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The botanical entity Tribulus terrestris, a member of the Zygophyllaceae or caltrop family,
represents a pinnacle of evolutionary adaptation to arid and disturbed environments. Known
variously as puncturevine, goathead, bullhead, or devil's weed, this prostrate summer annual
has transitioned from its suspected origins in the Saharan and Mediterranean regions to
become a globally distributed noxious invader. In the Pacific Northwest of the United States,
particularly within the high-desert ecosystems of Northeastern Oregon, the species has earned
the moniker "prostrate terrorist" due to its aggressive colonization of agricultural lands,
recreational trails, and urban corridors. The success of Tribulus terrestris is not merely an
accident of dispersal but a direct consequence of its C_{4} photosynthetic pathway, a
mechanically sophisticated reproductive unit (the mericarp), and an extraordinary capacity for
phenotypic plasticity in response to shifting climatic isotherms. As the global climate crisis alters
the thermal and hydrologic profiles of the interior Pacific Northwest, this species is
demonstrating a significant altitudinal migration, moving from its historical low-elevation
strongholds in the Snake River Canyon to elevations exceeding 1100 meters in the Blue
Mountains and adjacent plateaus. Simultaneously, the plant occupies a complex niche in human
culture, serving as a primary therapeutic agent in Ayurvedic and Traditional Chinese Medicine
while simultaneously being the target of municipal "bounty" programs designed to facilitate its
eradication.

Botanical Morphology and Mechanical Specialization

The architecture of Tribulus terrestris is fundamentally designed for resilience in high-heat,



low-moisture environments. As a taprooted herbaceous plant, it typically functions as a summer
annual in temperate regions, though it can exhibit perennial characteristics in tropical or
subtropical zones. The central taproot is remarkably efficient at exploring deep soil horizons for
residual moisture, allowing the plant to maintain physiological vigor during periods of extreme
atmospheric drought.

Vegetative Structure and Thermoregulation

The stems of the puncturevine radiate from a central crown, forming dense, flat mats that can
reach diameters of 10 centimeters to over one meter. These stems are greenish-red and are
covered with fine, silky hairs known as trichomes. These hairs serve a vital ecophysiological
function by creating a boundary layer that reduces transpirational water loss and reflects
excessive solar radiation, thereby protecting the plant's vascular integrity. In shaded
environments or when competing with taller vegetation, the stems can exhibit an ascending
growth habit, demonstrating the species' opportunistic ability to maximize light interception.

The leaves are arranged in opposite pairs and are pinnately compound, typically consisting of
three to eight pairs of leaflets. Each leaflet is oblong-lanceolate, measuring 5 to 15 mm in length
and 3 to 5 mm in width. A subtle but distinctive feature is the disparity in size between the pairs
of leaves, which facilitates optimal light capture in prostrate configurations. The foliage is
relatively poor in iron but rich in silica, a trait that makes it unpalatable and potentially toxic to
many grazing animals while contributing to its structural rigidity.

Reproductive Biology and the Caltrop Mechanism

The inflorescence of Tribulus terrestris consists of solitary, lemon-yellow flowers emerging from
the leaf axils. Each flower is 4 to 15 mm wide, with five petals, five sepals, and ten stamens. The
phenology of the flower is highly attuned to the diurnal cycle of arid environments; petals
typically open in the morning to attract pollinators and are shed or closed by the afternoon to
minimize moisture loss.

Following pollination, the plant develops a woody schizocarp approximately one centimeter in
diameter. Upon maturity, this fruit splits into five wedge-shaped meritcarps, or "burs," each
containing up to five seeds. The morphology of these burs is the species' most infamous
characteristic. Each bur is armed with two to four hard, rigid spines, 10 mm in length and
arranged such that at least one spine points upward regardless of how the bur lands on a
surface. This orientation mimics the medieval weapon known as the caltrop, and it serves as a
highly effective mechanism for epizoochory. The spines are capable of penetrating the leather
soles of shoes, the thick hides of livestock, and the vulcanized rubber of pneumatic tires.

Anatomical Feature Description Functional Implication

Taproot Deep, slender, branched Access to deep-strata moisture

Trichomes Fine hairs on stems/leaves Reduced transpiration and heat
reflection

Leaves Pinnately compound, opposite [Optimal light interception in
prostrate mats

Flowers Lemon-yellow, diurnal opening |Pollinator attraction with water




Anatomical Feature Description Functional Implication
conservation

Mericarp (Bur) \Woody, spined schizocarp Epizoochorous dispersal and
protection

Seed Bank Multiple seeds per bur Staggered germination and
persistence

Ecophysiology and Arid Zone Adaptation

The persistence of Tribulus terrestris as an invasive species is largely due to its metabolic and
reproductive strategies. As a C_{4} plant, it possesses a competitive advantage over C_{3}
native species in environments characterized by high temperatures and limited water availability.
The C_{4} pathway allows the plant to concentrate CO_{2} around the enzyme Rubisco,
effectively eliminating photorespiration and maintaining high photosynthetic rates even when
stomata are partially closed to conserve water.

Germination Dynamics and Seed Longevity

Germination is a critical bottleneck in the life cycle of Tribulus terrestris. The species requires
high soil temperatures, typically above 20*{\circ}C, with optimal growth occurring in the range of
24M\circ}C to 27™\circ}C. Emergence is often triggered by brief pulses of summer precipitation;
a single rain event exceeding 10 mm can stimulate massive germination of the soil seed bank.

The seeds exhibit a sophisticated dormancy mechanism designed to ensure long-term
population survival. Within each spiny mericarp, seeds are stacked vertically and separated by
hard membranes. Generally, the largest seed in the stack germinates first under favorable
conditions, while the others remain dormant, often requiring several years of after-ripening or
mechanical scarification before they emerge. This "bet-hedging" strategy allows the plant to
survive through multi-year droughts. Records indicate that seeds can remain viable in the soil
for three to five years, though some studies suggest that in deeply buried contexts, viability can
persist longer.

Habitat Preferences and Anthropogenic Disturbance

Tribulus terrestris is a "colonizer" species that thrives in barren and disturbed soils. It is
frequently found in "waste places," including roadsides, railways, parking lots, and field margins.
The plant does not compete well in areas with vigorous, established ground cover, as it requires
high light intensity and open soil for its prostrate mats to expand. Compacted soils along
footpaths and vehicle tracks provide an ideal niche, as the plant's taproot can penetrate firm
substrates that exclude less hardy competitors.

Biogeographical Origin and Global Range

The current distribution of Tribulus terrestris is truly cosmopolitan, extending from 35%{\circ}S to
47M\circIN latitudes across North and South America, Europe, Asia, Africa, and Australia. While



it is often discussed in the context of Mediterranean climates, its evolutionary history suggests a
much broader environmental range.

Native Range and Historical Context

Most botanical authorities agree that Tribulus terrestris is native to the warm temperate and
tropical regions of Southern Eurasia and Africa. Evidence suggests a probable origin in the
Saharan region, from which it migrated into the Mediterranean rim and Middle East during
periods of climatic transition. In the Mediterranean region, including Southern ltaly (Calabria),
Spain, and Greece, the plant has been part of the natural flora for millennia. It was documented
by the Greek philosopher Theophrastus and the physician Dioscorides in the first century AD,
who noted its prostrate habit and the irritating nature of its spiny fruits.

In the Middle East, specifically Iran, the plant is a native component of the Irano-Turanian
floristic region. In these areas, it is often found on sandy plateaus and in disturbed agricultural
sites where it has been used in Traditional Iranian Medicine for centuries. In China, the species
is native across a wide range of climates and has been recorded at elevations as high as 3,300
meters, illustrating its inherent capacity for high-altitude survival if the necessary thermal units
are present.

Introduction to North America

The species was unintentionally introduced to North America, with the first documented
sightings occurring in California around 1902. Its arrival is often attributed to the transport of
contaminated livestock wool or ship ballast. From California, the weed expanded rapidly
northward into Oregon and Washington, and eastward into Texas and the Great Plains. Today, it
is recognized as a major noxious weed in at least 37 countries, including nearly all states in the
Western U.S..

The Climate Crisis and Elevation Shift in Northeast
Oregon

One of the most concerning ecological developments in the Pacific Northwest is the observed
upward migration of Tribulus terrestris in Northeastern Oregon. Historically, the species was
primarily restricted to low-elevation river basins and interior valleys where summer heat was
most intense. However, recent data and field observations suggest that the plant is now
becoming established at elevations reaching 1100 meters (approximately 3,600 feet).

Drivers of Altitudinal Expansion

This shift is a direct response to the "hotter and drier" climate regime currently affecting the
region. Climate change in the Pacific Northwest is characterized by decreasing winter
snowpack, earlier spring snowmelt, and higher summer maximum temperatures. These factors
combine to create a longer, more intense summer drought period, which favors droughttolerant
C_{4} species like puncturevine over C_{3} native grasses and forbs.

Ecologists have proposed the "upslope lean" hypothesis to explain this phenomenon. In this



scenario, species expand their abundance and presence in the upper portions of their
elevational range as warming isotherms move higher into the mountains, while their lower
elevational limits remain stable. In Northeast Oregon, this means that while puncturevine
remains abundant at 260 meters in the Snake River Canyon, it is now aggressively invading
higher plateaus that were historically too cool to support its life cycle.

Comparative Regional Isotherms

Comparing the climate of Northeastern Oregon with the native habitats of Calabria, Italy, and the
Iranian plateau reveals striking similarities in the thermal envelopes being established.

Metric Dug Bar, Oregon |Calabria, Italy 'Yazd/Central Iran |Pendleton/Higher
(RM 197) (Southern) Plateaus

Elevation ~260—-400 m 0—500 m (Coastal)|1200—2000 m 450—-1100 m

Mean Max Temp [> 100”{\circ}F ~ 28™{\circ}C (Aug)P> 45*{\circ}C Increasing over
(38M\circ}C) (Summer) 95M\circ}F

Annual Precip 8-13 inches ~20-30inches |<4inches (100 [12-18 inches

mm)
Driest Month July/August (~ 9%)July (~ 0.6 mm) |~ 0 mm July/August
(Minimal)
Climate Class Semi-arid (BSk) |Mediterranean Desert (BWK) Transitioning BSk
(Csa)

The data from Iran is particularly instructive for the 1100-meter shift. In the central Iranian
mountains (Mount Shirkuh), Tribulus terrestris persists at high altitudes because the continental
interior maintains high daytime temperatures despite the elevation. As Northeastern Oregon
experiences more frequent marine heatwaves and a decadal increase in nighttime vapor
pressure deficit, the "thermal refugia” of higher elevations are being compromised, allowing the
puncturevine to establish reproducing populations in previously hostile zones.

Impact on High-Elevation Ecosystems

The expansion into higher elevations represents a significant threat to biodiversity. In the Bridge
Creek Wildlife Area and other sensitive regions of the Blue Mountains, puncturevine is
competing with native forbs and degrading critical habitat for species such as the Oregon
spotted frog and various sensitive terrestrial fauna. Disturbance from high-severity wildfires,
which are also increasing in frequency due to the climate crisis, provides the bare soil and high
light levels that facilitate puncturevine invasion in newly opened mountain gaps.

Socio-Economic Consequences and Community
Management

The mechanical and toxicological properties of Tribulus terrestris create substantial economic
burdens for agriculture, recreation, and municipal maintenance.




Agricultural and Veterinary Impacts

In agricultural settings, the spiny burs are a major contaminant of hay and wool crops. Hay
containing puncturevine burs is of lower quality and can injure the mouths and digestive tracts of
livestock. In sheep production, the plant is associated with a condition known as "bighead" or
photosensitization, caused by the ingestion of saponins that lead to liver damage and a
subsequent reaction to sunlight, resulting in severe swelling of the head and ears, and
potentially death in young animals.

Recreational and Urban Challenges

For outdoor enthusiasts, the "goatherd" is a persistent nuisance. The burs are notorious for
puncturing bicycle tires, lightweight footwear, and the paws of domestic pets. In many Eastern
Oregon towns, the weed infests playgrounds, schools, and bike paths, necessitating intensive
maintenance efforts. The plant’s ability to grow in the cracks of sidewalks and the edges of
paved surfaces makes it a constant presence in the urban-wildland interface.

The Pendleton Bounty and Municipal Strategies

To address the infestation, several communities in Oregon have historically utilized "bounty"
programs to incentivize public participation in weed removal.

e Pendleton, Oregon: The most significant recent initiative in Pendleton was the
"Goathead Roundup," organized by the non-profit group "Pendleton on Wheels". This
program offered a bounty of $5.00 for each 30-gallon trash bag filled with puncturevine
plants and their roots. This was significantly higher than the standard "dollar a bag"
offered in neighboring towns.

e Irrigon and Boardman: In Morrow County, the towns of Irrigon and Boardman gained
national attention for their "dollar per bag" programs. In 2014, Irrigon allocated $1,000 to
pay residents for removing the weed, a program modeled after a similar successful
initiative in Boardman.

e Echo, Oregon: The city of Echo implemented a structured bounty in 2014, paying $1.00
for a plastic grocery sack and $5.00 for a five-gallon bucket of the weed.

While these programs were effective at mobilizing the community and removing large volumes
of plant material, they were typically temporary and funded by small, finite budgets (e.g., $350 to
$1,000) that were exhausted quickly. As of 2024 and 2025, while the "Pendleton on Wheels"
roundup has established a model for the region, there is no evidence that a permanent,
year-round bounty remains active in the city of Pendleton, though periodic events continue to be
staged by non-profit groups.

Traditional Herbalism: The Role of Gokshura

In a striking paradox, while Western land managers view Tribulus terrestris as a "terrorist" weed,
traditional medical systems in India, China, and Iran revere it as a vital healing agent. In
Ayurveda, the plant is known as Gokshura, a Sanskrit term meaning "cow's hoof," referring to



the fruit's shape.

Ayurvedic Energetics and Actions

Ayurveda classifies Gokshura as a Rasayana (rejuvenating herb) and a Vrushya (aphrodisiac).
It is a key component of classical formulations such as Dashamoola (the "ten roots"),
Gokshuradi Guggulu, and Chyawanprash. The herb is primarily used to nourish the Shukra
dhatu (reproductive tissue) and strengthen the Mutravaha srotas (urinary channels).

The "Rasa Panchaka" (five principles of drug action) for Gokshura are:

Rasa (Taste): Madhura (Sweet).

Guna (Qualities): Guru (Heavy), Snigdha (Qily).

Virya (Potency): Sheeta (Cooling).

Vipaka (Post-digestive effect): Madhura (Sweet).

Karma (Actions): Vata-pitta hara (balancing Vata and Pitta), Mutral (diuretic), and Balya
(strengthening).

Traditional Chinese Medicine (TCM) and Iranian Folk Medicine

In TCM, where the fruit is known as Chih-hsing or Bai Ji Li, the herb is used to "dispel wind,"
"calm the liver," and improve vision. It is indicated for headaches, dizziness, and itching
associated with skin disorders. In Traditional Iranian Medicine, the herb is called Khara and has
been used since antiquity to treat bladder stones and urinary channel infections, a practice that
mirrors Ayurvedic applications.

Phytochemistry and Pharmacological Mechanisms

The therapeutic properties of Tribulus terrestris are derived from a complex suite of over 150
bioactive compounds, including steroidal saponins, flavonoids, alkaloids, and lignanamides. The
pharmacological focus in both traditional and modern medicine has centered on the steroidal
saponins, specifically the furostanol and spirostanol types.

Protodioscin: The Primary Active Saponin

Protodioscin (C_{51}H_{84}0_{22}) is the most well-characterized steroidal saponin in Tribulus
extracts. It acts as a putative active component in the plant’s aphrodisiac activity. In animal
models, protodioscin has been shown to:

1. Enhance Endogenous Androgens: Stimulate the production of testosterone,
dihydrotestosterone (DHT), and dehydroepiandrosterone (DHEA).

2. Upregulate Nitric Oxide (NO): Stimulate the release of nitric oxide from the endothelial
lining of the corpus cavernosum tissue, which leads to vascular relaxation and improved
erectile function.

3. Increase Androgen Receptor Sensitivity: Increase the expression and
immunoreactivity of androgen receptors in various tissues, potentially amplifying the
effects of existing hormones.



Non-Androgenic Biological Activities

Modern research has identified several other critical biological pathways influenced by Tribulus
extracts:

e Antiurolithiatic Activity: Standardized extracts have been shown to inhibit the
aggregation of calcium oxalate crystals in the renal tubules, effectively reducing the
formation of kidney stones.

e Diuretic Effect: The high concentration of potassium salts and nitrates in the fruits
produces a potent diuresis, often exceeding the efficacy of pharmaceutical diuretics like
furosemide, while exhibiting a potassium-sparing effect.

e Metabolic and Cardiovascular Support: In studies of women with Type 2 diabetes, daily
intake of 1,000 mg of Tribulus led to significant reductions in blood glucose, total
cholesterol, and LDL cholesterol levels.

e Neuroprotection: Emerging data suggest that the plant’s alkaloids may inhibit
monoamine oxidase A (MAO-A) and acetylcholinesterase (AChE), providing potential
benefits for Parkinson’s disease and anxiety-related conditions.

The Testosterone Supplementation Controversy

Despite the plant's reputation as a "testosterone booster" in the global sports supplement
market, the scientific consensus regarding its effects on healthy human males is notably
skeptical. A robust body of clinical evidence from 2024 and 2025 has highlighted a significant
gap between marketing claims and physiological reality.

Clinical Trials and Meta-Analysis (2024—-2025)

A systematic review published in late 2024 and updated in early 2025 concluded that there is
"no robust evidence" that Tribulus terrestris supplementation increases serum testosterone
levels in human males with normal baseline androgen levels. The review analyzed ten clinical
trials involving over 480 participants.

Key findings include:

e Neutral Impact on Healthy Men: 80% of the reviewed studies showed no significant
change in the androgen profile of subjects following 1 to 3 months of supplementation at
doses of 400 to 750 mg/day.

e Limited Efficacy in Hypogonadism: Significant intra-group increases in total
testosterone (averaging 60—70 ng/dL) were only observed in subjects with clinical
hypogonadism (baseline levels < 350 ng/dL), suggesting the herb may act as a mild
adjuvant rather than a potent booster.

e Athletic Performance and Hypertrophy: Multiple trials in trained athletes (weightlifters,
boxers, and rugby players) demonstrated that while Tribulus might transiently improve
early-phase explosive power through non-hormonal neuromuscular mechanisms, it did
not significantly improve muscle mass, body composition, or sustained endurance.

Supplemental Parameter Clinical Consensus (2025) Supporting Evidence
Libido/Sexual Desire Likely Effective Significant improvements in
desire/satisfaction in both




Supplemental Parameter Clinical Consensus (2025) Supporting Evidence
Sexes

Erectile Dysfunction Possibly Effective Benefits noted in 3/5 studies for
mild-to-moderate ED

Healthy Testosterone Ineffective No robust evidence for
increasing serum T in healthy
men

Muscle Mass (Athletes) Ineffective No significant impact on
hypertrophy vs. placebo

Sperm Parameters Likely Effective Improvements in count, motility,
and morphology in 6/7 trials

The Pharmacological Paradox

The primary reason for the discrepancy between animal and human results lies in the metabolic
processing of protodioscin. While rats and other animal models demonstrate a strong hormonal
response, human clinical trials suggest that Tribulus acts more as an adaptogen and vasodilator.
Its perceived "performance boost" is likely due to the upregulation of nitric oxide and the
subsequent improvement in blood flow to exercising muscles and reproductive tissues, rather
than a direct alteration of the hypothalamic-pituitary-gonadal axis.

Management Strategies and Ecological Restoration

The management of Tribulus terrestris in regions like Umatilla and Wallowa counties is an
ongoing battle involving mechanical, chemical, and biological controls.

Manual and Mechanical Removal

Manual removal is effective for small populations but requires the extraction of the entire central
taproot. Severing the root at least one inch below the soil surface is necessary to prevent
regrowth from the crown. Because the seeds can remain viable for several years, any burs
dropped during removal will merely restart the infestation in the following growing season.
Therefore, careful bagging and landfill disposal are essential.

Biological Control: The Microlarinus Weevils

In larger wildland contexts, the primary management tool since the 1960s has been the
introduction of two species of weevils from the Mediterranean and India: Microlarinus lareynii
(the seed weevil) and Microlarinus lypriformis (the stem weevil).

e Seed Weevil (M. lareynii): The larvae of this species feed exclusively on the developing
seeds within the mericarp, significantly reducing the reproductive output of the plant.

e Stem Weevil (M. lypriformis): The larvae tunnel into the stems and crown of the plant,
disrupting the transport of nutrients and moisture, which weakens or kills the host.



While these biocontrol agents have been highly successful in warm regions such as Southern
California and Arizona, they face significant challenges in Northeastern Oregon. The weevils are
"frost-tender" and often suffer high mortality during the region’s harsh winters. However, as the
climate crisis leads to milder winters and reduced snowpack residence time, the overwintering
success of these weevils may increase, potentially providing a negative feedback loop to the
plant's expansion.

Integrated Management and Ground Cover Stabilization

Current recommendations for ecological restoration emphasize the prevention of new outbreaks
by maintaining vigorous ground cover. Tribulus terrestris is a "sun-loving" opportunistic weed
that does not thrive in areas already colonized by dense native vegetation or competitive
non-native ground covers. Restoring disturbed sites with native bunchgrasses and forbs is the
most effective long-term strategy to exclude the puncturevine from high-elevation plateaus.

Conclusion: Synthesis of a Botanical Invader

The trajectory of Tribulus terrestris in the 21st century provides a powerful case study in the
intersection of evolutionary biology, climate change, and human medicine. In Northeastern
Oregon, the plant's shift from 400 meters to 1100 meters in elevation is a clear signal of the
shifting thermal isotherms driven by the climate crisis. This altitudinal expansion is facilitated by
the plant's C_{4} metabolic efficiency and its highly effective, mechanically weaponized
dispersal mechanism.

The "bounty" programs of Pendleton and its neighbors represent a valuable community-driven
tactical response, yet they are ultimately insufficient for large-scale eradication in a warming
world. The comparison to its native strongholds in Calabria and Iran suggests that the "thermal
envelope" for this species is far larger than previously realized, and we should anticipate further
movement into historically "cold" refugia as summer drought and heat intensify.

Finally, the pharmacological reality of Tribulus supplementation underscores the need for
scientific literacy among consumers. While the plant remains a pillar of traditional herbalism with
genuine benefits for libido, urinary health, and metabolic regulation, the claims of its efficacy as
a testosterone booster for healthy human males are not supported by the current clinical
consensus. As Tribulus terrestris continues its relentless expansion across the landscape of
Northeastern Oregon, it serves as both a literal and figurative thorn in the side of a region
navigating the complex realities of an ecological and climatic transition.
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Goathead, Puncturevine, Biker's bane (Tribulus terrisfris) An invasive annual

-

of gravel roadsides, to 1100 m. Used in Chinese medicine as ci ji i &
and as a tonic in Indian Ayurvedic practice, known by its Sanskrit name, Sarrata
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