
Inhabit a Wide Range of Habitats 
   
   
   
   
   

Simplified cause-and-effect flowchart 
      (From Patla and Keinath 2005) 

Numerous Activities Affect Them 
   
  Livestock Grazing 
  Camping & Motorized Use 
  Reservoirs 
  Stocked Fish 
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IV. Scientific Basis for 70% Threshold 
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11 Factors Considered in Process of Determining Retention Level  

Why were the 11 Factors Examined in Detail? 
Livestock grazing use affects amphibians in many different ways. 
There are no amphibian–livestock studies that identify thresholds for 
livestock grazing. 
Many amphibian–livestock studies examined individual factors. 
A large volume of info. from a wide range of disciplines addresses 
individual aspects of frog & toad ecology affected by livestock. 
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Suitable 
Percent 

Retention 

1. Humidity Retention & Temperature  
    Moderation 

2. Shading & Protection from Sun 

1. Water Quality 

2. Surface-water Retention  
     in Small Wetlands 

3. Survival as Affected by 
Livestock Trampling 

4. Soil Looseness & Porosity 

5. Integrity of Burrows 

3. Hiding & Escape Cover 

4. Forage for Tadpoles 

5. Invertebrate Forage, 
    Cover, & Substrate 

6. Open (Sunny) Patches 

B. Habitat & Survival Elements 
     Tied to Grazing Intensity 

A. Habitat Elements Directly 
     Tied to Herbaceous Retention 

Factors Considered in Determining Suitable Retention Level 
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A.1  Humidity Retention & Temperature Moderation 

-sites are A Must
     
     
     
    Willow Canopy Cover 
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& toads seek out and require moist to wet habitat & microsites. 
        (Dumas 1964, Schwarzkopf & Alford 1996, Sjogren and Ray 1996, Engle 2001, 
          Patla & Keinath 2005, Rittenhouse et al. 2008, Bull 2009, Burton et al. 2009)  

In herbaceous plant communities  herb. veg. is central to 
   retaining near-ground humidity and moderating temperature. 
        (Marlatt 1961, Thom 1971, Cionco 1972, Goudriaan 1977, Oke 1978, Baldocchi et al. 1983) 

humidity of 65% at about 80 °F is lethal to adult spotted 
   frogs in about two hours.   (Dumas 1964)  

& toads. 
        (Dumas 1964, Sjogren and Ray 1996, Engle 2001, Semlitsch et al. 2008/2009)

 
   microsites are important to boreal toads  
        (Thorson 1955, Schmid 1965, Duellman and Trueb 1986, Schwarzkopf & Alford 1996, 
         Keinath and McGee 2005, Rittenhouse et al. 2008, Bull 2009) 

A.1  Humidity Retention & Temperature Moderation 
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These results are for agricultural crops. 

Marlatt (1961), Thom (1971), Cionco (1972), 
Goudriaan (1977), Oke (1978), Baldocchi et al. (1983) 

Native meadow veg. is more dense, so 
differences are greater. 

A.1  Humidity Retention & Temperature Moderation 
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Canopy Cover Effects on Humidity 

Evaporation Transpiration 
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Canopy Cover Effects on Humidity 

Evaporation Transpiration 

This level of grazing  eliminates 
Humidity Retention, as well as 
Temperature Moderation capabilities 
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100% 

50-65% 

70-85% 

35-50% 

85-100% 

20-35% 

  

5% 

100% 80% 60% 20% 40%   0% 

Well Supported
     by Science 

Not  
Supported  
     by Science 

70%50-65%

Humidity Retention 
Are there 

Hum. Ret. 
Needs that 

Require  
<85-100% 
Retention? 

? 

? 

? 

47 



A.2  Shade & Protection from the Sun 

 
   this element involves direct exposure to sun. 

 
        (Schwarzkopf & Alford 1996 , Engle 2001,  Bartelt et al. 2004, Semlitsch et al. 2008,
         Semlitsch et al. 2009)

 

           addressed in “6. Open (Sunny) Patches” 
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Herbaceous Veg. Contributes to: 
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A.2  Shade & Protection from the Sun 
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in wetlands. 
         (Warkentin 1992, Healey 1998, Jansen and Healey 2002, Schmutzer et al. 2008)  

metamorphs on shorelines. 
         (Jansen and Healey 2002, Bartelt et al. 2004, Burton et al. 2009)

 
   metamorphs in aquatic and terrestrial habitats. 
         (Healey 1998, Jansen and Healey 2002,  Bull 2006, Shovlain et al. 2006, Bull 2009)

A.3  Hiding & Escape Cover 

 
      coyotes badgers           gray jays          sp. sandpipers     garter snakes 
      foxes ravens             robins          mallards             salamanders 
      raccoons magpies           killdeer          r-tailed hawks 
        (12 references in Wind and Dubois 2002, Keinath and McGee 2005, Muths 2005, Bull 2009)
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As Hiding Cover 

Fundamental Principle of Wildlife Ecology: 

(Herbaceous Veg.) 

In herb. plant communities  herb. veg. IS hiding & escape cover. 
         (Robel 1970, Birney et al. 1976, Peek 1986, Beintema and Müskens 1987, Ohmart 1996, 
        Dwire et al. 2004, Patla and Keinath 2005, Shovlain et al. 2006)

(Leopold 1933, Braun et al. 1978, Dasmann 1981, Bailey 
1984, Peek 1986, Beintema and Müskens 1987, Warkentin 
1992, Olson 1992, Fagerstone and Ramey 1996, Gilbert et al. 
1996, Choate 2007)

Predation 
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% Retained by Wt.  

100%  
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% Retained by Wt.  

20-40%  ~2” 
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20-40%  ~2” 

% Retained by Wt.  

70% 
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were detected* where retention averaged: 

~50-60%               (Adams et al. 2009)  

~80%                       (Bull & Hayes 2000)  

High levels (i.e., light grazing)      (Shovlain 2006)  

Studies on Livestock Grazing & Amphibians 
(Studies did not Specifically Assess Effects on Hiding Cover) 

* This does not mean there were no effects. 

~75-85%                (Roche et al. 2012a, Roche et al. 2012b, McIlroy et al. 2013)  

where retention averaged: 

~70-85%           (Schmutzer et al. 2008, Burton et al. 2009)  

Low levels (i.e., heavy grazing)        (Shovlain 2006)  

~80%               (Munger et al. 1994)     Sim. Results by Munger et al. (1996) 

32-41% lower 
survival of tadpoles 
in grazed wetlands 
40% reduction in survival 
in grazed wetlands vs. 
14% reduction in ungrazed 

Munger et al. (1994:Fig. 3)

Slight Moderate Substantial None 
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Annual production in  
Yosemite toad study area: 
1,000 –  

 

Retention where toads occurred: 
75-90% or more 

56 



– 1983. 

Pe
rc

en
t N

es
t S

uc
ce

ss
 

Beintema and Müskens (1987)  

Cattle Density (No. Cows / Hectare) 

 
   and increased trampling. 

Kirsch (1969), Braun et al. (1978), & Gilbert et al. (1996) reviewed  
   >50 studies on effects of livestock grazing on waterfowl: 

    anything above light grazing generally is detrimental (predation). 
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Waterbirds 
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2-inch height 

Weight of Herb Veg. Above 2 inches 
     (for a Plant Community) 

A Few Variables 

Weight of Vegetation Above about 2 Inches 
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2-inch height 

Weight of Herb Veg. Above 2 inches 
     (for a Plant Community) 

A Few Variables 

Weight of Vegetation Above about 2 Inches 
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50% Canopy Cover (with 100% Retention) 

15% Canopy Results from 50% Retention 

A Few Variables 

Canopy Cover of Relatively-Intact Vegetation 

McKinney (1997)

62 



21” 
14” 

21” 
14” 

3.5” 

From 4 meters From 4 meters 

100% 

25% 

Robel Pole Readings  indicator of hiding cover 

A Few Variables 

Data was also 
collected on total 
herb weight 
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A.4  Forage for Tadpoles 

 
        (Warkentin 1992, Jansen and Healey 2002, Schmutzer et al. 2008)  
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-60%        (Adams et al. 2009)  

       (Bull & Hayes 2000)  

Studies on Livestock Grazing & Amphibians 
(Studies Did not Specifically Assess Effects on Tadpole Forage) 

*This does not mean there were no effects. 

-85%       (Schmutzer et al. 2008)  

         - Detritus was markedly higher in ungrazed wetlands than  
           grazed wetlands (70-85% herb retention). 

         - Tadpole diversity & abundance were sign. lower in grazed 
           wetlands (70-85% herb retention) than in ungrazed wetlands. 

No effects on tadpole survival were detected* where retention averaged: 

Tadpole diversity and abundance was significantly reduced where 
retention averaged: 

32-41% lower 
survival of tadpoles 
in grazed wetlands 
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A.5  Insect Forage, Cover, & Substrate 

 
    beetles (but it is not clear how this affects survival and reproduction). 
          (Bartelt 2000)  

Spotted frogs are opportunistic predators, and variety appears to be 
    an important aspect of their prey base. They feed on a large variety 
    of insects, spiders, and worms. 
         (several studies cited in: Patla and Keinath 2005, Reaser and Pilliod 2005)  

Boreal toads feed on a wide variety of insects, spiders, and worms 
    in terrestrial habitats. 
         (Campbell 1970, Barrentine, 1991, Leonard et al. 1993, Luce et al. 1997, Keinath and 
         McGee 2005, Muths 2005) 

 
    for spotted frogs for feeding. 
          (Patla and Keinath 2005, Reaser and Pilliod 2005, Bishop et al. 2014)  
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- 
    communities are enhanced by grazing levels above natural levels. 

 
    plant communities decline with reductions in height, density, and 
    availability of needed plant parts. 
       (Morris 1983, Welch et al. 1991, Morris 2000, Kruess and Tscharntke 2002, New 2004, 
         Poyry et al. 2004, Ringwood et al. 2004, Foote and Rice Hornung 2005, Samways 2005, 
         Janz et al. 2006, Baur et al. 2007, Black et al. 2007, Black et al. 2009, Yamamoto et al. 2007,
         Littlewood 2008, New 2009, Kimoto 2010, Black et al. 2011, Bennett and O’Grady 2012)

 
        (Hornung and Rice 2003, Foote and Rice Hornung 2005, Kimoto 2012)  

 
        (Samways 2005, Vulliamy et al. 2006, Littlewood 2008, Black et al. 2011)  

A.5   

72 



A.5   

Numerous species of amphibians, reptiles, mammals, 
and birds (and invertebrates) depend on insects for food, 
maintaining habitat, and for other ecosystem services. 

HUGE! 

 
    approximate a natural diversity of insects.  

(All citations supporting 2012 Planning Rule’s coarse-filter approach;  and… 
Wyo. Partners in Flight 2003, Samways 2005, Nat’l Research Council 2007) 73 
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A.6  Open (Sunny) Patches 

 
   spotted frogs & boreal toads in extensive stands of tall, dense veg. 
          (Maxell 2000, Watson et al. 2003, Bull 2005, Shovlain et al. 2006)  

 
          (Shovlain et al. 2006)  

 
   detect avoidance of tall, dense vegetation. 
          (Roche et al. 2012, McIlroy et al. 2013)  
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Shallow waters exposed to the sun are important 
for spotted frog and boreal toad tadpoles. 
(Keinath and McGee 2005, Muths 2005, Patla and Keinath 2005, 
Reaser and Pilliod 2005) 

vegetation canopy, but in most cases, shallow 
open water is already present. 

No published recommendations were found. 

Also, the grazing season starts to late for eggs.
78 
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B.1  Water Quality 

 
         (Marco et al. 1999, Maxell 2000, Jansen and Healey 2002, Knutzen et al. 2004, Hogrefe et al.
        2005, Keinath and McGee 2005, Patla and Keinath 2005, Burgett et al. 2007, 
       Schmutzer et al. 2008)  

 
   dissolved solids are particularly important.    (see above)  

 
          (Moore et al. 1979, Mosley et al. 1999, Scrimgeor and Kendall 2002, Holechek et al. 2004)  

 
   and can contribute to lower dissolved oxygen levels. 
          (Ball et al. 1979, Miller et al. 1992, Stout et al. 1997, Hubbard et al. 2004,  
          Agouridis et al. 2005, Carpenter et al. 2005, Vidon et al. 2008)

 
         (Jansen and Healey 2002, Schmutzer et al. 2008)  
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–  
         (Hecnar et al. 1995, Marco et al. 1999)  

Effects of Nitrate on Tadpoles: 

Ungrazed  
   (especially in shallow waters and small pools). 
         (Maret et al. 1987, Schmutzer et al. 2008)  

 
   affecting tadpole survival, especially in shallow or small water bodies. 

 
    
   populations). 
         (Hecnar et al. 1995, Marco et al. 1999)  

-offs can occur. 
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from: The Encyclopedia of New Zealand (www.teara.govt.nz)
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Tadpoles are also adversely impacted by: 
 

 
 

(Ricklefs 1979, Mathews et al. 1994, Carpenter et al. 1998, 
Thomas 2002, Hornung and Rice 2003, Hubbard et al. 2004, 
Agourdis et al. 2005, Camargo et al. 2006, Adamus 2007,  
Vidon et al. 2008, Schmutzer et al. 2008)

 
    
         (Marco et al. 1999, Marco and Blaustein 1999)  

 Effects of Nitrite on Tadpoles: 

-offs can occur. 
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