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Grazing Management to Support
Water Resource Ecosystem Services
Ken Tate – UC Davis

Concerns about grazing and…
• Microbial water quality.
• Riparian function and health.
• Sensitive aquatic species.
• Upland hydrologic function.

CA Rangeland Conservation Coalition
January 19, 2011
Modesto, CA

Grazing Pressure

• etc

Grazing can be managed to support
water resource ecosystem services.

Sustainab
bility

Plants, soil, water, habitat

Intensity, Frequency, Duration

The key is…
• Making water resources one of your
management goals.

I can be good….I promise!

Today – research supporting
the grazing toolbox
• Microbial water quality as one example…

• Site-specific adaptive management.
• A big tool box = flexibility & options.
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Microbial Water Quality & CA Range Watersheds
The Big Picture
Sources

Outbreaks

human

recreational
contact

wildlife

livestock

surface
water
polluted

companion
animals

Rangeland Watershed Microbial Pollutants
Fecal Indicator Bacteria

Pathogens
Cryptosporidium parvum

total coliforms
fecal coliforms
indicator
E. coli

?

shellfish
consumption

Salmonella
pathogenic E.
E coli
(Stx 1 &2, O157:H7)

drinking
water
irrigated fresh
food crops

Giardia duodenalis

Fecal Indicator Bacteria (FIB) are non-pathogenic indicators regulated with intent
to keep pathogens and outbreaks low. More>>
Pathogens are microbes which can create disease/outbreaks and thus pose a real
threat to human health. More>>
FIB are generally determined to be poorly correlated with the occurrence of
pathogens in surface waters. More>>

Ideally there is a correlation between fecal indicator bacteria

Reality: Indicator E. coli concentrations not well correlated to

and pathogens in water

Salmonella, C. parvum, etc.

EPA recommends 235

??

FIB standard

Microbial Water Quality & Cattle Grazing
Organize Knowledge

Microbial Water Quality & CA Range Watersheds
The Big Picture
Sources

Outbreaks
recreational
contact

human
wildlife

livestock
companion
animals

surface
water
polluted

drinking
water

Factors that increase risk of water pollution with pathogens
Herd infected

Distribution ‐ space

 calves < 4 mo
 calving during rainy
season
 long calving season

 cattle defecate in water
 cattle defecate near water
 cattle defecate in runoff
areas
more info
i f >>

more info >>

Distribution ‐ time
 cattle defecate near
water during rainy season
 cattle defecate in runoff
areas during runoff
more info
i f >>

High stocking rates
 more fecal load
 more defecation in water, near
water, and runoff areas
 more runoff and pathogen
p
transport
more info >>

Factors that reduce risk of water pollution with pathogens

irrigated fresh
food crops
shellfish
consumption

Manage Calving
 keep calves < 4 mo
away from water
 offset calving from
rainy season
 shorten calving
season
more info >>

Manage Cattle Distribution
 provide off‐stream water
 place supplemental feed
away from water and runoff
areas
 create riparian/runoff
pastures
 create buffer strips

Manage Grazing Time
 reduce cattle grazing
near water during rainy
season
 reduce cattle grazing in
runoff areas prior to and
during runoff

Moderate Grazing
 set cattle numbers in balance
with forage production
 enhance soil hydrologic health
more info >>

more info >>

more info >>
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Microbial Water Quality & Cattle Grazing
Organize Knowledge

Cryptosporidium dynamics in wildlife and livestock
Animal

% infected

range beef cow

Factors that increase risk of water pollution with pathogens

<5

range beef calf < 4 mo

Herd infected

10‐20

back country pack stock

0

fferall pig
i
ground squirrel

Distribution ‐ space

 calves < 4 mo
 calving during rainy
season
 long calving season

4‐13
4
13
7‐15

 cattle defecate near
water during rainy season
 cattle defecate in runoff
areas during runoff
more info
i f >>

more info
i f >>

more info >>

High stocking rates

Distribution ‐ time

 cattle defecate in water
 cattle defecate near water
 cattle defecate in runoff
areas

 more fecal load
 more defecation in water, near
water, and runoff areas
 more runoff and pathogen
p
transport
more info >>

Factors that reduce risk of water pollution with pathogens
Manage Calving

Manage Cattle Distribution

 keep calves < 4 mo
away from water
 offset calving from
rainy season
 shorten calving
season

 provide off‐stream water
 place supplemental feed
away from water and runoff
areas
 create riparian/runoff
pastures
 create buffer strips

more info >>

Manage Grazing Time
 reduce cattle grazing
near water during rainy
season
 reduce cattle grazing in
runoff areas prior to and
during runoff

Moderate Grazing
 set cattle numbers in balance
with forage production
 enhance soil hydrologic health
more info >>

more info >>

more info >>

Microbial Water Quality & Cattle Grazing
Organize Knowledge

fecal coliform (cfu/100ml)
WQ Standard = 200

13
na

Factors that increase risk of water pollution with pathogens
Herd infected

Distribution ‐ space

 calves < 4 mo
 calving during rainy
season
 long calving season

 cattle defecate near
water during rainy season
 cattle defecate in runoff
areas during runoff
more info
i f >>

more info
i f >>

more info >>

High stocking rates

Distribution ‐ time

 cattle defecate in water
 cattle defecate near water
 cattle defecate in runoff
areas

43

 more fecal load
 more defecation in water, near
water, and runoff areas
 more runoff and pathogen
p
transport

Dispersed
Cattle
grazing

75
92

more info >>

40

25

41

Factors that reduce risk of water pollution with pathogens
Manage Calving

Manage Cattle Distribution

 keep calves < 4 mo
away from water
 offset calving from
rainy season
 shorten calving
season
more info >>

15

Moderate Grazing

Manage Grazing Time

 provide off‐stream water
 place supplemental feed
away from water and runoff
areas
 create riparian/runoff
pastures
 create buffer strips

 reduce cattle grazing
near water during rainy
season
 reduce cattle grazing in
runoff areas prior to and
during runoff

 set cattle numbers in balance
with forage production
 enhance soil hydrologic health
more info >>

USFS – Stanislaus NF
Grazing Allotment
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more info >>

more info >>

fecal coliform (cfu/100ml)
WQ Standard = 200

Microbial Water Quality & Cattle Grazing
Organize Knowledge

1
0

Factors that increase risk of water pollution with pathogens
1
4
580

Herd infected

Distribution ‐ space

 calves < 4 mo
 calving during rainy
season
 long calving season

 cattle defecate in water
 cattle defecate near water
 cattle defecate in runoff
areas
more info
i f >>

more info >>

Distribution ‐ time
 cattle defecate near
water during rainy season
 cattle defecate in runoff
areas during runoff
more info
i f >>

High stocking rates
 more fecal load
 more defecation in water, near
water, and runoff areas
 more runoff and pathogen
p
transport
more info >>
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1

1
Factors that reduce risk of water pollution with pathogens

1
Manage Calving

Cattle gathering pasture, creek fenced, 100 ft water gap
0

 keep calves < 4 mo
away from water
 offset calving from
rainy season
 shorten calving
season
more info >>

Manage Cattle Distribution
 provide off‐stream water
 place supplemental feed
away from water and runoff
areas
 create riparian/runoff
pastures
 create buffer strips

Manage Grazing Time
 reduce cattle grazing
near water during rainy
season
 reduce cattle grazing in
runoff areas prior to and
during runoff

Moderate Grazing
 set cattle numbers in balance
with forage production
 enhance soil hydrologic health
more info >>

more info >>

more info >>
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Opportunity

Research
Result

Over 60% of cattle fecal loading is near
livestock attractants in summer

Livestock distribution tools

Management
Implication

We can position salt, feed, water to attract
cattle and pathogens to “safe” areas – not
near streams or runoff areas

such as stock water and
supplemental feeding stations
can be very effective.

Unsaturated Infiltration on Annual Rangeland

Opportunity
CA rangelands have great

Under Oak
80 in/hr

capacity to filter microbial and
other pollutants transported in
Grassland
8 in/hr

surface runoff

Moderate Seasonal Cattle Grazing, SFREC, 10
10--12 ac/au/y

>90% of E. coli retained in the fecal pat or trapped within 1 ft
Rainfall

Research
Result

An additional 70% to 99.9%
trapped within 1 yard of pat

Functioning riparian areas filter
microbial pollutants in runoff

cowpat
stream

Management
Implications

 Keep pats out of creeks.
 Move cattle, pats away from critical areas
with distribution tools.
 Narrow buffer strips are effective.
 Maintain soil infiltration rates.
 Moderate stocking rates.
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Grazing and riparian function

Reduction of Pollutants due to Wetland
Functioning wetland

100

Channelized wetland

60

Stream He
ealth

Percent red
duction

80

40
20
0
-20

bank stability, access to floodplain, richness
and diversity, filtration, etc.

-40
-60

E. coli

Sediment
(TSS)

NO3-N

Total N

Total P

PO4-P

Effort to Limit Utilization and Frequency

Microbial Water Quality & Cattle Grazing
Systems Approach

Distribute cow pats away from streams
and the whole range is a buffer

Factors that increase risk of water pollution with pathogens
Herd infected

Distribution ‐ space

 calves < 4 mo
 calving during rainy
season
 long calving season

 cattle defecate in water
 cattle defecate near water
 cattle defecate in runoff
areas

 cattle defecate near
water during rainy season
 cattle defecate in runoff
areas during runoff
more info
i f >>

more info
i f >>

more info >>

Distribution ‐ time

High stocking rates
 more fecal load
 more defecation in water, near
water, and runoff areas
 more runoff and pathogen
p
transport
more info >>

Factors that reduce risk of water pollution with pathogens

>90% trapped at fecal pat
30-99% trapped every 1 yard of travel
distance in the uplands
80% trapped in riparian areas

Manage Calving
 keep calves < 4 mo
away from water
 offset calving from
rainy season
 shorten calving
season
more info >>

Manage Cattle Distribution
 provide off‐stream water
 place supplemental feed
away from water and runoff
areas
 create riparian/runoff
pastures
 create buffer strips

Manage Grazing Time
 reduce cattle grazing
near water during rainy
season
 reduce cattle grazing in
runoff areas prior to and
during runoff

Moderate Grazing
 set cattle numbers in balance
with forage production
 enhance soil hydrologic health
more info >>

more info >>

more info >>

Opportunity

C. parvum survival in cow pats on range
Research
Result

Microbial pollutants die fast in

Days until >90% dead

Fecal Pat Temperature (F)

72

50

29

68

5

86

<1

104

Translation

Once temperature in a cow fecal pat exceeds 104 o F all of the C. parvum in
that pat die within a matter of hours. Fecal pats in direct sun achieve 104 o F
once air temperature reaches 78 o F.

Management
Implication

We can use this fact to time grazing in critical runoff areas so that there are
enough days above 78 o F to neutralize any C. parvum in cattle fecal pats
prior to rainfall and runoff.

fecal pats during Spring,
Summer, Fall
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Microbial Water Quality & Cattle Grazing
Organize Knowledge
Factors that increase risk of water pollution with pathogens
Herd infected

Distribution ‐ space

 calves < 4 mo
 calving during rainy
season
 long calving season

 cattle defecate in water
 cattle defecate near water
 cattle defecate in runoff
areas
more info
i f >>

more info >>

Distribution ‐ time
 cattle defecate near
water during rainy season
 cattle defecate in runoff
areas during runoff
more info
i f >>

High stocking rates
 more fecal load
 more defecation in water, near
water, and runoff areas
 more runoff and pathogen
p
transport

Grazing Intensity E. coli
No Grazing
310
Moderate Grazing
425
Heavy Grazing
1250

EPA Standard = 126

more info >>

Factors that reduce risk of water pollution with pathogens
Manage Calving

Manage Cattle Distribution

 keep calves < 4 mo
away from water
 offset calving from
rainy season
 shorten calving
season
more info >>

 provide off‐stream water
 place supplemental feed
away from water and runoff
areas
 create riparian/runoff
pastures
 create buffer strips

Manage Grazing Time
 reduce cattle grazing
near water during rainy
season
 reduce cattle grazing in
runoff areas prior to and
during runoff

Moderate Grazing
 set cattle numbers in balance
with forage production
 enhance soil hydrologic health

Intermittent annual rangeland streams, 5 years data.

more info >>

more info >>

Stocking rate increases WQ risk, background is not zero

more info >>

We are working to get the science
organized, translated, available
California Rangeland Watershed Laboratory
http://rangelandwatersheds.ucdavis.edu

Reality: we manage for many goals, not
just one, nor one at a time
Forage and Livestock Production
Weed Control – Diversity
Wildlife and their Habitat
Productive and Healthy Soils
Water Quantity and Quality

Integrated Grazing for Multiple
Ecosystem Services

Mail survey to 2000 CA and WY ranchers
Knowledge about grazing to achieve both agricultural
and ecological goals
Information needed to manage for goals
Best way to provide information

K. Tate, L. Roche, B. Cutts, V. Eviner, J. Derner,
T. O’Geen, M. Lubell, M. George, A. Robertson
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In collaboration with CCA
Mark Lubell, Tracy Schohr, Bethany Cutts
Mailed from CCA
Confidential
Feb 2011
Please participate
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