAFE is the causative driving force behind these increases, analysis has suggested that SAFE has impacted members and is propelling them in a direction of more collaborative and focused conservation. The ultimate test will be with respect to impact on saving animals from extinction and it appears the community is on track to play a role in making a difference.
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