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Technology Innovation

Linking wildlife populations with 
ecosystem change:
State-of-the-art satellite ecology for national park science
By M ark H ebb lew hite

A S H U M A N  IMPACTS INCREASE IN NATIO NAL PARKS
and the greater ecosystems surrounding them, the 
National Park Service faces the d ifficu lty  o f m onitoring 

ecosystem changes and responses o f key w ild life  indicator species 
w ith in  parks. Responses o f bison to tra il groom ing in  Yellowstone 
National Park (Wyoming, M on tana , and Idaho) and control o f 
the animals once they leave the park (Bruggeman et al. 2007), 
migration o f w ild life  across park boundaries (G riffith  et al. 2002; 
Berger 2004), effects o f restored wolves on vegetation communities 
through trophic cascades (Hebblewhite et al. 2005), and responses 
o f w ild life  to the use o f prescribed fires all represent problems 
in understanding how the greater park ecosystem and w ild life  
populations change over time (Fagre et al. 2003). W hen you also

consider ecosystem responses to climate change, the tasks facing 
national park scientists in  the 21st century seem daunting.

Figure 1 (above). GPS collars (a) provide Information tha t helps park 
managers determine w ildlife-hum an relationships. GPS collars allow 
researchers to  quantify and correct fo r habitat-induced GPS bias in 
a way never possible w ith  VHF data (Hebblewhite et al. 2007). GPS 
collar studies o f carnivores such as (b) wolves provide Information 
on predator-prey relationships, w o lf avoidance o f human activity, 
and highway m itigation data (Hebblewhite and Merrill 2008). GPS- 
collared herbivores such as (c) elk allow  park managers to  understand 
links to  climate drivers such as phonological changes, predator-prey 
dynamics, and human interactions (Hebblewhite et al. 2008).



TECHNOLOGY INNOVATION

New scientific tools based on satellite 
technology can provide some o f the 
technical data needed to solve [park  
resource management] problems.

Remote sensing applications to 
national parks
Fortunately, new scientific tools based on satellite technology 
can provide some o f the technical data needed to solve these 
problems. Satellite-based remote sensing o f ecosystem dynamics 
is one o f the fastest grow ing fields in global change research and 
should become a cornerstone o f national park science in  the 21st 
century (Turner et al. 2006). For instance, Pettorelli et al. (2005) 
provide a recent review o f remote sensing tools fo r ecology that 
is relevant fo r park management. Remote sensing w ill no t replace 
field data collection, but it offers several advantages, including 
easy implementation o f consistent, large-scale, and quantifiable 
tools to m onitor large-scale and long-term  changes in park eco
systems (Kerr and Ostrovsky 2003; Zhao et al. 2005). Investigators 
have used remote sensing in  large-scale vegetation-land cover 
mapping initiatives across park boundaries (Welch et al.1999; 
Franklin et al. 2005), change detection analysis o f century-long 
trends in  vegetation dynamics (Rhemtulla et al. 2002; Stephen
son et al. 2006), fire severity mapping (Key and Benson 2003), 
shrub encroachment (Press et al. 1998), climate change detection 
(Running et al. 2004; M ild rex le r et al. 2007), and glacial recession 
(Fagre et al. 2003).

But the real advances in understanding the consequences o f 
ecosystem change fo r w ild life  populations are just being real
ized. Recent studies confirm  the importance o f changes in 
remotely sensed measures o f prim ary productivity, vegetation 
biomass, phytomass blooms in the ocean, snow cover dynam
ics, and climate to w ild life  population dynamics (Huete et al.
2002; Pettorelli et al. 2005; Hebblewhite et al. 2008). The original 
Landsat satellite provided some o f these products fo r scientists, 
but improved remote sensing platforms are slowly phasing out 
and replacing it. For example, the M oderate-resolution Imaging 
Spectroradiometer (M O D IS) satellite circles the globe daily and 
provides composite images o f prim ary productiv ity  up to every 
eight days at 250-meter scale resolution (Huete et al. 2002). The 
main measure o f prim ary productivity, the Norm alized Difference 
Vegetation Index (N D V I), is especially relevant fo r terrestrial

w ild life , although M O D IS  provides researchers w ith other useful 
indexes fo r measuring ecosystem change (Pettorelli et al. 2005). 
The N D V I records the refiectance o f green plant biomass, includ
ing trees, shrubs, forbs, and graminoids, which w ill allow  park sci
entists to understand the availability o f im portant plant resources 
fo r w ild life . Recent technology includes higher-resolution Quick- 
b ird  satellite imagery at 5-meter resolution fo r classifying vegeta
tion  communities and the astonishingly high resolution i-m eter 
hyperspectral sensor borne on helicopters, which scientists in 
Yellowstone National Park have already used (M ir ik  et al. 2005). 
Regardless o f the new remote sensing tools, the next step w ill be 
to lin k  bottom -up measures o f p rim ary productiv ity w ith  w ild life  
populations. This lin k  is now  made easier through another set o f 
technological advances made possible by satellites.

Harnessing knowledge of 
movement with GPS collar 
technology
Satellite technology has also brought about the Global Posi
tion ing  System (GPS) collars that are revolutionizing the field 
o f w ild life  research (fig. i). By locating the collars deployed on 
w ild life  through the GPS system o f satellites and either storing the 
locations onboard or transm itting them back to park scientists, 
biologists are now  poised to understand how animals move in 
response to the ir environment. GPS collars are usually deployed 
fo r shorter time periods than V H F  collars, and many systems 
have remote data collection technology to allow uploads w ithout 
disturbing the animal from  the ground, air, or satellites. Once the 
collar has run out o f battery power, remote release or tim er delay 
devices a llow  recovery o f the collar w ithou t necessitating recap
ture (although as w ith  any new technology, remote release devices 
sometimes fail). Remote collar release may also help assuage 
concerns regarding collaring w ild life  in  national parks—GPS col
lars are w orn only fo r short time periods, ensuring collars are not 
deployed after the ir utility. Regardless, park managers w ill surely 
have to weigh the benefits o f GPS collar technology w ith  social 
perceptions o f collars, though fo r some management questions, 
there really is no substitute fo r the data harnessed by this technol
ogy. In  addition, GPS collars themselves perm it researchers to 
quantify biases in  location data fo r the first time (e.g., Hebble
white et al. 2007), such as reduced location success under dense 
cover, im proving w ild life  habitat modeling fo r park management.

The real power o f GPS collars lies in  collection o f consistent, 
fine-scale locations fo r w ild life  ranging in size from  elephants to 
m igratory birds (e.g., Weimerskirch et al. 2007); such data collec
tion  has already changed how scientists th ink  o f park ecosystems.
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The movements o f a single GPS-collared wolverine as it roamed 
the entire Greater Yellowstone Ecosystem over a period o f 
months (Inman et al. 2004), and the movements o f GPS-collared 
caribou in the A rctic National W ild life  Refuge (Alaska), confirm  
key links across park and national boundaries, aiding in  conserva
tion (G riffith  et al. 2002). The amazing 450-kilometer (280-mi) 
round-trip  migrations o f pronghorn in Grand Teton National 
Park (Wyoming) show that energy development hundreds o f 
kilometers away could influence park w ild life  (Berger 2004). In  
marine systems, GPS collars have tracked m igratory albatrosses 
and sea turtles from  marine protected areas throughout entire 
oceans (James et al. 2005; W eimerskirch et al. 2007). Joint collec
tion o f GPS data on predators and the ir prey is also im proving our 
understanding o f predator-prey dynamics and food webs in  park 
ecosystems (Fortin  et al. 2005; Forester et al. 2007). GPS locations 
are especially useful fo r addressing hum an-w ild life  conflicts in 
national parks. For example, wolves’ avoidance o f human activity 
in daylight in  Banff National Park (Alberta, Canada) (Preisler et al. 
2006; Hebblewhite and M e rrill 2008) was revealed only by GPS 
collar data. Such flne-scale avoidance o f humans may have im por
tant im plications fo r wolf-caused troph ic cascades (Hebblewhite 
et al. 2005).

Linking wildlife and ecosystem 
responses
Significant advances in understanding w ild life  responses to eco
system changes w ill come from  link ing  data provided by satellite 
technology w ith  measurement made w ith  GPS collars. For ex
ample, in  Banff National Park, I developed a linked model o f elk 
m igration and vegetation dynamics using GPS-collared m igratory 
elk and remotely sensed, M O DIS-derived N D V I data. By w orking 
w ith remote sensing experts at the University o f Calgary, our team 
developed statistical models relating elk m igration to changes in 
biomass and to the quality o f subalpine and alpine plant species 
(Hebblewhite et al. 2008) (fig. 2). These models confirm ed that 
ungulate m igration fo llowed the “ green”  wave o f newly emerging 
forage biomass driven by snowmelt patterns. This helped park 
managers understand the factors driv ing declines o f m igratory elk 
in this complex, transboundary m igratory system (Hebblewhite 
et al. 2006). However, these kinds o f linked w ildlife-vegetation 
systems w ill also enable park managers to address future impacts 
o f climate change on w ild life  in a mechanistic way, im proving on 
simple bioclim atic niche modeling approaches that often simply 
predict that w ild life  w ill march north  as it gets warmer (Post et al. 
2009). Because recent studies confirm  the critical importance o f 
the spring green-up measured by N D V I to ungulate population 
dynamics (Pettorelli et al. 2007), understanding changes in  the 
start o r duration o f the grow ing season w ill help clarify probable

impacts o f climate change on w ild life . Remote sensing provides 
the platform  to collect long-term  data to address such changes 
in key spring phenological parameters. By com bining M O DIS, 
Fandsat, and earlier sensors, large parts o f the w orld  already have 
20-year or longer time series o f remote sensing data to address 
these critical questions (Running et al. 2004; Zhao et al. 2005). 
Furthermore, recent advances that link  large-scale climatic 
indexes such as the N o rth  A tlantic Oscillation, A rctic  Oscillation, 
and the FI N ino  Southern Oscillation w ith  terrestrial prim ary 
productiv ity (Zhang et al. 2007) w ill help park scientists link  
w ild life  populations to global changes (Hebblewhite 2005; Post et 
al. 2009).

By com bining advances in remote sensing from  satellites w ith 
satellite-based GPS collar technology, national park scientists w ill 
be well poised to understand complex ecosystem-wildlife interac
tions and apply science-based management in  the 21st century.
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Figure 2. A Global Positioning System tracks movements o f a 
collared female elk fo llow ing mountain snowm elt patterns in the 
Canadian Rocky Mountains. Data show movements fo llow ing 
green-up o f forage as indexed by the Normalized Difference 
Vegetation Index (NDVI) from  the MODIS satellite in 16-day periods 
in 2004 from  (clockwise from  top left) 24 May to 8 June, 9 to 25 
June, 26 June to 11 July, and 12 to 27 July 2004.
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The real power o f GPS collars lies in collection o f consistent, fine-scale locations fo r  
w ild life  ranging in size fro m  elephants to m igratory b i rds. . such data collection 
has already changed how scientists think o f park ecosystems.

Acknowledgments
I  would like to sincerely thank the Canon National Parks Science 
Scholars Program for support during my dissertation research. 
Parks Canada, Alberta Sustainable Resource Development, Alberta 
Conservation Association, Rocky M ounta in  E lk Foundation, 
Mountain Equipment Co-op, Foundation fo r N o rth  American 
W ild Sheep, Sunpine, Weyerhaeuser Ltd., Alberta Cooperative 
Conservation Research Unit, National Science and Engineering 
Research Council (NSERC), and the National Science Founda
tion also provided key funding. I w ould also like to thank the 
numerous research assistants and technicians who helped w ith 
this study and the wolves and elk that wore the GPS collars.

References
Berger, J. 2004. The last mile: How to  sustain long-distance migration in 

mammals. Conservation Biology 18:320-331.

Bruggeman, J. E., R. A. Garrott, P. J. White, F. G. R. Watson, and R. Wallen. 
2007. Covariates affecting spatial variability in bison travel behavior in 
Yellowstone National Park. Ecological Applications,17:1411-1423.

Fagre, D. B., D. L. Peterson, and A. E. Hessl. 2003. Taking the pulse of 
mountains: Ecosystem responses to  climatic variability. Climatic Change 
59:263-282.

Forester, 1. D., A. R. Ives, M. G. Turner, D. P. Anderson, D. Fortin, H. L.
Beyer, D. W. Smith, and M. S. Boyce. 2007. State-space models link elk 
movement patterns to  landscape characteristics in Yellowstone National 
Park. Ecological Monographs 77 :285-299.

Fortin, D., H. Beyer, M. S. Boyce, D. W. Smith, T. Duchesne, and J. S. Mao.
2005. Wolves influence elk movements: Behaviour shapes a trophic 
cascade in Yellowstone National Park. Ecology 86:1320-1330.

Franklin, S. E., P. K. Montgomery, and G. B. Stenhouse. 2005. Interpretation 
of land cover changes using aerial photography and satellite imagery 
in the Foothills Model Forest o f A lberta. Canadian Journal o f Remote 
Sensing 31:304-313.

G riffith, B., D. C. Douglas, N. E. Walsh, D. D. Young, T. R. McCabe,
D. E. Russell, R. G. White, R. D. Cameron, and R. W hitten. 2002. The 
Porcupine caribou herd. Pages 8 -3 7  in D. C. Douglas, P. E. Reynolds, 
and E. B. Rhode, editors. Arctic Refuge coastal plain terrestrial w ildlife 
research summaries. Biological Science Report USGS/BRD/BSR-2002- 
0001. U.S. Geological Survey, Washington, D.C., USA.

Hebblewhite, M. 2005. Predation interacts w ith  the North Pacific Oscillation 
(NPO) to  influence western North American elk population dynamics. 
Journal o f Animal Ecology 74:226-233.

Hebblewhite, M., and E. H. Merrill. 2008. Modelling wildlife-human 
relationships for social species w ith  mixed-effects resource selection 
models. Journal o f Applied Ecology 4 5 :8 3 4 -8 4 4 .

Hebblewhite, M., E. H. Merrill, and G. McDermid. 2008. A multi-scale test 
o f the forage maturation hypothesis for a partially migratory montane 
elk population. Ecological Monographs 78:141-166.

Hebblewhite, M., E. H. Merrill, L. E. Morgantini, C. A. White, J. R. Allen, E. 
Bruns, L. Thurston, and T. E. Hurd. 2006. Is the migratory behaviour of 
montane elk herds in peril? The case o f Alberta's Ya Ha Tinda elk herd. 
W ildlife Society Bulletin 34:1280-1295.

Hebblewhite, M., M. Percy, and E. H. Merrill. 2007. Are all GPS collars 
created equal? Correcting habitat-induced bias using three brands in the 
central Canadian Rockies. Journal o f W ildlife Management 71 :2026- 
2033.

Hebblewhite, M., C. A. White, C. Nietvelt, J. M. McKenzie, T. E. Hurd, J. M. 
Fryxell, S. Bayley, and P. C. Paquet. 2005. Human activity mediates a 
trophic cascade caused by wolves. Ecology 86:2135-2144.

Huete, A., K. Didan, T. Miura, E. P. Rodriguez, X. Gao, and L. G. Ferreira. 
2002. Overview o f the radiometric and biophysical performance o f the 
MODIS vegetation indices. Remote Sensing o f Environment 83:195-213.

Inman, R. M., R. R. W Igglesworth, K. H. Inman, M. K. Schwartz, B. L. Brock, 
and J. D. Rieck. 2004. Wolverine makes extensive movements in the 
Greater Yellowstone Ecosystem 78:261-266.

James, M. C., R. A. Myers, and C. A. Ottensmeyer. 2005. Behaviour of 
leatherback sea turtles, Dermochelys coriacea, during the m igratory 
cycle. Proceedings B (Biological Sciences) o f the Royal Society 272:1547- 
1555.



PARK SCIENCE VOLUM E 26 NUMBER 1 SPRING 2 009

Kerr, J. T., and M. Ostrovsky. 2003. From space to  species: Ecological 
applications for remote sensing. Trends in Ecology and Evolution 
18 :299-305.

Key, C. H., and N. C. Benson. 2003. Remote sensing measures o f fire 
severity: Tfie normalized burn ratio. General Technical Report. U.S. 
Geological Survey, Rocky M ountain Research Station, Glacier, Montana, 
USA.

Mildrexler, D. J., M. S. Zhao, F. A. Flelnsch, and S. W. Running. 2007. A  new 
satellite-based m ethodology for continental-scale disturbance detection. 
Ecological Applications 17:235-250.

Mirik, M., J. E. Norland, R. L. Crabtree, and M. E. Biondini. 2005. 
Flyperspectral one-meter-resolution remote sensing in Yellowstone 
National Park, W yoming: 1. Forage nutritional values. Rangeland 
Ecology and Management 58 :452-458.

Pettorelli, N., F. Pelletier, A. von Hardenberg, M. Festa-Biachet, and 
S. D. Cote. 2007. Early onset o f vegetation g row th  vs. rapid green-up: 
Impacts on juvenile mountain ungulates. Ecology 88 :381-390.

Pettorelli, N., J. 0 . Vik, A. Mysterud, J. M. Gaillard, C. J. Tucker, and N. C. 
Stenseth. 2005. Using the satellite-derived NDVI to  assess ecological 
responses to  environmental change. Trends in Ecology and Evolution 
20:503-510.

Post, E. S., J. Brodie, M. Flebblewhite, A. Anders, J. K. Maier, and C. C. 
Wilmers. 2009. Global population dynamics and hot spots o f response 
to  climate change. Bioscience 5 9 :489 -499 .

Preisler, FI. K., A. A. Ager, and M. J. W isdom. 2006. Statistical methods for 
analysing responses of w ild life  to  human disturbance. Journal of Applied 
Ecology 43:164-172.

Press, M. C., J. A. Potter, M. J. W. Burke, T. V. Callaghan, and J. A. Lee. 
1998. Responses o f a subarctic dw arf shrub heath community to 
simulated environmental change. Journal of Ecology 86:315-327.

Rhemtulla, J. M., R. J. Hall, E. S. Higgs, and S. E. Macdonald. 2002. Eight 
years o f change: Vegetation in the montane ecoregion o f Jasper 
National Park, Alberta, Canada. Canadian Journal o f Forest Research 
32:2010-2021.

Running, S. W., R. R. Nemani, F. A. Heinsch, M. S. Zhao, M. Reeves, and 
H. Hashimoto. 2004. A  continuous satellite-derived measure o f global 
terrestrial primary production. Bioscience 54 :547-560.

Stephenson, T. R., V. Van Ballenberghe, J. M. Peek, and J. G. MacCracken.
2006. Spatio-temporal constraints on moose habitat and carrying 
capacity in coastal Alaska: Vegetation succession and climate. 
Rangeland Ecology and Management 59:359-372.

Turner, D. P., W. D. Ritts, W. B. Cohen, S. T. Gower, S. W. Running, M. S. 
Zhao, M. H. Costa, A. A. Kirschbaum, J. M. Ham, S. R. Saleska, and 
D. E. Ahl. 2006. Evaluation o f MODIS NPP and BPP products across 
multiple biomes. Remote Sensing of Environment 102:282-292.

Weimerskirch, H., D. Pinaud, F. Pawlowski, and C. A. Bost. 2007. Does 
prey capture induce area-restricted search? A fine-scale study using 
GPS in a marine predator, the wandering albatross. American Naturalist 
170:734-743.

Welch, R., M. Madden, and R. F. Doren. 1999. Mapping the Everglades. 
Photogrammetric Engineering and Remote Sensing 65:163-170.

Zhang, K., J. S. Kimball, K. C. McDonald, J. J. Cassano, and S. W. Running.
2007. Impacts of large-scale oscillations on pan-Arctic terrestrial net 
primary productivity. Geophysical Research Letters 34:1-5 .

Zhao, M. S., F. A. Heinsch, R. R. Nemani, and S. W. Running. 2005.
Improvements o f the MODIS terrestrial gross and net primary production 
global data set. Remote Sensing o f Environment 95:164-176.

About the author
M ark Hebblew hite was a 2002 Canon Scholar from the 
University o f Alberta in Canada. He completed his dissertation, 
"Linking predation risk and forage to ungulate population 
dynamics," in 2006. Since then Dr. Hebblewhite has held the 
position o f assistant professor and ungulate habitat ecologist in the 
Wildlife Biology Program at the University o f Montana in Missoula, 
Montana, and can be reached at mark.hebblewhite@umontana. 
edu. Dr. Hebblewhite's current research includes endangered 
woodland caribou in the Canadian Rocky Mountains parks (Alberta 
and British Columbia), endangered Sierra Nevada bighorn sheep, 
Am ur tigers and leopards in the Russian Far East, and developing 
approaches fo r understanding w ildlife-climate change dynamics.

PS


