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Supplementary Material

Where should livestock graze? Integrated modeling and optimization to
guide grazing management in the Cafiete basin, Peru

The Supplementary Material comprises additional information on the hydrologic models (Section A) and on the
rangeland production model (Section B).

A. Hydrologic models

Al. Baseflow mode

We used the InVEST seasonal water yield model (v3.3.1) (Sharp et al., 2019). Inputs are rasters of monthly
precipitation and evapotranspiration, land use land cover type and hydrologic properties (e.g. curve number), and
soil type (Table Al). The model computes the water balance on each pixel: water supply is through precipitation and
subsurface flow from upgradient pixels, and losses are through surface runoff, evapotranspiration, and subsurface
flow to downgradient pixels. A routing parameter, B, can be used to characterize the subsurface hydrology, i.e. to
define the percentage of upslope subsidy available to a given pixel for evapotranspiration. In this application, we set
B to 0 to force the model to compute a simple water balance on each pixel, which simplifies the interpretation.

Model estimates for baseflow ranged from 0 to 855 mm in the Reserve, as illustrated in Figure A1. We compared
these values with those of a calibrated model of the basin (SWAT, Francesconi, Uribe, Valencia, & Quintero, 2018),
where we calculated as the sum of the annual lateral flow and groundwater flow variables. The spatial distribution
of baseflow values was consistent between the two models, with a correlation coefficient r? value of 0.68 between
the SWAT and InVEST baseflow estimates at the subwatershed level. This provides confidence in the capacity of the
model to capture spatial differences in baseflow over the entire Canete basin. However, the SWAT baseflow
estimates reached higher values (up to 1587mm). This discrepancy can be explained by the simplification of the
water balance in InVEST model (ignoring evapotranspiration of upgradient water for each pixel), as well as the
differences in conceptual models (baseflow in SWAT was calculated as the sum of lateral flow and groundwater
flow).

Table Al: InVEST seasonal water yield model sources and values (InVEST version 3.3.1)

Name Source

Monthly precipitation National Meteorology and Hydrology Service of Peru
(SENAMHI), as described by Francesconi et al. (2018).
Interpolated (inverse distance weighted)

Monthly ref. evapotranspiration WorldClim (Hijmans, Cameron, Parra, Jones, & Jarvis, 2005)

DEM CGIAR-CSI SRTM (http://www.cgiar-csi.org/data/srtm-90m-
digital-elevation-database-v4-1)

LULC Peru National Geographic Institute (IGN)

Soil group Peru National Office of Natural Resource Evaluation
(ONERN)

Biophysical table* CN values from Uribe et al. (Uribe, Quintero, & Valencia,
2013)
Kc values from FAO (Allen, Pereira, Raes, & Smith, 1998)

Rain events table IWMI Water atlas (http://wcatlas.iwmi.org):
Coordinates: -75.8; -12.5

Threshold flow accumulation 800

A, BirY Default (1/12; 0; 1)

*This input changes for each scenario (CN and Kc values change according to Table 2)
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Figure Al: Baseline baseflow estimates from the SWAT and InVEST models for the Cafiete watershed.

A2. Sediment retention model

Inputs to the INVEST sediment retention model are summarized in Table A2. Sediment export estimates are
illustrated in Figure A2, showing general patterns that match those of previous studies (Francesconi et al., 2018).
The model was not calibrated for lack of local sediment data.

Table A2: Sediment retention model parameters sources and values

Name Source

DEM CGIAR-CSI SRTM (http://www.cgiar-csi.org/data/srtm-90m-
digital-elevation-database-v4-1)

Erosivity layer Precipitation from WorldClim (Hijmans et al., 2005).

Relationship between erosivity and precipitation from Roose
(Roose, 1996)

Erodibility layer Peru National Office of Natural Resource Evaluation
(ONERN)

LULC Peru National Geographic Institute (IGN)

Threshold flow accumulation 800

Biophysical table* (C and P factors) C and P factors from InVEST database

(https://www.naturalcapitalproject.org/invest/)
*This input changes for each scenario (CN and Kc values change according to Table A4)
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Figure A2: Baseline sediment export estimated by the InVEST model for the Cafiete watershed.

A3. Modeling the effect of grazing management

Grazing effects on hydrological processes include decreased interception of precipitation, soil compaction, and
potentially decreased evapotranspiration. The magnitude of these effects depends on soil and vegetation, climate
(frequency and intensity of rain events), as well as animal types and past land management (NRCS-USDA, 2003). To
model hydrologic response to grazing, researchers typically use empirical hydrologic models (Dunne, et al., 2011;
Fiedler, et al., 2002; Zhao et al., 2010). A common approach is described in the USDA National Range and Pasture
handbook (NRCS-USDA, 2003), based on quantitative relationships between Curve Numbers and grazing intensity
(defined as percentage of ground cover or qualitative grazing intensity). Empirical models show high levels of
uncertainty, an issue that can be addressed by testing several plausible levels of soil compaction (Fatichi, et al.,
2014). To inform the parameterization of the model used in this study, we reviewed the empirical evidence of the
effect of grazing on hydrologic processes with a regional focus on the Andes.

Literature on the effect of grazing intensity on runoff and soil properties is surprisingly scarce and indicates mixed
responses (e.g. Trimble and Mendel (1995) and Gifford and Hawkins (1978)). While an increase in runoff and non-
linear responses is common (Fatichi et al., 2014; Savadogo, et al., 2007), empirical studies show a large variability in
the effects of grazing on runoff or infiltration rates, which can be unnoticeable (Dunne et al., 2011; Mapfumo, et al.,
2004; Wine, et al., 2012). Empirical studies consistently show an increase in soil loss with grazing intensity, often
with a non-linear effect (Dunne et al., 2011; Mwendera & Saleem, 1997; Trimble & Mendel, 1995; Warren, et al.,
1986); although Wine et al. (2012) did not observe any effect on soil loss. Bilotta et al. (2007) provide a review of the
evidence of the effect on soil properties, vegetation, and water quality, showing a great variability in response.

These general trends hold in the Andes, where researchers note a large variability in hydrologic responses to land
use change and grazing practices (Buytaert et al., 2006). Crespo et al. (2011) did not find significant hydrologic effects
of human impact, probably because of the relatively low grazing intensity (2-3 animals per hectare). Ochoa-Tocachi
et al. (2016) suggest that only “high intensity” grazing (no definition of the practice) affects runoff coefficients
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(increase) and infiltration capacity (decrease). A study by Harden et al. (2013) did not find any significant effect on
soil hydrology by alpacas, an endemic Andes grazer. This supports the general belief that hooved animals (cattle)
have higher impact on hydrologic processes due to higher compaction levels. With regards to evapotranspiration,
puna/paramo evapotranspiration rates are relatively low (0.8-1.5 mm/day, Buytaert et al., 2006) and possibly
unaffected by grazing. This is due to two compensatory effects: on one hand, evapotranspiration in grazed areas
may increase due to regrowth of vegetation and reduced shading, while on the other hand, evapotranspirative
demand is lower due to lower amount of aboveground biomass (Buytaert et al., 2006).

B. Rangeland production model

General model description

The rangeland production model consists of two dynamic and interacting submodels: a pasture production submodel
and a herbivore diet and digestion submodel. The pasture production submodel is the Century model (version 4.6,
Parton, et al., 1988); this model uses climate and soils data to predict grass growth. The herbivore submodel
simulates diet selection from among the available grass types and conversion of the selected diet to energy for
maintenance and growth. The herbivore diet and physiology model is adapted from GRAZPLAN (Freer, Moore, &
Donnelly, 2012). While the Century 4.6 executable is called as-is from the rangeland production model, only selected
aspects of the GRAZPLAN herbivore physiology model were adapted. These selected subprocesses and parameters
were transcribed from values and equations published by Freer et al. (2012).

Model inputs are listed in Table A3. The model is “point-based” with all units being per hectare, so it can be
interpreted to represent the dynamics of one ha of pasture. The timestep of the model is one month, enforced by
the monthly time step of the Century model; daily forage intake and weight change calculated by the ruminant
physiology submodel are multiplied by the number of days in the given month to match this timestep. The model
produces a time series as output which contains, for each time step, the biomass of each grass type and animal type,
the offtake selected by each animal type, and the weight gained or lost by each animal type in that timestep.

Grass types, representing forage resources, are model entities: each grass type is characterized by a set of Century
parameters describing its growth pattern, response to stress, etc. (Table A3). Century reports aboveground live and
standing dead vegetation at each time step. Because these are expected to be of greatly different nutritional value
for herbivores (Coleman & Moore, 2003), live and dead portions of each grass type are characterized by different
quality parameters. The live and standing dead biomass fractions are each characterized by their current biomass
(kg/ha), dry matter digestibility (DMD; %), and crude protein content (%). The biomass and crude protein content
of each forage class fluctuate at each model step as the grass grows and is consumed by herbivores.

The livestock herd is composed of one or multiple age/sex classes, and each age/sex class is a model entity
characterized by its breed, average age (days), average weight (kg), sex, castrate status (if male, either castrate or
entire), weight at birth (kg), and standard reference weight (kg; Table A3). The standard reference weight (cf. Freer
et al. 2012) is the weight of a mature female in median condition and varies by breed. During the course of a model
run each herbivore class will age and may gain or lose weight, while its other state variables remain constant.

At each monthly time step, the rangeland production model calls Century to predict nutrient cycling, fall of standing
dead biomass, and growth of new biomass (see Parton et al. (1988) for detailed description of the Century model).
Given the reported biomass and crude protein content of the forage, the animal diet selection submodel simulates
selective feeding by herbivores and predicts how much of live and standing dead forage is consumed by the animals.
The selected diet is then allocated to maintenance and growth, following equations 31-56, 77-81, 101-117 in Freer
et al. (2012).

Century includes pre-parameterized grazing events that impact ecosystem function through removal of live and dead
biomass, return of nutrients to the soil via feces and urine, alteration of the root:shoot ratio, and altered N content
of live shoots and roots (Holland, Parton, Detling, & Coppock, 1992). After the diet selection submodel completes,
forage offtake by herbivores is formatted as a grazing event in Century using the removal of biomass calculated by
diet selection so that impacts of grazing are reflected in forage growth in the next model step.
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The simplified animal physiology submodel simulates the intake and performance of a representative individual
animal for each age and sex class only, and does not simulate population-level processes such as births and deaths.
For this reason, all simulated animals in a given age/sex class are assumed to be of equal age and do not undergo
reproduction (Table A3). While this modeling choice means that the energetic costs of pregnancy and lactation are
not included in allocation of the diet to liveweight gain, we believe it is appropriate to capture broad impacts of
stocking density and duration on gain as a metric of animal performance.

Adaptation of the GRAZPLAN ruminant physiology model to New World camelids

The rangeland production model relies on diet selection and physiology submodels adapted from the GRAZPLAN
model, which was developed for application to true ruminant animals, i.e., cattle and sheep. To run the model for
camelids, we adjusted model parameters from default values given for sheep. While there is some evidence that
diet selection and digestive physiology of New World camelids differs somewhat from that of true ruminants, these
differences are not well understood (Esteban & Thompson, 1988; Wuliji et al., 2000). Modifications to the rangeland
production model to account for the differing physiology of camelids follow comparisons with sheep and cattle
reviewed by Van Saun (2006). These changes are reduction of maximum potential intake by 30% relative to sheep,
and reduction of the energy and protein requirement of maintenance by 27% and 26%, respectively, relative to
sheep (Van Saun, 2006).

Model set-up and spin-up simulations

Table A3 provides the detailed description of the input data and sources. The output of interest, liveweight gain per
unit intake, is highly sensitive to animal size (Kowal, unpublished data). Because data to calibrate animal weight gain
in the region were not available, while we had confidence in characteristic animal weights for each animal species
(Table A3), we chose to reset animal weight to its initial value at the beginning of each monthly time step after
recording liveweight gain in that month. This allowed us to avoid propagation of uncertainty in liveweight gain to
forage offtake and biomass dynamics.

The rangeland production model implements a simplified animal physiology submodel that simulates the intake and
performance of a representative individual animal only, and does not simulate population-level processes such as
births and deaths. For this reason, all simulated animals are assumed to be of equal age and do not undergo
reproduction (Table A3). While this modeling choice means that the energetic costs of pregnancy and lactation are
not included in allocation of the diet to liveweight gain, we believe it is appropriate to capture broad impacts of
stocking density and duration on gain as a metric of animal performance.

The Century model requires a “spin-up” simulation of several thousand years to establish soil organic matter levels
at equilibrium. During this time, a historical management schedule must be supplied. We used a site management
history similar to that used by Parton et al. (1993) for a high-elevation C3 grassland, containing light grazing during
the five months of the rainy season (November through March). We assumed that each subwatershed experienced
this management history. The pre-parameterized light grazing level included with CENTURY specifies removal of 10%
of live plant material and 5% of standing dead plant material by herbivores each month. Climate drivers for this spin-
up period were averaged from the 17 years of empirical weather station data used to drive each subwatershed.



P. Hamel et al. (2019) Socio-Environmental Systems Modelling, 1, 16125, doi:10.18174/sesm0.2019a16125

Table A3: Data sources for inputs to the rangeland production model. SRW: standard reference weight, the weight of a mature
female animal in median condition; SFW: standard fleece weight, the average weight of fleece.

Data group Data type Description Source
Daily weather data collected by
Climate Monthly temperature . ional d logi droloi
. and precipitation Servicio Nacional de Meteorologia e Hidrologia
CENTURY drivers (SENAMHI).
Soil Composition, bulk (ISRIC, 2013)
density, pH
Parameters given in Parton et al. 1993 for
Fix file Mesic grassland shortgrass prairie (Central Plains Experimental
Range, Colorado)
Parameters given in Parton et al. 1993 for
Template site C3 grassland shortgrass prairie (Central Plains Experimental
CENTURY Range, Colorado)
parameters

Grass type

Historical management

C3 grass

C3 grassland

Parameters given in Parton et al. 1993 for mesic
C3 grassland (Khomutov, Ukraine)

Light grazing (removal of 10% of live and 5% of
standing dead) during months 11, 12,1, 2,3
(Parton et al. 1993)

Grass description

Digestibility of green

Digestibility of standing
dead

Crude protein of green

Crude protein of standing
dead

65%

32.5%

10.2%

5.1%

(Bartl et al., 2009), (Reiner, 1985)
Half that of green
(Bartl et al., 2009), (Reiner, 1985)

Half that of green

Herd composition

7% bulls, 93% cows

Household surveys

Initial age 2 years Age at maturity
. . Standard reference weight for herd composition

Cattle herd Initial weight 508 kg and age

Breed B. taurus (FAO, 2900): Simmental and Brown Swiss

predominate

SRW 650 kg (CSIRO, 1990) (Simmental breed)

Birth weight 40.3 kg (Herring, undated)

Initial age 1.5 years (Burfening & Chavez, 1996)

Initial weight 26.5 kg Same as standard reference weight
Sheep SRW 26.5 kg (Burfening & Chavez, 1996)

Birth weight 3 kg (Burfening & Chavez, 1996)

SFW 3.32kg (Burfening & Chavez, 1996)

Initial age 3 years (Wuliji et al., 2000) (Huacaya alpacas)

Initial weight 72.1kg Same as standard reference weight
Camelids SRW 72.1kg (Wuliji et al., 2000)

Birth weight 8.4 kg (Bustinza, Burfening, & Blackwell, 1988)

SFW 1.81kg (Bustinza et al., 1988)

Fraction of consumed C 03 (Parton et al,, 1993)
Return of returned
cons_umed. Fraction of consumed N 08 (Parton et al,, 1993)
nutrients in returned
urine and feces i

Fraction of consumed P 0.95 (Parton et al,, 1993)

returned




P. Hamel et al. (2019) Socio-Environmental Systems Modelling, 1, 16125, doi:10.18174/sesm0.2019a16125

References

Allen, R. G., Pereira, L. S., Raes, D., & Smith, M. (1998). Crop evapotranspiration - Guidelines for computing crop water
requirements. Rome, Italy.

Bartl, K., Gamarra, J., Gdmez, C. A., Wettstein, H.-R., Kreuzer, M., & Hess, H. D. (2009). Agronomic performance and nutritive
value of common and alternative grass and legume species in the Peruvian highlands. Grass and Forage Science, 64(2),
109-121. https://doi.org/10.1111/j.1365-2494.2008.00675.x

Bilotta, G. S., Brazier, R. E., & Haygarth, P. M. (2007). The Impacts of Grazing Animals on the Quality of Soils, Vegetation, and
Surface Waters in Intensively Managed Grasslands (D. L. B. T.-A. in A. Sparks, Ed.).
https://doi.org/https://doi.org/10.1016/50065-2113(06)94006-1

Burfening, P. J., & Chavez, C. J. (1996). The criollo sheep in Peru. Animal Genetic Resources Information, 17, 115-125.
https://doi.org/DOI: 10.1017/51014233900000638

Bustinza, A. V, Burfening, P. J., & Blackwell, R. L. (1988). Factors affecting survival in young alpacas (Lama pacos). Journal of
Animal Science, 66(5), 1139-1143.

Buytaert, W., Célleri, R., Biévre, B. De, Cisneros, F., Wyseure, G., Deckers, J., & Hofstede, R. (2006). Human impact on the
hydrology of the Andean pdramos. 79, 53—72. https://doi.org/10.1016/].earscirev.2006.06.002

Coleman, S. W., & Moore, J. E. (2003). Feed quality and animal performance. Field Crops Research, 84(1), 17-29.
https://doi.org/https://doi.org/10.1016/50378-4290(03)00138-2

Crespo, P. J., Feyen, J., Buytaert, W., Buecker, A., Breuer, L., Frede, H.-G., & Ramirez, M. (2011). Identifying controls of the
rainfall-runoff response of small catchments in the tropical Andes (Ecuador). Journal of Hydrology, 407(1-4), 164-174.
https://doi.org/10.1016/j.jhydrol.2011.07.021

CSIRO. (1990). Feeding Standards for Australian Livestock: Ruminants. 23.

Dunne, T., Western, D., & Dietrich, W. E. (2011). Effects of cattle trampling on vegetation, infiltration, and erosion in a tropical
rangeland. Journal of Arid Environments, 75(1), 58—69. https://doi.org/10.1016/j.jaridenv.2010.09.001

Esteban, L. R., & Thompson, J. R. (1988). The Digestive System of New World Camelids - Common Digestive Diseases of Llamas.
lowa State University Veterinarian, 50(2).

FAO. (2000). Country pasture profiles: Peru. Retrieved from http://www.fao.org/faostat/

Fatichi, S., Zeeman, M. J., Fuhrer, J., & Burlando, P. (2014). Ecohydrological effects of management on subalpine grasslands:
From local to catchment scale. Water Resources Research, 50(1), 148—164. https://doi.org/10.1002/2013WR014535

Fiedler, F. R., Frasier, G. W., Ramirez, J. A., & Ahuja, L. R. (2002). Hydrologic Response of Grasslands: Effects of Grazing,
Interactive Infiltration, and Scale. Journal of Hydrologic Engineering, 7(4), 293-301. https://doi.org/10.1061/(ASCE)1084-
0699(2002)7:4(293)

Francesconi, W., Uribe, N., Valencia, J., & Quintero, M. (2018). Modeling for management: a case study of the Canete
watershed, Peru. In M. Rivera, D, Godoy-Faundez, A and Lillo-Saavedra (Ed.), Andean Hydrology (pp. 84-101). Boca
Raton, FL: CRC Press.

Freer, M., Moore, A., & Donnelly, J. (2012). The GRAZPLAN animal biology model for sheep and cattle and the GrazFeed decision
support tool. Canberra, ACT.

Gifford, G. F., & Hawkins, R. H. (1978). Hydrologic impact of grazing on infiltration--critical review. Water Resources Research,
14(2), 305-313.

Harden, C. P., Hartsig, J., Farley, K. A., Lee, J., Bremer, L. L., Crespo, P., Célleri, R., Buytaert, W., Ochoa, B., Cardenas, I., Ifiguez,
V., Borja, P., Feyen, J., & Cooper, M. (2013). Effects of Land-Use Change on Water in Andean Paramo Grassland Soils.
Annals of the Association of American Geographers, 103(4), 375—384. https://doi.org/10.1659/mrd.00007

Herring, W. O. (n.d.). Calving Difficulty in Beef Cattle: BIF Fact Sheet.

Hijmans, R. J., Cameron, S. E., Parra, J. L., Jones, P. G., & Jarvis, A. (2005). Very high resolution interpolated climate surfaces for
global land areas. International Journal of Climatology, 25(15), 1965—-1978. https://doi.org/10.1002/joc.1276

Holland, E. A., Parton, W. J., Detling, J. K., & Coppock, D. L. (1992). Physiological Responses of Plant Populations to Herbivory
and Their Consequences for Ecosystem Nutrient Flow. The American Naturalist, 140(4), 685-706. Retrieved from
http://www.jstor.org/stable/2462920

ISRIC. (2013). World Soil Information. SoilGrids: an automated system for global soil mapping.

Mapfumo, E., Chanasyk, D. S., & Willms, W. D. (2004). Simulating daily soil water under foothills fescue grazing with the soil and
water assessment tool model (Alberta, Canada). Hydrological Processes, 18(15), 2787-2800.
https://doi.org/10.1002/hyp.1493

Mwendera, E. J. J., & Saleem, M. A. M. a M. (1997). Hydrologic response to cattle grazing in the Ethiopian highlands.
Agriculture, Ecosystems & Environment, 64, 33—41. https://doi.org/10.1016/50167-8809(96)01127-9

NRCS-USDA. (2003). Chapter 7. Rangeland and Pastureland Hydrology and Erosion. In National Range and Pasture Handbook (p.
31).

Ochoa-Tocachi, B. F., Buytaert, W., De Biévre, B., Célleri, R., Crespo, P., Villacis, M., Llerena, C. A., Acosta, L., Villazén, M.,
Guallpa, M., Gil-Rios, J., Fuentes, P., Olaya, D., Vifias, P., Rojas, G., & Arias, S. (2016). Impacts of land use on the
hydrological response of tropical Andean catchments [Article]. Hydrological Processes.



P. Hamel et al. (2019) Socio-Environmental Systems Modelling, 1, 16125, doi:10.18174/sesm0.2019a16125

https://doi.org/10.1002/hyp.10980

Parton, W. J., Scurlock, J. M. 0., Ojima, D. S., Gilmanov, T. G., Scholes, R. J., Schimel, D. S., Kirchner, T., Menaut, J.-C., Seastedt,
T., Garcia Moya, E., Kamnalrut, A., & Kinyamario, J. I. (1993). Observations and modeling of biomass and soil organic
matter dynamics for the grassland biome worldwide. Global Biogeochemical Cycles, 7(4), 785—809.
https://doi.org/10.1029/93GB02042

Parton, W. J., Stewart, J. W. B., & Cole, C. V. (1988). Dynamics of C, N, P and S in Grassland Soils: A Model. Biogeochemistry,
5(1), 109-131.

Reiner, R. J. (1985). Nutrition of Alpacas Grazing High Altitude Rangeland in Southern Peru. Texas Tech University.

Roose. (1996). Land husbandry - Components and strategy. Soils bulletin 70. Rome, Italy.

Savadogo, P., Sawadogo, L., & Tiveau, D. (2007). Effects of grazing intensity and prescribed fire on soil physical and hydrological
properties and pasture yield in the savanna woodlands of Burkina Faso. Agriculture, Ecosystems & Environment, 118(1—
4), 80-92.

Sharp, R. S., Tallis, H. T., Ricketts, T., Guerry, A. D., Wood, S. A., Nelson, E., Ennaanay, D., Wolny, S., Olwero, N., Vigerstol, K.,
Pennington, D., Mendoza, G., Aukema, J., Foster, J., Forrest, J., Cameron, D., Arkema, K., Lonsdorf, E., Kennedy, C.,
Verutes, G., Kim, C. K., Guannel, G., Papenfus, M., Toft, J., Marsik, M., Bernhardt, J., Griffin, R., Glowinski, K., Chaumont,
N., Perelman, A., Lacayo, M., Mandle, L., Hamel, P., & Chaplin-Kramer, R. (2019). InVEST 3.5 User’s Guide. Available at:
http://data.naturalcapitalproject.org/nightly-build/invest-users-guide/html/.

Trimble, S. W., & Mendel, A. C. (1995). The cow as a geomorphic agent - A critical review. Geomorphology, 13(1-4), 233-253.
https://doi.org/10.1016/0169-555X(95)00028-4

Uribe, N., Quintero, M., & Valencia, J. (2013). Aplicacion Del Modelo Hidrolégico Swat (Soil and Water Assessment Tool) a La
Cuenca Del Rio Carfiete. Cali, Colombia.

Van Saun, R. J. (2006). Nutrient requirements of South American camelids: A factorial approach. Small Ruminant Research,
61(2), 165-186. https://doi.org/10.1016/j.smallrumres.2005.07.006

Warren, S. D., Thurow, T. L. ., Blackburn, W. H. ., & Garza, N. E. . (1986). The Influence of Livestock Trampling under Intensive
Rotation Grazing on Soil Hydrologic Characteristics. Journal of Range Management, 39(6), 491-495.
https://doi.org/10.2307/3898755

Wine, M. L., Zou, C. B., Bradford, J. A., & Gunter, S. A. (2012). Runoff and sediment responses to grazing native and introduced
species on highly erodible Southern Great Plains soil. Journal of Hydrology, 450-451, 336-341.
https://doi.org/10.1016/j.jhydrol.2012.05.012

Wauliji, Davis, Dodds, Turner, Andrews, & Bruce. (2000). Production performance, repeatability and heritability estimates for live
weight, fleece weight and fiber characteristics of alpacas in New Zealand. Small Ruminant Research : The Journal of the
International Goat Association, 37(3), 189-201.

Zhao, Y., Peth, S., Horn, R., Kriimmelbein, J., Ketzer, B., Gao, Y., Doerner, J., Bernhofer, C., & Peng, X. (2010). Modeling grazing
effects on coupled water and heat fluxes in Inner Mongolia grassland. Soil and Tillage Research, 109(2), 75—-86.
https://doi.org/10.1016/j.still.2010.04.005



