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Introduction
• Water is limiting in arid 

environments for many 
species

• Leopold (1933) identified 
water as one of just a few 
fundamental needs for 
wildlife

• Competition for access to 
limited water sources (Valeix et 
al. 2007)



Research Themes
•What is the influence of water on populations and communities of native and exotic wildlife?

•How does the addition of water (i.e., wildlife guzzlers) influence arid-land specialists like kit fox?

•How are wildlife species likely to respond to reduced availability of water in the future?

•How do native wildlife respond to a recently introduced, large-bodied species like the horse?



Couple Dozen 
Publications 
•Effects of horses on behavior and 
use of water by wildlife

•Role of water in shaping dynamic 
interactions between sympatric 
carnivores

•Potential effects of changes in 
surface area of water on bats



Results: ~6 million photos across 
more than 200 water sources



Current Two-part Project
• Springs sampling (2018)

• Golden Eagle water use



Study Area
Military Operations Area (MOA)

•Blue = Springs

•Orange = Guzzlers



Springs Sampling



Data Collected at 91 Springs
•Spring Type 
•Sketch Map

•Site description and access directions

•Spring area and microhabitats
•Flow measured in L/sec

•Water quality (pH, salinity, conductivity, temperature, DO)

•Livestock and non-native ungulate presence
•Plant Diversity

•Animal Diversity

•Remote Camera images spanning 2 weeks



Spring Types



Basic Stats
•56/91 had water enough to measure quality

•Completely dry: 13

•Had flow: 43

•Horses: 34

•Livestock: 40

•Golden Eagles: 12

•Sage-grouse: 1

•Human alteration of some sort: 90% to some degree



Springs Stewardship Institute



Data Input – can sort by project



Summary Report



Summary Report



Summary Report



Analysis
•We are still finishing up analyses

•Quantifying how different measurements (water 
quality, flow, GIS attributes, horse presence, etc.) 
affect the invert, vertebrate, and plant diversity at 
the springs. 







Remote Camera Pics







Sage-grouse at Mud Spring



Golden Eagle Use of Water



Study Area



Introduction
•The Golden Eagle (Aquila chrysaetos) is a species for which there is conservation concern that 
occurs in arid regions

•It has been assumed that raptors get their water exclusively from their prey, and therefore do 
not need to drink (Brown and Amadon 1968)

•Research has been done on many aspects of eagle life history (Kochert et al. 2002), but little is 
known about their dependence on free water

•Other sources, as well as anecdotal evidence, suggest that eagles do utilize water for both 
bathing and drinking (Charlet and Rust 1991)

•Our objective was to quantify seasonal use of free water by eagles and document their 
behavior at these sources



Current Literature



Methods
•We placed motion-sensing cameras at water features in the west desert of Utah 
starting in 2010

•Photos with eagles present were sorted by events recording their behavior, age 
class, number of birds, date, temperature, and visit duration

•We determined seasonal use of water features solely from 38 cameras that were 
deployed year-round on Dugway Proving Ground (DPG)

•Age was determined by the amount of white in the tail, and was categorized into 
juvenile, sub-adult, adult, or unknown 

•Eagle observations included drinking, bathing, preening, and if a full crop was 
visible

•Events were determined by a minimum of 30 minutes absence from a site



Aging Golden Eagles



We analyzed eagle visitation during 1512 different events at 53 different sites
o Adult birds: 1293 (86%)
o Sub-adult birds: 63 (4%)
o Juvenile birds: 73 (5%)
o Unknown age: 110 (7%)
o Number of birds per event: 1.05
o Behavior:

• Drinking: 44%
• Bathing: 31%
• Preening: 15%
• Full crop: 24%

o Total time at water source:
• Min: 2 seconds
• Mean: 37 minutes
• Max: 8 hours, 11 minutes

o Time of year:
• Most visited month: July
• Least visited month: January

Stats



Springs vs. Guzzlers

Feature Drinking Bathing Preening Full Crop Ave. Time Max time Total

Spring 47.41% 12.02% 17.20% 18.36% 31:53 5:08:42 599 events

Guzzler 44.80% 46.33% 14.13% 27.38% 35:38 8:11:13 913 events



Eagle Water Usage by Month



Drinking



Bathing



Preening



Full crop



Number of birds



Discussion
•Not surprisingly, use of water features was heavily 
dependent on the time of year. Eagles were more likely 
to use a water feature in the heat of the summer than 
in the cooler months

•Adult birds (age 5+) were more common than sub-adult 
and juvenile birds

•Most common behavior was drinking, followed by 
bathing and preening.

•Observed eagles with prey items in only two events

•Difference between springs and guzzlers. More bathing 
and more full crops observed at guzzlers.



Discussion
Runway theory (Charlet and Rust 1991)

•Suggested that eagles needed a “runway” 
to take off from in order to use a water 
site. A drop of 30 m within 200 m

•Used ArgGIS PRO to calculate the 
elevation within a 200 m buffer around 
each site

•Our results showed slope didn’t influence 
probability of use, but there was a positive 
relationship between the number of visits 
and maximum slope out to 200 m



Conclusions
• There is a gap in the literature on how Golden Eagles utilize water

•Use of natural springs and guzzlers by eagles could have important implications for how both 
eagles and water features are managed in arid environments – particularly with the predicted 
decrease of water in the coming decades 



Questions??
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