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ABSTRACT: Landscape interventions can lead to the establishment of resource patches
or “islands” with a diversity of bioactive-containing forages (e.g., legumes, herbs, shrubs)
in monotonous rangelands or pasturelands, viewed as a “sea” of low-diversity vegetation
devoid of functional biochemicals. Strategies aimed at enhancing the diversity of plant
communities promote heterogeneity in chemical, structural and functional landscape
traits that offer options to foragers, and thus allow for balanced diets that improve
nutrition and maintain or restore health. Such heterogeneity promotes a broad array of
ecosystem services that significantly improve landscape resilience to environmental
disturbances.
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Introduction

In many parts of the world, rangelands and pasturelands are typically dominated
by a low diversity of monotonous grass species that peak briefly in nutritional quality in
spring and early summer, with declines in late summer through winter (Ganskopp and
Bohnert, 2001). A low-quality nutritional environment decreases livestock performance
and increases greenhouse gas emissions (Lee et al., 2017; Cole et al., 2020) with very low
to nil provision of medicinal and therapeutic inputs of plant chemicals to the grazer
(Wooding et al., 2021). Importantly, reliance on low-quality forage grasses harms
maternal nutrition and triggers epigenetic effects in utero that negatively impact fetal
development and subsequent lifetime productivity of the offspring (Broadhead et al.,
2019). Costly supplementation programs (e.g., hays, grains, urea, molasses), are in
general implemented to prevent these deficiencies, but with very low to nil provision of
bioactive plant secondary compounds and thus the lack of meaningful
medicinal/prophylactic inputs to the animal is not resolved even after supplementation.
Supplementation programs often amount to 35-40% of total variable production costs
(Adams et al., 1996). Unfortunately, climate change and its negative impact on forage
availability and nutritional quality will only add to the need for nutritional
supplementation (Dumont et al., 2015; Augustine et al., 2018).

A reversal of these trends in dietary quality, diversity and phytochemical richness
requires landscape interventions that aim at enhancing chemical and taxonomic diversity
in the landscape. Legumes and forbs usually have greater protein and non-fiber
carbohydrate content than grasses (Hall et al., 1999; Phelan et al., 2015). This contributes
to enhanced herbivore nutrition and feed conversion efficiencies, thus reducing enteric
methane emissions to the atmosphere (Cole et al., 2020), with potential to promote shifts
in macronutrient intake. More importantly, many of legumes, forbs and shrubs contain
bioactives with medicinal, prophylactic and prebiotic activities that enhance animal
health. In turn, phytochemical richness will enhance the likelihood of prophylactic and
self-medicative behaviors through an increment in the rate of encounter of such chemicals
in the feeding environment, allowing the animal the opportunity to build a diverse diet
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with the presence of bioactives. Even very small inputs of nutrients and functional
biochemicals from forages can deliver improvements in animal health (Beck and
Gregorini, 2020; Beck, 2020). Thus, it is possible to restructure landscapes through the
strategic distribution of relatively small patches of legume- and forb-rich “islands” that

can synergistically complement the forage resource already available to herbivores.

Resource islands can be viewed as nutrition centers and pharmacies where
legumes, forbs and shrubs are strategically established in the landscape as clusters,
offering animals choices and opportunities for prophylactic and self-medicative
behaviors. Once these behaviors are learned by mothers and peers, social transmission of
self-medication will enhance learning efficiency, creating cultures within the herd that

ingest a diverse diet that prevents and treats disease.

It is possible to devise scenarios where the monotony of a “sea of grass” is broken
by the establishment of islands that provide a diversity of plant species with prophylactic
chemicals for daily consumption, and other island patches with plant species that contain
greater content of bioactives (i.e., and potentially less palatable plants like shrubs) that
allow for therapeutic self-medication. Ruminants have spatial memory (Howery et al.,
1999; Hewitson et al., 2005) and individual and social learning will facilitate the rate of
encounter with these patches. In addition, grazing plans and the use of physical or virtual
fences or herders may create managerial approaches that guide the ingestion of
therapeutic and prophylactic doses of plant bioactives in grazing circuits across the
landscape. This concept has been applied by French herders with the use of grazing
circuits or rotations in rangelands to stimulate dietary diversity and enable sheep to select

nutritious diets (Meuret and Provenza, 2015).

Beyond representing a significant source of nutrients and bioactives to
herbivores, islands of plant diversity are expected to provide multiple ecosystem services,
like cleaner air due to reductions in enteric methane emissions caused by dietary
polyphenols (Mueller-Harvey et al., 2019). In addition, condensed tannins promote
reductions in the route of N excretion to urine, favoring increments in fecal N, which is
mainly in the organic form and has to be mineralized to ammonium before being
susceptible to volatilization (Cai et al., 2017). Reductions in the proportion of N
partitioned to urine are also beneficial for air and soils, as they constrain NHs
volatilization from urine and NOz™ leached to groundwater and waterways (Leip et al.,
2015). Moreover, condensed tannins in legumes inhibit N nitrification processes in soils,
which mitigates soil N loss in pasture systems (Clemensen et al., 2020). Finally,
reductions in urinary N ameliorate the production of the potent greenhouse gas N-O (Bao
et al., 2018). Islands of diversity with their flowering plants and structural diversity can
serve as refugia and corridors within monotonous landscapes by providing habitat (e.g.,
structural cover, insect populations), connectivity and resources for target plant and
animal species (Fischer et al., 2014). Inputs of new forages also contribute to healthy soils
through increments in biomass and litter and aid in erosion control through root
development (Gyssels and Poesen, 2003). Thus, the approach suggested creates multi-
functional working landscapes (McGranahan, 2014) that benefit herbivores and the

environment, making rangelands and pasturelands more resilient to climate change.

Restoration “islands” or plant patches are being used as a novel strategy to
rehabilitate degraded and monotonous habitats efficiently and effectively in neotropical
forests and some grassland ecosystems (see examples in Shaw et al., 2020). A
fundamental premise is that these islands become sources of propagules that disperse
outward across the degraded landscape, facilitating recovery (Reis et al. 2010). Thus, the
approach proposed for phytochemically diverse islands also represents a restoration tool

for some habitats.
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The challenge ahead entails devising foodscapes and chemoscapes that facilitate
in herbivores the opportunity to select the types and combinations of phytochemicals that
allow and facilitate efficient nutritional, prophylactic and therapeutic self-medicative
behaviors, creating cultures within herds that foster these behaviors trans-generationally.
Transdisciplinary collaborations between, agronomists, landscape architects, range
scientists, nutritionists, behaviorists, land managers and ranchers could lead to integrated
approaches. For instance, explore when, where, which species and combinations to use,
devising grazing plans to enhance behavior by consequences and social learning in
animals grazing different landscapes, thus creating more sustainable, resilient and
biodiverse systems.

Landscape interventions to enhance phytochemical diversity in rangelands

An example on how to strategically deploy resource islands into the landscape
and multidisciplinary collaboration is provided in Figure 1, where nine 30x40 m (0.12 ha)
islands were established in a 22-ha grass-dominated pasture (Meadow brome; Bromus
inermis). We located areas within the pasture for island establishment aiming at higher
probabilities for seedling success and a spatial arrangement that optimizes livestock
distribution. To locate such sites, we focused on the premise that the limiting resource for
plant establishment in semi-arid regions is water availability (Mufioz-Rojas et al., 2016;
Zhang et al., 2020). We assumed, therefore, areas within the pasture with a higher density
or amount of vegetation represented areas where moisture was greater (Dang et al., 2020;
Yang et al., 2023). To identify these locations and to determine that they consistently had
a greater vegetation density every year, we analyzed a temporal sequence of satellite
imagery utilizing the European Space Agency’s Sentinel-2 platform to generate yearly
maps of vegetation density via the normalized difference vegetation index (NDVI)
(Rouse et al., 1973, Robinson et al., 2018). Cloud-free Sentinel-2 images spanning the
current and preceding 5 years (6 years total) and only for the months of July and August
were identified and NDV1 values extracted for each pixel. The months of July and August
were selected to avoid the variability of Spring weather and capture the pasture prior to
grass senescence. Median July-August NDVI for each year was calculated for each pixel
in the pasture and all pixels were reduced to the mean and standard deviation (SD). These
metrics were used to locate pixels within a pasture whose greenness consistently deviated
in a positive direction (higher than average greenness) from average pasture greenness
measured in mid-summer. All pixels within the pasture and for each given year were
compared to that year's mean and SD and only those pixels whose NDVI value were
above 1 standard deviation from the mean were retained. All years were then
superimposed and the frequency of pixel > 1SD was calculated resulting in a map of the
number of years (0-6) that a given pixel recorded an NDVI that was 1SD greater than the
mean of that year. A value of 6 identified pixels that consistently met the >1SD criteria,
a value of O represented pixels that were never >1SD. The result identified micro
topographic variations (very small gullies) within a seemingly flat pasture where water
was more prevalent. Spatial groupings of these consistently greener pixels served as
candidate locations for island establishment, with potential better access to water and
nutrients.

After spatial selection, islands were then seeded with strips (8x30 m each) of: 1-
Alfalfa (Medicago sativa, containing saponins), 2-Birdsfoot trefoil (Lotus corniculatus,
containing condensed tannins), 3-Sainfoin (Onobrychis viciifolia, containing a different
array of condensed tannins, 4-Small burnet (Sanguisorba minor, containing hydrolizable
tannins), and 5-Forage kochia (Bassia prostrata, containing phenolic compounds) (Figure
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1). Beef cattle will be tested for the prophylactic benefits of grazing this combination of
bioactive-containing forages as they are rotated among islands while they graze meadow
brome as their basal diet. It is predicted that grazing diverse foodscapes will increase
animal performance, reduce enteric methane emissions, and improve immunological and
antioxidant status in cattle. A greater forage diversity may also lead to more carbon

storage in soils and an improved habitat for birds and pollinators.

Figure 1. A. Natural color orthoimage generated from imagery collected on August 14,
2023, using a DJI Mavic 2 Pro unmanned aerial system (UAS). The 22-ha grass (Meadow
brome; Bromus inermis)-dominated pasture in northern Utah (111° 48’ 6” W, 41° 53° 22”
N) shows the nine “islands” of 30x40 m (0.12 ha) each, distributed in three different
fenced paddocks (P3, P4 and P5). Islands are seeded with strips (8x30 m each) of: 1-
Alfalfa (Medicago sativa, containing saponins), 2-Birdsfoot trefoil (Lotus corniculatus,
containing condensed tannins), 3-Sainfoin (Onobrychis viciifolia, containing condensed
tannins, 4-Small burnet (Sanguisorba minor, containing hydrolizable tannins), and 5-
Forage kochia (Bassia prostrata, containing phenolic compounds). Differences in color
across the pasture represent variations in grass cover and species. B. Color infrared
orthoimage generated from imagery collected by the same UAS filtered to the near infra-
red of the same pasture taken on August 15, 2023. Differences in color across the pasture

represent variations in grass cover and species.

Conclusions

Single forage species or grasses limit the ability of grazing or browsing herbivores
to build a diet that maintains or improves animal nutrition and health. Strategic
distribution of nutritionally-dense and phytochemically-rich forages in space and time
could be integrated with knowledge about foraging principles to build new managerial
dimensions in livestock production systems. In addition to the medicinal and nutritional
inputs that maintain and restore health, landscape interventions that promote plant
diversity will provide a broader array of services that significantly improve ecosystem

sustainability and resilience to environmental disturbances.
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