The information below is a series of links to studies and articles about weed seeds in horse manure.  I have extracted some excerpts which the reader may verify.  

Various sources refer to the "myth" that horse manure spreads weeds.  The researchers found no studies or data to support the "myth".  The studies show that horse manure does carry viable weed seeds, but the germination rate is low, even in ideal conditions.  The likelihood of weeds growing to maturity is low.

There is a reference to state, local, and federal organizations that list equestrian use as "low impact".  There is also a reference to a study about recreation disturbance of wildlife.  It concluded that horses and riders do not disturb birds.

...........................................................................................................................................................................

http://articles.latimes.com/2006/jan/20/local/me-horseweeds20

- excerpt from LA Times Article
Who Spreads the Weeds? Don't Bet on the Horse
Study of how nonnative plants invade parkland focuses on the long-held notion that manure carries the seeds. So far, it looks like a myth.
January 20, 2006|Andrew H. Malcolm | Times Staff Writer
Some California university students and their department chairman have launched an unusual study of an ordinary substance -- horse manure -- that could help protect the state's parklands from invasive plants. And protect the reputation of horses all over.
The study is the first scientifically rigorous effort to determine if noxious weed seeds accidentally consumed by horses end up spreading the weeds into new territory through horse droppings, as many outdoors enthusiasts have long believed. Fears of contaminating virgin lands with rogue plants have already caused several states to require expensive certified weed-free feeds for horses using public lands.
Many have long suspected horses too. Bundock says the new study, being conducted by Dominican University in San Rafael with a $100,000 Park Service grant, is still a year from completion and officials are reluctant to draw conclusions yet. But preliminary indications from Northern California sites indicate the horse as demon weed-seed spreader may actually be a rural legend. The study expands into Southern California this year.
"We've had all sorts of comments, assumptions, hypotheses and anecdotes," said Sibdas Ghosh, head of Dominican's department of natural science and a research leader. "Many believe that seeds pass through the horse gut and, once in horse manure, they sprout and germinate in a new location. Theoretically, these could involve noxious weeds." But Ghosh's research of the professional literature on weeds and wild lands found this widespread belief based on absolutely no documentation.
The samples were separated, labeled and cultivated in weed-free soil in small pots at a university greenhouse free of contamination. Of the 90 pots, 34 plants germinated in 21 of them. All plants were then identified by a native-plant specialist. They included toad rush, dooryard knotweed, summer mustard, bur-clover, purslane, cheeseweed and 25 Italian ryegrass plants.
....................................................................................................................................................
http://www.cal-ipc.org/symposia/archive/pdf/2006/EDQuinn.pdf

- this is a Power Point presentation of the study conducted by Dominican University of California, sponsored by the National Park Service and Envirohorse
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http://www.aerc.org/EnduranceNews_West_Weed_Study.pdf

- study by the University of Wisconsin-Madison

Some people have speculated that horses may facilitate the dispersal and
spread of invasive or non-native plant species; however, there are few data to
support or refute this assertion. AERC funded a five-state (NC, KY, IL, MI, and
WI) study to determine if horse hay, manure and hoof debris contained viable
seeds of non-native weeds, and if so, do the seeds of non-native weeds
successfully germinate on horse trails. In addition the study compared the
presence and abundance of non-native plant species along horse trails and trails
that prohibited horses. The results of the study showed that non-native weeds did
not germinate from hoof debris or manure samples grown in pots, but on average
5.4 % of the hay samples from 20 horse/rider teams at the five endurance rides
did contain non-native weeds (Gower 2008). The most prevalent weed was
Canadian thistle. However, no non-native weeds germinated from the hay,
manure, or hoof debris samples placed on the trails at the five sites. While these
results are relevant for many ecosystems in the eastern United States, it is
unclear if horses are responsible for introducing non-native weeds in the western
United States.

Like the eastern United States study, no seeds were found on the coat, tail
or mane of any horse at the nine rides. Also, non-native weeds did not germinate
from manure or hoof debris samples placed in the pots and grown in ideal
conditions. The striking difference between the eastern and western studies was
the lower overall average germination rate of non-native weeds from the western
hay samples (1.4%) than eastern United States hay samples (5.2%). All twenty
hay samples from four of the nine sites did not contain non-native seeds that
germinated into weeds while hay samples from four of the sites had only 2% or
less non-native weeds, and only hay samples from one site had 5% non-native
weeds (Figure 3). All the commercially grown, but not certified weed-free
timothy, oat and alfalfa hays were void of seeds that germinated into nonnative
weeds, while the hay samples that contained seeds of non-native weeds
appeared to be home-grown. The common non-native weeds that germinated
were Canadian and yellow star thistles. The most common plants that
germinated in the pots that were not classified as non-native weeds included
ryegrass, timothy, fescue, bluegrass, and dandelion.
The ongoing research will conclude in 2009 after all the samples placed
on the trail are re-surveyed.
....................................................................................................................................................

http://forestecology.forest.wisc.edu/Research_Details.html?Horses_Western

- publication of study by the University of Wisconsin-Madison

Recently some environmentalists have suggested that trail horses facilitate the dispersal and spread of invasive or non-native plant species (Land 1994); however, there are few data to support or refute this assertion (but see Campbell and Gibson 2001, Gower 2008).

I completed an American Endurance Ride Conference (AERC)-funded study to examine to role of horses as vectors for non-native or exotic plants in five study sites in the eastern USA that ranged from western North Carolina to northern Michigan. The objectives of the research project were to: (i) assess the importance of different mechanisms by which horses may introduce non-native plant species, (ii) determine if invasive species introduced by horses germinate and colonize horse trails, (iii) determine if horse-borne invasive species spread from trail edges into natural ecosystems, and (iv) compare the presence and abundance of invasive plant species along horse trails to other recreation activities that may also be responsible for the spread of non-native species in natural ecosystems. The pot study showed that manure and hay samples did contain seeds from non-native plants; however, the hay, manure and hoof debris samples placed on the trail showed conclusively that non-native plants (or any plants for that matter) did not get established on the trail (Gower 2008).

It is unclear if these results are applicable to western ecosystems.  Grassland, shrubland, and open canopy woodland ecosystems, common ecosystems in the western USA, allow ample light to reach to soil surface, and light is a common environmental factor that limits the establishment of germinating seedlings. Conversely, the more pronounced dry summers of the interior west may adversely affect seedling germination success.

The objective of this study is to repeat the AERC-funded study at nine western study sites that include five AERC regions (Pacific Northwest, Pacific South, Mountain, Southwest, and West) sites along a south to north transect from New Mexico to Montana. The proposed study will provide valuable data needed by land managers and policy-makers to understand if horses pose a threat of introducing non-native and/or noxious weeds in western ecosystems. 

....................................................................................................................................................

http://forestecology.forest.wisc.edu/Research_Details.html?Horses_Eastern

Summary 
Conservation biologists and natural resource managers are increasingly concerned with the invasion of exotic or non-native species in natural ecosystems (Mooney and Drake 1986, Soule 1990, Williamson 1996, Vitousek et al. 1997). The primary concern is that non-native species will alter species composition, which in turn, will make the ecosystem “unhealthy” or susceptible to degradation (Mooney and Drake 1986, Williamson 1996). Disturbances, particularly unnatural ones, appear to make ecosystems more susceptible to biological invasions (Braithewaite et al. 1989, Binggeli 1996). No ecosystem is free from disturbance, and since European settlement, the forest landscape has experienced increased logging, wildfire, road building, and the introduction or accidental release of non-native animals that transport non-native plants and/or their seeds. Recently some environmentalists have suggested that trail horses facilitate the dispersal and spread of non-native plant species (Land 1994); however, there are no data to support or refute this assertion.

.......................................................................................................................................................

http://www.equisearch.com/uncategorized/weed-free-horse-feed/
But do horses spread a significant number of weed seeds specifically in their manure? In California (which has the largest number of equestrian trails on public lands of any state), USFS personnel note that "horses are the least contributors to weed spread. CalTrans [the California Department of Transportation], logging, mining, construction projects bring in more weed seeds than stock."
Dominican University in San Rafael, California, has completed a two-year study following a strict protocol to eliminate outside environmental contamination. The study found that some weeds "do grow from horse manure." However, the weeds that grow from manure aren't listed on the California Department of Agriculture Noxious/Invasive Weed List - the list used by agriculture commissioners when certifying baled forage as California Certified Weed Free Feed.
So it's understandable horse owners feel "picked on" when it comes to their continued presence on public lands. But note that, in general, trail riders wish to keep public lands weed-free. After all, equestrians are highly visible users dedicated to trail preservation, management, and use.
.......................................................................................................................................................

http://www.bayequest.info/static/pdf/manure.pdf

- California study of health risk of manure

No major human disease has ever been accurately attributed to the intimate contact human beings have had with horses for thousands of years. 

Veterinarians and vet students probably have the greatest exposure to true risk from horse manure. The horse has a very inefficient gut: it's a one-way throughput system. Horses are physiologically incapable of vomiting or regurgitating. If something gets stuck on the way through, the only way to get it out is by surgery or physical intervention. As a result, you will often find vets armpit deep under a horse's tail. Nevertheless, there has never been a documented case of veterinarians contracting illness as a result of this rather extreme true exposure to horse manure. 

Because horses are big, imposing animals, infrequently encountered by people, the perceived risk of human exposure to horse manure is probably greater than the true risk.
 
We have found that many younger people in parks and open spaces near urban areas have rarely seen or even petted a horse. 

The average trail horse in California, ridden by an employed owner from an urban area, would likely not be present on public trails more than 12 to 16 hours per week- a maximum of about 10% of a week. Winters are difficult to ride on trails, so most riding occurs between April and November. Many more people use trails than horses. For example, in San Mateo County, a supposed "horsey" jurisdiction, the human population is nearly 700,000 compared to 4,000 horses. While all citizens and all horses may not be trail users, the horse subset that uses trails is probably very small. We believe that such small numbers of horses on urban trails and the brief time spent on them constitutes very little true risk in terms of volume or contents for people encountering horse manure. 

"700 backpackers in Desolation Wilderness (West of Lake Tahoe) contribute about a ton of human waste per week. Whereas horse and cattle excrement lying on the ground decomposes rapidly, buried human excrement takes longer, for in mountain soils, subsurface decomposers such as bacteria and fungi are not abundant"

We believe that exposure to horse manure is one fear people can cross off of their list of things to worry about.

.......................................................................................................................................................

http://www.americantrails.org/resources/wildlife/horseenvironment.html

- info from American Trails website

· Edgewood Park and Natural Preserve Master Plan Adopted May 1997 (Parks and Recreation Division San Mateo County) Pg. 11 B. Definitions 6. Definition of Low-Intensity Recreation Uses: "Define low-intensity recreation uses as passive recreation uses that will not create a direct or cumulative adverse environmental impact. Such uses include, but are not limited to, on-trail hiking, walking, jogging, horseback riding, nature observation, education, docent-led group tours, and picnicking and camping...". This is a natural preserve of rare serpentine grassland that supports numerous threatened and endangered species 
· The Mid-Peninsula Open Space District (MROSD) on the San Francisco Peninsula defines Trail Use Suitability to include: Hiking, Running, Equestrian, and Bicycling throughout most of their 43,000 acres of Natural Preserves. 
· Santa Clara County Countywide Trails Master Plan, 1995,"identifies hiking, horseback riding, and bicycling trails" as lightweight use. 
· The USDA Region Five Shasta-Trinity Nation Forest Trail Procedure Guide builds trails to include the horse as a lightweight user. 
· The US Forest Service/USDA Rocky Mountain Region Guide for Mountain Trail Development builds trails for hikers, joggers, and equestrians, all considered lightweight, low-impact users. 
· The California Trails Foundation uses the California Department of Parks and Recreation Klamath District/North Coast Redwoods District Trail Manual. Section 1.4 Trail Standards for Class I Trails states, "These trails include handicapped accessible, equestrian, interpretive and hiking trails assigned a Class I point criteria value." 
· The State of Washington Department of Natural Resources' Recreation Trail Maintenance produced in cooperation with the USDA and NPS designs trails for low-impact users, including equestrians. 
· The Bay Area Ridge Trail creates a multi-use trail system around the San Francisco Bay for hikers, bikers, joggers, and equestrians. All considered lightweight users. 
· Marin County Countywide Trails Plan (1984 and seq.) considers hiking, horseback riding and bicycling as passive usage of its open space preserves. 
· The Rocky Mountain National Park includes equestrians as low-impact users.

· Bennett and Zuelke (1999) undertook an extensive review of recreation effects on birds and concluded that disturbance from recreation has temporary effects on behavior and movement of birds. Direct approaches caused greater disturbance than tangential approaches, rapid movement by joggers was more disturbing than slower hikers; children and photographers were especially disturbing, and passing or stopping vehicles were less disturbing than human foot traffic. Horses and riders did not disturb birds.

· Sporadic human use can disturb wildlife. However, "many animals are less afraid of horseback riders than hikers. Riders seldom dismount to touch flora or fauna. Riders can be a dedicated and energetic volunteer and advocacy group. The horse-rider relationship promotes a non-anthropocentric worldview that facilitates ecological understanding. Horses are useful for patrols, supplying trail maintenance, and doing surveys. Horse traffic can be used to maintain firebreaks and seldom-used trails." (Williams et al, 1998)

Weed Seeds and Horses 

· The primary vectors of weed seed spread are wind, water, avians, and rodents. There is no documented evidence of the horse spreading weeds. A Montana study by Tyser and Worley (1992) implicated timothy (Phleum pratense) and bluegrass (Poa pratensis) as species that had been included in past roadside seeding by the local highway authority. In California, the Department of Transportation (CalTrans) has recently been identified as the number one spreader of yellow star thistle by its past practices of scattering various weed-laden hays during roadside rehabilitation projects to control erosion. CalTrans has now switched to wetland chaff from rice crops for soil stabilization purposes which does not contain thistle seeds.
According to Dr. Deanne Meyer, UC Davis Manure Management Specialist, the majority of all horse excrement occurs at home in pastures or paddocks. It is, therefore, highly unlikely for the horse ever to be a major vector of weed seed spread simply from its use on a trail.

The bulk of unprocessed forage consumed by California horses is alfalfa (Medicago sativa), rye grass (Lolium multiflorum or perenne), Timothy hay (Phleum pratense) and oat hay (Avena sativa (white cultivated oats)). If horses were a vector of seed spread, these grasses could be prevalent in our open spaces and parks, but they are not, except possibly in places where they were introduced in earlier times as grazing forage for cattle.
The California Exotic Pest Plant Council (www.caleppc.org) lists the following plants as the major invasive culprits: Tamarisk, knapweed, and thistles. Horses do not eat these species, many of which are actually toxic to the equine. Star thistle consumed by horses can cause a potentially fatal Parkinson-like disease. Stinging nettles recently killed two trail horses at Pt. Reyes National Seashore. Knapweeds are very toxic to horses. For the health of our animals, equestrians are keenly interested in the abatement of exotic and invasive plants. Because the horse is not perceived as a major contributor to the spread of weed seed from trail use, trail manure has been little studied. However, there is much literature on composted horse manure. Harmon (1934) notes that composted horse manure virtually kills all weed seeds.
Janzen is the researcher who has done the most studies on seeds in horse manure. Among his conclusions are: 
· Most seeds are dry or otherwise inconspicuous and are not associated with specific dispersal agents (e.g., the horse). Seeds are primarily dispersed by gravity, wind, surface water movement, soil erosion, birds, ants, dung beetles and rodents. 
· The horses killed a substantial fraction of the seeds they swallowed through chewing and the inorganic acids and enzymes of digestion. 
· Horse gut differs from cow gut. No horse had a seed passage rate anywhere near as fast, or a seed survival rate as high, as the cow.
· The primary sites of seed digestion in the horse are corners, folds, and eddies of the gut and the caecum (a specialized pouch for fermentation of ingested nutrients). In the horse, the caeca somehow remove hard objects (and seeds) and retain them for unknown periods of time. Only one brass button out of 57 fed was voided for the duration of a 70-day study! 
· There is no evidence that passage through the horse "enhances" germination of surviving seeds 
· Seeds must be sufficiently small, tough, hard, and inconspicuous to escape the molar mill and spitting response of a large mammal. Seed coats must have the ability to resist digestion during a transit period of days to months. Horses are as likely to be an intense seed predator as they are to be a possible dispersal agent. "The seed that is so impervious that the horse does not kill it by molar or chemical scarification may then be so slow to be scarified by soil processes that it has significantly fewer generations than the less impervious morph."
· The longer the seeds are in the animal (or buried in composted dung), the higher the seed mortality by digestive processes. 
· If a seed germinates immediately in the dung, the community of dung-degrading organisms may kill it. 
· Severe mortality to seed sprouts in a manure pile is likely, due to inter- and intraspecific crowding. · Large herbivores do not significantly carry seeds in hair or coats.
Finally, Benninger-Truax studied edge effects of trails in Colorado. She notes that seeds can pass through horses unharmed and be deposited in feces. She states that she found no documentation that horses are major source of exotic species in her literature search. In her Master's thesis, Benninger did a greenhouse study on seeds extracted from horse manure. Seeds from 15 plants grew, but only 8 were identified. While all 8 were exotic, NONE of them appeared in her test plots on the trail, although she observed them elsewhere along trails. She determined that horses from the stable in the park that were not allowed to graze in the park (which had exotics along some trails) and had controlled diets were not a problem for weed seed dispersal along the trails. A simple Best Management Practice (BMP) is obvious here.
The erroneous assumption that manure is a major source of exotic species suggested by some should be put to rest by Benninger-Truax's statement: "…however, I have found no documentation of this in the literature." Neither has EnviroHorse a decade later. While some seeds can survive the journey through the horse mouth and gut, Janzen's statement suggests its fate: " While an Enterolobium seedling germinating in a dung pile is picturesque, its chances of surviving the dung beetles, mice, dryness, and root exposure characteristic of dung piles are very slim." 
Seeds are primarily dispersed by gravity, wind, surface water movement, soil erosion, birds, ants, dung beetles and rodents. Since the majority of horses are carefully fed domestic grasses, have physiology mitigating against seed survival, and primarily defecate in their home paddocks/pastures, it is unlikely that horses are a significant vector for seed spread when they are on trails.
There are no studies that significantly implicate trail use by horses with spreading weeds. Natural erosive forces are likely to be the major alteration factors in trail erosion. Horses on trails are not detrimental to water quality according to the latest studies by NAHMS, University of Colorado and UC Davis-Tulare.
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Conclusions and Remaining
Questions

m Invasive seeds can pass through horse gut

— But does this represent a major vector?

= How worthwhile is a prevention program targeting
equestrians?

— Have not demonstrated subsequent spread

— Also, have not seen the most aggressive
invaders in manure samples (yet?)

= Why not?

m How can we facilitate interagency
adoption of CWFF standards? Should we?




