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coiiuiiunities aiid agriculture (Ffolliott et al. 2004). In a feiv limited areas along the lower 
Sail Pedro River agriculture operations lxn-e modified immediately adjacent floodplains 
and constraitled tlie river cliaiuiel: in the part centuiy this was iiiore extensive. arid tiiaiiy 
of these areas are now siippoithg shiibtree iiiesqiiite tlickets (oleksyszym 2001. 
Stroiiiberp 7009b). 

Upland coimiiuiiities of Sonoran desert scnib and shrub-iiixed Soiioraii senli-desert 
grassland atid clmpair-a1 are threatened by habitat fiagiiientation. such as by new 
kifiastiucture projects arid associated \-egetatioti clearing (e.g.. a p r o p a d  energy 
traiisiilission line project. the StuZia Southwest Transiilission Project). aiid by iieiv roads 
and housiig development (e.?. . recent expansive hoiirllig developiiieiit uiuiiediately to 
tlie \vest of tlie xvaterslied). These latter tlweats can have landscape-levels effects. snch as 
increased \ratershed erosion levels. tlie spread of invasire species. uiipaired landscape 
coiuiectivity. and 105s of cluiiate-adaptation potential for species tluougli disruption of 
local or regional tiioveiiieiit opportunities. 

Climate change. observed by increased aiuiual tenlperatives of +l .do F for the ripper arid 
lon-er San Pedro fioiii 1951-2006 (Robles aiid Eiiqiiist 2010). is exacerbating drought 
coiiditiotis &om 1996 to present (Richter 200s. ADWR 2013j. On-going drought ximy 
fiather liiilit perennial water reaclies and slialloxv groiuidwater zones supportive of 
riparian gallery forests. biipact springs aiid seeps. and stress rarige conditions tlvougliout 
tlie uplands. Riparian corridors can provide tlie iilajor coiuiectivity linkages of an 
ecosystem. They provide eihaticed cover. shelter. forage and prey reso~wces for 
dispersing individuals of species within a iiieta-population stnictme (Hilty et al. 2006). 
Tliese raiiie cluracteristics also allow species to adapt to changing climate by facilitating 
iiioveiiient to suitable new habitat conditions or to iiiore restricted climate ref+ sites 
(Beier 30 17 ), Additionally. cotithiuoiis iiiidishirbed landscape gradients. fioiii ralley- 
1odaiids to iiioiitarie highlands. provide dix-erse physical envkoiuiieiits (Le.. ' h i d  facets" 
-suites of geology. soils. arid topography) that can promote evohttioriaq adaptation 
tlvougli a period of climate cliaiige (Beier and Brost 2010). Employing an ecosysteni 
resilieiice adaptation approach is a farored chikite adiptatioii strategy for biodirersity 
consenation (Morecroft et al. 2017). '.Resilience" is defiled by tlie ability of an 
ecological systeiii to absorb disturbances n-hile retaining tlie same basic stmctilre and 
ways of fiitictiotibig. the capacity for self-organization. and the capacity to adapt to stress 
and cllange (IPCC 2007). 

1.3 Comeiratioii in the lower Sail Pedro Waterslied 

Within tlie lower San Pedro n-aterslied stakeholders have diverse consen-ation interests 
aid place value on a large spectniiii oftlie n-atershcd's iiatiaal resources. Land and 
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Based on these results, and coiitiiiued networking over the study period, I assembled 15 
GIS layers representing landscape-grounded consemation values for conservation 
va1ue:'target analysis, plus an additional 1 1 digital datasets for landscape analysis and 
climate adaptation modeling (Table 1). 

0 

Table 1. GIS spatial data layers and tools used in & landscape conservation prioritization 
within the lower Sail Pedro watershed, Arizona. 

~~ 

Source (time period) 

Natm eServe Tenestrial Eco-communities (2002) 

~ ~ 

Data Layers 
Upland 
Grasslands - .~paclieriaii-Cliiliiiah~ian Semi-Desert 
Grassland 

Upland Sonoraii Desert - Soiiorw Paloverde-Mixed 
Cacti Desert Scrub 

NatweServe Terrestrial Eco-comniunities (2002 j 

Riparian 
Surface Water - Pereiuiial Reaches (length) 
Cottoiiwood,~~illow (patches) 
Sycaiiiore;Cottoiiwood @atclies) 
Mesquite Bosque (2 Sni) 
Valley Grasslands- .~paclieriaii-C'liiliiiali~iaii Semi- 
Desert Grassland (.:.99.9O O this type. Borrrefoiro 
sp.. ilfidtleiiber-gi sp. and riiaiiy other grass sp. j. 
Cliiliuahi~n Loamy Plains Desert Grasslalid (Tobosa 
grass dominated). Cliih~iahuaii-Soiioraii Desert 
Bottoiiilaiid aiid Swale Grasslalid (sacaton 
dominated) 

TNC Fresliwater Assessineiit. TNC of AZ (2010) 
Digitized (SRP Iniasery 2013. 0.61ni res.) 
Digitized (SRP Imagery 2013. O.61111 res.) 
Digitized (SRP Imagery 2013. 0.61~1 res.) 
Natureserve Terrestrial Eco-coii~iiiiwities (2002) 

0 

Riparian Species 
Fish Habitat- Endangered Fish Habitat (as a perceiit 
of pereiuiial water leiigth by riparian reaches): Gila 
chi111 (Gila iitteiwedio). Spllcedace (Afedn jrlgidn). 
wd Loach mimiow (Tiorogri cobitis) 
Fish Habitat- All native fish (as a single coverage): 
loacli iiiiiuiow (Tirir-ogrr cobitis). Spikedace (Medo 
frrlgidn). Roiiiidtail chub (Gilo i.obtatnj. Gila chub 
(Giln iirteiwedin)7 Speckled dace (Rhiriictlr1:s 
oscrrlirs). loiigh dace (Agosio clri?,.sognstei.). Desert 
sucker (Critostoittiis clnr-A-i). and Sonora sucker 
(C-'citostoiitirs iiisigiris) 
Southwesterii Willow Flycatcher (Eirryidoiirix tivillii 
e.vtiirris) 
1-ellow-billed Cuckoo (Cocc~z~rs miter-icmirs) 

Gray HaWk (Birteo Tiitidus). Coiiuiioii Black-Hawk 
(Biitt.ogollirs ndrr-ociitiis) 

Bird Habitat (coinpreheiisive of various comnmiity 
aiid liabitat types): Designated Lower Sail Pedro 
(Global) Important Bird k e a .  2008 0 Aiierican Beaver (C'crstoi. cmrcrdeirsis) 

AZGFD Heiitage Plogiam (Sep. 2013. dates 1976- 
20 10) 
TNC Fiesliwatei Assessment. TNC of AZ (2010) 

AZGFD Heritage hogram (Sep. 2013. dates 1976- 
2010) 

U.S. Fish aid Wildlife Service (ZOOS-2010) 

Tucson Auduibon Society. IBX PIOF a m  (201 3) 
Biueau of Reclamatioii (201 1. 2013) 
Tucson AASuduboii Society. IBA Plocglani (2009, 
201 1 j 
U 5. Geological Smwy (2010.201 1 j 
Tiicson Auduboii Society. IBX Piopani (201 3) 

TNC ofibizoiia (2013) 
This study (2013) 
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Data La: el s 
C oati (.Vaszrs nasua) 

Sow ce (time period) 
Tucson Audubon S m e q  IBA Program (2012 
2013) 
This smdy 2013 

Landscape Asalysis 
Hvdroloaical Unit Codes (8 watershed and 12s sub- U S Geological Sun-ey (2013) 
ba’sins)--kC 12s used for Cpland Analysis Units 
and kparian Analysis Unit mappmg 
Aerial h a g q  San Pedro Rner (mamstem 2ft 
res ) 
Aerial Imagay Counties of Cochise plnla Pml.  
and Graham 
Holocene Lver Alluxim- used for Lparian 
Analysis Unit mappmg 
Digital Elevation Model- used for HLI TRL and 
Elevation Range 
Heat Load Index (HL.1)- used m C h a t e  Adaptation 

Topograpluc VariabtLtv- Topograpluc Roughuess 
Index (TRI) used m C b t e  Adaptatton modelmg 
Elevation Range (max)- used rn C b t e  Adaptation 
modeling 
Sprmgs- S p g s  & Seeps- used m C h m t e  
Adaptation m & h g  
Surface Water- P e r m a l  Reaches (riparian clmate 
adaptation model and bud & fish goup analyses) 
Southeast Armma Protected Lands 

M & h g  

Salt Rmer Project (2013) 

National Apculture Invmtorv Roject NAIP 
1 Omres (11013) 
Cook et a1 2009 

U S Geological Sun-ev (2013) 

U S Geological Swev(2013) 
Enns  et a1 2013 (Feb 2013) 
U S Gmlogical Survey (2013) 
Evanset a1 2013 (Feb 2013) 
U S Geological Sumev (2013) 
Arc-GIs Tools 
Narronal Hydrologcal Database (200.)) 

TNC Freshwater Assessment T X C  of .42 (2010) 

TNC of AZ (1013) 

Landscape Analyris Tools 
Arc-GIS 10 2 1 Spatial Analyst Ext 
Geomorphometric and Graheut Metncs Toolbox 

ESRI Redlands CA(201-l) 
Evans et a1 2013 (Feb 2013) 

3 3 5pattal Analysis Units 

In order to conduct a spatial conselvation prioritization analysis of the waterslied. I 
divided tlie landscape hito uiplaiids and ripariaii corridors. I did this because certain 
ecological processes tlmt bilflueiice eco-cotiuiiuiiit y development are different between 
the uplands and riparian coiTidors (e .g . .  overall greater plant species dependence on 
groiuidnxter interaction \\-ithiti tlie riparian corridor). hlaimpemeiit and conseil;arion 
optioiis are also likely to be different based on these geographic dirisioiis. uplands are 
tlie region above the mapped floodplain bouiidaries of selected riparian couidors (see 
klon-). thus spanning in elevatioti iioiii Sotioran desert-sciiib. through cliapa~~al. ericlllal 
\voodlaiids. and pitie oak. to iiised coillfer coiiuiniidies aiiiong the included 
mountainous repiotis of the n-aterslied. Ripariati conidors included the floodplaitis of the 
Sari Pedro River and iilajor tributaries (Le.. kavaipa. Hot Spiings. Bars. Paige. 
Bueluimti. Redfield. Edgar. Copper. Putmiii Camp Grant. arid Turkey). 
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I designed analysis units based on sub-basin watersheds of the larger lower San Pedro 
watershed in order to capture ecologicali hydrological processes common to distinct 
geographical area5 (based on recommendations of Moilanen et al. 2009). These sub- 
basins defined both upland and riparian reach analysis units (reaches based on 
contributing sub-basin watersheds). I used the U.S. Geological Sun-ey Hydrological Unit 
Code 12 sub-basins for my watershed and riparian reach divisions (Figure 2: uplaad sub- 
basins. IF 65: Figure 3: riparian reaches. 1142). These sub-basins best encompass key 
hydrological and ecological processes important to ecosystem function within both 
divisions. For the uplands. these processes are likely to include similar rainwater 
infiltration and collection. soil development. vegetation growth. and fue-fuel 
characteristics. For riparian reaches. these processes arc likely to include similar upslope 
contributing precipitation runsffprofile. groundwater sub-flow and surface flow 
hydrological input. flood disturbance regime. and flood plain development 
characteristics. I included watershed sub-basins that nanowly intersected with the San 
Pedro River or Aravaipa Creek. but did not encompass a reach of river. in the adjacent 
downstream riparian reach. For sonx tributaries. lower reaches were delineated h m  
upper reaches. as d e t d  by breaks in consistent geomorphology and hydrology. 
Additionally I digitized the lateral floodplain extent of riparian reaches by use of a 
background GIs layer of the Holocene alluvium along the San Pedro River. Aravaipa 
Creek. and lower portions of triitaries (Cook et al. 2009). and used riparian vegetation 
extent in the upper tributaries. 
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0 5 l o  

Figure 3. Riparian reach analysis units, in lower San Pedro watershed, Arizona. 
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3.4 Translation of Suil-ey Responses to Conservation Targets 

Based on results of the conseiTatioii values siiivey. I divided tlie responses into ‘liplands” 
atid “riparian coil-idors” categories. I interpreted respoiises as fitting into landscape- 
groiiiided “conservation targets” (based on coiiseivatioii values): ofwhicli iiiany 
corresponded to available GIS spatial datasets. For exainple tlie expressed inipoi-taiice of 
surface water to biodiversity 111 riparian coil-idors was best represented by a pereiuiial 
water distribution data layer 111 -4rizoiia available though The Nature Coiiseivancy of 
Arizona, circa 2009 (TNC AZ 2010). I was able to obtain GIS data layers for iiiost oftlie 
coiiuiioiily cited coiiseivation values for both the upland a i d  riparian corridor survey 
responses. Certain ecological aiid hydrological data layers were created though GIS 
digitiziug or analyses (see Appendix C for details). 

For ceitaiu spatially ideiitifiable coiiservation values. there were no coiqreheiisive GIS 
data layers a\:ailable for the watershed (e.g.. Uplaiids: soil tjye diversity. Riparian 
Coil-idors: gouiidwater) aiid for less fieqiiently cited conservation values I chose iiot to 
co1lduct new GIS analyses to geiierate iiew data layers. Certain conservation valiies that 
were cited by survey respondents (e. g., uiplaiid~lowlaiid springs. topographic variability. 
aiid elevation gradieiit). were already (prior to tlie survey) iiicoiporated into the climate 
cliaiige adaptation modeling. aiid this these values were captured in this assessnieiit. 

3.5 GIS Spatial Analysis 

3.5.1 Conservatioii Targets 

The survey results (from a very siiiall saiiiple of stakeholders) provided a guide to the 
coiiseilratioii values of individual stakeholder groiips and overall (all-groups) values. 
based on percentage response values by group aiid value percentage totals for all poups. 
The fnial selection of conservation targets was iiiade by this researcher. In niaking this 
decisioii I based it on the survey’s coiiseivatioii values rotds for tlie thee stakeholder 
groups. I iioted that water aiid the iiatiiral vegetation coiiuiiiinities cited by respondents. 
best coil-espoiided to GIS spatial data layers that could be readily obtained for perennial 
waters and lalid cover vegetation. or could be practically created (i.e. coimiunities could 
be digitized) within the time constraints of this project. Additionally, a goal ofthis 
assessnieiit was to meet the biodiversity coiiseivation interests of the USF\X’S (as well as 
the stakeholder groups’). and the species of interest to this agency (i.e.. the coiiservation 
ofripariaii-dependeiit birds aiid iimiiiiials. aiid aquatic habitat depeiideiit 
iiative;eiidaiigered fish) could best be captiired coiiipreheiisively by focusiiig on a 
pereimial waters and vegetation eco-coiiuiiiiiiity coiiseil-ation target approach. Thus. I 
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chose for analysis the natiwal eco-coimiiinity types coiiunoiily cited by the stakeholder 
groups as coiiservation targets. 

I conducted GIS aiialysis to present the spatial distribution and quantities (ranked) of 
conservation targets. in both the upland analysis units and the riparian coil-idor analysis 
units (see Appendix D for details). Evaluation of consei-vatioii targets for spatial 
conservation prioritization (i.e.. by areal extent. percent. aiid length) comidered the 
highest statistical tiers. i.e.. tier 1 for tlie upland sub-basins and tiers I aiid 2 in the 
riparian reaches nshig Natural Breaks-Jeilks (Jellks 1967). Conseiiation targets within 
riparian reaches were niore skewed towards high valiies in a select few reaches. tlim 
llidicatllig the iieed to evaluate the secoiid tier division as well. Ripariaii comiectivitp 
consideratioiis also iiidicated tlie iieed to spatially prioritize iiiore reaches for inclusion 111 
tlie watershed coiiseivitioii design. 

Natural Breaks-Jeilks is a statistical clustering iiietliod which optimizes cateprization of 
values into classes or tiers: as such it iiilliiniizes the variances withhi tiers and iiiaxhiiizes 
the variance aiiioiig tiers (Jeilks 1967). Typically higher values were of higher 
coiiservatioii value: hence tier 1 and 2 levels. I consisteiitly used five Natural Breaks- 
J e k s  classes’tiers in all my analyses (therefore qimntity \-alues for tiers vary). Natmal 
Break-Jeiks allows for coniparability aiiioiig resources analyzed when tlie measurement 
method of qiiaiitity varies. Additionally. re-coding Natural Break-Jeilks organized data. 
into a consistent range ofvalues (e.g.. 1-5) is facilitated by this statistical method. 
allowing for the suiiunatioii of coiiibhied target values. Thus. this statistic allo\ved iue to 
analyze kdividual and conibined conservation targets most efficieiitly (Table 2 ) .  

In order to coiiipreheiisively evaluate coiiservatioii values for spatial coiiservatioii focus 
among riparian reaches. I weighted landscape elements by the coi-respondkig 
conservatioii value survey responses. and then conibhied theni. I frst re-coded the actual 
values fiom the laiidscape eleineiit analyses for the ripariaii reaches into classes of 1-5 
(fioni Natural Breaks-Jeilks). hidependelit ly. with five being the liigliest class (quantity) 
of the elemeiit within riparian reaches. I applied weights fioni the siiiyey results (the 
percentage value fiom the siu-vey results. raiige 0- 1). and then suiimed these landscape 
eleinents values by riparian reach (results raiige 0-8.0). This allowed there to be a higher 
score value coil-esponding to higher conseiwtioii value (subsequently tier 1 and 2 levels). 
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Table 2 .  ConseiTation targets analyzed for spatial consei-vation prioritization within the 
lower San Pe&o watershed. h z o n a .  

Zone/GIS Layer Year of GIS layer Map Vnit Quantity 
measured 

1 bland Sub-bash 
Grasslalids 2002 
Upland Soiloran 2002 
Desert 

30111 pixel percent 
30111 pixel perceiit 

Riparian Reach 
Pel eiuiial Water 2009 
Cottonwood R'illow 2013 
(c w) 
Sycamore Cottonwood 2013 
(s/c) 
\-alley Grasslands 2002 
(x-g) 
hiesquite Bosqne 2013 
(nib) 
SI?' ~71110~  2013 
Flycatchei 'k-ellow- 
billed Cuckoo'Gray 
Hawk Habitat 
Comnon Black-Hawk 20 13 0 Habitat 
Endangered Fish 1976-2010 
Habitat (perennial water 

Conservation Value 2002 (passlands). 
SurL-ey (coiiibo**): 2009 (per. water). 
Coilservation groups. 
Nat. Resource Profs.. 
Ranchers & Farmers. 

2009) 

2013 (ctw. s;c. nib) 

line (pereiinial) leiigtli 
patch area 

patch area 

3Oni pixel area 

polygon patch area 

line (pereiuiial) a i d  
patch (c \v + s'c f 

Recode". tlieii sum 

1.b) 

line (perennial. length 
tributaries only) 
patch aiid buffered perceiit 
line (End fish + 

perennia 1) 
3Om pixel (1-g) Recode. apply 
leii_pth (per. water) m'eights***. then 
patch (cfw. s'c. Slll l l  

lllb> 

"all-groiips" 
*Recode: hidiridual luidscape element atidysis quantity by Nahual Breaks-Jenks ( 5  classes). recoded 
cor~espiidi~iglly to 0-5 ( 5  highest). 
**Caiibo: Cmiibiiiatiai of the most coiiuiiaily reported landscape elailelits of consenation importance 
iioiii siuyey. 
***Weights: Detaiihed fiom percentage response for landscape elailelits by potips aid iisi~ig "all- 
poiips" in total fi.oiii sim-ey. 
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3.5.2 Cliiiiate Adaptation hlodel 

I evaluated the elitire waterslied again by HUC 12 sub-bashis. iicltidhg ripariaii coiTidors. 
for cliiiiate adaptation value to biodiversity following a consei-vatioti approach for 
ecosystem resilience. This analysis was based 011 a sliithesis and simplification of 
proposed climate adaptation strategies for biodiversity coiisei-vation with climate change 
(Heller and Zavaleta 2009, Hodgson et al. 2009. hlawdsley et al. 2009. -hiderson and 
Ferree 2010. Bier aiid Brost 2010. Bier 2012. and Norecroft et al. 2012). It was also 
based 011 a generalized hotter a d  drier sceiiario for the Southwest region within the 
United States. i.e.. contimed warming. variable siiiniiier moiisoon. increased 
precipitation intensity. aiid drier winters (Oveiyeck aiid Udal1 2010). 

The USFWS also desired a cliiiiate adaptation approach be incoiyorated into a laiidscape 
coiiservatioii design developed though this ecosystem assessment. Again. availability 
geospatial data and practical development geospatial data thoiigh analysis. along with 
the application of cliiiiate adaptatioii biodiversity coiiseii:atioii theoiy. dove  the selection 
aiid aiialysis of this data. 

M y  approach was to prioritize particular laiidscape features siippoi-tive of inauitauiuig 
biodiversity. aiid theii select for laiidscape coiuiectivity (e.9.. along inouiitain raiiges and 
cross-valley spanning low to high elevation). this maximizing adaptive capacity locally 
aiid bxoad-scale. I perfoiwed GIS analyses oii five landscape \wiables: lieat load index. 
topographic rougluiess index. spring abuiidatice (percentage of all springs in the 
watershed). elevatioii raiige (iilaxiiiiiiiii). aiid peretiiiial water distribiitioii. aiid I assessed 
spatial patterns of laiidscape coiuiecti\:ity. particularly i~ivolviig water (see -Appendix E 
for details). I developed a six-step iiile set for landscape prioritization. focused oil , 

selecting the top tiers of landscape features though statistical analysis Natiml Breaks- 
J e i h  (Table 3 ) .  
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Table 3. Six-step iiile set for landscape prioritkatioii to develop c lha te  change 
adaptatioii model used for lower San Pedro watershed. A-izona. Selection for kicliisioii 
111 the model is based on cliaracteristics of sub-basin watersheds (HUC 12) (steps 1-5) and 
riuariaii reaches (step 6) .  

~~ 

Step Laiidscape hleasiwenieiit Tier Selection* Step Xctiori 
Featiues Factors 
Heat Load Irides (HLI) or HLI: lower value Tiers 1 & 2 Select sub- 

0 5 

6 

Topopaphic Rouglwess 
Index (TRI) 

Spring Abuiidsiice (SA) 
Elevation Range (ER) 

Perennial M7aters 

Coruiectivit y 

Cross-valley Coiiiiection 

Valley Bottom Pereiuiial 
Reaches 

pixels ;'. 2 std. 
dev. 
TRI: mean 
SA: percent of 
watershed 
ER: mxiiiiiim 
Presence in snb- 
bashi (-i 2km) 

Spatial adjacency 
between HLI- 
TRI "pairs". 
facilitating cross- 
valley or 
niouritaki ridge 
colltiectivity 
Spatial 
coiuiectivity to 
previously 
selected siib- 
bashis: 
(HLI+TRI-SA or 
HLI+TRI+ER) 
Presence ki 
valley bottom 
riparian reaches 

(both features) b a s k  i.e.. 
"HLI-TRI" 

SA: Tiers 1 & 2 
ER: Tier 1 selected HLI- 

1Lja * * Retaki &on1 

Retaki &om 

TRI suib-basins 

selected HLI- 
TRI sub-basins 

selected HLI- 
TRI sub-basins 

n: a Retaki fioni 

d a  Add riparian 
reaches 
(portions with 
pereimial 
water) 

*Nahn'al Break-Jah ( 5  tias). 
**Not applicable. 

3.5 .3  Coiiservation Gap Analysis 

I evaluated the high priority riparian reaches. both priority ripariaii reaches fioni 
coniibined conservation targets analysis and climate adaptation iiiodel additions. for 
cmreiit p o t  ection;coiiservat ion management status (e. g. conservat ion ea seineiit s. 
ownership status by conservation organization or public agency-county. state. or federal) 
(TNC of Arizona Protected Area Layer 201 3). I conducted a protectioi~:iiiaiiacgeillent gap 
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aiialysis to deteiriillie priority riparian reaches with less tliaii or equal to 20° o 

conselvation protectiou/iiiana~eiIient (Scott et al. 1987. Scott and Scliipyer 2006). The 
conservation gap aiialysis assessed the top two tiers froin the coiirbirred coirseivntiori 
tnrget rench nrrn1i:sis and the additional clinrcrre rem-hes. to assess the conservation 
coverage (i.e.. tlie land within conservatioii~protectioii legal status) of priority riparian 
reaches arid iiiore broadly the conseiTation o friyariaii corridors. 

3.5.4 Species hlapping 

I rilapped the spatial distribution of select riparian-associated and aquatic species tliat 
USFWS and swveyed respoildents viewed a5 criticaPiniportaiit to coiiserve in this 
watershed. Watershed-wide distribution survey lllforniatioii for individual bkd and 
iiianiinal riparian-associated species were lacking a i d  habitat models (based on available 
vegetation classifications) for these species were foiuid insufficient for this watershed. 
Therefore, species distribiitioiis (where survey records occur), were used as a check on 
the coiiservatioii design proposed in tliis study. assessing the potential ripariaiilaquatic 
habitat quality for tlie species, and as a n  ecological indicator of an  area's broader 
biodiversity conservation value (Table 4). 
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Table 4. Species evaluated for distrilxitioii for ecological evaluation of riparian reacli 
priorities within coiiservatioii design for tlie lower Sail Pecho watershed. A~izoiia. 

Species Status Ecological 
Birds* - 
Southwestern willow 
f l y  a t clier 
(Etiiprdoims tmillii estiiiiis j 
Western yellow-billed 
cuckoo 
(COCCIZIIJ ntiierrccriiiis) 

Gray hawk 
(Buteo nitidus) 
Coiiunoii black-hawk 
(Bnteogollrrs mitlir.nciriim) 
Mammals** 
Xniericaii beaver 
(Custor~ cnncrdeirsis) 

(Giln iittentiedin) 
Spkedace 
(Medo jdg ido )  
Loach minnow 
(Tiicil.om cobitis) 

Endangered Riparian -pereimial with dense 
understoi); vegetation 

Candidate Ripariaii -nidti-tiered forests 

n: a 

ilia 

ii'a 

Riparian -with ad-iacent tall 
stature inesquite bosque 

Riparian -perennial with pools 

Aquatic, Riparian- 
cottoll\voo df willow 

(keystone species: creatuig 
ponded wa t era iiiarslie s) 

Ripai iaii -peieiuiial 

Endangered Aquatic -pools of smaller 

Eiidaiigered Aquatic -shallow riffles (saiid. 

Eiidaiigered Aqtiatic -shallow riffles. swift 

streanis 

gravel. substrates) 

L. 
water (cobble snbs t rat e) 

*Coiiilaii aiid Wise-Ciei~ais 2005 
**Pels ob5 2012-2013 
***lTSFll.'S Southwert Region. AI colla Ecological Semces Field Ofice. Gena a1 Species hfoimaticni 

3.5.5 Conservation Design 

A fmal proposed conseivation desigii coiisidered: 1) chiiate adaptation priority sub- 
basin watersheds arid riparian reaches by a rule set. 2 )  riparian reaches evaluated by 
niultiple data layers coifibined (weighted by siui'ey results) and individual data layers. 3 j 
iiplaiid sub-basins with tlie higliest pi-oyoi-tion of eco-conmunity types (conseii-atioii 
suii~ey result Iliforiiied), 3) a review of tlie coiiseiTation coverage gap status of riparian 
reaches. 5 )  select species occiiiTeiice (field survey result uiforiiiedj. where available. arid 
6) underlying land use aiid cuirent settlenieiit patteiii assessed by aerial iifiagery. 
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3.6  Iinplenieiitatioii Xssessiiieiit 

Based 011 the completed conservation design. coiiseivation iinpleiiientation orgaiiizatioiis 
were asked for suggestions 011 the inost practical and unpleinentable conservation actions 
aid strategies. particularly considering land owiiership and jwisdict ions. This assessiiieiit 
was conducted by either persoiially iiieetlllg with iiiipleinentllig orgaiiizations or by an 
eiilail suilley. Orgaiiizatioiis were provided with a brief siiiiuiiary of the coiiser\~ioii 
assessnient. how tlie desigii was derived. aiid iiiaps sliowing high coiiseivatioii focus 
areas and laiidscape coiiiiectioiis in the watershed. Results were syithesized 
coiiipreheiisively into favored conservation actioiis!strategies. A table iiiatriv was 
constiiicted to subjectively evaluate tliese actions:sti-ategies’ conservation killuence (if 
inipleiiiented) on iiatmal resoiirces of high iiiiportaiice to stakeholder groups. which were 
s yiitliesized fioiii coiiniiunit y networking. Coiisei7-at io11 influence relates to 
e~ianceiiieiit:restoratioii of the resoiirce or long-term conservation of tlie resoiirce ftoni 
developiiient or degradation ftoiii a variety of stressors. 
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vegetation and regional wildlife populations (including tlueatened and endaiipered 
species) along tlie Sail Pedro River. Conservationists cite the primary threats as tlie 
potential for iieiv lionsing development. and hicreased agriculture deinaiid occiwrllig with 
011-going drought. 

Native riparian vegetation needs: groundwater at accessible root depth for establishnieiit. 
persisteiice. aid to develop to their potential size and structure. Fremoiit cottonwoods 
iieed groundwater less than 2.6111 (8.5 ft,) fiom tlie surface aiid aiuiiial fluctuations less 
than 0 . 5 1 ~  (1.6 ft.) (Lite atid Stroiiiberg 2005). hlatwe tall stature velvet mesquite. 111 

order to foi-in bosqiies most beneficial to wildlife. i.e.. those 5 . 0 ~ 1  (16.1 ft.) and greater in 
height (canopy doiiikaiits at  12m) atid with a iiiostly closed canopy. need groiuidwater at 
depths 2 to 10111 (7-33 ft.) arid up to 13.51ii. to develop to this lieiglit'sti-nctiwe potential 
(Stroiiiberg 1993. Stroiiiberg et al. 1993. Scott et al. 2006). Sacatoii grass (a facultative 
riparian grassland coriuuiinity) begins to lose access to groundwater at 3111 aiid 
coiiipletely by 1111. but caii survive &om rainfall when pi-ecipitatioii is suffcieiit (Scott et 
al. 2006. Stromberg et ai. 2009b). Groiuidwater discharging to the riverbed surface in 
arid watersheds. such as the Sail Pedro Rker. results in perennial or seasonal pereiuiial 
reaches of siwface water flow (Stroinberg et al. 2009a). Surface water flow is responsible 
for additioiial biodiversity potential iii its siippoi-t of aquatic niche space. water provision 
for species. and hicreased trophic food webs withiii coiimiiuities (Stroniberg aiid 

1.2  .Z Landscape Integrity Coilliectivity 

Landscape integrity and connectivity is of high value to Conservation groiips aiid Natmal 
resource professionals. Wildlife coimectivity aiuonp niountalli ranges. aiid facilitating a 
iiieta-popdatioii stiiictme is a coiicerii for both these groups (e.g.. black bears. C'isirs 

niiwicri i i i is,  iiioriiitaui l10115. Piiriin corrcolo r.  coati. 13~nsi~rr iinsiicr. poteiitially big honi 
sheep. Ovis cniwdeiisis. aiid others). Additionally. Professionals cite landscape 
connectivity. especially estenditlg over imdistmbed elevatioii gradients. as an iniportant 
laiidscape characteristic for species adaptiiig tlxough iiiovenient to changing climate 
conditions. Coiiseilratioii groiips are very conceriied about iifiastructwe projects that 
iiiipact landscape integrity over a wide swath (e.g.. a proposed large-scale traiisiiiissioii 
line): as well as new roads and development. aiid the potential pathways for invasive 

44 



Page 45 of the PDF 

plant species introductioii. Raiichers atid fariners woiild also like to maintain 1111- 

fiagniented laiidscape and prevent iilajor infiastructure projects that do not sene the 
hiiinaii coiiununities. as this could negatively iiiipact the natural resoiirce base of the 
watershed (e.g.. impact grazing lease lands). 

hlaiiy wildlife popiilations are stiiictwed in iiieta-populations that require individuals to 
periodically disperse to find new mates, enhiice sub-population genetic diversity a i d  
demographics. and (re)colonize areas (Hilt\: et al. 2006. Gregoiy aiid Beier 2014). Soiiie 
wildlife populations require inoveineiit for aiuiiial migrations. aiid these iiiostly occur 
seasonally in response to changes in food availability and/or reproductive opportunities 
(Hilty et al. 2006). Lastly. species are expected to f k l  laiidscape liirkages esseiitial for 
adapting to cliaiiging cliniate conditions (Heller aiid Zat-aleta 2009. hlawdsley et al. 
2009. Beier 2012. Chester et al. 2012. Groves et al. 2012. Hilty et al. 2012). Ths  
expectation is evidenced hi tlie Paleo-ecological historic record as species moved in 
response to the changing cliniate conditions of the last glacial maxiiiiiiii period (Dawson 
et al. 201 1). 

3.2.3 Floodplain I i i t e~ i ty~Coi~ec t iv i t}  

Natmal resource professioiials aiid Conservation groups again both eniphasized 
floodplain integrity'coilliectivitv as an iinpoi-tant coiiipoiient to a healthy functioning 
ecosystem Both groups exteiid this value to eiicoiupass both the mallisteni oftlie San 
Pedro aiid its iiiajor tributaries (particularly lower reaches). Natural resource 
professionals promoted the coiiseilration of sufficient active floodplain space for chaimel 
iiiovenieiit . floodplain developiiieiit . aiid overbairk iloodiig . Pro fe ssioiia 1s proiiiot ed the 
idea that the river needs to continue to inearider, iuicoiistrained by levees or balk 
protection. for ecological fiiiictioii (vegetation dynamics) and ecosystem benefits (flood 
aiiielioratioii. floodplain groundwater recharge). Additionally. they called for the 
restoration of iloodplaii space for channel hyhaulics where needed. Active restoration 
of desired channel characteristics was cited as an option to be explored. ConseiTationists 
einphasized the iinpoi-taiice of ensuring tlie undeveloped cliaracter of riparian corridors 
for wildlife habitat aiid iiioveiiieiit. Off-road vehicle (all-terrain vehicle) coiitrol though 
floodplallls was also cited as a key issue by Conservationists. Raiichers axid farmers also 
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Table 5 .  Conservation focal areas identified by a stakeholder-based “all-groups” spatial 
analysis of weighted and combined conservation targets within the lower San Pedro 
watershed Arizona 

High Conservation Value Focal Areas Riparian Reaches* 

Aravaipa Region 
Middle San Pedro 
Galiuro Canyons 
Lower-Middle San Pedro 

Northern San Pedro Swingle. Eskhinzin, Cooks, Zapata 
Lower Holy Joe. Parsons. Stowe 
Big, Whitlock 
Upper Redfield, Upper-Lower Hot Springs 
Roble 

South San Pedro Paloms 
*Names hnn corresponding HUC 12 slibbasins (shortened). 

4.4 C h a t e  Change Adaptation Model 

I conducted climate change adaptation modeling over the watershed’s sub-basins and 
riparian reaches. The model used a six-step rule set, selecting landscape factors by sub- 
basins and reaches, promoting biodiversity adaptation to climate change (warmeridrier 
conditions) following a resilience strategy. This model yielded a landscape design 
spanning the highlands of the Galiuro Mountains north though to the Aravaipa Canyon 
region and northwest to the Santa Teresa Mountains, and included five cross-valley 
connections and four additional valley-to-range elevation gradient comections (Figwe 9). 
One selected sub-basin with aerial imagery identlfied mining activity and h g h  road 
density, had to be replaced with a spatially close a d  similar characteristic alternative 
sub-basin (i.e., Copper sub-basin replaced with Clark sub-basin). 

0 
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I 

2limate Adaptation Model Analysis 

r" .>- 

N 

F i p  9. Climate adaptation model for biodiversity conservation developed &om a 6-step rule 
set focused on landscape-level ecosystem resilience for the lower San Pedro watershed. Arizona. 
Background layer of Heat Load Index (< 2 std dev. HLI). all tiers. is provided far context. See 
Table 3 for the six-step rule set selecting sub-basins and reaches (* = tiers for these features were 
used in the rule set). The yellow outlined sub-basins and reaches delineate the cliruate adaptation 
model. 
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Table 6. Conservation gap analysis of priority riparian reaches. Priority reaches were 
determined &om an “all-groups” multiple conservation target analysis (based fiom 
stakeholder groups’ conservation values) and a climate adaptation model (see text). 
Priority reaches were assessed with a “conservation protection/management” spatial 
layer, and a criteria of 20% or less spatial coverage in conservation land status. in order to 

highlight high value areas with minimal conservation within the lower San Pedro 
watershed, Arizona (reaches listed north to south). 

“Conservation Gap” Criteria: Criteria: Total Present 
Riparian Reaches* “ All-Groups” Climate Area of Conservation 

combined Change Reach Coverage** 
(Ha) (”/.I conservation Adaptation 

targets Model 
L. Cmico-Aravaipa Crk. X 606.9 10.8 
U. Carrico-Aravaipa Crk. X 78.9 17.4 
Putnam Wash X 62.6 4.0 

Whitlock-San Pedro R. X X 437.3 12.5 
Lower Edgar Wash X 37.5 0.3 
Lower Redfield Wash X 139.5 0.3 

Aguja (s. sectim)-San Pedro R. X 85.4 6.0 
Wames f?om corresponding HUC12 sub-basins (shortened). 
**Southeast Arizona protected area shapefile f?om ‘Ihe Nature Consenancy-Arizona Chapter. March 2013 

4.6 Conservation Design 

Big-San Pedro R. X X 730.0 0.0 

Upper Page Crk. X 70.3 0.0 

0 
I evaluated tier 1 sub-basins for semi-desert grassland extent (i.e., percent coverage) 
across the watershed. I included all six sub-basins in the conservation design. prioritized 
as grassland conservation and management focal areas (Figure 11). I also evaluated tier 1 
sub-basins for extent of Upland Sonoran Desert (focus: saguaros) across the watershed. 
To reduce the selection of these tier 1 sub-basins (7), whch covered a large portion of the 
northern region of the watershed, I chose to set a strategic objective of selecting two sub- 
basins for conservation focus that would provide a high quality large wildland block of 
this eco-conmiunity type. I thus evaluated each tier 1 sub-basin by the perceritage 
Sonorm Desert within, and chose the sub-basin with the highest coverage and then 
selected the next largest contiguous tier 1 sub-basin. I additionally checked for road 
density in select sub-basins, which if found significant would have warranted a different 
selection set. Two sub-basins in the Aravaipa uplands region, with Sonoran Desert 
coverage of 54% and 41%, respectively, were identified as conservation focal areas to be 
included in the conservation design (i.e., Carrico Springs sub-bashi encompassing lower 
Aravaipa Creek and contiguous Zapata Wash sub-basin) (Figure 11). 
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Conseervation Design, L. San Pedro Watershed 

Figure 1 1 .  Conservation design encompassin8 climate adaptation model, riparian focal 
areas (‘all-group” analysis), and upland focal areas for Sonoran desert and semi-desert 
grassland. for the lower San Pedro watershed, Arizona. 
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Key components of the landscape conservation design for climate adaptation were the 
San Pedro cross-valley sub-basin pairs ( 5 )  and the adaptation and “refugia” facilitating 
landscape characteristics captured within the sub-basins of the h g h  mountain ranges. 
The highest priorities for connectivity conservation focus are the southernmost San Pedro 
cross-valley sub-basin pair (Paige-Lower Hot Springs) and the two northern most 
connections across the San Pedro valley (Peppersauce-Wtlock, and Alder/Stratton- 
Kielberg). An additional high value landscape linkage is the riparian corridor connection 
through the main tributary (Aravaipa) and into a smaller drainage system to the west of 
the San Pedro with a perennial spring (Putnam). Three high range contiguous sub-basins 
in the Galiuro Mountains (i.e., Redfield. Rattlesnake. and Four Mile) have critical 
landscape components: high topographic roughness. high springlseep abundance, and 
higher elevation. all landscape characteristics providing the potential for species 
adaptation to chnate change and to exploit iuicro-climte “refiigia” conditions. 

I selected the combined “all-group” high conservation vahie riparian reaches for 
inclusiou in the conservation design. The selection of this multiple stakeholder grouping 
sets a priority conservation focus (with applied weights) towards perennial waters (i.e., 
potential for perennial waters in a given year), existing riparian gallery forest of 201 3 
(but also high groundwater availability), and to a lesser emphasis the proximal 
occurrence of mesquite bo~que and valley grassland. The above combined set also 
captures high value reaches for riparian-associated birds and endangered fish (see 
Appendix H. Figures 20-22). An overview map of the conservation design provides 
additional context showing the widespread distribution of coitservtrtioii vtrhie lands 
throughout the watershed and diversity of landownership and jurisdiction (Figure 12). 

0 
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herview of Conservation Design, 
.. San Pedro Watershed 
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Figure 12. An overview of all lands identified by geospatial analysis fiom a stakeholder- 
based survey of conservation values, and a climate adaptation model that are included in 
the conservation design for the lower San Pedro watershed, Arizona. Various types of 
land management and conservation strategies could be employed on these lands 
depending ownership/jurisdiction. 
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San Pedro Valley Reserve 
- 

A-7 Ranch 

Cost: $2,041,933 
Acquired: September 15,2004 
Fund: 2004 Bond Funds 

Background 
The 41,000 acre A-7 Ranch lies northeast of Tucson along 

Redington Road, between the Catalina and Rincon Mountains 
and the San Pedro River. The County acquired the ranch from 
the City of Tucson in 2004. The City had purchased the ranch in 
1999. Prior to the City’s purchase, the ranch was part of a larger 
ranch totaling about 96,000 acres known as the Bellota Ranch, 
which was owned and operated by the Riley-West Corporation 
for 20 years. The A-7 portion of the Bellota Ranch was sold to 
the City, while the Forest Service grazing permit was sold to 
the owners of the Tanque Verde Guest Ranch. Approximately 
3,700 acres were sold to The Nature Conservancy. The County’s 
purchase included 65 acres in Cochise County, 471 acres under 
conservation easement held by The Nature Conservancy, cattle, 
equipment, buildings and water rights. 

Historical and Cultural Resources 
In the A-7 Ranch area, the Reeve Ruin site, dating to A.D. 

1200-1450, is situated on the terrace overlooking the San Pedro 
River. Reeve Ruin is defensively located above the San Pedro 

oodplain and further protected by a series of walls. The site CI contains a central room block surrounded by two plazas that 
are bounded by walls and lines of contiguous rooms. More 
than thirty structures are present, including a possible kiva, 
or Puebloan ceremonial room, within the central room block. 
86 

By 1450, archaeological evidence suggests that the valley was 
largely abandoned. Apache speakers were driven out by Anglo 
settlers in the 19th century whose ranches today hold the stories 
of this historic landscape. 

: . I. - ;:‘ 

Biological Resources 
The ranch is located in the lower San Pedro River Valley and 

includes woodland vegetation communities at higher elevations, 
semi-desert grasslands at lower elevations, and riparian habitat 
along the canyon bottoms and the San Pedro River. In addition, 
the property includes limestone outcrops, perennial and 
intermittent streams, springs and shallow groundwater areas. 
Populations of Priority Vulnerable Species such as long-fin dace, 
lowland leopard frog, and Abert’s towhee, exist on the property 
and provide suitable habitat for several other Priority Vulnerable 
Species. The majority of the ranch lies within the Biological 
Core of the Conservation Lands System, with a lesser amount 
within the Multiple Use Management and Important Riparian 
Area categories. The location of the property between the 
Catalina, Rincon, and Galiuro Mountains, provides for a corridor 
of open lands for wildlife movement back and forth between the 

. . .  . .  mountain ranges. . .  

Management 

~ i ‘:I 
. . . . . . . . I .  

This is the only ranch that the County operates itself with 
County employees and owns the cattle herd. Pima County is 
one of only a few county governments that has its own brand - . 
A7. The ranch is currently managed as a cowkalf operation to 
help offset costs of maintaining the ranch, with a base herd of 
approximately 300 head. This is about 40% of the allowed use 
on the State Trust grazing lease lands. The ranch is maintained as 
a working landscape while protecting and conserving biological 
and ecological values of the lands. Management activity has 
primarily focused on monitoring and maintaining a sustainable 
grazing program while offering recreational use of the ranch by 
the public. Significant work has been done to enhance the water 
systems and water storage on the ranch to provide year-round 
wildlife friendly water for wildlife while at the same time taking 
pressure off natural springs. 

Farm land on A-7 Ranch. Photo by John Sullivan 



Recreation 
A-7 ranch offers a wealth of recreational activities. The 

County has entered into a recreational access agreement 
with Arizona Game and Fish Department to provide and 
maintain designated routes to other public lands within and 
adjacent to A-7 for recreational users. The ranch lands offer 
camping, hiking, hunting, wildlife viewing, nature study, ATVI 
Off Highway vehicle routes, biking, outdoor photography, 
equestrian trails and access to outdoor open space. Because the 
ranch is mostly Arizona State Trust lands, recreational users 
are encouraged to follow all applicable rules, regulations and 
necessary recreation permit requirements established by State 
Land as well as those of Pima County Natural Resources, Parks 
and Recreation (NRPR). Because of its location off Redington 
Road, A-7 gets significant recreational visits on an annual basis 
with most of the use in the fall through spring. 

NRPR has been converting many old windmills and generator driven 
water pump systems to solar. This unit helps bring year-round water to 
over 56 square miles of the A-7 Ranch. Photo by John Sullivan. 

I 

a 

lmprovemenb 
has put much of its effort in enhancing 

tructure and basel 
available on the ranch. 

Water enhancements and solar ge 
power have been two major ongoing efforts. 

Over 50 square miles of the ranch now has a 
via pipelines and storage 

iroring sites have been 
established on the ranch and are monitored 
annually to measure trends in plan 
diversity and productivity. 

*Additional effort has been made to 
livestock management system and 
the herd. 

ilization efforts continue on historic buildi 
s present on the ranch which are 
part of the working ranch. 

County cattle on A-7 Ranch. Photo by John Sullivan. 
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Heeve Ruin -Adapted from National Scren 
Foundation online publication, "Archaeology 
from Reel to Real, a Special Repolt,: July IO, 
2010 

Cultural and Archaeological Resources 
The San Pedro River Valley was an important historical 
crossroads of the Southwest from early prehistoric 
times to the historic era when the 1540 Coronado 
Expedition traveled through the San Pedro River corridor. 
Archaeological sites in the river valley represent the 
remains of human occupation from 13,000 years ago. The 
Lehner Mammoth Kill Site in the upper San Pedro River 
valley provides some of the first conclusive evidence of 
human hunting of mammoths in North America. This is 
also the site of the significant Reeve Ruin, located on the 
terrace overlooking the San Pedro River, dating back to 
A. D. 1200-1 450 

Bingham Cienega Natural Preserve 
In 1989, the Pima County Regional Flood Control District 
acquired 285 acres of land along the San Pedro River 
to preserve a spring-fed marsh known as Bingham 
Cienega. Because of the site's remote location and 
sensitive environment, the District entered into a long- 
term agreement with The Nature Conservancy to manage 
the property. Historically used for ranching and farming, 
the fallow fields began to be restored by Conservancy 
volunteers and marsh wetlands, mesquite bosques 
and riparian forests began to reclaim the land. The 
Conservancy has also restored sacaton and other native 
floodplain vegetation to the area. 

backgrouni. Photo by Brian Powell. 

The San Pedro Valley Reserve is located irl 
the northeastern corner of Pima County, 
east of the Catalina Mountains, and 
encompasses a segment of the San Pedro 
River, one of the last free-flowing rivers in 
the Southwest. The river and its tributaries 
support riparian vegetation and intermittent 
stream flow providing habitat for species 
such as the Southwest willow flycatcher 
and the Giant spotted whiptail lizard. 
The upland semi-desert grasslands and 
woodlands provide habitat for species such 
as the Lesser Long-nosed bat and Desert 
box turtle. Archaeological findings suggest 
that the river valley has been occupied by 
humans for nearly 13,000 years. More 
recently its history has been dominated by 
ranching and agricultural efforts in support 
of ranching. Overtime, the ranches in this 
area have grown larger in an attempt to 
maintain profitability and weather the less 
than optimum range conditions due to 
continued drought and changing climate 
patterns. Free range grazing in this location 
is often supplemented with irrigated 
pastures adjacent to the river. Both Pima 
County and the Nature Conservancy have 
been active 
in purchasing 
and 
managing 
land in this 
reserve, 
conserving 
wildlife, river 
habitat, and 
archeological 
sites. 
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Natural Resources, Pima County, Arizona 

The Environmental Planning Element calls for analysis, policies and strategies to address anticipated 
effects of implementation of plan elements on natural resources. Policies and strategies under this 

plan element are designed to have countywide applicability. Conservation actions are to be 

encouraged, and protection of biological resources is considered an essential component of land-use 
planning. 

The Maeveen Marie Behan Conservation Lands System (CLS) is designed to protect biodiversity and 

provide land use guidelines consistent with the conservation goal of the Sonoran Desert Conservation 

Plan (SDCP). 

The CLS identifies areas important to the conservation of our natural resources heritage and embodies 
the biological goal of the SDCP which is to “ensure the long-term survival of the full spectrum of plants 
and animals that are indigenous to Pima County through maintaining or improving the habitat 

conditions and ecosystem functions necessary for their survival.” 

Exhibits 3.4.1 and 3.4.2 show the Conservation Lands System for eastern and western Pima County 
are located a t  the end of this section. 

Goal 1: Conserve and protect natural resources 

Policy 1: CLS category designations and conservation guidelines apply to land uses and activities 
undertaken by or under the jurisdiction of Pima County or Pima County Regional Flood 

Control District (Flood Control District) as follows: 
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a) Pima County and the Flood Control District will seek consistency with the CLS for 
federal and state land-use decision plans and processes; 

b) Application of CLS designations or guidelines shall not alter, modify, decrease or 
limit existing and legal land uses, zoning, permitted activities, or management of 
lands; 

c) When applied to development of land subject to county or Flood Control District 
authority, CLS designations and guidelines will be applied to: 

1. New rezoning and specific plan requests; 

2. Time extension requests for rezoning cases; 

3. Requests for modifications or waivers of rezoning or specific plan 
conditions, including substantial changes; 

4. Requests for Comprehensive Plan amendments; 
5. Type I I  and Type I l l  conditional use permit requests; and 

6. Requests for waivers of subdivision platting requirement of a zoning 
plan. 

d) Implementation of these policies shall achieve the level of conservation 
necessary to protect a site’s conservation values, preserve landscape integrity, 
and provide for the movement of native fauna and pollination of native flora 

across and through the landscape; and 

e) Projects subject to these designations and guidelines will be evaluated against 
the conservation guidelines for the CLS categories provided in conservation 
guideline policies, where applicable, to determine their appropriateness. 

Conservation Gu id el ines 

Policy 2: The Conservation Guideline for the associated CLS designation applies to the total 
acreage of the site that lies within the boundaries of that designation: 

a) If a CLS designation applies to a portion of a site, Conservation Guidelines for 
that designation will apply only to that portion of the site affected by that 
category; 

b) For purposes of this policy, site is  defined as a single lot or combination of 
contiguous lots; and 

c) Where more than one CLS categories overlap, the more protective Conservation 
Guideline will apply to the affected portion. 

a) Across the entirety of the CLS landscape, a t  least 95 percent of the total acreage 
of lands within this designation shall be conserved in a natural or undisturbed 
condition; 

Policy 3: The following conservation guidelines apply to Important Riparian Areas: 
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Every effort should be made to protect, restore and enhance the structure and 
functions of Important Riparian Areas, including their hydrological, 
geomorphological and biological functions; 
Areas within an Important Riparian Area that have been previously degraded or 
otherwise compromised may be restored and/or enhanced; 

Such restored and/or enhanced areas may contribute to achieving the 95 
percent conservation guideline for Important Riparian Areas (IRA); 
Restoration and/or enhancement of degraded IRA may become a condition or 
requirement of approval of a comprehensive plan amendment and/or rezoning; 
and 
On-site mitigation is preferable, however mitigation may be provided on-site, 

off-site, or in combination. 

Policy 4: The following conservation guidelines apply to Biological Core Management Areas: 

a) Across the entirety of the CLS landscape, a t  least 80 percent of the total acreage 
of lands within this designation shall be conserved as undisturbed natural open 

space; 

b) Land use and management focus on the preservation, restoration, and 
enhancement of native biological communities including, but not limited to, 
preserving the movement of native fauna and flora across and through the 
landscape and promoting landscape integrity; and 

c) Projects subject to this policy and within this designation will yield four 
conserved acres (mitigation) for each acre to be developed: 

1. Mitigation acres may be provided on-site, off-site, or in combination; 
2. The preference is for the mitigation acres to be within Biological Core 

Management Area or Habitat Protection Priority Areas; 

3. For purposes of this policy, Habitat Protection Priority Areas are those 
areas referenced and mapped as part of the 2004 Conservation Bond 
Program or subsequent conservation bond programs; 

4. The 4:l mitigation ratio will be calculated according to the extent of 
impacts to the total surface area of that portion of any parcel 

designated as Biological Core Management Areas; 
5. Development shall be configured in the least sensitive portion(s) of the 

property; 

6. On-site mitigation area(s) of undisturbed natural open space will be 
configured to maximize conservation values and preserve the 
movement of native fauna and pollination of native flora across and 
through the landscape; and 

7. A Transfer of Development Rights (TOR) may be used in order to secure 

mitigation lands. 
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Policy 5: 

Policy 6: 

The following conservation guidelines appll to Scientific Research Areas: 

a) Scientific Research Areas should continue to be managed for the purpose of 
scientific research on the environment and natural resources; 

b) Scientific research activities should minimize any long-lasting impacts that may 
affect adjacent or nearby CLS lands; and 

c) Any land-use changes subject to  Pima County jurisdiction should achieve the 
conservation goals of the underlying CLS category. 

The following conservation guidelines apply to Multiple Use Management Areas: 

a) Across the entirety of the CLS landscape at least 66 % percent of the total 
acreage of lands within this designation shall be conserved as undisturbed 
natural open space; 

b) Land use and management goals within these areas focus on balancing land 
uses with conservation, restoration, and enhancement of native biological 
communities and must: 

1. Facilitate the movement of native fauna and pollination of native flora 

across and through the landscape; 

2. Maximize retention of on-site conservation values; and 
3. Promote landscape integrity. 

c) Projects subject to this policy within this designation will yield two conserved 

(mitigation) acres for each acre developed: 
1. 
2. 

3. 

4. 

5. 

6. 

7. 

Mitigation acres may be provided on-site, off-site, or in combination; 

The preference is for mitigation acres to  be within Multiple Use 
Management Areas, any more protective category of the CLS, or Habitat 
Protection Priority Areas; 

For purposes of this policy, Habitat Protection Priority Areas are those 
areas referenced and mapped as part of the 2004 Conservation Bond 

Program or any subsequent conservation bond program; 

The 2:l mitigation ratio will be calculated according to the extent of 

impacts to the total surface area of that portion of any parcel 

designated as Multiple Use Management Areas; 

Development shall be configured in the least sensitive portion(s) of the 

property; 

On-site mitigation area(s) of undisturbed natural open space will 
maximize conservation values and facilitate the movement of native 

fauna and pollination of native flora across and through the landscape; 

Additional conservation exceeding 66% percent will be encouraged 

through the use of development-related incentives and may utilize 

undisturbed natural open space on individual lots; and 
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8. A Transfer of Development Rights (TDR) may be used in order to secure 
lands utilized for mitigation, restoration, and/or enhancement 
purposes. 

Policy 7:  The following conservation guidelines apply to Agriculture In-Holdings within the 
Conservation Lands Systems: 

a) Intensifying land uses of these areas will emphasize the use of native flora, 
facilitate the movement of native fauna and pollination of native flora across 

and through the landscape, and conserve on-site conservation values when they 
are present; and 

b) Development within these areas will be configured in a manner that does not 
compromise the conservation values of adjacent and nearby CLS lands. 

a) Across the entirety of the CLS landscape, a t  least 80 percent of the total acreage 
of lands within this designation shall be conserved as undisturbed natural open 
space and will provide for the conservation, restoration, or enhancement of 

habitat for the affected Special Species; 

b) Projects subject to this policy and within this designation will yield four 
conserved (mitigation) acres for each acre to be developed: 

Policy 8: The following conservation guidelines apply to Special Species Management Areas: 

1. Mitigation acres may be provided on-site, off-site, or in combination; 
2. The preference is  for the mitigation acres to be within a designated 

Special Species Management Area; 
3. The 4:l mitigation ratio will be calculated according to the extent of 

impacts to the total surface area of that portion of any parcel 
designated as Special Species Management Area; 
Development shall be configured in the least sensitive portion(s) of the 

property; 
5. On-site area(s) of undisturbed natural open space will be configured to 

facilitate the movement of the relevant Special Species through the 
landscape and will include conservation values essential to survival of 
the relevant Special Species; and 

6. A Transfer of Development Rights (TDR) may be used in order to secure 
mitigation lands. 

4. 

c) Special Species and associated Conservation Guidelines may be added or 
deleted in the future based on the best available regional scientific information 
as developed by the Science Technical Advisory Team and added to or deleted 

from the Special Species Management Areas as shown on the CLS map; and 

d) Additions and/or deletions to the list of Special Species or conservation 
guidelines for Special Species Management Areas will be processed as a 

comprehensive plan amendment. 
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Policy 9: The following conservation guidelines apply to Critical Landscape Connections: 

a) Land-use changes in these broadly defined areas should protect existing 
biological I inkages; 

b) Where they occur, barriers to the movement of native fauna and pollination of 
native flora across and through the landscape should be removed and 

fragmented corridors of native biological communities should be restored; 

c) Opportunities to remove barriers and restore corridor connectivity may arise as 
part of other, non-land use related activities (e.g., new construction for or 
upgrade of infrastructure services). Such opportunities should be pursued; and 

d) High priority shall be given to identifying, preserving, and re-establishing the 
connection between native biological communities especially where natural 
connectivity is most constrained. 

Policy 10: The Board of Supervisors has the sole authority to modify mitigation specified in any 
conservation guideline or otherwise determined the appropriate amount of mitigation 
necessary for a comprehensive plan amendment or rezoning to comply with the CLS, 

including increases, reductions, and exemptions: 

~ 

I 
I 

a) Requests to modify or be exempt from providing mitigation will be deliberated 
on a case-by-case basis; and 

b) Staff may review proposals and make recommendations for the modification of 
mitigation ratios, including exemption. 

0 
Conservation Lands Svstem Mitiaation Lands: 

Policy 11: The following guidelines apply to lands being considered for off-site mitigation: 

. 
a) The location of off-site mitigation properties should be within the same general 

geographic region of the original project site; 

b) Off-site mitigation property should provide the same or better resource values 
as the original project site including, but not limited to: 

1. Conservation Lands System (CLS) designations inclusive of 2004 
Conservation Bond Habitat Protection Priority designations or 

subsequent conservation bond programs; 
2. Vegetation community type(s); 
3. Habitat values for applicable CLS Special Species (e.g., breeding, 

dispersal); 
4. Surface water or unique landforms such as rock outcrops; 

5. Contribution to landscape connectivity; and 
6. Demonstration that the resource and conservation values of the off-site 

mitigation property will be protected in perpetuity. 0 
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c) Off-site mitigation of IRA may include the purchase and transfer of water rights 
that directly impact and/or support groundwater dependent ecosystems. 

Policy 12: Lands that are to be reserved from development and which will provide CLS mitigation 
shall be conserved and managed, in perpetuity, for the benefit of the natural resources: 

a) Various means may be utilized to  protect conservation or mitigation lands 
including, but not limited to, the transfer of deeded property to Pima County, 
pending approval by the Board of Supervisors, or other conservation entities 
and the granting of conservation easements; 

b) CLS mitigation lands shall be established as separate, natural open space 
parcel(s) from the development area; and 

c) Residents, or associations of residents, of a development may not serve as the 
sole administrator or enforcement entity for the management and protection 
of those conservation or mitigation lands. 
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Climate and Emeraina Environmental Issues 

Pima County has made sustainability, reduction of greenhouse gas emissions, and preparing for the 

impacts of climate change a high priority by leading by example. 

Over time, climate change stands to adversely impact the natural environment of the rich and 
diversified Sonoran Desert, threatening (a) the resilience and vitality of our economy; (b) the health 

and safety of vulnerable populations; (c) our limited water supply with more frequent and persistent 
drought; (d) more intense flooding; and (e) the overall well-being of our community and surrounding 

natural areas through increased frequency and intensity of extreme heat, cold, drought and wildland 
fires. 

Proper planning and execution of that planning is necessary on a local, regional and statewide basis 

to both prepare adaptation strategies and to address ways we can make modifications that improve 

public health, reduce the stress on the environment and benefit the economy. 

The County has taken a number of steps in collaboration with other organizations and agencies to 

plan for - and mitigate - the negative effects of climate change and increase the resilience of the 

human and natural dimensions of the environment to climate-induced changes. Work has included: 

Sonoran Desert Conservation Plan (2001) 

Pima County Drought Response Plan and Water Wasting Ordinance (2007,2014) 

Pima County Sustainability Resolution (2007) 

Regional Optimization Master Plan (2007) 

PAG Regional Greenhouse Gas Inventory (2008,2010,2012,2014) 

Travel Reduction Ordinance 

LEED Silver Building Standards for County Facilities 

2011-2015 Action Plan for Water Sustainability (2010) 

Community Wildfire Protection Plan (2013) 

Planning for Change in Southern Arizona forum (2013) 

Pima County Sustainability Action Plan for County Operations (2008, 2014) 

Multi-Jurisdictional Hazard Mitigation Plan (2012) 

Goal 2: Minimize the negative impacts of climate change on Pima County and 
increase the resiliency of the human, economic, and natural 
environment 

Policy 1: Support climate adaptation strategies that benefit the public health, economy, and the 
environment by: 
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a) Developing drought response preparedness plans and other emergency 
management plans; 

b) Improving stormwater management strategies to minimize runoff and flooding 
in urban areas by considering incorporation of Low Impact Development (LID) 
principles, and making beneficial use of stormwater; 

c) Adopting strategies to reduce loss of life and property from flooding and 
erosion; and 

d) Retaining natural open space. 
Policy 2: Pursue adaptive, flexible, cost effective, multi-pronged preparedness strategies such as 

diversification of water supplies, water conservation, improved demand management 
and increased reliance on water harvesting. 
Reduce greenhouse gas emissions and heat island effects by: 

a) Establishing targets and monitoring progress; 
b) Reducing barriers to the production of renewable energy; 
c) Continuing to increase energy efficiency including energy efficiency standards in 

both County-owned and privately owned buildings; 
d) Developing strategies and providing incentives to reduce single-occupancy 

Vehicle Miles Traveled (VMT); 
e) Promoting, designing and constructing multi-modal (alternative modes) 

transportation and transit systems. 
Ensure the viability of the natural environment in context of climate change by: 

a) Preserving watershed and ecological function, connectivity, and resiliency; 
b) Identifying and protecting areas that have served as ecological refugia for 

species during time of past climatic variability (e.g., riparian areas, talus, 
limestone); - 

E) Ensuring the availability of an adequate water supply for the natural 
environment in the context of climate change including using best management 
practices to establish and maintain water for wildlife and their habitats; 

d) Protecting the carbon dioxide (C02) sequestration functions of the natural 
environment including maintaining a balance between preserving natural, 
grassland and riparian areas that can absorb excess carbon from the 
atmosphere and developed areas by implementing the Maeveen Marie Behan 
Conservation Lands System. 

e) Creating consistency in regulatory requirements, policies, and practices for the 
restoration and revegetation of construction activities impacting undisturbed 

Policy 3: 

Policy 4: 

0 

desert areas. 
Policy 5:  

Policy 6: 

Enter a regional conversation on carbon footprint reduction (see carbon footprint 
illustration of page 4.25 of the Physical Infrastructure Connectivity chapter). 
Support and strengthen Pima County based policies and programs to control and 
eradicate buffeigrass and other invasive species to reduce the threat of wildfire and loss 
of native species. 
Support the establishment of an integrated and adaptive drought management 
strategies plan for the County that: 

Policy 7: 

0 
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R p l e  have lived in the desert Southwest for 
thousands of years. To survive in this arid land, early 
settlers had to develop special skills and adapt to a 
desert-based way of life. Today, communities 
throughout the region face a similar challenge: learning 
how to grow sustainably while conserving water and 
functioning ecosystems. 

This part of the country has an old 
saying "Whiskey's for drinkin' and 
water's for fighting There are no easy 
answers for managing water resources in 
the arid Southwest. but cooperative 
approaches have made fighting unneces- 
.sary. In southeastern Arizona. 21 govern- 
ment agencies and private organiwticms 
have banded together as a group to 

ensure that the region will continue to 

have an adequate ground watcr supply 
for area residents and the natural 
resources of the San Pedro River. They 
call this group the Upper San Pedro 
Partnership 

The purpose of the Partnership is to 

cooperate in identifying. prioritizing. and 
implementing policies and projects to 

assist in meeting watcr needs in the 
Sierra Vista Subwtershed of the Upper 
San Pedro River Basin. 

The Challenge 
The San Pedro is considered one of 

the most significant perennial 
undammed desert rivers in the llnited 
States. It provides important habitat for 
ahnost 400 species of migratory birds, 80 

species of mammals, and 40 species of 
reptiles and amphibians. Many of the.se 
animals rely on the riparian vcgetation of 
the Bureau of Land Management's San 
Pedro Riparian National Conservation 

EXCERPY PAGE 2 of the PDF 

Area (SPRNCAJ. which Congress desig- 
nated in 19M. This area includes 
marshland, cottonwood-willow forest, 
nlesquite forest, and various shrub lands. 
The water stored in the aquifer supports 
this vegetation and the perennial Row of 
surface water. 

The Upper San Pedro Rim Basin and 
the San Pedro River are home to several 
listed species and provide suitable or 
potential habitat for several more. The 
river provides must o f  the occupied 
habitat for the endangered Huachuca 
water-umbel (Lilaeopsis schffneriarra 
var. rtuurm). This small. q p t i c .  semi- 

aquatic plant has 33 miles (53 km) of 
designated critical habitat along the San 
Pedro River The San Pedro Riwr also 
contains critical habitat for two threat- 

ened fish species, the spikedace ( M d u  
/.lgida) and loach minnow ( Tiamgu 
crhitk),  and potential habitat for a host 
of other native fwhe5. 

The Upper  San Pedro Basin uplands 
provide significant habitat for the 
threatened Mexican spotted owl (Sf& 

ncridenlalis luc-ida) and the nectar- 
feeding lesscr long-nod bat 
(Leplonycferis czrrmoae.rprbabuenae). 

This endangered bat occurs seasonally in 
protected roosts on Fort Huachuca and 
the Coronado National Memorial. The 
watershed also provides potentially 

. . .  
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Six Bar Ranch 

e- - 7 - - -  ----- ----- 
Conservation easement: 40 acres 
Cost: $11,525,322 
Acquired: August 23,2006 
Fund: 2004 Bond Funds 
Partner: Arizona Land & Water Trust 

Background 
The 12,000 acre Six-Bar Ranch is located along the eastern 

flank of the Catalina Mountains, adjacent to the Coronado 
National Forest and northwest of the County’s A-7 Ranch. It is 
visible from Catalina Highway at the San Pedro overlook and 
can be accessed via several trails from the top of the Catalina 
Mountains. The Ranch contains a major tributary to the San 
Pedro River - Edgar Canyon. The property expands upon other 
conserved lands in the area, including the Coronado National 
Forest, The Nature Conservancy’s Buehman Canyon Preserve, 
and the County’s A-7 Ranch, Bingham-Cienega Preserve and 
Oracle Ridge Properties. A 24,000-acre Forest Service grazing 
permit is associated with this property. The ranch is a rugged 
complex of canyons and drainages off the east slopes of the 
Catalina Mountains down towards the San Pedro Valley. 

Lowland leopard frog. Photo by Bill Singleton 

a4 

, .  . 
. _I . ’ .  Historical and Cultural Resources .. . .. 

Archaeological sites in the Six-Bar Ranch area suggest a 
long period of prehistoric human occupation associated with 
the San Pedro River Valley villages sites. In addition, a cultural 
resources survey dated July 2006 identified a historic ranch 
house and related outbuildings along the southeastern bank of 
Edgar Canyon - the major tributary to the San Pedro River. This 
complex is located on a @-acre conservation easement held by 
the County, and is used today. Records show that this is likely 
the O.R. Parker House depicted on the General Land Office map 
for this area, filed in 1924. The Parker family was involved in 
the original development of Redington Pass road, and at one 
time owned some, if not all, of the land associated with the 
County’s A-7 Ranch, southeast of the Six-Bar Ranch. . .  

. 

.. . 
4 .  

, .. . 
.. . . *  

.. . Biological Resources 
The Ranch is located in the lower San Pedro River Valley 

and is composed of rugged uplands along the eastern flanks of 
the Catalina Mountains, alternating with narrow, incised valleys 
formed by generally east trending tributary washes draining into 
the San Pedro River. The property contains important stands of 
cottonwoods, sycamore, hackberry and ash trees along the Edgar 
Canyon drainage, along with intermittent streams and springs, 
and limestone outcrops. The uplands contain dense stands 
of saguaros in many places. The property contributes to the 
conservation of several Priority Vulnerable Species, including 
Lowland leopard frog, Lesser long-nosed bat, Mexican long- 
tongued bat, Western red bat, and the Giant spotted whiptail. 
Fish and frogs have been reported in Edgar Canyon. All of the 
ranch lies within the Biological Core of the Conservation Lands 
System and contains portions of Important Riparian Areas. 
The location of the property between the Catalina and Galiuro 
Mountains provides for a corridor of open lands for wildlife 
movement back and forth between the mountain ranges. 

I 



Management 
The Six Bar Ranch is a working ranch landscape. The ranch 

is currently stocked at a light rate, about 20% of allowed use, 
to reflect ongoing drought conditions. The County maintains 
a Ranch Management Agreement over all aspects of use of 
the ranch by an independent operator. The rugged ranch has 
few roads and is generally accessible only by horseback or on 
foot. The ranch is being monitored twice annually to establish 
some baseline data on the overall range condition and trend in 
vegetative community diversity and productivity. Existing waters 
are being modified to be more wildlife friendly. Public recreation 
access on the major road into Edgar Canyon and Davis Mesa is 
being managed under an agreement with the Arizona Game and 
Fish Department. All visitors are required to check in and out 
at an information kiosk as the road passes through private and 
enters County lands. 

Stream in Eagar Ganyon. Mot0 oy Locana ae souza. 

1 Ongoing Property Improvements 
Most of the ongoing activities on the ranch are 
related to establishing representative long-term 
monitoring data points and gathering information 
about the ranch ecosystem. 

livestock with escape ramps being installed to 
prevent wildlife drowning incidents in open troughs 
and tanks. 

Challenges exist in protecting the historic ranch 
buildings because of changes in the dynamics 
of flood water flows in Edgar Canyon due to the 
buildings being built on the active flood plain of the 
stream channel. 

recreational use and users. 

~ 

Waters are being maintained for wildlife and 

' 

Other routine activities include monit 

I 

._ 

Recreation 
The fee lands along Edgar Canyon contain an existing 

trailhead for the Davis Spring Trail, which leads up the eastern 
slopes of the Catalinas to the Palisades Ranger Station from 
Davis Mesa. The ranch is a popular area for hunting both small 
game like quail and big game like deer and javelina. Other 
recreational activities like ATV/OHV riding, wildlife viewing 
and biking are popular uses of the ranch. This ranch is more 
remote and has limited access points so it does not get as much 
use as many of the other ranch properties. 

l 

Davis Spring trail signab-. . . .___ -, . . , . . ..?. 
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Iii 1995 Tlie Nature Coiiseil-aiicy developed a new consei-mtioii fraiiiework - ecoregioiial 
assessiiieiit5 - to guide developiiieiit of a blueprint for regioiial-scale coiise~~atioii effoits. Ecoi-egioiis are 
large areas of land a i d  water - on the scale of teiis of iillllioiis of acres - cliaracterized by disriiict plaiit 
aiid aiiiiiial conuiiunities. similar landfoiiiis. aiid enviroiuiieiital conditions such as cliiiiate. The 
fi-aiiiework's foundation was a systeiiiatic am1 coiiipi-elieiisive scieiitific analysis iiiteiided to s e i ~ e  as a 
guide for piioritiziiig the organization's work. eiipgiiig collaborators. and providing a coiltext for 
understanding how individual projects fit iiito a larger coiisei-vatioii vision. Agency. university. 
institutional, aiid tribal resoixce professionals played a iimjoi- role in the developiiieiit of the assessiiieiits. 
Consei-vatioii assessiiieiits were coiiipleted for the so~~tli~vestem U S .  and ~io~~liwesteiii Mexico between 
1999 aiid 2004. 

Ecoresions are based on ecological rather tlian political botuidaries. As a result they ofteii bisect 
federal. stare. private. and tribal jurisdictional bomidaiies. coiiiplicatiiig the use of assessiiieiir data by 
public laiid iiiaiiagers aiid others. The six assessiiieiits co\-ei-ing the soutliwesreni U.S. aiid noitliwesrem 
Mexico were coiiipleted iiidepeiideiit of one another: the iiietliodology used did liot elislire that data could 
be aggregated by siiiiply coiiibiiiiiig the six assessiiients. Withoiir additioiial data standarchzatioii and 
reconciliation. the utility of ecoregioiial assessiiieiits would be liiillted to the boiiiidaries of each 
respective ecoregioii. To solve this probleiii aiid to create a cross-ecoregioiial dataset that would facilitate 
aiialyses at  multiple scales. we aggregated aiid staiidardized data fioiii tlie six assessiiiei~rs into a siiigle 
spatial dataset. 1-efeii-ed to as the "six-ecoregioii geodatabase." 

A priiiiaiy goal in coiiipiliiig the six-ecoregioii peodatabase was to facilitate consei~atioii-related 
aiialyses arid problem-solviiig at iiiultiple scales aiid across jiirisdictioiial and political boundaries. 
Several additioiial goals iiicluded: 

Eiiable review and aiialysis with a single dataset of coiiseiTatioii priorities across a large iiiiilti- 
state region. 
Itirroduce coiiseivatioii priorities for a large region that shares siiiiilar clialleiiges of liabitat loss 
and fragnieiiration aiid iiicreasiiig pressures 011 liniited water resources froiii rapid mbaii a i d  ex- 
urban growth. and. likely. climate-induced changes in tlie distribution of liabitat for the region's 
bioloyical diversity. 
Enable laiid iiiaiiagers. planners. policy-inakers. aiid coiisei~-atio~iists to evaluate. visualize. plan. 
and iiiiplenient coiisei-vatioii actions across jurisdictional aiid political boundaries. 

The six assessiiieiits coiiipiled iii this study evaluated 938 niillion aci-es across 1 1 states a i d  two 
countries. Overall. iiiore than 1300 species and 350 native plant coiiuiiunities aiid ecological system 
were aiialyzed as pait of the assessiiieiit process. Tlie eiid result was a network of laiids coiiiprisiiig 100 
iiiillioii acres (47O0 of the smdy area) d i e re  coiisei-vation slioiild play a sigiiificaiit role i f n e  are to 
iilaiiitaixi the region's biological diversity. Tlie iiiediaii size class of the areas coiiiprisiiig the network is 
fioiii 50.000 to 250.000 acres. Tlie coiiipreheiisive datasets aiid systeiiiatic aiialyses used to identify the 
net\vork represent a new. sytitheric data soiirce for agencies. instihitions. aiid orgaiiizatioiis engaged in 
land-use plaiiiiiiig aiid coiiseil-atioii lalid iiiaiiageiiieiit. 

Sixty-five perceiit of the network occurs on federal lands with Bureau of Laiid Mana, -eiiienr 
(BLM) aiid U.S. Forest Sell-ice (USFS) lands coiiipiisiiig 47'0 of rlie total nerwork. Private lands. the 
next larpest categoiv. comprise 1 9 O  o of the iienvoi-k. Uiiderscoriiig rlie iiiipoitance of tlie federal estate 
for coiisei~atioii managenlent. the U.S. Forest Sell-ice. Departiiieiit of Defense. and Bureau of L a i d  
Maiiageiiieiit each lias between 4 4 O o  aiid 5 l o o  oftlieir lioldiiigs witliin the network: tlle U.S. Fish aiid 
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Vi’ildlife Seivice and Natioiial Park Service have S4O o aiid 7S0 0. respectively. of their holdiiigs within tlic 
network. Moreover. 5 4 O O  of tlie individual areas tliat iiiake up tlie iietwork have at least thee major laiid 
iiiaiiagers responsible for on-the-ground iiiaiiageiiieiit. affiiiiillig tlie fact that ecosysteiiis don’t stop at 
jiuisdictioiial bouuidaries. 

CoiiseiTation aswssiiieiits piiipoi?iiig to ideiitify priorities. tjpically. are identifiiiig a set of 
tradeof&. Ideiitifiing tradeoffs explicitly is oiie of tlie puuposes of ecoregioiial assessiiieiits. In rapidly- 
growing areas. such as tlie soutliwesterii U.S.. coiiseintioii options are foreclosed on a daily basis aiid 
resoiirces are inadequate to protect all iiiiportaiit laiids and waters. The assessiiieiit work represents the 
first atteiiipt for this region at a systematic. coiiiprehensive analysis and ideiitificatioii of conseiyation 
prioiities at a scale coiiuiieiismate with the scope aiid magnitude of cliaiige caused by liuiiaii activities. 
The coiiiprelieiisi\.e. systematic. aiid explicit iiahire of the assessiiieiits caii bettei eiiable decisioii-niakei-5 
aiid otliei- leaders in iiistitiitioiis aiitl apeiicies to plaii. fiiiid. aiid iiiipleiiieiit coiiseiyatioii-relared activitie! 
in a iiiauier that eldialices biological diversity ivliile caiiyiiig out unrelated activities in a iiaiuier that 
iiiiiiiiiizes fiutlier losses of biological diversity. 

Tliere are several iniportant applications of ecoregional data The iietwork represents an 
important geography oii federal. state. aiid private laiids for wliicli land-use allocatioiis iiiay be evaluated 
for their coiiipatibility with the coiiseivation values present. Tlie broad dix-ersity of systems and species 
used to represent the region’s biological diversity provide a staitiiig poiiit for evaluations oftlie extent to 
wliicli iialural distlubaiice regiiiies - iiiiportaiit for peipetuatiiig habitat ~ are operating oii the laiidscape. 
Fuitheiiiiore. reducing sti.essors and tlueats in this geography will increase tlie likelihood tliat tlie region‘ 
ecological systems aiid species reiiiaiii viable. an iiiiportaiit coiiipoiieiit of iiiaiiageiiieiit focnsed oil 
iiiaiiitaiiiiiig “healthy ecosysteiiis.” Actioii to proniote nahwal distui-baiice processes at appropriate scale 
aiid iiliiiiiiiize kiion.11 stressors and threats tlirouplioia tlie Iienvol-k shodd. over time. limit tlie iieed for 
addtioiial listiiigs under the Endangered Species Act. 

Many federal. state. comity. aiid mmiicipal ageiicies are coiiipletiiig land-use. laid iiiaiiagemeiit. 
wildlife coilsen-ation. or liabitat coiiseimtioii plans. These effoits typically encourage or require 
collaboratioii and plaiuiiiig across jiuisdictioiial bomihies to leverage liiillted fiuidiiig aiid increase 
overall effectiveness. Ecoregioiial data are well-snited for tliese pillposes aiid have been integrated iiito 
iiuiiierous plaiuiiiig effoits tluougliout the U.S. Aiiong tlie iiiiique aspects of ecoregioiial assessiiieiits is 
the inteptioii of aquatic iipaiiaii- aiid teiTesmia1-based data iiito unified geographies that lend tliemselvc 
to “watershed“ or “ecosystem-based” management. Witli the proliferation of plaiuillig efforts iiiidei-way. 
such as tlie Natioiial Fish Habitat Initiative. State Comprehensive Wildlife Coiisei~ation Plans. federal 
laiid iiiaiiageiiieiit plaiis etc.. eiisiuing iiitegratioii of the teirestrial and aquatic realiiis iiito a coliesix aiib 
effective set of nianageiiient smategies will be paramomit. Tlie prospect of acliieviiig large-scale systeiii- 
level restoration aiid iiiaiiageiiieiit presents a unique clialleiige for all plaimiiig efforts because funding fc 
such n-ork 1-eiiiallis limited. If large-scale. cooperative coiiseiyation plaiuillig is tlie new prerequisite for 
caphiriiig fedeial. state. aiid private coiiseiwtiou fiiiids. then a first step for emerging effoits niplit be to 
ciitically evaluate tlie opporhiiiities tliat caii be leveraged with conteiiiporaiy. cross-boiiiidaiy ecoregioiiz 
assessiiieiits that unify teirestrial and aquatic coiisei-vatioii priorities before additioiial iiivestiiieiits are 
iiiade in new priorit\.-settiiig exercises. - 
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native grasslalids would maximize viability for grassland species. Note that despite the lack of hie  filter 
data for tlie Mexico portion. 4790 oftlie consen-ation area lies on tlie Mexico side of the border. This is 
largely the result of tlie extensive glasslalid that occim hi the hiesico poi-tioii. Tllis graphic illlistrates 
how good coarse filter data. combined with consenation goals at a iiieaillligfiil scale. can coiiyeiisate for 
gaps in file filter data in the delineation of coiiseiyatioii areas. 

Figure 4 illustrates one type of viability assessiiieiit used in the ecoregioilal assessiiieiit process - 
a “cost“ smface or suitability index. The graphic illustrates tlie effect of ”cost” on the delineation of 
coiisen-atioii areas. Iiicreasiiig cost is depicted by kicreasbigly dark shades of red. Cost is an additive but 
unit-fiee value represented by tlie extent of liiuilan iifiastiiictwe. such as iilllies and otlier iiidiistrial 
development. apiculture. wbai development. aiid roads (see Marshall et al. 2004). The algoritluii tllat 
deliiieated consen-atioii areas was prograiiuiied to avoid high cost areas where coiisenatioii iiiay be 
iicoiiyatible and or prohibitively costly. The Huachiica Moiuitauis coiiseimtioii area is deliueated Ui 
green: the papluc illustrates how lliglier cost areas were largely avoided. 51iCh as the iiiajor lfigliv-ay 
coiTidor that borders the westem botuihy. Soiiie lugli cost areas. ruich as the east side of tlie Hilacliuca 
hiouiitaitis adjacent to tlie city of Sierra Vista. were ixiclided. however. Tllis is due to tlie high number of 
endemic species occiuiiig hi tllis iiioiuitahi r a g e .  Tlie llicliisioii of “high cost” areas indicates tliere are 
liiilited or no other alteniatives in the ecoregioii i i  n-hich to protect those coiiseiwtioii targets. Cost 
amlyses were used in tlie Apache Higldaiids. Colorado Plateau aid Southmi Rocky hloiuitaii 
ecoregioiial assessiiieiits (Table 1). 

The consei-vatiou area uetwork 

Cairied out across an entire ecoregion. the process of ideiitifiiiig coiisei~atioii areas described in 
Figures 2 - 4 yields tlie pritllay eiid product of tlie ecoregional as5essiiieiit process. a network of 
“coiisei~atioii areas.” Die teini “conseiyation area“ is sliortliaiid for the locations identified that capture 
tlie most iiiyoi-taiit places to protect tlie 366 ecological systeiiu aiid 13’1 species aiialyzed over tlie six- 
ecoregion study area. The teiiii does not convey special status to those areas: rather. tlie tienvork of 
coiisen-ation areas is a bliieprUit for where elhiiced attention to coiisei~ation iilwageiiieiit ~vould 
coiltribute to a larger regioiial consen-ation vision. Tlie ptupose of tlus project was to aggregate and 
standardize cotisenation area data across the six-ecoregion study area. 

The aggregation a id  staiidardizatioii process resulted in a network of 568 coiisenatioii areas 
coiilprising nearly 100 iidlioii acres. or 42O0 of the six-ecoregion shtdy area. Figure 5 depicts this 
network as a series of inegularly shaped polygons in peen. CoiiseiTation areas range in size froill j us t  
over 100 acres to approxhiately 5.1 iililliori acres. Figure 6 provides a fiequeiicy distribution for the size 
of consemition areas. Tlie vast iilajoiity ofcoiisen-ation areas (8100) are less tlian 250.000 acres in size: 
the iiiediai for all coiisei~atioii areas was 50.000 acres. There are at least five factors that account for the 
size. shape. and distribution of the coiiseixttioii area network. Ilicluding: 

1 .  Tlie distribution of species and ecological system is not uulifoiiii across tlie souitliwesteiii U.S. 
aiid iioi-tliwestem Mexico. The considerable raige in elevation (sea level to 14.000 feet) aid 
coiiiplex topography in the six-ecoregion study area yields a non-iuiifoiiii distribution of systems 
and species. 
Habitat and otlier life-llistoiy requll.eiiients of target systems aiid species differ. For example. the 
Saii Fraiisciso grotuidsel (Setreciofi.~treircnr~trr) is restricted to alpine areas 011 tlie Sail Francisco 
Peaks 111 tlie Arizona - New Mexico hlo~uitaitis ecoregioii. whereas the endangered Soiiorai 
pronghom (-4ittilortprrr antericatw soitoriensir) roan15 across nearly 6 iilillioii acres aloiig the 
Arizona - Soiiora borderlands hi the Sonorai Desert ecoregioii. The net result is tliat the size aid 
shape of coiiseiwtioii areas is. i i  pal?. a fiuictioii of the spatial occwrence of the coiiseiwtion 
targets selected aiid tlie reqiiireiiieiits of those targets as expressed by coiiseimtioii goals. 

2. 
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Enlargement of Figure 11 

I Figure I 1 .  Consenation mas by number of aquatic and riparian ESA-listed species 
and non-listed rare species. 
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Summary 
The Sky Islands are a unique region of more than 40 isolated mountain ridges surrounded by a sea 
of dry grasslands that straddles the Mexico/Arizona/New Mexico border. It is one of America’s great 
hotspots for wildlife diversity, hosting more twice as many mammal species as Yellowstone National 
Park and supporting the nation’s highest diversity of reptiles, bees and ants. 

Of the 13 million acres of grassland which once dominated this 30 million acre landscape, at least 2 
million acres still have exceptional wildlife values and another 4 to 7 million acres of grassland could 
be restored. These grasslands are centered around 10 valley landscapes, each of which contain more 
than 100,000 acres of grassland habitat of exceptional value, and most of which support embedded 
wetlands. Within these landscapes we are targeting jaguar, bison, pronghorn, black-tailed prairie dog, 
Chiricahua leopard frogs, pronghorn and grassland sparrows as wildlife whose population response to 
conservation investments will be the best indicators of success. 
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Conservation Need 
The Sky Islands is a region on the U.S./Mexico boundary that is a world renowned Biodiversity 
Hotspot, linking the North American continent's temperate and tropical latitudes. The region also 
bridges the lowest point in the Continental Divide, melding two of the largest deserts (Sonoran and 
Chihuahuan) in the western Hemisphere with short-grass prairie and semi-desert grasslands, which 
are interspersed with towering mountains of pine-oak, mixed conifer, and spruce-fir forests. This 
landscape still supports a community of ranchers and others whose livelihoods are still largely a land- 
based economy. 

The Sky Island region is defined as much by the grassland sea as by the mountains that rise from it. 
These grasslands include semi-desert and Plains grasslands, as well as sacaton grassland bottomlands 
and many variations on the three types. Built on the alluvial fans of rock worn off mountainsides 
and come to rest as valley soils, these grasslands serve as the stage for extraordinary plant life; one 

... 

In  the face of climate change, this region provides unique opportunities for wildlife to follow the con- 
ditions they depend on - upwards in elevation along the steep gradients created by the Sky Island's 
many mountain ranges, or northwards through valleys or along mountain chains. The north-south 
orientation of the region's topography is already credited with promoting mixing of floras and faunas, 
and will continue to facilitate wildlife movement. This region is already at the northern frontier of 
many species' ranges, making it the anchor point for their journeys further north. These factors make 
preserving both corridors across latitudes and continuity across valleys even more important as condi- 
tions continue to shift. 
... 
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Pronghorn are indicators for ecological and landscape integrity. These wide-ranging grassland special- 
ists require sight lines unbroken by shrubs and movement corridors unfragmented by human develop- 
ment. Because of this, they are among the first species to decline when shrubs take over grasslands, 
and among the first to disappear as roads, fences, and homes block the paths they use to wander in 
search of fresh food. 

Grassland bird populations have shown a steeper, more consistent, and more geographically wide- 
spread decline than any other guild of North American bird species. Breeding Bird Survey data col- 
lected from 1966 to 1993 indicate that approximately 70% of the grassland bird species surveyed 
had negative population trends. The grasslands of the southwestern US and northern Mexico are the 
primary over-wintering grounds for most North American grassland bird species and are therefore, 
continentally important to their survival. 
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This plan will be focused around a core set of large grassland landscapes in Arizona, New Mexico and 
Mexico which have extensive high quality and restorable grasslands and support many of the most 
important grassland biodiversity values. Together these areas create important north-south corridors 
that connect grassland habitats as well as the 'Sky Island' mountain ranges among the grasslands. 
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permanent, but the indirect effects to surrounding natural habitat due to fragmentation of wildlife 
movement corridors, disruption of watershed function, and introduction of exotic species can have 
far-reaching impacts. For some valleys it is already too late; unfragmented, valley-wide grassland 
habitat has already been lost. However, there are several valleys where protection of sustainable, 
ecologically functional grassland ecosystems is still possible. To achieve our long-term goals for grass 
land conservation, protection of natural grassland habitat from fragmentation is the foundation upon 
which all other conservation strategies depend. 
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The criteria used to establish land protection priorities often include presence of important water 
rights or vulnerable aquifers. For example, in the Upper San Pedro Basin ground water modeling 
that identifies core groundwater recharge zones is used to guide land protection. For these reasons, 
water protection is an integral part of all land protection goals. Nevertheless, explicit policy and plan- 
ning work to protect water resources is sometimes needed in addition to land protection. 

I n  recognition of the importance of protecting natural habitat, the residents of Pima County passed 
an Open Space Bond for $174 million for purchase of conservation easements and other land pro- 
tection. Conservation goals - largely focused on grassland and riparian target species - guided 
the spending of these public monies, which is now protecting ranch land in some of the area’s most 
important grassland valleys. Additional grassland purchases are being negotiated, and a second open 
space bond initiative is now being planned. Although both threats and land costs are highest in Pima 
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acquisition of land, water, and easements has been funded by many stakeholders for a wide range 
of purposes, including Pima County to protect communities from flooding, reduce infrastructure costs 
for new growth, and mitigate for effects of other developments; the Department of Defense and 
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Wise land use planning can steer population and infrastructure growth towards areas where it will 
have the least impacts on natural infrastructure (community open-space lands, wildlife corridors, 
aquifer recharge zones, groundwater-dependent wetlands, etc.). Growth projections in Arizona show 
major overlap with high-value lands and waters. Engaging county planners and other policymakers 
to examine how alternative growth scenarios affect natural and human systems is already improving 
planning outcomes in Arizona. Similarly, using ecological flows and other methodologies can highlight 
tradeoffs between increased human water use and loss of wetland function and other ecosystem 

services. 
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The grasslands of the southwestern US and northern Mexico are the primary over-wintering grounds 
for most North American grassland bird species and are therefore, continentally important to their 
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Evaluation Factors for Selecting Indicators 

- Focus on Clients, 
e.g. NVS. BLM, USFS, & State deparbnents d environment and 
natural resources (State 8 Tribal Wildlife Grants Program- $90M in 
FY10) 

- Include decision makers 
- include a suite of indicators to inform tradeoffs 
- Select scale best needed to inform the decision 
- select & evaluate within the timeframe needed to 

- select indicators that can easily be interpreted 
inform decision 

by non-scientists 

W. Munns, April 2010 
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Scaling of Services 

I Obi ec tive 
Develop and produce m a p s  of an ecosystem service (e.& habitat provisioning.. .a 
surrogate measure of biodiversity) based on current condition and available data for 
place-based, regional, and national scales of interest. 



Gap Analysis Products and Data Sources 
(Southwest Regional Example) 

Available Data 
*Land cover dataset 
*Terrestrial vertebrate models 
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1 Executive Summary 
This executive summary describes the breadth of the entire Madrean Archipelago (MAR) Rapid 
Ecoregional Assessment (REA) and illustrates examples from al l  of the products. It does not summarize 
methods but instead focuses on products, key findings, and limitations. Because of the breadth and 
number of assessments, this summary is  necessarily longer than a typical executive summary and is  
intended to give a brief but fairly complete picture of the MAR REA results. 

1.1 Rapid Ecoregional Assessments: Purpose and Scope 
Working with agency partners, the BLM is conducting rapid ecoregional assessments (REAs) covering 
approximately 800 million acres of public and non-public lands in 14 ecoregions and combinations of 
ecoregions in the American West. The goal of the REAs is to characterize the status of ecological 
resources and their potential to change from a landscape viewpoint. REAs are intended to serve BLM’s 
developing Ecoregional Direction that links REAs and the BLM’s Resource Management Plans and other 
on-the-ground decision-making processes. Ecoregional Direction establishes a regional roadmap for 
reviewing and updating Resource Management Plans; developing multi-year work for identified priority 
conservation, restoration, and development areas; establishing Best Management Practices for 
authorized use; designing regional adaptation and mitigation strategies; and developing conservation 
land acquisitions. While REAs produce information designed to be integrated into specific management 
processes, they are not decision documents and stop short of integrating the findings into management 
actions. 

1.2 Organization of the MAR REA Final Report 
This report for the Madrean Archipelago Rapid Ecoregional Assessment (MAR REA) conveys the 
objectives, methods, and results of the MAR REA. The report is arranged as the main report and a series 
of nine appendices: 

A. 

B. 
C. 

D. 
E. 
F. 
G. 
H. 

I. 

1.2.1 

Methods for Selecting and Evaluating Feasibility for Conservation Elements, Change Agents, and 
Assessments 
Assessment Methods: Approaches and Rationales 
Technical Methods: GIS Documentation 
Terrestrial Ecological Systems: Conceptual Models and Ecological Status 
Aquatic Ecological Systems: Conceptual Models and Ecological Status 
Species: Conceptual Models and Ecological Status 
Ecoregional Conceptual Model and Ecological Integrity Assessment 
Mesquite Scrub Expansion: Restoration Opportunities 
Climate Change: Assessment Methodology and Results 

Common Terminology 
Following are key terms and abbreviations used throughout the report; a complete listing of terms and 
abbreviations is found in the glossary and acronym list in Appendix E. 

AMT: Assessment Management Team. This is the team of BLM staff and participating partners 
in the region that provided review and guidance for the contractor throughout the REA. 

0 
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CA: Change Agent. These are the features or processes that can negatively impact conservation 
elements (and in some cases can have neutral or beneficial effects on certain CEs). 
Development, invasive species, fire, and climate change effects are the four primary change 
agents addressed in this REA. 
CE: Conservation Element. These are the natural resource features assessed in the REA and 
include terrestrial and aquatic ecological systems, species, and species assemblages. 
CE conceptual model: Conceptual models are the descriptive text and accompanyihg graphics 
that characterize the ecology and biology of the CEs, including descriptions of how change 
agents are expected to affect the ecological status or condition of CEs. 
CE response model: The set of numeric values that characterize the way a CE responds to  direct 
exposure to a CA (site intensity value) and (optionally) within a specified distance from the CA. 
Condition: used interchangeably with Status (see below) 
Ecological status (or Status): formal term in BLM REAs to describe the condition or integrity of 
areas of distribution of a CE based on presumed effects of change agents on the CE. 
EIA: ecological integrity assessment used to indicate the overall integrity or condition of the 
ecoregion as a whole. 
Indicator: Biophysical attributes that are used either directly or indirectly to measure the status 
of the KEAS, and therefore of the CEs. 
KEA: Key Ecological Attribute. A KEA is a characteristic of a species' or ecosystem's biology, 
ecology, or physical environment that is critical to the resource's persistence in the face of both 
natural and human-caused disturbance. The combined status or condition of KEAS for a CE 
together determine the overall ecological status of the CE. 
KEA indicator scenario (or Scenario]: The aggregation of CA distribution maps used to assess 
the indicators associated with each of the KEAS for each of the CEs. The scenarios are input into 
the LCM. 
landscape Condition Model (LCM): the geospatial modeling tool used to calculate the 
ecological status of CEs and conduct other related assessments (e&, ecological integrity of the 
ecoregion). The CE response models, KEA indicator seenarios, and CE distribution maps are the 
key inputs that are run through the LCM. 
MAR: Madrean Archipelago Ecoregion, specifically referring to the U.S. portion assessed in this 
REA. 
MQ: Management Question. These are questions developed by BLM and gathered during the 
REA that are important for guiding natural resource management and land use decisions. The 
ecological status assessments of CEs and other assessments conducted in the REA provide 
information and analysis results to help address the management questions. 
REA: Rapid Ecoregional Assessment 
Status: See Ecological Status above. 

1.3 The Assessment Region 
The U.S. portion of the Madrean Archipelago ecoregion, including i ts intersecting 5*-level watersheds, 
was assessed in this REA. The REA assessment area encompasses approximately 6.4 million hettares 
(15.7 million acres). Within the assessment region, total BLM ownership is 1,009,375 ha (2,494,222 ac) 
or about 16% of the area and 38,382 ha (94,846 ac) is in BLM special management or 0.6% of the MAR. 
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Figure 1-1. Map of the Madrean Archipolago REA assessment area. The area assessed for this REA is 
the US. portion of the Madrean Archipelago plus i ts intersecting 5*-lewl watersheds, shown in the 
yellow outline and by the border between the US. and Mexico. The Madrean Archipelago ecoregion is 
shown by the solid green line and extends into Mexico beyond the map extent. 

1.4 Management Questions 
In this REA, natural resources management questions (MQs) and issues were identified by various 
agencies participating in the REA process. These MQs were iteratively reviewed and distilled into a 
discrete set of potential assessments and evaluated for appropriatness for an REA and feasibility. 
Relevant available datasets needed to answer the M Q  were identified and evaluated, and proposed 
analytical steps were summarized for conducting the identified assessments. Based on management 
needs, data availability and suitability, and technical feasibility of the proposed analyses, the pool of 
potential assessments was narrowed to the following: 

0 

Ecoregional Ecological integrity (current) 
0 Climate Space Trends (recent) 
0 Climate Space Trends (future) 
0 

Ecological Status of CEs (current) 

CE Distributions Intersected with Future Climate 
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Valley Upland System Division 
Apacherian-Chihuahuan Mesquite Upland Scrub 
Chihuahuan Creosotebush Desert Scrub 
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56.0% 
19.5% 
13.2% 

Bioclimate Envelope Models 

Soil Erosion Potential 

2025 Risk Assessment (for three case study CEs) 
Mesquite Scrub Expansion: Restoration Opportunities 

Montane Upland System Division 
Madrean Pinyon-Juniper Woodland 
Montane Conifer-Oak Forest and Woodland 

1.5 Conservation Elements 

13.4% 
5.8% 
2.8% 

Conservation elements (CEs) are one of the core components of the REA. They are the natural resources 
-ecosystems and species (inclusive of species assemblages) --that are the focus of the assessment. 
Ecological system and species CEs were selected through an iterative review process based on the 
following criteria and considerations: 

Regional significance 
CI Relevant to more than one BLM field office or other agency’s local management 

jurisdiction (ecosystems and species) 
Dominant in the ecoregion (ecosystems) 
Broadly represent a cross-section of the region’s diversity (ecosystems and species) 

o 
rJ 

o Endemism (ecosystems and species) 

Nexus with identified management issues (ecosystems and species) 
Representation by associated ecological system CE (Le., species that would add to, rather than 
being duplicative of, ecosystem CEs) 

This resulted in the identification of 18 CEs that were the focus of the assessments in this REA (see Table 
1-1 and Table 1-2). In addition, a significant portion of the ecoregion (“19%) is occupied by Apacharian- 
Chihuahuan Mesquite Upland Scrub, an ecological system that has greatly expanded primarily through 
mesquite expansion into grassland areas. This system is treated separately from the other 18 
conservation elements (via the Mesquite Scrub Expansion assessment listed above) because managers 
desired information about restoration opportunities rather than a generalized status assessment of this 
ecosystem type. 

Table 1-1. Ecological system conservation elements (CEs) selected for the Madrean Archipelago REA. 
The ecological systems are organized in this table according to the four major system divisions or 
groupings (valley upland system, montane upland system, connected stream and wetland, and isolated 
wetland) from the ecoregion conceptual model. Apacharian-Chihuahuan Mesquite Upland Scrub is a 
non-natural ecological system that has greatly expanded primarily through mesquite expansion into 
grassland areas. 

I ADacherian-Chihuahuan Semi-Desert Grassland and Stewe I 18.2% I 
I Madrean Encinal I 5.1% I 
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Mogollon Chaparral 

Isolated Wetland System Division 
North American Warm Desert Playa and Ephemeral Lake 
Connected Stream and Wetland System Division 
North American Warm Desert Riparian Woodland and Shrubland, Mesquite Bosque 

North American Arid West Emergent MarshlCienega and Pond 
North American Warm Desert Lower Montane Riparian Woodland and Shrubland and 

and Stream 

Stream 

4.8% 
< 1% 
4% 

4.3% 
3.3% 

1.0% 
<1% 

Table 1-2. Species conservation elements (CEs) selected for the Madrean Archipelago REA. Includes 
current state or federal endangered listing status. 

Mammal 
Mammal 
Mammal 
Mammal 
Mammal 
Bird 
Reptile 
Amphibian 

Pronghorn (An tilocap ra omericona) None 
Coues white-tailed deer (Odocoileus virginianus couesi) None 
Desert bighorn sheep, al l  subspecies (Ovis canadensis) None 
Nectar-feeding bats See conceptual model 
Black-tailed prairie dog (Cynomys ludovicianus) None 
Grassland bird assemblage See conceptual model 
Ornate box turtle (Terrapene ornoto luteola) None 
Chi rica h ua leopard frog (Lithobates chiricahuensis) Federally Threatened, 

Arizona Threatened 

1.6 Change Agents 
Change agents (CAS) are those anthropogenically-driven or -influenced land uses, activities, or 
phenomena that can affect the ecological status or condition of conservation elements. They are drawn 
from the standard REA change agent categories of development, climate change (described in greater 
detail below), invasive species, and wildland fire (fire). Development is a particularly broad category thai 
includes any direct human use, activity, or infrastructure on the landscape, such as agriculture, border 
patrol activities, roads, urban development, or energy development, among many others. The invasive 
species CA includes invasive non-native species, managed non-native species (eg, sport fish, game 
animals), and native woody increasers (such as mesquite). Figure 1-2 provides an example of a 
development CA; all individual CA maps can be viewed on the BLM REA GIS portal. 
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Figure 1-2. Example of a c l s v ~ e t n t  change agent. The urbanization change agent comes from a 

. .  
, .  

. .  

1; 

model of urban density ICLUS SERGoM generated by EPA. 

There were no direct assessments made of change agents in isolation (i.e., without fnteractidns with 
CEs, other than climate change trends). Instead, change agents were incorporated into a series of "KEA 
indicator scenarios" (scenarios) that represent indicators of conservation element Key Ecological 
Attributes (see example Figure 1-3). These scenarios were used to model the current status of the 
conservation elements, the 2025 future landscape condition (development-caused) status of three case 
study conservation elements, and model the current ecological integrity of theemregion as a whole 
(see sections below). Additionally, more speculative modeled urban development far ttre 2025 
timeframe is graphicah overlaid on the case study conservation elements and solar potential maps are 
presented alone to indicate where future risks to conservation elements may occur (see section 1.7.3). 
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Figure 1-3. Exam@ of a KEA indkator seenarb. The invasive species indicator scenario is comprised of 
invasive species change agents represented at different levels of density that could be associated to 
different levds of impact to the KEA indicator. 

The climate change assessment addresses climate exposure across the MAR by analyzing recent and 
future climate trends and their estimated influence on conservation elements (CEs). The recent and 
future climate trend analysis examines spatial and temporal patterns of change in a range of climate 
variables. Multiple trend detection statistics were employed to quantify the distribution and magnitude 
of recent climate change, as wdl as future changes projected by a suite of six global climate models run 
under the A2 greenhouse gas emissions scenario. Additionally, bioclimatic envelope modeling explores 
how projected future climate change may affect the distribution of suitable climate conditions for 
several ecological communities of the MAR. This approach estimates suitable climate conditions for a 
given CE and projects where those suitable conditions are likely to occur in the mid-century future. 

1.7 REA Products and Results 

1.7.1 Conservation Elements: Current Status 
Current ecological status was assessed for five terrestrial upland CEs, four aquatic CEs, fwe species and 
two species assemblage CEs. Each indicator for each key ecological attribute was assessed individually 
for each CE; the indicators were then combined to calculate the overall ecological status for each CE. 
The individual indicators and overall ecological status were assessed at 30 m resolution and then the 
overall status was averaged across reporting units to show broader patterns of overall ecological status 
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for each CE (see example of both resolution products for the nectivorous bat assemblage CE, Figure 1-4). 0 
Additionally, a frequency graph of status by reporting unit is provided for each CE that illustrates the 
proportion of the CE area in which range of status values (e& in Figure 1-5, the bulk of the CE’s 
distribution is in relatively low status). 

Generally across the three groups of CEs, similar patterns were observed in the assessment results. First, 
while development activities can have major, local-scale impacts; most development occurs in, and 
hence has impacts upon, lower elevation areas including valleys, floodplains, or in the foothill zones. 
Therefore, it i s  generally a minor driver of the status results for the CEs found a t  higher elevations. 
Effects of development on CE distributions close to heavily populated or developed areas are evident in 
the ecoregion-wide maps. Effects of the many small roads and highways, which are pervasive 
throughout the area, are difficult to visually discern in the maps. Their impacts on status locally are 
evident when zoomed into specific areas and these smaller, pervasive impacts do contribute to 
ecoregional status results. 

Secondly, altered fire regimes are affecting most areas of the ecoregion. All of the terrestrial upland 
ecosystems have significant portions of their distribution in either moderate or severe departure 
categories from historical fire regimes. Most of the species also have poor ecological status across much 
of their distribution due to the fire regime indicator. 

Third, invasive species, both in the upland and aquatic realms, are a significant problem at middle to 
lower elevations of the ecoregion. The data for the invasives indicators was generally of poor to 
moderate quality, but the patterns are similar across all three groups of CEs. Lower elevations (i.e. not in 
the mountain ranges) are impacted by invasives, while the higher montane elevations are much less 
affected. These results are not unanticipated; invasion by mesquite (Prosopis spp.), exotic grasses and 
forbs, tamarisk (Tarnarix spp.) or Russian olive (€/aeagnus angustifoh) and exotic aquatic animal 
species, is well documented for this ecoregion and known to be a growing issue. 

Lastly, water use is one of the greatest stressors affecting aquatic CEs in the Madrean Archipelago 
ecoregion, especially at  lower elevations. While the water use data used in this assessment are spatially 
coarse, the effects of high water usage can be severe and cause stress to the plants and animals 
dependent upon aquatic ecosystems and their associated riparian or wetland vegetation. The 
abbreviation “AMA” designates a basin identified as an “Active Management Area” for groundwater 
resources under Arizona water law. The areas of high rates of water use are all basins in Arizona with 
either dense municipal development (Tucson “AMA”) or large areas of intensive irrigation (Pinal “AMA,” 
Douglas and Willcox basins). Figure 1-5 illustrates the 30 m overall ecological status for one of the 
aquatic CEs, as well as its ecological status averaged across the watershed reporting units. 

- 

6 

0 
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Figurn 14. Current overall ecologkd status scores far the necthrom bat assemblage for each 30m 
pixel (top) and 4km grid cells (reporting units, bottom). LCM = landscape condition model. Yellow scores 
(equivalent to 0) indicate high impacts from the CAS and correspondingly lower ecological status, dark 
Mue (equivalent to 1) indicate little to no impact from the CAS and correspondingly higher ecological 
status. In the second map, the score for each 4km cell is an average of the overall ecological status 
scores of the 3Om pixels within the 4km cell that were were scored for the CE. 

I ,  
I 

7, 
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Figure 1-5. Overall ecological status SCOCBS for the North American Warm Desert Riparian Woodland, 
Shrubland, Mesquite f)osque and Stream CE (left) and graphs of frequency distribution (right). 
Ecological status scores were averaged across 5*-level watersheds for the CE. A companion graph 
indicates the frequency distribution of ecological status scores for the CE. The x-axis represents the 0.1 
increment scoring intervals, while the y-axis shows the number of watersheds in each interval (left) and 
the cumulative percentage of the grid cells for each interval (right). 

1.7.2 Current Ecological Integrity of the Ecoregion 
Ecological integrity assessment characterizes the overall status or condition of the ecoregion. For the 
MAR, integrity was assessed for five life zones that incorporated the CEs but provided ecoregion-wide 
coverage: two for the aquatic realm (montane and lowland) and three for the uplands (montane, valley 
and desert). An additional analysis calculated the change in extent of distribution for upland ecological 
systems from historical distribution to current. 

For the five life zones, the results for the ecological integrity assessment of the ecoregion show similar 
patterns to those for the CEs. In general, the higher elevation regions have better ecological integrity, a 
result of less development and fewer invasive species, although fire regime departure is significant in all 
of the upland life zones. The Desert Scrub life zone has poor to moderate ecological integrity for much 
of i t s  distribution, a result of fire regime alterations and proximity to heavily developed areas (Figure 
1-6). In contrast, much of the Montane Forest life zone has moderate to good ecological integrity (less 
development or invasives species). However, altered fire regimes are a real issue throughout much of 
the montane zone. The Valley Grassland life zone has low ecological integrity across much of its 
distribution. This life zone suffers from effects of all three indicators- extensive development impacts, 
invasive species including mesquite, and moderately to severely altered fire regimes. Only a few areas in 
the northern portions of the ecoregion have good integrity. 
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Figure 14. Distribution (left) and integrity assessment results (right) of the T-al [krert Scrub lh 
zone in th. Mdroan Archipelago ecorSgional assessment area. The map on the left shows the 
combined distributions of 13 terrestrial ecological systems which comprise the distribution of this life 
zone. The map on the right illustrates integrity results for all three indicators: development, fire regime 
departure, and invasive species, which were combined into a single ecological integrity score for each 
4km’grid cell. Yellow scores (equivalent to 0) indicate high impacts from the CAS, dark blue (equivalent 
to 1) indicate little to no impact from the CAs. 

The results of the change in extent analysis from historical to current area of terrestrial ecological 
systems show major compositional changes have occurred that have resulted in type conversion (i.e. 
from one ecosystem to another) and resultant changes in extent (Figure 1-7). Mesquite Upland Scrub 
has expanded substantialiy(O96 to 20%), as has Chihuahuan Creosotebush Desert Scrub (0.5% to 13%) 
with subsequent large dectines in all of the grassland ecological systems (Apacherian-Chihuahun Semi- 
desert Grastand and Steppe (32% to 18%), Chihuahuan Loamy Plains Desert Grassland (4% to nearly 
0%), Chihuahuan Bottomland and Swale Grassland (2% to nearfy 0%). In addition there has been a large 
decline in the extent of Sonoran Paloverde-Mixed Cacti Desert Scrub (2196 to ll%), largely due to urban 
expansion from Tucson and surrounding areas and conversion to other desert scrub systems. There are 
only modest amounts of conversion from natural vegetation due to increases in post-European 
settlement (as a proportion of the ecoregion area) such as agriculture (to 1.3%) and development (to 
396). 
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Figure 1-7. Historical vs. current area of select terrestrial ecological systems for the entire MAR 0 
ecoregion. The y-axis presents the percent of the MAR study area of the mapped historical (light shade) 
or current (dark shade) extent of each ecological system or land cover type. Historical distribution was 
derived from the Landfire biophysical settings map and current distribution from the NatureServe 
terrestrial ecological systems map, which is based upon the land cover mapping of SW ReGAP. 
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The Aquatic Lowland life zone has reduced ecological integrity primarily because of water use and 
development whereas the Aquatic Montane life zone has much better integrity. For the Lowland life 
zone, areas surrounding, and waters within, the Gila River downstream from the San Simon River 
confluence, most of the San Pedro River, and most of the Santa Cruz River south of Tucson show high 
levels of impact from development, water use, and invasive species. The most altered watersheds are 
located in the areas of Safford, Willcox, and the Tucson metropolis, AZ. The least altered watersheds 
occur in the far west-southwestern corner of the ecoregion assessment area west and south of Sells, AZ 
(in the buffer area of the ecoregion); in the northern third of the lower San Pedro River basin; in the 
lower San Francisco River basin; and surrounding San Bernardino National Wildlife Refuge. Watersheds 
in the Aquatic Montane life zone occur in areas that are generally not impacted by significant 
groundwater withdrawal and surface water diversions, nor are they as heavily exposed to development. 
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1.7.3 Conservation Elements Future Risk 
Inadequate data were available to conduct complete status assessments of the CEs for the 2025 
timeframe equivalent to those done for the current (2014) assessments. However, a variety of data 
representing potential areas of development change agents for near future timeframes were available. 
Therefore, only the development indicator was assessed for the 2025 timeframe for each of the three 
case study CEs (see example Figure 1-8) to provide a limited picture of potential ecological status in 
2025. In addition, the case study CE distribution maps were overlaid with a “risk map” of potential urban 
expansion areas to further inform areas and CEs at risk. Solar energy potential maps are provided but 
not overlaid on the CE distributions because of their broad distribution, but they can be overlaid with 
any CE via BLM’s GIs portal found at 
http://www. blm.gov/wo/st/en/prog/more/Landscape_Approach/reas/dataportal. html. 

Comparing the development indicator scores for the current timeframe to the 2025 development-based 
ecological status scores, the observable differences are subtle at the ecoregion scale and are primarily 
driven by urban expansion in the central and southwest portions of the ecoregional assessment area 
and around Tucsoh and the SunZia and Southline planned transmission corridors. For the aquatic 
ecosystem assessed, the impacts from proposed development appear negligible. 

The extent of future development currently planned, modeled, or with fairly high potential for action by 
2025 is relatively small compared to the ecoregion extent. Therefore, separate assessments would need 
to be conducted to characterize localized effects of individual projects. The SunZia and Southline 
electrical transmission corridors bisect the entire ecoregion and numerous occurrences for several CEs. 
No Solar Emphasis Zones were designated in the BLM Solar PEE in the Madrean Archipelago Ecoregion, 
but there is some solar development on non-federal lands. There are extensive areas of federal lands 
delineated as variance areas where, through careful planning, facilities could be located on certain 
federal lands. 

0 ’  
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Economic Contributions of Wildlife Viewing to the Arizona Economy: A County-Level Analysis 

INTRODUCTION 
This report assesses the 2011 economic contributions of watchable wildlife recreation in Arizona, statewide, 
by county and by specific types of activity. Direct spending by both residents and non-residents for wildlife 
watching was analyzed, along with the multiplier effects of that spending. Only watchable wildlife activities 
that occurred within Arizona were considered. 

This report updates an earlier study produced by Southwick Associates that estimated the economic 
contributions of wildlife watching in 2001 . I  This updated study is based on raw survey data from the 2011 
National Survey of Fishing, Hunting, and Wildlife-Associated Recreation.2 The national survey provides 
detaiied state-level spending estimates. The statewide impacts in this report are allocated to individual 
counties according to county distributions in the 2001 study. The 2001 county estimates were based in 
part on a separate survey designed specifically to estimate county-level participation in wildlife watching. 
A detailed description of the methodology used to estimate the impacts in this report is provided in 
Appendix B. 

STATEWIDE RESULTS 
Wildlife-related recreation includes activities that occur around the home (residential) and away from home 
(nonresidential). In 2011 , there were 732,343 watchable wildlife recreationists (residents and non-residents) 
who darticipated in non-residential (away from home) activities in Arizona. In addition, there were 1,221,654 
residents participating in residential activities (around the home) in Arizona. Non-residential activities are 
those ,performed at least one mile from an individual's home. Conversely, residential activities are those 
performed within one mile of an individual's home. Overall, 1.6 million people participated in some form of 
residential or non-residential watchable wildlife recreation in Arizona in 2011, 

Demographics 
Only a small percentage of watchable wildlife recreationists in Arizona, both non-residential and residential, 
report they are non-white (Table 1). Participants are near fifty, are split fairly evenly between male and 
female, though more nonresidents are male. Resident participants are more likely to be married than 
nonresident participants. The average household income for residents participating in non-residential and 
residential activities is similar. Non-residents have, on average, a household income higher than resident 
participants. Both have incomes higher than the 2011 state average ($48,621, per U.S. Census Bureau). 
As with income levels, the education levels of residents who participate in residential and non-residential 
activities are similar, however non-residents have, on average, a higher level of education. 

Southkrick Associates, "Economic Impact Analysis of Nonconsumptive Wildlife-Related Recreation in Arizona", May 2003. 
US. Oeparbnent of the Interior, U.S. Fish and Wildlife Service, and U.S. Department of Commerce, U.S. Census Bureau, 2011 

National Survey of Fishing, Hunting, and Wildlife-Associated Recreation. 

Tucsoh Audubon Society 1 



Economic Contributions of Wildlife Viewing to the Arizona Economy: A County-Level Analysis 

Non-Residential Participation 

In 201 1, there were 732,343 watchable wildlife recreationists (residents and non-residents) participating 
in non-residential activities in Arizona (Table 2). Of the total recreationists in Arizona, 443,111 were state 
residents and 289,232 were non-residents. The total number of watchable wildlife recreation days in 
Arizona was 11.9 million. 

I 

Table I. Demographic background of watchable wildlife recreationists in Arizona in 2011 
(Participants 16 years old and older) 

Awmge age 
Gender (male) 
Marital Status (married) 
Awrage household Income 

Race 
White 
Black 
Other race 

Hispanic 

Education 
8 years or less 
9-11 years 
12 years 
1-3 years college 
4 years college or more 

Residential 
Nonresidential Activity Activity 

Resident Nonresident 

46.2 52.0 51.0 
53.8% 49.8% 44.5% 
56.7% 43.4% 56.8% 

$62,364 $68,469 $58,721 

91.9% 
2.7% 
5.5% 

11.1% 

1.3% 
0.0% 
24.1 Yo 
30.1 % 
44.5% 

65 

100.0% 
0.0% 
0.0% 

0.4% 

0.0% 
5.9% 
20.0% 
24.6% 
49.6% 

31 

90.7% 
1.0% 
8.3% 

19.1% 

3.1% 
3.1% 
22.1% 
25.7% 
46.0% 

164 Sample size 

Participation 
Watchable wildlife recreation includes a broad range of activities. To help describe the types of activities 
undertaken by residents and non-residents, and to better understand the types of wildlife they enjoy and 
the surroundings preferred, we present the following participation information. Participation informatidn is 
divided into two subsections. The first subsection explores non-residential activities by residents and hon- 
residents. The second subsection examines residential activities. 
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Table 2. Participation in Non-residential Watchable Wildlife Recreation by Site Visited and Wildlife 
Observed, Fed, or Photographed in Arizona in 2011 (Participants 16 years old and older, ranked) 

Number of participants 

Number of recreationists visiting: 
privete land 
public land 

Resident Nonresident Tota I 

443,111 289,232 732,343 

106,473 193,431 299,904 
428,913 225,482 654,395 

Number of recreations& observing, feeding, photographing: 
- birds 367.282 

birds of prey 351,201 
waterfowl 198,230 
shorebirds 96,607 
songbirds 272,038 
other birds 206,745 

mammals 304.485 
large land mammals 232,326 
small land mammals 209,487 

fish 100.571 
other wildlife 168.746 

Note = a participant may be counted towanjs more than one category above 

202.876 
187,311 
111,916 
70,538 
125,088 
168,141 
165.620 
161,664 
137,946 
79.066 
141.346 

570.159 
538,512 
310,146 
167,145 
397,126 
374,887 
470.105 
393,990 
347,433 
179.637 
310,092 

Redden f i d  - .  Participation 

In 2011, there were 1,221,654 residential watchable wildlife participants in Arizona (Table 3). This number 
represents Arizona residents participating in watchable wildlife recreation within one mile of their home. 
Compared to non-residential activity, there are nearly three times as many residents who participate in 
wildlife watching within one mile of their homes than those who travel away from home. 

Table 3. Participation in Residential Watchable Wildlife Recreation in Arizona in 2011 
(Participants 16 years old and older, ranked) 

Number of participants 
obsening wildlife 
photographing wildlife 
feeding birds & wildlife 

birds 
other wildlife 

dsiting parks near home 
maintaining natural areas around home 
maintaining plantings around home 

Number of days 
obsedng wildlife 
photographing wildlife 

1,221,654 
907,209 
533,627 
796,116 
772,679 
197,697 
226,818 
94,558 
203,450 

103,891,759 
8,504,168 

Mote = a participant may enjoy more than one type of wildlie listed above 

(100.0%) 
(74.3%) 
(43.7%) 
(65.2%) 
(63.2%) 
(16.2%) 
(18.6%) 

(16.7%) 
(7.7%) 
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The primary residential watchable wildlife activity, measured in terms of number of participants in Table 3, 
was observing wildlife. Feeding wildlife was the second most popular residential watchable wildlife activity. 
This is in similar to the ranking of the non-residential activities, where observing wildlife was also the most 
popular activity away from home. 

The number one type of wildlife observed by residential recreationists in Arizona was birds (Table 4). The 
second most prominent category to be observed by residents was mammals, with most of these being 
small mammals. These results do not necessarily imply that recreationists prefer to observe a certain , 
wildlife type because the results reflect participants' preferences the availability of wildlife types. 

Table 4. Participation in Residential Watchable Wildlife Recreation by Wildlife Observed in Arizona in 2011 
(Number of Participants 16 years old and older, ranked) 

Number of recreationists 
birds 
mammals 

large mammals 
small mammals 

amphibians or reptiles 
insects or spiders 
fish & other wildlife 

840,241 (68.8%) 
565,885 (46.3%) 

520,203 (42.6%) 
374,283 (30.6%) 
393,060 (32.2%) 
99,121 (8.1%) 

21 3,858 (17.5%) ' 

Note = a patficipant may enjoy more than one type of wiIdMe listed above 

Retail Sales 
The expenditure figures in Table 5 describe the total statewide retail sales generated from 2011 watchable 
wildlife recreation within specific categories of goods and services. Regarding trip expenditures, residents 
spent the largest amount on private transportation ($90.5 million) followed by food, drink and refreshments 
($78.2 million). Non-residents, on the other hand, spent the most on food, drink and refreshments ($63.9 
million), followed private transportation ($47.1 million). 

The largest equipment expenditures by Arizona residents were for pickups, campers or motor homes 
($1 21.7 million), followed by cameras ($58.5 million) and plantings for wildlife ($56.6 million). Note that 
equipment expenditures are comprised of expenditures that may have been made for residential actijities 
(Le., those activities that are undertaken within one mile of home) andlor non-residential activities &e,, 
those activities that are undertaken farther than one mile from home). 

In total residents spent $665.0 million for watchable wildlife recreation. Non- residents spent $1 83.7 million, 
which represents new dollars brought into the state economy by out-of-state visitors3. 

Total expenditures reported here differ from amounts reported by the US Fish and Wildlife Service due to the exclusion in this 
analysis of outlier values for selected expenditures. 
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Table 5. Expenditures Made by Residents and Non-Residents Participating in Watchable Wildlife 
Recreation Statewide in 2011 (Participants 16 Years Old and Older) 

Non- 
Residents Residents Total 

Trip Expenditures 
Food 
Lodging 
Airfare 
Public transportation 
Private transportation 
Guide fees 
Public land access fees 
Private land access fees 
Equipment rental 
Boat fuel 
Other boat costs 
Heating & cooking fuel 

Equipment Expenditures 
Binoculars, scopes 
Cameras 
Film and developing 
Commercially prepared bird food 
Other bird food 
Food for other wildlife 
Nest boxes, feeders 
Other special equipment 
Tents, tarps 
Backpacking equipment 
&her camping equipment 
Day packs, special clothing 
Magazines and books 
Membership dues, contributions 
Other equipment 
Off-road & 4WD vehicles 
Pickups, campers, motor homes 
Boats 
Trailer, boat accessories 
Cabin 
Other equipment 
Land purchases 
Land leases 

$78,153,917 
$23,123,662 
$13,168,740 

$366,577 
$90,461,935 

$483,658 
$7,371,829 

$304,796 
$20,633 

$225,77 1 
$1 04,750 
$846,387 

$9,413,959 
$58,499,953 
$4,036,528 

$39,702,752 
$1 1,943,461 
$1,916,346 
$7,340,252 
$1,863,785 
$2,042,435 
$3,495,475 
$1,055,845 

$12,671,489 
$5,949,804 

$31,549,858 
$2,599,378 

$23,055,325 
$1 21,720,366 
$1 4,758,985 
$7,741,403 

$5,467,590 
$27,035,758 

- 

- 
$56.539.744 Plantings . . - 1  $56,539,744 

Total Trip and Equipment Expenditures $665,033,147 $1 83,657,562 $848,690,708 
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$63,878,294 
$29,769,379 
$16,584,545 

$8,916,201 
$47,077,825 

$336,805 
$2,822,598 
$1,879,837 

- 
- 
- 

$698,245 

$454,805 
$1,888,503 

$287,634 
$681,994 
$432,123 

$1 73,686 
$335,91 I 
$257,974 
$1 72,498 

- 

- 
- 

$1 17,362 
$1,836,419 

- 
- 
- 
- 
- 
- 
- 
- 

$5,054,923 
- 

$142,032,210 
$52,893,041 
$29,753,285 
$9,282,778 

$1 37,539,760 
$820,464 

$1 0,194,427 
$2,184,632 

$20,633 
$225,771 
$1 04,750 

$1,544,632 

$9,868,765 
$60,388,457 
$4,324,162 

$40,384,747 
$12,375,583 
$1,916,346 
$7,513,938 
$2,199,697 
$2,300,408 
$3,667,973 
$1,055,845 

$12,671,489 
$6,067,166 

$33,386,277 
$2,599,378 

$23,055,325 
$121,720,366 
$14,758,985 

$7,741,403 
$0 

$5,467,590 
$27,035,758 
$5,054,923 
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Table 6 shows the average amount spent per day by recreationists on residential (within one mile of home) 
and non-residential (farther than one mile from home) activities, as well as the average amount spent 
annually per participant. Because the National Survey does not collect total days of participation broken 
down into residential and non-residential activities, the residential per day figure is estimated based on the 
number of days that the individual spent observing wildlife. The non-residential per day figure is estimated 
by totaling the travel expenses plus several equipment items that would be used away from home: 
binoculars, clothing, camping gear, backpacks and daypacks, film and developing, one-half of cameras 
and vehicles. The residential per day figure is estimated by totaling the remaining equipment items. Also, 
because purchased land may be used for visiting or as a homesite, 50% of its value was assigned to both 
the residential and non-residential activity estimates. 

Table 6. Average Expenditures for Watchable Wildlife Recreationists in Arizona in 2011 (Participants 16 
Years Old and Older) 

Residents Non-Residents Total 

Avg. per Participant, Annually 
Residential activities $1 57.09 NA NA 
Non-residential activities $1,067.73 $61 3.88 $888.49 

Non-residential activities $61.47 $42.17 $54.65 

Residential activities $1 91.9 million $7.1 million $198.0 million 
Non-residential activities $473.1 million $177.6 million $650.7 million 

Total $665.0 million $183.7 million $848.7 million 

Avg. per Day, per Participant 

Total Spent by Recreationists 

Total - . .  Economic - Effect (Output) 

Original expenditures made by watchable wildlife recreationists generate rounds of additional spendirtg 
throughout the economy. This results in additional indirect and induced impacts that are commonly called 
the multiplier effect. Economic activity associated with both the direct spending and multiplier effects 
impacts is the total economic contribution resulting from the original expenditures. The economic figures in 
Table 7 show the total economic effect from 2011 watchable wildlife activities in Arizona to be $1.4 billion 
($1 .I billion by residents and $314.6 million by non-residents). 

Earnings 

Total personal income (salaries and wages) supported by watchable wildlife recreation in Arizona was 
estimated at $463.6 million ($356.6 million by residents and $1 06.9 million by non-residents). 
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Table 7. Economic Impacts of Watchable Wildlife Recreation in Arizona in 2011 (Participants 16 Years Old 
and Older) 

Resident Non-Resident Total 
Retail sales $665.0 million $183.7 million $848.7 million 
Salaries & wages $356.6 million $1 06.9 million $463.6 million 
Full & part-time jobs 9,894 2,998 12,892 
Tax revenues: 

Federal taxes $81.6 million $24.2 million $105.8 million 
State and local taxes $71.7 million $22.2 million $94.0 million 

________ Total economic _ _  output ._ - $1 -2 123.6 million ~ ~ $31426mfllion $1,438.2 million 

Em[ 
h i  
jobs 
relatl 
wild 
the n 

Tax 

The c 
rever 
wildlii 
feder 

Table 
coun 
(activ 
resid1 
resid1 
Table 
from 
resid1 

Ioyment 

ig 201 1, watchable wildlife recreation supported approximately 12,900 fill and part-time 
n Arizona (approximately 9,900 related to residents’ spending and approximately 3,000 
d to non-residents’ spending). These are jobs that are associated with direct spending by 
ife watchers plus the jobs in industries that are indirectly affected by wildlife watching through 
ultiplier effect. 

ievenues 
conomic activity related to wildlife watching by residents and non-residents generates sales tax 
Jes for the state and local governments. Total state and local tax revenues generated by watchable 
3 recreation are estimated at $71.7 million by residents and $22.2 million by non-residents. Total 
1 tax revenues generated by watchable wildlife recreation are estimated at $1 05.8 million. 

COUNTY-SPECIFIC IMPACTS 
8 presents the total statewide impacts of watchable wildlife recreation generated by activity in each 
for all forms of wildlife watching. Table 9 shows the economic impacts from residential activities 

ties within one mile of home). These include impacts stimulated by expenditures made by county 
lnts and residents from neighboring counties. By definition, residential impacts created by non- 
lnts are rarely possible, because these people usually must travel more than one mile from home. 
10 presents the economic impacts from non-residential activities (activities farther than one mile 
iome). These include only impacts of wildlife watching and impacts stimulated by county residents, 
lnts from neighboring counties within the state, and from non-residents. 
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Table 8. Economic Contributions of All Watchable Wildlife Recreation in Arizona, by County where the 
Activity Occurred in 2011 

Apache 

Cochise 

Coconi no 

Gila 

Graham 

Retail Sales 

Total Multiplier Effect 

Salaries and Wages 

Full & Part-Time Jobs 

State & Local Tax Revenue 

Federal Tax Revenue 

Retail Sales 

Total Multiplier Effect 

Salaries and Wages 

Full & Part-Time Jobs 

State & Local Tax Reenue 

Federal Tax Reenue 

Retail Sales 

Total Multiplier Effect 
Salaries and Wages 

Full & Part-Time Jobs 

State & Local Tax Revenue 

Federal Tax Reenue 

Retail Sales 
Total Multiplier Effect 

Salaries and Wages 

Full & Part-Time Jobs 

State & Local Tax Rewnue 

Federal Tax Rewnue 

Retail Sales 

Total Multiplier Effect 

Salaries and Wages 

Full & Part-Time Jobs 

State & Local Tax Rewnue 

Federal Tax Revenue 

County 
Residents 

$1,516,602 
$2,582,271 
$787,700 

26 
$165,367 
$198,526 

$7,357,921 
$1 2,470,790 
$3,830,269 

127 
$816,778 
$929,261 

$1 4,634,215 
$24,592,699 
$7,790,260 

207 
$1,541,970 
$1,754,246 

$6,326,998 
$10,706,715 
$3,404,113 

94 
$686,208 
$781,074 

$4,446,570 
$7,455,617 
$2,378,423 

61 
$475,759 
$541,824 

Residents 
From Other 
Counties 

$1 0,192,062 
$1 7,256,020 
$5,497,478 

150 
$1,097,295 
$1,237,996 

$3,546,665 
$6,03 1,619 
$1,913,801 

56 
$359,172 
$408,610 

$1 4,715,256 
$24,925,679 
$7,937,568 

21 8 
$1,623,076 
$1,846,604 

$2,695,908 
$4,572,961 
$1,454,388 

41 
$286,822 
$325,935 

$1,447,610 
$2,457,967 
$781,026 

22 
$1 59,869 
$1 81 ,325 

Non- 
Residents 

$1 1,705,256 
$20,050,835 
$6,813,184 

191 
$1,417,057 
$1,543,713 

$3,227,150 
$5,528,034 
$1,878,401 

53 
$390,684 
$425,603 

$16,536,864 
$28,327,271 
$9,625,480 

270 
$2,001,980 
$2,180,916 

$2,826,036 
$4,840,933 
$1,644,927 

46 
$342,124 
$372,703 

$1,440,366 
$2,467,315 
$838,383 

24 
$174,373 
$189,958 

TOTAL 

$25,731,350 
$44,061,142 
$1 4,004,624 

41 9 
$2,848,490 
$3,208,139 

$1 4,190,743 
$24,130,389 
$7,651,115 

234 
$1,570,931 
$1,769,276 

$48,192,790 
$82,007,844 
$26,235,976 

747 
$5,334,997 
$6,008,591 

$11,940,372 
$20,282,515 
$6,537,975 

183 
$1,321,813 
$1,488,704 

$7,283,288 
$1 2,292,101 
$3,977,764 

105 
$806,268 
$908,067 
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Table 8 (continued). Economic Contributions of All Watchable Wildlife Recreation in Arizona, by County 
where the Activity Occurred in 201 1 

Tucsop Audubon Society 

Greenlee 

La Paz 

Ma ricopa 

Mohave 

I 

I 

Navajo 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-lime Jobs 
State & Local Tax Revenue 
Federal Tax Rewnue 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-lime Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-'Time Jobs 
State & Local Tax Revenue 
Federal Tax Revenue 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-lime Jobs 
State Income Tax Rewnues 
Federal Income Tax 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Revenue 

Residents 
County From Other Non- 

Residents Counties Residents TOTAL 

sample size too small - data not amilable 
sample size too small - data not amilable 
sample size too small - data not available 
sample size too small - data not amilable 
sample size too small - data not available 
sample size too small - data not awilable 

$195,651 
$267,605 
$56,066 

2 
$13,971 
$15,971 

$269,590,809 
$454,501,909 
$144,276,858 

3934 
$29,064,717 
$33,087,860 

$16,506,713 
$27,966,849 
$8,811,774 

259 
$1,796,626 
$2,044,352 

$8,480,498 
$1 4,233,664 
$4,484,231 

116 
$881,628 

$1,003,084 

$805,056 
$1,368,061 
$434,383 

13 
$93,945 

$1 06,804 

$62,775,548 
$106,736,884 
$33,873,403 

982 
$6,777,655 
$7,689,759 

$7,753,748 
$13,170,746 
$4,183,517 

120 
$81 9,621 
$932,134 

$7,460,158 
$12,640,452 
$4,024,202 

111 
$837,411 
$952.655 

$765,765 
$1,311,737 
$445,722 

12 
$92,705 
$100,991 

$57,815,213 
$99,036,135 
$33,652,037 

943 
$6,999,204 
$7,624,789 

$7,548,249 
$12,929,978 
$4,393,549 

123 
$91 3,803 
$995,479 

$8,259,316 
$14,148,019 
$4,807,434 

135 
$999,886 

$1,089,256 

$1,900,347 
$3,193,114 
$991,087 

30 
$2 1 0,371 
$236,932 

$380,888,578 
$643,549,679 
$208,165,875 

5653 
$42,164,798 
$47,488,506 

$32,040,791 
$54,473,740 
$17,480,101 

505 
$3,546,952 
$3,994,788 

$25,255,072 
$42,928,305 
$1 3,730,682 

387 
$2,795,765 
$3,148,757 
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Table 8 (continued). Economic Contributions of All Watchable Wildlife Recreation in Arizona, by County 
where the Activity Occurred in 2011 

Pima Retail Sales 

Total Multiplier Effect 
Salaries and Wages 

Full & Part-lime Jobs 
State & Local Tax Revenue 

Federal Tax Revenue 

Pinal Retail Sales 

Total Multiplier Effect 

Salaries and Wages 

Full & Part-lime Jobs 
State & Local Tax Rewnue 

Federal Tax Revenue 

Santa Cruz Retail Sales 
Total Multiplier Effect 

Salaries and Wages 

Full & Part-Time Jobs 
State & Local Tax Rewnue 

Federal Tax Revenue 

Yavapai Retail Sales 
Total Multiplier Effect 

Salaries and Wages 

Full & Part-Time Jobs 
State Income Tax Rewnues 

Federal Income Tax 

Yuma Retail Sales 

Total Multiplier Effect 

Salaries and Wages 
Full & Part-lime Jobs 
State & Local Tax Rewnue 

Federal Tax Revenue 

County 
Residents 

$95,440,007 

$161,002,669 

$51,012,094 

1406 

$10,252,806 

$1 1,666,952 

$23,141,009 

$39,067,381 

$1 2,384,663 

341 

$2,490,479 

$2,833,792 

$958,583 
$1,662,908 

$518,639 

17 

$1 19,913 

$136,289 

$26,400,590 

$44,442,211 

$14,165,765 

376 

$2,834,296 

$3,226,544 

$9,255,619 

$1 5,626,569 

$4,886,749 

1 42 

$1,007,08 1 
$1,146,921 

Residents 
From Other 
Counties 

$40,537,825 

$68,771,763 
$21,869,589 

614 

$4,411,036 

$5,016,001 

$13,572,187 

$23,007,700 

$7,321,508 

203 

$1,468,670 

$1,670,505 

$4,863,188 

$8,237,448 

$2,623,253 
72 

$507,906 

$577,977 

$7,293,267 

$12,387,064 

$3,935,022 

112 

$799,248 

$907,314 

$2,208,050 

$3,765,045 

$1,191,762 

36 

$229,161 

$259,542 

Non- 
Residents 

$42,208,205 

$72,301,688 
$24,567,791 

688 

$5,109,794 

$5,566,505 

$14,677,151 

$25,141,624 

$8,543,012 
239 

$1,776,840 

$1,935,653 

$5,469,746 
$9,369,549 

$3,183,731 

89 

$662,176 

$721,361 

$7,147,134 

$12,242,877 

$4,160,075 

117 

$865,244 

$942,579 

$1,695,621 

$2,904,560 

$986,956 

27 

$205,275 

$223,622 

TOTAL 

$1 79,459,718 

$304,368,133 

$97,947,943 

2736 

$1 9,866,395 

$22,374,716 

$52,631,795 

$89,450,156 

$28,733,395 

812 

$5,826,399 

$6,562,038 

$12,347,956 

$21,168,665 

$6,737,809 

202 

$1,366,933 

$1,539,521 

$40,250,711 

$68,016,033 

$22,027,630 

592 

$4,455,799 

$5,018,387 

$12,757,115 

$21,569,417 

$6,911,740 

196 

$1,412,227 

$1,590,534 
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Table 9. Economic Contributions of Residential Wildlife Watching Activities, by County where the Activity 
Occurred in 2011 

Apache 

Cocl 

cocc 

Gila 

se 

iino 

Graham 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rew-iue 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

County 
Residents 

$437,646 
$745,166 

$227,307 

$47,720 

a 

$57,289 

$2,123,277 

$3,598,698 

$1,105,301 

37 

$235,698 

$268, I 57 

$4,222,998 

$2,248,037 

$7,096,719 

60 

$444,967 
$506,223 

$1,825,783 

$3,089,639 

$982,325 

27 

$iga,oig 

$225,395 

$1,283,147 

$686,342 

$2,151,469 

18 

$137,290 

$156,354 

Residents 
From Other 
Counties 

$2,941,125 

$4,979,573 

$1,586,408 

43 
$316,647 

$357,249 

$1,023,462 

$1,740,545 

$552,266 

16 

$103,646 

$1 17,913 

$4,246,384 
$7, I 92,807 

$2,290,545 

63 

$468,371 

$532,875 

$777,959 

$1,319,620 

$419,693 
12 

$82,768 

$94,055 

$417,737 
$709,296 

$225,381 

6 

$46,133 

$52,325 

TOTAL 

$3,378,771 

$1,813,715 

$5,724,739 

51 

$364,367 

$414,537 

$3, I 46,738 

$5,339,243 

$1,657,567 

53 

$339,344 

$386,069 

$8,469,382 

$4,538,582 

$91 3,338 

$1,03g,oga 

$14,289,527 

122 

$2,603,742 

$4,409,259 

39 

$1,402,018 

$280,787 

$31 9,450 

$1,700,885 

$2,860,765 

$91 1,723 

24 

$183,423 

$208,679 
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Economic Contributions of Wildlife Viewing to the Arizona Economy: A County-Level Analysis 

Table 9 (continued). Economic Contributions of Residential Wildlife Watching Activities, by County where 
the Activity Occurred in 2011 

Greenlee Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Revenue 
Federal Tax Revenue 

La Paz Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Revenue 
Federal Tax Revenue 

Maricopa Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Revenue 
Federal Tax Reenue 

Mohave Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State Income Tax Revenues 
Federal Income Tax 

Navajo Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Revenue 
Federal Tax Revenue 

Residents 
County From Other 

Residents Counties TOTAL 

sample size too small - data not available 
sample size too small - data not available 
sample size too small - data not available 
sample size too small - data not available 
sample size too small - data not awilable 
sample size too small - data not awilable 

$56,459 

$77,223 

$16,179 

1 

$4,032 

$4,609 

$77,795,866 
$131,155,693 

$41,633,997 

1,135 

$8,387,210 

$9,548,169 

$4,763,345 

$8,070,398 

$2,542,815 

75 

$518,453 

$589,939 

$2,447,2 I 9 

$4,107,41 I 
$1,294,015 

33 

$254,412 

$289,460 

$232,315 

$394,782 

$125,350 

4 

$27,110 

$30,821 

$18,115,151 
$30,801,081 

$9,774,854 

283 

$1,955,829 

$2,219,035 

$2,237,501 

$3,800,684 

$1,207,238 

35 

$236,518 

$268,986 

$2,152,779 

$3,647,657 

$1,161,265 

32 

$241,652 

$274,908 

$288,774 

$472,005 

$141,529 

4 

$31,141 

$35,429 

$95,911,016 
$1 6 1,956,774 

$51,408,851 

1,419 

$1 0,343,039 

$1 1,767,205 

$7,000,845 

$1 1,871,083 

$3,750,053 

109 

$754,971 

$858,925 

$4,599,998 

$7,755,068 

$2,455,280 

66 

$496,064 

$564,368 
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Economic Contributions of Widlik Viewing to the Arizona Economy: A County-level Analysis 

Tablq 9 (continued). Economic Contributions of Residential Wildlife Watching Activities, by County where 
the Activity Occurred in 201 1 

Residents 
From Other 
Counties 

County 
Residents TOTAL 

Pim, 

Pin2 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Re-nue 
Federal Tax Revenue 

$27,541,139 

$46,460,567 

$14,720,569 

406 

$2,958,654 

$3,366,734 

$1 1,698,007 

$19,845,479 

$6,310,911 

177 

$1,272,893 

$1,447,468 

$39,239,146 

$66,306,047 

$21,031,480 

583 

$4,231,548 

$4,814,203 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Reenue 

$6,677,805 

$1 1,273,681 

$3,573,844 

98 

$71 8,678 

$817,748 

$3,916,528 

$6,639,336 

$2,112,769 

59 

$423,814 

$482,058 

$1 0,594,333 
$17,913,017 

$5,686,6 1 3 

157 

$1,142,492 

$1,299,806 

Santa Cruz Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Re-nue 
Federal Tax Rewnue 

$276,619 

$479,866 

$149,664 

5 
$34,603 

$39,329 

$1,403,371 

$2,377,082 

$756,992 

21 

$146,567 

$166,787 

$1,679,990 

$2,856,947 

$906,656 

26 

$181,170 

$206,116 

YaVi 

YUN 

ta i Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-lime Jobs 
State Income Tax Rewnues 
Federal Income Tax 

$7,618,423 

$12,824,696 

$4,087,817 
109 

$817,893 

$931,084 

$2,1 O4,6 1 9 

$3,574,537 

$1,135,530 

32 

$230,639 

$26 1,824 

$9,723,042 

$16,399,234 

$5,223,347 

141 

$1,048,532 
$1,192,908 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

$2,670,895 

$4,509,362 

$1,410,170 
41 

$290,613 

$330,967 

$637,177 

$1,086,480 

$343,907 

10 

$66,129 

$74,896 

$3,308,073 

$5,595,841 

$1,754,077 

51 

$356,742 

$405,863 
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Economic Contributions of Wildlife Viewing to the Arizona Economy: A County-Level Analysis 

Table I O .  Economic Contributions of Non-Residential Wildlife Watching Activities, by County where the 
Activity Occurred in 2011 

Apache Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

Cochise Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

Coconino Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Revenue 

Gila Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

Graham Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

County 
Residents 

$1,078,956 
$1,837,104 

$560,393 
19 

$1 17,647 
$141,237 

$5,234,645 
$8,872,092 
$2,724,968 

90 
$581,080 
$661,104 

$10,411,217 
$17,495,980 
$5,542,224 

147 
$1,097,003 
$1,248,023 

$4,501,215 
$7,617,076 
$2,421,788 

67 
$488,189 
$555,679 

$3,163,423 
$5,304,149 
$1,692,081 

43 
$338,469 
$385.470 

Residents 
From Other 
Counties 

$7,250,937 
$12,276,448 
$3,911,070 

107 
$780,648 
$880,747 

$2,523,204 
$4,291,074 
$1,361,535 

40 
$255,526 
$290,697 

$10,468,872 
$17,732,872 
$5,647,023 

155 
$1,154,704 
$1,313,729 

$1,917,950 
$3,253,341 
$1,034,695 

29 
$204,053 
$231,880 

$1,029,873 
$1,748,671 

$555,645 
16 

$1 13,735 
$1 29,000 

Non- 
Residents 

$8,327,468 
$14,264,762 
$4,847,102 

136 
$1,008,137 
$1,098,244 

$2,295,891 
$3,932,808 
$1,336,351 

38 
$277,944 
$302,787 

$11,764,819 
$20,152,865 
$6,847,854 

192 
$1,424,268 
$1,551,569 

$2,010,526 
$3,443,984 
$1,170,250 

33 
$243,398 
$265,152 

$1,024,719 
$1,755,321 

$596,451 
17 

$1 24,054 
$135,142 

TOTAL 

$1 6,657,361 
$28,378,314 
$9,318,566 

261 
$1,906,432 
$2,120,228 

$1 0,053,739 
$1 7,095,974 
$5,422,853 

168 
$1,114,550 
$1,254,588 

$32,644,908 
$55,381,717 
$1 8,037,100 

494 
$3,675,976 
$4,113,321 

$8,429,691 
$14,314,401 
$4,626,733 

128 
$935,640 

$1,052,712 

$5,218,015 
$8,808,141 
$2,844,177 

76 
$576,259 
$649,612 
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Economic Contributions of Wildlife Viewing to the Arizona Economy: A County-Level Analysis 

Table 10 (continued). Economic Contributions of Non-Residential Wildlife Watching Activities, by County 
where the Activity Occurred in 2011 

Greenlee 

La Paz 

Maricopa 

Mohave 

Navi 0 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Revenue 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Reenue 
Federal Tax Remiue 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Reenue 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State Income Tax Revenues 
Federal Income Tax 

Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

Residents 
County From Other 

Residents Counties TOTAL 

sample size too small - data not awilable 
sample size too small - data not available 
sample size too small - data not available 
sample size too small - data not awilable 
sample size too small - data not available 
sample size too small - data not awilable 

$56,459 
$77,223 
$16,179 

1 

$4,032 
$4,609 

$77,795,866 
$131,155,693 
$41,633,997 

1,135 
$8,387,210 
$9,548,169 

$4,763,345 
$8,070,398 
$2,542,815 

75 
$51 8,453 
$589,939 

$2,447,219 
$4,107,411 
$1,294,015 

33 
$254,412 
$289,460 

$232,3 I 5 
$394,782 
$125,350 

4 
$27,110 
$30,82 1 

$18,115,151 
$30,801,081 
$9,774,854 

283 
$1,955,829 
$2,219,035 

$2,237,501 
$3,800,684 
$1,207,238 

35 
$236,518 
$268,986 

$2,152,779 
$3,647,657 
$1,161,265 

32 
$24 1,652 
$274,908 

$288,774 
$472,005 
$141,529 

4 
$31,141 
$35,429 

$95,911,016 
$1 61,956,774 
$51,408,851 

1,419 
$10,343,039 
$1 1,767,205 

$7,000,845 
$11,871,083 
$3,750,053 

109 
$754,971 
$858,925 

$4,599,998 
$7,755,068 
$2,455,280 

66 
$496,064 
$564,368 
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Table 10 (continued). Economic Contributions of Non-Residential Wildlife Watching Activities, by County 
where the Activity Occurred in 201 1 

Pima Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

Pinal Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

Santa Cruz Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Reenue 
Federal Tax Rewnue 

Yavapai Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-lime Jobs 
State Income Tax Rewnues 
Federal Income Tax 

Yuma Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

County 
Residents 

$67,898,868 
$1 14,542,101 
$36,291,526 

1,000 
$7,294,152 
$8,300,217 

$16,463,204 
$27,793,700 
$8,810,819 

243 
$1,771,801 
$2,016,044 

$681,965 
$1,183,042 
$368,975 

12 
$85,310 
$96,960 

$1 8,782,167 
$31,617,515 
$1 0,077,948 

268 
$2,016,403 
$2,295,460 

$6,584,723 
$11,117,207 
$3,476,579 

101 
$71 6,467 
$8 15,954 

Residents 
From Other 
Counties 

$28,839,818 
$48,926,283 
$15,558,678 

437 
$3, I 38,143 
$3,568,533 

$9,655,659 
$16,368,364 
$5,208,739 

144 
$1,044,856 
$1,188,447 

$3,459,817 
$5,860,366 
$1,866,260 

51 
$361,340 
$411,190 

$5,188,648 
$8,812,527 
$2,799,492 

80 
$568,609 
$645,490 

$1,570,873 
$2,678,565 
$847,855 

25 
$1 63,032 
$184,646 

Non- 
Residents 

$30,028,176 
$51,437,577 
$1 7,478,259 

490 
$3,635,260 
$3,960,178 

$1 0,441,763 
$1 7,886,501 
$6,077,753 

170 
$1,264,097 
$1,377,081 

$3,891,340 
$6,665,777 
$2,265,00 1 

63 
$471,092 
$51 3,198 

$5,084,685 
$8,709,948 
$2,959,601 

83 
$615,560 
$670,579 

$1,206,316 
$2,066,391 
$702,150 

19 
$146,039 
$159.091 

TOTAL 

$1 26,766,862 
$21 4,905,962 
$69,328,463 

1,926 
$1 4,067,555 
$1 5,828,928 

$36,560,625 
$62,048,565 
$20,097,311 

557 
$4,080,754 
$4,581,572 

$8,033,122 
$13,709,185 
$4,500,236 

127 
$91 7,742 

$1,021,348 

$29,055,499 
$49,139,990 
$1 5,837,041 

430 
$3,200,572 
$3,611,528 

$9,361,912 
$1 5,862,164 
$5,026,504 

146 
$1,025,538 
$1,159,691 
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E conomic Contributions of Wildife Viewing to the Arizona Economy: A County-Level Analysis 

APPENDIX A 
Definitions 

Economic benefits can be estimated by two types of economic measures: economic impacts and 
economic values. An economic impact addresses the business and financial activity resulting from the 
use of a resource. Economic value, on the other hand, is a non-business measure that estimates the 
value people receive from an activity af&er subtracting for their costs and expenditures. This concept is also 
known as consumer sumlus. 

There; are three types of economic impact: direct, indirect and induced. A direct impact is defined as the 
economic impact of the initial purchase made by the consumer (the original retail sale). Indirect impacts 
are the secondary effects generated from a direct impact, such as the retailer buying additional inventory, 
and the wholesaler and manufacturers buying additional materials. Indirect impacts affect not only the 
industry being studied, but also the industries that supply the first industry. An induced impact results from 
the salaries and wages paid by the directly and indirectly impacted industries. The employees of these 
industries spend their income on various goods and services. These expenditures are induced impacts, 
which, in turn, create a continual cycle of indirect and induced effects. 

The direct, indirect and induced impact effects sum together to provide the overall economic impact of the 
activib under study. As the original retail purchase (direct impact) goes through round after round of indirect 
and induced effects, the economic impact of the original purchase is multiplied, benefiting many industries 
and individuals. Likewise, the reverse is true. If a particular item or industry is removed from the economy, 
the economic loss is greater than the original lost retail sale. Once the original retail purchase is made, 
each successive round of spending is smaller than the previous round. When the economic benefits are no 
longer measurable, the economic examination ends. 

This study presents several important measures: 

Retail Sales -these include the expenditures made by wildlife viewers for equipment, travel expenses and 
services related to their wildlife viewing activities over the course of the year. The initial retail sale is the 
direct impact. 

Total Multiplier Effect - also known as the "total economic effect" or "output," this measure reports the 
sum of the direct, indirect and induced impacts resulting from the original retail sale. This figure explains the 
total activity in the economy generated by a retail sale. Another way to look at this figure is, if the activity 
in qudstion were to disappear and participants did not spend their money elsewhere, the economy would 
contract by this amount. 

Salaries and Wages -this figure reports the total salaries and wages paid in all sectors of the economy 
as a k u l t  of the activity under study. These are not just the paychecks of those employees directly serving 
recreationists or manufacturing their goods, it also includes portions of the paychecks of, for example, the 
truck driver who delivers food to the restaurants serving recreationists and the accountants who manage 
the bqoks for companies down the supply chain, etc. This figure is based on the direct, indirect and induced 
effects, and is essentially a portion of the total economic effect figure reported in this study. 
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Jobs - much like Salaries and Wages, this figure reports the total jobs in all sectors of the economy 
as a result of the activity under study. These are not just the employees directly serving recreationists 
or manufacturing their goods, they also include, for example, the truck driver who delivers food to the 
restaurants serving recreationists and the accountants who manage the books for companies down the 
supply chain, etc. This figure is based on direct, indirect and induced effects. 

Watchable wildlife recreation is defined here as the primary purpose of obsenring, photographing ot 
feeding of fish or other wildlife. Wildlife is defined as animals that are living in natural or wild environments. 
Animals in museums, zoos and aquariums are not included. Domestic and farm animals also are not ~ 

included as wildlife. Watchable wildlife recreation is divided into two types of activity: residential and non- 
residential. According to the 2011 USFWS Survey, residential activities are those activities that occur 
within one mile of one's home for the primary purpose of observing, photographing or feeding wildlife.: 
In contrast, according to the Survey, non-residential activities are trips or outings that occur at leasti 
one mile from home for the primary purpose of observing, photographing or feeding wildlife. Given the 
definitions, residential activities are made by Arizona residents, whereas, nonresidential activities are' made 
by both Arizona residents and non-residents. 

APPENDIX B 
Methods 

The county-level estimates provided in this report represent each county's contribution to total economic 
activity in Arizona as a result of spending by people who participate in wildlife watching. The economic 
contributions were estimated first at the statewide level, and the statewide economic contributions were 
then allocated to each county on the basis of estimated wildlife watching activity that occurs in each hunty. 

The methods used to generate the economic impact estimates of watchable wildlife recreation activities in 
Arizona are separated into five stages. The stages entailed: 

I) Tabulating the expenditures made by recreationists (16 years old and older) from raw data provided by 
the 2011 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Survey); 

2) Allocating the detailed expenditures to the appropriate sectors of the economy that were directly 
impacted by the spending; 

3) Estimating the direct, indirect and induced effects of the spending by recreationists through the use of an 
input-output model of the Arizona economy and the IMPLAN economic modeling software; 

4) Estimating federal and stateilocal tax revenues with the IMPLAN economic modeling software; ' 

5) Allocating the expenditures and impacts to each county, for each type of activity. 

1. Tabulating Expenditures 

Wildlife watchers' expenditures were obtained from the 2011 National Survey of Fishing, Hunting and 
Wildlife-Associated Recreation (Survey). This Survey is conducted approximately every five years by the 
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U.S. Fish and Wildlife Service and US. Bureau of the Census, The Survey provides data required by 
natural resource management agencies, industry and private organizations at the local, state, and national 
levels to assist in optimally managing natural resources. The Survey is funded through excise taxes on 
hunting and fishing equipment through the Federal Aid in Sport Fish and Wildlife Restoration Acts. 

Expenditures by wildlife watchers were categorized into resident and non-resident files. Both included 
infomation on travel-related categories such as food and lodging, and equipment expenditures such as 
guidebooks and binoculars. Together, the resident and non-resident files represent all expenditures made in 
Arizona in 2011. 

2. Applying the Economic Model 

To estimate the economic impacts, the data were analyzed with the IMPLAN input-output model. The 
IMPLAN model was developed by MIG, Inc. of Stillwater, Minnesota originally for use by the U.S. Forest 
Service. Input-output models describe how sales in one industry impact other industries. For example, once 
a consumer makes a purchase, the retailer buys more merchandise from wholesalers, who buy more from 
manufacturers, who, in turn, purchase new inputs and supplies. In addition, the salaries and wages paid 
by thdse businesses stimulate more benefits. Simply put, the first purchase creates numerous rounds of 
purchasing. Input-output analysis tracks how the various rounds of purchasing flow throughout an economy 
and generate economic benefits. 

The relationships between industries are explained through multipliers. For example, an income multiplier 
of 1.29 for industry X would indicate that for every dollar of income generated by the industry under study, 
$0.29lwould be paid to the employees of industries impacted by the indirect and induced effects. The 
IMPLAN model provides multipliers for all major industries in the US. and for each state. The IMPLAN 
model includes output, earnings and employment multipliers. The output multiplier measures the total 
econqmic effect created by the original retail sale. The earnings multiplier measures the total salaries 
and wages generated by the original retail sale. The employment multiplier estimates the number of jobs 
suppqrted by the original retail sale. IMPLAN also estimates federal, state and local tax revenues. 

To apply the IMPLAN model, wildlife watching expenditures are matched to the appropriate industry sector. 
The resulting estimates describe the salaries and wages, total economic effects, and jobs supported by the 
purchases made by wildlife watchers. This same process is repeated for all reported expenditures. 

3. Estimating Tax Revenues 

The IMPLAN model estimates detailed tax revenues at the state, local and federal levels. The summary 
estimates provided in this report represent the total taxes estimated by the IMPLAN model including all 
income, sales, property and other taxes and fees that accrue to the various local, state and federal taxing 
authorities. 
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APPENDIX C 
Economic impacts in Arizona, by Economic Sector 

1 

ECONOMIC SECTORS STIMULATED BY RESIDENT WILDLIFE WATCHING SPENDING 

Ag, Forestry, Fish & Hunting 
Mining 
Utilities 
Construct ion 
Manufacturing 
Wholesale Trade 
Retail trade 
Transportation & Warehousing 
Information 
Finance & insurance 
Real estate & rental 
Professional- scientific & tech sxs 
Management of companies 
Adrninistratiw & waste services 
Educational sws 
Health & social services 
Arts- entertainment & recreation 
Accornodation & food senices 
Other senices 
Gowmrnent & non NAlCs 
TOTAL 

Total Output 
(Sales) Employment Income 

75,849,154 
25,453,166 
11,937,582 
7,468,583 

225,216,903 
91,255,211 

163,673,074 
45,423,765 
29,208,711 
67,791,634 

110,811,017 
32,546,147 
9,274,207 

21,294,726 
5,962,27 1 

43,388,094 
5,619,815 

80,276,963 
48,405,737 
22,731,107 

1,123,587,867 

1,353 
213 
20 
56 

528 
555 

2,475 
31 8 
110 
369 
465 
298 
60 

340 
91 
445 
115 

1,228 
677 
178 

9,894 

15,002,669 
4,006,661 
2,456,890 
2,914,889 

35,359,024 
41,254,431 
77,507,725 
17,692,684 
6,276,495 

1 8,720,422 
9,302,987 

17,723,935 
4,517,757 

11,220,113 
3,467,879 

24,532,831 
2,427,574 

28,013,176 
21,819,077 
12,321,909 

356,619,928 
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Economic Contributions of WildMe Viewing to the Arizona Economy: A County-Level Analysis 

ECONOMIC SECTORS STIMULATED BY NONRESIDENT WILDLIFE WATCHING SPENDING 
Total Output 

(Sales) Employment Income 

Ag, Forestry, Fish & Hunting 
Mining 
Utilities 
Construction 
Manufact uti ng 
Wholesale Trade 
Retail trade 
Transportation & Warehousing 
Information 
Finance & insurance 
Real estate & rental 
Professional- scientific & tech SKS 

Management of companies 
Administrati= & waste services 
Educational SKS 

Health & social services 
Arts- entertainment & recreation 
Accomodation & food senices 
Other services 
Goemment & non NAlCs 
TOTAL 

3,372,639 
13,230,740 
3,888,657 
2,906,580 

24,256,793 
26,937,459 
28,004,880 
33,976,172 
7,285,665 

18,369,969 
30,783,641 
10,227,836 
2,731,776 
7,290,126 
1,661,209 

13,003,474 
1,814,602 

67,863,268 
9,013,278 
7,990,972 

31 4,609,736 

49 
111 

7 
22 
46 

164 
388 
202 
27 

101 
116 
95 
18 

112 
25 

133 
37 

971 
308 

67 
2,998 

462,162 
2,079,527 

808,940 
1 , 129,831 
2,829,889 

12,177,820 
12,884,384 
12,181,750 
1,545,708 
5,l 81 ,190 
2,444,444 
5,654,969 
1,330,734 
3,682,416 

967,560 
7,353,102 

805,606 
23,469,975 
5,327,525 
4,632,265 

106,949,797 
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Economic Contributions of Wildlife Viewing to the Arizona Economy: A County-Level Analysis a 

ECONOMIC SECTORS STIMULATED BY RESIDENT+NONRESIDENT 

Ag, Forestry, Fish & Hunting 
Mining 
Utilities 
Construction 
Manufacturing 
Wholesale Trade 
Retail trade 
Transportation & Warehousing 
Information 
Finance & insurance 
Real estate & rental 
Professional- scientific & tech sxs 
Management of companies 
Administrative & waste seNices 
Educational sws 
Health & social seNices 
Arts- entertainment & recreation 
Accomodation & food services 
Other senices 
Government & non NAlCs 
TOTAL 

WILDLIFE WATCHING SPENDING 
Total Output 

(Sales) Employment Income 

79,221,793 1,402 15,464,831 
38,683,906 324 6,086,188 
15,826,239 27 3,265,830 
10,375,163 77 4,044,720 

249,473,696 574 38,188,913 
1 18,192,670 71 9 53,4322251 
191,677,954 2,864 90,472:109 
79,399,937 521 29,874,434 
36,494,376 137 7,822,203 
86,161,603 470 23,901,612 

141,594,658 581 11,747,431 
42,773,983 392 23,378,904 
12,005,983 78 5,848:491 
28,584,852 452 14,902,529 

7,623,480 116 4,435,439 
56,391,568 578 31,885,933 
7,434,417 152 3,233,180 

148,140,231 2,199 51,483,151 
57,419,015 985 27,147,402 
30,722,079 245 I 6,954, I 74 

1,438,197,603 12,892 463,569,725 
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Abstrrt 

Empirical data and theoretical considerations indite that species with high wing loading and low aspst run a high risk of 
colliding with power lines. ThfiK birdr are characterid by rapid Eight, and tk combination of heavy body and dl wings 
restricts swat reacrions to unexpected obstacles. when the number of repotted collision vi& is wnsidered relative to the abun- 
dance and population sioc of tht conccroed. some Galliformes, Gruiforms, Pelecaniformcs and CiconiirormeS spa5cs smn 
to appear in disproportionately high numbm. In contrast, species frequently a l T d  by e*ctrocution particulnrly to involve 
Ciconiiformes, Falconifomes, Strigiformes and Pansaironnes. An alarmingly larp number of species with Cndaagned and 4- 
nerable status arc identified amon# tk victims, but there am insuflicicnt data at present for judgh.8 the si-ce of monality 
caused by power lines at the population level. 0 199% EiseVier Science Ltd. All rights reserved. 

k y w d s :  Bird; Elsuccution; Endangcrrd spda: Collision; Power line 

1. Irhodatlon 

Steadily inmasing environmental stress has made 
mortality factors important that were once considered 
insipplficant. Healthy populations can normally com- 
pensate for additional mortality deriving from unusual 
c a w s  but may he Seriously affected whm these act on a 
reduced population. Eoologists (e.g. Tempk, 1986) have 
emphasised that the circumstances that ultimptely cause 
a species to perish may be entirely unlike the incidents 
that first caused the population to ba;omc c n d a n g d .  
The annual death of birds world-wide through electro- 
cution and collision with power h e s  and other types of 
overhead wires (Braaksma, 1966; Rensscn et a]., 1975; 
GylstorE, 1979; Hoerschelman et al., 1988; Bevanger, 
1954a, 1995a) i s  an example of a poorly understood 
mortality, although it was observed and commented on 
for more than one hundred years (Cow, 1876; Emer- 
son, 1904). Reports mainly derive from South Africa, 
North America and Europe, where they were high- 
lighted hecaur of the economic impact of interruptions 
in energy supply, and the menti6c and conservation 
concern for endangered, vulnerabk and hamestable 

* Td.: w47 73 Bo 14 00; T u :  W7 73 Bo 14 01; 
e-mail: kjetil.bevanga@niaatrd.ni&ku.no 

0006-3207/98/119.00 0 1998 M e r  Science W. AU rights m e 4  
PII: S0006-3207(97)00l76-6 

species (Brown and Lawson, 1989; Bevanger, 
1994a.b. 1995a,b; Negro and Ferrer, 1995). Informa- 
tion from the rest of Africa, South America, A& 
and Australia is scane (for a litaaturc review, see 
Avery et al., 1980; Herbert and Retsc, 1995). As a 
majority of power lines are located in remote areas far 
away from public awareness of the bird collision or 
electrocutioo problems, reported losses must he con- 
sidered a supalicial measure of its o a y m n c e  Womp 
son, 1978; Loogiidgc, 1986, Faanes, 1987). 

Much is known about how topographical, meteor- 
ological and technical factors can alter collision or 
elactrocutioo hazards for birds (Bevaogcr, 1994a: 
Alonso et al., 1994; Brown and Drewien, 1995; APLIC, 
1996). Less attention was paid to tbe biological and 
ecological characteristics of the victims, Le. behaviour, 
physiology and morphology. No investigations seem to 
have bcen designed to test the inhence of, for 
instance, hiomcchanics on mllisions. A main question 
addressed in the present paper is whether existing 
data can reveal qualities of morphology and b i e  
mechanics that predict a species’ susocptibility to col- 
lisions with pomr  lines or electrocution accidents. The 
implications of this mortality for conservation are 
discussed in the light of principles of population 
dynamics. 
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The causes of birds colliding with power lines is a 
complex problem (Bevanger, 1994a,b). Statistical testing 
of pooled data is inappropriate because the records are 
biased by s e d  factors: the geographical location of 
the research, the abundance of the species, their beha- 
viowal patterns (e.g. the time different qwks spend in 
the air) and their nocturnal and/or crepuscular habits. It 
is, for instana, impractical to obtain relative figures, Le. 
the number of collisions compared to the number of 
birds crossing overhead wires, for rare species or species 
with a grounddwelling life style. Resident and migra- 
tory species have fitquently been pooled and treated 
together. Investigations addressing this type of infor- 
mation (e.g. Meyer, 1978; James and Haak, 1979; Will- 
dan Associates, 1982; Faanes, 1987; Hartman et al., 
1992) have partly been designed as ‘worst case studies’ 
connsctcd with key functional areas for birds and major 
flyways of migratory species. 
Rayner (1988) applied principal component analysis 

to wing morphology and derived statistically indepen- 
dent m u m s  of size and wing proportions. Of parti- 
cular interest were tbe ‘loading’ and ‘aspect’ 
components, and a scattaplot of thcse for flying birds is 
informative (Fig. 1). The major bird groups fall into six 
main categories, determined by differences in aero- 
dynamic performance: ‘poor’ flyers, water birds, diving 
birds, marine soarers, aerial predators and thermal 
soarers. 

As Rayner (1988) empbasised, the species in the lower 
rigbt-haad quadrant (the ‘poor’ flyers) are interesting as 
they have probably never experienced strong pressure to 
enhance their fligbt &&ncy. Most of them belong to 
Gruiformes, Galliformes and Tinamiformes. It is 
interesting to relate Rayner’s categoria to the data 
derived from the literature on ‘collision specics’ 
(Table 1). 

Indeed, rails, mots and craxtes are among the species 
most commonly and numerously tccordcd as collision 
victims in America and Europe (e.g. McKenna and 
Allard, 1976; Heijnis, 1980; Zerda and Rosselli, 1997). 
Moreover, 14 species of the Gruidae and RaUidae 
families world-wide were classified as endangered 
pemple, 1986). Most of the IS crane species are known 
to have dwindling populations with endangered status 
(Bylin, 1983) mainly as a rcsult of destruction of wet- 
land habitats. 

Several gallinaceous species were known to suffer 
losses hecause of flying into overbead wires (Ltopoid, 
1931; Borell, 1939; Paludan, 1W3; Krapu, 1974; Rose 
and Baillie, 1992). Recat research in Norway has 
revealed that tetraonids are particdarly exposed to col- 
lision hazards (Bevanger, 1988,1995a.b), which is all the 
more strikiq considering their grounddwelling 
behaviour. 

The 47 species of Tinamiformes are end& to the 
Neotropical w o n  (del Hoyo et al., 1992). Most of 
them look like gallinaceous birds, although their mor- 
phology reflects convergent evolution. Unfortunately, 
almost no research addressing the problem of bird col- 
lisions with power lines was carried out in Latin Amer- 
ica, but these birds are known to ‘fly into obstacl- 
branches, posts, wires and even houses’ (del Hoyo et al., 
1992, p. 113). If the theoretical considerations about 
high collision probability for the ‘poor’ fiyer group are 
correct, Tinamifoms species should be particularly 
vulnerable to colliding with power lines. Several Tina- 
mifonnes species are ranked as vulnerable and endan- 
gered (del Hoyo et al., 1992). 

‘Water birds’ and ‘diving birds’ (Fig. 1) also have 
high wing loading, and many species of Anseriformes 
are recorded as frequent collision victims (Table I). The 
Charadrifonnes vary somewhat. Species belonging to 
the Scolopacidae family are found as collision victims in 
nearly every investigation related to birds and power 
lines. This is not surprising considering that most of the 
species are Neotropical and Palaeotropical migrants 
crossing vast distances-and many power lines-in huge 
numbers. The snipe Gafhago gullinago. however, fig- 
ures in the high wing loading group and amounts for 
21% (n=602) among the 2833 Scolopacidae victims 
recorded (Table I).  

In the ‘low loading’ group, gulls are frequent collision 
victims, and are therefore an exception to the prediction 
based on wing morphology (Table I). Studies in 
Washington and Oregon (Meyer, 1978; James and 
Haak, 1979; Beaulaurier, 1981) showed a significantly 
higher probability that Anatidae species would collide 
than Laridae species, ducks being HTlOO times more 
likely to collide than gulls. However, Laridae species 
spend much of their time in the air and are numerous; 
moreover, thc investigations incorporated in Tables I 
and 2 mainly derive from wetland and coastal habitats 
where they are particularly common. It has also been 
suggested that birds such as gulls, with high aspect ratio 
and low loading, are susceptible to being blown into 
wires in strong winds, and also that birds in flocks, like 
gulls, may be in greater danger of colliding, particularly 
those that are far behind, as their view is obstructed by 
the birds in front (Scott et al., 1972; Renssen et al., 
1975; Henderson et al., 1996). 

As Rayner (1988) emphasisai, there are significant 
variations within some groups (e.g. Anatidae) regarding 
wing load and aspect ratio. underlining the importance 
of making accurate analyses among species in the same 
family to predict the species-specific collision hazard. 
Moreover, reaction studies (James aad Haak. 1979) 
have revealed significant variations in the reaction of 
ducks when approaching a power line, indicating dif- 
ferences in petceptional and reactional abilities as well 
as behaviour (e.g. descending or elevating Eight course, 

l 

Page 3 of the PDF 



69 

1W) 

or flight interruption when attempting to cross the 
wires). 

Aerial hunters like the European swift Aprrs npus and 
several raptor @a possess excellent eying abilities (and 
binocular visioo). However, they spend a major part of 
thci life in the air and the probability of crossing power 
lines (and coUiding) is higher compared to grounddwell- 
ing species, which may explain why aerial predators are 
resularly recorded as collision victims, although in seem- 
ingty Sman numbers (- and Overskaug, in press). 

It is difiicult to predict the danger to ‘thermal soarers’ 
(Fig. l), i.e. birds with large and broad wings and a 
dtmassd wing l d n g .  Som species scem to be sus- 
ceptible both to dactrocution and collision. Herons and 
several other Cicaniiformes species and Gruifomes and 
Pelecanifomes spacics, suffer an alarmingly high mor- 
tality from power lines, but available data do not allow 
clear distinctions to be madc between clectrocUtion and 
collision accidents. Howem, clcdrocution accidents 
seem to be inaeasingiy important among these groups, 
apparently being dependent on body size. hunting, 
perching or roosting behaviour. 

Empirical evidence is amassing that species with high 
wing loading and low aspect, i.e. the ‘poor’ dyers, 
deserve to be classified in a high risk group aa regards 
collisions with power lines. The ‘poor’ dycrs art char- 
acterised by rapid flight, and the combination of heavy 
body and small wings obviously restrids swift reactions 
to unexpeclcd obstacles. 
An interrelationship between biomechanical factors 

and vision should certainly be considered. Unfortu- 
nately, there i s  a lack of detailed information about the 
sensory capacities of birds, although research into bird 
vision has revealed a great variety of adaptations among 
various groups (Sillman, 1973; Martin, 1985; Schmidt- 
Morand, 1992). 

Electrocution of birds is a simpkr problem than col- 
lision. It may take place when a bird touches two phase 
conductors or one conductor and an earthed device 
simultaneously, especially when the feathers art wct. 
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Table 1 
Bitds rcEordcd as victms of colhons wth power lines in 16 investigations 

Order Family Guma S p a i a  Individuals 
____---- - - ~  

Gaviformcs 
Podidpedifom 
Rocellariiformes 
pclcaniformco 

Gandae (divers) 
Padicipedidae (grrbes) 
ProcelEaridiidac (fulmars, ptrels, shearwaters) 
Peleerrnidae @elieans) 
sulidac (boobies. pannetr) 
P ~ o c o r a c i d a e  (cormorants, shw)  
Ardeic(lc (bittmu, herons) 
Cioniidae (storks) 
Thnakiornithidac (ibises, spoonbills) 
Phosnicoptcxidae (bmingocs) 
Anatidae (wildfowl) 

Fslronidae (fakons and allies) 
PhaaiaaidDc (partridges, quails. pheassatf and allies) 
Rallidac/Gmidae (rails, CoOu. cranes) 
Hacmatopodidoe (oystercalfhm) 
R & W  (stilts, a v m )  
Burhinidae (stoaecurlews, stone-plows) 
Charadriidae @lovers. lapwings) 
Scolop.cidac (snipes, sandpipm and allies) 

Apodidac (swifts) 

Cuculidae (cuckoos) 
Tytonidae (barn owls and a b )  
Strigidae (typical owls) 
Tyrannidae (tyrant flycatchers) 
Alaudidae (larks) 
Hirundinidae (swallows) 
Motacillidae (pipits. wagtails) 
Proglodytidae (wrens) 
T~udidac (chats, thrushes) 
Sylviiiae (warblers and allies) 
Mwicapidac (Bycptchers) 
Emkriddac (buntings and allies) 
ParuIidac (wood-warblers) 
lcteridae (blackbirds, onoles and allies) 
Fringillidw (finches) 
PIoceidae (weavers and allies) 
Sturnidac (s(uCngs) 
Corvidae (crows and allies) 

Adpitride2 (hawks, vultura, eades) 

Ladae (gulls) 

columbidne (pigeons) 

1 
4 
1 
1 
1 
I 
4 
i 
2 
1 

14 
3 
I 
7 
6 
I 
2 
1 
3 

19 
5 
1 
3 
1 
I 
2 
2 
I 
I 
2 

6 
5 
1 
7 
3 
3 
2 
I 
4 
2 

1 

___.  - 
2 
7 
I 
2 
I 
2 
6 
I 
3 
I 

37 
4 
4 
9 
9 
1 
3 
I 
I 
48 
16 

1 
7 
1 
1 
3 
2 
1 
1 
3 
3 

12 
12 
2 
II 
4 
3 
4 
I 
6 
2 

3 
303 

4 
4 
I 

62 
79 

5 
13 
8 

2983 
7 
7 

32 I 
1653 

12 
1 

520 
2833 
1447 

6 
374 

2 
I 
4 
6 

MI 
9 
34 
3 

420 
I17 

3 
86 

7 
87 
25 
46 

590 
18 

n 

Rdmna% Scott et d. (1972); McKenns and AUard (1976); Andenon (1978); Gylstorff (1979); M c y a  (1978); Christensen (1980); Grosac et al., 
(1980); Hnjnis (1980); Willdan Associatm (1982); Longridge (1986); Rusr et al. (1986); &vPnga (1988); Tbingstad (1989): Hartman et d. (1992): . .  
Bcvayer (1993): Bcvanger and Sandaker (1993). 

Hence, body size and bchaviour, such as perching and 
roosting on poles or wires, are the keys to under- 
standing why and how birds become electrocuted. 
Birds below the size of a jackdaw Corw monedulcl 

have a rsduced chance of becoming electrocuted 
because the conductors and earth wire or earthed devi- 
ces are generally too far apart. However, irregular and 
unexpected electrocution accidents do take place 
because of the huge diversity in electrical installations 
and equipment (Kroodsma and Van Dyke, 1985; Negro 
and Ferrer, 1995). In Norway, pole-mounted transfor- 
mers, pin insulators and a triangular conductor config- 
uration were reported as the most dangerous 
electrocuting devices by the energy companies as a 

response to a questionnaire (Bevangcr and Thingstad, 
1988). Flocks of small birds (house sparrow Parser 
domesticus, starling Sturnus vulgaris and thrushes 
Turdus spp. ) crossing a high tension power line (and 
when several roosting birds take off simultaneously) 
have also been observed to result in short circuits, as the 
current can pass througb several individuals (reported 
by four energy companies in Norway; cf. h a n g e r  and 
Thingstad, 1988). 

Species frequently af€ected by electrocution belong to 
Ciconiiformes, Faiconiformes, Strigiformes and Passer- 
iformcs (Tables 2 and 3) (Bevanger, 1994b). Data on 
electrocution from Germany, Switzetland and Spain 
(Haas, 1980) show a majority of medium s a  raptors 
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Table 2 
Birds recorded 8s cotlisim or elcamcution victans. Thedata hpvr kea 
separated into snditr  with: (i) bird collhionr with pcnwa Lints; 

daa i ty ’ .  Category (iii) cannot k sepurrai into cdlision or 
davaucion aa rcooMfia of ringed birds am not normally speck 
regarding cdlision or elcarocution mortality 

Order Number of birds 

(io bird elatoeution; rad (iii) riagilq rrcoveria nporting ‘Lillsd by 

collision ElMrocution Ringing 
recoveries 

Gaviformg 

RoallariifomKs 
pelecanifonns 
Ciconiifonacr 
Anseriformes 
Falconiformes 
Gallifonncr 
Gnnfomres 
charodrirorma 
ApodiTorn~s 
Columbiformer 
Cueuliforms 
Strigifom 
clprhnulgifonnes 
Coraciifma 
Picifonaes 
PaSsniformn 

Podicipcdifomes 
3 

303 
4 
67 

105 
2983 

14 
32 1 

1653 
4867 

6 
374 

2 
5 

- 
1519 

- 
416 

- 
2 
18 
45 
I93 

3091 
648 
17 
37 

1150 
74 
20 
3 

263 
I 
4 
13 

1258 

References collision data: Scott et al. (1972); McKenna and Allard 
(1 974); Anderson (1978): Mcyer (1978); GylslorB (1979); Christeneen 
(1980); Grow et al. (1980); Heijnis (1980); Willdan Arsbcistes (1982); 
Longrid@ (1986); Rusz et al. (1986): Bevaryer (1988): Thingstad 
(1989); tIanman CI al. (1992); Bevanga (1993); Revanger and Sanda- 
ker (1993). 

References electrocution ciala: H w  (1980); Femr et al. (1991). 
Refcrcnm ringing raxwerk: Soh et al. (1986); Bcvaoger and 

Thhinptad (1988). ROR and Bsiuie(1992). 

and owls (and also corvids) figuring among the casual- 
ties. Unfortunately, few reports addressing electrocution 
mortality have included complete lists of the victim 
species and the numbers of casualties. Several species 
among the ‘thermal soarers’ (e.g. hawks, eagles, 
vultures, condors) are obviously susceptible to 
electrocution using utility structures for perching. 
However, records, even from biologists, frequently fail 
to distinguish between death caused by collision or 
electrocution. 

Adult white storks Ciconia ciconia and eagle owls 
Bubo bubo seem to be surprisingly common among 
electrocution (and collision) victims of these species 
(Fiedler and Wissner, 1980; Stolt et al., 1986; Larscn 
and Stensrud, 1988; Grischtschenko and Gaber, 1990). 
These data seem to be among the most convincing 
indication of a population-regulating effect of mortality 
caused by utility structures. In their analyses of 1185 
recoveries of ‘Helgoland ringed’ white storks, Riegel 
and Winkel (1971) found that, of 294 birds recovered in 
Germany with known causes of death. 226 were killed 

71 

because of ‘overhead wirts‘. Of these, 62.8% wcre I -  
year-old subadults, 2.2% were 2- and 3-year-old birds 
and 35% were 4-year-old or oldor adults. 

Bmson (1980, 1982) concluded that subadult age 
classes of large raptors suffer higher losses because of 
electrocution than adults, as a result of inexperience in 
flight and different hunting methods. Young and juve- 
nile birds are inexperienced flyers lesr adept at man- 
oeuvring than adults, e.g. when landing and taking off 
(Nelson and Nelson, 1976, 1977) and may even over- 
batana while perching on a high-tension wire and 
become electrocuted (Lesbem, 1985). Several authors 
have stressed that there i s  a high prrcentage of juveniles 
and subadults among collision victims because sub. 
adults normally constitute the majority of a population, 
particularly in autumn; subadults oftm have a more 
gregarious behaviour, and several investigations were 
carried out in periods when the proportion of young 
birds in the population is high and exposed. It was 
claimed that birds learn to avoid ‘air obstades through 
experience (Lee, 1976; Thompson, 1978). However, no 
hard data seem to exist. Birds injured in collisions and 
electrocution may recover (Benson, 1982), but most 
individuals only gain experience once. and habituation 
seems particularly irrelevant in the case of electrocution. 

In South Africa, several hundred individuals of the 
vulnerable, endemic Cape vulture Gyps coprotheres were 
found electrocuted (Markus, 1972; Ledger and Anne- 
gam, 1981; Mundy et al., 1992; Ledger et al., 1993), and 
numerous Egyptian vultures Neophron percnoprerur- 

Table 3 
Birds worded as ekcbocution victims (W on Haas, 1980) 

Order 
~ 

Family No. of No. of No. of 
perm species indinduals 

Ciconiifonnes Ciconii i  

Falconiforma Accipitridw 
(storks) 

(hawks, Mllwch 
-glcs) 
Fdconidac 
(falcons and allies) 

(guflr) 

@igcons) 

(barn owls and 
allies) 
Stligidpe 
(typical owls) 

(chars, thrushes) 

(starlitkg8) 
lanidac 
(shnka) 
corvidae 
(crows and nl l ig)  

Charadrifom Laridae 

Columbifonns Columbidae 

Strigifonncs Tytonidae 

Pasmiformes T’urdidae 

SNrnidae 

1 2 14 

9 13 430 

1 I 88 

1 1 I 

I 3 I2 

1 I 14 

3 3 54 

2 4 1s 

1 I 18 

I 1 I 

2 4 382 
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considered as cadangered in South Africe--werr found 
electrocuted in the Sudan (Nikolaus, 1984). During the 
last fcw years, numcTous reports of electrocuted raptors 
have come from Spain and other parts of southern 
Europe, particular concern being expnsscd for the 
Spanish imperial eagle Aguilo &berti (Fcmr et al., 
1991; Negro and Femr. 1995). In Norway, most of the 
owl and raptor species were tecorded as either collision 
or ebrocution victims (eeVangcr and Overskaug, in 
press). 

It is now hoped to save the California condor Gym- 
nogyps cul~omimus from beaming extinct through 
breeding in captivity (Wallaa, 1992; Caughley, 1994). 
In 1992, three of tight released birds in the former dis- 
tribution area of the species were found elecrrocuted 
(Mestel, 1993). While the initial population decline was 
supposed to have b a n  caused by habitat loss, shooting, 
etc., it was strcascd that toxic organochlorines were the 
main factor during the 1970s and 1980s. It is imperative 
to ckarly dctumuu * the causes of decline in the popula- 
tion of a critically endangered spccies to enable appro- 
priate management actions to be implemented. 
Particular attention should be paid to local populations 
and areas with a high dcnsity of overhead wires. 

No investigation was found that was specifically 
designed to judge effects of power lines on bird mortal- 
ity at the population level, and the problem has mainly 
been addressed as one eodbjective among empirical 
questions connected with collision extent, behavioural 
effects and mitigating measures @€eyer, 1978; Beau- 
laurier, 1981; Willdan Associates, 1982; Faanes, 1987; 
Hartman et al., 1992). 

The impact of seemingly density-independent mortal- 
ity fwtors, like hunting, predation and utility structures, 
is generally thought to bc compensated for among the 
survivors. Although numerous birds and mammals 
generally show a type I1 survivorship curve (e.g. Begon 
et al., 1996), indicating that few individuals reach their 
physiological life span and that survival is highly age- 
dependent, it is weU known that heavy hunting may 
c h p  survivorship curves within a population, for 
example from a type I survivorship (Le. mortality is 
massive towards the end of the greatest life span) 
towards a type Il survivorship curve (Lowe, lW9). If a 
dwindling population is unable to respond with com- 
pensatory actions to the mortality caused by utility 
structures. this mortality is population regulatory and 
must be considered a significant problem for nature 
management authorities. 
Species with dwindling populations arc listed in Red 

Data Books (RDB) and it is reasonable that RDB 

species are a main target of concern regarding anthrc- 
pogeuidly-indwd mortality factors (e.g. Willard, 
1978. There are numerous collision and electrocution 
victims among bird species recorded as vulnerable and 
endangered (Appendix A). It is not surprising that there 
are no good data for most rare species. Even in abun- 
dant species, like waders and gulls, observed collisions 
OcCuI: in only between 0.07 and 0.003% of total flights 
(Meyer, 1978). However, recoveries of rare species, rin- 
ged in small numbers, were made. For example only two 
ringed individuals of both corn crake Crex crex and 
water rail Wlw aquaticus were rtcowred in Norway 
during the period 1914-1981 (Bevangcr and Thingstad, 
1988), which constitute 3.3 and 6.1% of the total num- 
ber of ringed birds. respectively. In both these species, 
one of the rccoveries was a collision victim. 

There are contrasting views regarding threat cate- 
gories for birds and animals (e+ Collar and Andrew, 
1988; Mace and Lande, 1991; Bibby et al., 1992). Spe- 
cies recorded in a world-wide RDB list do not ntccssB- 
rily reflect local or regional (in some instances not 
national) situations. When the significance of collision 
and electrocution-induced mortality is being addressed 
particular attention should be paid to local populations. 
Unfortunately, some countries are still ignorant about 
the population status of potentially vulnerable and 
endangered species, and lack a conservation manage- 
ment action plan. ’ 

The indirect effects of utility structures are rarely 
focused upon. Ckar-felled transmission-line corridors in 
forest arcas vary in breadth from 30 m up to 60 m or 
more depending on the voltage, and may have far- 
reaching fragmenting and habitat-changing effects that 
might affect the fauna (e.g. bvanger and Hmrikscn, 
1996). Habitat fragmentation is identified as a main 
threat to biodiversity and is a focal point among con- 
servation biologists, especially in tropical and neo- 
tropical areas (Biemgaard et al., 1992; Fiedler, 1993). 
There is no question that many more power lines will be 
built in the future, particularly in vulnerable, tropical 
and subtropical areas (Bcvanger, 1%). It was stressed 
that power-line corridors may be particularly damaging 
and mate barriers to some groups of species (e.g. 
antbirds (Formicariidae), ovenbirds (Furnariidae), 
hummingbirds (Trochilidae) and tapaculos (Rhino- 
cryptidae)) that are restricted to the understorey of 
mature forests (Zerda and Rosselli, 1997). Specialid 
mammals in the tropics, inciudiig primates, bats and 
rodents, are vulnerable to habitat fragmentation, as arc 
amphibians and reptiles. Several of thesc creatures are 
also prone to electrocution (e.g. Quincy, 1993; Lawson 
and Wyndham, 1993; Zerda and Rosselli, 1997), 
although few studies have focused on this. 

Consemtion management authorities should not 
only focus on the lack of hard data rooted in population 
dynamics but use available documentation and indices 



PAGE 7 of the PDF - end of the article, followed by references 

to carry out an early warning policy, like those deriving 
from analyses of morphology and biomechanics. Hope- 
fully this can also convincc energy companies to ser- 
iously COIlsjder 6nancially adverse alternative routing, 
earth cabling and technical solutions for the construc- 
tion of utility structures to reduce the adverse wildlife 
effects. 
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Ansaiforma 

Gruiformca 

Strigiforma9 

Dalmatian pelican P. crirpur 
White pelican P. erythkytwhos 
Brown pelican P. Occident& 
Eurasian bittern E. steUaris 

White stork C. ciconio 

Lcsrer Ramingo P. d e r  
Grcatcr Ramingo P. minor 
Mute swan C. olor 

Whoaper swan C. cygnus 

Tundra swan C. cohonbkmw brwt&ii Ro* and Baillie, 1992 
Greylag goow. A. lBwl Ros and Baillie, 1992 
California candor G. cdfforniarms Snyder, 1984; Anon.. 1993 
osprey P. M ~ - m  Stolt et d., 1986; Bevangu and Thingstad, 1988; 

Western honey buzzmrd P. apiwrw Stolt et d., 1986 
Red kite M. milvus Haas, 1980, F m a  et al., 1991; Rose and Baitlie. 1992 
American bald eagle H .  k o u w u S m i t b  and Murphy, I97Z: Meye?., 1980: 

OldorA and Lebman, 1986 
white-tailed SCB eagle H. Olbicildo Bcvanger aud Thingstnd. 1988 
Cinereous vulture A.  mowchu Ganon, 1977 
W o n  vulture G. J i i  Mundy, 1983; Leshem, 1985; F m r  et al., 1991 
Cape vulture G. coprathms Markus, 1972; Ledger, 1984; 

Ledger and Anncgam, 1981 
African white-bmcked vulture DraLa and Mundy, 1981 
G. qlricaws 
Egyptian vulture N .  percnupmw Nikohus, 1984 
hnnuqpk G. barbatut Wuclhrich, 1993 
Martial mgle H. bel1icow Brooke, 1994, Modean, 1985; L d p ,  1990 
HR harrier C. cywup Scott et a)., 19n Rose and Baillie, 1992 
Montague's harrier C. pygprgus Rose and Baillie, 1992 
Westan marah barrier C. 0cruehaarrRose and Baillie. 1992 
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Ryder, 1981 
McNdl et al., 1985 
An&raen-H8nld and Bloch. 1973; Gylstor!T, lwS; 
Rose and Baillie. 1992 
Fiedh and Wtssner, 1980, Haas, 1980 
Oatky and Rammmnnym. 1988 
Longridge. 1986 
Langridge, 1986 
Perrins and Sears, 1991; Rose and Baillic, 1992; 
Mathiasson, 1993 
F&estd, 1980, Rose and eairtiC, 1992: 
Bevanger, unpubl. 

Muiioz-Pulido, 1990 

Northem goshawk A .  gent& " 

Sponisb imperial eagle 
A. k h c a  ardrrlbnti 
Golden eagle A. chrydfos 

Gyr falcon F. rusticoh 
pnrsrinc falcon F. percgrmw 

Common c r w  G. gnu 
Sandhill crane G. cModmris 

Manchurian crane G. jopamsir 
Whooping crane G. mricma 
Waakd crane 8. d t m  
Watn nil R aquaticus 

Corn crake C. crex 

Kon bustmi A. kori 
Great bustard 0. twda 
Barn owl T. dba 
Northrm eagle owl B. bvbo 

U n l  owl S. vrdentis 
Great grey owl S. nebvloscr 

spoucd d e  P. p o r n  

Stolt et al., 1% lkvaagm and Thingstad, 1988: 
Rose and BaiUic, 1992 
Ganon, 1977; Haas, 19W Fern and Court, 1988, 
Meyburg, 1989; Ferreret al., 1991 
OkndorAet al.. 1981; &vpngcr and Thingaad 1988; 
Rose and Bailhe, 1992 
Oudmundssm and Clamen, 1974 
Olren and Olsen, 1980; Stolr et PI.. 1986; 
Rose and W e ,  1992 
Stolt et d.. 1986 
Walkinshaw, 1956, Drmbim, 1973: B m  et al.. 1987: 
Wmdiwtad, 1988 
Brown et al., 1987 
Brown et PI., 1987; Doughty, 1989; Howe, 1989 
Johnson and SincWr, 1984 
Scott et al., 1972: Grosses al., 1980; 
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Smlt e1 al., I986 Bcvangcr and Thingstad, 1988 
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Longridge, 1986 
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Bird Strikes and Electrocutions at Power Lines, Communication 
Towers, and Wind Turbines: State of the Art and State of the Science - 

Next Steps Toward Mitigation' 

Albert M. Manville, 112 

Abstract 
Migntoy bids suffer considcrablc humancauscd 
mortality from structures built to provide publs swv- 
iccs and animities. T h r ~  such crrtitics are increasing 
nationwide: mmmunication towers, power lines. and 
wind turbines. Communicatlon towem haw heen grow- 
ing at an cxponmtial rate OVLT at least the past 6 )cars. 
The U.S. Fish and Wildlife Seniee is espeeiall) con- 
ccmcd about gmwing impacts IO some X36 species of 
migratory buds currently protmcd under the Mipa- 
tory Bid Trcaty Act of 1918. as amended. While mor- 
tality estimates arc oftcm sketch). and won't bc vcrified 
until nationwide cumulative impact studies are con- 
ducted. currmt tigurcs arc troubling. Communication 
towers may t i l l  tiom 1-50 million birds per year. Col- 
lisions with power transmission and distribution lines 
may kill anywhwe from hundn-ds of thousands to I75 
niillioii bids annually. and power lines elecuocutc tens 
to hundnds of thousands more birds annually. hut 
thcx utilities we poorly monitorcd for both strikes and 
elwtmutions. More tlm 15.OOO wind turbines niay 
kill 40.000 or more bids a ~ u a l l y  nationwde, the nia- 
jority in California. This papw will address the com- 
monalities of bid impacs among these inhstrics: 
those bird spccics that tLmd to be most atTwted: and 
rcwarch (completed current, and proposed) intLrrdod 
to rcducc bird collisions and elwtrocutions nationwide. 
The issucs of structure location (siting). lighting. guy 
buppotts, lattice or tubular s~ucturcs. bird bchaiior. 
and hahicat modifications are relicwed In addition, 
this papcr rwicws the rcspectiw roles and publications 
of the Akian Powr  Line Interaction Cmmiltce and 
the Wildlife Wolicgroup ofthe National Wmd Coordin- 
ating C:ommittce. the rolcs ofthe Savice4aircd Com- 
munieatioii Tower Working Group and Wind Turbine 
Siting Working Gmup, and the Fish and Wildlife Scr- 
r'ices' wluntary towerand turbine siting and plac~m~mt 
guidelmes. An update on rwcLmt Communication Toww 
\,'orking Group research initiatives will alw bc. discus- 
sed along with pmniising research tindings and necds. 

kt7 nard) APLIC, arian Impacts. avian mortalit) 
BGEPA, bud s t rbs  collismons. comniunication 
toaerr. CTN'b, electrocutions ESA, MBTA miclga- 
tlon measw's, NWCC , powcr lines. tranzniiwon and 
distnbuclon Imm, wind turbines 

Introduction 
Acquinng rcliable cstunates ot ai lan population nior- 
tahtq IS ditfiLult crm undcr mntrollcd iinumslances 
and the threats to birds lroni human deielopmcnt con- 
ttnue to mcrmr in thc Lintcd States and elscuherc 
globall) A s  the I S human population grow s now. 
the thud Iargm m the wr ld  human stm~tures and 
the SC'IT~CIIL needed to mwt populalicm demands con- 
clnue to incrcaw 1 nfortunatcly the impact\ of these 
stmctures and senices on birds, bats and other spcim 
we g~meralh urn-counted lor, unknown, or onl> 
roughl) tstimdted This pqwr uill addrcss thrw ot 
these structural unpacts, thow from po\+er lm- com- 
munication touerr and uind twbinm 

To better understand the impacls of liuinan-caused 
mortalit) on landbirds and nxxmtl) on hats attmpts 
haie k e n  mde not only to estimate Uicw mortalit! 
tactors but also to il(wi\ the cpnng and tall popula- 
tmns of brccding landbirds in Notth America to deta 
niuie rou$ tmrtalit) perccntapcs Rhile bud hunting 
nionalit) has ham docuiiimkd hack to at least Biblical 
urns, monalit) cauwd b) structwcs uils fust docu- 
mmted in the Lnilcd States in I X71 at Iighhthouws and 
lamps (Forest and Stn-ani 1874) and in 1876 at 
tekgaph uim (Coucr 1x76) The fir\[ L S Fish and 
Wildlite S ~ i i c ~  (I  SFWS or S ~ n i c e )  attempt to 
cshniate nationu ide human-causod annual mortalib 
uas published b) Banks (lY79) uhwc he cmnlatcd 
1% nullion bird deaths caused b\ human act i l i ly  T h i s  
estlniate rqresented I 9 pacent ol tlie thai existing 
e~hmatLd bird population m North Amwica Ot the I 9 6  
million 6tunatcd deaths, 61 pcrcmt uwe from hunt- 
mg 32 paemit from colhsioii~ uith structun-s. and 2 
percmt from pollution and poiuming Tn assess the 
nationnude \tatus of brwding bird population\ Aldnch 

a h c h  aieragcd I 2x4 bidchn' (3  325 birdz.mi') to 
fht dl (1975)  U C d  the 1973 &CLdIIlg B i d  SIIITCy 
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cstiiixitc 9.')75 billion breeding landbirds in the United 
States csclusivc of Alaska and flowaii. They concluded 
that the autuinn lancibird population was probably 
twice that figure - 70 billion. Banks ( 1979) used the 
figure of I O  billion breeding birds in  the contiguous 
United States and assumed an average annual niortdity 
of IO billion birds. J .  Trapp (unpubl. data). of the 
USFWS' Division of Migratoq Bird Management. 
examined Breeding Bird Censuses for 199 I and 1997. 
extrapolated from these figures. and concluded that it 
\vas probably safe to talk about minimum breeding 
populations on the order of IO billion birds. and 
minimum fall populations on the order of 20 billion 
birds in North America north o f  Mexico. While there 
are fiir niorc birds than people generally realize. 
population impacts can be sizable and most human- 
caused avian mortality factors arc not systcniaticnlly 
monitored or assessed. 

The USFWS is currently responsible for tlic consc11'a- 
tion and nianagcment of 836 species of migratory birds 
in the United States; these birds ;ire killed by myriad 
non-liuntiiig-related factors. These include collisions 
with comiiiunicatioii towers. power lines. wind 
turbines. buildings and aindows. smokestacks and 
nioniinicn ts . au toniobi Ics. and aircrait : clcc t roc LI tions at 
power lines: predation by domestic cats; poisoning 
from pesticides. oil and contaminant spills; drowning 
in oil and wastcwatcr pits: entanglement, strangulation. 
and drowning in  fishing gear; and loss or degradation 
of habitat. 

Of the 836 migratory bird spccics managed by 
USFWS, at least 223 arc in trouble. Thwc include 92 
listcd on the Federal Endangered Species Act (ESA: 16 
U.S.C. 1531 et seq.: 77 are endangered and 15 arc 
threatened). and 131 on the CJSFWS's National List of 
Birds of Consenation Concern 2002 (USFWS 2003).  
Populations arc declining precipitously for sonic of 
these species. To acid yet another challenge to nianag- 
ing birds. we cssentially lack data on the status oftiilly 
one-third of all North Anicrican bird populations. 
These challcnges make managcnicnt difficult. Recent 
cxtrapolations froin various databases indicate that  
huinan-caused mortality could account for billions of 
bird deaths per year (Klein 1990. C'orcoran 1909. 
Erickson ct al. 2001. Mativillc 2001 a, Manville 2001 b). 
Based only on estimates of annual mortality froin vcli- 
icles strikes (60- 80 million). building and window col- 
lisions (98- 9x0 million). smoke stack casualties (tens 
to hundreds of thousands). power line electrocutions 
(tens to  hundrcds of thousands). power line impacts 
(hundreds of thousands to perhaps I75 million), coni- 
niunication to\vcr accidents (4-5 to 40-50 million). and 
wind turbine impacts (- 34,000), Erickson et al. (2001 ) 
estimated from 100 million to \vel1 over otic billion 
birds killed annually. The extent to which cumulative 
mortality f'roni all human-caused factors affects bird 

populatic\ns. itrid nieasurcs that can he taken to reduce 
these events. arc niattcrs of considcrablc interest and 
concern to tlic Sen ice and others (Main i l k  300 I b). 

Structural Review 
The U S .  Power Grid 

Since the U.S. power grid was first constnictcd i n  the 
late I 880s. power line expansion has increased trcmcn- 
dously. With a groiving [J.S. population. industrial cx- 
pansion. and public demand for more clcu-tricity as 
exeinpliticd by energy challenges in California in 
2001. niorc pobvcr lines arc bcing installed. The most 
recent nationwide cstimatcs indicatc that there arc more 
than 804.500 k m  (500.000 mi) of bulk transmission 
lines in  the U.S. (transmission lines in the U.S. carry 
>I 15.000 bolts. '  I I5 kV. with conductors attached to 
either trill \vood. concrete or steel to\vers; APLIC 1996. 
tiarncss 1997. Edison Electric Institute 2000). Much of 
tlic probleiii with bird collisions is . 
transmission lines. Distribution lines ( t l  
carrying 569.000 v'69kV) arc constnictcd on 1 I - 15 ni 
(36- 49 ft) \voodcn. steel. or concrete poles. typically 
contigurcd \vith otic, two. or tlircc energized (phase) 
\vires and one neutral (grounded) wire. Raptor clectro- 

especially i n  the wcstem United States. are 
qucntly associatcd with distribution lines. Dis- 

tribution lines have phase-to-phase and phase-to- 
ground \virc clearances which place birds perching on 
the supporting poles a t  much greater risk of completing 
a circuit and suffering electrocution. often resulting in  a 
power outage (Bockcr and Nickcrson 1975. Ilamcss 
1997). Because of' rapid expansion. new cievelopmcnt. 
and jurisdictional issues. no good accounting of the 
total amount of distribution line is available for the 
IJnited States; i t  is certainly in  the inillions of 
kilometers. Williams (2000) cites the figure of 
116.531,289 distribution poles in the United States but 
lists no figure for wirc length. 

Power Line Nectrocotions 

Birds have been subject to electrocutions and collisions 
i n  the Unitcd States since the first o\ erhcad telegraph 
wircs wcrc stning in the late 1x60s. initially reported 
by C'oucs ( 1876) in rural ('oloracio. Electrification of 
the IJnited Strites and dcvclopnient of the IJ.S. po\vcr 
grid began by the late 1880s and has rapidly expanded 
since. Not surprisingly. by 1927. eagle electrocutions 
ivcrc first reported a t  transinission lines. followed in 
1933 by hawk electrocutions at distribution lines. and 
in I940 by power outages on Idaho Pobvcr lines \vhich 
subsequently wcrc retrofitted with a deterrent device 
intended to discourage caglcs from landing ( R .  
Harness. EDM International. pcrs. conini.). By tlic 
early 1970s the electric utility industry had bccomc 
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acutely mvarc of bird electrocutions - especially to 
, and owls. Reports of significant bird 

mortality during the winter of 1970-197 I in C’olorado 
arid Wyoming drew the attention of state and Federal 
law etiforcetncnt agents and the industry; nearly I 200 
eagle deaths were reported resulting from poisoning ( N  
-- 30 1 ). shooting from aircraft ( N  - XOO 1 ) and 
electrocution or shooting along a power line ( N  
300 1 ) (Olctidorff et al. 19% 1 : L. Sumo. USFWS. pcrs. 
comm.). M.W. Nelson’s I980 film “Silver Wires. 
Golden Wings” folloacd. which \vas one of the first 
public relations et’forts designed to help prevent eagle 
electrocutions and to encourage usc of nesting 
platforms on power poles (Lchman et ai. 1999). Nelson 
filtiicd trained Golden Eagles (Aqirilu ch~,suc/os)  
during take-off5 and landings on uti-cncrgizcd mock-up 
power poles to dctcniiinc how electrocutions occurred 
and how they might be prevented. I Iis and other 
research Icul to an update to the Suggested Practiccs 
document (Olendorffct al. I98 1 ). 

In an attempt to begin addressing both collision (spc- 
cifically b’hoopitig Cranes 1Gi-u.~ orncricutiu]) and 
electrocution problems. an ad lioc corruiiittcc rcpre- 
scntcd by scvcral invcstor-o\vncd electric utilities 
( IOlls). the National Audubon Society (NAS). and the 
Service \vas created in 19x3. By 1980, a more foniial 
relationship was established nit11 the creation of the 
Avian Power Line Interaction C‘oiiirnittw ( APLIC‘ ) 
composed then of nine IOUs and the FWS (Lewis 
1907) with technical advice from staff of NAS. 
C‘lcmson IJnivcrsity. and the University of Idaho. 
APLIC was housed in the IOU tradc association Edison 
Electric Institute (EEI). Washington. DC (Iluckabcc 
1993). Following research and earlier publications in 
1975 arid 198 I .  Suggested Practices for Raptor Protcc- 
tion on Powerlines (APLIC 1996) became the first 
definitive work on raptor electrocutions. It was rc- 
printed in 2000 in Sprinish. That saiiie year the ins- 
tnictiorial video. Raptors at Risk (North American Fal- 
coners’ Association et al. 2000) was released to the 
public. docutiietiting raptor electrocutions and illustrat- 
ing iticxpciisivc avoidance techniques. Copies can be 
obtained from R. Harness at EDM International. 
~:rhariiesski cdmlink.com:>. 

While the efforts of APLIC‘ to reduce bird clcctrocut- 
ions arid collisions havc been key. inany in the electric 
utility industty may still not be getting the message that 
human-caused bird deaths are unacccptablc ( Williaiiis 
2000) .  At present. APLIC‘ is composed of I8 IOCJs (out 
of 1 XO-some IOlls within this country); one IO11 tradc 
association (EEI);  some 960 cooperatives represented 
by the National Rural Electric (’ooperativc Association 
(NREC‘A; out of approximately 1 .OS6 cooperatives 
housed under the U.S.  Department of Agriculture 
[USDA]); otic rcsearcli organization (Electric Power 
Rcsc:ircli Institute); and three Federal agencies (includ- 

ing USFWS, the Bonncvillc Power Administration. and 
the Western Area Power Administration) (L. Suazo. 
CJSFWS. pers. coinin.: R. Loughery, Edisori Electric 
Institute. pcrs. coinin.: nww.APLIC.org). To be a Iiiore 
effective ami of the ovcr;ill industry. APLI<‘ still needs 
to rccniit additional utility iiictiibership. knvcvcr. 
many of the cooperatices arc stiiall companies. and the 
55.000 APLIC initiation fee and S2.500 annual dues 
arc vie~ved by rnaliy as  better spent on mitigation or for 
other purposes. 

NRECA -- somewhat like APLIC‘ - is the not-for-profit 
national service organization representing most of tlic 
lJSDA cooperati\ os which provide electricity to more 
tliati 30 iiiillion cotisuiiier-o~vtiers primarily in sparsely 
population rural areas in 46 states. NRECA published a 
definitive manual for their industry, Animal Caused 
Outages (Southern Enpiiiccring C’ompany 1996). which 
addresses wire configurations arid situations unique to 
this scgiiicnt of the industry. APLIC’ arid NRECA arc 
\vorking to integrate guidance in Suggested Practices 
for Raptor Protection on Power Lines (APLIC‘ 1996) 
that confirms to both types o f  utility stnichircs and 
needs. USDA coopcrritivcs. for cxamplc. ti ow^ must 
construct distribution lines using non-conducting 
~vooden braces and cross arms. and itistall goutid wires 
that arc raptor safe. 

Prior to 1990. only two fines had been levied by law 
cnforceincnt agents against clcctric utility cotiipiuiies 
for electrocuting birds protected under the Migratory 
Bird Trcaty Act (MBTA; 16 U.S.C’. 703-712) and the 
Bald and Cioldcn Eagle Protection ?\ct (BGEPA; 16 
CJ.S.C. 668-66K’). otic i n  1993 and the other in 199X. 
MBTA is a strict liability statute: the killing of any 
protected migratory bird is not technically allo\vcd un- 
der law unless a pcniiit is obtained. and the Service 
docs not issue ”incidental or riccidcntril take’’ permits. 
The landscape chmgcd in August I999 with the Dis- 
trict Court’s decision against the Moon Lakc Electric 
Association in western Colorado and eastern IJtah. 
Beginning in 1997. agents of the Service’s Oflice of 
Law Enforcement ( L E )  in the West in\,cstigritcd bird 
mortalities from electrocutions arid strikes. and found 
to their dismay that the statistics riwlcd those from tlic 
1970s. As a result of this investigation. the Department 
of Justice prcvdcd  in its first criminal prosecution ot’a 
utility under BGEPA and MBTA. Moon Lake pleaded 
guilty and agreed to pay S IOO.000 in fines atid rcstitu- 
tion. serve 3 year’s probation. s i p  a memorandum of 
understanding (MOL!) u.ith the Senice. implement an 
avian protection plan. and rctrotit poles that were kill- 
ing raptors. The message \l.as ;i powerful otic. sending 
shock wm‘cs through the electric utility. wind genera- 
tion. and eonimunicatioti tower industries. I n  addition 
to fines as  high as  S S O O . 0 0 0 .  company officers could be 
convicted of felonies, lose their right to vote. pay pcr- 
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soiial fines a s  high 'IS S2SO.000, md be piled for up to 
two years (Williams 7000) 

Following rclc'ise of the Moon Lahc MOU. LE \\-as 
inundated Hith requests for other MOU\ In 7002, an 
historic MOU tvas signed w i t h  Xccl Eticrgy atid the 
USF WS Denver. Colorado, Regional Office i n  concur- 
rence 1% ith the Department of Justice. The proactt\c 
agrccrncnt presently covers C'olorado and Wyoming 
The USFWS is currently finalizing the template for an 
a\  tan protcctioiis plan (APP) I-\ tth APLIC' These 
xoliiiitary. proactikc agrcciiictds \\ i l l  cnll for the devel- 
opment of comprchcnst\ e APPs \\ hich arc intended to 
reduce electrocutions and bad strikes by participating 
compan ICs 

Loohing specifically at the problem of clcctrocutions. 
eaglcs are the most comiiiotily reported electrocuted 
birds. (;olden Eagles reported 7 3 ttirics more 
frcqucntly than Bald Eagles (Hulrueetzrs Iezrm- 
cephulirs) by f1,imcss (1997) ui the West. w it11 
1u~ciitlcs more frequently reported killed than adults. 
Red-tailed Hawks (Buteo jumuicensr~) a i d  Great t lorn- 
cd On Is (Bubo virginrunus) ucrc  the most commonly 
rcportcd hawk and ov 1 spcctcs by Hanicss ( 1997) a i d  
flarncss arid Wilson (3001 ). Power outages can result 
i n  damaged cquipiiicnt. safety problciiis. bnish atid for- 
est fires. arid loss of \en ice to customers N&otiv de,  
animals arc the third leading idcritttiablc cause of all 
poker outages. jvith birds causing inore outages than 
any other animal (Southern Engineering Company 
1996) Of 4.300 eagle inortalitic\ tn\cstrgatcd b\ the 
Department of Interior from the early 1960s to 1995. 
electrocution \-\as reported as the second greatest causc 
of riiortrility to (ioldcn Eagles and the third grcatc5t 
caiisc to Bald Eagle\ (LaRoc et dl 1995) Electrocution 
IS now rated the fourth leading ca~tsc of death for Bald 
Eagles. follow tng accidcnt'il trauim. poisoning, and 
shooting (Lchiiian 3001 ). 

Where kcgctdtion is low and terrmi is flat, p m c r  poles 
arc particularly attractive to raptors tii the West since 
they probtdc stnichircs froiii \$liich to hunt and roost 
(Bockcr 1972. Benson 1 98 1 ) Eagles and buteos (soar- 

) actively sech out poles, espccially wlicrc 
prey IS abundant aiid feu other perches exist. tticrc'is- 
irig their range of \ t\toti. alloi\ ing greater 'ittack spcccl 
\\hen hunting. and ad\crttsiiig territorial ownership 
(Olendorffct a1 1981, Colsoii and Associate\ 1995) I t  
uas commonly belie\ cd in tlic 1980s that a \ c ry  small 
percentage of distribution poles \\:is cictually clcctro- 
cutitig raptors Thcsc ~ c r c  desigiistcd as "preferred 
pole\." situated in good habitat or near high prey con- 
cciitrattons (Olcndorff et al. 1981 ). Nelson and Nelson 
( 1976) c\cn cstitiiatcd that 95 percent of electrocutions 
could be pre\entcd by  iiiodtfyttig 2 percent of the 
poles Conventional M isdoin tridicatcs thdt these assess- 
tiicnts \\ere probably unrealistic due. in part, to lack of 

;I nati oiiw id c report i iig s ystc ti1 and systctnati c na tioi 
\vide shidics. and obscn-ational and data-collectlo 
biases (Lchiiian 700 I ). 

Twclvc North Aiiierican raptor species arc knoivti lies 
crs on utility structures. I n  the East. Osprey (Pundio 
hu1iuettr.s) is frequently seeti ticsting on pcnvcr polc 
(Blue 1996). Due to lack of staff aiid fiindiiig. very l i  
tlc of the U.S. pon-cr grid is assessed if c\icn infri 
qiicntly for bird electrocutions. The estimates of tcr 
of thousands to hundreds of thousands or tiiorc birc 
killed each year arc only very rough approximatior 
based on very liiiiitcd data. Tnic mortality could t 
much higher. Rccctit information suggests that raptc 
electrocutions may be under-reported. possibly largr 
by several orders otniagtiitiidc (Lchman 2001 ). 

Mitigation tncasurcs caii vary iii cost. depending o 
whether or not they arc required for ticw coiistnictio 
or arc rctrofittcd. Sufficient phase-to-phase and phasr 
to-ground mire spacing is critical for large-winw t 

birds. This can be costly if \vires have to be re-stniii 
for wider separation. Three-phase transformers can t 
especially deadly where bare energized juiiiper \vir( 
coiiticct transfomicrs. proteeti\ c cutouts. and surge ai 
resters. Tlicsc can be deadly to sniall and large raptoi 
(Negro and Fcrrcr 1995). Jumper wires on all electric; 
equipment should bc insulated. includiiig at tap an 
dead-end locations. Existing transf'oniicrs can be rctrc 
fitted by replacing bare wire with either 600 v insulate 
jumpers or by sliding insulating iiiatcrial over bat 
junipers: iicw jumpers should contain 600 v insulate 
junipers and be iiisulatcd with bushing co\rrs  ( Hamc: 
1997. ftarncss and Wilsoii 3001 ). Specifications iit 

provided by APLIC ( 1996) and Southern Enginccrin 
('oiiipany ( 1996). With the iisc of cost-effective iicw ( 
rcplacctiicnt steel distributioii poles stecl h a s  bcc 
used on transmission towers for years u'c see a tic' 
electrocution challenge. The mitigation iiicasurcs usc 
oii \vooden poles are not cffcctivc on metal ones. I n  
European study. insulating cross-mi1 braces on stel 
distribution poles proved most effective. while pcrc 
guards were less effective (Jams aiid Fcrrcr 1999 
Harness aiid Wilson (2001 ) call for more research t 
attempt to qualify the relationships betuccn raptc 
electrocutions and different types of electrical poivc 
structures. The Sen ice  strongly agrees. 

Power Line Collisions 

Birds of :I much greater variety strike power trmstiit' 
smti and distribution lunes. C70ucs ( 1876) was the fir 
to report over 100 dead birds. mostly tiomcd Lark 
(Eremophrlu alpesfru ). along 'I 4.8-krn (3-mi) scctio 
of tclcgrciph line. and e\ cti \\itncsscd the death5 ( 

three birds. ('ohen ( 1 8Y6) reported 14 Red Ph,ilaropc 
(Phaluropus jiilrcurru) ,md a Ruddy Duck ( O x y  
~urnuicensr.s) \ crificd by necropsies '1s telegraph \ \ i t  
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kills. Emerson ( 1004) reported shorebirds and a Black 
Ra i I (Luteru//zrs jumuicwsis) co II i ding with electrical 
wires over a salt marsh and evaporation ponds -- repre- 
senting the first reported power line strikes. Large, less 
maneuverable birds arc inorc vulnerable to collisions 
kvith power lines. including Great Blue llerons (Ardm 
herodius), cranes (Gnrs spp.). swans (Cygriz~~ spp.). 
arid pclicans (Pelicuntrs spp.; Iluckabcc 1993). Line 
collisions resulted in 36 percent of the known mortality 
to fledged Greater Sandhill Cranes (G. curiudensis tuh- 
idu) in the Rocky Mountains (Drcwien 1 973). 44 per- 
cent mortality of tlcdged Trumpeter Swans ( C. huccin- 
a ~ r )  in Wyoming (Lockman 1988). and 40 percent of 
the know niortality of endangered fledged Whooping 
('rancs i n  the Rocky Mountains (Lewis 1993). In a 
study near wetlands in North Dakota, Faancs ( 1987) 
found that waterbirds (based 011 46 percent documented 
mortality), watcrfou.1 (26  percent). shorebirds ( 8  pcr- 
cent). and passerines ( 5  percent) were most vulnerable 
to strikes with transmission lines. In habitats a w y  
from wetlands. raptors and p critics appear to be 
niost susceptible to collisions with poucr lines. ('ollis- 
ions froin inany other species have also been reported 
(Erickson et al. 2001 ). 

On Kaua'i. Hawaiian Islands. studies by Podolsky et d. 
( 1998) and Ainlcy et al. (2001) docunientcd rather 
unique lighting and po\vcr line impacts to Ne\vcll's 
Shearwaters (Puffinus uurictrluris newelli). During the 
first nocturnal tlights of tledglings from nests to the 
ocean. a high percentage (22 to 210 percent) of tlculg- 
lings u'erc reported blinded by man-made lighting. 
disoriented. and killed while cdlliding with lights. 
utility poles. wires. buildings, and automobiles ( Ainley 
et al. 200 I ). ('ontrary to recommendations by APLIC'. 
wide spacing of power transmission lines appeared to 
increase collisions of siiiiiiiier nesting se;ison adults and 
subadults during their nocturnal and crepuscular flights 
to and from bird colonies (Podolsky et al. 1998). It  was 
hypothesized that the \vide spacing iricrcascd the inci- 
dence of collisions as birds attcniptcd to avoid hitting 
one line. only to hit another. I n  experimental arcas. 
light shielding was shown to reduce attraction by as 
much a s  40 percent while reducing light intensity also 
lowered deaths significantly (Ainlcy et al. 2001 ). Bury- 
ing power lines was also rccoriuiicndcd for particular 
hot spots. 

Estimates of mortality from avian collisions with pow- 
er lines have varied considerably and have frequently 
been based on extrapolations. Fannes ( 1987) estiinatcd 
I24 rtvian fatalitic m/yr (200 fatalitics~iiii!yr) near 
prairie wetlands and Inkcs in North Dakota. Koops 
( 1  987) examined 4.666 k m  (2.900 mi) of bulk trans- 
mission line in the Netherlands. estimating 0.75 - I 
million birds killed there per year. 1J.S. mortality could 
range from hundreds of thousands up to perhaps 175 
million birds per year, based on extrapolations by 

Erickson et al. (2001) and Koops ( 1987). Very little of 
the power grid. homwcr, is currently being csaniincd 
so these estimates arc not particularly meaningful, 

111 311 attempt to comprehcnsively address the collision 
problem. APLIC ( IY9-t) provided voluntary guidance 
to the industry on avoiding power line strikcs. The doc- 
ument \v ill be updat cd once rcsca rch bei ng co nduc tcd 
by the Electric Poncr Research Institute and others at 
the Audubon National LVildlifc Refuge. North Dakota. 
is completed. and rwults of tests on ii Bird Strike Indi- 
cator atid Bird i\cti\ity Monitor can be published. 
Other research tindings will also likely be included. 
For cxaniple. marker balls. bird di\ crtcrs. and paint 
have been shown to reduce collisions. sometimes 
signiticantly. Strikcs \\.ere reduced by 53 percent at a 
South Carolina transmission line outfitted with yellow 
marker balls (Sa\.ercno et al. 1996). In south\vcstcm 
Colorildo. poly\.inyl chloride plastic dampers reducd 
collisions of cranes and waterfowd by 61 percent while 
yellow fiberglass square plates reduced niortality to the 
same spcrics by 63 percent (Brown and Drcwien 
1995). 

Communication Tower Collisions and 
Related Problems 

~ommiinication toprrs. \vhcthcr monopole cellular 
telcplione. or trill. lattice structured digital television 
(DTV) antennas. :ire at1 iiicrcrisitigly farniliar sight in 
neighborhoods. near high\vays. and along ridge tops. 
For at least the past 6 years. the number of communi- 
cation totvers (including but not necessarily limited to 
radio. television. ccllulnr, microwave, emergency 
broadcast. national defense. paging. and related) con- 
structed ;icross the landscape has been growing a t  an 
csponcntial rate. Bascd on the July 2002 statistics froiii 
the Federal ~o~iiiiiuiiieation ('ommission's (FC'C) An- 
tenna Structure Registry Database (FC'C' 2002). tiiore 
than 138.000 towers were listed with the C'ommission -- 

of \vhich sonic 106.000 were lighted. Revised pub- 
lished statistics ( F C T  2003) may have indicated some 
double-counting of the 2002 nunibers. since nearly 
93.000 towers LVCJC reported registered in Julie 2003. 
Due to an under-reporting to the FC'C of up to so~iic 35  
percent, the actual number of existing towers is likely 
higher (Manvillc 2001b). 

While this is positive news for the commuiiicatiotis 
industry. i t  is decidedly problematic for migrating 
birds. To\vcrs today pose ii likely significant impact on 
migrritory birds. especially sonic 350 species of passcr- 
in=. The earliest known report of a hird-tower kill in 
the IJnitcd States took place in September 1948 iit a 
137-in (450-ft) radio tower in Baltimore. Maryland. al- 
though no details about the incident \\ere availriblc 
(Aronoff 1949). The first long-term study of the impact 
ofn  television tower on birds \vas begun i n  I955 by the 
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OUTSTANDING ARIZONA WATERS (OAWs) 
A.A.C. R18-11-112(G) 

West Fork of the Little Colorado River, from its headwaters at 33"55'02"/109"33'30" to Government 
Springs at 33"59'33"/109"27'54" (approximately 9.1 river miles); 

Oak Creek, from its headwaters at 35"01'30"/111"44'12" to its confluence with the Verde River at 
34"40'41"/111"56'30 (approximately 50.3 river miles); 

West Fork of Oak Creek, from its headwaters at 35"02'44"/111"54'48" to its confluence with Oak 
Creek at 34"59'14"/111"44'46" (approximately 15.8 river miles); 

PeeDles Canvon Creek, from its headwaters at 34"23'57"/113"19'45" to its confluence with the Santa 
Maria River at 34"20'36"/113"15'12' (approximately 8.1 river miles); 

Burro Creek, from its headwaters at 34"52'46.5"/113"05'13.5" to its confluence with Boulder Creek at 
34"374.5"/113"18'36" (approximately 29.5 miles); 

Francis Creek, from its headwaters at 34"54'38"/113"20'30" to its confluence with Burro Creek at 
34"44'29"/113"14'37" (approximately 22.9 river miles); 

Bonita Creek, from its boundary of the San Carlos Indian Reservation at 33"03'08"/109"33'41" to its 
confluence with the Gila River at 32"53'36"/109"28'43" (approximately 14.7 river miles); 

Cieneqa Creek, from its confluence with Gardner Canyon and Spring Water Canyon at 
31 "47'38.5"/110"35'21.5" to the USGS gaging station at 32"02'09"/1 IO"40'34" (approximately 28.3 
river miles); 

AravaiDa Creek, from its confluence with Stowe Gulch at 32"52'10"/1 IO"22'03" to the downstream 
boundary of the Aravaipa Canyon Wilderness Area at 32"54'23"/110"33'42" (approximately 15.5 river 
miles) ; 

IO. Cave Creek, from its headwaters at 31 "50'30"/109"17'04.5" to the Coronado National Forest 
boundary at 31 "54'38"/109"08'40" (approximately 10.4 river miles); 

11. South Fork of Cave Creek, from its headwaters at 31"50'20"/109"16'33" to its confluence with Cave 
Creek at 31 "53'04"/109"10'30" (approximately 8.6 river miles); 

12. Buehman Canvon Creek, from its headwaters at 32"52'0.5"/1 IO"39'54.5" to its confluence with 
unnamed tributary at 32"24'31.5"/1 IO"32'08" (approximately 9.8 river miles); 

13. Lee Vallev Creek, from its headwaters at 33"55'49"/109"31'34" to its confluence with Lee Valley 
Reservoir at 33"56'28"/109"30'15.5" (approximately 1.6 river miles); 

14. Bear Wallow Creek, from its headwaters at 33"35'54"/109"26'54.5" to the boundary of the San Carlos 
Indian Reservation at 33"37'52"/109"29'44" (approximately 4.25 river miles); 

15. North Fork of Bear Wallow Creek, from its headwaters at 33"34'47.5"/109"21'59.5" to its confluence 
with Bear Wallow Creek at 33"35'54"/109"26'54.5" (approximately 3.8 river miles); 

16. South Fork of Bear Wallow Creek, from its headwaters at 33"34'38.5"/109"23'58" to its confluence 
with Bear Wallow Creek at 33"35'54"/109"26'54.5" (approximately 3.8 river miles); 

17. Snake Creek, from its headwaters at 33"37'21.5"/109"26'11" to its confluence with the Black River at 
33"40'31.5"/109"28'58.5" (approximately 6.2 river miles); 

18. Hav Creek, from its headwaters at 33"51'00/109"28'48" to its confluence with the West Fork of the 
Black River at 33"48'30"/109"25'19" (approximately 5.5 river miles); 

19. Stinkv Creek, from the White Mountain Apache Indian Reservation boundary at 
33"52'36.5"/109"29'45" to its confluence with the West Fork of the Black River at 
33"51'21.5"/109"27'09.5" (approximately 3.0 river miles); 

20. KP Creek, from its headwaters at 33"34'03"/109"21'19" to its confluence with the Blue River at 
33"31'44"/109"12'04.5" (approximately 12.7 river miles); 

21. Davidson Canvon, from the unnamed spring at 31 "59'00"/1 IO"38'46" to its confluence with Cienega 
Creek; and 

22. Fossil Creek, from its headwaters at the confluence of Sandrock and Calf Pen Canyons above Fossil 
Springs at 34"26'48.7"/111"32'25" to its confluence with the Verde River at 34"18'21.8"/111"40'31.6" 
(approximately 17.2 river miles). 
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Executive Summary 

Habitat loss aiid fragiieiitation are the leading tlxeats to biodiversity. both globally aiid iii Arizona. Tliese 
threats caii be mitigated by coiiseiTiiig well-coiuiected networks of large wildlaiid areas n-Iiei-e nahu-a1 
ecological aiid evolutioiiaiy processes operate over large spatial aiid teiiiporal scales, Large wildland 
blocks coiuiected by coiridois: can maintain top-dowi regulation by large predators. natural partems of 
gene flow-. polliiiatioii, dispersal. energy flow. iiuirrient cycling. inter-specific coiiipetition. aiid iiiiihdisiii. 
C'oiridors allow ecosysteiiis to recover froiii nahiral disturbances such as fire or flood. aiid to respond to 
liuiiian-caused distuxbaiice such as cliiiiate cliaiige aiid invasions by exotic species. 

r\lizonia is foituiiate to have vast conserved wildlands that are fiuidaiiieiitally one iiitercoiniected 
ecological system. In tlus repoit. we use a scientific approacli to design a coiridor (Lulliage Desipii) that 
will coiiseiTe aiid enhance wildlife iiioveiiient between three large wildland administered b!- the U.S. 
Forest Seivice aiid the Bureau of Lalid Maiiageiiieiit in soutlieasteix .kizoiia. Interstate 10. other 
high~vays. iubaii developnient. and apiculture tllreateii to iiiipede aiiiiiial iiioveiiieiit behveeii the Gahiro 
and Piiialeiio Mountains. and bemreeii the Piiialeiio Mountains aiid rlie Dos Cabezas-Cliiiicahua 
Moiuitaiiis. Tliese wildlands represent a large public iiivestiiieiit iii biological di\-ersity. aiid this Liilliage 
Design is a reasonable science-based approacli to iiiaiiitaiii the value of that iiivestiiieiit. 

To begin tlle process of desigiiiiig this liilliage. we asked acadeiiiic scientists. agency biologists. aiid 
coiiseivation orpiiizatioiis to identi& species sensitive to habitat loss aiid fragmentation. Tliey ideiitified 
18 focal species, iiicliidiiig 2 aiiipliibians. 2 reptiles. 2 birds. aiid 12 maiiniials (Table 1). Tliese focal 
species cover a broad 1-aiige of habitat aiid nlove1lle1it reqiiiremeiits. Soiiie I-eqiiire liiige tracts of laiid to 
suippoi-t viable populations (e+. nioiuitain lion. jaguar). Soiiie species are liabitat specialists (e+ 
proiighorii). and others are reluctant or imable to cross barriers siicli as freeways (e.?. mule deer). Soiiie 
species are rare aiid or eiidaiigered while others llke jai-eliiia are coiiuiioii but still need gene flow aiiioiig 
populations. All the focal species are pai-t of the iiatural heritage of this iiiosaic of Apache Highlands aiid 
Soiioraii Desert. Together. rliese 18 species cover a \vide airay of habitats aiid iiioveiiieiit iieeds in the 
region. so that the lllkage des ip  slioiild cover coiniectivity iieeds for other species as n-ell. 

To ideiitifj poteiitial mites bemeen existing protected areas we used GIS methods to ideiirifi a 
biologically best coilidor for each focal species to iiiove behveeii these wildlaiid blocks. \I'e also analyzed 
the size aiid coiifiuratioii of suitable habitat patches to veri@ that the filial Liikage Design (Figure 1, 
F i p e  2 )  provides live-in 01 iiiove-tlu.oiigli liabitat for each focal species. Tlie resulting Lhlliage Design 
(Figure 1) is conposed of two iiiaiii liilliages: the Pinaleiios-Galiuro Linkage has hvo strands iiuuiiiig 
30-50 hii. and the Pinaleiios-Dos Cabezas Linkage has thee straiids 35-55 hi1 in len& Tlie 5 straiids 
together provide habitat for mo\-ement aiid reprodnction of wildlife between rlie Piiialeiio Mouitaiiis aiid 
the Galiui-os Moruitains to tlie east aiid tlie Cliiricaliua Moiiiitaiiis to tlie soutli. Tlie Liilliage Design also 
uicludes recoiiuiieiidatioiis to miiiiiiiize the risk that publicly owiied roads isolate i.eptile aiid aiiipliibiaii 
populations coiiseived 011 private laiids in Snlpliiu. Spriiigs Valley (Figure 2 ) .  We visited piiorih areas iii 
the field to ideiitifi aiid evaluate bairiers to wildlife movemeiit, aiid we provide detailed iillrigatioiis for 
barriers to aiiiiiial iiioveiiieiit in the sectioii titled Lirikuge De.rigr7 a i d  Recoiiinieiidutioiis. 

This regioii provides significant ecological. educational. recreational. aiid spiritual values of protected 
wildlands. Om Liilliape Design represents a n  oppoi-t111iity to protect a fuuctio~ial landscape-level 
coiuiection. Tlie cost of iiiipleiiienting this vision will be substantial-but reasoiiable in relatioii to the 
benefits and the existing public iiivestiiieiits in protected wild habitat. If iiiipleiiiented. oix plan would nor 
oiily peiiillt iiioveiiieut of iiidividuals and gems between the Galiixo. Piiialeiio. and Dos C'abezas 
wildland blocks. but should also coiisene large-scale ecosysteiii processes tliat are essetitial to the 
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continued integrity of existing conservation investments by the US Forest Service, Arizona State Parks, 0 

. .  

. .  . .  
. .  . . . . .  ...... 

. . .  . .  
. .  - ,  . . . .  . . . . .  

Bureau of Land Management, Arizona Game and Fish DGament ,  US. Fish and Wildlife Service, and 
other conservancy lands. 

Next Steps: This Linkage Design Plan is a science-based starting point for conservation actions. The plar 
can be used as a resource for regional land managers to understand their critical role in sustaining 
biodiversity and ecosystem processes. Relevant aspects of t h i s  plan can be folded into inanagement plans 
of agencies managing public lands. Transportation agencies can use the plan to design new projects and 
find opportunities to upgrade existing structures. Regulatory agencies can use &IS infonuation to help 
inform decisions regarding impacts on streams and other habitats. This report can also help motivate and 
infoiiii construction of wildlife crossings, watershed p l a n ~ ~ i g ,  habitat restoration, conservation 
easements, zoning, and land acquisition. Implementing this plan will take decades. and collaboration 
among county planners, land management agencies, resource management agencies, land conservancies, 
and private landowners. 

.i 

... . . . .  . .  . .  

1 :  

. .  
. . . .  . .  

0 

F'ublic education and outreach is vital to the success of this effort -both to change land use activities that 
threaten wildlife movement and to generate appreciation for the importance of the corridor. Public 
education can encourage residents at the urban-wildland interface to become actwe stewards of the land 
and to geneirlte a sense of place and ownership for local habitats and processes. Such voluntary 
cooperation is essential to preserving I d a g e  h c t i o n .  The biological information, maps. figures, tables, 
and pliotographs in this plan are ready inaterials for interpretive programs. 

Ultimately the fate of the plants and animals living on these lands will be determined by the sue  and 
distribution of protected lands and surrounding development and human activities. We hope this linkage 
conservation plan will be used to protect an intercomected system of natural space where our native 
biodiversity can thrive, at n%i~ual cost to other human endeavors. 

Table 1: Focal species selected for Gnlinro - Pina1e-s - Bos Cabeus Linluge 

* Species modeled in this report. TI 

Westelm Buirowmg Owl I sandhill C m e  
Ornate Box Turtle 
Plains Leopard Frog 
Texas Homed Lizard 
Chiricahua Leopard Frog 

. . . .  . . .  . . . . .  . . .  . . . . .  . . . . . . .  . . .  . . . . . . .  ........ 
other species were not modeled because there wede insuflicient data to 

qu&tify babitat use in t m - o f  available CIS data (e.g., species that select small rocks), because the species does 
not occur in both wildland blocks, or because the species probably can travel (e.g., by flying) across ullsuitabie 
habitat. Although we did not develop corridor models for ornate box turtleor plains leopard frog, we made specid 
recommendations for roads m Sulphur Springs Valley to promote connectivity for these species. 
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&Itage Design contains three main strands. k l t i p l e  strands serve species with diverse habitat needs. The 
Linkage Design rlse caUs €or small culverts on roads in Sulphur Springs Valley (Figure 2). 
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Ecological Significance of the Galiuro-Pinaleno-Dos Cabezas Linkage 
Tlie Galiilro-Piiialelio-Dos Cabezas linkage planning area lies nitliin Madrean .kchipelago of 
soutlieasteni kizona. This ecoregioii is a tuiiqiie ecological zone lyiiig sour11 of the Rocky Mountains and 
liortli of the Sieira Madre Occidental. Natural co~iuiiunities here raiige from desert grasslands in the 
loivlands to coiiiferotis forests in the liiglier elevations. The isolated iiiouiitaiii raiiges separated by valleys 
are hiown as “sky islands.” The linkage plaiuiiiig area includes thee  of these sky islaiids. separated by 
valleys, fanidads. highways. Interstate 10. aiid tlie town of Willcox. 

The Galiuro wildland block coiisists of 152.778 protected aci-es of steep. lugged teiraiii achiiiiiistered 
iiiostly by the Coronado Xatioiial Forest. n-itli sigiiificaiit lioldlligs by The Name Coiisei-vancy aiid BLM 
hi the southern Galiuro Mowitailis. This mildlalid block includes the Wiucliester Mountains. also 
iiiaiiaged by Coroiiado Natioiial Forest. Two wilderness areas (Figrue 1) occur here: tlie 73.3 17-acre 
Galiiuo Wilderness area in the Coronado National Forest. wliicli reaches over 7,600 feet at Bassett Peak, 
and the contiguous 6.600-acre Redfield Caiiyoii Wilderness iiiaiiaceed by the Bureau of Land 
Manageiiieiit. 

Tlie Pinaleno wildland block consists of 198.141 protected acres of steep rocky slopes aiid iiigged 
canyons. With elevations tip to 10.700 feet oil Mt Graliaiii. this lalid suippoits coniferous forests and tlie 
eiidaiigered Mt Galiaiii Red Squiirel. as well as oak and pine-oak forests aiid woodlands. aiid seiiii-deseit 
grasslands. 

The Dos Cabezas wildland block iiicludes 235.900 aci-es lli the BLM-adiiilliistered Dos Cabezas 
\.lomitailis and tlie adjacent Cliiiicaliiia Mountains n.liicli iiiostly within tlie Coronado National Forest. 
This block coiitaiiis two wilderness areas. the 1 1.700-acre Dos Cabezas Mountains Wildemess. a nigged 
area with peaks above 7.000 feet. aiid the 87.700-acre Chiricaliiia \i‘ildeiiiess with 9.000-ft peaks and an 
extensive trail system. The Fort Bowie Natioiial Historic Site. iiiaiiaged by the National Park Senice. 
protects Apache Pass. wlllcli links the Dos Cabezas Moiiiitains in tlie iioitli from the Chiricaliua 
Momitaiiis to the south. -\liotlier National Park miit is tlie Chiricaliiia National Moiiiunent. 12.000 acres 
of deseit grasslaiid and fantastic rock foiiiiarions. Tllis area is a unique ecological zone wliere the Soiioraii 
Deseit traiisitioiis to Cliiliualiuan Deseit and tlie soutlieni Rocky Mountains give way to the northem 
Sieira Madres. It coiitaiiis several springs a i d  streaiiis iiiipoi-taiit for wildlife. 

The linkage plaiuiiiig area is doiiiiiiated by semi-desei-t grasslands and desert sciiib. with Soiioraii deseit 
a d  tlioiiiscnib vegetation to tlie west aiid Cliiliiialiiiaii deseit to the east. Tliere are isolated patches of 
pine-oak woodlands. The broacl grasslands of Sulpliur Springs Valley separate the Gaihu-o Momitains 
from the Piiialelio Mountains and the Dos Cabezas. The Willcox Playa. a closed lake basin. lies in the 
south-central poitioii of the valley. The N’illcox Playa Wildlife ;\rea protects roughly 595 acres iiicludiiig 
I20 acres of deeded laiid. 320 acres of laiid patented froiii tlie Bureau of Lalid Managenieiit. a 1 15-acre 
peipetual riglit-of-way froiii tlie Aizoiia Stare Laiid Depai-tiiieiit. aiid a IO-acre doiiatioii from a private 
laiid owiier. This playa is impoitaiit wildlife habitat. especially for waterfowl and iillgratoiy birds. It 
attracts ovei- 500 species of birds. incliidiiig tens of thousads of Sandhill Cranes. aiid a siiidar nmiiber of 
tom.ists for an aniinal birdiiig festival. 

Tlie Liikage Design incoyorates aiid coiuiects iiiipoi-tant habitat for tllreateiied or eiidaiigered species 
such as jaguar and Mexican grey wolf. Tlie linkage planning area is also lioiiie to far-ranging iiiaiiuiials 
such as niule deer. badger. aiid mountain lion. These aiiiiiials iiiove lolice distalices to gain access to 
siiitable foraging or breediiiy sites. aiid would benefit significantly fro111 corridors that l i d  large areas of 
liabitat (Tumer et al. 1995). Less-mobile species sucli as javeliiia also iieed conidors to iiiaiiitaiii genetic 
diversity. allow populations to shift their range in response to climate change. and proillore recolonization 
after fire or epideiilics. 
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Threats to Connectiviit?; 
Major potential baiyiers in the linkaye area include Interstate 10. habitat deyradation. and urban and 
ap-icultiu-a1 developineiit. Willcox seiTes as tlie iiiajoi- trade arid service center for agriculture aiid tomisin 
within Cocliise Comity. It is also an iniportant cattle center. Human activities iricliiding graziny. water 
diversion. niiiiny. and fire suppression have altered the iiahiral laiidscape. These bai-riers could iidiibit 
wildlife iiioveiiieiit between the Galiiu-o. Pinaleiio. a i d  Dos Cabezas wildland blocks. 

Provichig coiuiectivit\. is paramount in snstainiiiy this uiiqiie area's divel-se iiahiral heritage. Recent and 
funwe hiuiian activities could sever natural connections aiid alter the fimctional integxit).. of this natural 
system. Creating linkages that overcoiiie baiyiers to movement will elislire that n-ildlife in all wildlaiid 
blocks and the potential liikage area will tlu-ive there for generations to come. 

11 NORTHERN 
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Linkage Design & Recommendations 

The Lmkage Design' (Figure 1) is composed of two linkages. and a set of recommendations to M z e  
roadkill impacts on reptiles and amphibians conserved on private lands in Sulphur Springs Valley. In ths 
section. we describe the linkage design. and recommend mitigations for barriers to animal movement. 
Methods for developing the Llnkage Design are described in Appendix A. 

Two Linkages Provide Connectivity Across a Diverse 
Landscape LINKAGE DESIGN GOALS 

The linkage design consists of two W g e s ,  oue connecting 
the Galiuro Mountains to the Pinaleiio Mountak. and the 
other connecting the Pinaleilos to the Dos Cabezas 
Mountains. 

The Pinalelos-Galinro Linkage has two strands. Strand A is 
made up of the best biological corridors for black bear. 
bobcat. j a w .  wolf. and mountain lion. About 3 1 km long. it 
encompasses much of the Black Hills and spans upper 
Aravaipa Canyon. The landcover in this strand is a mixture of 
Scrub-Shrub (42%). Evergreen Forest (42%). and Grassland- 
Herbaceous (13.5%). The rugged terraiu has an average slope 
of 26% (Range: 045%. SD: 7.9). While 48% of the land was 
identified as steep slopes. almost 30% is composed of flat to 
gentle slopes. 

Provide more-through habitat for 
diverse group of species 
Provide live-in habitat for species with 
dispersal distances too short to traverse 
linkage in one lifetinie 
Provide adequate area for a 
metapopulation of corridor-dwelling 
species to move through the landscape 
over multiple generations 
Provide a buffer protecting aquatic 
habitats &om pollutants 
Buffer against edge effects such as pets. 
lighting. noise. nest predation & 
parasitism. and invasive species 

0 Allow animals and plants to move in 
response to climate change 

I 
Strand B provides habitat for badger. javelina, kit fox. mule 
deer. and pronghorn. It runs fiom the Galiuro Mountains across the Ash Creek Black Hills. East of there. 
it forks into 4 branches. each of which is important to different species. The longest branch stretches 
approximately 49 h. It is dominated by Grassland-Herbaceous vegetation (73%) and Scrub-Shrub 
(23%). Terrain is mostly gentle with an average slope of 3% (Range: 0-76%. SD: 5.1) and 96% of the 
strand is classified as flat to gentle slopes. 

The Pinaleiios-Dos Cabezas Linkage has three strands. About 36 km long. strand C provides habitat for 
badger and pronghorn. Its landcover is dominated by Grassland-Herbaceous (54%). and Scrub-Shb 
(43%) vegetation. Average slope is 6% (Range: 0-79%. SD: 7.3) and 88% of the strand is classified as flat 
to gentle slopes. while 10% was classified as steep slopes. 

Strand D provides habitat for black bear, bobcat. jaguar. javelina. wolf. mountain lion. and mule deer. 
This strand is made up of m y  branches, each of which provides habitat for different species. The 
longest branch stretches approximately 53 h. The dominant landcover types are Evergreen Forest 
(40%). Grassland-Herbaceous (23%). and Scrub-Shrub (36%). The variable topography has an average 
slope of 22% (Range: 0-98%. SD: 19.2). It has roughly as much flat to gentle slopes (41%) as steep 
slopes (40%). 

' The reader will note that the strands of the linkage design extend well into each wildland block. As explained in 
Appendix A. for modeling purposes we had to redefine the wildland blocks such that the facing edges were parallel 
lines about IS km apart. 
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Pin) on-hiiupei Woodland 

Tlie 35-hu Stiand E piovides habitat foi ht fox aiid is doiuiiated by Sciiib-Slmib ( 7 8 O 0 )  aiid Giasslaiid- 
Heibaceous (19°~)  vegetation Tliis stiaiid lias ai1 aveiape slope of 6'0 (Range O - S ~ O O .  SD 7 9) aid  8 7 O 0  
of the stiaiid liar a slope of less rliaii 01 q u a l  to 6O o 

Special consideration for reptiles and amphibinus in Sulphnr Vallq. Soiiie of the ieptiles aiid 
aiiipliibiaiis proposed as focal species find iiiost of tlieu liabitar 111 [lie private and ASLD laid 111 Sulpliiii 
Valley. iatliei tliaii ui the publicly-owned wildlaiid blocks This distiibntioii piecluded coiridoi iiiodeliiig 
(\t.liicli i e q n s s  a cleaily defiiied teixiuiiis a t  each end) Howevei. to ieditce the iiiipact of loads oil these 
species we iecoiiiineiid iegulaily-spaced. soft-bottom culvats 011 pared loads throughout Siilpliiii 
Spiings Valley (Figiiie 2 )  

111 1 s  I 4 0 100 

Land Ownership, Land Cover, and Topographic Patterns within the Linkage Design 
The Liiikage Desipi eiicoiiipasses 165 391acies (66.931 ha). of wlucli 47O0 is state tiiisr h i d .  28O0 
piivately owned. 1 7 O 0  iii Coioiiado Natioiial Foiest. aiid ~ O O  iiiaiiaged by tlie Biueau of Land 
hfaiiageiiieiit (Figiue 5) Tlie liilkage desigii siippoits six iianiial vegetatioii coiiuiiliiuties (Figuue 6) witli 
developed laiid accomitiiig foi less tliaii l o o  of the liilkage desigli Nanual vegetatioii is doiiimated by 
desei t Sciub-Shiib associatioils aiid Giasslaiid-Herbaceous vegetation 

Cieorotebuih-White Bui sage Desert Scmb 
Deseit S c i i b  (IIIISC) 
hiesqiiite Upland Sciiib 
Paloi erde-hlixed Cacti Deieit Sciiib 

Wood?; wetlaud 
Ripairail Sfesquite Bosque 
Ripairan R'oodland and Sluiibland 

The Lmliage Desigii captuied a iaiige of topogiapluc diver5iq. pioviduig for the pieseiit ecological needs 
of specie\. as well as cieatiiig a buffer agaiiist a poteiitial sluft iii ecological coiiiiiiiuiities diie to futliie 
cliiiiate cliaiige Witliiii tlie Liiikage Design. 62O o of tlie laiid is classified as geiirle slopes. 26 5 O  o is 
classified as steep slopes. witli iieaily equal pairs caiigou bottom (6'0 )oi iidpetop (6°~)(Figme 7 )  Mole 
laiid iii rlie liilhage liad soiitheiii aspects tliaii iioitlisin aspects (Figiiie 7 )  

12326 -19ss 1 3  - 0 0  

4'39 1918 5 3 0 0  

9% 38s 1100 
6989 1 1S28-i 7 -  9'0 
(0.9%) 

5 40 219 0 6'0 
2S8 116 0 3 0 0  

Table 2: Approximate laud cover in Linkage Design. See text for laud cover iu each of 

Noli-specific Barren Lands 131 I 5 3  I 0 IO0 

Opeii Space-Loa Intensity Dei-eloped 
hfedimn-Higii Iiiteiisitp Dei eloped 

Removing and hlitigating Barriers to Movement 
Although loads. iail luies. canals. agiiculture aiid iiibaii aims occupy only a 5iiiall fiactioii of tlie Liilkage 
Design. tlieii iiiipacts threateii to block aiuiual iiiovenieiit between tlie wildland blocks In 11115 sectioii. we 
icvie\+ tlie poteiitial iiiipacts of these feanues OII ecological piocesses. identify specific bairieir ui tlie 
Liilkage Dewpi. and suggest appiopiiate iiiitigatioiis The complete database of ow field uwestigatioiir. 
uicliichig UThl cooidiiiates aiid pliotogiaphs. is piovided u1 Appendix G and tlie hlicrosoft Access 
database 011 tlie CD-ROM accoiiipaiiyiiig tlii, iepoi-t 

662 26s 0 - 0 0  

152 61 0 200 
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While roads. canals. aiid feiices iiiipede aiiiiiial iiioveiiieiit. aiid the crossing stl~~ctlues we recoiiiiiieiid are 
iiiipoitaiit. we reiiiiiid tlie reader that crossiiig stiiictures are oilly part of the overall linkage design. To 
restore aiid iiiaiiitaiii coiuiectivity between these wildland blocks. it is esseiitial to consider the eiirire 
linkage design. including coiiseiving tlir lalid iii the Iiilkage. Indeed. iiivestment i ~ i  a crossing stmcture 
wodd be futile if habitat benveeii tlie crossing stnicture aiid either protected block is lost. 
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The goal ofthts cultural reswnes oye~ew ts to use eusbng archaedoglcal survey and slte data m 
conjmctton wlth a basic p r e d m  model to evaluate potential impacts an NRHPekgibk reswrces for 
the proposed Pmal County bail system and open space desgn Site and survey data from the B I T E  
database, which IS the repastory for all archaeological swvey and ste data on state pubk lands were 
reviewed In &n, the NRHP database was checked to idenbfy htstonc dstncts and NRHP-listed s&s 
M m  Pmal County In geneal, agenaes consider all knom des to be NRHPeLgiMe for planning 
pucposes unhl their attual NRHP dgtnbty has been deterrmned, therdore, an known sdes were induded 
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m ths malysis Survey data analyzed for the County mdudes the total area of p m s  ~ n v e y  coverage, 
the number of known sttes. and the available dexnpbve infwmabon on the type of des pment 
Pmhistom and histonc sltes are not the only cultural resources that should be taken into mtderahon 
Traditional cultural (TCR) are places that have important arhrral wgmficance to Nabve 
Amencan groups and other mmunlbes Informaban on TCPs IS often scarce, but the importance of 
these places should not bewdooked and should betaken lntocormderabonwhenever posslMe An 
eMtushon of TCPs shouM be undertaken by tlubatfng consultabon regardmg sacred places vnth ail 
mterested Nabve Amencan lnbes 
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PAGE 19 of the PDF EXCERPT 0 also known as Snaketown, IS located on the Gila River lndfan Reservation. Both the Los Robles 
Archaeological DlsEnct and the McClellan Wash Archaeological Distr~ct are representatwe of CI~SSIC- 
penod Hohdtam settlements and continue to contnbute sgnficantly to the understanding of the 
prehistory of the area 
When consldenng prehistonc and histonc archaeological sites in the planning process, avoldance IS 

generally m d e r e d  the prudent approach Future prryects may require a Class 111 cuftural survey to 
determine the presence of NRHPelrgibk des and properbes 

PAGE 2 1  of the PDF EXCERPT 

Utiltties and Infrastructure 

Embng, cerbfied, and proposed uhllty algnments were ldentmed Wrthln the county for 5ookv, 345kv, 
230kv, 115kv transmlsm hnes, gas ppelines, and the Anzona CMporakm Comrnlsslon (ACC) 
apprwed algnment of 5Ookv and 23Okv trammlssron lines (see Fgure 7, U t ~ h k s )  Ublity nght-of-ways 
were not used as tml comdors, unless they ocwrred along a preestablished trail comdor withln the PUEal 
County 2005 Tmki Plan or other approved planning documents due to homeland secunty concerns 
Future planning efforts should not exclude the use of uhllty comdors for bails where possible 
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Regional Trail Connections 

As Ideddied tn the Rnd county Tmds Plan, 2005 (see FQW AI, in Appenduc A 2005 Pmal County T& 
plan) three pnmary reglonal bail corridors were Idenbfied These three mdors, the Amona Trad, the 
Cenbal Anzm Pmject (CAP) canal comdor, and the Juan Baubsta De Anza National Hstonc Trall, are 
descnbed bekw In addrbon, one muttmodal corridor was Identmed--the Great Western Trd (GVYT) 
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An open dlatation of values, ISSIK?S, and needs for county resuients n reference to open space and 
trails was conducted The values were based on the premtse, If you were to move away from Pinal 
County for five years, what elements w aspects of the countywould yw like to stay the same7 Mewtse, 
ISS- and needs were sobctted under the same premse, except residents were asked, what would yw 
change7 The fdkwnng IS a summary ofthe publics'values, ISSIE., and needs 

Values 

Dak at nIgM 
Value mountam views and open areas 
Foreground wews (nonckntered) 
PreserVevtewsheds 
WiMkfeEwndon 
Habtat to sustain wddbfe 
Fbpman COtndoTr presewatron 
undsturbed natural areas (no golf courses) 
Wilderness character of exisbng open space 
Natural wash comdors 
~ i c a l r e s o w c e s  
PmmAy to e m  open space areas 
Hlstonc are- 
Nation4 M o n c  stes 
o p e n s P a ~ - a l o n g ~  
Abundant and easy access to bak 
Hlbng and eqwstnan bails 
close proxlmlty to local equesbMn bails 
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4.1 Introduction 

Three Conceptual Master Plan Alternatrves were developed for the Plan and were based on two general 
premises (1 ) conservation of critical resources including cultural and biological resources, viewsheds, 
physical charactensbc of the land. and major nparian and nver comdors and (2) overall connectivity 
including open space area and trail connechvity Each conceptual alternative represented varying 
degrees of conservabon and connecbvily, wRh an overall relevancy to land ownership The conceptual 
alternatives were developed to present vanable scenanos, ideas, and pros and cons for the stakeholders 
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4.3 Preferred Conceptual Master Pian Alternative 

The majonty of Stakeholder Taskforce Meebng attendees preferred Alternabve C or a combination of 
Alternatives B and C The Preferred Conceptual Master Plan AMernative (Figure 11, Preferred Conceptual 
Master Plan Alternative) was developed from the input and comments from the County and stakeholder 
taskforce members received dunng Stakeholder Taskforce Meetings No. 2 and No. 3 (see Appendix D for ... 

Planning issues and concerns that needed to be addressed in development of the Preferred Conceptual 
Master Plan Alternafive included the followng ... 

Remove of all trail alignments from the transmission line corndors due to increasing protection of 
these facilities based on homeland secunty concerns ... 

Dunng the Stakeholder Taskforce Meeting No 3, the following proposed Open Space System defindion 
as presented with the Preferred Conceptual Master P/an Alternative for stakeholder comment 

An open space system is a connected system of open space areas that maintain, as its pnmary 
purpose, the ecological health of the regionflandscape and has as its natural consequence, the 
outcome of promoting human and blolcgical health by allowing for passive and active recreabonal 
acbvities, solitude, natural landscapes, and wildlife movement An open space system conserves 
elements of existing resources such as natural scenic beauty, view corridors, wildlife habitat, 
agncultural resources, and cultural hentage for the benefd of present and future generations 
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These categones were presented at the public meetings and reflect the communrties’ vision, goals, and 
objecbves 

Developed Open Space Areas consist of developed areas that are designated for passive and actwe park 
and recreabonal activities Developed open space areas should conserve the natural drainage patterns 
and maintain downstream Rows Drainageways provide natural stormwater management, areas for 
groundwater recharge, and natural blologtcal movement corridors and can provide valuable natural 
linkages to adjacent areas These developed areas can include parks, traditional park and recreational 
programming, and trails Although developed open space areas could incorporate stormwater storage 
areas, these areas will not be substrtuted for traditional park development 

Transitional Open Space Areas consist of areas that abut or are adjacent to currently protected or 
planned open space areas such as state and national parks, national monuments, wilderness areas, and 
national forests, and areas idenbfied wdhin the Plan Preserving the edge of these dedicated state and 
national lands will ensure equdable access to all Every effort shall be made to extend the natural 
environment of the protected lands, and to provide a natural integration to surrounding protected 
landscapes Facildies such as parks and stormwater storage areas wdhin transitional open space areas 
allow for public access and the preservation of view comdors 
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Hentage Open Space Areas are areas that have significant cultural value They include working 
landscapes such as agricultural and ranching hentage, as well as cultural resources such as histonc and 
prehistonc archaeological sites Herrtage areas can also be places of traditional cultural activdies such as 
festivals or ceremonial/religious activibes It is important to recognize heritage areas as areas of diverse 
human acmties that if irresponsibly disrupted could negatively impact social and environmental 
condibons Careful consideraton should be given to identifying herrtage areas, as well as a development 
of prudent management approaches The Amencan Farmland Trust has identified areas within Pinal 
County as strategic pnme ranchland at nsk, which could be identified as heritage open space areas 
Other examples could include prehistonc or histonc archaeological sites or districts such as the Los 
Robles Archaeological Distnct 

Conservation Open Space Areas are areas that have a demonstrated and important ecological function 
Areas that have a high to medium habitat value, which includes substantial vegetation, important natural 
or geologic features, and biological movement corndors, should be preserved in an effort to maintain the 
ecological health of the region Examples of highquality habitat include areas designated as cntical 
habitat, and large undisturbed expanses of land, such as mountain ranges, nver comdors, perennial 
streams, and open desert areas Mediumquality habitat may include washes nearer to developed areas, 
where land may be more fragmented but where water and food may be available 
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6.2 Vision. Goals, and Objectives 

Vision 
Pinal County's Open Space and Trails Master Plan promotes the quality of life of the region by providing 
areas of passive and active recreational opportunities, while conserving existing resources, such as 
natural scenic beauty, view corridors, wildlife habitat, agricultural resources designated at risk. and 
cultural heritage for the benefit of present and future generations. This Plan will encourage appropriate 
long-range growth planning opportunities, provide for a wide range of recreational activities for residents 
and visitors, preserve the county's rural and natural open space character, and contribute to the well- 
being of its communities. 

6.3 Open Space and Trails Master Plan Elements 

The Final Master Plan (see Figure 13, Final Master Plan Map) is based on the county's resource 
opportunities and constraints as identified in Section 2.0, lnventory and Analysis. and public, stakeholder, 
and County staff input identified in Section 3.0, Public Participation. The siting of specific proposed open 
space areas and trail corridors were identitied based on the suitability of activities, surrounding land use, 
ecological factors. topography, viewsheds, and cultural resources. 

PAGE 45 of the  PDF EXCERPT 

The proposed open space areas are based on protection and connectivity of the following items identified 
during the in-depth analysis of the county's natural and cultural resources discussed in Section 2.0. 
Inventory and Analysis. 

Riparian and Mountainous Areas - Habitat fragmentation throughout Pinal County is a particular obstacle 
to threatened and endangered wildlife and a threat to overall biodiversity. To reduce the threat caused by 
habitat fragmentation, it is desirable to connect large contiguous areas of open space and allow for 
species mobility through wildlife movement corridors. As identified in Section 2.0, lnventory and Analysis, 
the highest levels of biodiversity, and the highest quality habitats are found within the riparian and 
mountainous areas of the county. Riparian corridors provide additional water availability and vegetative 
cover for wildlife, and protection of these corridors is of critical concern to overall species mobility. 
Riparian corridors also indicate the greatest concentrations of cultural resources. The Gila, San Pedro. 
and Santa CNZ Rivers were identified as the three most important riparian corridors throughout the 
County, and they deserve the highest priority for preservation. In addition, the mountainous areas that 
dominate the eastem portion of the county such as the Pinal, Superstdion, Black, Dripping Springs, and 
Tortilla Mountains indicate a high level of biodiversity and high habitat values. Other mountainous areas 
such as the Tortolita and Picacho Mountains were also identified as having a high habdat value and a 
high level of biodiversity. 
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PrOvKfing equrtaMe access to the cwmntyk resources through an mterconnected mulbmodal trail nehrvorl 
ensums a variety of pa- and acbve recreatmn opporhrnlhes The foundatton of the trad system shorn 
on the Fnd Master Pbn Map reles on a skeletal framework of three regional trall corndols The Juar 
Wsta de Anza Nat~mal HstaK Trail, the CAP Canal, and the Anzcma Trail, whlch all provide regrona 
mnnecbvdy throughwt Pmal County fmm Pvna Countytothe south to ManmpacWnty to the north m... 

.. . . .. 
The fdbwng desurbcsthe W e  proposed parks, as shown on Fgure 13, F m l  Master &plan Map 

The regional park pmposed abng the east wde of the aty d Florence plannmg boundary may 
provide passnre and acbve reueabonal opportunlbes that would help to support the gmwng 
needs d the userr located withm the surmundng muntapallbes 
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The g m a l  park p~posed to the north of Plcadro Peak State Park may provide more 
passnre-onented recreabonal opporhrnlbes that would conserve the natural resources located 
mihm Uws area whk allomng users to expenerne the natural ennronment 

The mgmal park bcated west of Hghway 79 and east of the proposed regtonal park near 
Ptcacho Peak State Park may prrmde actnre and passnre recreatmnal opportundes to support the 
future needs of dwekpment that may occur in ths area of the county 
The mgonal park proposed on the western edge of the county was Idenbkd in the Cdy of 
Mancopa's General Plan, and represents the desired future c o n d i i  for the cdy The Plan 
denbfied addltKwral areas sumundmg the proposed regmal park, and pwded 
connecbvlty to the Tabk Top Wddemess area Thls area may develop through cooperabon mth 
the Cdy of Mancapa 

The re93oMf park located north of Florence Juncbonrnay pmwk p a w  and actnre recreabonal 
that would help to support the gmwmg needs of the users located in the sunwndmg 

unnmunlbes and munlapah 

The fokrmng describes Ute two exlstng/pbnned reg- parks. as shown m Flgure 13, Find Masfer 
Plan Map These areas may conbnue to develop through cooperation wtth Manmpa and Pima 
cwnbes 

The planned Tortdita Mountain Park located along the swthem edge ofthe county may provde 
more passnrp-onented m b o n a l  oppottunlbes that would conserve exlstmg natural resources 

The existmg San Tan Mounta~n Regmal Park provides passwe-onented recreabonal 
v, to sum the gnmmg needs of the expandmg urban fringes of the Phoem 
MetmxMan Area and Ute a n m t e d  qrowth of the surmunduq mmmumtm and mumupabhes 
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Influencing Land Management Decisions 

While local governments do not have regulatory control over state and federal land management 
agencies, federal land management agencies protect open space on ELM and USFS lands through 
congressional designations of lands, through designations by the Secretaries of Interior (ELM) and 
Agriculture (USFS) and the heads of the agencies, and through approved land management plans 
completed using extensive public involvement processes. It is through these approved land management 
plans that the local governments can have considerable influence over landowners and managers that 
ate not subject to local government regulation. For example, the Federal Land Management and Pblicy 
Act that governs the ELM'S management of public land, provides for a significant role for local 
governments to influence federal land management poticies. In a similar manner. Arizona cities and 
counties may have some input for land management decisions made by the Arizona State Land 
Department as it relates to the desired future land development patterns of their communities. As federal 
and state land management plans are undertaken, local governments should express their preferences 
so that they may be incorporated into the plans. 
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The success of the unplementabon program strategy IS dependent on the cooperebon and coordmated 
efforts of the County, munlapab mthm the county. and affected state and federal agencles in Mder to 
secure the VISKH~ of a connected open space system that consewes the natural and cultural resources of 
the county Each of the &ems imkated in Table 4 mH require suppart and speaabzed e- from 
county, munlupal, state, and federal agency departments for whlch key responubthbes have been 
Idenbfed 
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AMPHIBIANS & REPTILES 
*Sonorm Desert Toad 
*BI~h-t:i i led R,ittlesn;rhr 
Chuch\c;illa 

The Ironw~ood-Picacho region provides significant ecological. eclucatiunal. recreational. and spiritual 
values of protected wildlands. Our Linkage Design represents an opportunity to protect a functional 
landscape-level connection. The cost of iniplenienting this vision will be substantial-but reasonable i n  
relation to the benefits and the existing public investments i n  protected n-iltl habitat. If iniplemented. our 
plan would not only permit movement of individuals and genes between the Ironwood National 
Monument, Picacho Mountains, and desert BLM wildland blocks, but should also conserve large-scale 
ecosysteiri processes that are essential to the continued integrity of existing consemation investments by 
the US Forest Service. Arizona State Parks. Bureau of Land Management, Arizona Carrie and Fish 
Department. U.S. Fish and Wildlife Service. and other conservancy lands. 

BIRDS 
Cactus Ferrugnoii\ Pygiiy-Ow I 
Roadrunner 

Next Steps: This Linkage Design Plan is a science-based starting point for conservation actions. The plan 
can be used as a resource for regional land managers to understand their critical role i n  sustaining 
biodiversity and ecosystem processes. Relevant aspects of this plan can be folded into management plans 
of agencies managing public lands. Transportation agencies can use the plan to design new projects and 
find opportunities to upgrade existing structures. Regulatory agencies can use this information to help 
inform decisions regarding impacts on streams and other habitats. This report can also help motivate and 
inform construction of wildlife crossings. watershed planning, habitat restoration. conservation 
easements. zoning. and land acquisition. Implementing this plan will take decades. and collaboration 
among county planners. land management agencies. resource management agencies. land consemancies. 
and private landowners. 

Tiger Rattlcsniike 
: 3 T i ~ ~ ~ o ~ i  Shovel-nosed Snake 

Public education and outreach is vital to the success of this effort - both to change land use activities that 
threaten wildlife movement and to generate appreciation for the importance of the corridor. Public 
educatioii can encourage residents at the urban-wildland interface to become active stewards of the land 
and to generate a sense of place and ownership for local habitats and processes. Such voluntaty 
cooperation is essential to preserving linkage function. The biological information. maps, figures, tables. 
and photographs in this plan are ready materials for interpretive programs. 

INSECTS 
B~~ 

Ultiniately the fate of the plants and atiitiials living on these lands will be determined by the \ize and 
distribution of protected lands and surrounding development and huinan activities. We hope this linkage 
conservation plan will be used to protect an interconnected system of natural space M. here our native 
biodiversity can thribe. at niinirnal coat to other hunian endeavors. 

*: spec , niodeled in  this report. The othcr species were tiot tnodelcd bccaiisc there were insufficictit data to 

Table I: Focal species selected for the Ironwood-Picacho Linkage. 

MAMMALS 
Y Bad ge r 
"Bighorn Sheep 
*Blach-tailcd Jirckrabbit 
'Javelina' 
"Mule Deer 

Lyre Snake Palo Verde * Sonora t i  W ti i n ake 

quantify habitat use i n  terms of avail;ible CIS data (e.6.. sonic snakes that select small rocks), or because the species 
probahly can travel (e.2.. by flying) across unsuilable h;ihitet. 
I During field work. we tound a dead javelina (apparently ro;itl-killed) near the entrance t o  ii culvert under I- I O  in  
the potential linkam- "C dKa. . 
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LL 
Figure 1: The Linkage Deslgn has 2 strands: one roonecting the ironwood National Monument to the Picacho 
Mountains, and one connecting Iroowood National Monument to the BLM land labeled Durham-Coronado 
Plains. 

. .  

. ,  

. .  

. .  
. .  

. .  
. .. .~ 

. .  

, .  

. .  . 

. .  
. .  . 

. .  

. .  
. .  

. .  

. .  

. .  
. .  

.. . 

. .  

. .  
. .  

.. . 

. .  
.~ . 

, -  
. . .  . . .  



Page 14 of the PDF 

Ecological Significance of the Ironwood-Picacho Linkage 
The Ironwood-Picacho-BLM Linkage Planning area lies within the 55-million acre Sonoran Desert 
Ecoregion of southern Arizona, southeastern California, and northwestern Sonora, Mexico. This 
ecoregion is the most tropical of North America’s warm deserts (Marshall et al. 2000). Bajadas sloping 
down from the mountains support forests of ancient saguaro cacti, paloverde, and ironwood: creosotebush 
and bursage desert shrub dominate the lower desert (The Nature Conservancy 2006). The Sonoran Desert 
Ecoregion is home to more than 200 threatened species, and its uniqueness lends to a high proportion of 
endemic plants, fish, and reptiles (Marshall et al. 2000; The Nature Conservancy 2006). More than 500 
species of birds migrate through, breed, or permanently reside in the ecoregion, which are nearly twc- 
thirds of all species that occur from northern Mexico to Canada (Marshall et al. 2000).- The Sonoran 
Desert Ecoregion’s rich biological diversity prompted Olson and Dinerstein (1998) to designate it as one 
of 233 of the earth’s most biologically valuable ecoregions, whose conservation is critical for maintaining 
the earth’s biodiversity. 

Within the Sonoran Desert Ecoregion, the Linkage Planning Area includes three wildland blocks: 
Ironwood National Monument, the Picacho Mountains, and a block of Sonoran desert we call Durham- 
Coronado Plains2. All 3 areas are administered by the Bureau of Land Management (Figure 2). 

The Ironwood Forest National Monument, the southern habitat block, encompasses several desert 
mountain ranges including the Silver Bell, Waterman and Sawtooth Mountains, which extend for 42 km 
(26 mi) (Bureau of Land Management 2005). These mountains support drainage systems such as LOS 
Robles Wash, Blanco Wash, Cocio Wash, and the Santa Cruz River. Elevation ranges from 1,800 to 
4,261 feet, providing a geologic and topographic variability that contributes to high biological diversity 
(Bureau of Land Management 2005). 

The BLM land in the Picacho Mountains is one of the northern wildland blocks in the Ironwood-Picacho 
Linkage Planning Area. The Picacho Mountains extend for 20 km (12.5 mi) and range in elevation from 
1,725 ft to 4,508 ft at Newman Peak. This mountain range supports the Brady and McClellan Washes, 
and provides important wildlife habitat. Mountain lions have been documented traveling between the 
Picacho Mountains and the Catalina Mountains (K. Nicholson & P. Krausman, University of Arizona, 
personal communication).’ 

The Durham-Coronado Plain2 is a 20 km ( 12.5 mi) stretch of protected Paloverde-mixed cacti desert 
communities. The Durham and Coronado Washes run through this habitat block, which ranges from 
2000-2500 ft elevation. This area provides protected Sonoran desert for wildlife and plant species in the 
region. 

The Linkage Planning Area ranges from 1700 feet elevation at the Santa Cruz River valley to 4,508 feet 
at Newman Peak in the Picacho Mountains. Paloverde-mixed cacti desert scrub, semi-desert grassland 
and steppe, and creosotebush-white bursage desert scrub communities dominate the landscape, with large 
areas of apicultural lands along the 1-10 transportation corridor (Figure 3). Riparian areas in the Linkage 
Planning Area include the Santa Cruz River, and McClellan, Blanco, and Cocio Washes. 

The varied habitat types in the Linkage Planning Area support many animal species. Species listed as 
threatened or endangered by the U.S. Fish and Wildlife Service include the desert tortoise, bighorn sheep, 
and the cactus ferruginous pygmy-owf (USFWS 2005). The Corridor Design incorporates and connects 
critical habitat needed for these species to achieve viable populations. The Ironwood-Picacho Linkage 
Planning Area is also home to far-ranging mammals such as mule deer, mountain lion, and badger. These 

This block of BLM land has no formal designation on most maps. We named it after Durham Wash and Coronado 
Wash, which are the 2 main drainages in the area 
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animals move long distances to gain access to suitable foraging or breeding sites. and would benefit 
significantly from corridors that link large areas of habitat (Turner et al. 199.5). Less-mobile species and 
habitat specialists such as black-tailed jackrabbits. tiger rattlesnakes. and Sonoran desert toads also need 
corridors to maintain genetic diversity. a l l o ~  populations to shift their range in  resporise to climate 
change, and promote recolonization after fire or epidetiiics. 

0 

Existing Conservation Investments 

The three wildland blocks are comprised of land federally protected by the Bureau of Land h4aiiagetnent. 
The southern habitat block consists of Ironwood Forest National Monument. 129.000 protected acres of 
ancient leguine atid cactus forests (Bureau of Land Maiiagenient 2tKJ5). This nioiiittneiit provides ati 

outstanding example of the plant and animal diversity of the Sonoran desert (Bureau of Land 
Mnnagement 2005). The tiiotiitnietit's Silver Bell Mountains alone claitns more than 674 species. 
including 64 tiiatiiiiials and 57 birds (Bureau of Land Management 2005).  The Ironwood Forest National 
Monument hosts one of the richest stands of ironwood trees in  the Sonoran desert. and is home to many 
federally listed species. including the Nichols turk's head cactus. the lesser longnosed hat. and the desert 
bighorn sheep (Bureau of Land Manageinent 2005; Sierra Club 2006) .  

Ad.jaceiit to the southern habitat block's Ironwood Forest National Monument is a proposed consenation 
reserw that \vould protect 6.485 acres of State Trust land in the Sonoran desert (Sonoran Institute 2005). 
This reserve would help to link the Ironwood Forest National Monument with the Sawtooth Mountains to 
the north. Another proposed conservation reserve known as Sawtooth would add 3.395 acres of protected 
land i n  the southern habitat block's vicinity and enconip 
protected within the tiiotiumeiit' s borders (Sonoran Institute 2005). Both of these proposed reserves 
would buffer the habitat block from urban developnieiit i n  the Marana arid Tucson areas (Sotloran 
Institute 2005). The Tohono O'odharn Nation also abuts the Moiiitment. Although tribal sovereiptity 
includes the right to develop reservation land. conserving this linkage gives the tribe the opportunity to 
maintain a wildlife corridor to the northeast of the reservation. which is now largely i n  a natural 

a stand of mature ironwood trees riot 

0 condition. 

The northwestern habitat block consists of the Picacho Mountains. 6.400 protected acres owned by the 
Bureau of Lnnd Management. This habitat block would he expanded by 18,705 acres through a propohed 
conservation reserve protecting surrounding State Trust Lands in the Picachos (Figure 2: Sonoran 
Institute 2005). 

The Durhaiii-Coronado Plain is 33.200 acres of BLM-protected Sorioran desert that comprise the 
northeastern habitat block i i i  the Linkage Planning Area. This undeveloped tract of Sonoran desert 
provides desert species refuge from encroaching development in  the area, 

Picacho Peak State Park. a protected area i n  the Linkage Planning Area separate from the three wildland 
blocks. would both contribute to and benefit from a wildlife corridor i n  this area. This Arizona state park 
consists of 3.500 acres of Sonoran desert, including the iconic landmark of Picacho Peak. rising to 3,382 
feet (Arizona State Parks 2005). The park attracts 60.000 visitors per year. bringing money into the local 
rconoiny (Arizona Office of Tourism 2003) .  Adjacent to this state park the proposed Picacho Peak 
State Park conservation reserve. which would protect 3.995 acres of add onal Innds. This conservation 
reserve would convert State Trust lands for conservation and connectivity between protected lands and 
buffer Picacho Peak State Park from urban de\~elopnwit (Figure 2: Sonoran Institute NOS).  

Connectivity between these three valuable mid wildland blocks would help to provide the contiguous 
habitat necessary to sustain viable populations of sensitive arid far ranging species in the Soriorati Desert 
of southern Arizona. 
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Linkage Design & Recommendations 

The Linkage Design (Figure 4 Br Figure 5 )  is composed of two straiids which together provide habitat for 
movement and reproduction of wildlife between the Ironwood. Picacho. and desert BLM protected 
tvildland blocks. In this section. we describe the land cover atid ownership patterns i n  the linkage design. 
arid recommend mitigations for barriers to animal mo\wiient. The methods used to develop the linkage 
design are detailed in Appendixes A through E. 

Two Routes Provide Connectivity Across a Diverse 
Landscape 
The linkage design consists of t\vo distinct strands which 
connect Ironwood Forest National Moiiuriierit to the Picacho 
Mountains atid the Durham-Coronado Plain. 

The western strand connects Ironwood Forest National 
Monuriient and the Picacho Mountain wildland blocks. It is 
approximately 18 kni ( I I miles) long. and varies in  width 
from approximately I .S to 8 km (0.9 - 5 miles). This strand 
is primarily coiiiposed of paloverde-mixed cacti desert scrub 
and creosotebush-white bursage desert scrub. but also 
includes riparian woodland. shrubland. atid agriculture. This 
linkage proirides live-in and pass-through habitat for species 
dependent on desert \regetation and/or rugged topography. 
such as desert tortoise, black-tailed rattlesnake. desert 
bighorn sheep. javelina. black-tailed jackrabbit. mule deer. 
and Sonoran whipsnake. lniportatit riparian areas 
encompassed by this linkage include portioris of the Santa 

LINKAGE DESIGN GOALS 

Provide move-through hahitat for 
diverse group of species 
Provide live-in habitat for species with 
dispersal dist;inces too short to traverse 
linkage i n  one lifetime 
Provide adequate area for a 
~nietri~~opiil~ition of corridor-duelling 
species to niove through the landscape 
over riiultiple generations 
Provide ii buffer protecting aquatic 
habitats from pollutants 
Buffer against edge effects such as pets, 
lighting. noise, liest predation & 
parasitisin. rind invasive species 
Allow animals and plants to niove in 
response to climate change 

Cruz Ri\ er and Lo\ Robles Wash north of Ironwood Fore\t National Monument. and McClellan Wash 
north of Picacho Peak State Park. The Central Arizoiiii Project canal and a smaller irrigation canal both 
pass through this linkage. 

The eastern strand between Ironwood Forest National Monunient and the BLM-administered Durhaln- 
Coronado Plain is approximately IS km (9 miles) long and 2 k m  ( 1 %  miles) wide. This corridor crosses 
the Santa Cruz River and Los Robles Wash tiortheilst or Ironwood. passes north of Pinal Air Park arid 
Saguaro Power plant. and joins the BLM desert block near Desert Peak. This route is pririiarily composed 
of creosotebush-white bursage desert scrub iind paloverde-mixed cacti desert scrub. but also includes 
riparian woodland and shrubland. This linkage provides live-in arid pass-through habitat for species 
dependent on desert vegetation and/or flatter topogrilphy. such as Tucsori shovel-nosed. badger. black- 
tailed jackrabbit. javelina. and Sonoran desert toad. The entire corridor is iilso within proposed critical 
habit at for the Cac t us- Fe rriigi no us Pygmy - Ow 1. 

Land Ownership, Land Cover, and Topographic Patterns within the Linkage Design 
The Linkage De\ign encoiiipa\\es 43.400 acre\ ( 17.570 ha) of land. and 14 conipo\ed of 57% \tate trust 
land. 22% prn ate land. 12% BLM land. 8% \rate park\ land. and I % Bureau of Reclamation land (Figure 
4). Seven natural vegetation cornmutittie\ account for 95% of the land cover. barren land\ account for 
0.6%. and developed land accounts for approximately -1% of the land 111 the Linkage Deqgti (Figure 5. 
Table 2). Natural vegetation i \  dominated by de\ert \crub-\hrub a\\ociation\. atid has a 4imilar 
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Impacts of Canals on Wildlife 0 

I .. . .. . . the other side of the canal, drowning species, and rerouting natural movement patterns. . .  . 

Canals in the Linkage Design Area  

Two main canals act as barriers to connectivity in the linkage zone (Figure 16). The Central Arizona 

that effectively mitigates the effect of the canal in this strand. In the western strand. a significant 

cmmls, such as the CAP, vegetated overpasses should be installed. While no studies have examined . 

optimal crossing structures for canals, information can be gleaned from the literature on the 
determinants of success for road mitigation structures. For example, Van Wieren & Worm (2001) 
recommend wildlife overpasses over roads be at least 40-50 m wide for optimal wildlife usage. For :::;',!:;: 
narrow canals, such as the irrigation canal in the western strand of the linkage design. an affordable '. . ' f  

section of the CAP canal should be buried. or crossing structures should be installed. For wide . . . .  . . .  _ .  ... . . .  
' :: 

0 

. .  3) Provide alternative water sources adjacent to crossing structures (Rautenstrauch & Krausman 
1989). To discourage use of the canals as a water supply by deer and other species. a small amount of 
water should be diverted to water catchments to allow wildlife to drink without risk of drowning. 

.: 

. _ .  . .  
, .  . I .  . . .  . . ,. 
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Figure 16 carnals in the Linkage Design area. Tbe 4 black lines indicate buried sections of the Central 
Arizona Project canalt 8 1.3-km stretch on the northwest side of the Picacho Mountains, a 70-m stretch at 
M c C l e b  Wash, a 25-km stretch in the eastern strand of the linkage design, and a 2.5 km stretch under 
Interstate 10. 

c 
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Urban Development as Barriers to Movement 0 
While not a current major threat i n  the linkage area, urban and industrial development inay become a 
greater threat in the future. Urban and industrial developinent. unlike roads, creates barriers to movenient 
which cannot easily he removed. restored. or otherwise mitigated. Most large carnivores. small 
mammals. and reptiles cannot occupy these areas for a significant period of time, although several species 
of lizards or sriiall tnaniiiials may occasionally occupy residential areas. While mapped urban areas only 
accounted for a iiiarginal amount of the land cover in the linkage design. residential development may 
increase rapidly in the linkage area i n  the future. 

Urhm Btrrriers irt rlte Lirtkoge Desigii A r m  
While there are no current residential developnients within the Linkage Design, there are several 
industrial developrnents. South of the Ironwood - desert BLM strand of the linkage. adjacent to I- IO. is 
the Saguaro Power Plant (Figure 2 1 ). Several large tanks from the power plant are 200  111 inside the 
border of this linkage. 

Figure 21: The Saguaro Power Plant borden the southern end of the Ironwood - Picacho linkage adjacent to 
1-10 (waJpoint 72: azimuth: 38). 

The Pinal Air Park borders the southern end of the Ironwood - desert BLM linkage, approximately 3 kiii 
northwest of the Ironwood Forest National Monument boundary (Figure 22). I n  addition to storing 
aircraft. there is also a 1.2 mile racecourse for sports cars at the Air Park. 0 
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Mit ip t io i l  .for Urbnn B~irrit~rs 

To conserve connectivity. we have the following reconimendations for a l l  future urban, residential. and 
industrial developments in  this linkage zone: 

1 ) Encourage conservation easements and land acquisition with lvilling land owners in the Linkage 
Design to protect important habitat. 

2 )  Develop a public education campaign to inform those living and working within the linkage area 
about the local wildlife and the importance of maintaining ecological connectivity. 

3 )  Encourage homeowners to focus outside lighting on their houses only. and never out into the linkage 
area. 

4) Ensure that all domestic pets are kept indoors or in fenced areas outdoors. 
5 )  Reduce vehicle traffic speeds i n  sensitive locations. 
6) Discourage the conversion of natural areas u.ilhin the Linkage Design into residential areas. Where 

developiiient is permitted. encourage small building footprints on large (> IO-acre) parcels. 
7 )  Encourage the use of wildlife-friendly fencing. 
8 )  Discourage the killing of 'threat' species such as rattlesnakes. 

The next page is Appendix A: Linkage Design Methods 
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EXECUTIVE SUMMARY 

This report and the accompanying Geographic Information System (GIS) datasets suimnarize the 
results of the workshop held in Florence, Arizona in 2010. At this workshop, stakeholders 
representing a broad range of organizations and interests identified and mapped the locations of 
important wildlife linkages across Pinal County. Participants included biologists, land managers, 
planners, and other professionals from federal. state, tribal, private, and non-governmental 
organizations. The workshop was supported by partnerships between the Arizona Game and Fish 
Department (AGFD) and the Arizona Wildlife Linkages Workgroup. This multi-agency. multi- 
disciplinary effort was undertaken to encourage biologists and non-biologists alike to incorporate 
information about wildlife linkages and strategies for their conservation into transportation 
corridor and pro-ject planning as well as other community projects including land-use decisions. 
The workshops provided a forum for stakeholders to learn more about wildlife connectivity, 
outline the general locations of wildlife linkages on large maps. and provide descriptive 
information about each linkage on datasheets. Participants also identified the locations of barriers 
such as highways and railroads that may interfere with wildlife mo\-ement. The hand-drawn 
linkages were then digitized with GIs software and refined following an additional opportunity 
for stakeholder review. The linkages were then further refined to eliminate redundancy for this 
report. 

This report provides background infonnation on the importance and benefits of conserving 
wildlife linkages for both people and wildlife in Pinal County and describes the methods used 
during stakeholder workshops and in developing the accompanying GIS products. It includes a 
series of maps generated from the digitized stakeholder data that depict the general locations of 
wildlife linkages and potential barriers to wildlife movement within Pinal County. The maps are 
followed by tables v7ith descriptive information about the habitat areas each linkage connects, the 
species each linkage serves. and known threats and potential conservation opportunities 
associated with each linkage. The infoi.motioii in this ixyovt reflects the i-im'.s and expertise of 
M~or.lishop poi ficipawts and lilieli* does not vepi-emit an e-xlioiuriiv mapping o f  all important 
wildl(fe liniiages across Pinal Coicnh.. It should instead be considered an initial assessinelit of 
wildlife movement patterns to be supplemented in the future by further analysis and refinement 
that includes additional expert input, GIS-based linkage modeling, and research studies of 
wildlife movement patterns. 

The maps and GIs data in this report illiistmte appr.oximcite locations o f  wildl~fe movements on 
the landscape and shoiild be segaided as the stai.ting point.foi,.~ir.thei. considtatioii n-ith *.IGFD 
and other w-ildl(fe and land management agencies, prefesab!i. diir.ing the earlj. stages ofproject 
planning. While the impetus for this report originated from the community's interest in 
promoting environmentally-sensitive transportation projects. this report and associated GIS data 
provide a framework for professionals across a range of disciplines to identify and incorporate 
opportunities for maintaining and enhancing wildlife connectivity within project areas in Pinal 
County. Ke hope this report stiniiilates detailed planriiiig uiid collaboi-dive oii-the-gi.oiind 
actions for comessing MYldltfe linkages. 

1 
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BACKGROUND 

The abundant sunshine and great iiatural beauty of Arizona draws large nuiiibers of visitors and 
new residents each year. The state has grown rapidly in recent decades with its huinan population 
expected to double from almost 6?4 million in 2010 to approximately 13 inillion by 20-$0 
(Arizona Department of Adniiiiistration 2006, U.S. Census Bureau 20 1 1). Much of that growth 
will likely be concentrated throughout the “Sun Corridor” coiuiectiiig Tucson, Phoenix, and areas 
of central Ya\-apai County, including Piiial County. Froin 1980 to 2006, 83?/O of Arizona’s 
population growth occurred in Maricopa, Pinal, and Pima counties (Arizona Department of 
Transportation 20 1 Oa). Pinal County is currently home to a population of nearly 400,000 people, 
which is 109.1% inore than in 2000, making it the third largest county in Arizona and the second 
fastest-growing county in the LJS during this period (U.S. Census Bureau 201 1). 

Pinal County is located in central Arizona and much of it is within the Arizona Upland Sonoran 
Desertscrub Subdivision and Lower Colorado River Vallev Subdivision: to a lesser extent within 
the Semidesert Grassland, Interior Chaparral, Madrean Evergreen Woodlaiid and Great Basin 
Conifer Woodland (Brown aiid Lowe 1982). The Nature Consemaiicy’s Ecoregional Assessinent 
(TNC 1995) included Pinal County in the Sonoran Desert aiid Apache Highlands Ecoregions and 
identified several conservation areas within the county. The Sonoran desert is the wettest of all 
North American deserts with a bimodal rainfall pattern, and when combined with the local basin 
and range physiography and close proximity to higher elevation biomes, it’s not surprising that 
the Sonoran desert supports high biodiversity and is considered one of the Earth’s most 
biologically-valuable. and most vulnerable, ecoregions on a global scale (Olson and Dinerstein 
1998). Within Pinal County. a broad array of vegetation coniiiiunities supports a high diversity of 
wildlife species--from that coinnionly occur to species of conservation concern and those listed 
as threatened or endangered under the federal Endangered Species Act. 

hi Arizona, surface waters and their extensive system of connected washes play an important 
role for wildlifeboth by providing habitat, shelter, food. and water, and by facilitating 
movements on a daily or seasonal basis. Overall, the diversity of wildlife associated with 
Sonoran desert biotic corninunities and riparian habitats in Arizona are some of the highest in the 
United States (Hoffmeister 1986; Marshall et al. 2000). All ofthe surface waters in Pinal County 
are considered to be ephemeral-including those categorized as significant such as the Gila 
River, Saiita Cruz River, San Pedro fiver, and Queen Creek (Pinal 2001). This is due to none of 
the streanis exhibiting perennial flow. The Gila River flows west across the north central area of 
the county aiid is considered the north eastern boundary. The Gila River is ephemeral through the 
county aiid only flows in response to flooding or releasing of water froin the dams. Queen Creek 
is a large tributary that flou7s into the Gila River and is also considered ephemeral. The Saiita 
Cruz River flows north froin Pima County and joins the Gila River near the north westem comer 
of the county and flows only during significant flood events. The San Pedro River flows 
northwest throughout the eastern portion of the county into the Gila River exhibiting surface 
fllows only during flooding but does contain subsurface flows that are considered perennial. 
There are hvo large groundwater sub basins in the county with 5 portions of other sub basins 
(Figwe I ) .  In and of theinsel\.es, these rivers and washes provide crucial habitat aiid movement 
corridors for a large variety of desert wildlife including desert inule deer, javelina, bobcats, 

2 
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mountain lion, as well as many small mammals, birds, reptiles, fish, and amphibians. Riparian 
habitats associated with these rivers and washes also support species such as the bald eagle and 
Yuma clapper rail that are designated as threatened, endangered, or otherwise sensitive. 

Figure I :  ADWR check yonr water srpplv 

The combination of spectacular scenery and a comfortable climate In Pinal County create the 
conditions most desired for urban development. As a result, the characteristics of some of the 
region’s most beautiful and ecologically productive landscapes are being dramatically altered by 
human development and mfi-astructure. 

WHY WE NEED WILDLIFE LINKAGE PLANNING IN PINAL COUNTY 

POPULATION GROWTH 
Arizona’s growing human population and expanding infkastructure has consequences for the 
wildlife species in Pinal County and for the habitats on which they depend. While human 
development and disturbance can adversely affect wildlife by causing direct loss or degradation 
of habitat, the disruption of wildlife movement patterns is a less obvious, but equally important, 
consequence. Most of the available lands in the county are either private (26%) or state trust 
(35%) lands with federal (18%) and reservation (20%) ownership making up the rest (Pinal 
2007) (Figzrre 2). Areas of State Trust Lands reside under the state charter as the State Land 
Department has the responsibility on behalf of beneficiaries to assure the highest and best use of 
trust lands. Fair market value must be obtained under the federal act and state mandate, for all 
transactions that include sales and commercial leasing. These revenues benefit public education. 

3 
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PIMI County Wildlife ConncctMty Assessment: Ownership 2013 

Figure 2 : Land owrrership iti Piiral Coinrty 

An example where a vision has been adopted in the county through the Comprehensive Plan 
(2009, amended 2011 to include conceptual land use) as a long term build out, includes 
Superstition Vistas: 27.5 square miles between Apache Junction and Florence within undisturbed 
desert habitat. The planning area is equal to Gilbert, Mesa, Chandler and Tempe combined and 
would include a wide range of diverse development from very high to very low densities. This 
would also include activity centers of high intensity mixed uses (employment, shopping, 
medical, educational, etc.). Most of the developments being proposed andor planned are 
between the Gila River community and the Tohono 0' Odham and west of State Route 87. These 
are centered on the incorporated areas of Maricopa, Casa Grande, Eloy, Coolidge and Florence 
clustering near access to high capacity transportation corridors (existing and planned). 

_. 

All animals move across the landscape to varying extents in order to acquire the resources 
necessary for survival: food, water, protective cover, and mates. Mountain lions, bighorn sheep, 
Arizona gray fox, coyote, javelina and mule deer roam over vast expanses that can encompass 
thousands of acres, while smaller animals such as the Sonoran desert tortoise, burrowing owl, 
and Tucson shovel-nosed snakes engage in essential movements in a much smaller area. There is 
also variation in the temporal patterns of animal movement: some animal movements occur on a 
daily basis, while seasonal migrations may occur annually, and the dispersal of young from their 

A 

. . .. . .. . .. 



Page 10 of the PDF 

natal sites to secure new breeding territories happens only once in an individual's lifetime. Man- 
made barriers have been shown to have an impact on wildlife movement patterns (Figure 3), 
some to the degree that their presence may affect the long-term persistence of wildlife 
populations (Noss 1983, Wilcox and Murphy 1985, Noss 1987, Bennett 1999, Henle et al. 2004, 
Noss and Daly 2006). 

Figure 3a and b: a. A smb of satellite telemem studies conducted + the Arizona Game and Fish Deparhnent, the United 
States Geologiial Sunyv, the United States Fish and Wlldlge Senice. and the Unnw-sit?, of Arizona show that higlnvqs act as 
bam'ers to lion nnnwmnts across Arizona. Each color track represents the nim-enients of a d i$mt  lion. This bqm'er eflkct 
can isolate populations, potenhblls reducing genetic d n m i p  and repdiictive success mw time. b: This lion, collared in the 
Catalina Mountains north of Tucson, crossed State Routes 77 and 79 on nutltiple occasions and approached but did not cross 
Interstate-10. Mm*ement data from this pmject uas used f n  the design of the Tucson-Tortolita-Snta Catalina Morintins 
Linkage. Construction of cmsing s~uctum along SR 77 to occonimdate this linkage is apected to begzn in 201 4. 

The following touches on other barriers that, in combination with urban development, have the 
potential to specifically interfere with wildlife movement and interrupt wildlife connectivity 
within Pinal County. 

TRANSPORTATION INFRASTRUCTURE 
County transportation plans have ramped up to improve existing transportation corridors and to 
construct other aspects of the transportation network that will support increased traffic and public 
transportation demand due to the anticipated population growth in Arizona. Many existing 
transportation corridors such as Interstate 10, AZ Loop 202 San Tan, US 60 and State Route 79 
are being evaluated for improvements. Each new road built or existing road improved increases 
traffic volume, thereby increasing the potential for wildlife-vehicle collisions and other habitat 
fragmentation effects. However, as each new or existing road project goes through the planning 
process, the opportunity to accommodate the needs of wildlife also increase. Provided here are 
some examples of the planning processes currently underway within and around Pinal County. 
Additional details for many of the plans are available in Auuendix I. 

Many government officials and the public have recognized two related transportation system 
challenges in Pinal County: 1 .) how to meet travel demand on major routes that cross the county, 
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and 2 ) how to meet travel demand from growth within the county. Studies of population groxvth, 
e 

travel volume demand, and road capacity are undenvay at a variety of scales to determine n.here 
road improvements or new road infrastructure construction should begin 

Cross-county travel demand has come from the growth of communities like Gilbert, Queen 
Creek. and San Tan, the expansion of the William’s Gateway Airport. and the development of 
new communities such as Superstition Vistas. The Arizona Department of Transportation 
(ADOT) and US Department of Transportation’s Federal Highways Administration (FHU’A) 
have begun studies for potential new transportation routes such as the North-South Comdor 
study for travel between US 60 in Apache Junction and 1-10 near Eloy (ADOT 2011), State 
Route 24 for travel between the loop 202 east to SR79 and the I- 1 1 & Intermountain West to Las 
Vegas. Another important component of this planning comes from the ADOT Passenger Rail 
Corridor Study, xvhich is a study of a high capacity travel option and associated corridor between 
Tucson and Phoenix. While these new routes are mostly within nearby counties, they would 
inevitably increase traffic into and within Pinal County. 

To address increased travel demand from within Pinal County, short range and long range 
regional transportation plans continue being developed that will guide the investment of regional 
transportation resources in local roadway, bus. pedestrian, bicycle, aviation, freight, and rail 
facilities to stimulate growth. The Pinal County Comprehensive Plan shows areas of high traffic 
flow (Figwe 4) ,  in terms of roads, railways, and aviation. Refer to Appendix I for list of various 
transportation studies, plans, projects within Pinal County (note this list is not exhaustive). 

UTILITY INFRASTRUCTURE 
The growing population in Arizona will also bring increased energy demands. The development 
of wind and solar energy facilities, utility corridors, and other energy-related infrastructure may 
be considerable over the nest several decades. In 2012, the Bureau of Land Management and 
Deparhnent of Energy completed a new policy framework for utility-scale (>20 megawatt) solar 
energv development 011 BLM lands. which governs and guides the future of this rapidly growing 
form of energy development across millions of acres of land in the sun-rich state of Arizona. 
Concurrently, the Arizona BLM’s Restoration Design Energy Project delineatedlo~l~-conflict 
zones across multiple land ownerships where utility and sub-utility solar and wind development 
 ill be incentivized. A recently published review paper by the IJnited States Geological Sun-ey 
(Lovich and Ennen 201 1) concluded, “.  ..it appears that insufficient evidence is available to 
determine whether solar energy development, as it is envisioned for the desert Southwest, is 
compatible with wildlife consenation”. While this study reveals a void of scientific studies 
quantifying the effects of this relatively new form of energy development on wildlife, some of 
the known primary impacts of this form of del-elopment (i.e. habitat conversion, fragmentation, 
and disturbance) have been studied extensively elsewhere and have been sho1$7n to affect habitat 
quantity. quality, and connectivity. The expansion of renewable energy development in the West 
would also spur new development and retrofit of energy transmission infrastructure. 

0 
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species may require specific landscape features (i.e. ridgelines, stream corridors, etc.). vegetation 
composition and structure, crossing structure designs (i.e. specific length or “openness”), and 
certain thresholds of hunian distuirbaiice;’activit?. in order to be functional (Figwe 6). Planning 
for effective wildlife crossings must also consider what is going to happen on those lands in the 
immediate proximity of the crossing, which may also influence priorities for rural and urban 
open space planning and acquisition. Allowing development to occur near crossing structures 
and placing structures in locations that do not provide suitable habitat for the target species 
generally affects their use by wildlife (Beier and Loe 1992). 

BENEFITS TO PEOPLE 
Maintaining an interconnected nehvork of wildland blocks will provide benefits to the local 
human communities as well, perhaps most obviously by improving public safety. It has bee11 
estimated that approxiinatel>? 20% of the land area in the United States is ecologically affected 
by the country’s road network (Formaii et al. 2003). The implications of this widespread impact 
include threats to connectivity and hazards to motorists (Fonnan and Alexander 1998). One 
study estimated that each year more than 200 motorists are killed and approximately 29.000 are 
injured as a result of deer-vehicle collisions in the United States (Conover 1995). Such collisions 
can cost S2 billion annually (Danielson and Hubbard 1998). IdentifJing important wildlife 
movement areas that traverse transportation corridors prior to the construction of new roads 01 

road improvements allows for the iiifornied siting of wildlife-friendly over- and underpasses that 
can greatly reduce the likelihood of collisions (Clevenger et al. 2001, Forinaii et al. 2003, Dodd 
et a1 2007; Figiwe 6). Along Arizona State Route 260, for example. a combination of wildlife 
underpasses and ungulate-proof fencing reduced elk-vehicle collisions by 8Ooi0 (Dodd et al. 
2007: Figwe 6). A study by Lowery and Blackinan (2007) detected direct road kill or evidence 
of the presence of 5 unique species along Twin Peaks Road in Piina County. 

As the optimal objective of providing wildlife linkages is to maintain the connectivity between 
wildland blocks, there are circumstances where it is important to accoininodate a linkage that. 
either partially or in its entirety, crosses though urban and suburban environineiits where open 
spaces invite (intended or not) passive recreation activities. In such situations, the linkage ma! 
also s e n e  as a buffer between developed areas and wildland blocks and can help protect the 
wildland nehvork from potentially damaging external inlluences. Incorporating and designing 
rural and urban greenways andfor open spaces that support wildlife movement into inunicipal 
planning efforts also helps retain the natural vistas and aesthetic attributes that Arizona residents 
and visitors value. Since evidence suggests that some species are sensitive to the presence of 
huinans (Clevenger and Waltho 2000, Taylor and Knight 2003), multi-use buffer zones should 
be made wide enough to maintain separation between human recreation activities and the needs 
of the wildlife species using the corridor. 

Maintaining linkages that facilitate the ecological health of wildland blocks can also be a 
significant investment in contributing to the diL-ersity and vitality of an area’s economy and the 
American economy. The Outdoor Industry Association developed a report in 2012 on “The 
Outdoor Recreation Economy”. The report recognized outdoor recreation as being critical to the 
economy through direct spending, manufacturing, finance, retail, tourism, travel and generates 
jobs. Also emphasized in the report, “Not only is access to quality places to play outside critical 
to our businesses, it is fundamental to recruiting employers and at the heart of healthy and 
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productive communities. Open spaces and recreation areas are magnets that draw after-work 0 

Pins1 County 

Watchable Wildlife 

Fishing and Hunting 

activity and tourists alike”. The economic value associated with fish and wildlife-related 
recreation is significant for Pinal County and contributes greatly to Arizona’s economy. A 
national survey of fishing, hunting, and wildlife-associated recreation has been conducted about 
every five years since 1955 to evaluate national trends. The survey provides information on the 
number of participants in fishing, hunting, and wildlife watching (observing, photographmg, and 
feeding wildlife), and the amount of time and money spent on these activities. In the most recent 
survey, it was reported that in 201 1 ,  state resident and nonresidents spent $2.4 billion on fishing, 
hunting, and watchable wildlife related recreation in Arizona (U.S. Department of the Interior 
2012). In 2001, a county-level analysis of the national survey data revealed that in Pinal County 
watchable wildlife activities generated a total economic effect of $96 million, supporting 950 
jobs, providing residents with $27 million in salary and wages, and generating $2.9 million in 
state tax revenue (Table I, Southwick Associates 2003). Fishmg and hunting recreation 
generated a total economic effect of $22.9 million for the County, supporting 296 jobs, providing 
residents with $3.8 million in salary and wages and generating $933,000 in state tax revenue 
(Silberman 2003). These economic benefits illustrate that conserving our wildlife populations, 
through efforts such as maintaining or restoring habitat connectivity is also good for business in 
the County. 

Econoluic Number of Jobs Amount in Salary Amount in State 
Effect supported and Wages Tax Revenue 

$96,000,000 950 $27,000,000 $2,900,000 

$22,900,000 296 $3,800,000 $933,000 

Tablf 1 Ecokomrc benefits offishmg. hunhns and watchable wrkflfe achwhes by county Snmmarrzedfrom Southick Assmutes 2003 and 
SIlbemoA 2003 

OVERVIEW OF REGIONAL PLANNING EFFORTS THAT ACKNOWLEDGE THE 
IMPORTANCE OF CONSERVING WILDLIFE LINKAGES 

There is a long-standing appreciation among local governments, land management agencies, 
transportation departments, conservation organizations, energy and utility companies, and 
citizens across Pinal County of the importance of conserving wildlife linkages and mitigating the 
impacts of barriers on wildlife movement. The Federal Highway Admmistration and the Arizona 
Department of Transportation (ADOT) recognize wildlife-vehicle collisions (WVCs) as a serious 
problem along major northern Arizona roadways, and have supported collaborative research with 
Department biologists to identify wildlife movement patterns and to design effective mitigation 
strateges (Dodd et al. 2007, Dodd et al. 2009, Dodd et al. 2010, Gagnon et al. 2010, Gagnon et 
al. 201 1). 

Planning efforts in other areas of Arizona have also begun to incorporate information on wildlife 
linkages. For example, Pima County’s Conservation Lands System (Pima County 2001). an 
outgrowth of the widely-acclaimed Sonoran Desert Conservation Plan and adopted as policy in 

11 
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the County’s Comprehensive Plan, includes protection and restoration of wildlife linkages as a 
key objective in the evaluation of Plan amendments and all land uses requiring rezoning. The 
Town of On, Valley incorporated the conservation of an important wildlife linkage in the Arroyo 
Grande planning area as an amendment to its General Plan (Town of Or0 Valley 2008). Most 
recently, the City of Surprise incorporated the conservation of an important wildlife comdor as 
an amendment to the General Plan 2030, near the White Tank Mountains (City of Surprise 
201 1). The need to maintain habitat connectivity for wildlife will only grow as Arizona becomes 
more developed and populous in coming decades and the likelihood of habitat bgmentation 
increases. Given the relatively undeveloped status of the several regions in Pinal County at 
present, it is good timing to integrate knowledge of wildlife linkages and mitigation strategies 
into land use and transportation planning. 

Open space planning efforts substantively began in Pinal County in 2005 with the data gathering 
and development of the Pinal Counly Open Space and Trails Master Plan (Plan) as the 
foundation of the Open Space and Recreation Element of the Pinal County Comprehensive Plan 
(amended 2007 to include the Plan), and it identifies 399,300 acres of existing or planned open 
space, 802,400 acres of proposed open space, 25,900 acres of restricted use open space, and 
168,700 acres of regional parks (Figure 7). The Plan reflects the vision of county residents and 
identifies goals and objectives for the attainments of open space, trails, and regional parks. The 
Plan includes an implementation program offering a variety of techniques from regulatory, 
acquisition, influencing land management decisions to land acquisition funding techniques. To 
aid the implementation of the Pinal Open Space Plan (adopted 2007), a committee was appointed 
by the Pinal County Board of Supervisors as the Pinal Partnership Parks, Trails, Open Space and 
Public Lands Committee. This committe has interest in incorporating wildlife linkages into the 
planning and implementation efforts within the county. 

12 
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THE PINAL COUNTY WILDLIFE CONNECTIVITY ASSESSMENT 
0 

To assemble current knowledge of wildlife linkages and barriers to wildlife movement across 
Pinal County and to help build collaborative partnerships with local jurisdictions for eventual 
implementation efforts, AGFD joined with partner organizations (please see Acknowledgments 
for a list) to initiate the Pinal County Wildlife Connectivity Assessment. This project grew out of 
prior initiatives including the statewide Arizona Wildlife Linkages Workgroup (AWLW) known 
as Arizona's Wildlife Linkages Assessment, or AWLA. The AWLA used an expert-based 
approach to create a statewide map of potential linkage areas and barriers at a coarse scale 
(Anzona Wildlife Linkages Workgroup 2006; Figure Sa). This Pinal County Wildlife 
Connectivity Assessment represents a continuation of these previous efforts and is intended to 
identify wildlife linkages at a finer scale that may have been overlooked in the earlier 
assessment, as well as those that will be usehl  for regional and local transportation or land-use 
planning efforts. 

t 

Figures 80 and b (01 Storewide rirnp of 11 ildllfe liiiknges nird bni-riei-5 crenred for Anzoiin 's Wildlfe Liiiknges Assessirreit 
(2006) (b) Certoiir high prioi?n hrkflge orem ideirnj?ed iir the di7:oorifl 's Wild/$? Lnrlinges As~e~siiieirt, wch os the h.ornc ood- 
Picnclio Liiikage Desrgii shoiiw here 11 erejiidier rt$rred ns represeiited 111 the Arr:oim Missing Liiikoges nrid i n  detmled Iiiiknge 
iirodeliiig eforts bi the Ai7zoiw Goiiie nird Fish Depormeirt High pi-iorifi 11 rldllfe I1irknge5 dejned iir this nssessiiient 11 dl be 
itrodeled risrrig sriirilnr iirethods oii operpi-oject bnsis 
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PINAL COUNTY WILDLIFE LINKAGE DESCRIPTIONS 
PINAL COUNTY DIFFUSE MOVEMENT AREAS: D1-D8 
(WILDLIFE MOVEMENT WITHIN A WILDLAND BLOCK) 

D1. Southeast of Florence 
Species Identified: 
Current Threats/Barriers: 0 Canal 

Coati, Coyote, Herpetofauna, Rabbit 

0 Roads: SR79 
None identified at  workshop 
Small animal iiioveiiieiit along canal through agricultural and 
residential/commercial area of Florence 

Future Threats/Opportunities: 
Notes: 

D2. Mineral Mountains 
Species Identified: Bighorn sheep, Desert tortoise, Mule deer, Tucson shovel-nosed 

snake 
Current Threats/Barriers: . Agriculture 

Canal 
0 Invasive species 

Military activity 
Mining 
OHVactivity 

0 Pipeline 
0 Powerline 

Railroad 
0 Roads: SR 79, SR 80.2. gravel and paved roads 
Widening of SR 79 and SR 802 and development of military 
reservation 
Includes niovenients as indicated by telenietiy data for bighorn 
sheep 

Future Threats/Opportunities: 

Notes: 

~ ~~ ~ 

D3. Devil’s Canyon 
Species Identified: 
Current Threats/Barriers: 0 Mining 
Future Threats/Opportunities: 
Notes: 

Mexican spotted owl, Peregrine falcon 

None identified at workshop 

D4. Ray Copper Mine - - -  
Species Identified: Gila monster, Herpetofauna 
Current Threats/Barriers: 0 Mining 

Future Threats/Opportunities: 
Notes: 

Roads: Hwy 1 7 ,  Ray Mine Rd 
None identified at workshop 
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D5. Valley Between Santa Catalina Mountains and Galiuro Mountains 
Black bear, Bobcat, Javelina, Mountain lion, Mule deer, White-tailed 
deer 

Species Identified: 

Current Threats/Barriers: 0 Mining 
0 OHVacti~ity 

Residential de~elopmeiit (high and low density) 
0 Roads 

None identified at workshop 
Drainages and washes concentrate movement across niountain 
ranges 

Future Threats/Opportunities: 
Notes: 

D6. Tortolita Mountains 
Species identified: 
Current Threats/Barriers: 0 OHVactivity 

Future Threats/Opportunities: Road widenings 
Notes: 

Desert tortoise, Javelina, Mountain lion, Mule deer 

0 Roads (Moore Road, Tangerine Road) 

Consemation efforts underway via the Soliora Desert Conservation 
Plan (Tortolita - Caruenter Ranch. Tortolita Mountain Park) 

D7. Picdcho Mountains 
Species Identified: From Ironwood Missing Linkage Design (Badger, Bighorn sheep, 

Black-tailed jackrabbit, Black-tailed rattlesnake, Cactus ferruginous 
pygmy owl, Desert tortoise, Javelina, Mule deer, Sonoran desert toad, 
Sonoran whipsnake, Tucson shovel-nosed snake) 

0 Railroads 
0 Roads (1-10, others) 
High and low density residential developnients planned 
Includes water catchments around Newnian Peak; adds habitat block 
of Picacho Mountains onto north end of Ironwood Missing Linkage 
Design (Beier et al., 2006b). 

Current Threats/Barriers: 0 Agricuhre 

Future Threats/Opportunities: 
Notes: 

D8. Casa Grande Mountains 
Species Identified: 
Current Threats/Barriers: 
Future Threats/Opportunities: 
Notes: 

None identified at workshop 
0 None identified at workshop 
Trails are planned for area 
May become isolated from nearby development 
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PINAL COUNTY DIFFUSE MOVEMENT AREAS: Li-L16 
(WILDLIFE MOVEMENT BETWEEN WILDLAND BLOCKS) 

L1. Superstition Mountains to Goldfield Mountains and Weekes Wash 
Species Identified: Coyote, Mule deer 
Current Threats/Barriers: Roads: Hwy88 
Future Threats/Opportunities: 
Notes: N/A 

None identified at workshop 

L2. Valley north and east of the San Tan Mountains 
Species Identified: 
Current Threats/Barriers: 

Desert tortoise, Mule deer 
Residential development (Superstition Vistas and Lost Dutchman 

Roads: US 60, Hwy 79 
High and low density residential and coniniercial development 

Diffuse niovenient: 11101 e concentrated moveinelit along washes 

Heights) 

Future 
Threats/Opportunities: planned 
Notes: 

L3.  Florence Military Reservation 
Species Identified: 
Current Threats/Barriers: Military activity 

Desert tortoise, Tucson shovel-nosed snake 

OHVactivity 
0 Residential development (low density) 
0 Roads (Hwy 79) 
High density residential developnient in future, potential widening Future Threats/Opportunities: 

Notes: 
of Hwy 79 

L4. Queen Valley - Middle Gila/Mineral Mountains 
Species Identified: Javelina, Mule deer 
Current Threats/Barriers: Agriculture 

0 Alternative energy development potential (wind and solar) 
0 Calla1 
0 Invasive species 

Mining 
OHV activity 
Pipeline 

0 Powerline 
0 Railroad 
0 Residential developnieiit (low density) 
0 Roads: LJS60. high traffic gravel road 
High and low density residential and commercial development 
planned in future 

Future Threats/Opportunities: 

Notes:  
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L5. Tonto Forest West of Superior through Gonzales Pass 
Species Identified: 

Curren t  Threats/Barriers:  Agriculture 

Bighorn sheep, Desert Tortoise, Hedgehog cactus, Javelina, Mule 
deer, White-tailed deer 

0 Mining 
OHV activity 

0 Railroad (north of LJS 60) 

Residential development (low density) 
* Roads (US 60) 
High density residential development planned in  future, Expansion 
of US 60 
North-south big game nioveiiient corridor 

Future  Threa ts /Oppor tuni t ies :  

Notes:  

Species Identified: Desert tortoise 
Curren t  Threats /Barr iers :  Mining 

0 OHV activity 
Powerline 
Roads (Hwy 79) 

None identified at workshop Fu tu re  Threa ts /Oppor tuni t ies :  
Notes:  

L7. Canyon Passes between Superior and Globe 
Species Identified: 
Current  Threats/Barriers:  Mining 

Fu tu re  Threa ts /Oppor tuni t ies :  
Notes: 

None identified a t  workshop 

0 Roads (Hwy 60) 
None identified at workshop 
Major north/south movement corridor, especially along canyon 
passes 

L8. El Capitan - Aravaipa Canyon 
Species Identified: Bighorn sheep 
Curren t  Threats /Barr iers :  0 Mining 

OHV activity 
0 Power lines 
Road proposed (1-10 bypass), potential Sunzia powerline route 
Bighorn sheeD movement north /south 

Future  Threa ts /Oppor tuni t ies :  
Notes:  

L9. Galiuro Mountains - Tortilla Mountains 
Species Identified: Coati, White-tailed deer 
Current Threats/Barriers:  Agriculture 

Fu tu re  Threa ts /Oppor tuni t ies :  
Notes:  

0 Roads (Hwy 77) 
Potential Sunzia p o w e r h e  route 
East-west niovenient through San Pedro corridor along Aravaipa 
Canyon - Putnani - Camp Grant Wash 
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L10. Galiuro Mountains - Santa Catalina Mountains 
Species Identified: 

Current Threats/Barriers: Mining 

Bighorn sheep, Black bear, Bobcat, Desert tortoise, Javelina, 
Mountain lion, Mule deer, White-tailed deer 

OHVactivity 
Powerline Residential developiiient (High and low density) 
Roads (Hwy 77, annexation of land along Hwy 77, high traffic 

Future low and high density residential developments 
General east/west moreiiieiit of large mammals aiid desert tortoise 

gravel road) 
Future Threats/Opportunities: 
Notes: 

L11. Black Mountain - Santa Catalina Mountains 
Species Identified: 
Current ThreatsjBarriers: 

Mountain lion, Mule deer 
Residential developnient (High density) 
Roads (Hwy 77, high traffic gravel road) 

Future Threats/Opportunities: None identified 
Notes: 

L12. Santa Catalina Mountains - Tortolita Mountains (north) 
Species Identified: 
Current Threats/Barriers: 
Future Threats/Opportunities: None identified 
Notes: 

Mountain lion, Mule deer 
Roads (Hwy 7 ,  Huy 79) 

Large manimal iiioveiiieiit through Falcon Valley 

L13. Durham Hil ls  - Black Mountains 
Species Identified: 
Current Threats/Barriers: Agriculture 

Gila monster, Mountain lion, Mule deer 

Invasive species 
Mining 
OHV activity 
Pipeline 
Powerline 
Residential developmelit (high and low density) 
Roads (SR 79) 

None identified at workshop 
Mountain lion teleiiietry movement and habitat 

Future Threats/Opportunities: 
Notes: 

L14. Tortolita Mountains - Suizo Mountains - Durham Hills 
Species Identified: 

Current Threats/Barriers: OHV activity 

Cactus ferruginous pygmy owl, Desert tortoise, Mountain Lion. Mule 
deer 

Power line 
Residential developmelit (low density) 
Roads 

High density residential development planned 
Mountain lion and cactus ferruginous pygmy owl teleiiietry 
iiioveiiieiit data 

Future Threats/Opportunities: 
Notes: 
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L15. Tortolita Mountains - Tortilla Mountains 
Species Identified: Cactus ferruginous pygmy owl, other avian species 
Current Threats/Barriers: 

Future Threats/Opportunities: 
Notes:  

Agriculture 
Mining 
Railroad 
Residential development (high density) 
Roads (Hwy 79) 

None identified 
Potential migratory route for cactus ferruginous pygmy owl and 
other species, primarily along elevation corridor or 2,400 feet and 
2.800 feet with meso-veeetation 

L16. Black Mountain - Picacho Mountains 
Species Identified: 

Current Threats/Barriers: Invasive species 

Bobcat, Cactus ferruginous pygmy owl, Coyote, Deer, Desert 
tortoise, Fox, Javelina, Mountain lion, Mule deer 

Landfill 
Recreation 
Residential development (low density) 
Roads (SR 79) 

High and low density residential developnients planned 
Mountain lion and large mammal movements 

Future Threats/Opportunities: 
Notes: 

L17. Tortolita Mountains - Picacho Peak 
Species Identified: 
Current Threats/Barriers: Recreational activity 

Future Threats/Opportunities: 
Notes: 

Desert tortoise, Mountain lion 

Roads (High traffic gravel road, paved road) 
Residential development (low and high density) planned 

L18/L19. Picacho Peak - Silver Bell Mountains - Sawtooth Mountains 
Species Identified: Bighorn sheep, California leaf-nosed bat, Cave myotis, Desert 

Current Threats/Barriers: 

Future Threats/Opportunities: 
Notes: 

tortoise 
Agriculture 
Mining 
OHV activity 
Residential developnient (low density) 
Roads (high traffic gravel road) 

High density residential development planned 
Bat movement and roosting habitats; Continues through L19 which 
was also identified at Pima Countv ~ ~ o r l < s h o u  (Pima Lio) 

L20. Ironwood National Monument - Vekol Mountains 
Species Identified: Bats 
Current Threats/Barriers: 
Future Threats/Opportunities: 
Notes:  

None identified at workshop 
Potential high and low residential development planned 
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PINAL COUNTY RIPARIAN MOVEMENT AREAS: R1-R16 
(WILDLIFE MOVEMENT THROUGH RIPARIAN HABITAT) 

Current Threats/Barriers: 

R1. Gila River 
Species Identified: Beaver. Bighorn sheep, Bobcat, Bwrowing owl. Coyote- Gray fox, 

Javelina, Migratory birds. Mississippi kite, Mule deer, Muskrat, Osprey. 
Raccoon, Skunk. Southwest Willow Flycatcher, Various amphibians, 
Various reptiles. Various small mammals, Waterfowl, Yellow-billed 
cuckoo, Yium clapper rail 

Agriculture 
0 Canals 

OHV acti\-ity 
Urbanization 

Increased OHV activity, Proposed roads (Hwy 303, Hwy 801.1-io 
Bypass, etc.) 
Continuation of as Maricopa County Report Linkage number 68, 
species and threats listed here were identified in the Maricopa 
County report and at the Pinal County Stakeholder Workshop; 
Cultural resource areas with proposed expansion of Casa G r a d e  
National Ruins 

Future Threats/Opportunities: 

Notes: 

R2. Wee kes Wash 
Species Identified: Coyote. Mule deer 
Current Threats/Barriers: Residential development 

Roads (Hwy 88) 
Future Threats/Opportunities: High density residential development planned 
Notes: Superstition Mountains to Goldfield Mountains 

R3. Queen Creek - Gila River Indian Community 
Species Identified: 
Current Threats/Barriers: Agriculture 

Coyote. Hawk, Javelina, Mule deer 

Canal (CAP, Eastern canal) 
Railroad (Union Pacific) 
Recreation (golf courses) 
Roads (HIT 60,I-io) 
Sand and gravel operations 
Urbanization 

Expansion of existing roadways and future freeways planned 
Queen Creek from dam to Gila River Iiidian Comniunities; includes 
Queen Creek tributaries; Same as Maricopa County Report Linkage 
iiuiiiber 24: Species and threats listed here were identified in the 
Maricopa County report 

Future Threats/Opportunities: 
Notes: 
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R4. Gila River - San Pedro River 
Species Identified: 
Current Threats/Barriers: 0 Agriculture 

Various aquatic species. Various avian species. Various riparian species 

Mining 
0 OHV activity 
0 Railroad 
0 Residential (low and high density) 
0 Roads (Hwy 177. various high traffic gravel roads) 

Connects to Pinia County Linkage Report k 9  
Future Threats/Opportunities: Proposed Sunzia powerline 
Notes: 

R5. Greene Wash and Reservoir 
Species Identified: 
Current Threats/Barriers: 0 Agriculture 

None identified at workshop 

0 Illegal trafficking 
0 OHVactivity 
0 Residential development 
None identified at workshop 
Tribal lands: Critical water  sup&^ 

Future Threats/Opportunities: 
Notes: 

R6. Gila River to Lake St. Claire 
Species Identified: Coyote, Mountain lion 
Current Threats/Barriers: 0 Agriculture 

0 Illegal trafficking 
0 OHV activity 
0 Railroad (Union Pacific) 
0 Roads (Maricopa-Casa Crande Hwy 238 with high traffic) 
Increase in OHV activity; Nunierous high density residential 
developments planned 

Future Threats/Opportunities: 

Notes: Tribal lands 

R7. Vekol Wash 
Species Identified: Arizona mud turtle, Badger, Bighorn sheep, Bobcat, Casque-headed toad, 

Couch’s spadefoot toad. Desert iglam, Deseit kangaroo rat. Desert 
tortoise. Gray fox, Great Plains Narrow-mouthed toad. Great Plains toad. 
Sonoran desert toad. Javelina. Kit fox, Mountain lion, Mule deer, Red- 
spotted toad. Sidewinder. Shovel-nosed snake, Sonoran green toad, 
Variow s m l l  lnalutllals 

0 Residential development (low and high density) 
0 Roads (1-8, Huy 303, 1-10. Hwy 238. Rainbow Valley Road) 
Proposed Sonoran Valley Parkway 
Same as Maricopa County Report Linkage number 70. species and 
threats listed here were identified in the Maricopa County report 

Current Threats/Barriers: 0 Illegal trafficking 

Future Threats/Opportunities: 
Notes: 
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( DETAILED/MODELED WILDLIFE LINKAGE DESIGNS) 

M L l .  Gila Bend -Sonoran Desert National Monument - Sierra Estrella Mountains (Beier et al. 
2008) 

See Missing Linkage report at http:/ /corridordpsipii.orQ/dI!'liilkaees/'reportsjGilaBeIidMtns-SolloraIiDeseltNM- 
SierraEstrella LinkageDesipn.pdf for coinplete list of iiiodeled species, current and future threats and barriers, arid 
additional recoiiiIiielidatiolis on providing connectivity behveen these wildlalid blocks. Note that this linkage design 
\vas iiiodified after the publication of the report to avoid private lalid after careful evaluation of values on different 
linkage alternatives. 

ML2. Ironwood - Picacho Mountains (Beier et ai. 2006a) 

See Missing Linkage report at httu:/ /corridordesioii.ore/dl~linkagesixeuorts/Iro~irz~ood~Picacl~o Linkao,eDesign.pdf for 
coiiiplete list of iiiodeled species. current and future threats and barriers, and additional recoiiiiiietidatioiis on 
pro\iding connectivity between these wildland blocks. 

ML3. Coyote - Ironwood - Tucson Mountains (AGFD 2012b) 

See Detailed Linkage report at 
l i t t ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ . a z g f d . e o ~ / ~ ~  c / d o c u n i e n t s / C o o f  for coiiiplete list of 
modeled species, current and future threats and barriers, and additional recoinmendations on providing connectivity 0 behveeii these riiouiitaiii ranges. 

ML4. Tucson - Tortolita - Santa Catalina Mountains (Beier et ai. 2006b) 

See Missing Linkage report at http:i/corridordesigii.ore/dl/linkapesireuol-ts/Tucson-Tortolita~ 
SaiitaCataliiia LinkageDesim.pdf for coiiiplete list of modeled species, current and future threats and barriers, and 
addi tioiial recommendations 011 providing connectivity behveen these wildland blocks. 

ML5. Santa Catalina/Rincons - Galiuros Mountains (AGFD 2012c) 

See Detailed Linkage report at 
littu://~?r72-.az~fd.eDV jw c/docuiiie~its/SantaCatalinaRi~ico~iGaliuro LinkaeeDesign Iowes.pdf for coiiiplete list of 
iiiodeled species. current and future threats and barriers, and additional recornmelidations on providing connectivity 
behveen these mountain ranges. 
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Arizona Wildlife Linkages Assessment Report, Arizona Department of Transportation 0 Website: 

http://www.azdot.gov/business/environmental-planning/programs/wildlife-linka~es 
(Accessed on 10/14/15) 

From the webpage 

“Biologists, engineers, planners and land managers from nine public agencies have worked 
together since 2004 to identify large blocks of protected habitat, the potential wildlife movement 
corridors through and between them, the factors that could possibly disrupt these linkage zones 
and opportunities for conservation. 

Recognizing that habitat connectivity is a landscape issue involving multiple land jurisdictions, 
this workgroup has engaged in unprecedented cooperation and facilitated discussions and 
partnerships to help ensure a unified approach to wildlife linkage conservation and management. 

This reinforces the commitment to and efficiency of wildlife connectivity measures undertaken 
by all stakeholders, using research and adaptive management in ongoing evaluations of those 
measures. 

The assessment document (below) and map are the initial efforts to identify potential linkage 
zones that are important to Arizona’s wildlife and natural ecosystems. This is only the first step 
in a continuing process of defining critical habitat connectivity areas. 

This nonbinding document and map serve as an informational resource to planners and 
engineers, providing suggestions for the incorporation of these linkage zones into their 
management planning to address wildlife connectivity at an early stage of the process. If 
considerations for wildlife connectivity can be integrated into regional planning and projects 
early in the process, the linkage areas (or some portion of them) have the potential to be 
maintained or conserved during this time of growth and development.” 

Arizona’s Wildlife Linkages Assessment Document 

Due to the large file size of this study, it is divided up into the separate Adobe PDF segment. 
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Arizona Wildlife Linkages Assessment (15435 KB) 

Section 1 Introduction (970 KB) 

Section I1 Arizona Wildlife Linkages Workgroup (223 KB) 

Section I11 Arizona Missing Linkages Workshop (14086 KB) 

Section IV Arizona Wildlife Linkages Mapping (103 KB) 0 
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Section V Arizona Wildlife Linkages Prioritization (923 KB) 

Section VI Arizonas Wildlife Linkages (200975 KB) 
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Figure 6 1 Arizona Wildlife Linkapes (10162 KB) 

Figure 6 2 Arizona Wildlife Linkages Across Habitat Blocks (9819 KB) 

Fipure 6 3 Arizona Fracture Zones (9499 KB) 

Figure 6 4 Arizona Biotic Communities (10879 KB) 

Figure 6 5 Landownership (11387 KB) 

Figure 6 6 Tribal Nations (10814 KB) 

Figure 6 7 USDA Forest Service (10851 KB) 

Figure 6 8 Department of Defense (10756 KB) 

Figure 6 9 Arizona Highway System with County Boundaries (10720 KB) 

Figure 6 10 ADOT Engineering Districts (10582 KB) 

Figure 6 11 ADOT Maintenance Districts (10947 KB) 

Figure 6 12 ADOT Natural Resources Management Group (10363 KB) 

Figure 6 13 Arizona Game and Fish Department (10651 KB) 

Figure 6 14 Bureau of Land Management Districts (10518 KB) 

Figure 6 15 Bureau of Land Management Field Offices (10514 KB) 

Figure 6 16 Congressional Districts, 10690 KB 

Fipure 6 17 Council of Governments, 10632 KB 

Figure 6 18 Federal Highway Administration Engineering Districts, 10472 
KB 

Figure 6 19 Legislative Districts, 10670 KB 
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Section VI1 Potential Linkage Zones (9367 KB) 

Section VI11 Riparian Habitat Linkape Zones (81776 KB) 

o Fipure 8 2 Riparian Habitat Linkage Zones (11310 KB) 
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Figure 8 3 Perennial Waters (12027 KB) 

Figure 8 6 Surface Water Basins (10823 KB) 

Figure 8 7 Unique Waters (9898 KB) 

Figure 8 8 Wild and Scenic Rivers (10760 KB) 
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SECTION 1 AWLA Introduction Page 1 of the PDF Excerpt 

The mod slgnmcant h m b  to Anzotu's Wlrfe pqwlamns are 
habnat altwabon. fraemerrta~on, m d  bss Some uf the leading 
cases of these threats are development. trvKportatm corrdors 
and Iana c o n u e m .  Worldwide. 85% of endangered speaes are 
impmkd by hahat hJgmentatmn iShaffw et al 2030) 

On a focal I&, remnant populatms of pronghorn at-ttelope. btghun 
Jeep,  dewRrt b3C101s.e. badger, md other spectes will k last f 
hahat frJgmentatm amtrnues mcheckea As connectwty 
between key hawat &men% n bst. isdabon depnves speues of 
thw mily. seasonal and Ifetme neea Loss of connectwity 
depnws anmals of resarces prewnts m e  animals from finding 
mates, reduces gene h. pfeuents a i d  from recdonlrng -5 

where earPJbons hawe omrrred. and uhmabely prevents animals 
fmn cantnbubg to ecosystem f v r m n s  such a pdmtm. seed 
dlsperul, control of prey n u m b .  and resistam to nvawe 
w i e s  Mantammg bmdwrse and ecosystem Fumtmns requw5 
habitat carnemrty {CERI MQ t 1 

As a lea- *eat to habhail wnneehuity. t r a n s m o n  c-u-m~rs 
cut thrw$t mny large tracts of wild& habm. destmyng and 
frjgnenbng their nbegty Upgding the state's rural htghwrays to 
wpport r+ grrmth and increased trrRc creaws new ~Mknges 
As hrda re  w s  are e- bo hr-lane d n r d  hghurays. 
heavity used wild& corr*10(5 are further fraementw ana highways 
kcom a serious impediment to wildlfe mavement In some m s .  
WJdtfe alter ther betmior to we whrerts ana bridge uraerpassss io 
reach prkm of their habnats Fer tha s-es that cwer wnaller 
home ranges, dudmg reptiles. -5 to prevoudy utillzpo habltat 
n destroyed or cut off n perpmtty These comdm can bewme 
e w r  impassaw to wildlrfe. OT pasuble only d seat ITA to the 
mding pubErc and the Mrfe cmssing h e  highway 

Anmna's expand* hwnan popubaan reqwe5 land and 
irdnstrumre Sprawl conylmes substand m n t s  ai acreage 
leading to furtkr ftagnwhtm ana alirnnabon of hdbltat R a x t s  
can provlde access to pewously undsturbed aeas d i n g  these 
regions more VulnedAe to mmercld ma resent& deuelopment 
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(Censkan 2#2) Likewse ,  urhm erpammn demands tfie ~nuliary. 
structures of bansmaurn lines. mads. canals and reseruwri Along 
the intematmal bcrber. security measures addltmal byners 
Off m u  vehicle bwel  and Uw CreJtlon of wildcat mads also impad 

It R beaning increaslngty obvmus that manmade barn- such as 
htghways and urban development are causing hvge d o g i d  
pmblw mth their concomjtanl costs Increased pdhbon from 
roadsdes into watersheds 15 an indireet result of prdqderating 
roadways The intmducban ~ r d  spread of mn-natve and invaswe 
specres 6 another assocmbed concern Disb~rbmce ana nose 
reiatea to by rb  rndudng hghways. border sewr-4~ and 
urban- cauw some species to abandon area And. of (XXIM. 

there t5 the direct rmrtalrly of wildirfe on roxlways. the sze of whch 
rg unknown in Jggregate. but &mated to b~ in the b r l l i o ~  of 
venebrates annually Wildllfevehde oollislom we 3 swcm human 
safety concern Natmally. d is rstimtea that owr 200 human 
fataiitps and nearly 30,000 qunes acmr annudty fra these 
amdents wrth more than one billton dotiass in r e t a d  pmpwty 
~amJseweyw=) 
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Enlargement Unique Waters outlined in red (ADEQs Outstandingi Waters of Arizona) 



As Southern California Edison builds infrastructure to bring wind power 
to population centers, it is fulfilling environmental requirements that 

* 

may be a glimpse of things to come. 



The Bigpicture 
0 The TRTP’s upgrades and additions to the transmission - 

and substation infrastructure are divided into 11 segments. 
Segments 1 to 3 were substantially complete in December 
2009. Segments 4 through 11 started construction in 
February 2010 with an in-service date in winter 2015. 

Segments 7 -3 I 

73 miles of 500-kV transmission line 
10 miles of 220-kV line (construction pending) 
Modifications to three substations 
Two new substations * 

Segments 4.- 1 1 
4 miles of two new single-circuit 220-kV lines 
15.6 miles of new single-circuit 500‘kV line initially 
energized at 220-kV 
Replacement of 1 16.8.milks of 220-kV line with line 
built to 500-kV standards I 

One new 500/220-kV substation * 
Upgrades of five substations to accommodate new 
transmission line construction 
16.8 miles.of new 500-kV transmission line 
Installation of telecommunications infrastructure 

4 

Southern California Edison (SCE) is one of the utilities that 

leads the pack toward meeting state mandates for renewable 

sources of power, having put contracts in place for more 

than 20 percent of delivered power to come from renewable 

sources. A big part of SCE’s effort is the Tehachapi Renewable 

Transmission Project (TRTP), which will deliver wind power 

to customers in Southern California. 

The Tehachapi Wind Resource Area is in Kern County, north 

of Los Angeles. The route from the wind farm area to the 

electrical grid traverses a range of land uses from urban 

residential to rural farmland. The terrain varies from flat, 

high desert to rugged mountains. Much of the construction 

for the TRTP takes place in remote, inaccessible locations. 

Critical segments cross the Angeles National Forest. 

To construct a 500-kV transmission line in California and 

across land managed by the U.S. Forest Service, SCE and its 

owner’s agent, Burns & McDonnell, faced a level of scrutiny 

not experienced when most existing lines were constructed 

20 or more years ago. The environmental measures required 

to permit and begin construction on the line may be a 

harbinger of things the electrical transmission industry 

must be prepared to manage as upgrades to the grid are 

made across the country in the coming decades. 

Functionality and Aesthetics 
“The three initial segments of the TRTP required an 

unconventional approach to overhead transmission line 

design,” says Jason Weller, Burns & McDonnell engineering 

lead for TRTP segments 1-3. “The project is a true 

representation of the design principle ‘form follows function:” 

9. ‘.* I 

a 

The design had to account for many environmental 

factors specific to the region and required by the 

California Public Utilities Commission (CPUC). Additionally, 

the varying terrain and weather zones presented numerous 

design challenges. 

Burns& McDonnell 



The engineer-procure-construct 

(EPC) copractor, PA8 Electrical 

Contract& Inc., partnered with 

Dashiell Corp. as the design 

engineer; both companies are 

owned by Quanta Services Inc. 

This partnership allowed the 

construction contractor and 

design engineer to incorporate 

the con‘s,truction methodologies 

for varibus project areas into , 

the design. As the owner’s agent, 

Burns &‘?4cDonnell provided 

engineering design reviews, 

field engineering, construction 

management, quality 

assurancelcontrol, 

project scheduling, document 

control and environmental 

monitoking services. 

*. 

i 

“One cliNlenge in Segment 1 was 

accommodating construction 

along adproximately 14 miles of 

mountainous terrain through the 

Angeles National Forest,” Weller 

says. %&cessible sites and * 

restrictions on work within the , 

forest boundaries meant that foundation 

Additionally, subsurface 

investigation reports guided the 

selection of tower sites, reducing 

potential slope instability amid 

rugged terrain and potential 

landslide zones. 

A visual specialist from the CPUC 

analyzed the project to determine 

what structure types, colors and 

finishes would be required to 

minimize the visual impacts in 

all project areas. Lattice steel 

towers were the primary choice 

for segments 1 and 2. Three colors 

were used. In Segment 2, for 

example, the new line parallels an 

existing lattice steel structure line, 

so the selected design and color 

reduces visual complexity. 

Tower aesthetics also factored into 

the selected design for Segment 3B, 

‘which traverses several of the wind 

farms producing the power to be 

transmitted by the TRTP. 

The CPUC visual specialist 

requested a modified tubular steel 

pole design that mimics the form of a modern wind turbine 

instalkatSon &d lattice tower erection was 

largely completed using helicopters.” 

mounted on a monopole. This Y-shaped configuration, 

developed by Thomas & Betts Inc., meets both aesthetic 

and loading requirements. This segment is also likely to 

experience the greatest wind and ice loading in the Tehachapi 

Mountain area, so structural integrity was critical. 

Dashiell worked with PAR to develop tower splice designs 

that accdunted for hdicopter load carrying capacities. 
* .  . .  

challenge in Segment I was accommodating construction 
g approximately 14 miles of mountainous terrain through 

- the Angeles National Forest.” 
1 

- -& McDonnell “ 11 u’i) 
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Outside Factors 
“Despite SoutherdCalifornia’s reputation as a weather 

paradise, climatic conditions varx through the diverse 

geographical areasand dramatic elevation changes from one 

end of the project to the other,” Weller says. “An intensive 

meteorological study, ordered by SCE, assisted in designing to 

ensure future reliadility: 
? 

Data from weathcr stations in the project area was 

summarized, including wind speeds and icing conditions. 

In addition to SCE and General Order 95 loading conditions, 

15 separate loading zones wereaidentified, each factoring 

in wind, ice and’wind on ice design loads. In spans where 

loading zones changed, the more conservative loading 

scenario was incorporated into the design. 

The TRTP crosses numerous extra-high-voltage transmission 

lines owned and operated by SCE as well as other utilities. 

Reliability is critical through those corridors. One critical 

crossing in Segment 1, known as Haskell Canyon, was a 

2,632-foot span crossing a 1,000-kV DC line, four 230-kV lines 

and two 115-kVlines. Segment 2 had eight 220-kV crossings 

over SCE-owned lines, four 220-kV crossings over the FPL 

Energy-operated Sagebrush line, and two 500-kV crossings. 

Segment 3A crossed 11 220-kVlines and one 1,000-kV DC line. 

A Final Challenge 
Subconductor oscillation became an issue during TRTP 

construction. The phenomenon occurred during periods of 

moderate to strong steady winds perpendicular to the line. 

The wake from one subconductor induced vertical motion 

in the other subconductor of the same phase bundle, which 

TI Burns & McDonnell 
4 -  



? Approval to build within tl 
v 

I . was nearly two 

caused uncontrolled oscillation of the bundle with peak 

amplitudes as high as six feet. This is most common in 

smooth areas, unobstructed by trees and other obstacles, 

but in this instance it also occurred in mountainous terrain. 

Segment 2, although not smooth throughout the alignment, 

experienced conductor oscillation shortly after installation. 
i 

A quick design solution prevented potential significant wear 

9r fatigue damage to conductors, spacers, dampers and 

support hardware. Design engineers stepped subconductors 

of the horizontal bundle approximately 6 inches. This 

horizontal bundle design modification mitigated 

the oscillation. Segment 3A, which crosses mostly 

flat terrain, was stepped over the entire length of the 

alignment as a proactive measure. 
. .  

I .  

Starting Out 

Once permitting was 'complete but before construction 

could begin, detailecfmitigation, monitoring and 

.compliance plans were required. The necessary level 

of planning required to receive approval to begin 

construction took nearly nine months for the portion 

u & M c D o n n e l l  

i e  Angeles National Forest 
years in coming. 

Plant Species 
As is the case in much of California, the Angeles National 

Forest is home to many sensitive plant species. Construction 

monitors worked to avoid disturbing a species of mariposa 

lily found in the forest. If the plant was found in the 

construction zone, it was avoided or transplanted to a 

safe area. 

Construction crews also prevented the migration of 

weed species onto forest property via vehicles or supplies. 

All vehicles and equipment were washed and free of seeds 

of Segment 1 that was outside the Angeles National 

Forest. Approval to build within the forest was nearly 

two years in coming: 

The mitigation, monitoring and compliance plans 

demonstrated how the'construction teams would 

manage all aspects of the project, including complying 

with all CDUC regul&ions and U.S. Forest Service 

requirements. Factors considered included sensitive 

plant species, the protected California condor and 

migratory bird species. 



and plant materials before being moved into the forest, and 

temporary soil stotkpiles were weeded before transport to 

construction sites. 

Protecting the Condor 
“The California condor is a state and federally listed 

endangered speciEs with habitat in the project area. The 

condors are curious creatures, attracted to colorful bits of 

plastic and wire or shiny bolts and nuts, known as microtrash 

on job sites,” says Chad Richardson, Burns & McDonnell 

environmental monitor lead for the TRTP Segments 1-3. 

“When the birds swallow these things, it can interfere with 

their digestive systgm or they take the material back to chicks 

in the nest, where the chicks can ingest them. In either case, 

a death is likely.” 

Microtrash patrols were institutedin tower assembly yards 

and towefsites t6 remove all materials that fell to the ground 

during tower assembly or constkction. To further protect 

the condor in selected canyon crossings, the project team 

installed swan flight diverters on static wires to make them 

more visible, helpipg avoid mid-air collisions with the wire. 

i 

. 
, -& McDonnell 

I 

4 *‘  

Migratory Birds 
Nearly all bird species in the U.S. are protected by one or 

more federal or state laws, especially the federal Migratory 

Bird Treaty Act, which prevents the capture or harm of most 

species. Active nests, defined as a nest with eggs or young in 

the nest, are included in the scope of the law. 

“During nesting season, generally mid-February through 

mid-August, nests are often found on partially erected towers, 

near tower sites or wire-pulling locations, or on construction 

equipment: Richardson says. ‘‘An active nest has the potential 

to shut down work at a tower site or could cause cranes or 

wire-pulling equipment to be unusable until the young 

birds fledge.” 

For the TRTP, nest surveys performed using both ground 

and helicopter methods in advance of construction helped 

identify and deal with nesting birds in the project area. 

Construction was delayed at times during the nesting 

season. To mitigate these concerns, site monitors surveyed 

sites for several days before crews were scheduled to move 

in, relocating nests that were not yet active. In other cases, 

construction was halted for weeks until access and work on 

the sites were cleared with the appropriate agencies. 

Making It Happen 
For the 87 miles of TRTP segments 1-3, as many as 15 to 20 , 

biological or environmental monitors were active at one 

time, conducting clearance surveys before crews could 

move onto a site, monitoring nests and spot-checking crews. 

“The condors are curious 
creatures, attracted to 

colorful bits of plastic and 
wire or shiny bolts and nuts, 

known as microtrash on 
job sites.” 



“The cdnstanl , changing environment was challenging, 

but no shutdowns were required for environmental non- 

compliance, other than self-imposed measures to ensure 

the project stayed in compliance with all regulations: 

Richardson says. “Close coordination with a single point of 

contact for the U.S. Forest Service allowed efficient resolution 

of environmental and construction issues on the Angeles 

National Forest.” 

During construction, the Forest Service determined daily 

whether work could proceed the following day and what 

type of work was allowed. This Project Activity Level 

primarily served to minimize the potential for fires, but 

it did make construction planning a challenge. 

To maximize the construction teams ability to manage the 

entire TRTP effort, enterprise construction management 

software - Primavera’s P6 and Contract Management suite 

- were selected for the project. The Burns & McDonnell 

OneTouchPM geospatial project dashboard was 

implemented to enhance that tool set. 

“Biological observations, including the potential presence 

of active nests and protected plant species, are tracked 

in OneTouchPM. Biological monitors collect coordinate 

locations for observations using a handheld global 

positioning system (GPS) device,” says Dave Smith, 

Burns & McDonnell information management director for 

the TRTP segments 1-3. T h e  data is aggregated, reviewed 

and delivered to a Burns & McDonnell analyst, who makes 

the data available on maps and by OneTouchPM”.” 

The Safety Factor 
Building transmission lines through rough terrain like the 

Angeles National Forest requires unconventional methods. 

Many tower sites within the forest were remote. Construction 

of the initial segments had to be done either without 

building access roads or the roads had to be removed upon 

.How It Works: OneTouchPM@ 

- Burns & McDonnell 

Device carried by construction worker receives 
a signal from the global positioning system (GPS) 
satellites to determine its location. 

The device relays its serial number and the 
position coordinates to a commercial satellite. 

The commercial satellite sends information to a 
data processing center, which delivers the information 
to Burns & McDonnell by email or file transfer protocol. 

Burns & McDonnell translates the information into 
Google Earth symbols that are tracked by OneTouchPM” 

For more information on OneTouchPMa 
visit www. burnsmcd.com/onetouchpm 

- -  
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a 
“The OneTouctiPM” tool was customized to integrate 

satellite tracking of crew members.” 

completion of construction. ‘Ihat made helicopters the 

primary mode for bringing equipment, crews and materials 

to each job site. 

Construction safety plans must factor in the rapidly changing 

weather and wind in the region. Crews able to get on-site for 

the day have no guarantee of being able to get back out. Sites 

have all necessary provisions for overnight stays, including 

food, equipment and first aid kits. Crews receive survival 

training to prepare‘ for the thretrt of sudde? weather changes 

or forest fires in the area. All personnel had to be capable of 

recognizing and responding to the presence of varied wildlife, 

including mountah lions and rattlesnakes. 

, a  

All crews were prepared to handle weather issues from snow 

and fog to high winds and dust. High winds, in particular, 

made it impossible at times for helicopters to construct tall 

towers and string conductor. It was also difficult to retrieve 

crews. Crews on yveral occasions had to hike out of the a 
forest because helicopters we& grounded by high winds. 

“The OneTouchPM” tool was customized to integrate satellite 

tracking of crew members,” Smith says. “Each crew member 

Don Johnson is i 

-& McDonnell 

is outfitted with a satellite transmitter, similar to what hikers 

use. OneTouchPM” interfaces with Google Earth Enterprise 

software to enable live tracking of each person’s location.” 

Moving Forward 

Before beginning construction on segments 4-1 1, SCE 

evaluated the methods and programs that enabled segments 

1-3 to remain in compliance with all regulations. 

In meeting California’s goals for renewable power, SCE is 

breaking new ground to comply with environmental controls 

that are unprecedented in the industry. As the electrical 

transmission industry nationwide moves to upgrade an aging 

infrastructure and accommodate wind, solar, biomass and 

other renewable sources, utilities and their partners are likely 

to see a similar regulatory environment. 

Development of programs and procedures to manage the 

complex planning and execution of these projects will be 

the challenge of all. 



Foundation Design Minimizes 
Environ'mental Impact 

t 

For cpnstruction within the Angeles National 
Forest, the U.S. Forest Service requires minimal 
disturbance of the land. An unconventional 
design and construction solution helped SCE 
gain approval from the U.S. Forest Service. 

Micropilq foundations, a high-capacity version of solutions 

sometimes known as pin piles or mini piles because of their 

small diameter, also provided cost and schedule advantages 

over other designs because of restrictions imposed by 

working within the fore'st. 

.* 

Design Selection 

The initial design for the TRTP included a typical drill shaft 

foundation, which would require miles of access roads for 

drilling and construction equipment. Within the forest, 

access roads were not approved. Hand-digging would be a 

high-cost, inefficient method for the shafts, which would 

range from 42 to 72 inches in diameter and 15 to 30 feet in 

depth. Hand-dug excavations create worker safety hazards 

that are difficult to mitigate in the eyes of contractors and 

the Occupational Safety and Health Administration. 

Explosives were not an option because of fire risk and 

environmental disturbance. 

- .  . 



Several L-ernatives, inc.Jding 

prestressed or post-tensioned rock 

anchors and micropile foundations, 

were considered. Rock anchor 

foundations, which use anchors 

to resist uplift and utilize bearing 

between concrete cap and rock to resist 

foundation rotation, compression, and 

shear loads, were deemed impractical 

because of the highly variable near- 

surface rock andsoil conditions. 

Micropile foundations were proposed 

by the general contractor, PAR Electrical 

Contractors, as th'e preferred foundation 

alternative. Foundations were designed 

by Crux Subsurfad and its 

subconsultant and reviewed and 

approved by Burns & McDonnell and 

, 

SCE. The foundation system was constructed 

by Crux and PAR. 

Micropiles combine the uplift resistance consistent with a 

rock anchor foundation and the compression and lateral 

bending resistance of a drill shaft foundation. Because 

micropiles typically range from 4 to 12 inches in diameter, 

lightweight drill rigs can be configured to'install the small, 

high-capacity deep foundation members that can be 

transported by helicopter and assembled at each site. 

Beyond environmental advantages realized,by the elimination 

of road building the lightweight materials and construction 

equipment creak benefits including a significant reduction 

in spoils, eliminhion of fluids commonly used in drilled shaft 

construction, reduced emissions compared to conventional 

equipment, and a smaller foundation footprint. These 

combine for an overall reduced impact on the environment, 

which contributed to the approval of the Forest Service. 

On the TRTP, micropile diameters range from 5.5 inches to 

8.625 inches at depths between 25 and 51 feet. Groups of 

three to 12 micropiles per tower leg are constructed, 

depending on the tower type and soil condition. 

A geotechnical report for the project served as a basis for 

identifymg soil type and condition. The Federal Highway 

Administration Micropile Design and Construction 

Guidelines Implementation Manual and the Post Tensioning 

Institute's Recommendations for Prestressed Rock and Soil 

Anchors were used for initial assumptions of soil strength. 

The micrbpile design was advantageous because it could be 
adapted to accommodate individual site conditions. 

- Burns & McDonnell . 
I .  
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Several sacrificial preproduction micropiles were tested to 

evaluate the ultimate grout-to-ground bond stress before 

construction began. A licensed geologist characterized the 

soil on-site for each tower footing during construction. 

The micropile design was advantageous because it could 

be adapted ta accommodate individual site conditions by 

varying /he pile length and/or adding additional piles to 

address &nomalies that were not identified in the more 

general geotechnical investigation. The 224 micropile 

foundations (four per tower) installed were grouped into 

three tower families. The number of piles and length of each 

upper cased section and lower bond section were installed 

to meet a minimum criteria for a variety of soil and rock 

conditions. After micropile installation, proof load tests 

were conducted at each tower site to confirm that piles met 

factored design loads. 

I 

. .  - 

Micropiles are inherently slender, flexible members. 

SCE required that the foundations meet stringent 

deflection criteria and have built-in safety factors to 

minimize stress buildup in the stub angle transferred up 

the tower leg and adjacent bracing member. Compliance 

with the desired deflection criteria was achieved by the 

arrangement of the piles within the group. 

Environmental factors such as wind, fog, and dry, hot weather 

that increased fire risk all had impacts on this helicopter- 

supported project. Scheduling of critical items such as 

placement of concrete and micropile grout, each within a 

specified time of batching, enhanced the need for project 

planning and execution. 

In the end, helicopter-supported micropile installations 

provided foundations that could meet strict design criteria, 

minimize ground disturbance and environmental impact, 

and provide scalability to adapt to varying ground conditions 

without downtime for further design or agency review. 

Technical Challenges 
Micropile foundations utilize the complex interaction of 

numerous components including rock or soil, steel micropile 

reinforcement and casing, cast-in-place concrete and steel 

lattice sthb angles. Comprehensive design of the entire 

foundation system is essential to ensure long-term 

tower performance. 

,. 

-& McDonnell 
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