

[image: image1]
Identification of Bottlenecks in the Plant Life Cycle for Sustainable Conservation of Rare and Endangered Species









	
	PERSPECTIVE
published: 12 July 2017
doi: 10.3389/fevo.2017.00076





[image: image2]

Identification of Bottlenecks in the Plant Life Cycle for Sustainable Conservation of Rare and Endangered Species


Giovanna Aronne*


Department of Agricultural Sciences, University of Naples Federico II, Portici, Italy

Edited by:
Enrique Martínez-Meyer, National Autonomous University of Mexico, Mexico

Reviewed by:
Andres Garcia, National Autonomous University of Mexico, Mexico
 Carlos Alberto Lopez Gonzalez, Autonomous University of Queretaro, Mexico

* Correspondence: Giovanna Aronne, aronne@unina.it

Specialty section: This article was submitted to Conservation, a section of the journal Frontiers in Ecology and Evolution

Received: 02 December 2016
 Accepted: 27 June 2017
 Published: 12 July 2017

Citation: Aronne G (2017) Identification of Bottlenecks in the Plant Life Cycle for Sustainable Conservation of Rare and Endangered Species. Front. Ecol. Evol. 5:76. doi: 10.3389/fevo.2017.00076



Long term survival of a species relies on maintenance of genetic variability and natural selection by means of successful reproduction and generation turnover. Although, basic to monitor the conservation status of a plant species, life history data are rarely available even for threatened species due to the gap between the large amount of information required and the limits in terms of time and available economic resources to gather these data. Here, the focus on bottlenecks in life-cycle of rare endangered plant species is proposed as a resolving approach to address the challenges of feasible conservation actions. Basic considerations for this approach are: (a) all biological and ecological studies on plant species can be scientifically important, but not all of them are equally relevant to conservation planning and management requirements; (b) under a changing environment, long term survival of a species relies on generation turnover; (c) for conservation purposes, priority should be given to studies aimed to focus on bottlenecks in the succession of generations because they prevent, or slow down natural selection processes. The proposed procedure, named Systematic Hazard Analysis of Rare-endangered Plants (SHARP), consists of a preliminary survey of the already available information on the species and two main components. The first component is the identification of the bottlenecks in the life cycle by means of field surveys. The second is the diagnosis of the causes of the bottleneck by appropriate experimental methods. The target is to provide researchers, managers and practitioners with substantiated indications for sustainable conservation measures.
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INTRODUCTION

Plant species are assessed as rare if they have a restricted range, if they occur only in one or few specific habitats, and/or if their populations are always small (Rabinowitz, 1981; Rabinowitz et al., 1986). Some types of rarity can be considered a natural state while others are associated to a high risk of extinction. Plant species become rare due to both natural and anthropogenic selective pressures (Frankel and Soulé, 1981; Pegtel, 1998; Briggs, 2009). These plants are considered less able to adapt to changing environmental conditions because their populations lack the necessary genetic variability to survive and reproduce (Spielman et al., 2004). As a consequence, their populations can demographically decline and enter into extinction vortices (Gilpin and Soulé, 1986). Populations of rare plants that fail to be self-sustainable in the long-term period deserve conservation concerns (Briggs, 2009). Species defined as rare and endangered are included in Red Lists and are protected by local, national or international laws.

Although, practical conservation is concentrated on the management of the habitat, a significant part of conservation activity is focused on the management of individual species. New approaches for conservation priorities using life history traits are widely accepted for animals (Loyola et al., 2009; Hidasi-Neto et al., 2015). For plants, although data on species biology and ecology are considered basic to many methods aimed at establishing factors responsible for species rarity (e.g., Kunin and Gaston, 1993; Kunin and Shmida, 1997; Murray et al., 2002; Pilgrim et al., 2004; Farnsworth, 2007; Gabrielová et al., 2013, the species based approach is frequently applied to assess the species biological status and the population viability analysis (Schemske et al., 1994; Crone et al., 2011). The application of these detailed research methods to conservation management, are more and more frequently considered too costly in terms of scientific effort, time and economic resources (e.g., Frankel et al., 1995; Cook et al., 2010). Within this scenario, disputes are growing between academics and practitioners and to trigger a proactive dialogue further innovative proposals are urgently requested (e.g., Laurance et al., 2012).

The present approach was developed in this framework and based on the following considerations: (a) no conservation biologist would disagree in principle with the value of species specific knowledge for conservation planning; (b) both scientists and practitioners involved in conservation, call for more studies on genetics, demography, ecology, and life history of threatened plant species (e.g., Briggs, 2009). Revaluating the species based approach, this proposal is aimed at answering the following question: is it possible to formulate a sustainable species-based approach able firstly to pinpoint the bottleneck in the life cycle of a rare and endangered species, then to identify reasons for its status and finally to provide specific indications for conservation actions? The challenge is taken not pretending to be exhaustive but triggering and with the awareness that any new proposal for single species conservation must be feasible. In the following paragraphs, the rationale of this proposal is described and discussed.

Objective of this paper is to describe the rationale of Systematic Hazard Analysis of Rare-endangered Plants (SHARP), an exploratory tool to be applied to single rare endangered species to identify possible bottlenecks in the generation turnover and their causes. Its final aim is to provide substantiated indications for feasible conservation actions.

RATIONALE OF SYSTEMATIC HAZARD ANALYSIS OF RARE-ENDANGERED PLANTS (SHARP)

SHARP is a species-based approach aimed to provide information on biological/ecological constraints of single rare and endangered plant species to be used for action planning and conservation management. It consists of a systematic assessment of bottleneck in the life cycle of a single plant species in a given geographical area and the identification of factors limiting the generation turnover. SHARP first identifies with field surveys and logic deductions the main bottlenecks in the life cycle of the plant species. Subsequently, it converges appropriate scientific expertise only on the highlighted bottlenecks to understand reasons for the constraints. Final results are used to suggest specific conservation measures.

The SHARP approach is based on four leading considerations described in the following paragraphs. Scientists must accept that all biological and ecological studies, although comparable for scientific importance, are not equally relevant to conservation planning and management requirements. Setting the targets for species conservation, priority should be given to applied research projects focusing on biological traits that constitute bottlenecks in natural selection processes because they prevent, or slow down, the succession of generations.

Under a changing environment, sexual reproduction is the only natural process able to improve genetic variability of the offspring and enhance the probability of obtaining new genotypes better adapted to the modified conditions (e.g., Frankel et al., 1995). The rate of successful sexual reproduction and generation turnover constitutes key information to evaluate the conservation perspectives of endangered plant species even when extended clonal growth occurs (Tepedino, 2012; Berjano et al., 2013).

Presence/absence of an angiosperm species in a given area is based on records of the adult sporophyte occurrence. Consequently, when the species distribution approach is used for conservation purposes, information on the regular fulfillment of each stage in the life cycle is neglected. Therefore, data on local occurrence of cloning and/or reproductive process to develop a number of new sporophytes (seeds), genetically diverse and ready to be dispersed away from the mother plant, is not taken into account.

Given that the whole plant life cycle is a continuous gradual phenomenon, the occurrence of one stage in the cycle is evidence of the successful development of the previous one, while failure to achieve a specific phase indicates a critical problem somewhere along the processes that should have taken place after the previous successful step.

SHARP is an exploratory tool aimed to identify hazards in the regular succession of life cycles of a single species. Within the life cycle of a generic angiosperm, SHARP identifies four major stages that are at the same time representative of critical phases and easily detectable in the field: (a) flowering, (b) seed production and dispersal, (c) seedling recruitment, (d) cloning (Figure 1). The achievement of each stage in the process is highly dependent from specific environmental conditions and some of them also rely on the interactions with biotic vectors (e.g., pollinators, seed dispersers).


[image: image]

FIGURE 1. Schematic representation of an angiosperm life cycle. Adult plant can produce new individuals either by vegetative propagation (dashed line) or by reproduction (solid line). The stages of Flowering, Seed production, Seedling recruitment and Cloning are easily detectable with field surveys and used to identify the main bottlenecks for generation turnover.



The activity of SHARP is based on a preliminary phase (Step 0) and two main steps: identification of the main bottlenecks (Step 1) and Diagnoses of bottleneck causes (Step 2). Step 0 is an apriori phase, consisting of a preliminary and comprehensive literature review and subsequent elaboration of any biological, ecological, and socio-economic information on the species and its close relatives. Information on life history, genetic diversity, taxonomic distinctness, phenology, abundance, range size, habitat specificity, populations size, etc., have to be gathered. Scientific literature databases, IUCN bibliography or even direct contact to IUCN assessors and reviewers can be used as basic information sources. The aim of this preliminary survey is to meet practical requirements such as indication of how, where and when the surveys need to be undertaken. This knowledge can be elaborated by a botanist in a few weeks and used to prepare species specific guidelines. The latter include timelines for periodic (from weekly to monthly basis) surveys and protocols aimed to spot and assess every critical stage.

Step 1 consists of field surveys aimed to check the achievement of the above mentioned main stages (Figure 1) by answering the following questions: (a) Do plants flower? (b) Are seeds produced? (c) Does seedling recruitment occur? (d) Does cloning occur? (Figure 2). After a short training, any conservation botanist or ecologist will be ready to conduct Step 1 activities. The operator, on the basis of the guidelines prepared at the end of Step 0, will survey the plants in the wild populations to check all stages in sequence. A positive answer is considered evidence of the successful development of all previous stages in the cycle and no priority will be given to further investigations on these processes. The identification of a breakdown at a specific stage (negative answer) will evidence that a bottleneck is occurring along the processes from the former positive check (Figure 2). Some species might not show a total breakdown of a specific stage within a population, but a limitation. The available knowledge on the species, on its close relatives and on the habitat, can be used to define threshold levels in order to discriminate bottleneck from natural variation. The indication of the threshold levels for the first assessment of the weakness points, can be evaluated in Step 0 and reported in the specific guidelines.
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FIGURE 2. Illustrative path diagram of Step 1 and Step 2 of the SHARP procedure. Step 1 is aimed to check with field surveys the successful achievement of the main stages of the life cycle. Failure to reach one of the stages suggests the occurrence of a bottleneck. In Step 2, according to the bottlenecks identified in Step 1, a researcher with specific expertise is involved to clarify the causes of the bottlenecks and suggest applicable countermeasures. Reported bottlenecks have to be considered as an illustrative, yet incomplete list of cases.



When the bottlenecks have been identified, Step 1 is concluded. At this point, Step 2 starts and further investigations are carried out only on those processes that have been pinpointed as bottlenecks. Step 2 is aimed to refine the diagnosis of the specific bottleneck clarifying the causes of the constraints and interactions between biological phenomena and environmental conditions. This work is committed to scientists with appropriate expertise. Appointed researchers will apply current scientific methods to clarify the limiting processes. Depending on individual cases, experiments can be performed in the field and/or under controlled conditions. The final aim of scientists' investigations must be suggestions of countermeasures for sustainable conservation of the species.

SIMULATED APPLICATION OF SHARP TO CASE SPECIES

Possible scenarios after Step 1 and resulting indication for priority follow-up activities in Step 2 are outlined in Table 1 only as illustrative examples. For each scenario a case species, explicatory of the specific life cycle bottleneck is also reported.


Table 1. Illustrative examples of (a) possible scenarios after Step 1, (b) indication for priority follow-up activities in Step 2 and (c) single case species whose bottleneck is reported in literature.
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SHARP application to Naufraga balearica would have followed a setup similar to that utilized by Cursach and Rita (2012). Surveys in Step 1 would have disclosed that seed germination occurs under natural conditions, but seedling mortality is high due to many factors including seasonal environmental conditions, suitability of the germination site, herbivore pressure and competition for space. Nevertheless, to suggest substantiated indications for conservation actions, the application of SHARP procedure would have given less priority to studies on pollen/ovule ratio, mating system and pollinators (Cursach and Rita, 2012) focusing soon on seed germination and seedling establishment.

Application of SHARP procedure to Zelkova sicula would have suggested a priority conservation approach quite different from that really used and based on prioritization of the research studies aimed to understand causes of the breakdown of generation turnover.

Z. sicula is a relict tree species of the Tertiary flora, endemic to the mountain of SE Sicily (Italy) and consisting of only two populations of a few hundred trees (Garfì et al., 2011). In 2011 a project was funded by a composite (from local to international) partnership to ensure the survival of Z. sicula through in situ and ex situ conservation actions (http://www.zelkovazione.eu/). With a total budget of more than 2 million euro, the project is aimed to eliminate the threat factors in order to obtain the protection of the species through concrete activities of conservation, standard legal protection acts, information campaigns and awareness raising. Countermeasures (such as fencing against grazing/misuse disturbances, an emergency irrigation system and pilot planting tests) have been already realized.

From the scientific point of view, after the discovery of Z. sicula in 1991 (Di Pasquale et al., 1992), various studies have been reported regarding its origin and systematic, including caryology and dendroecology (Quézel et al., 1993; Garfì, 1998), but also flowering (Garfì, 1997), pollen morphology (Nakagawa et al., 1998), leaf anatomical traits (Wang et al., 2001), plant architecture and growth patterns (Garfì et al., 2002), genetic characterization (Fineschi et al., 2002, 2004; Denk and Grimm, 2005), plant interactions with other organisms (Barbagallo, 2002; Sidoti and Granata, 2005; Barbagallo and Cocuzza, 2008). Despite the numerous studies, it has been reported that much still needs to be understood both in terms of basic knowledge and issues for conservation planning of this species (Garfì and Buord, 2012).

Simulated outcomes of the SHARP application to Z. sicula soon after its discovery might be synthetized as in the following scenario. In Step 0 all available information on Z. sicula, as well as on its congeneric species, is gathered. Special attention is done to Z. abelicea (Lam.) Boiss., a threatened endemic species from another Mediterranean isle, discovered and studied earlier than Z. sicula (Kozlowski et al., 2014, and cited references). Altogether, these data are used to edit practical guidelines for Step 1 (e.g., indications on where, when, how and how frequently to look for flowers, fruit, seeds, seedlings). In Step 1 the life cycle is monitored by means of field surveys. Most likely, results could have been similar to those reported by Garfì (1997) or by Garfì and Buord (2012): “flowering is irregular, seeds seem sterile and most trees are very probably of clonal origin.” Based on such data, two bottlenecks in the life cycle of Z. sicula would have been identified: the absence of flowering in most of the years and the development of sterile seeds when flowering occurs. In Step 2 priority would have given to research activities aimed to investigate reasons for the two bottlenecks. Scientists with expertise in processes of flower induction and seed development would have been involved to formulate hypotheses, perform tests and clarify why Z. sicula does not flower regularly and why it produces sterile seeds.

At present, according to the available literature, such experimental work was not yet carried out on Z. sicula. Nevertheless, this knowledge would have established if and to which extent it is possible to protect the species through activities aimed to understand, and possibly eliminate, the threat factors limiting the natural turnover of generations.

DISCUSSION

SHARP is aimed to identify the bottlenecks in the life cycle of rare endangered species and narrow further experimental research on factors and processes affecting generation turnover and leading to population decline. The application of the SHARP procedure will allow a direct transfer of scientific knowledge into management actions. The information on the causes of the life cycle constraints can be promptly used to activate specific corrective measures in situ and/or ex situ to reduce the local extinction risk of the species to an acceptable level.

Although at first sight the proposed method might seem similar to that based on an exhaustive study of the species life history, this is far from the case. The object of the SHARP procedure is not to know as much as possible on any perspective of the biology and ecology of the species and possibly establish the cause of its rarity. By means of the identification of the main weakness points in the species biology processes, its target is to prioritize studies aimed at understanding the causes of the breakdown of generation turnover in order to get conservation countermeasures.

The SHARP procedure is certainly not comparable with the biological status assessment. They start from different premises, use different approaches and have different aims. The evaluation of the biological status of rare and endangered plants is based on long-time collection of extensive demographic data, construction of stage-projection matrices and analysis of metapopulation dynamics (Schemske et al., 1994; Briggs, 2009). Together with the population viability analysis, the aim is to get predictive models of rare species dynamics and, consequently, they are an assessment of extinction risk. Differently, the SHARP procedure can be used following any assessment of extinction risk (e.g., Benito et al., 2009). It can be applied virtually to any angiosperm species reported in a checklist of taxa that have undergone an extinction risk assessment. It can be applied to the IUCN Red List of Threatened Species™ independently from its limits in global states of conservation (Martín, 2009). The SHARP procedure can be applied also to the priority lists of species obtained using together criteria of species rarity and of habitat vulnerability (Gauthier et al., 2010).

As an additional benefit, standard results obtained applying the systematic analysis of the SHARP approach can be included in already existing databases such as the IUCN Red List of Threatened Species™. Data from SHARP procedure constitute basic information for systematic reviews of the evidence-based conservation management increasingly proposed for long-term conservation and environmental management (Briggs, 2009; Cook et al., 2010).

Given that field activities for Step 1 of the SHARP approach are simple, they can be repeated regularly to monitor the effects of the applied conservation measures. Moreover, these surveys can be proposed also to comply with the obligations for the periodical assessment of conservation status such as those from the European Habitats Directive (Council of the European Communities, 1992, Article 11 and 17).

As a final remark, the SHARP procedure will create a point where the perspectives of conservation managers, practitioners and scientists can converge. Practitioners can obtain information required for conservation action, managers can handle their limited economic resources with no wastage and scientists can offer their expertise with the awareness that results will have practical application.
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Example

Scenario after Step 1

Flowering occurs, but seeds are not produced (or
produced in a much limited amount if compared to close
relative species). The species is affected by reproductive
failure.

Plants develop flowers and produce also abundant
seeds, but there is no evidence of seediing recruitment
‘and only adult individuals are present.

Plants do not produce fertie flowers.

‘Alongside to reproductive constraints, new individuals.
are aresult of clonal propagation.

There is no evident bottieneck in the lfecycle of the
species.

Priority follow-up investigations to be done in Step 2
Bottleneck could be caused either by a reproductive biology
problem (related to any process as pollen or ovule formation,
fertization, embryogenesis), or by a reproductive ecology problem
(interaction with poliinators, herbivores, pathogens, environmental
factors, etc,). Priority investigation has to be commissioned to an
expert in plant reproduction.

Amajor failure of the generation turnover has to be spotted along
the events from seed dispersal and germination to seediing
establishment and growth. Further investigation has to be focused
onthese processes, while no priority can be given to the other
reprodiuctive stages.

“The lfe cycle constraints are in the flower induction processes.
Specific studies on the effect of environmental factors (such as the
need of cumulative amount of heat or cold) on flowering have
priority.

Genetic constraints might affect generation tumover and
biodiversity. Genetic studies (such as genetic variabilty ocourring
within populations and between populations or self-incompatibilty
processes) have to take precedence on other specific analysis.
Plants in the populations may be potentially self-sustainable, but
other threats such as land use changes, habitat reduction or high
competition with invasive species, might be affecting the species
recovery. Further investigation has to be assigned to specific
experts according to single cases.

Case species

Linnea borealis (Scobie
and Wicock, 2009)

Naufraga balearica
(Cursach and Rita,
2012)

Zelkova sicula (Garfi
and Buord, 2012)

Santalum lanceolatum
(Warburton et al., 2000)

Saussurea laniceps
(Law and Salick, 2005)
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