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ABSTRACT

A recent paper (Brusca et al. 2013a) reported dramatiatele range changes for 27 plant
species in the Catalina Mountains of Arizona in the/&8r interval following Robert Whittaker and
William Niering's vegetation studies in the early 1960s. & al. interpreted these differences as
responses to climate change, but while the observations usc#iet al. are consistent with what
might be expected with a changing climate, correlation du@simply causation. Detecting
significant change requires accurate knowledge not only of thelaeinges of species but also of
species abundance and distribution, at two points in tibetermining the causes of any changes
identified requires knowledge of population dynamics and of ec@bpgiocesses occurring during
the time period studied. The commentary here reviewpuhmrted changes in Catalina species as
well as other pertinent literature by addressing thregn muestions: What are the actual ranges of
species analyzed? How do we detect changes in them? Howecdatevymine the cause of any
changes?

Increased warming, drought, and reduced stream flows ayegaracent ecological changes
in the southwestern United States consistent with airohange. Garfin et al. (2013) indicated there
is high confidence climate-induced impacts will include comthwarming, changes in precipitation
regimes, and more extreme weather in the Southwest,valioh will result in significant ecological
impacts. Ecological responses to climate change maydeathanges in phenology, physiology,
range, abundance and distribution, community composition, tropkbécactions, and ecological
structure and dynamics (Walther et al. 2002; Root et al. 2B@8nesan 2005). Considerable
evidence has been found for species’ range changes arsl ishghenology (Chen et al. 2011,
Parmesan & Yohe 2003).

In “Dramatic response to climate change in the Southwedtel® Whittaker’s 1963 Arizona
Mountain plant transect revisited,” Brusca et al. (20X®apared a subset of data they collected
August 5-14, 2011 from 33 0.1 hectare plots (10 x 100 meters),udland areas located between
3,500-9,111 feet elevation in the Santa Catalina MountRiinsa County, Arizona (the Catalinas)
with data collected in 1962-1963 by Whittaker and Niering during ttlessic studies of the
vegetation of the mountains (Whittaker & Niering 1964, 1965, 196863b, 1975; Niering et al.
1963, 1984; Whittaker et al. 1968). A full description of the datan fwhich Brusca et al. (2013a)
drew their subset is described in Moore et al. (2013).

Whittaker and Niering (1964) summarized species and relat@dgecal data in a multi-
page table reporting species presence in “elevation lulis000-foot increments from 3,000-9,000
feet in the Catalinas. The methodology used to constructatbiis is described in greater detail in
Whittaker and Niering (1965, pp. 432-433). Data from the Catalinasceiected in 350 0.1
hectare quadrats (20 x 50 meters). Most plots were nedvid@t Lemmon highway, but an
unspecified number were in Lemmon, Pine, Sycamore,, Bgabino, and Pima Canyons. In
addition, 80 “bajada” plots were located between 2,500-3,00@l&ettion in the Catalina foothills,
including the Campbell Avenue area several miles fronhigievay; 50 plots were located at 9,000—



Bertelsen: Plant elevation changes in Arizona 2

10,600 feet in the Pinalefio Mountains (some 60 miles northietlst Gatalinas); and 15 plots were
at 2,400-2,800 feet in the Tucson Mountains (about 10 miles afiébe Catalinas). The actual
locations of all of these plots, as Brusca et al. (2013ajoadedged, are unknown, as is the species
composition of the plots.

Brusca et al. (2013a) reported elevation range changes foa7species along the Catalina
highway, an elevation gradient of over 5,500 feet and andistaf 20 miles, in the 50-year interval
and attributed these changes to climate change. This #lustyates several problems in detecting
and understanding species’ range changes, tasks thaktragsivering three basic questions: What
are the actual ranges of species analyzed? How do we dbetatges in them? How can we
determine the cause of any changes? The following discussiateigled be a brief review of
selected literature addressing these three questionsa woimprehensive review of the current
knowledge of species’ ranges such as that found in Gaston (2003).

United States customary units of measurement are in usea toefacilitate comparison with
data presented by Whittaker and Niering, Brusca eardl other resources on the local flora.

Species ranges

Patterns of species composition and diversity are infleebrby four processes: selection,
drift, speciation, and dispersal (Vellend 2010). Specasyes result from the interaction of these
processes. Gaston (1991, 2003) described two measures of gepgeapes: theextent of
occurrence, the geographic spread of a species’ distribution, anérigeof occupancy, where the
species is actually found. These concepts are similéabiotically suitable area” and “occupied
distributional area” used by Peterson et al. (2011). Bd#neof occurrence and area of occupancy
may include interruptions in suitable or occupied habitatltiag from factors such as topographic
features and dispersal mechanisms, and both may fluctwate time. Determining extent of
occurrence can help understand the factors impacting spemng® fimits and to identify suitable
habitats; identifying area of occupancy can help undersopllation dynamics, including
distribution fluctuations over time (Gaston 2003). Gaston anderFR009) discussed five
approaches to measuring species distributions in geographic rafogesing on marginal
occurrences, habitat distributions, range-wide occurrentasstisal modeling, and process-based
modeling. They indicated that the most accurate estimatesteft of occurrence are obtained by
using marginal occurrences, while the best estimateseaf@ occupancy are based on range-wide
occurrences.

Species are neither evenly nor randomly distributed but anel iouspatial structures such as
patches or gradients (niches) based on many factorsdimglelimate and topography (MacArthur
1972; Legendre & Fortin 1989; Stephenson 1990; Brown et al. 1995). Intanmaus regions such
as the Catalinas, habitats are highly heterogeneous, nurkably uniform” as Brusca et al. (2013a)
claimed (see Gentry 1988; Lomolino 2001). Species assemblaties @atalinas vary widely with
elevation, topography, soils, substrate, and other faatodescribed by Whittaker and Niering (1964,
1965, 1968a, 1968b) and Whittaker et al. (1968). Microhabitatsnamdclimates (see Potter et al.
2013) significantly increase habitat complexity. Ecologicghes, spatial variation in habitats,
dispersal capability, and phenotypic plasticity directly iotistribution and abundance (Holt 2003;
Soberon & Peterson 2005; Valladares et al. 2014). Stochastaesses such as colonization,
extinction, and ecological drift also alter species’ rar@tsase & Myers 2011). Although species’
ranges may be in equilibrium for considerable time, tlhreydgnamic, expanding and contracting in
response to changing abiotic and biotic drivers (Sextoal.e2009). Determining the complete
distribution of species, as well as areas of highest decaitybe difficult (Sagarin and Gaines 2005;
Sagarin et al. 2006). The ecological importance of peripleeraldge populations, those at some
distance from the area of highest density, is unsettleddi{el & Hutchings 2010; but see Lesica and
Allendorf 1995; Hampe & Petit 2005; Slaton 2014). Numerous faotars impact the dynamics of
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range limits (Gaston 2003; Sexton et al. 2088gert et al. 2011; Woods 2014). Small peripheral
populations at the limits of a species’ range may have Bitological importance unless they both
persist and reproduce (Hardie & Hutchings 2010). Gaston (1991) tatedpecies ranges do not

have true edges and that including “vagrant individual®lgtes or outliers) can significantly alter

perceived ranges. Because neither Whittaker and Niering (1965%) nor Brusca et al. (2013a)

assessed species’ distributions and abundances, the actatibaleanges of species in their study
areas, as well as the total ranges of these spemasnlenown.

Detecting range changes

Determining whether an occupied range has changed over tiroemiplicated by the
dynamic nature of species’ ranges and lack of comprehensive dageviof them. The actual
distribution and abundance of species are key to understandigg dgnamics (Parmesan 1996;
McGill & Collins 2003; Sagarin et al. 2006), but little definéi information about them may be
known. The elevation ranges determined by Brusca et al. {20&te based on presence-absence
data in a limited portion of the species’ ranges. Whedh&a was collected at upper and lower range
limits or in the center of ranges was not determined thereWhittaker and Niering (1964, 1965) or
Brusca et al. (2013a). Range change assessments basedemtei@srange limits may lead to
erroneous conclusions because the dynamics of peripheral popsilatay be quite different from
those at the area of highest density (Hardie & Hutchings 2@lQgtuations in a local area may have
little relationship to the dynamics of the entire range (120I03) and may simply reflect normal
variability within ranges. Marginal occurrence (preseta collected at range limits) is not a good
measure of the actual area occupied by species unlegg@wes are highly aggregated (Gaston &
Fuller 2009). Strayer (1999) indicated that presence-absencésdataful when seeking to detect
uniform declines throughout the ranges of common species andetsxt local extinctions,
particularly when a large number of sites are surveyedh &aia may not be appropriate, however,
when few sites are surveyed, abundance is low, survey iytassiow, if there is high spatial
variability in the population, or if declines are widespreather than concentrated (Strayer 1999).
Shoo et al. (2006) found that the minimum range changes dktecpecies’ distributions decreased
with increased sampling, that differences in samphmghods between time periods resulted in
systematic bias in estimates of range shifts at uppedcavel range limits, and that estimates of
mean altitudes were less dependent on sampling effort stiamages of range boundaries. Archaux
(2004) argued that shifts in mean elevation are indicafiygopulation responses whereas shifts in
upper and lower range limits reflect individual responses. b accurate assessments of range
changes would likely be based on significant shifts ineflegation average or mode for the species
(see Kelly & Goulden 2008).

Brusca et al. (2013a) initially claimed they compared data fiain plots to data from 30
Whittaker and Niering plots, but nowhere in Whittaker andriNg (1964, 1965) is there any
mention of “30 plots.” In their Erratum, Brusca et al. (2013Micated these “30 plots” were
instead what Whittaker and Niering called “grouped sasipbf “combined data from either 5- or 10
0.1-Ha quadrats” as shown in Whittaker and Niering’'s (1964) Figurgpecifically the lettered
points between 3,500 feet and 9,000 feet. The caption for thatfstated it was based on 400
samples and that “points with letters indicate meawvagiien and topographic position of the grouped
samples.” There are 44 points with letters in Figure {n8430) of which are found on or between
lines drawn across 3,500 and 9,000 feet markers on the ylaxgeeir analysis, Whittaker and
Niering (1965, p. 433) stated that within each 1,000 foot etmvdtelt “samples were subjected to
two ordinations, or arrangements of samples in reladagradients of environmental or community
characteristics.” It is unclear which type of “grodmamples” was used for Figure 1, but in any case
actual elevations and species compositions of all theufgrd samples” were not reported. Thus the
only Whittaker and Niering elevation data Brusca et al. (2@b8)d have used are those derived
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from species presence in the 1,000-foot elevation beltstegpim the Whittaker and Niering (1964)
table which are not linked to specific plots.

Tingley and Beissinger (2009) described several problems in ussigrital species
occurrence data to assess range changes: lack of non-ocewnehabundance data, imprecision in
locating where historical data was collected, differenae historical and contemporary data
collection methods, the assumption that detectability istanh®ver time, and the possibility of
false presences or absences associated with spedsédentification. Non-occurrence and
abundance data are lacking for the Whittaker and Niering (E86#Brusca et al. (2013a) data sets,
the location of the Whittaker and Niering sites is unknown, nfe¢hods used by Whittaker and
Niering (1964, 1965) and Brusca et al. (2013a) differed, andespabentification in both studies
cannot be confirmed since voucher specimens were not tedlldor each plot. Quantitative
technigues such as occupancy modeling can correct or minsnire of these problems, but
avoiding bias requires “at a minimum” repeated visitthiwi sampling periods and data from a
sufficient number of sites to achieve adequate statigiaer (Tingley & Beissinger 2009).

Identification of differences in the highest and lowesvadien presence of 27 “common”
plant species between those reported by Whittaker anthjlim 1962—1963 and those recorded by
Brusca et al. in 2011 is not evidence of range changes i@dtadinas, or even along the Catalina
Highway, because of the small number and location of Bresad. (2013a) plots. Brusca et al.
(2013a) used “common” to refer only to presence of a speciesiorf more plots; the term is not an
indication of the abundance or distribution of these speiilesr along the highway or the mountain
range as a whole. Having studied vegetation in a majoradyaim the Catalinas, during more than
1,460 field trips in over 30 years, | am very surprised that @nlgpecies would be found in five or
more plots if these plots were at all representativéhefconstantly changing vegetation along the
highway, particularly when this list does not include a nundb@bundant species found in the area.
Both presence and absence of a species could be a dw@nceence, particularly when sample size
is small. Small sample size also prevents determinatibether individuals of selected species
represent isolates, peripheral populations, or the popailation. Soberon and Peterson (2005)
indicated that absence data is more likely to resainftack of data or insufficient sampling than
actual absence unless the data has both high resolution aity.d8onsequently the number of plots
surveyed is crucial. Absence data from the 33 Brusca e2Qil34) plots (about 5 per 1,000 feet
elevation) is much less likely to reflect true absetatsuch data from the 350 plots (55-60 per
1,000 feet elevation belt) of Whittaker and Niering (1964).

It is especially problematic that Brusca et al. (2018a)ike Whittaker and Niering (1964,
1965), did not sample riparian or xeroriparian areas ctaiaed by permanent, ephemeral, or
intermittent streams. Whittaker and Niering (1964) inclugdoks in topographic categories
described as “deeper ravines or canyons with flowingasisé and “shallower draws and lower
slopes of canyons.” In their table, over 40% of the spdt=] were found in each of these
topographic areas and more than 60% were found in one or Bdéimts listed in the table also
include several aquatic species. Yet Brusca et al. (2@13309) justified their use of only upland
plots by the claim that Whittaker and Niering data “gvarse for riparian/'wet canyon’ sites.” In
restricting their plots to upland areas, Brusca et al. (20h8apuced significant sampling bias (see
Chytry et al. 2014). Diversity in riparian and xeroriparbitats is often greater than that of the
surrounding uplands, and many species are found at thasti@hevation limits in them (Naiman &
Dechamps 1997; Levick et al. 2008). Two canyons in the front resmyghérn portion) of the
Catalinas, one xeroriparian and one riparian, illusttaediversity of such systems: approximately
50% of the 1,200 taxa included in the Southwest Environmental latmmNetwork (SEINet 2014)
species list for the Catalinas has been found in theriparian Finger Rock Canyon drainage, a
gradient of 4,158 feet that includes less than 1% o&tba of the Catalinas (unpublished personal
data); in lower Sabino Canyon, a riparian area between 2,700-f8d@8evation, about 40% of the
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taxa known from the Catalinas has been identified (Jeatiold, unpublished data). The flora
checklists for both areas are based on more than 30 yezniteation and observation.

Available data on species’ ranges in the Catalinamited because the range has been under
collected, in part because of the rugged topography. Arizofmareerspecimens for the Catalinas
included in SEINet do not always include elevation data, locations may be imprecise. Available
data was collected by many different individuals, usirifipidint survey methods and various means
of assessing elevations, over widely different time perfod different purposes. A comparison of
the elevation ranges for the 27 species analyzed by Brusma @013a) with those reported by
Whittaker and Niering (1964), Bowers and McLaughlin (1987) for thacadit Rincon Mountains;
and Kearney and Peebles (1960) for the state of Arizona sbisiderable variation. In each case,
these elevation ranges are little more than “best gaés$ the actual ranges of these species because
comprehensive surveys of total ranges in the respective, aneasling assessment of abundances
and distributions, were not made. Whittaker and Niering (196&4)example, reporteduniperus
deppeana Steud. (alligator juniper) in the 3,000—4,000 feet elevdtigh up to the 7,000-8,000 feet
belt. Brusca et al. (2013a) reported an elevation range0@2B5get to 7,162 feet for the species,
Bowers and McLaughlin (1987) reported a range of 4,200 feet to &40hd Kearney and Peebles
(1960) reported a range of 4,500 feet to 8,000 feet. The methodstémmining altitude were not
reported by any of these researchers. Recently addirg&tor juniper, 47 inches in diameter at the
base, was vouchered in Sabino Canyon (ARIZ 416153, University inbrda Herbarium). By
plotting GPS latitude-longitude coordinates on a 7.5 minute tapbg@ map using ArcMap, the
elevation was determined to be 2,750 feet. It is conceivhisleery tree was the basis for presence
of the species in Whittaker and Niering’s 3,000-4,000 feet bedingihat some of their plots were
located in Sabino Canyon.

Without accurate knowledge of the actual ranges of the spemieyyzed and an
understanding of core and peripheral populations, real cleamg®t be detected. There is certainly
no evidence of change in the Brusca et al. (2013a) plots betatas@as collected at only one point
in time. The Whittaker and Niering (1964) data cannot bsidered a proxy for presence-absence of
species in the Brusca et al. (2013a) plots 50 years ago bebaukedtions of the Whittaker and
Niering plots are unknown and because at least some of thtakeéhiand Niering plots were located
in large drainages at some distance from the highway. Cleytrgl. (2014) demonstrated the
difficulty in using data from historical plots even whigre exact location of these plots is known.
They further showed that comparing data from historic andphets in different locations is “a risky
business,” and stated that any results must be interpneted‘the utmost caution.” Errors may
include detecting change when change did not actually ocdutetecting change that did occur, and
detecting change in a different direction or magnitude of¢akchange (Chytry et al. 2014).

Deter mining causes of range changes

Detection and attribution of climate change impacts is ehgihg and usually requires
significant observation over several decades (Parmesan2étlal. Stone et al. 2013; O’Connor et al.
2014). Species may “follow” their ecological niche when thabaimoves due to changing climate
(Martinez-Meyer & Peterson 2006; Van der Putten 2012), but rargeges may occur in the
absence of directional environmental change (Holt 2003). Fedves have documented species’
range shifts directly; rather most have inferred shiitenf observations at local range extremes or
from changes in species compaosition in a limited commuRigyrtesan 2007). Epstein et al. (2004)
reported that in the arctic, where the most rapid warnsngccurring, it may be “difficult, if not
impossible” to distinguish whether vegetative responsestrésuh climate change or climate
variability without at least 20 years of field studies. u®ra et al. (2013a) concluded from their
analysis of a very small number of species in a venglisarea that “rapid vegetation change” is
occurring in the Southwest and described this change amdtdca’ This is hyperbole at best.
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Relatively brief observations at two different time pds in relatively limited area is insufficient to
demonstrate that real change has occurred without knowledgenaticliconditions and population
demographics (time of establishment, abundance, size, ageust; reproduction, etc.) of species at
their elevation limits at both points in time. Has chaogeurred elsewhere in the ranges of species
studied? Is the change temporary or permanent? Did #wegehoccur during normal climatic
conditions or during particularly optimal or adverse conditiond/as the change due to loss or
addition of a robust population or a few individuals? Wasst population the product of
opportunistic colonization during climatically favorable coimfis or was it a long-established
population adapted to local climate variability? Theseanly some of the questions that must be
addressed before assessing the significance of peradiaade or attributing it to any cause.

Even if Brusca et al. (2013a) had resurveyed 33 of the actuslspioteyed by Whittaker and
Niering (1964, 1965) and change was documented, the causes ofraeyemkchange cannot be
determined without knowing natural and human impacts in the stedyoaer the 50-year period (see
Slaton 2014; Angelo 2014a, 2014b). Potential causes for variatigpgcies’ ranges in the Catalinas
include climate variability; surface disturbances suchvater and wind erosion, debris flows, and
fire; interspecific interactions such as competitiontumalism, and facilitation; and human activities,
such as recreation, habitat conversion, introduction of iweaspecies, and road maintenance,
construction, or reconstruction.

Precipitation and temperature in the Southwest over the lasye#)8 have been highly
variable (Sheppard et al. 2002; Griffin et al. 2013). Contiraeskrvation over time is essential to
determine the nature and impact of this variability. Brustaal. (2013a) used mean annual
temperature and mean annual precipitation to show clitrertds. This is problematic because biotic
responses to both climate variability and climate changetrégsmh highly complex interactions
among climatic factors (Dobrowski et al. 2013). Mean teatpee and precipitation values mask
seasonal differences and resulting impacts (Stephenson 196@)iniQy a good measure of climatic
variability in the Catalinas is difficult because longatelocal data is not available and because
precipitation and temperature are strongly influencechbytapography and elevation gradient of the
mountains (Shreve 1915; Whittaker & Niering 1965). Bruscal.e(2013a) used data from the
National Weather Service station at the Tucson Interradtidimport. The station is located on a
valley floor several miles from the Catalinas, at avation of 2,546 feet; consequently, it is likely a
poor proxy for climate in the mountains, particularly adldie and higher elevations. Weather data
based on the Parameter-elevation Relationships on Independees $1odel (PRISM) described by
Daly et al. (2008) is physiographcally sensitive and is alkalfor 1895 to present; PRISM would be
a better source for approximating temperature and prdapitan the Catalinas. Seven years’ data
from three rain gages at 3,100 feet, 4,920 feet, and 7,250 fe®t study area in the Finger Rock
Canyon drainage of the Catalinas indicate that PRISM degaestimate precipitation at lower
elevations, underestimate precipitation at higher elevatmrigrovide a fairly accurate estimation of
precipitation at middle elevations. PRISM data closeflect the pattern (relative amount and
spacing) of precipitation in the drainage and provide a faremaccurate approximation of
precipitation over the elevation gradient than Tucson Intiemel Airport data.

Some of the plants defining the range extremes 50 years ggbawve germinated and lived
for a time under optimal climatic conditions and then digten conditions returned to normal or
worsened significantly. Droughts are cyclical in the Awsni Southwest, and major droughts
occurred in the early 1900s and 1950s (Sheppard et al. 2002). tBéntete 1990s the area has
experienced persistent drought accompanied by warmemntramal temperatures (Woodhouse et al.
2010). Drought alone could explain any changes in elevatiomiiight have occurred in the last 50
years. When drought conditions ease, particularly if optzoalitions follow, plant ranges could
expand.
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Although climate variability is the most likely causesbiort-term changes in species ranges,
natural and human caused surface disturbances cannot bentisto These disturbances, with the
exception of non-native species invasions and major fwresysually limited to fairly small areas, but
the areas affected could have been the very plots stbgi&dhittaker and Niering or Brusca et al.
Significant runoff during major storm events such as thosedtcurred in the winter of 1992-1993
and the summer of 2006 in the Catalinas may remove vegetaticsteep slopes and shallow
drainages and can scour riparian areas (Naiman & Dgzhd997; Levick et al. 2008). Debris
flows, commonly known as rock slides, such as those thatreccur the Catalinas in 2006 can cause
extensive change on steep slopes and canyon bottoms (Youlaérg@@8). Recreational uses such
as camping or hiking can eliminate vegetation throughghag, soil compaction, or harvesting.
Such uses may be of particular importance since masediVhittaker and Niering (1964) plots and
all of the Brusca et al. (2013a) plots were near the heaselied highway. Additionally, significant
reconstruction of the highway has occurred in the last 30 ymadspff-highway vehicular travel has
increased.

Given high climate variability in the Southwest over the ®800 years (Ely et al. 1993),
attributing short-term changes in average temperature angifagon, or short-term vegetative
changes of a few species, to climate change is highlygamatic given both the resolution and time
span of available data (Gaston 2003). As Overpeck eR@0D5] noted, “Climate variability and
change during the past century have been modest relativieitatiahs in the climate system in the
past.” \egetative communities may be relatively stable twey periods, but the composition of
these communities continually changes during normal climatehility (Sexton et al. 2009). It
seems highly likely that if climate change is impacting te#gee communities, there would be
multiple responses over time, including changes in (agtpmration, and end of flowering, (b)
flowering ranges, (c) species composition and structureal{apdance and distribution, (e) species’
elevational and geographic ranges, (f) trophic mismatcimes(g@ reproductive success. Moreover
such changes would be expected in a significant portiospeties’ ranges. ldentifying multiple
climate-related responses over a broad area during @amdext period of time would increase
confidence in a conclusion that climate change is an activer {Root et al. 2003; Angelo 2014a,
2014b). With any degree of certainty, we can only saysimatt-term change in one response over a
few decades is consistent with what we might expectavithanging climate.
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