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Abstract

Habitat characteristics are the specific suite of resources that a species needs to perform life

history functions and survive. These characteristics can vary broadly by species and can be

broken into structure and composiin components. Upland habitat components include

vegetation and soils composition and structuead repeatednonitoring efforts will allow Pima

[ 2dzyieé G2 RSGSOG0 OKFy3aAS Ay KFEOAGF G Ilisgeciésh G & |y
Conservation Placovers 44 species native to southeastern Arizona across a broad suite of
conservation lands. The species have vastly different life history strategies and specific habitat
NEIljdZANBYSy iaT GKSNBT2NBZ tAYl [/ 2dzy (yendaitord O2f 2 3
upland vegetation and soils composition and structurdaagie across all County conservation

lands todetect and quantifjflong-term trends in those habitat components for MSCP covered
speciesThrough a partnership with the National Park Senaad the Tucson Audubon Society

Pima County Ecologidsllonitoring Program staff havenplementeda protocol developed by

the NPS Sonoran Desert Inventory and Monitoring Network to monitor upland habitat over

time across County lands. This protocol dssasl) the spatial and temporal scope of Pima

| 2dzyieQa | LXFyYyRa xS3aSGlIGA2Yy YR {2Afa Y2y Al2N
potential sample frame anthonitoring plots locations, and 3)e data collection, analysis, and

longterm storage metiodology and location
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Background and Obijectives

Eachspecieshas habitat requirements, that when met, allow that species to not only survive
but thrive. Habitat characteristics are the specific suite of resources that a speciestoeeds
performlife history functionssuch as foraging, nesting, mating, and findingigef (Morrison et
al. 1998)Habitatrequirementsvaryby species, and habitat condition and quality can vary
broadly based on numerous factors, includiagd useandclimate. Thereforegchanges in
disturbance or climate regimes may subsequently alter taalsondition or quality.

Habitat characteristics can be broken into structure and composition components, which
togetherdetermine condition and qualityHabitat characteristics for upland terrestrial species
consist of vegetation and soils componeridse to different life history requirements, key
supporting habitat characteristics vary from species to speEi@sexamplea generalist
species maye able to utilize multipleregetatve communitiegegardless of composition, while
aspecialist species ay require a specific vegetative composition to perdfsgetation and

soils influence one anothemdmonitoring both is useful for determinin§and howchanges in
habitat characteristics are occurringor example, ltanges in soils composition or stture

may portend future changes to the overlying vegetative community.

t AYl /s8arfdn ®&ert Conservation Plan (Siefmed a biological goalf ensuring

cthe longterm survival of the full spectrum of plants and animals that are indigenous to Pima

County through maintaining or improving the ecosystem structures and functions necessary for

their survivalé  { dzo & Slj dzS y i M@tisSpeti&sEonse2veigniP&at)(®Sidentified a

suite of 44coveredspeciesashigh priorities for conservatiohn CA Yy I f f & BEcoliokKes / 2 dzy ( «
Monitoring Program (EMRyastasked with monitoringooth coveredspecies directlyvia

presence or abundance estimateand thecondition and status of their habitgvia repeated

monitoring of change to habitat structure and compositidm)plementing hismonitoringis
OKFfftSyaAay3a +a4G | tfFyRaolFILIS aortSz a GKS [/ 2dzy
250,0® acresand is spatially disparate and biologically divefis@address these challenges,

County staff wilsample a subset dhese lands utilizing a statistically robuspeated
monitoringapproachover the duration of the 3§ear MSCP to detect changes in habitat

composition and structure.

To this end, Pima Countyill leverag the Uplands Vegetation and Soils Monitoring @l
methodologydesigned and implemented by tiidational Park Servi€e@NPSBonoran and

Chihuahuan Desert Inventory and Monitoring (I&M) Netwdittabbard et al. 2012} his

protocol was designed for implementation on NPS units in the desert southiv@stver,

vegetation communities on these and Pima County conservation lands share many similar
characteristics. This protocol will allow Pima County staff to assess the condiaod changes

G2 KFEFOAGFG 3ASYSNI ffe | ONRwaton arkisSurthenaagetieQad o6 N |
County has partnered with NPS, as well as the Tucson Audubon Societyq TASEment this

protocol on County conservation landghis approach will allow the Countyleverage the

expertise and experience of some of teosho developed the protocol.


http://webcms.pima.gov/cms/One.aspx?portalId=169&pageId=52654
http://webcms.pima.gov/cms/one.aspx?portalId=169&pageId=52674
http://webcms.pima.gov/cms/One.aspx?portalId=169&pageId=52896
http://webcms.pima.gov/cms/One.aspx?portalId=169&pageId=52896

This protocolill be implementedn addition to other longerm vegetation and soils

monitoring efforts, including Ecological Site Inventory and Key Area monitoring efforts under
the Natural Resources, Parks and Recreatiowt wo RSLI NI YSy iQa wly3S al
program. Range program monitoring efforts are targeted at assessing range condition in the
context of administering the range management program, with the ability to draw inference at
the allotment or pasturescale Thisis in contrast to the NPS protocol which is used to track
longterm changes in habitat composition and structure over time, with the ability to draw
statistical inference across the entire suite of County conservation lands. INB&yprotocol
monumentsmonitoring plots and transects with the intention that theg directly repeatable
across repeated sampling occasions. Range monitoring efforts monument the general location
of transects; however, they are not intended to be directly repeatable acrosateg

occasions.

The objective of this protocods implemented by Pim&ountyis to define 1) the spatial and

temporal scopeot A Yl [/ 2dzy & Qa | LI | ynoditoringSeHofisj2)thé 2y | YR
process for generating potential sample frame andnonitoring plot locations, and 3)he

data collection, analysis, and lonterm storage methodology and locatian

Geographic and Temporal Scope

Theuplands vegetation and soisonitoring protocol covers the full suite of Pima County
conservation lands and spatie 308 S| NJ RdzNJ A2y 2F (GKS /2dzyieQa
permit, from 2016 to 2046.

tAYlF /2dzyieQa O2yaSNBIiA2y flyRa INB YIRS dzLJ
which the County holds a grazing lease) surrounding the City of T(fespme 1). These lands

are located across five major watersheds, which include the Altar/Brawley Wash, San Pedro

River, Cienega Creek, and upper and lower Santa Cruz River, and range in elevation from 425 to
1870 meters (1400 to 6130det). These conseation properties range in size from 0.1 to

16,500 hectares (0.25 to 41,000 agrdsough only properties A0.5 hectares100 acr¢ were

included within the monitoring plot sampling framiedividualpropertiescan vary in elevation

by as much as 750eters (2460 Eet).

Assessingabitat across multiple vegetative communities aatmultiple spatial scales requires
first defining those categories and scal&@be NPS protocol (Hubbard et al. 2012) defines
uplands elevational stratthat roughly correlate tdoiome-level plant communities (Tabls.
Each elevational stratum is then broken dofunther into three substrata by percent rock
fragment (Table 1)County conservation lands are distributed within primarily low to-mid
elevations, andherefore containstrata levels 108100 (Fig. 1) Levet500 stratado not occuron
County conservation lands.

Repeated monitoring will occur acrossthe®® | NJ aLJy 2F GKS [/ 2dzyieéQa |
all established monitoringlots surveyednceduring each fiveyearpanel(i.e., a rotating panel

design) for a total of six surveys per plot. This equates to approximately 20 qlbis

established (panel one) ononitored (panels two through six)er year.The order or year in
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which each plot is surveyadlithin a speific panels not required to stay consisterds
monitoring data are analyzed per fiyear panel rather than per year.

Tablel. Elevational and soil/rock type strata definitions (from Hubbard et al. 2012).

. Elevation

Biome(s) - e Score
Desert <2,500 <762 100
Thornscrub 2,501-3,700° 762.1-1,127.76 200
Semi-desert Grassland 3,701-4,500 1,127.77-1,371.6 300
Madrean Woodland & Interior Chaparral 4,501-6,000 1,371.61-1,828.8 400
Temperate Forest >6,000’ >1,828.8 500
Rock fragment modifier Fragment content % by volume Score
None or adjective (e.g., loam or gravelly loam) <35 1
"very” or “extremely” 35-90 2
Bedrock or rock outcrop - 3

Legend

STRATA 201 301 401
101 | 202 302 | 402

B 02 203 [ 303 I 403

Figurel. Elevation and rock fragment strata shown acrossRilina County conservation land¢. K S WM Q>
YHQS 2N WYoQ Ay (K pRercenyfdskafragagni(see TReTR & NBLINB &Sy i

9



Methods

Spatially Balanced Design
Pima County usetihe random spatially balance®eversed Randomizé&guadrantRecursive
Raster (RRQRREgthod (Theobald et al. 200%) generatethe plot locationsspanningacross

iKS

| 2dzy 8 Qa

0 NB I R &adsd rSspezified diiterigs@dIoNg@ntity he v
monitoring plot sample framéTable 2). Spatially balanced designs represent a probabilistic

sampling design that stiéinsures spatial balance regardless @ferall sample siz€Stehman
1999) Additionally, these methods allow the ability to drop individual pl@s., access
constraints)and minimally alter the overall scheme without losing statistical power.

Sampld-rame Criteriand Data Sources
The RRQRR process allawssrsto incorporatetheir own criteriawhendeveloping a

monitoringsample frameThe potential sampleframeinitially included all County conservation

land properties > 4® hectares(100 aces) whichwasthen reduced based on speciBampling
considerationsandassociatectriteria (Table 2). These categories and criteria included

eliminatingsteepslopes due to safety reasonand resource damage concerrmiffering linear
features such as roads, trails, fences, property boundaries, and washes, and limiting hike time
to XKL hour from the closest roadr access poirfor efficiency.

Table2. Categories, criteria and their data sources used to generate the uplands vegetation and soils

monitoring data frame through the RRQRR process.

Category Selecton Criteria Data Sourcégislib layer)

Slope Exclude > 35or safety reasons | Pima County 3 m DEM

Roads 100 m buffer loth sides County maintained paved and unimprove
GIS road layerSTNETALL, STMISC)

Trails Buffer 50 m both sides County maintainedrtils layer TRAILS11)

Fence Lines Buffer 50 m both sides County maintained ranch infrastructure

layers NR_FENCE, EMPFENCE)

Preserve Boundary

50 minterior buffer

County maintained preserve layer
(PRESERVES)

Water Features

Point featuregsprings, wds). 50
m buffer

County maintained ranch infrastructure
layer SPRINGS, WELLS)

WashesBuffer 75 m, both sides
of centerline

County maintained wash dataset
(RIPO5FC2) for within County, National
Hydrography Dataset for outside

Hike Time

Limit to 1hour from existing
roads

GIS Analysi®stimated vegetation
resistance and slope

Hike time was generated by combining the distance from the closest road or trailhead and a

metric of resistance to hiking for all vegetative communities classified b$tlughwest

Regional Gap Analysis Proj@eig. 3. The potential sample frame generated from other criteria

(Table 2) was then piped to limit hike times toKL hour. An example of how this process
createdthe final sample frame is shown in Figure 3.

10
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Hiking Time
with % of
Available

Sampling Frame

I o0-0.5hrs (63.2%)
[ 05-1nrs (24.7%)
[ ]1-15nrs(7.9%)

1.5 -2 hrs (2.6%)

B > 2 s (1.6%)

Figure2. Hike time estimates generated from the nearest road or trailhead. Inputs included

vegetation community resistance values and slope.
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Figure3. Example of how the potential sample frame&as constrainedrom all available lands (left) to
only those lands meeting the specific selection critelisted in Table Zright).

Monitoring PlotNumber and_ocations

Pima Countyras committed to establishing a minimum of 180t locations folongterm
uplands vegetabn and soils monitoring across County conservation Ig§Rdaa County 2016)
Theseplots will be distributed among elevational strata, with tfireal numberof plotsper
stratum approximatelyin proportionto the percentof total area covered bgach straum and
sub-stratum (e.gmore plots located in the larg&01 stratavs.the smaller303 strata) within

the final sample frameCounty conservation lands contgnimarily ekvational strata 208100,
with 100-level strata only constitumg 1.74%(sub-strata 101 and 102 combineaf the

potential sample frameStaff elected to remove the 10@velstratafrom the potential sample
frame due to theoverall low representation, with the caveat that if deemed important enough
future measures could be explored aold these strata back into the sample frame.
Additionally, feld visits to two properties witlsub-strata 401, 402, and 403 in close proximity
showed that the overall plant community and physical structuresab-strata 402 and 40%ere
similar enough tavarrant combining these into one categdigub-strata 4023)In both cases,
sub-stratum 401 appeared distinct enough in its plant community and physical structure to
warrantremainingas a unique stratum within the sample framiehe final tally of monitorig
plots by strata were updated to account for the change in available sample frame from the
above decisions.

Lastly, plot numbers for remainirgyib-strata with relatively low spatial representatiomere

increasedn order to be al# to draw statistical iference(Hubbard et al. (2012) recommend

that at least 5 plots be established for a particular stratto maximize the ability to generate
12



robust results) subsequently, those strata with relatively high spatial representation had their
numberof plotsreduced slightly to compensat&he percentage of the potential sampling
frame and subsequent proposed number of final monitoring plots are shown b@lahle 3).

Table3. Total and percent area of conservation lands and final sampserfe with number of
proposed monitoring plotdy elevation and rock fragment strata.

Elevational| Percent Rock| TotalArea | Percentage | Total Areain Percentageof | Number of
Strata Fragment on Cons. of Total FinalSample | Classn Proposed
Class Lands(ha) | Cons. Lands| Frame(ha) Sample Frame| Plots
100 101 1,974.97 0.021 0 0 0 (Dropped)
102 857.82 0.009 0 0 0 (Dropped)
200 201 0.04 0.000 14,008.05 0.51 23
202 27,310.15 | 0.284 15,842.39 0.53 25
203 29,839.99 | 0.310 2,530.01 0.47 10
300 301 5,369.90 0.056 2,040.90 0.58 10
302 3,509.63 0.036 7,379.22 0.55 11
303 13473.24 | 0.140 4,486.90 0.42 9
400 401 10,700.97 | 0.111 700.23 0.50 6
402 1,397.64 0.015 708.54 0.37 6 (402 & 403
403 667.93 0.007 combined)
Total | 96,324.83 | 100 47,696.23 100 100

EMP saff worked with staff from theCountyQ @/GISoffice to generate 215 potential
monitoring plot locations located within the final sample frafoe strata 200400. Thesgoints
consist ofprimary and alternate plot locations for each sstrata. Field staf may need to drop
designated primary monitoring plot locations due to lack of accessafe terrainpr previously
unidentified disturbance, so numerous alternates were generated for eaclssata.
Replacing primary plots with alternates does not regitive statistical power of the study
design due to the spatially balanced approach of the RRQRR mettmvided the alternate
plots are sampled in numerical ordekll primary plot locations are plotted below (Fig. 2);
however, these specific locations gnahange once all plots are established in 2021.
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Proposed Upland Vegetation and Soils Monitoring Plots

Elevational Strata
H 201 @ 301 A 401

H 202 O 303 A 4023
E 203 @ 302 I Pima Co. Preserves

T 1 Ikm
0 20 40

Figure4. Proposed uplands vegetation and soils monitoring plots displayed by elevational strata with
geographic climate regions shown.

PIMA COUNTY
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Monitoring Plot Design
Uplands vegetation ahsoils monitoring plots consist 80 x 50 neter plots containingsix 20meter
vegetation transets (Fig5).

Figure5. Uplands vegetation and soils monitoring plot desi¢fnom Hubbard et al. 2012)

Field Monitoring Methodolog

Field monitoring methodology involves rigorously quantifying vegetation aisl @amposition
andstructureusing a team of 4 or peoplewho are familiar with the protocolThis
methodologyis described imletail Hubbard et a2012), whereas tere we hbriefly summarize
the monitoring approach and elemengshown in Fig5).

Field staff navigate to 8"\ RRQRR generated plot locateomd determine if that location is
suitable.This randomly generated location represents the downslope, left plot cornerifPP1
Fig.5). If landscape features are present (e.g. shallow wasiessive slopes, gtthat may
preclude the original placement, staff can shift the plot locatiathin a 110meter radius of

the original point(Fig.6). This can be accomplished by aittshifting the plot a short distance
or generating a new random location within the specified -tdéter radius.The final

placement must havetdeast one corner of the plot within 56 of the original reference point
Once the final plot location is idé&fied, all fourplot cornersand six interior transect end points
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