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Abstract 

Fourteen endangered plant taxa are believed to exist in Arizona. They face numerous 

threats in the form of ecological disturbances, which can push species closer to extinction. This 

thesis examines how seven categories of disturbance, namely fire, grazing, flooding, pests, 

human action, habitat loss, and climate change affect the endangered plant taxon of Arizona. 

This thesis hypothesizes that ecological disturbance is not all bad, and may in fact benefit 

endangered species. Existing research is compiled, and conservation and management advice are 

given based on the threats that these taxa are facing. This thesis concludes that human action and 

climate change are the greatest threats that taxon are facing, and that climate change will worsen 

the effects of the other disturbances. Results show that of the 98 effects logged, only five were 

positive, and 58 were negative to the taxon. This leads the author to reject their hypothesis, 

though with the caveat that lack of data hampers the accuracy of this conclusion. Much research 

is lacking and urgently needed, especially around the effects of climate change. The synergistic 

effects of disturbances are suggested by the research, in that the combination of multiple threats 

leads species towards extinction. These synergistic effects are a key area of future research.  
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Introduction 

Despite its dry climate and reputation for large areas of desert, Arizona is home to an 

incredible diversity of flora. About 3,666 species of plants, spread across 1,003 genera and 145 

families, call Arizona home (Lehr & Pinkava, 1980). Of these, some 300 are considered rare, 

(AZRPAG, 2014), and seven are listed as Federally threatened, and a further 14 are listed as 

Federally endangered (FWS, 2015). These species are at increased risk of extinction, and may be 

more susceptible to ecological disturbance. These species, and the risks they face, have not been 

previously studied as a whole. This thesis groups the 14 Arizona endangered taxon and examines 

their vulnerability of each in the face of seven categories of ecological disturbance. 

An ecological disturbance is a shift in the environment that leads to substantial changes in 

an ecosystem (Dale, 2001). Disturbances take many forms, but in many cases lead to a process of 

ecological succession. Succession is where species repopulate areas after a disturbance kills 

individuals. The path of succession varies based on what type of disturbance was experienced. In 

the aftermath of a high-severity wildfire, which is a classic example of disturbance, most all 

plant individuals may have died. Those that survived may have done so only as roots, and will 

need to regrow shoots. Species that were entirely killed may repopulate the disturbed zone in one 

of a few ways. If they had seeds that survived the fire, these seeds may sprout after the fire, and 

might even benefit from the fire due to the increased nutrients that have been liberated by the 

blaze. But if all seeds and individuals of a species have been extirpated from an area due to 

disturbance, they will have to repopulate from external reservoir populations. They may have to 

wait several seasons for seeds to grow and spread, or to spread via vegetative growth for species 

that are capable of doing so (McKenzie, 2011) (Dale, 2001). 
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It should be noted that ecological disturbance is not inherently bad, in fact many 

ecosystems rely on ecological disturbance to maintain diversity. However, endangered taxa are 

particularly vulnerable to the negative effects of ecological disturbance. Disturbance presents a 

challenge to any species, but for endangered taxon, a single fire or flood could be the straw that 

breaks the camel’s back and leads to extinction. When a taxon is endangered, it usually is lacking 

in adequate population, range, and genetic diversity. This limits the ability of a species to recover 

from a catastrophic event, or sometimes even minor disturbances. Endangered taxa have 

generally hit a population bottleneck that has limited the availability of genotypes. This is 

unfortunate for them, as responding to a changing environment is best done when a species has 

great variety on which natural selection may act. The lack of population hinders the amount of 

individuals that can crossbreed with each other, that further creates a genetic bottleneck. It also 

limits the number of offspring possible in any year. Limited range means that species are more 

impacted by even small disturbances. For example, an acre-large fire is pretty small as fires go. 

But if a species is present on only that acre, its entire habitat has just been destroyed. Or if it is 

present in only two disconnected habitats because of habitat fragmentation, populations can no 

longer interact and reinforce the other (Wang, 2015; Hawksworth, 2007). All-in-all, being an 

endangered plant is a very tricky business, and most endangered plant taxon are truly on the edge 

of extinction. 

The importance of understanding ecological disturbance cannot be understated due to its 

direct role in extinction. The disturbances that this thesis lays out encompass the most pressing 

risks of plant extinction. Human activity, in its many forms, threatens both flora and fauna with 

mass extinction. It has been suggested that human actions could lead to a mass extinction event 

on par with geologic-scale extinctions (Bacon, 2016). Other authors have suggested that the 
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planet is already in its sixth mass extinction event. Extinction events are definitely above 

average, and humans appear to be at fault. But the portrait is not all grim: since humans are the 

cause, they can also be the solution. Understanding the causes of extinction is critical, because it 

allows for effective conservation work (Barnosky, 2011). The causes of extinctions are of course 

varied.  

Not all ecological disturbances are caused by humans, though humans can impact them. 

Chief among these are fire and flood. Fire has a natural role in many ecosystems, acting as one of 

the main agents of ecological disturbance. A great many species are well adapted to fire, or even 

require fire to complete their life-cycle. For example, some trees in the genus Pinus have 

serotinous cones – they require fire to open. Montane forest ecosystems are often adapted to 

regular fire, with return intervals of less than 50 years and often less than 15. Not all ecosystems 

are adapted to fire however. Sparse desert ecosystems, as are found through much of southern 

Arizona, have such low fuel densities that they do not support fire spread. For saguaro cacti, 

Carnegia gigantea, based ecosystems, the fire return interval can be in excess of 250 years 

(McKenzie, 2011). The influx of invasive species is however changing return intervals. Southern 

Arizona’s numerous troubles with buffelgrass, Cenchrus cilaris, are a testament to the power of 

fire to change ecosystems. A non-native invasive species, buffelgrass has found itself at home in 

the arid landscapes of Arizona. More interestingly, buffelgrass has brought its native fire regime 

with it. By establishing large fuel masses and high fuel continuity, any fire that starts in a 

buffelgrass-infested landscape spreads aggressively and with high intensity (McDonald, 2011). 

The adaptations of species directly reflect historical fire return intervals. Saguaros have not had 

to deal with fire in the course of their evolution, and thus do not have any adaptations to survive 

fire. Thick-barked Pinus trees are able to withstand a direct low intensity fire, or medium-
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intensity fire that does not crown out, and easily survive – which reflects the frequent fires they 

deal with (McKenzie, 2011). But adaptation to fire is not the only part of the puzzle. 

Fire is a textbook ecological disturbance. By killing many individuals and redistributing 

nutrients, fire may wipe the proverbial ecological slate clean. With population density lessened, 

it becomes a battle for succession. Which species are present in the ecological succession depend 

on the severity of the fire. Low-severity fires may kill few individuals, and may spare many 

species. These fires will benefit established individuals that survive the fire, such as large trees, 

by providing a flush of nutrients from the ash. Many seeds and roots may survive the fire to 

repopulate existing species. High-severity fires may kill all individuals and species in an area. 

Succession is now a much longer process, and favors invasive species. The biomass of sensitive 

species may have been entirely destroyed, including all seeds and roots, and the only way to 

replace lost range is to spread from unburned populations (McKenzie, 2011). It is this kind of 

high severity fire that is so dangerous to endangered species. These species are already 

vulnerable, and high severity fires, combined with the limited range of endangered species, can 

push species to the edge. This thesis examines fire as an agent of ecological disturbance, and 

where possible discusses how fire adapted each discussed endangered species is. 

Grazing represents another major ecological disturbance, especially in Arizona. Domestic 

livestock grazing is a relatively modern phenomenon, as livestock are not endemic to the New 

World. Certainly, Arizona had native grazers, but in relatively low densities. The introduction of 

livestock to the landscape, which took off in the 1800’s, greatly shifted landscapes. Livestock 

affect ecosystems in many ways. Direct herbivory is the most obvious, and involves livestock 

eating a plant, often down to its roots. Especially when ranges are overgrazed, this is a potent 

form of ecological disturbance. But depending on stocking density, livestock have other variable 
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impacts. As large mammals, they impart significant force on soil with their hooves. Herds can 

easily compact ranges, which is generally harmful to plant species. Increased soil compaction 

reduces soil aeration and water holding capacity, which in turn makes it harder for plants to 

survive as their roots receive less water and oxygen. It also makes it more difficult for roots to 

spread through soil, reducing growth rate and holding ability. Livestock also change ecosystem 

composition through disturbance. As a result of destructive grazing, disturbed landscapes may 

follow a pattern of succession, which may look different than the pre-disturbance community. 

This is of course a generalization. The impacts on a particular ecosystem vary widely. Some 

ecosystems and plants are greatly affected by grazing, and others are tolerant or even reliant on 

grazing (Milchunas, 2006). Grazing represents an important intersection of the public and private 

spheres of conservation and endangered management. Livestock ranching is the lifeblood of 

many Arizona communities, so any restrictions to grazing must be well characterized and 

explained. Since grazing restrictions are often central to endangered species management, solid 

research and data are critical to not only make the right decisions, but to convince ranchers and 

other stakeholders of the necessity of restrictions (Milchunas, 2006). 

Though Arizona is a very dry landscape, caricatured for its sand dunes and cacti, the 

Arizona monsoon season is a decidedly wet event. Beginning in mid-summer, changing 

atmospheric patterns bring large amounts of moisture and precipitation to the region. From early 

July to until early September large thunderstorms visit the region. A significant amount of yearly 

precipitation falls during this time, with the other main rain events occurring during winter. 

Because Arizona soils tend to have low rates of infiltration due to their high clay content and low 

organic content, much water runs off after rainstorms. Due to the intensity of such storms, 

substantial flash floods result. Such floods come and go quickly, leading to much erosion and 
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deposition of soil. Plant matter may be ripped out and carried far downstream. For plants living 

along the edge of floodplains or in floodplains, this provides a sobering ecological disturbance. 

Still, living along these watercourses may be a necessity for species, especially in the driest parts 

of Arizona: riparian watercourses are a critical part of Arizona habitat (Yang, 2017; Malloy, 

2018). 

Climate change is undeniably affecting plant phenology, physiology and range. Plants 

around the world are blooming earlier and leafing earlier as spring arrives sooner (Rodríguez‐

Buriticá, 2019). Those effects are expected to intensify as climate change becomes more severe. 

But predicting the outcomes of climate change on plants is an uncertain science. Predicting 

which species may go extinct however is more difficult (Akçakaya, 2006). Beyond the obvious 

issues of predicting the future, the extent of climate change-based effects vary because the 

atmospheric shifts of climate change are predicted to produce conflicting results. Increased 

temperatures may bring increased rain in certain regions. Storms may become more intense, but 

may occur at times of year that don’t affect all plants. For Arizona, climate change is predicted to 

raise average and maximum temperatures, result in fewer frost events, increase plant water use 

drastically, and increase the frequency of extreme weather events (Pereira, 2010; Archer and 

Predick via Federal register, 2013). Climate change is predicted to reduce the carrying capacity 

of many endangered habitats, which reduces the quality of the already quite small ranges of most 

endangered taxon (Maschinski, 2006). 

For plants, which of these climate effects are “positive” or “negative” is an important 

area of research (Pereira, 2010), and a focus of this thesis. Now it should be noted that the course 

of research, no papers were found that stated that climate change would widely benefit plants. It 

is clear that a majority of researchers believe climate change will negatively affect plants on the 
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whole. But plants are adaptable, and may gain some benefits from aspects of climate change, 

such as increased rainfall (Shryock, 2014). The question this thesis asks in regards to climate 

change is how the most vulnerable species react to climate change in Arizona, and whether they 

could derive any possible benefit from climate change, or if they are adaptable. 

One major type of ecological disturbance has been avoided in this thesis, as it is not 

germane to Arizona: avalanches. Their destructive nature clears space in an ecosystem, and 

allows for successional processes to take place. Avalanche tracks provide habitats for unique 

flora and fauna. Work on ecosystems in the European Alps showed that avalanches are essential 

to maintain plant diversity, and that artificial avalanche prevention has decreased diversity 

(Rixen, 2007). The dry and hot nature of Arizona however precludes avalanches from being of 

particular import. 
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Methods 

Fourteen endangered species believed to be present in Arizona were examined. The 

endangered species were based on the Fish and Wildlife service’s 2015 list of endangered taxa 

believed to be present. The taxon chosen are summarized in the taxon list at the end of the 

section. Each taxon was thoroughly researched, and the resulting works formed the basis of a 

literature review for each taxon. Information was sourced from the University of Arizona’s 

library system, mostly through online delivery. References were tracked using RefWorks 

software.  

The phrase “taxon” is used instead of species, because not all of the endangered plants of 

Arizona are at the species rank – many are in fact subspecies or varieties. Because taxonomy is 

ever changing, the taxonomic reference used in this work is ITIS: The Integrated Taxonomic 

Info Service, run by various national agencies throughout North America. If the term 

“endangered species” is used, generally “taxon” is meant. Even many authors use the 

terminology of “species” when referring to subspecies or varieties that are not at the rank of 

species, the author presumes this is due to the prevalence of the term “endangered species” and 

the eponymous “endangered species act” (Clark, 2013). 

Compiled information focused on seven categories of ecological disturbance: fire, 

grazing, flooding, agriculture, human action, habitat loss, and climate change. Impacts in each 

category were summarized in a chart, as well as discussed in prose. Each category could read 

“positive,” “negative,” “neutral.” or “DD” meaning “data deficient.” “Positive” meant that a 

particular disturbance would benefit the taxon. This could mean that it would increase 

populations; improve density; increase habitat range; improve survival rates of adults, seeds, or 

seedlings; increase germination rates; remove competition; or otherwise strengthen the health of 
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the population. “Negative” meant that the disturbance would harm the taxon. That included 

decreased populations; reduced density; reduced range; decreased survival rates of adults, seeds, 

or seedlings; decreased germination rates; increased competition; or otherwise threatened the 

taxon and took it closer to extinction. “Neutral” meant that the particular disturbance had 

minimal impact on the taxon, and if there were any positive or negative effects, they were slight. 

This also included circumstances where the particular taxon were not particularly applicable, 

such as fire impacts on a taxon that does not experience fire on human timescales. “Data 

deficient” meant that there was not sufficient published literature to draw a conclusion from. 

Some data-deficient items have been speculated on, but the author makes it clear that these are 

only best guesses, and represent areas of focus for future research. A category named 

“Adaptable?” was initially used, and meant that the particular taxon might be able to use existing 

physiology to adapt to this disturbance. When it was used, “Adaptable?” was always used in 

conjunction with another label. The question mark is added as the studied papers were often 

uncertain about the adaptability of species even when proposed. Additionally, such adaptations 

are guesswork at best, as it is hard to design experiments to test such adaptations, especially for 

climate change. After an initial round of data collection, the label was only used three times, and 

only in the climate change category, and was decided to be an unimportant label that was 

cluttering results. Any plants that were labeled adaptable are now noted as such in the “notes” 

category of each result. 

This thesis hypotheses that ecological disturbance is not inherently good or bad, and that 

the taxon may benefit, especially from fire or floods. However, the combination of ecological 

disturbances may combine to present impossible obstacles to endangered taxa that lead to 

extinction. The goal of studying these disturbances is to create a compendium of management 
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actions and threats, with an eye towards informing urgent areas for future research. The 

alternative hypothesis of this work is that ecological disturbance is overwhelmingly negative, 

and that ecological disturbance should be viewed singularly as a threat to endangered species, 

without regard for use as a management tool. 

 

Categories of disturbance 

 Categories were informed mainly from the work of Dale (2001), though it should be 

noted that some of Dale’s disturbances are not used. Dale additionally mentions hurricanes, ice 

storms, and landslides, but these were discounted as not being of particular relevance to Arizona. 

Those effects have generally been lumped into the climate change category. The categories are 

additionally informed by the extensive research of the threats facing the individual taxon, so this 

list of concerns should not be seen as exhaustive or indicative, but rather a tailored list for 

Arizona endangered taxa. Studies in other regions would need to construct unique lists, adding or 

removing disturbances as necessary. 

The “fire” category included all effects from natural and human-caused fires, including 

prescribed burns. It took into account not only direct effects during a fire, but also the effects on 

species during post-fire succession, such as increased nutrient availability, or the loss of nurse 

plants.  

The “grazing” category was based on the effects of domestic livestock on species. This 

included not only vulnerability to herbivory by livestock, but also the other effects of raising 

livestock on land, such as soil compaction, manure, and being trodden upon. Few studies have 

examined the role of non-domestic or non-livestock grazers. The vast majority of grazing 

research focuses on domestic livestock, since that is where the most money for research is 
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available, and the most impact is seen. In choosing to study only domestic livestock, researchers 

have pointed to the fact that there are few feral grazers on ranges, and that historical grazers do 

not need as much study. The reason for not studying historical grazers, such as deer, elk, or even 

bison, seems to reflect the view that as historical grazers, landscapes were already adapted to 

them. Thus, for studying modern ecosystems it was more important to understand the impact of 

domestic livestock (Milchunas, 2006). 

“Flooding” includes disturbance from annual flash floods, a common threat in Arizona. It 

considers not only direct effects of destruction of habitat and mortality during a flood event, but 

also post flood effects such as soil deposition or erosion, as well as seed and clone dispersal. 

The “pests” category includes not only insect pests, but also invasive species, as they can 

be considered “pest” species. These two groups have been lumped into one category as they are 

both biotic disturbances, unlike many of the other types of disturbances. This category also 

considers disease, as disease is often a side effect of insect vectors, and is also a biotic factor.  

The “human action” category broadly covers direct action by humans. It could be argued 

that many of the categories are human actions or influenced by human actions. After all, a point 

of this thesis is pointing out how humans affect and cause ecological disturbance, and how 

human actions can also mitigate disturbance. With that in mind, this category covers direct 

physical actions, such as timbering, mining, agriculture, plant collection, and other actions that 

humans take personally. For example, grazing is in some ways a human action. Without humans, 

livestock would not graze much of the land in the United States. But the action of grazing is not 

being taken by humans, it is being taken by livestock. 

“Habitat loss” includes loss of range, or degradation of range, due mainly to human 

actions such as urban development or highway construction. 
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“Climate change” covers a broad range of effects, including increased annual maximum 

and average temperatures, more frequent drought, increased rainfall, changing phenology, and 

more extreme weather. In some ways, climate change is a confounding factor to some of the 

other categories of disturbance. Fires are predicted to get worse because of climate change, and 

flooding predicted to be more severe (Dale, 2001; Murphy, 2011; McKenna, 2019). However, 

climate change has been kept separate from those categories where possible. Still, it should be 

noted that none of these disturbances happen in a vacuum. While all attempt has been made to 

isolate each individual disturbance, each type of disturbance affects the other. The more 

disturbance a species faces, the harder it is to disentangle them from each other. 

 

Popular scientific communication: Wikipedia 

The ivory tower of academia often limits the accessibility of information. Much 

knowledge is generated in the scientific process, but journal papers and related writing is 

infamously obtuse. The average person does not have the time or expertise to understand dense 

scientific knowledge. That makes knowledge accessibility incredibly important. One of the most 

accessible popular sources of knowledge is Wikipedia, the free online encyclopedia. With 

millions of articles on scientific topics, it is a first point of reference for the layperson 

(Hutchinson, 2011). A thesis may be read only by a small group of individuals with access to 

scientific documents. But Wikipedia can be read by anyone at any time. The author is a frequent 

editor of Wikipedia, and improved the articles on the studied taxa concurrently to writing this 

thesis. Edits varied from minor typo fixes, to major reworks. Where possible, relevant literature 

discovered for use in this thesis was also added to the appropriate Wikipedia pages. For example, 

the article on Pediocactus bradyi was expanded with information from the Shryock (2014) paper 
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“Population viability of Pediocactus bradyi (Cactaceae) in a changing climate”. The article had 

not previously discussed climate change, but afterwards included relevant information. Other 

edits to the Pediocactus bradyi page included additional information from the Fish and Wildlife 

Service declaration of the taxon as endangered. Similar edits were replicated across the articles 

of the other species, and are detailed in-text where appropriate. 

 

Taxon list 

Taxa studied were based on a list from the United States Fish and Wildlife Service: 

 

● Kearney's Blue-star (Apocynaceae), Amsonia kearneyana 

● Acuna cactus (Cactaceae), Echinomastus erectocentrus var. acunensis 

● Arizona hedgehog cactus (Cactaceae), Echinocereus triglochidiatus var. arizonicus 

● Brady pincushion cactus (Cactaceae), Pediocactus bradyi 

● Fickeisen plains cactus (Cactaceae), Pediocactus peeblesianus fickeiseniae 

● Nichol's Turk's head cactus (Cactaceae), Echinocactus horizonthalonius var. nicholii 

● Peebles Navajo cactus (Cactaceae), Pediocactus peeblesianus var. peeblesianus 

● Pima pineapple cactus (Cactaceae), Coryphantha scheeri var. robustispina 

● Arizona cliffrose (Rosaceae), Purshia X subintegra 

● Canelo Hills ladies-tresses (Orchidaceae), Spiranthes delitescens 

● Gierisch mallow (Malvaceae), Sphaeralcea gierischii 

● Holmgren milk-vetch (Fabaceae), Astragalus holmgreniorum 

● Sentry milk-vetch (Fabaceae), Astragalus cremnophylax var. cremnophylax 

● Huachuca water-umbel (Apiaceae), Lilaeopsis schaffneriana var. recurva 
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Results 

Before the 14 study species are examined, discussion should be made about the 

limitations of available data. Most of the species are believed to have very limited ranges, but 

whether this reflects actual range or observed range cannot be known for certain. For example, 

the Brady’s pincushion is known to generally occur along a roadside in northern Arizona 

(Shryock, 2014). That may however simply reflect the convenience of sampling a roadside 

location however. The bias of data reflects ease of collection, and ease of research. The location 

of the three major research universities in the state may further bias how much species were 

studied, and how accurate such studies were. Furthermore, much research remains to be done. 

Many of the taxa came up as data deficient in numerous categories, reflecting lack of study. 

Critical areas of future research are covered in greater depth in the discussion. 

Studying the species is also difficult, as access to their location is tightly controlled. That 

is for good reason, as many of the species would be greatly threatened if their locations were 

made widely available to the public. The author attempted to gain access to location data for 

some of the endangered species to conduct physical population studies, but was unable to. This 

may provide a barrier for accurate study, and creates a reliance on previous work, as in this 

thesis. The author wishes that they could have made in-person study of the specimens, and 

wonders how many other researchers faced similar limitations that may have decreased the 

quality of research. 

The author laments reliance on the Federal endangered species publications in the United 

States Federal Register via the Fish and Wildlife Service. The register tracks legislation and 

rule-making, and is where endangered species are declared and justification provided. While the 

Federal government and its scientists are likely reliable, and in turn rely much on academic 
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science, overutilization of any source is problematic. Furthermore, the government appears to not 

always be right or have the most up to date information, and is constrained by politics. Examples 

include Echinomastus erectocentrus var. acunensis, which included climate change as a threat in 

its Federal Register listing. However, a later academic study found the concerns of climate 

change to be overblown, but showed that the Federal Register had missed the most important 

aspect of the species troubles: predation and lack of establishment (Gonzalez, 2020). Heavy 

reliance on this source was due to lack of published information from academic sources on many 

of the species. Additionally, the federal government, in making its determinations, seemed to 

keep a great deal of data and information non-public. Though the permitting process is 

exhaustively transparent, and solicits an enormous amount of citizen feedback, the underlying 

data and science was found to be surprisingly inaccessible. Thus, the work that had gone into 

declaring the species endangered was mostly obscured, and the author was forced to rely on only 

the published data. Still, the amount of study done by the government remains impressive, 

showing the value of governmental science as an aid to knowledge in understudied fields. 

Despite these limitations, the author believes that this study has provided an accurate 

accounting of the current research on the endangered species of Arizona, and hopes that the 

following information can be used by both researchers and managers alike to prevent Arizona’s 

endangered plant taxa from going extinct. 
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Kearney’s bluestar, Amsonia kearneyana 

 

Herbaceous flowering perennial in the Apocynaceae found in the Baboquivari Mountains 

of southern Arizona. Two main populations exist: along an ephemeral stream, and in a montane 

community. Fire and floods are the most common kind of disturbance (Yost, 2015). A 2009 fire 

burned half of the montane population. Burned areas had lower populations and worsened 

performance, but it is unclear what the long-term effects will be. Similar species appear 

somewhat resilient to fire: Yost (2015) suggests that A. grandiflora is an appropriate comparison. 

The strong rootstock of A. grandiflora along with studies on private land give it moderate fire 

tolerance. Fire and flooding’s main effect is on germination and recruitment. Despite producing 

vigorous seed crops, new plants are rare or non-existent. An average plant produced 580 seeds in 

the 2015 season, yet no recruitment has been seen in the riparian community since it was 

transplanted between 1988 and 1992 (Yost, 2015). The reason for poor recruitment is uncertain, 

but several theories exist. Post dispersal seed granivory by Bruchid beetles may play a role 

(Yost, 2015). Fire and flooding also seem to affect recruitment by removing nurse plants, which 

are critical for many xeric species to establish (Yost, 2015). 

While similar species, such as A. grandiflora, are strongly impacted by grazing, A. 

kearneyana’s populations are not in an area of livestock ranching (Yost, 2015). Grazing does not 

seem to pose a major threat, but based on responses from species in the same genus, grazing 

should not be expanded into the habitat at risk of further endangering the species. 

Agriculture, timbering, mining, and other operations do not exist within the habitats, and are thus 

not reasonable management considerations (Yost, 2015).  
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Yost, writing in 2015, concluded that the best way to preserve Kearney’s bluestar was by 

“conservation by dissemination” in which the plant would be introduced into commercial 

distribution as an ornamental in order to preserve its diversity. Since seeds readily germinate in 

greenhouse conditions, and it has attractive flowers, it makes an ideal candidate for ornamental 

preservation (Yost, 2015). Yost also contends that such preservation would allow for a better 

understanding of climate change’s effects on Kearney’s bluestar. No direct studies have been 

done on its vulnerability to climate change, although similar to other species, it likely faces 

negative impacts. Yost suggests that by entering the plant into ornamental cultivation, and 

encouraging growers to enter a database, its response in a wide variety of habitats can be easily 

observed (2015). 

Table 1: Kearney’s bluestar disturbance effects. 

Disturbance Effect Source Notes 
Fire Negative Yost, 2015  
Grazing Neutral Yost, 2015 Plants in same genus negatively 

affected 
Flooding Negative Yost, 2015  
Pests Negative Yost, 2015 Affects recruitment 
Human action Neutral   
Habitat loss Neutral   
Climate change Negative? Yost, 2015 Not directly studied 
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Acuna cactus, Echinomastus erectocentrus var. acunensis 

 

 A small member of the Cactaceae known commonly as the Acuña cactus (Johnson, 

1992), it was declared endangered in 2013. The relatively recent declaration has limited the 

amount of available research. The stated reasons for its declaration included concerns of drought 

due to climate change, predation by insects and small mammals, and invasive plant species. The 

human element also enters into play, as United States-Mexico border issues, including habitat 

degradation along the border due to border enforcement, have impacted the taxon. Grazing has 

occurred in its range historically, though it is not known to have been impacted. Its current range 

no longer has grazing, due to protection measures for other species. (Fish and Wildlife Service, 

2013). A 2020 study (Gonzalez) contradicts the federal designation, noting that climate change 

will likely not impact the species notably within the next 100 years. It still however predicts that 

the species will run into trouble, but not due to climate change. It concludes that the species is 

adaptable to climate change thanks to its stem succulence and CAM photosynthesis. The study 

predicts that the real trouble will be a population crash around the year 2070 due to the death of 

adult specimens. Lack of establishment of seedlings, which is likely due to pests, is the major 

threat to the species (Gonzalez, 2020). 

Table 2: Acuna cactus disturbance effects. 

Disturbance Effect Source Notes 
Fire DD   
Grazing Neutral Fish and Wildlife 

Service, 2013 
 

Flooding DD   
Pests Negative Fish and Wildlife 

Service, 2013 
 

Human action Negative Fish and Wildlife 
Service, 2013 

Border enforcement leading to off-
roading 
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Habitat loss Negative Fish and Wildlife 
Service, 2013 

Especially along border 

Climate change Neutral Gonzalez, 2020 Fish and Wildlife Service disagrees. 
Regardless, the species may be 
adaptable 
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Arizona hedgehog cactus, Echinocereus triglochidiatus var. arizonicus 

 

Small cactus with a showy red/orange flower. Declared as endangered in 1979, it has 

been the subject of some taxonomic dispute. As a variety, there have been questions as to 

whether it is distinct from var. triglochidiatus, with a 1996 study showing little difference 

between the two (Alongi, 1996). Habitat loss has decreased the range of this taxon. Management 

actions to offset loss included the transplanting of affected individuals after recent construction 

projects in its habitat. Such transplants inherently led to loss of individuals, and transplants were 

moved to the Boyce Thompson Arboretum, instead of wild habitat, thus further decreasing wild 

populations (Aslan, 2015). Stated reasons for its declaration as endangered included the taking of 

specimens by collectors and commercial interests. Their large, colorful flowers make them ideal 

specimens for landscaping and the plant business. It occurs only in a small portion of the border 

of Gila and Pinal counties, in the area of active copper mining. Grazing is mentioned only 

briefly, but cited as a negative impact. Insect predation represents another chief threat (Fish and 

Wildlife Service, 1979). Despite being declared as endangered in 1979, surprisingly little 

research was found for this taxon, perhaps as the result of being at the rank of variety. More 

research appears urgently needed, especially as no research could be found regarding the effects 

of climate change on the taxon.  

Table 3: Arizona hedgehog cactus disturbance effects. 

Disturbance Effect Source Notes 
Fire DD   
Grazing Negative? Fish and Wildlife 

Service, 1979 
Mentioned only briefly 

Flooding DD   
Pests Negative Fish and Wildlife 

Service, 1979 
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Human action Negative Fish and Wildlife 
Service, 1979 

Plant collection, copper mining 

Habitat loss Negative Aslan, 2015  
Climate change DD   
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Brady’s pincushion cactus, Pediocactus bradyi 

 

The Brady’s pincushion cactus is a small globose cactus not more than 60 mm across, 

thought to occur only on very specific limestone chip soils in northern Arizona (Shryock, 2014). 

The major threat to the species at the time of its designation as endangered was collection of 

specimens. Their showy flowers make them ideal targets for collectors and plant sellers. 

Additionally, grazing, especially during the wet season, is a serious concern. Soil compaction by 

livestock may enhance soil frost heaving during the winter, which results in increased overwinter 

plant mortality (Fish and Wildlife Service, 1979). This species has contractile roots, which 

allows it to burrow into the ground to escape unfavorable conditions such as drought or heat. It 

spends much of the year as a cryptic, essentially hidden under the soil. This may provide it a way 

to adapt to climate change, and also serves to hide it from collectors most of the year. However, 

drought remains a serious concern for the species. A quasi-extinction computer analysis, which 

predicted under what conditions less than 10 individuals would remain, showed that increased 

drought was likely to lead to quasi-extinction. Forecasted increases in extreme rain events may 

offset the worst effects, but quasi-extinction models that combined drought and extreme rain still 

predicted population declines (Shryock, 2014).  

No sources were found that discussed fire as an issue. The author surmises that this may 

be due to its sparse, rocky environments which do not support fire spread (Shryock, 2014; 

McKenzie, 2011). Flooding was also not found in any papers, though some populations are in a 

canyon near an ephemeral watercourse (Shryock, 2014). No sources discussed pests as a threat. 

Table 4: Brady’s pincushion cactus disturbance effects. 

Disturbance Effect Source Notes 
Fire Neutral   
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Grazing Negative Fish and Wildlife 
Service, 1979 

 

Flooding DD  Some populations near watercourse 
Pests DD   
Human action Negative Fish and Wildlife 

Service, 1979 
The taking of plants is an issue 

Habitat loss Negative Fish and Wildlife 
Service, 1979 

Habitat mainly near large highway 

Climate change Negative Shryock, 2014 Possibly adaptable 
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Fickeisen plains cactus (Pediocactus peeblesianus fickeiseniae) 

 

A small cactus not more than 8 cm tall, it was declared endangered at the same time as 

the Acuna cactus in 2013. It is found in the Arizona strip along the Utah border. The stated 

reasons for its declaration include habitat loss and degradation, invasive species, climate change 

related drought, and small population size. Grazing has been of particular concern to the species, 

although grazing is now limited within its range. Uranium mining also threatens the species in 

part of its range (Fish and Wildlife Service, 2013). It pulls itself under the soil using its 

contractile taproot in the dry season, which may lend to its climate adaptability. However, during 

drought years, the cactus remains at increased risk of predation. Despite being able to conserve 

water by hiding underground, it can still be found by hungry ungulates (livestock and native 

species) and rodents, who take advantage of the relatively soft spines to eat the succulent flesh 

(Hughes, 1996). 

Table 5: Fickeisen plains cactus disturbance effects. 

Disturbance Effect Source Notes 
Fire Negative Fish and Wildlife 

Service, 2013 
Mainly as a side effect of invasive 
grasses 

Grazing Negative Fish and Wildlife 
Service, 2013 

 

Flooding DD   
Pests Negative Fish and Wildlife 

Service, 2013 
 

Human action Negative Fish and Wildlife 
Service, 2013 

Uranium mining 

Habitat loss Negative Fish and Wildlife 
Service, 2013 

 

Climate change Negative Hughes, 1996 Possibly Adaptable 



DuBroy 27 
 

Nichol's Turk's head cactus (Echinocactus horizonthalonius var. nicholii) 

 

A small to medium cactus, generally up to 15 cm in height, though reaching up to 30 cm 

for exceptional individuals. Diameter to 18 cm, though 10 cm more typical. Populations are 

fragmented, with a few in Arizona and one in Mexico. Threats to the species include collection, 

limestone mining, and off-roading, which all fall in the human action category. Climate change 

threatens increased drought, which may harm the species. Populations continue to decline despite 

protection (McIntosh, 2011). One of the largest threats to the species has been invasive 

buffelgrass, Cenchrus ciliaris. Conservation efforts have been somewhat successful however. 

Ironwood Forest National Monument pursued an aggressive buffelgrass eradication program, 

which involved mechanical removal of all buffelgrass, and then plowing of the area to a depth of 

two feet. Extreme measures, but they appear to have worked, and have recreated critical habitat 

for the endangered species (Thornton, 2011). Otherwise, the species is data deficient. 

Table 6: Nichol’s Turk’s head cactus disturbance effects. 

Disturbance Effect Source Notes 
Fire Negative McIntosh, 2011 As result of invasive grasses 

Grazing DD   
Flooding DD   
Pests Negative McIntosh, 2011 Invasive grasses 

Human action Negative McIntosh, 2011  

Habitat loss DD   
Climate change Negative McIntosh, 2011  
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Peebles Navajo cactus (Pediocactus peeblesianus var. peeblesianus) 

 

Closely related to the Fickeisen plains cactus, Pediocactus peeblesianus fickeiseniae. It is 

not surprising to find two sub-taxa of the same species on the list. If one sub-taxon can be under 

threat, it would follow that the rest of the species could be threatened too. It is found only in 

small areas of Navajo county, on very specific substrates. It is estimated that less than 7 square 

kilometers of suitable habitat exist, and that even with that habitat its range is restricted. It faces 

threats from human action in the form of gravel pit mining operations and collection for its use in 

the rare cactus trade. Livestock grazing, especially during wet periods, is detrimental (Fish and 

Wildlife Service, 1979). Due to its close relation to P. peeblesianus fickeiseniae, the work of 

McIntosh has been extrapolated to likely apply to this taxon as well, since the most meaningful 

difference between the species is range, not morphology. Still, this should be taken with a grain 

of salt and requires direct research. 

Table 7: Peebles Navajo cactus disturbance effects. 

Disturbance Effect Source Notes 
Fire Negative? McIntosh, 2011 As result of invasive grasses, 

extrapolated 
Grazing Negative Fish and Wildlife 

Service, 1979 
 

Flooding DD   
Pests Negative? McIntosh, 2011 Invasive grasses, extrapolated 
Human action Negative Fish and Wildlife 

Service, 1979 
 

Habitat loss DD   
Climate change Negative? McIntosh, 2011 Extrapolated 

 



DuBroy 29 
 

Pima pineapple cactus (Coryphantha scheeri var. robustispina) 

 

A small cactus 10-46 cm tall found in Pima and Santa Cruz Counties, as well as in 

Sonora, Mexico. Threats that led to its declaration included specimen collection, disease, and 

predation (Altemus, 2016). Prescribed burns are common in its range. If burned directly, 

mortality is high. However, if identified before burns, vegetation can be cleared around the cacti. 

If sufficient space is cleared, the cacti will easily survive fire, and at that point fire is an 

important component of the ecosystem. Fire keeps mesquite (Prosopsis spp.) from colonizing the 

grasslands, which decidedly changes the nature of the ecosystem, to the detriment of the Pima 

pineapple (Thomas, 2017). Invasive grasses and fire are the largest threats the species faces (Fish 

and Wildlife Service, 2017). Climate change is likely to affect the species negatively (Kidder, 

2015) 

Table 8: Peebles Navajo cactus disturbance effects. 

Disturbance Effect Source Notes 
Fire Positive McIntosh, 2011 Depends on management actions 
Grazing DD   
Flooding DD   
Pests Negative Fish and Wildlife 

Service, 2017 
Invasive grasses 

Human action Negative Altemus, 2016  
Habitat loss DD   
Climate change Negative Kidder, 2015  
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Arizona cliffrose (Purshia X subintegra) 

 

Evergreen shrub up to 75 cm high. One of the main barriers to the taxon is seedling 

establishment and germination. Few plants fruit, fewer produce seed, and the resulting seed is 

generally non-viable. Field studies have shown very few or no young plants, reinforcing that the 

population is being sustained mainly by adult plants. Other threats include human action, in the 

form of mining, off-roading and recreation. Urban development also is removing and degrading 

habitat. Grazing is of concern, by livestock and wild species. It is an important source of forage 

for mule deer, showing the interconnectedness of ecosystems. However, “wild” burros, which 

might be better classified as feral, also threaten populations (Beachem, 2000). Increasing aridity 

and drought are predicted to lead to decreased populations as a direct result of climate change 

(Maschinski, 2006). 

Table 9: Arizona cliffrose disturbance effects. 

Disturbance Effect Source Notes 
Fire DD   
Grazing Negative Beachem, 2000 By livestock, burros, and deer 
Flooding DD   
Pests DD   
Human action Negative Beachem, 2000  
Habitat loss Negative Beachem, 2000  
Climate change Negative Maschinski, 2006  
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Canelo Hills ladies-tresses (Spiranthes delitescens) 

 

A member of the orchid family, unusual among Arizona plants. Slender, to 50 cm tall. 

Hidden much of the year, generally only notable when showing its small white flowers. Found 

only in wetlands near Tucson. Since riparian habitat is already quite at risk in Arizona, this 

species is under numerous threats. Threats include invasive grasses, such as Johnson grass 

(Sorghum halepense) and Bermuda grass (Cynodon dactylon), which outcompete for resources 

especially in riparian areas. Human action includes upstream gravel mining operations, and 

channel control. Natural channel and water flow dynamics appear important for the species, the 

artificial water control imposed by human construction threatens the species (Beachem, 2000). 

One of the four sites in which it is found is protected by the Nature Conservancy. There it was 

suggested that fire and grazing may actually be critical for the species by preventing bushy 

overgrowth. Similar species benefit from regular mowing, grazing, and prescribed burns. The 

fact that the plant is cryptic much of the year likely helps its survival during these events, and 

allows it to thrive once it flowers. Prevention of grazing during flowering may be important, but 

otherwise grazing and mowing may be overall beneficial (McClaran, 1992). No data could be 

found on climate change, suggesting an area of urgent research. 

Table 10: Canelo hills ladies-tresses disturbance effects. 

Disturbance Effect Source Notes 
Fire Positive McClaran, 1992  
Grazing Positive McClaran, 1992  
Flooding Positive Beachem, 2000  
Pests Negative Beachem, 2000 Invasive grasses 
Human action Negative Beachem, 2000 Mining, flood control 
Habitat loss Negative Beachem, 2000  
Climate change DD   
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Gierisch mallow (Sphaeralcea gierischii) 

 

An orange flowered member of the Malvaceae. Found in Mohave County and parts of 

Utah. Nearby gypsum mining threatens its habitat, since it grows exclusively on gypsum-rich 

soils. Grazing is also a risk, though it seems to be less through direct herbivory and more through 

disturbance of the ecosystem. Like many other species, it is threatened by invasive grasses and 

the fire regimes they bring with them. Climate change is predicted to harm the species via 

increased drought, though specific study of the effects of climate change are lacking. 

Surprisingly, no other scholarly research was found on this taxon, which might reflect its 

relatively recent classification by the Endangered Species Act. It may also reflect that it was only 

described as a species in 2002 (Fish and Wildlife Service, 2013b). As with other taxa that rely 

heavily on the work of the Federal Government, additional research is needed to confirm 

governmental findings and provide accurate management advice. 

Table 11: Gierisch mallow disturbance effects. 

Disturbance Effect Source Notes 
Fire Negative Fish and Wildlife 

Service, 2013c 
As a result of invasive grasses 

Grazing Negative Fish and Wildlife 
Service, 2013c 

 

Flooding DD   
Pests Negative Fish and Wildlife 

Service, 2013c 
Invasive grasses 

Human action Negative Fish and Wildlife 
Service, 2013c 

Gypsum mining 

Habitat loss DD   
Climate change Negative Fish and Wildlife 

Service, 2013c 
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Holmgren milk-vetch (Astragalus holmgreniorum) 

 

A small, purple flowered member of the Fabaceae, it was listed as endangered in 2001. 

Threats include habitat loss due to urban development, mining, grazing, and invasive grasses. 

Year over year establishment is problematic, as few seedlings germinate, and many adults do not 

live past two years in the wild, despite a theoretically much longer max lifespan. (Hill, 2015). 

This species presents a novel form of species preservation: micropropagation. A 2015 

experiment successfully micro-propagated the species, potentially providing a way to mass 

produce individuals for wild reintroduction (Hill, 2015). A 2011 study showed that the species 

still had relatively high genetic diversity across populations, which is encouraging for its 

preservation (King, 2011). Perhaps most valuable for this species is a phenological study, which 

many other species have lacked. This allows effective prediction of the effects of climate change. 

Winter precipitation was found to be important for this spring blooming species. Annual 

variation in the timing and frequency of rainfall is very impactful for this species, which bodes ill 

in the face of climate change (Rominger, 2019). 

Table 12: Holmgren milk-vetch disturbance effects. 

Disturbance Effect Source Notes 
Fire DD   
Grazing Negative Hill, 2015  
Flooding DD   
Pests Negative Hill, 2015 Invasive grasses 
Human action Negative Hill, 2015 Mining 
Habitat loss Negative Hill, 2015  
Climate change Negative Rominger, 2019  
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Sentry milk-vetch (Astragalus cremnophylax var. cremnophylax) 

 

Another member of the Fabaceae, sentry milk-vetch is a small groundcover taxon that 

grows not higher than 1 cm. It is found only on the South Rim of the Grand Canyon on rocky 

slopes. Trampling of the species, especially in recreation areas, is the major threat. The vast 

influx of tourists to the Grand Canyon in the last century have led to its endangerment. However, 

trampling can be mitigated if individuals are protected with fencing. Models have shown that 

shifting climate may accelerate extinction of the species, especially if combined with trampling. 

Climate effects are amplified by limited genetic resources (Maschinski, 1997). Beyond trampling 

by tourists, few other problems face the species due to its location in rocky, isolated terrain 

(Beacham, 2000). 

Table 13: Sentry milkvetch disturbance effects. 

Disturbance Effect Source Notes 
Fire Neutral   
Grazing Neutral   
Flooding Neutral   
Pests DD   
Human action Negative Maschinski, 1997  
Habitat loss Negative Beacham, 2000  
Climate change Negative Maschinski, 1997  
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Huachuca water-umbel (Lilaeopsis schaffneriana var. recurva) 

 

A small flowering plant in the Apiaceae, it is an obligate riparian taxon. One of the main 

threats is groundwater pumping by humans that has led to reduced riparian flow. As human 

desert populations increase, and climate change drives water demand up, groundwater pumping 

is expected to increase. Increased drought, which also dries wetlands, is also a strong threat. The 

species is overwhelmingly dependent on water level for its success, and generally spreads 

vegetatively. This gives it an edge during flood events, as it can use these events to colonize 

downstream areas. Permanence of water is an important deciding factor in establishment. Year-

round moisture is required to establish viable populations. Still, much remains unknown about its 

basic biology and ecology and needs study (Malcom, 2017). Grazing within the range has been 

of issue, mainly due to trampling instead of direct herbivory (Gowen, 2008). 

Table 14: Huachuca water-umbel disturbance effects. 

Disturbance Effect Source Notes 
Fire DD   
Grazing Negative Gowen, 2008  
Flooding Positive Malcom, 2017  
Pests DD   
Human action Negative Malcom, 2017 Groundwater pumping 
Habitat loss Negative Malcom, 2017  
Climate change Negative Malcom, 2017  
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Summary of data 

 Positive Negative Neutral DD 

Fire 2 4 2 6 

Grazing 1 8 3 2 

Flooding 2 1 1 10 

Pests 0 11 0 3 

Human action 0 13 1 0 

Habitat loss 0 9 1 4 

Climate change 0  12 0 2 

TOTALS 5 58 8 27 
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Discussion 

While the studied species were not a representative sample of all plants in Arizona, it 

does show the critical conservation threats that southwestern plants face. Seven of the 14 were 

cacti, which is cause for distress. Cacti are overrepresented in the list, as they make up far less 

than half of Arizona plant species. Despite their many adaptations to living in a harsh desert 

ecosystem, that so many are threatened points to a deeper existential threat. It appears that the 

ecological disturbance of human actions presents an almost insurmountable obstacle. A story that 

is repeated throughout these taxa, especially for the cacti, is the threat of collection. Cacti and 

succulents are in the vogue, and are big business for commercial plant growers. It appears that 

the taking of cacti for their showy flowers and ease of care in cultivation has pushed them to the 

brink.  

Thirteen of the 14 species were threatened by direct human action, which took many 

forms. From the aforementioned collection, to mining, to off-roading, humans are an impressive 

form of ecological disturbance. The number of ways that humans can disturb the environment 

appears almost unlimited. Considering that these plants did not evolve with humans as a source 

of disturbance, combined with the cosmopolitan distribution of humans, it is no wonder that 

human action is the most threatening form of disturbance. But unlike some of the other forms of 

disturbance, human action can be directly addressed and controlled. Effective legislation, 

education and management can prevent the worst effects of human action, in a manner that the 

more stochastic events such as fire or floods cannot. 

As expected, climate change was one of the top two threats. It affected 12 species 

negatively, and the other two species were data deficient. From the research data, it is clear that 

climate change is a critical threat to the survival of endangered taxa. This is worrying, as many 
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endangered species were declared before the issue of climate change became central to 

conservation study. The Endangered Species Act, passed in 1973, did not take climate change 

into consideration (Clark, 2013). Many of the Arizona endangered species were declared in the 

1970’s, and their Fish and Wildlife Service documents do not note climate change as factors for 

protection. But new research has shown many of the endangered to be vulnerable to the effects 

of climate change. This is especially concerning, since these species were already considered 

endangered before the effects of climate change on them were analyzed.  

Pests were the next most threatening category, with invasive grasses being the chief 

danger. Effective control of invasive grasses is needed, as there is currently little effective way to 

manage them, beyond extremely labor intensive or expensive processes. The biggest danger they 

bring is imported fire regimes, which most of the species were not suited for. Insect predation 

was an issue in a few species, but this seems to merely be a secondary threat instead of a primary 

threat. Ameliorating problems such as human action seem to be more important than dealing 

with insect pests. Surprisingly, no mentions of disease were found among the 14 species. 

Habitat loss was generally negative, but many of the species were located far from human 

habitation and thus habitat loss had not been considered as a threat.  

Grazing had less negative impacts than expected, and even benefited one species. This 

may reflect effective management of grazing activities, as grazing was found to have been 

restricted on most of the habitats where endangered species occurred. One of the main 

management actions taken by the Federal Government in declaring species was usually to restrict 

grazing. Interestingly, grazing was restricted on the range of a species that actually benefited 

from it, the Canelo Hills ladies-tresses (McClaran, 1992). Still, this is no reason to widely 

increase grazing on Arizona public lands, especially where endangered species are found. It 
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appears that the low position of grazing on the threat list is due only to the smart and effective 

management actions to prevent grazing enabled by the Endangered Species Act. 

Fire had the most mixed impacts. Even so, most of the negative impacts were as a result 

of invasive grasses and their imported fire regimes. For some species, fire was an important way 

to defeat competition and provide additional nutrients. The negative impacts were mainly on 

species that had previously lived in sparse habitats with low fuel continuity. The import of non-

native invasive grasses greatly increased fuel continuity and thus fire spread, which seemed to be 

the largest reason behind negative fire impact (McKenzie, 2011). It seems that in the wild, absent 

human action (i.e. importing non-natives), fire would be a generally beneficial disturbance. Thus, 

returning to pre-Columbian fire regimes seems to be an important aspect of Arizona endangered 

species management. 

Many of the studied endangered species are cacti, and the annual growth of cacti is 

known to be affected by the timing and amount of annual precipitation. Temperatures also play a 

critical role, especially maximum temperatures. The hottest summer temperatures affect drought 

period survival, and the hottest spring temperatures affect amount of spring growth (Shryock, 

2014) Many studies on plant extinction under climate change make predictions off of changing 

range. The range of many species is expected to shift northward, or simply shrink. But this 

method doesn’t take into account population quality, or species with already small ranges 

(Fordham, 2012). Case in point, most Arizona endangered species have extremely limited 

distributions. Kearney’s bluestar occurs in only one location in the Baboquivari mountains (Yost, 

2014). The Brady pincushion cactus is found only in specialized soils along a highway and in a 

nearby canyon (Shryock, 2014). This story is repeated throughout the Arizona endangered 

species. This means that range mapping is not a useful tool for determining extinction risk. The 
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quality of range, and the population of the species is much more informative as an extinction 

predictor (Fordham, 2012). 

A general note on taxonomy should be raised. Taxa which were at the rank of variety had 

notably less information about them. This likely reflects the difficulty of identifying varieties in 

the field, which in turn makes good research difficult, and likely turns researchers off from 

studying these taxa. Taxonomic dispute was not uncommon, though for some of these taxa, 

clarifying taxonomy might not be beneficial. Since protected status under the endangered species 

act depends on belonging to the protected taxon, clarification of taxonomy might show that 

protected taxon are no different from the rest of the species. That might mean the revocation of 

protected status, and would put these threatened populations under greater duress (Clark, 2013). 

Some of the taxon had been the subject of molecular genetic studies that had determined 

classification, but many had not. Here morphology based taxonomy, with all its pitfalls, was a 

key determining factor. Clearer identification of taxon is needed, but there is not great impetus to 

do so. Alternatively, it is possible that some of these varieties and subspecies should be raised to 

the rank of species, which would ensure their protection and additional research. Many of the 

varieties are protected as part of a larger species, despite being no longer connected to the main 

species. The longer that sub-taxon spend isolated from parent taxon, the more likely that they 

will diverge and form new groups. It is possible this is already happening among taxon, but this 

cannot be known until there is better study. 

The amount of “data deficient” entries was rather surprising. The author expected to find 

missing information in some areas, but the widespread lack of information went far beyond 

expectations. So much remains unknown about these taxa, which prevents informed management 

decisions. It is clear that additional research needs to be done urgently. Species which lack 
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research on the effects of climate change especially need study, as climate change appears to be 

the biggest threat to the taxa in general. 

Flooding remains the least studied factor affecting species, and considering that flooding 

was found to benefit two taxa, and harm only one, this might reflect the generally positive impact 

of flooding. Flooding’s ability to spread species, either vegetatively or via seed presents a chance 

for colonization. Flooding also deposits nutrients (Yang, 2017; Malloy, 2018). This seems to 

support the hypothesis that not all ecological disturbance is bad, and that ecological disturbance 

can be exploited by secure and endangered species alike. Still, ecological disturbance appeared 

to be overwhelmingly negative to the survival of endangered taxa in all other categories. 

Failure to establish new individuals was a major obstacle for the taxa. Many species 

could not produce enough viable seeds, or have seedlings reach maturity. This is a serious 

problem that pushes species closer to extinction. Adults may be healthy, but if they cannot be 

replaced, the species becomes stuck in a perpetual decline, with steadily decreasing range, 

population, and genetic diversity. However, this is not an ecological disturbance, and thus was 

not considered as a categorical variable. Still, it is worth mentioning, as it is a wide-ranging 

symptom. Finding ways to boost establishment may be a key way to save endangered taxa. 

Research on the root causes of failure to establish is needed, as much of the research found 

failure to establish as a symptom, but provided no definitive underlying cause. 

The endangered taxa are undeniably in danger. They are about as close to extinction as 

species get. But from a conservation and management perspective, it is possible that many of the 

Arizona endangered have been saved too late. Take for example the Kearney’s Bluestar. By the 

time it was listed, the species was already failing to recruit new plants. It was subsisting mainly 

on old plants, which was why the population was in trouble. What if the taxon had been 
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conserved 20 years earlier? Perhaps then enough genetic stock could have remained to keep the 

population strong and viable. This is of course a hypothetical, and can’t be tested. But the story 

of a failing population that has continued to decline despite best efforts is mirrored in many of 

the endangered taxa. The goal of identifying ecological threats is informative for the existing 

endangered taxa, but also predictive for future endangered taxa. It is hard to predict exactly how 

many species will become endangered in Arizona over the next century, and no research was 

found that indicated a concrete number. But it is clear that more species will continue to decline 

and reach the level of endangered. But by the time a species reaches that level of existential 

threat, it is already on a hard to leave path to extinction. 

 Perhaps the most important conclusion of this thesis is that early conservation is key. All 

of the species studied are being negatively impacted by at least three ecological disturbances. It 

is the combination of threats that is driving these species towards extinction. Knowing that 

climate change and human action are the main threats to existing endangered species informs 

management of other Arizona flora. Take for example the saguaro cactus, an icon of Arizona. 

Climate change is predicted to drive a decline of the population. Its habitat and range is expected 

to shift, with suitable habitat increasing in elevation. Decreased frost will open up new territory 

at higher elevations, but increased temperatures will preclude the establishment of new 

individuals at lower elevations, and decrease survival rates of adults (Drezner, 2014). Protecting 

this species before it loses habitat or becomes fragmented is critical. Saving species from 

approaching loss of genetic diversity is also critical, as many of the taxa studied were found to 

have reached a genetic bottleneck. Once a species loses diversity, it is incredibly difficult to 

recover. 
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The hypothesis of this thesis was that ecological disturbance can be positive for 

endangered species, and the alternative hypothesis was that ecological disturbance was almost 

never positive. The author finds the answer to be somewhere in the middle, but thus fails to 

reject the alternative hypothesis. Of the 98 recorded effects, only 5 were positive, while 58 were 

negative. Eight were neutral. Even if all of the DD effects (of which there were 27), were studied 

and found to be positive (which the author discounts as highly unlikely) negative disturbances 

would still outnumber positive effects by nearly two to one. This may reflect a certain bias in 

sources to only study negative effects, but it remains clear that ecological disturbance is one of 

the key threats to endangered species. This makes a certain sense: on a day to day basis, 

endangered species are simply going about their life, metabolizing in peace. It is only when the 

ecosystem is disturbed that these species encounter problems.  

Protecting endangered plant species remains a critical task for conservationists, and this 

thesis makes it clear that additional study is needed to ensure that managers can make informed 

decisions. Above all, effective study of the synergistic intersections of categories of disturbance 

is needed. It is clear that climate change will affect almost every other kind of disturbance. Better 

data is needed to show how these categories work together to turn what would be everyday 

problems into existential threats that lead to extinction. The author leaves with one final thought: 

how many more species are threatened or endangered in Arizona that are not currently subject to 

protection under the Endangered Species Act? The ecological disturbances found within apply to 

every species in an ecosystem. How many species are on the brink of extinction, yet poorly 

studied? Even these endangered species are poorly studied, let alone compared to the average 

plant. The author suggests that many more plants in Arizona need to be studied with the same 

rigor as endangered taxa to ensure that they too are not threatened with extinction.  
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