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DISCLAIMER 
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and Fish Department Heritage Fund.  The findings, opinions, and 

recommendations do not necessarily reflect those of the Arizona Game and Fish 
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EXECUTIVE SUMMARY 
 

 The New Mexico meadow jumping mouse (Zapus hudsonius luteus) was recently listed 

as a high priority candidate for protection on the federal Endangered Species Act.  In Arizona, 

this riparian obligate is known to occur in the White Mountains and it is considered a threatened 

species and a species of greatest conservation need (Tier 1b).  The purpose of this study was to 

evaluate the status of the species in Arizona.  A review of records revealed that its historical 

distribution was broader than previously recognized, and included records in the Verde River 

watershed.  Field surveys occurred during 2008-2009 at 35 survey sites in the White Mountains 

(14 historical, 21 new) including an effort of > 10,700 trap-nights.  This represents the most 

comprehensive study of montane Z. h. luteus ever conducted.   

A total of 39 captures of Z. h. luteus occurred at 12 of 33 (36%) survey sites trapped.  It 

was captured at only 6 of 12 (50%) historical locations sampled—all in the watershed of the 

Black River.  It was not found at 3 of 9 (33%) historical sites where the species was known to 

occur as recently as the 1980-1990s.  However, the overall persistence rate in the White 

Mountains (54%) was higher than for other populations in its range.  Populations of Z. h. luteus 

were discovered at 6 new sites.  These included the first records for Nutrioso Creek and 

Corduroy Creek.  In addition, new records confirmed the persistence of the species in the East 

Fork Little Colorado River, San Francisco River, and Blue River watersheds. 

Habitat used by Z. h. luteus in the White Mountains was similar to that used by the 

species in other montane populations.  It utilized tall, dense herbaceous vegetation composed 

primarily of forbs and sedges on saturate soil in close proximity to flowing water.  However, not 

previously reported was the finding of a close association with alder at both a landscape and 

microhabitat scale.  This association may be due to the additional cover provided by alder 

canopies.  There was a significant positive relationship between alder cover with time since an 

area was excluded from livestock grazing.  Habitat data collected at two historical locations on 

the West Fork of the Little Colorado River where there was heavy human recreational use (e.g., 

angling) indicated that habitat conditions were degraded and would not support Z. h. luteus.   

A total of 17 water shrews (Sorex palustris; considered endangered at the state level and 

a tier 1b species of greatest conservation need) were captured at 6 sites, making this the most 

successful study of that species.  Records included two historical and one new location around 

the base of Mount Baldy, which had been considered its last refugium.  Persistence of water 

shrews also was documented at West Fork Fish Creek and KP Creek, both of which had been 

considered extirpated.  A new population was found on Rudd Creek, which represents the first 

record for the Nutrioso Creek watershed.  Water shrews were captured on small streams on 

saturated soil with high vertical cover of herbaceous plants, primarily consisting of sedges.    

Livestock grazing has been regarded as the greatest threat to Z. h. luteus, and all current 

populations of Z. h. luteus in Arizona are in areas where livestock have been excluded.  Other 

threats include recreation, loss of beaver, alterations to hydrology, drought, fire, and climate 

change.  Z. h. luteus is particularly susceptible to threats due to factors such as a very low 

reproductive rate, limited dispersal ability, and use of linear habitats that are highly sensitive to 

disturbance.  Consequently, a spiral of population extinctions can occur through a repeating 

sequential process whereby habitat alteration eliminates the species from a stream reach, which 

reduces the size of remaining reaches, and isolates them so that they cannot be recolonized.  

Unless populations are large enough and interconnected, continued population losses will occur.  

Management recommendations are made to recover the species.   
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INTRODUCTION AND BACKGROUND 
 

The New Mexico meadow jumping mouse (Zapus hudsonius luteus) is a morphologically 

and genetically distinctive mammal that occurs in the American Southwest (Miller 1911; Hafner 

et al. 1981; King et al. 2006).  Originally, this unique animal was recognized as a distinct species 

(Z. luteus), but later was considered a subspecies of the western jumping mouse (Z. princeps), 

and then a subspecies of the meadow jumping mouse (Z. hudsonius; Hafner et al. 1981).  Recent 

molecular analyses have supported the close relationship to Z. hudsonius, but also indicated that 

luteus is a well-diverged, monophyletic group that may warrant species status (King et al. 2006; 

Malaney et al, in prep.).  Z. h. luteus has a relict distribution composed of several known isolated 

populations: the White Mountains in eastern Arizona; the Sacramento, Jemez, and southern San 

Juan Mountains in New Mexico; the Sangre de Cristo mountains in southern Colorado and 

northern New Mexico; the Rio Grande Valley in New Mexico; and tributaries to the San Juan 

River in Colorado (Hoffmeister 1986; Morrison 1992; Frey 2005, 2006a,b, 2008, 2011).  Z. h. 

luteus is a habitat specialist that occupies herbaceous emergent riparian habitats (Frey 2006b, 

Frey and Malaney 2009, Frey and Wright 2011).  It is associated with saturated soils along 

perennial flowing water that supports tall, dense herbaceous vegetation, especially sedges (Frey 

2006b, Frey and Malaney 2009, Frey and Wright 2011).  Frey and Malaney (2009) and Frey and 

Wright (2011) reported extensive recent extirpations of populations in New Mexico over the past 

2 decades.  In montane regions, the primary identified threat to this taxon is livestock grazing, 

which can dramatically alter the structure and composition of herbaceous riparian vegetation 

(Morrison 1990, Frey and Malaney 2009).  Other threats include drought and climate change, 

urbanization, water development, recreation, forest fire, flooding, loss of beaver, conversion of 

riparian habitat to agricultural crops, and management of irrigation delivery systems on large 

river floodplains (Morrison 1990, 1992; Hafner and Yensen 1998; NMDGF 1998; Frey 2005, 

2006b, Frey and Wright 2011, AGFD 1996).  In Arizona, it is currently considered a threatened 

species (AGFD 1996) and it is listed in the Arizona State Wildlife Action Plan (=Comprehensive 

Wildlife Conservation Strategy) as a species of greatest conservation need (Tier 1b) and a 

responsibility species (AGFD 2006).  In addition, it has a Natural Heritage conservation status of 

globally rare and critically imperiled (S1) in Arizona and it is listed as sensitive by the US Forest 

Service Southwest Region.  In New Mexico it was recently uplisted from threatened to 

endangered.  In December 2007 it was listed as a high priority (listing priority 3) candidate for 

protection under the federal Endangered Species Act.  In 2009 a spotlight species action plan for 

Z. h. luteus was approved with the goal to improve the status of the species within five years. 

In Arizona, information on the biology of Z. h. luteus is fragmentary and there is sparse 

information on its current status and ecological requirements.  Hall and Davis (1934) reported 

the first records of Z. h. luteus in Arizona, which included 3 locations.  Over the next 50 years, 

subsequent taxonomic revisions and regional faunal studies reported ca 9 additional locations 

(Krutzsch 1954, Cockrum 1960, Hafner et al. 1981, Hoffmeister 1986).  Beginning in the 1980s 

several field studies occurred that attempted to provide information on distribution and status of 

Z. h. luteus in the White Mountains (e.g., Mills 1981, Dodd 1987, Morrison 1991, Koloszar and 

Ingraldi 1997).  However, most of those studies did not adequately document survey methods or 

results making it difficult to glean complete and accurate information from those resources. 

In 1981 the Arizona Heritage Program visited 17 riparian areas, including many historical 

locations, to evaluate potential habitat for Z. h. luteus (Mills 1981).  Although no detailed 

methods or results were provided, trapping apparently occurred at four of the locations and Z. h. 
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luteus was captured at three locations, including two new (Confidential Appendix 1).  In 1987 

Arizona Game and Fish Department (AGFD) conducted a study at 2 locations to evaluate the 

relationships between small mammal diversity with livestock grazing and riparian condition 

(Dodd 1987).  Z. h. luteus was captured at both locations, one of which was new.  A positive 

relationship was found between riparian condition with both abundance of Z. h. luteus and 

diversity and abundance of the overall small mammal community. 

The first intensive field survey directed at Z. h. luteus was sponsored by the Apache-

Sitgreaves National Forest and included 24 sites using 4,527 trap-nights during 1991 (Morrison 

1991).  Specific locations sampled during that study were difficult to determine.  However, based 

on my interpretation of the report, that survey included vicinity of only four of the then known 

historical locations, while the 20 remaining sites were at new locations with potential Z. h. luteus 

habitat.  Z. h. luteus was captured at only 5 (21%) of the 24 sites sampled, which included 1 of 

the 4 historical locations sampled.  Morrison (1991) concluded that the species had disappeared 

from many areas of its former range, that remaining populations appeared small and fragmented, 

and that some areas of seemingly suitable habitat were not occupied by the species.  Based on 

qualitative and anecdotal observation, she identified livestock grazing as the primary cause for 

this decline, although she noted that recreation might also be a factor.  Consequently, she 

recommended uplisting the species to endangered and recommended eliminating livestock 

grazing in areas where populations persisted. 

During 1995-1996 AGFD conducted follow-up surveys using 2,769 trap-nights at 16 

study areas (Koloszar and Ingraldi 1997).  Unfortunately, detailed information on survey 

locations were not reported.  However, at least some of the survey sites had apparently been 

previously surveyed by Dodd (1987) and Morrison (1991).  Z. h. luteus was captured at 4 of the 

16 sites.  At least three of those captures were at historical locations.  However, I believe the 

fourth location (i.e., ―Black River (2)‖) was new despite their claims it was a historical record. 

Prompted in part by findings of a recent decline in distribution of Z. h. luteus in New 

Mexico (Frey 2005), AGFD conducted limited surveys for Z. h. luteus at historical locations 

during 2006-2007 (J. Underwood, personal communication).  During 2006 a total of 8 locations 

were sampled, which included 1 location documented by Mills (1981; Lee Valley), the 2 

locations documented by Dodd (1987), and the 5 locations documented by Morrison (1991); Z. 

h. luteus was captured at only one (East Fork Black River; J. Underwood personal 

communication).  During 2007 Z. h. luteus was again captured at East Fork Black River, as well 

as at a second historical location; however, the number and location of any other surveys is 

unknown.  Z. h. luteus is difficult to capture and survey effort at sites during 2006-2007 may not 

have been intensive enough to establish absence (J. Underwood, personal communication). 

Thus, the current state of knowledge about Z. h. luteus in Arizona consists of ca 16 

historical locations in the White Mountains, recent documentation of persistence at 2 locations, 

and scant qualitative information on habitat.  In order to better understand the current status of 

this species in Arizona it is imperative that the historical distribution of the species be more 

precisely documented and that field surveys be conducted in order to establish patterns of decline 

(based on presence or absence at historical locations) and current distribution (based on presence 

at historical and new locations).  Further, in order to understand the species’ distribution, 

possible reasons for decline, and to make appropriate management recommendation, it is 

essential that quantitative data be gathered on the species’ habitat associations in Arizona.  

Consequently, the purpose of this study was to provide a comprehensive survey for Z. h. luteus 

in the White Mountains and to evaluate its habitat associations. 
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METHODS 
 

Historical records 
 

 I searched for historical records of the New Mexico meadow jumping mouse (Zapus 

hudsonius luteus) in the published literature, unpublished reports to agencies, Arizona 

Department of Game and Fish records, Arizona Heritage Data Management System, and 

museum collections.  Museums searched included 39 collections represented by those in the 

Mammal Networked Information System, as well as separate searches of the University of 

Arizona, Arizona State University, Museum of Northern Arizona, US National Museum, Denver 

Museum of Nature and Science, Texas Tech University Collection, New Mexico State 

University collections; New Mexico Museum of Natural History and Science, Gila Center for 

Natural History, Academy of Natural Science of Philadelphia, Museum of Southwestern 

Biology, University of Illinois Museum of Natural History, University of California Museum of 

Vertebrate Zoology, and San Diego Natural History Museum.  In many instances, individual 

records were reported in multiple sources.  For example, a given museum specimen might also 

be reported in various published outlets as well as in the Arizona Heritage Database.  

Consequently, I carefully reviewed all records in order to cross-reference different sources of 

information.  Finally, records were reviewed and mapped in order to identify any inconsistencies 

in data presentation.  Where possible I examined field notes or other records to more precisely 

determine capture locations. 

 

Survey site selection 
 

Field surveys were limited to the White Mountains region of Apache and Greenlee 

counties and occurred as permitted on lands administered by the US Forest Service, Arizona 

Game and Fish Department, and private land that were scheduled to be included in a land 

exchange with the US Forest Service.  Requests for permission to conduct surveys on the Fort 

Apache Indian Reservation (i.e., 3 historical locations) were denied.  Where possible, the initial 

priority was to survey at historical locations if they could be determined.  In addition, other areas 

with potential habitat were also surveyed.  A special effort was made to find and survey new 

areas in proximity to historical locations where the species is currently absent or where the 

historical location could not be determined with certainty.  Logistical problems prevented survey 

at some historical locations.  One notable problem was dense human presence at some 

recreational sites.  Such locations could not be trapped because traps are targets for theft and 

vandalism and because trapped animals could pose a safety concern (e.g., hantavirus, plague) to 

people that might find and handle traps or captured animals.  Other logistical problems included 

administrative delays to start of contract, road closures due to construction and fires, limited 

active period of the study animal, and weather delays.  Trapping was not delayed during rain 

because Z. h. luteus may be more active at these times.  However, these conditions caused delays 

in habitat data collection and increased time required to process captured animals due to higher 

trap mortalities of non-target species in wet conditions. 
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Jumping mouse sampling 
 

Z. h. luteus is considered difficult to capture.  It has only rarely been captured during 

general small mammal field studies, and almost never captured by inexperienced biologists (let 

alone by students or field technicians).  Nearly all records have been obtained during surveys by 

experienced mammalogists using techniques that specifically target Z. h. luteus.  During surveys, 

capture success is dependent on one’s ability to: 1) identify sites with suitable vegetation 

communities and plant structure; 2) identify pockets of suitable microhabitat at a site, which 

become the focal points of trapping; and 3) selecting the most likely capture spots for trap 

placement (Morrison 1991, Frey personal observation; note that during monitoring at occupied 

sites, other factors may determine capture success).  These abilities can only be gained through 

direct experience.  Consequently, in order to insure maximum possible success with this study, I 

was present and personally involved with all survey activities.  My survey methods were 

developed based on my >25 years of mammalogy field experience and my experience capturing 

> 100 Z. h. luteus (in addition to hundreds of captures of other types of jumping mice), through 

the course of the most comprehensive series of field studies ever conducted on Z. h. luteus.   

At each survey area, transects were established in the habitat judged to be best available 

for Z. h. luteus.  Traps were set in loose transects within this habitat, with placement designed to 

maximally sample ideal Z. h. luteus microhabitats, as well as representation of other available 

microhabitats. In general, traps were spaced ca 3-5 m apart, although trap spacing varied 

depending on specific site features, distribution of suitable microhabitat, and habitat complexity 

(i.e., closer in more complex habitat).  Close trap spacing better saturates available habitat and 

may reduce the proportion of more common non-target species captured in a given area.  In order 

to both conceal traps from humans and to maintain cool trap temperatures, any exposed traps 

were covered with vegetation or debris.  Z. h. luteus habitat is easily trampled by survey 

activities.  Consequently, every effort was made to reduce vegetation trampling. Where possible, 

traps were set by wading through the water and setting into the adjacent streamside vegetation. 

When vegetation was walked through, an effort was made to step in the original footsteps. 

 Standard-sized Sherman live-traps were used to trap Z. h. luteus.  These 

traps have proven effective in previous studies of Z. h. luteus (e.g., Morrison 1991; Frey 2006b, 

Frey and Malaney 2009, Frey and Wright 2011).  Based on recommendations of Frey (2005) the 

target survey effort at each site was 400 trap-nights over at least 3 consecutive nights.  This effort 

exceeded the mean number of trap-nights required to capture Z. h. luteus in previous studies and 

encompassed the maximum range of variation (Frey unpublished data).  This effort was curtailed 

if Z. h. luteus was captured, in order to allow time for more areas to be surveyed.  Z. h. luteus is 

nocturnal and tends to be tolerant of cool, damp conditions, but intolerant of heat. Consequently, 

traps were set in the evening and were checked at sunrise.  Traps were baited with Onate brand 

horse sweet feed (i.e., 4 grains mixed with molasses) and re-baited daily as needed.  Because Z. 

hudsonius may avoid areas frequented by voles (Boonstra and Hoyle 1986), an effort was made 

to keep traps clean.  In addition, traps were periodically disinfected with Lysol or 10% bleach as 

a precaution against hantavirus and to control for aquatic pathogens. 

Every effort was made to reduce stress in captured animals. All trapping and handling of 

animals conformed to standards for humane animal care and use as recommended by the 

American Society of Mammalogists (Gannon et al. 2007) and were approved by the New 

Mexico State University Animal Care and Use Committee. A zippered mesh lingerie bag was 

used to aid in animal handling.  Photograph, GPS location, sex, reproductive condition, standard 
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external measurements, and mass were collected for each Z. h. luteus captured.  An ear snip was 

taken to provide a DNA reference sample.  Animals were released at the capture location as 

quickly as possible.  Torpid animals were rehabilitated and released, while animals that were 

seriously injured or in distress, and any animals that were retained as specimen, were euthanized 

using chloroform or cervical dislocation (Gannon et al. 2007).  No Z. h. luteus died in traps.  

Euthanized animals and non-target species that died in traps were prepared as voucher specimens 

with associated tissue samples (Yates et al. 1996). 

 

Habitat data collection 
 

General descriptors of survey sites included location, elevation, watershed, 

presence and type of beaver sign, presence and type of livestock or livestock sign during 

sampling, surrounding biome, and riparian community type.  In order to not bias the choice of 

survey sites, information on livestock grazing management at sites was not collected until the 

field work was completed.   

Two methods were used to describe habitat at survey sites: stream reach cover and 

microhabitat.  Previous studies identified high vertical cover as a key habitat component 

associated with occurrence of Z. h. luteus (Frey 2006b, 2011, Frey and Malaney 2009).  Vertical 

cover data were collected along stream reaches at survey sites.  These data served two functions.  

First, they allowed for quantitative comparison of general vegetative cover conditions among 

survey sites.  Second, they provided a means by which general habitat conditions could be 

compared between sites where Z. h. luteus (or other non-target species) was captured or not 

captured.  However, because this methodology is relatively new, comparative data were not 

available for other populations of Z. h. luteus.   

In contrast to the stream reach data that provided general habitat characteristics of the 

survey sites, microhabitat data were collected at specific traps where jumping mice were 

captured.  The microhabitat methods were developed by Frey and used in all previous Z. h. 

luteus survey studies by her, lending consistency across studies (e.g., Frey 2005, 2006b, 2011,  

Frey and Malaney 2009).  Consequently, these data provided a powerful means by which habitat 

conditions at survey sites in this study could be directly compared with habitat conditions during 

other studies.  I used the microhabitat data to describe conditions at survey sites and to develop 

models to predict occurrence of Z. h. luteus at sites where no jumping mice were captured or that 

were not trapped.    

 

 Stream reach cover.—Stream reach cover data were collected in a manner generally 

following Frey (2007a), and also used in Frey (2011).  This method was inappropriate in 

complex wetland habitats spread across broad valleys (e.g., Amberon Flat in Greer), and hence 

was not used in such situations.  Paired transects were established paralleling the stream course 

and located 0.5 m (i.e., ―water-edge transect‖) and 4.5 m (i.e., ―upland transect‖) from the edge 

of the water.  Transects were located on the same side of the stream that trapping occurred.  If 

trapping occurred on both sides of the waterway, streamside was randomly determined.  Cover 

sample stations were established each 20 m along the transects, except at Rudd Creek Upper and 

Fish Creek where the interval was 10 m.  Transects varied in length depending on site 

characteristics but generally were 0.5 to 1.0 km.  At each station, a robel pole (Robel et al. 1970) 

was read from the opposing transect (i.e., 4 m away) at 1 m eye level; the measurement recorded 

was the lowest 1 inch segment that was not obstructed by cover.  These data were summarized as 
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a mean and variance on both the water-edge and upland transects.  In addition, the dominant 

plant type (i.e., sedge, rush, grass, forb, willow, alder, conifer tree, rose, shrubby cinquefoil, 

other shrub, dead branch, downed log, rock, bank, and other) that covered the robel pole was 

recorded.  These data were summarized as the percent of all stations on both transects obscured 

by each cover type. 

 

Microhabitat.—Microhabitat data were collected at all traps where Z. h. luteus was 

captured.  At survey sites where no Z. h. luteus was captured, microhabitat data were collected at 

representative traps that caught other species of small mammals commonly associated with 

Zapus such as shrews (Sorex) and voles (Microtus).  Microhabitat data were collected at all traps 

where water shrews (S. palustris) were captured.  Methods followed those originally developed 

by Frey and Malaney (2009).  At the trap, slope and aspect were visually estimated with the aid 

of a compass.  Canopy cover was measured with a densitometer in the 4 cardinal directions.  An 

index of soil moisture ranging from 1(dry) to 10 (saturated) was obtained using a soil moisture 

probe inserted into the ground approximately 40 mm.  Vertical cover was assessed with a robel 

pole (read in inches) from a 4 m distance at a 1 m eye level.  The robel pole was read at the trap 

site from 3 random azimuths as well as away from the trap along 3 random azimuths.  Plants 

generally afforded vertical cover, although in some cases inanimate objects (e.g., rocks, banks, 

logs) contributed to the measured cover.  Four 4-m perpendicular transects were established at a 

random azimuth from the trap.  At each 1 m interval along a transect, a Daubenmire frame was 

used to assess the percent cover of sedges (Carex), rushes (Juncus, Eleocharis), field horsetail 

(Equisetum arvense), cattail (Typha), forbs, grass, willow (Salix), alder (Alnus), redosier 

dogwood (Cornus sericea), shrubby cinquefoil (Dasiphora fruticosa), Wood’s rose (Rosa 

woodsii), moss, other plants, coarse woody debris, litter, rocks, gravel, bare ground, and open 

water.  Cover classes were 1 for 0-5% cover, 2 for 5-25% cover, 3 for 25-50% cover, 4 for 50-

75% cover, 5 for 75-95% cover, and 6 for 95-100% cover.  In addition, soil moisture, litter depth 

and stubble height were recorded in each frame.  Stubble height was measured with a ruler and 

was recorded as both the laid-over stubble height and vertical stubble height (in mm).  Laid-over 

stubble height was measured as the representative height of the vegetation as it naturally lay.  

Vertical stubble height was obtained by measuring the height of a representative blade of the 

dominant herbaceous vegetation that was fully extended vertically from the ground.  Finally, the 

number and identity of each tree and shrub within 1 m of the transect were recorded.  For each 

trap location, measurements of canopy cover, soil moisture, vertical cover, stubble height, and 

ground cover class estimates were averaged. 

 

 

Statistical analyses 
 

Statistics were calculated using SPSS 10.0 for Windows (SPSS, 1999).  Variables were 

tested for normality using one-sample Kolmogorov-Smirnov tests.  All stream reach habitat 

variables were non-normal except elevation, variance in vertical cover, % sedge, % grass, and % 

forb.  All microhabitat variables were non-normal except: elevation, canopy cover, vertical cover 

measurements, forb cover, and stubble height measurements.  All mammal capture data were 

non-normal except: species richness, relative abundance of montane voles, and years since 

livestock were excluded.  Where possible, nonparametric statistics were used for analyses 
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involving non-normal variables.  Pearson and Spearman correlations were used to assess 

relationships among variables for normal and non-normal variables, respectively. 

 

Stream reach cover.—I tested for differences in each stream reach cover variable at 

survey sites where Z. h. luteus was captured or not captured using two-tailed t-tests (corrected 

using Levene’s Test for equality of variances) and two-sample Kolmogorov-Smirnov tests for 

parametric and non-parametric data, respectively.   

I used principal components analysis (PCA) to evaluate variation in steam reach cover 

among the survey sites as a means to interpret variation in small mammal communities and 

occurrence of Z. h. luteus.  Five variables (percent cover of shrubby cinquefoil, other shrubs, log, 

rock, and other) were excluded in order to maintain at least a 2:1 ratio in the number of samples 

to the number of variables, which is considered suitable for descriptive purposes (McGarigal et 

al. 2000).  The analysis included 14 variables: mean vertical cover height on both transects, 

variance of vertical cover height on both transects, and percent of stations covered by sedge, 

rush, grass, forb, willow, alder, conifer tree, rose, dead branch, and bank.  There was no rotation 

of the variables and only components that had eigenvalues > 1.0 were extracted because these are 

usually sufficient to describe the variance within the variables (Chatfield and Collins 1980, 

McGarigal et al. 2000).  Components retained for interpretation were based on the scree plot 

criterion (McGarigal et al. 2000, McCune and Grace 2002).  Principal component loadings > 

|0.4| were considered important and > |0.5| were considered very significant (McGarigal et al., 

2000). 

I tested for multivariate difference in stream reach cover data at Z. h. luteus capture and 

non-capture sites by developing a discriminant function analysis (DFA) model.  In order to 

reduce the chance for multicollinearity problems in the data set (see McGarigal et al., 2000), 

variables were excluded from the analysis that exhibited high (i.e., r > 0.6) correlations with 

other variables.  Excluded variables included: vertical cover on the upland transect, both variance 

in vertical cover, and log cover (which was correlated with cover by conifer trees).  I used a step-

wise selection procedure and used Wilks’ Lambda to rank the variables in ability to discriminate 

by passing the tolerance tests (0.05 to enter; 0.10 to remove).  I used a chi-square transformation 

of the overall Wilks’ lambda to test for multivariate differences in habitat between Z. h. luteus 

capture and non-capture locations.  I used a classification routine in the DFA in order to predict 

presence or absence of Z. h. luteus at sites that were not trapped (i.e., West Fork Little Colorado 

River Upper and Lower).  Because the original classification results can provide overly 

optimistic estimates, a cross-validation procedure was used whereby each case in the analysis 

was classified by the functions derived from all cases other than that case (SPSS 1999).  The 

percentage of correct classifications was compared between the original and cross-validated 

cases in order to assess whether there were too many predictors in the model.  An excess of 

predictors was indicated by a substantially lower percentage of correct classification for the 

cross-validated cases.   

 

Microhabitat.—I tested for differences in microhabitat variables at locations where Z. h. 

luteus was captured or not captured using two-tailed t-tests (corrected using Levene’s Test for 

equality of variances) and two-sample Kolmogorov-Smirnov tests for parametric and non-

parametric data, respectively.   

I used PCA to compare microhabitat at locations where Z. h. luteus was captured or not 

captured in multivariate space.  I used elevation and all microhabitat variables except slope, 
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which was missing values.  The ratio of number of samples to the number of variables (2.5:1) 

was considered suitable for descriptive purposes (McGarigal et al. 2000).  There was no rotation 

of the variables and only components that had eigenvalues greater than or equal to 1.0 were 

extracted because these usually sufficiently describe the variance within the variables (Chatfield 

and Collins 1980, McGarigal et al. 2000).  Components retained for interpretation were based on 

the scree plot criterion (McGarigal et al. 2000, McCune and Grace 2002).  Principal component 

loadings > |0.4| were considered important and > |0.5| were considered very significant 

(McGarigal et al., 2000). 

I tested for multivariate difference in microhabitat at Z. h. luteus capture and non-capture 

sites by developing a DFA model.  In order to reduce the chance for multicollinearity problems 

in the data set (see McGarigal et al., 2000), variables were excluded from the analysis that 

exhibited high (i.e., r > 0.6) correlations with other variables.  Excluded variables included: 

vertical cover at the trap, vertical cover in the plot area, laid-over stubble height, and variance in 

soil moisture; slope was excluded due to missing data.  I used a step-wise selection procedure 

and used Wilks’ Lambda to rank the variables in ability to discriminate by passing the tolerance 

tests (0.05 to enter; 0.10 to remove).  I used a chi-square transformation of the overall Wilks’ 

lambda to test for multivariate differences in habitat between Z. h. luteus capture and non-capture 

locations.  I used a classification routine in the DFA in order to predict if Z. h. luteus would be 

present at locations that were not trapped or where Z. h. luteus was not captured.  Because the 

original classification results can provide overly optimistic estimates, a cross-validation 

procedure was used whereby each case in the analysis was classified by the functions derived 

from all cases other than that case (SPSS 1999).  The percentage of correct classifications was 

compared between the original and cross-validated cases in order to assess whether there were 

too many predictors in the model.  An excess of predictors was indicated by a substantially lower 

percentage of correct classification for the cross-validated cases.   

 

Small mammal communities.—Relative abundance of each species captured at each 

survey site was calculated as the number captured per 100 trap-nights (1 trap-night = 1 trap set 

for 1 night).  Two measures of diversity (species richness and Simpson’s diversity) were 

calculated to describe diversity patterns at survey sites.  Species richness was calculated as the 

total number of species captured at each survey site.  Simpson’s diversity index (D) was 

estimated D = 1- ∑( ni (ni-1)/(N*(N-1)), where ni is the number of individuals captured of each 

species and N is the total number of individuals of all species captured.  Simpson’s diversity 

index represents the probability that two randomly chosen individuals will be the same species 

(McCune and Grace 2002).  Spearman correlations were used to evaluate relationships among 

the diversity measures, species abundance, and stream reach cover variables.   

I used PCA to compare small mammal communities among the survey sites.  In order to 

maintain at least a 2:1 ratio of number of samples to the number of variables which is considered 

suitable for descriptive purposes (McGarigal et al. 2000), I eliminated three variables (relative 

abundance of least chipmunk, northern rock deermouse, and mountain cottontail); each species 

eliminated was represented by single captures.  There was no rotation of the variables and only 

components that had eigenvalues greater than or equal to 1.0 were extracted because these 

usually sufficiently describe the variance within the variables (Chatfield and Collins 1980, 

McGarigal et al. 2000).  Components retained for interpretation were based on the scree plot 

criterion (McGarigal et al. 2000, McCune and Grace 2002).  Principal component loadings > 
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|0.4| were considered important and > |0.5| were considered very significant (McGarigal et al., 

2000). 

I tested for differences in small mammal communities at survey sites where focal species 

(i.e., Z. h. luteus or Sorex palustris) were captured or not captured using two-sample 

Kolmogorov-Smirnov tests.  I tested for multivariate difference in small mammal communities at 

Z. h. luteus capture and non-capture sites by developing a DFA model.  It was deemed that there 

would be minimal multicollinearity problems in the data set because there were no high 

correlations (i.e., r > 0.6) among variables; consequently all 19 variables (i.e., relative abundance 

of each species) were used (McGarigal et al., 2000).   I used a step-wise selection procedure and 

used Wilks’ Lambda to rank the variables in ability to discriminate by passing the tolerance tests 

(0.05 to enter; 0.10 to remove).  I used a chi-square transformation of the overall Wilks’ lambda 

to test for multivariate differences in small mammal community between focal species capture 

and non-capture sites.  I used a classification routine in the DFA in order to predict occurrence of 

the focal species based on the remainder of the small mammal community.  Because the original 

classification results can provide overly optimistic estimates, a cross-validation procedure was 

used whereby each case in the analysis was classified by the functions derived from all cases 

other than that case (SPSS 1999).  The percentage of correct classifications was compared 

between the original and cross-validated cases in order to assess whether there were too many 

predictors in the model.  An excess of predictors was indicated by a substantially lower 

percentage of correct classification for the cross-validated cases.   
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RESULTS AND DISCUSSION 

 

Historical records 
 

 White Mountains.—The most recent prior compilation of historical records for Z. h. 

luteus in Arizona reported 63 museum specimens from eight locations, all from the White 

Mountains in Apache and Greenlee counties (Hoffmeister 1986).  However, Hoffmeister’s 

account was incomplete as it neglected to report a number of records that existed at the time.  

Those included additional published locations, such as Hannagan Creek (e.g., Hall and Davis 

1934), as well as other existing museum specimens.  I found a total of 125 historical records of 

Z. h. luteus from ca 23 locations in Arizona (Confidential Appendix 1).  Of those, ca 21 locations 

were in the White Mountains.  Of the White Mountains locations, 50% were previously 

published, while most of the remainder were discussed in various agency reports (see 

Confidential Appendix 1).  Three historical locations in the White Mountains did not have any 

apparent specimens to serve as vouchers, including West Fork Little Colorado River Lower (site 

#3; Haldeman et al 1978), East Fork Black River (site #8),  and an enigmatic location (site #15) 

possibly on the lower Black River reported by Kolozar and Ingraldi (1987).   

The only historical records for Z. h. luteus on the Hannagan-KP Peak massif were three 

specimens collected along Hannagan Creek (site #17) by Annie Alexander and Louise Kellogg 

(Museum of Vertebrate Zoology, Berkeley, California).   The first specimen was collected on 21 

September 1932 from ―Hannagan Creek, 8,600 ft.‖.  They returned the following year and 

collected two specimens on 6 July 1933 from ―Hannagan Creek, 8,200 ft.‖  Thus, prior 

researchers have reported two historical locations on Hannagan Creek (e.g., Hall and Davis 

1934, Mills 1981; note that Hoffmeister 1986 neglected to include these records).  However, 

based on a review of their field notes, it seems likely that the 8,600 ft elevation associated with 

the 1932 specimen was an error.  Their notes indicated that they camped and trapped at the same 

location during both years.  For example, Kellogg wrote: ―Moved camp to the bridge over 

Hannagan Creek, Greenlee Co. where we trapped last fall and where Miss Alexander caught the 

Zapus‖ (field notes of L. Kellogg, 5 July 1933).  The bridge over Hannagan Creek, at which they 

camped and trapped, was described as ―5.2 mi. below Hannagan Meadow Store‖ (field notes A. 

Alexander, 21 September 1932).  Currently, there is a bridge over Hannagan Creek at this precise 

location, at an elevation of ca 8,165 ft.  Thus, the descriptive locality used in 1933 (i.e., elevation 

8,200 ft) was a fairly accurate representation of this location.  As a further point of confirmation, 

Kellogg wrote: ―Drove to Beaver Head Lodge, 3 miles north [from camp] on the road to Alpine‖ 

(field notes of L. Kellogg, 23 September 1932).  Beaverhead Lodge is located ca 3.2 miles by 

road from the Hannagan Creek bridge.  There is no indication in the field notes that traps were 

set any great distance away from the camp by the bridge.  In contrast, the 8,600 ft contour 

interval is 2.1 miles upstream from the bridge.  Thus, I concluded there is but a single historical 

location for Z. h. luteus on Hannagan Creek (i.e., vicinity of the bridge over Hannagan Creek, 

8,165 ft elevation; site #17a).  For unknown reason, Morrison (1991) thought there was a 

historical location for Z. h. luteus ca 0.6 km downstream from the Hannagan Meadow Lodge, 

which is at the head of Hannagan Creek at an elevation of ca 9,050 ft.  This is clearly a 

misinterpretation of the actual historical location.  Thus, Morrison’s trapping effort, which 

produced no Z. h. luteus, did not resurvey the historical location on Hannagan Creek.   
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Overall, the newly discovered historical locations do not markedly change the known 

distribution of Z. h. luteus in the White Mountains (Figure 1).  Rather, the additional locations 

served to fill distributional gaps within drainages previously known to be occupied.  They also 

provided a larger suite of known historical locations to resample during this survey in order to 

better establish the magnitude of extirpations within the White Mountains population of Z. h. 

luteus. 

 

Upper Verde River watershed.—I found two independent records of Zapus in the Upper 

Verde River watershed (Figure 1; Confidential Appendix 1).  Occurrence of jumping mice in this 

region has not previously been recognized.  The first is a record (site #22) in the American 

Museum of Natural History (AMNH) of a fluid-preserved specimen identified as ―Zapus sp.‖ 

(catalog number AMNH 23014) and collected by Edgar A. Mearns from ―Fort Verde, cliff 

dwelling, Yavapai County‖; no date was recorded.  In response to my inquiries about this 

specimen, museum staff searched the collection but were unable to find the specimen (Darrin 

Lunde, personal communication).  Mearns was a noted naturalist and physician that served the 

U.S. Army as a surgeon.  While serving in that capacity, he was allowed to collect natural history 

specimens which were sent back to museums in the eastern U.S..  Mearns was stationed at Fort 

Verde from 1884 to 1888 during which time he accompanied two expeditions to various parts of 

Arizona under the command of General Crook (Mearns 1890, Richmond 1918).  Later (1891-

1894), he also served as medical officer of the US-Mexico International Boundary Commission, 

during which time he collected thousands of specimens along the US-Mexico border.  Mearns 

published a monograph on the mammals of the Mexican boundary (Mearns 1907), which 

included taxa collected throughout Arizona during both commissions.  However, that volume 

only included Didelphidae to Muridae and hence did not include a discussion of Zapus.  The 

planned second volume that likely would have included jumping mice was never published due 

to lack of funds (Hubbard 1999).  For early historical specimens, the location of shipping origin 

or expedition staging area was sometimes used as the descriptive locality for specimens sent to a 

museum (e.g., for a brief discussion and examples of this practice see Frey et al. [1997] and Frey 

and Malaney [2006]).  For this reason, collecting locations of historical specimens are sometimes 

questioned.  Such questions are particularly common when a historical record is from outside of 

the currently accepted range of the species.  For example, Mearns sent a skin of an ocelot 

(Leopardus pardalis; AMNH 6846) to the AMNH, which also bears the location, ―Fort Verde, 

cliff dwelling‖.  For various reasons (or unstated reason), the locality associated with the ocelot 

specimen has been questioned (e.g., Hoffmeister 1986, Harwell and Siminski 1990).   
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Figure 1.  Historical locations (dots) of the New Mexico meadow jumping mouse (Zapus hudsonius luteus) in Arizona.  Numbers 

correspond to locations in Confidential Appendix I. 
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However, despite the fact that the provenance of one of Mearns’ specimens from Fort 

Verde has been questioned, several lines of evidence suggest that the collection location 

attributed to the specimen of Zapus from Fort Verde is accurate:   

 

1. Mearns spent four years working and collecting specimens in vicinity of Fort Verde.   

 

2. During the time Mearns was stationed at Fort Verde, the upper Verde River Watershed 

and adjacent areas had been explored and mapped (e.g., see map in Mearns 1890).  Thus, 

place names were available for recording fairly precise localities.  

 

3. The descriptive locality of the specimen provided additional detailed locality information 

beyond the settlement of Fort Verde (i.e., ―cliff dwelling‖).  Fort Verde was located on 

the west bank of the Verde River, opposite of the confluence with Beaver Creek, which 

flows into the Verde River from the north.  ―Cliff dwelling‖ referred to what is today 

known as ―Montezuma Castle‖.  Montezuma Castle was a nearly pristine and exceptional 

example of ancient architecture consisting of a prominent several-story cliff dwelling 

built on a south-facing canon-side of Beaver Creek.  It was located a mere 3 mile trip up 

Beaver Creek and could be viewed by Mearns from the Fort Verde hospital piazza 

(Mearns 1890).  The cliff dwelling was excavated and studied by Mearns as reported in 

his 1890 paper.  Thus, there is no doubt that Mearns spent considerable time conducting 

studies at this location. 

 

4. The AMNH catalog lists 324 mammal specimens collected by Mearns that have ―Fort 

Verde‖ as part of the locality.  However, within this group there are 13 different specific 

locations, of which ―cliff dwelling‖ is but one.  Nearly all locations are rather specific 

such as ―Verde River at Fort Verde‖, ―Fort Verde, Montezuma Well (i.e., located several 

miles upstream of the cliff dwelling on the Wet Beaver Creek tributary)‖, and ―20 miles 

south of Fort Verde, Box Canyon of Verde River‖.  This confirms that Mearns was 

conscious of, and reported, different unique localities associated with different 

specimens. 

 

5. The AMNH catalog lists 187 mammal specimens with the descriptive location: ―Fort 

Verde, cliff dwelling‖.  With exception of two specimens, all collection dates were from 

1884-1888, which corresponds to the dates Mearns was stationed at Fort Verde.  All 

mammal specimens with this location were recorded as collected by Mearns, except for 1 

rock squirrel, 3 beaver, 2 puma, and the ocelot; no collector name was recorded for these 

specimens.  It seems possible that the few specimens lacking a collector name were 

donated by hunters, while all others were obtained by Mearns or his immediate assistants. 

However, errors in museum records might also account for the lack of a collector name. 

 

6. Mammal specimens in the AMNH from ―Fort Verde, cliff dwelling‖ are typical of those 

expected for that region (Table 1).  Importantly, there are no specimens of any species 

that is commonly associated with Z. h. luteus in the White Mountains (e.g., Microtus 

montanus, Microtus longicaudus, Sorex monticolus).  To further confirm the scope of 

Mearns’ collecting, I conducted a search of the Mammal Networked Information System 

for all mammal specimens collected by Mearns from Arizona.  This search produced 962 
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records.  None of those records were from locations in the White Mountains and none 

were species commonly captured with Z. h. luteus in the White Mountains, such as 

Microtus montanus.  It is virtually inconceivable that small mammal sampling in the 

White Mountains would not produce a specimen of Microtus montanus.  The only 

typically montane species (e.g., red squirrel [Tamiasciurus hudsonicus], gray-collared 

chipmunk [Tamias cinereicollis], and Mogollon vole [Microtus mogollonensis]) collected 

by Mearns were from San Francisco Peaks or the Mogollon Rim area.  The only 

exceptions were three Abert’s squirrel (Sciurus aberti) specimens that were collected 

from Fort Apache and Forestdale, which are nearer to the White Mountains.  Thus, the 

specimen of Zapus collected by Mearns almost certainly did not come from within the 

known range of Z. h. luteus in the White Mountains. 

 

7. Phillips (1940) provided an itinerary for Mearns’ travels while he was stationed at Fort 

Verde.  I mapped the routes and locations visited by Mearns as reported by Phillips 

(1940; Figure 2).  Based on the itinerary, Mearns never visited the White Mountains.  The 

closest Mearns came to the White Mountains was a trip with General Crook to Fort 

Apache, which they reached on 13 October 1894 travelling from Fort Verde southeast 

along the Mogollon Rim.  From Fort Apache, they immediately travelled south to the 

Gila River on the San Carlos Indian Agency where they were 17-18 October.  They then 

returned to Fort Verde via Globe and the Tonto Basin. 

 

8. The ecological setting of Beaver Creek and the mainstem of the upper Verde River seem 

appropriate for Z. h. luteus.  Both are perennial streams that would have offered a wide 

variety of herbaceous riparian habitats.  Z. h. luteus is known to occur along rivers in 

other regions that are as arid (Florida River in southwestern Colorado) or more arid (Rio 

Grande in central New Mexico) than at Fort Verde (http://www.wrcc.dri.edu/).  Further, 

the Verde River is similar to the Florida River and Rio Grande in that all are high stream 

order with extensive irrigation systems in the flood plains.  Beaver Creek also might have 

harbored suitable habitat for Z. h. luteus.  Most known locations for Z. h. luteus are on 

low order streams, including on tributaries to larger low elevation rivers (e.g., Sambrito 

Creek, Colorado).  In many places the Beaver Creek canon widens as the steam flows 

through low gradient areas, which are situations that can develop the herbaceous 

vegetation required by Z. h. luteus.  In addition, Mearns’ specimens from the cliff 

dwelling included beaver (Castor canadensis), substantiating the basis for the name of 

the stream.  Beaver ponds can create ideal habitat for Z. h. luteus (e.g., Frey 2007a).   

 

9. Other species collected by Mearns from the cliff dwelling included cotton rats 

(Sigmodon) and white-footed mice (Peromyscus leucopus).  These species of small 

mammals are those most frequently captured together with Z. h. luteus along the Rio 

Grande in central New Mexico (Frey and Wright 2011).  

 

10. It is not unusual for aquatic and riparian animals that occur in the White Mountains to 

have a distribution pattern that also includes the Upper Verde River watershed.  

Examples include Gila trout (Oncorhynchus gilae), roundtail chub (Gila robusta), 

Chiricahua leopard frog (Rana chiricahuensis), and narrow-headed garter snake 

(Thamnophis rufipunctatus).   
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The second record (site #23) of jumping mice in the Upper Verde River watershed was 

reported by Prince (1944).  Based on information gleaned from his published works, Frank M. 

Prince was a parasitologist with the U.S. Public Health Service and he was a specialist on the 

ecology and taxonomy of fleas infesting mammalian hosts.  In his 1944 paper, Prince described a 

new species of flea, Thrassis setosis (= T. bacchi setosis), which was based on specimens found 

on several species of small mammals collected in Yuma and Yavapai counties, Arizona.  The list 

of hosts included ―Zapus sp.‖ from Yavapai Co.  It is noteworthy that all other mammals 

mentioned in the paper were identified to species or subspecies with exception of the jumping 

mouse.  For instance, the other hosts for T. setosis reported as collected in Yavapai Co. included 

the rock squirrel (Citellus [=Spermophilus] variagatus grammurus), Stephens’s woodrat 

(Neotoma lepida stephensi [=N. stephensi]), and white-footed mouse (Peromyscus leucopus 

arizonae).  In Arizona, Stephens’s woodrat and the white-footed mouse are only sympatric in a 

narrow band around the Mogollon Plateau, which includes the Upper Verde River watershed in 

eastern Yavapai Co.  Thus, this species assemblage provides independent support of the capture 

location.  In addition, in 1944 no synopsis of Zapus had been published since Preble (1899) and 

hence general knowledge about the taxonomy and distribution of jumping mice was very poor.  

Failure to identify the specimen to species would be expected and is consistent with how the data 

were reported.  Consequently, I see no reason to discredit this record.  The primary shortcoming 

of this record is that no specific locality beyond the county was reported.  However, in Yavapai 

Co. perennial streams with suitable habitat for Z. h. luteus would only be present in the Upper 

Verde River watershed.  

 I concluded that there is reliable evidence indicating historical occurrence of Zapus in 

the Upper Verde River watershed.  Further, although no specimens exist, Zapus is a highly 

distinctive genus and so there is no reason to suspect reports were based on misidentifications.  

Based on biogeographic consideration, jumping mice from the Upper Verde River watershed are 

expected to be closely related to other populations of Z. h. luteus.   Field surveys in the Upper 

Verde River watershed were outside of the scope of this study.  Consequently, as of yet no 

survey for Z. h. luteus have been conducted in this region. 
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Order Species Number

Chirpotera Antrozous pallidus pallidus 14

Corynorhinus townsendii pallescens 1

Eptesicus fuscus pallidus 4

Myotis occulus 1

Myotis yumanensis yumanensis 8

Rodentia Ammospermophilus harrisii harrisii 22

Spermophilus lateralis arizonensis 1

Spermophilus variegatus grammurus 11

Tamias dorsalis dorsalis 2

Castor canadensis frondator 3

Dipodomys ordii chapmani 10

Thomomys bottae mutabilis 1

Thomomys umbrinus evexus 2

Thomomys umbrinus fulvus 7

Thomomys sp. 3

Zapus sp. 1

Neotoma albigula albigula 11

Neotoma lepida 2

Ondatra zibethicus pallida 1

Onychomys leucogaster ruidosae 1

Peromyscus eremicus anthonyi 3

Peromyscus eremicus eremicus 4

Peromyscus eremicus ochraceus 1

Peromyscus leucopus ochraceus 3

Peromyscus maniculatus 3

Peromyscus sp. 1

Sigmodon arizonae Mearns 4

Mus musculus 3

Lagomorpha Lepus californicus texanus 5

Sylvilagus audubonii arizonae 14

Carnivora Leopardus pardalis sonoriensis 1

Lynx rufus baileyi 5

Puma concolor azteca 2

Canis latrans mearnsi 2

Urocyon cinereoargenteus 1

Conepatus mesoleucus venaticus 2

Spilogale putorius gracilis 2

Mephitis mephitis estor 8

Procyon lotor pallidus 2

Artiodactyla

Odocoileus hemionus crooki 11

Table 1.  Mammal specimens in the American Museum of Natural 

History from "Fort Verde, cliff dwelling, Yavapai Co., Arizona".
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Figure 2.  Locations (circles) visited by Edgar A. Mearns during 1884-1888 while stationed at 

Fort Verde (square) based on an itinerary provided in Phillips (1940).  Fort Apache (triangle) 

was the closest Mearns came to the White Mountains. 

 



Frey—Status of the Meadow Jumping Mouse in Arizona 

 

23 

Distribution and abundance of Z. h. luteus 

 
Distribution.—A total of 10,706 trap-nights were deployed at 33 riparian survey sites, 

which resulted in 1,413 captures of 19 species of mammals (Tables 2 and 3).  This represents the 

most comprehensive field survey of any montane population of Z. h. luteus to date.  There was a 

total of 39 captures (37 individuals) of Z. h. luteus at 12 survey sites (36% of all sites surveyed), 

making it the 5
th

 most frequently (i.e., frequency is the number of survey sites where present) 

encountered species.  In contrast, Morrison (1991) captured Z. h. luteus at only 26% of 19 survey 

sites.  The difference in frequency between the two studies probably reflects differences in areas 

surveyed.  Many of the sites surveyed by Morrison (1991) did not appear to have suitable habitat 

for Z. h. luteus during this study and hence were not sampled.  

Zapus h. luteus was captured at only 6 of 12 historical locations trapped (Table 3; Figure 

3; see Appendix 1 for more detailed information about specific survey sites).  All of the captures 

at historical locations were in the Black River watershed, including the East Fork of the Black 

River (site # 8), three locations on the West Fork of the Black River ( sites # 7, 10 and 11), and 

two tributaries, Centerfire Creek (site #13) and Boggy Creek (site #14).  During this study, Z. h. 

luteus was not found at 3 of 9 (33%) sites where the species was known to occur as recently as 

the 1980s (Lee Valley Creek Upper, Talwiwi Creek Upper) and 1990s (East Fork Little Colorado 

River Upper).  One of the historical locations where Z. h. luteus was not captured was on the 

East Fork of the Little Colorado River (site #6).  This site was previously considered a core 

populations for Z. h. luteus in the White Mountains.  For example, Morrison (1991) captured 4 in 

300 trap-nights (1.3/100 trap-nights).  Because of the importance of this population I sampled it 

twice, for a combined effort of 656 trap-nights.  Thus, there is little doubt that Z. h. luteus was 

extirpated from the site.  Ironically, this site was in a Research Natural Area with a policy of no 

livestock and the trap transects were inside a newly constructed ungulate exclosure that was 

erected to protect a stand of Arizona willow (Salix arizonica).  However, at the time of the 

survey there was copious old cattle feces inside the exclosures.  The unauthorized grazing 

occurred during the prior two years when fences were removed for a construction project (see 

Livestock section for more details).   

Two historical locations on the West Fork of the Little Colorado River (sites #3 and #4) 

could not be trapped safely due to intensive human recreational use.  However, habitat data were 

collected at those sites and statistical models predicted absence of Z. h. luteus based on current 

habitat conditions (see Habitat section for more details).  Three historical locations (sites #1, 2, 

16) were on the Fort Apache Indian Reservation and permission to trap those areas was denied.  

In addition, the precise location of three historical records (sites #9, 15, 20) could not be 

determined and hence were not sampled.  Persistence of Z. h. luteus at one historical location 

(site #12) was confirmed in 2007.  Thus, Z. h. luteus has been extirpated from 46% of the 13 

historical locations that were surveyed for Z. h. luteus during 2007-2009 (Table 4).  Although 

this extirpation rate is alarmingly high, it was lower than found in other montane populations of 

Z. h. luteus (Table 4). 

I documented Z. h. luteus at six new sites (Table 3, Figure 3).  The new records provide 

important information about the distribution of the species.  The records include the first 

documentation of the species in the Nutrioso Creek watershed (site #K), which is a major 

tributary to the Little Colorado River.  In addition, records confirm persistence of Z. h. luteus in 

the upper San Francisco River watershed (sites #L and M) and on Campbell Blue Creek (site #O) 

where the species’ occurrence was previously documented by a single specimen with obscure  
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Order 

Family Common name Species name Acronym

Soricomorpha

   Soricidae

dusky shrew Sorex monticolus Somo

water shrew Sorex palustris Sopa

Rodentia

  Sciuridae

golden-mantled ground squirrel Spermophilus lateralis Spla 

gray-collared chipmunk Tamias cinereicollis Taci 

least chipmunk Tamias minimus Tami

  Dipodidae

New Mexico meadow jumping mouse  Zapus hudsonius luteus Zahu

  Cricetidae

Mexican woodrat Neotoma mexicana Neme 

brush deermouse Peromyscus boylii Pebo 

white-footed deermouse Peromyscus leucopus Pele

North American deer mouse Peromyscus maniculatus Pema

northern rock deermouse Peromyscus nasutus Pena 

western harvest mouse Reithrodontomys megalotis Reme

southern red-backed vole Myodes gapperi Myga

Mogollon vole Microtus mogollonensis Mimg

montane vole Microtus montanus Mimo

long-tailed vole Microtus longicaudus Milo

  Muridae

house mouse Mus musculus Mumu

Lagomorpha

  Leporidae

mountain cottontail Sylvilagus nuttallii Synu 

Carnivora

  Mustelidae

long-tailed weasel Mustela frenata Mufr 

Table 2.  Species of mammals captured during surveys for the New 

Mexico meadow jumping mouse (Zapus hudsonius luteus ) in the White 

Mountains, Arizona, 2008-2009.
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Drainage Descriptive Date Somo Sopa Spla Taci Tami Neme Pebo Pele Pema Pena Reme Myga Mimg Mimo Milo Mumu Zahu Synu Mufr

5 E Fork Little Colorado R "Lee Valley Creek" Upper 25-26 Jul 2009 280 1.79 0.36 0 0 0 0.36 0 0 1.43 0 0 0 0 7.86 1.79 0 0 0 0 38 13.57 6 0.63 0

6 E Fork Little Colorado R E Fork Little Colorado R Upper25-28 Jun, 5-6 Sep 2009656 0.91 0.61d 0 0 0 0 0 0 1.22 0 0 0 0 17.84 0.15 0 0 0 0 136 20.73 5 0.26 0

7 W Fork Black R W Fork Black R Upper 7-8 Jul 2009 140 0 0 0 0 0 0 0 0 0 0 0 0 0 5.00 0 0 0.71 0 0 8 5.71 2 0.25 12.5

8 E Fork Black R E Fork Black R 28-30 Jul 2008 400 0 0 2.00 0 0 1.50 0 0 2.50 0 0 0 0 13.25 2.25 0 1.75 0 0 93 23.25 6 0.64 7.5

10 W Fork Black R W Fork Black R Lower 21-23 Jul 2008 200 0 0 0 0 0 0 0 0 0 0 0 0 0 6.50 0 0 1.00 0 0.50 16 8.00 3 0.34 12.5

11 W Fork Black R W Fork Black R Middle 21-24 Jul 2008 350 0.29 0 0.57 0 0 0 0 0 1.14 0 0 0 0 4.86 0 0 0.86 0 0.29 28 8.00 6 0.61 10.7

13 Black R Centerfire Creek 21-23 Jul 2008 300 0 0 0 0 0 0 0 0 1.67 0 0 0 0 11.00 0 0 1.00 0 0 41 13.67 3 0.34 7.3

14 Black R Boggy Creek 21-23 Jul 2008 300 0.67 0 0 0.33 0 1.33 0 0 1.33 0 0 0 0.33 6.00 0 0 1.33d 0.33 0 35 11.67 8 0.71 11.4

17 Black R Hannagan Creek Lower 18-21 Jul 2008 420 0.24 0 0 0 0 0.24 0 0 5.95 0 0 0.48 0 8.10 5.24 0 0 0 0 85 20.24 6 0.69 0

18 San Francisco R "Talwiwi Creek" Upper 25-28 Jul 2008 450 0 0 0 0 0 0 0 0 0 0 0 0 0 4.22 0 0 0 0 0 19 4.22 1 0.00 0

19 San Francisco R San Francisco R Lower 16-19 Aug 2008 419 0 0 0 0 0 0 0 0 0.24 0 0 0 0 5.73 0 0 0 0 0.24 26 6.21 3 0.15 0

21 Blue R Campbell Blue Creek Lowermost 13-16 Aug 2008 450 0 0 0 0 0 0.67 2.89 0 0 0 1.11 0 0.44 0 0 0 0 0 0 23 5.11 4 0.64 0

A Little Colorado R Little Colorado R Lower 3-5  Sep 2009 480 0 0 0 0 0 0 0 1.25 0.21 0 3.54 0 0.21 0 0 0 0 0 0 25 5.21 4 0.50 0

B Fish Creek Fish Creek 10-12 Jul 2009 320 0.31 0 0 0 0 0 0 0 0.31 0 0 0 0 6.56 0 0 0 0 0 23 7.19 3 0.17 0

B Fish Creek "W Fork" Fish Creek 9-12 Jul 2009 420 0 0.24 0 0 0 0 0 0 3.33 0 0 0 0 17.86 0 0 0 0 0 90 21.43 3 0.28 0

C Little Colorado R Benny Creek 10-13 Sept 2008 500 0 0 0.2 0 0 0.40 0 0 1.20 0 0 0 0 16.60 0 0 0 0 0 92 18.40 4 0.18 0

D Little Colorado R Little Colorado R Upper 10-12 Sept 2008 200 1.00 0 0 0 0.5 0.50 0 0 1.50 0 0 0 0 3.00 0 0 0 0 0 13 6.50 5 0.76 0

E E Fork Little Colorado R E Fork Little Colorado R Lower 10-12 Sept 2008 200 0 0 0 0 0 0 0 0 2.00 0 0 0 0 2.50 1.00 0 2.50c 0 0 16 8.00 4 0.78 31.3

F E Fork Little Colorado R "Lee Valley Creek" Lower 28 Jun-1 Jul 2009 474 0 0.84 0.21 0 0 0.42 0 0 0.42 0 0 0.21 0 10.34 1.90 0 0 0 0 68 14.35 7 0.46 0

G W Fork Black R "Spruce Creek" 8-9 Jul 2009 69 0 0 0 0 0 4.35 0 0 2.90 0 0 0 0 0 4.35 0 0 0 0 8 11.59 3 0.75 0

H W Fork Black R "Buckshot Creek" 7-9 Jul 2009 98 1.02 0 1.02 1.02 0 8.16 0 0 4.08 0 0 0 0 0 7.14 0 0 0 0 22 22.45 6 0.76 0

I Nutrioso Creek Rudd Creek Upper 22-25 Jul 2009 480 0.83 1.25 0 0 0 0.63 0 0 12.29 0 0.21 0 0 0.21 5 0 0 0 0 98 20.42 7 0.58 0

J Nutrioso Creek Rudd Creek Lower 21-24 Jul 2009 480 0.21 0 0 0 0 0 0 0 2.71 0 0 0 0.21 2.71 0 1.46 0 0 0 35 7.29 5 0.70 0

K Nutrioso Creek Nutrioso Creek 16-18 Aug 2008 280 0 0 0 0.36 0 0 0 0 1.07 0 0 0 0 1.79 0 0 1.07 0 0.36 13 4.64 5 0.79 23.1

L San Francisco R San Francisco R Upper 25-27 Jul 2008 300 0 0 0 0 0 0 0 0 5.00 0 0 0 0 6.33 0 0 2.00d 0 0 40 13.33 3 0.63 15.0

M San Francisco R "Talwiwi Creek" Lower 25-27 Jul 2008 300 0 0 0 1.33 0 0 0 0 0.67 0 0 0 0 5.67 0 0 0.33 0 0 24 8.00 4 0.48 4.2

N Blue R Campbell Blue Creek Uppermost 14-16 Aug 2008 120 0 0 0 0 0 0.83 0 0 0 0 0 0 8.33 0.83 0 0 0 0 0 12 10.00 3 0.32 0

N Blue R Campbell Blue Creek Upper 14-16 Aug 2008 120 0 0 0 0 0 0 0 0 0 0 0 0 3.33 0 0 0 0 0 0 4 3.33 1 0.00 0

O Blue R Campbell Blue Creek Middle 14-16 Aug 2008 120 0 0 0 0 0 0 0 0 0 0.83 0 0 0 0 0 0 2.50 0 0 4 3.33 2 0.50 75.0

O Blue R Campbell Blue Creek Lower 14-16 Aug 2008 120 0 0 0 0 0 2.50 2.50 0 0 0 0 0 1.67 0 0 0 0 0 0 8 6.67 3 0.75 0

P Black R Hannagan Creek Upper 18-21 Jul 2008 420 1.67 0 0 0 0 0.71 0 0 6.19 0 0 0.95 0 10.24 7.14 0 0 0 0 113 26.90 6 0.73 0

Q Black R Corduroy Creek 13-15 Aug 2009 400 2.00 0 0 0 0 0 0 0 4.25 0 0 0.75 0 9.25 12.00 0 0.25 0 0 114 28.50 6 0.70 0.9

R Blue R KP Creek 11-14 Aug 2009 440 0.45 0.23 0 0 0 0.23 0 0 2.05 0 0 0.23 0 6.14 0.23 0 0 0 0.23 43 9.77 8 0.57 0

TOTALS 10,706 1,413 19

Overall relative abundance 0.38 0.16 0.12 0.07 0.01 0.39 0.15 0.06 2.26 0.01 0.21 0.10 0.20 7.09 1.50 0.07 0.36 0.01 0.05 13.20 0.50

Frequency (%  of sites where present) 39.4 18.2 15.2 12.1 3.03 45.5 6.06 3.03 75.8 3.03 9.09 15.2 21.2 78.8 36.4 3.03 36.4 3.03 15.2
aNumbers refer to historical locations and letters refer to new locations as shown on the map in Figure 3.  Sites in close proximity have the same number or letter.  
bSomo (dusky shrew, Sorex monticolus ), Sopa (water shrew, Sorex palustris ), Spla (golden-mantled ground squirrel, Spermophilus lateralis ), Taci (gray-collared chipmunk, Tamias cinereicollis ),Tami (least chipmunk, Tamias minimus ),  Neme (Mexican woodrat, 

Neotoma mexicana ), Pebo (brush deermouse, Peromyscus boylii ), Pele (white-footed deermouse, Peromyscus leucopus ), Pema (North American deermouse, Peromyscus maniculatus ), Pena (northern rock deermouse, Peromyscus nasutus ), Reme (western harvest 

mouse, Reithrodontomys megalotis ), Myga (southern red-backed vole, Myodes gapperi ), Mimg (Mogollon vole, Microtus mogollonensis ), Mimo (montane vole, Microtus montanus ), Milo (long-tailed vole, Microtus longicaudus ), Mumu (house mouse, Mus musculus ), 

Zahu (meadow jumping mouse, Zapus hudsonius luteus ), Synu (mountain cottontail, Sylvilagus nuttallii ), Mufr (long-tailed weasel, Mustela frenata ). 
cDoes not include 1 observed but not captured.
dIncludes 1 recapture.

Table 3.  Relative abundance and diversity of mammals captured at survey locations for the New Mexico meadow jumping mouse (Zapus hudsonius luteus ) during 2008-2009 in 

Apache and Greenlee counties, Arizona.  See confidential appendix for details on locations.  Numbered map locations denote historical sites and lettered locations denote new sites.
Map 
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Figure 3.  Survey results for the New Mexico meadow jumping mouse (Zapus hudsonius luteus) 

in the White Mountains, Apache and Greenlee counties, Arizona, during 2008-2009.  Circles 

indicate historical sites where Z. h. luteus was captured; squares indicate new sites where Z. h. 

luteus was captured.  “X” indicates historical sites where Z. h. luteus was not captured; small 

dots indicate new sites where Z. h. luteus was not captured.  Triangles indicate historical 

locations that were not trapped.  Numbers denote historical locations and letters denote new 

sites surveyed, and correspond to sites in Table 2 and Confidential Appendices 1 and 2. 
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Verde River, AZ 2  -   -   -  0 2 0 this study 

White Mts, AZ 8 7 3 6 46 4 6 27 13 this study 

San Juan Mts/River, CO/NM 1 1 1 50 0 3 1 Frey 2008, 2011

Sangre de Cristo Mts, CO/NM 2 1 2 67 1 6 2 Frey 2006b, 2008

Sacramento Mts, NM 2 1 15 94 1 19 2 5 Frey & Malaney 2009 

Jemez Mts, NM 2 3 8 73 2 15 5 Frey & Malaney 2009 

Rio Grande, NM 7 1 1 50 0 9 1 6 Frey 2006a, Frey and Wright 2011 

 Summation       X = 70%   81 24   

Table 4.  Status of all known populations of the New Mexico meadow jumping mouse (Zapus hudsonius luteus) 2005-2010 . 

Historical Locations 

Population 

Not 

surveyed1 Present Absent 

% 

Populations 

Extirpated2 

Known Extant 

Populations Source 

3Includes one historical location confirmed persisting in 2007 by J. Underwood. 

6There has been a > 64% decline in distribution of the only population known to persist, which has an current estimated population size of ca 50 individuals. 

1Includes indeterminate locations and locations with access or other problems. 
2Based on populations surveyed.  

New 

Locations

Total 

locations

4Figure does not include two historical populations that could not be trapped during this study, but for which quantitative habitat models predicted Z. h. luteus would 

be extirpated based on current habitat conditions.  If those two sites are counted as "Absent"  rather than "Not Surveyed", the percent of population extirpated would 

be 53% rather than 46%.

5The 2 remaining populations documented in the Sacramento Mountains during 2005 are exceptionally vulnerable to stochastic extirpation due to their small size, 

isolation and other issues.  Monitoring since 2005 has failed to verify one of these populations.
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data.  Thus, Z. h. luteus is confirmed to occur and persist in the Blue River watershed.  Finally, 

records included the first documentation of the species in the Corduroy Creek watershed (site 

#Q).  This record is especially important because it represent the first documentation of the 

species on the Hannagan-KP peak massif since the 1930s.   

           In summary, extinction of populations of Z. h. luteus has continued to occur in the White 

Mountains.  Although it has not completely disappeared from any major watershed, there has 

been significant distributional range contractions.  Most notably, I was unable to document 

persistence of Z. h. luteus in the Little Colorado River watershed at the base of Mount Baldy.  

The new records increased the total number of known sites where the species has been 

documented to 27 and increased the total number of currently known occupied sites to 13 (Table 

4).  This is more currently known occupied sites than across all other populations of Z. h. luteus 

combined (Table 4).  Consequently, the White Mountains currently represents the single greatest 

potential for the long-term persistence of the taxon as a whole.  However, based on the size, 

isolation, and quality of habitat at currently occupied sites, 6 of 11 known populations in the 

White Mountains were judged to have a low potential for long-term population persistence 

(Table 5).  Consequently, unless successful management actions are implemented, it is likely that 

there will be further reductions in the number of occupied sites in the White Mountains, with 

particular risk of extinction of the species from the Little Colorado River, San Francisco River, 

and Blue River watersheds.   

           

Abundance.—Z. h. luteus was the 6
th

 most abundant species (Table 3).  However, it 

should be recognized that the species’ frequency and abundance were not the product of random 

mammal surveys in riparian zones, but rather involved methods that specifically targeted Z. h. 

luteus.  Overall, Z. h. luteus had a low capture rate of 0.36 per 100 trap-nights (Table 3).  This 

was similar to the overall capture rate (i.e., 0.22 %) found by Morrison (1991).  Relative 

abundance at capture sites averaged 1.28 % and ranged from 0.25 - 2.5 % (Table 3).  In contrast, 

Morrison (1991) found a higher overall relative abundance (i.e., 1.98 %) at capture sites.  In part, 

this was due to relatively high capture rates at two sites, Centerfire Creek (3.6%) and East Fork 

Black River (3.3 %) during Morrison’s study.  In contrast, during the current study, relative 

abundance at these two sites was lower (i.e., Centerfire Creek = 1.0 %; East Fork Black River = 

1.75 %), and relative abundance at any site was never > 2.5 %. 

Frey and Malaney (2009) noted that montane populations in larger, more interconnected 

sites had higher relative abundance (i.e., 1.0-1.5 %), while small, isolated sites had low relative 

abundance (i.e., < 0.5 %).  Frey and Wright (2011) found that relative abundance of a population 

in dramatic decline and nearing extinction was low (i.e., 0.21 %).  This suggests that, based on 

very low relative abundance, the populations from Talwiwi Creek Lower (site # M) and 

Corduroy Creek (site # Q) may be at particular risk of extirpation.  However, caution is urged 

when interpreting relative abundance.  For example, the population at Campbell Blue Creek 

Middle (site #O) had one of the highest capture rates observed (2.5 %).  However, this was an 

artifact of the sampling method.  This site had a very small patch of suitable habitat around an 

old beaver pond and the area was saturated with a relatively small number (total trap effort 120 

trap-nights) of closely spaced traps.  Thus, while 2.5 captures/100 trap-nights might represent a 

very localized abundance, the vast majority of surrounding habitat was unsuitable; thus, this 

population is likely at risk. 



Frey—Status of the Meadow Jumping Mouse in Arizona 

 

29 

7 Black R W Fork Black R Upper meadow 3 Poor low

potential habitat continuous throughout this reach and may be 

more extensive; reach is potentially isolated from other 

occupied areas 

8 Black R E Fork Black R meadow 4.5 good high

potential habitat continuous throughout this reach and may be 

more extensive; reach is potentially isolated from other 

occupied areas 

 10, 11, 12 Black R W Fork Black R (lower sites) meadow 6 good high

potential habitat continuous throughout this reach and may be 

more extensive

13 Black R Centerfire Creek alder 1+ good moderate

limits of potential habitat unknown but likely extends beyond 

study area

14 Black R Boggy Creek alder 1+ good moderate

limits of potential habitat unknown but likely extends beyond 

study area

E Little Colorado R E Fork Little Colorado R Lower alder 0.4 Very good low reach may be isolated from other occupied sites

K Little Colorado R Nutrioso Creek alder 1.3 good moderate

habitat isolated; reach length is a maximum estimate, exact 

limits unknown

L San Francisco R San Francisco R Upper alder 0.4 Very good low habitat isolated

M San Francisco R "Talwiwi Creek" Lower alder 0.2 good low

habitat possibly isolated; an adjacent 2.0 km reach may have 

patches of suitable habitat

O Blue R Campbell Blue Creek Middle alder 3.9 Poor low

 reach length is a maximum estimate, potential habitat is 

restricted to small isolated patches within reach; habitat 

probably isolated

Q Black R Corduroy Creek (forested) 0.3 Poor low

potential habitat restricted to small isolated patches; extent of 

habitat unknown but likely extends beyond study area

Table 5.  Characteristics of sites occupied by the New Mexico meadow jumping mouse (Zapus hudonius luteus ) in the 

White Mountains, Arizona, 2008-2009.

M
ap

 

L
o

ca
ti

o
n Potential for 

long-term 

persistence3

Dominant 

riparian 

habitat

3The potential for long-term persistence of the species at the site was subjectivly determined based on habitat quality, area and isolation of the site, current management, and potential 

threats (including hydrological changes).

Length of stream 

reach with 

potential habitat1 

(km)

1The length estimates are crude and are based on observations and maps.  There was no field effort to quantify area of potentially suitable habitat.

Habitat 

quality2 NotesSite NameDrainage

2Habitat quality was subjectivly determined based on overall conditions of the reach to support jumping mice, exclusive of landscape consideration (i.e, minimum area to support viable 

population and connectivity with other occupied sites).  Sites could have good habitat conditions but landscape issues limits potential for long term persistence of a population.
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Habitat 
 

 

Stream reach cover 

 

Univariate comparisons.—Herbaceous vegetation, including forbs, grasses, and sedges, 

accounted for > 70% of the cover on stream reaches where Z. h. luteus was captured (Table 6).  

In contrast, riparian shrubs (i.e., alders and willows) accounted for only 13.4 % of the cover.  All 

other sources of cover were incidental (i.e., < 5%).  However, the only stream reach cover 

variables that exhibited significant differences between sites where Z. h. luteus was captured or 

not captured were percent cover of alder and forbs (Figure 4).  Both of these cover types were 

more prevalent at sites where Z. h. luteus occurred.    

 

 
 

test

x SE x SE statistic P

Elevation (m) 8142.7 129.78 8366.4 218.91 t = 0.611 ns

Vertical cover (inch)

     stream edge mean 21.3 1.76 21.9 2.39 z = -0.370 ns

     stream edge variance 204.2 39.02 157.9 29.18 t = -0.969 ns

     upland mean 18.4 1.63 18.6 2.40 z = -0.592 ns

     upland variance 211.4 44.87 159.0 30.30 t = -1.007 ns

Cover type (%)

     Forb 30.4 4.14 17.8 3.40 t = -2.361 0.026

     Grass 24.1 3.44 31.2 3.88 t = 1.369 ns

     Sedge 16.0 3.86 23.4 5.81 t = 1.062 ns

     Alder 10.0 2.95 1.6 0.77 z = -2.447 0.023

     Rush 4.0 1.93 2.8 0.90 z = -0.225 ns

     Willow 3.4 2.05 7.1 2.57 z = -1.038 ns

     Dead standing limbs 3.5 1.41 2.0 0.74 z = -0.654 ns

     Bank 3.0 0.95 4.0 1.03 z = -0.676 ns

     Conifer 1.5 1.33 1.7 0.92 z = -0.367 ns

     Other shrub 1.0 0.75 2.5 1.70 z = -0.640 ns

     Other plant 0.9 0.29 0.9 0.43 z = -1.087 ns

     Cinqfoil 0.8 0.60 0.3 0.24 z = -0.399 ns

     Rose 0.7 0.54 2.4 1.03 z = -1.026 ns

     Rock 0.4 0.19 1.2 0.55 z = -0.520 ns

     Log 0.3 0.34 1.1 0.66 z = -1.019 ns

Table 6.  Stream reach cover variables at sites where the New Mexico meadow 

jumping mouse (Zapus hudsonius luteus ) was captured (N = 11) or not 

captured (N = 16; only includes sites where trapping occurred ) in the White 

Mountains, Arizona.

Captured Not captured
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Figure 4.  Differences in alder and forb cover at sites where the New Mexico meadow jumping 

mouse (Zapus hudsonius luteus) was captured or not captured in the White Mountains, Arizona, 

2008-2009. 

 

Multivariate comparisons.—A total of five principal components were extracted, which 

together accounted for 79.9% of the variation.  Based on the scree plot criterion, two components 

were required to describe habitat; these accounted for 31.8% and 20.5% of the variation, 

respectively (cumulative variation explained = 52.2%).  On component 1, variables with very 

significant positive loadings included: the four vertical cover measures and percent cover of 

willow and rose; an important variable was percent cover of alder.  The only variable with an 

important negative loading was sedge cover.  Thus, component 1 was interpreted as a riparian 

shrub canopy gradient extending from sites dominated by sedges (negative values) to sites 

dominated by riparian shrubs (positive values).  On component 2, variables with high positive 

loadings included percent cover of forbs, dead wood, and conifer trees.  Variables with very 

significant negative loadings on component 2 were percent cover of sedge and rush, while 

percent cover of grass was important.  Thus, component 2 was interpreted as a canopy cover 

gradient extending from open sites dominated by graminoid plants (negative values) to sites with 

woody plants, especially conifer trees, and an understory of forbs (positive values).  A scatter 

plot of survey sites on components 1 and 2 revealed few discernable patterns with respect to sites 

occupied by Z. h. luteus (Figure 5).  Survey sites where Z. h. luteus was present overlapped those 

where Z. h. luteus was not captured (Figure 5a).  However, sites with higher relative abundance 

of Z. h. luteus appeared to form a tighter subset of habitats clustered in the central region of the 

plot (Figure 5b). 
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Figure 5.  Scatter plot of survey sites for the New Mexico meadow jumping mouse (Zapus 

hudsonius luteus) in the White Mountains, Arizona, based on principal components analysis of 

stream reach cover data.  Survey sites are plotted on component 1 and 2 with Z. h. luteus shown 

as A) present or absent, and B) relative abundance. 

 

The DFA revealed a highly significant multivariate difference in stream reach cover 

variables between sites where Z. h. luteus was present or absent (Wilks’ lambda = 0.413, χ
2 

= 

20.335, df = 4, P < 0.001).  The single best predictor for discriminating between these groups 

was percent of stations with alder as the dominant cover (Figure 4).  Other significant variables 

that contributed to a final model were percent cover of forb, rush, and bank (negative).  The 

classification routine correctly classified 85.2 % and 77.8% of the original and cross-validated 

cases, respectively.  The similarity in percent classified indicates that there was little to no excess 

of predictors in the final model.  The classification routine did not predict either site on the West 

Fork of the Little Colorado River to have suitable habitat for Z. h. luteus.   

There were more sites where Z. h. luteus was present, but was predicted to be absent, than 

vice-versa, for both the original (i.e., 18.2% versus 12.5%) and cross-validated cases (27.3% 

versus 18.8%).  These results indicate that the survey methods were not prone to missing Z. h. 

luteus if present.  In addition, results suggest that there were sites with suitable habitat, but that 

were currently unoccupied.  In such cases, it is possible that Z. h. luteus was historically 

extirpated but has not been able to recolonize the area.  For example, Little Colorado River 

Lower (site #O) was predicted suitable for Z. h. luteus in the cross-validated run.  However, this 

area was grazed prior to its establishment as a wildlife area, and it is now highly isolated from 

other areas of potentially occupied Z. h. luteus habitat. 

Sites where Z. h. luteus was captured but were predicted to be absent included West Fork 

of the Black River Lower and Upper (site #10 and #7, respectively), as well as ―Talwiwi Creek‖ 

Lower (site #M) in the cross-validated run.  The sites on the West Fork of the Black River were 

similar in that both were in situations where the stream ran through broad open meadows with 

few shrubs.  Since alder cover was the most important discriminating variable in the DFA model, 

it is likely that the virtual absence of alders at these sites caused the model to predict the sites as 

Z. h. luteus absent.  In contrast, ―Talwiwi Creek‖ Lower was an exceptionally small area, most of 

which was dominated by rushes, which is not considered suitable habitat for Z. h. luteus.  The 

area of habitat that appeared suitable for Z. h. luteus accounted for a small fraction of the total 

A B 
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transect area.  It is possible that the classification of these sites as Z. h. luteus absent, might 

reflect relatively poor habitat conditions, which might indicate risk to these populations. 

 

Microhabitat 

 

Univariate comparisons.—The microhabitat data indicated that Z. h. luteus used tall, 

dense cover of forbs and sedges on saturated soil in immediate proximity to flowing water (Table 

7). This is consistent with known microhabitat associations of Z. h. luteus in other mountain 

ranges in New Mexico (e.g., Frey 2005, 2006b, 2011, Frey and Malaney 2009).  Univariate 

comparisons of capture and non-capture locations revealed that Z. h. luteus used microhabitat 

that had significantly greater and less variable soil moisture, greater variance in vertical cover 

height, greater cover of alder and open water, less cover of litter and bare ground, and lower 

density of riparian shrub stems (Table 7). 

The relationship between capture locations of Z. h. luteus with higher cover of alder, 

variance in vertical cover height, less cover of litter, and lower density of riparian shrub stems 

requires further explanation.  First, alder cover was a key variable that exhibited correlations 

with several other variables.  Most importantly with respect to understanding relationships with 

Z. h. luteus presence, there was a significant correlation between alder cover and variance in 

vertical cover (rs = 0.353; P < 0.01).  This is likely because alders usually occurred as individual 

trees or small clumps along water’s edge (hence resulting in high variance in vertical cover), 

rather than growing in larger, more uniform patches as sometimes observed for willows.  In 

addition, alder cover exhibited a high correlation with canopy cover (rs = 0.519) and moderately 

high (i.e., rs > |0.3|; P < 0.01) correlations with vertical cover at the trap (rs = 0.355), coarse 

woody debris (rs = 0.403), rock cover (rs = 0.336), sedge cover (rs = -0.304), litter cover (rs = -

0.345), and leafy equisetum cover (rs = -0.304). 

At first blush, the relationship of Z. h. luteus occurrence with both high alder cover and 

lower density of riparian shrub stems seems to be at odds.  Species included in riparian shrub 

stem counts included dogwood, alder, and willow.  Riparian shrub stem count was highly 

correlated (i.e., rs > |0.5|; P < 0.001) only with elevation (rs = -0.588), alder cover (rs = 0.555), 

and willow cover (rs = 0.552); no dogwood cover was recorded on any Z. h. luteus microhabitat 

plot.  Neither willow cover nor dogwood cover exhibited significant correlations with any other 

variables.  In the White Mountains the growth forms of alders and riparian willows typically 

differed in important ways.  Alders usually had several well-defined woody trunks with branches 

extending outward laterally from the trunks.  In contrast, riparian willows were shrubby, lacking 

well-defined trunks, and having numerous small-diameter stems that tended to grow upward 

vertically from the ground.  In addition, willows appeared less common than alders.  For 

example, willow cover was recorded at 13 (33%) Z. h. luteus microhabitat plots while alder 

cover was recorded at 27 (69%) Z. h. luteus microhabitat plots.  Typical situations where 

jumping mice were captured included the lush herbaceous vegetation in small clearings between 

alders or at the edge of alder crowns where the tips of alder branches overlaid the herbaceous 

plant layer and contributed to the cover over the trap (Figure 6).  In such situations, the 4-m 

radius microhabitat plots centered on the trap would tend to register the cover of the alder leaves 

(i.e., alder cover), but miss the trunks (i.e., stem density).  Further, the area around the trunks and 

stems usually had little herbaceous vegetation and appeared avoided by jumping mice.  Thus, 

these growth patterns would account for the observed relationships of Z. h. luteus with both high 

alder cover and low density of riparian shrub stems. 
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test

x SE x SE statistic P

Elevation (m) 2437.0 25.84 2525.1 42.63 t = 1.754 ns

Slope (º) 2.0 1.12 3.3 1.15 z = 0.370 ns

Soil moisture (1[dry] - 10 [saturated])

     At trap 9.9 0.08 9.8 0.12 z = 0.237 ns

     Mean on plot 9.7 0.05 9.0 0.21 z = 1.946 0.001

     Variance 0.6 0.21 2.5 0.53 z = 1.728 0.005

Canopy cover (%) 43.7 5.47 33.8 4.66 t = 1.386 ns

Vertical cover (inch)

     At trap 27.6 1.82 24.3 2.29 t = -1.132 ns

     4 m from trap 22.3 1.99 22.9 2.33 t = 0.202 ns

     Mean 24.9 1.75 23.5 2.26 t = -0.492 ns

     Variance 186.3 25.93 126.9 33.07 z = 1.764 0.004

Height of stubble (cm)

     Vertical 60.1 3.56 54.8 4.11 t = -0.963 ns

     Laid-over 33.0 2.18 38.1 2.22 t = 1.632 ns

Depth of litter (cm) 2.4 0.25 2.9 0.51 z = 0.730 ns

Ground-cover class (1-6)

     Forb 2.2 1.04 1.9 0.12 t = -1.447 ns

     Sedge 2.0 0.15 2.2 0.20 z = 0.719 ns

     Open water 1.9 0.09 1.5 0.09 z = 1.890 0.002

     Grass 1.6 0.09 1.8 0.12 z = 0.752 ns

     Alder 1.4 0.06 1.1 0.04 z = 2.189 0.000

     Coarse woody debris 1.3 0.05 1.3 0.06 z = 0.542 ns

     Litter 1.3 0.03 1.6 0.08 z = 1.896 0.002

     Rush 1.1 0.04 1.1 0.06 z = 0.836 ns

     Willow 1.1 0.04 1.2 0.07 z = 0.618 ns

     Dogwood 1.1 0.04 1.0 0.02 z = 0.327 ns

     Other plant 1.1 0.03 1.0 0.01 z = 0.814 ns

     Bare ground 1.1 0.01 1.3 0.06 z = 1.946 0.001

     Rock 1.1 0.08 1.1 0.03 z = 0.984 ns

     Equisetum 1.0 0.01 1.0 0.00 z = 0.229 ns

     Rose 1.0 0.01 1.1 0.03 z = 0.436 ns

     Cinqfoil 1.0 0.01 1.0 0.01 z = 0.109 ns

     Moss 1.0 0.00 1.0 0.02 z = 0.763 ns

     Gravel 1.0 0.00 1.1 0.06 z = 0.298 ns

     Cattail 1.0 0.00 1.0 0.02 z = 0.109 ns

Shrub stem count 12.9 2.85 14.4 6.54 z = 2.033 0.001

Trees stem count 0.0 0.02 0.4 0.31 z = -0.185 ns

Table 7.  Microhabitat characteristics at locations where the New Mexico 

meadow jumping mouse ( Zapus hudsonius luteus) was captured (N = 39) or 

not captuerd (n = 41) in the White Mountains, Arizona, 2008-2009.

Captured Not captured
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Figure 6. Capture locations of the New Mexico meadow jumping mouse (Zapus hudsonius 

luteus) at A) West Fork Black River Middle (site #11) in a small clearing within the alders 

(willows are present in the upper right foreground), and B) Nutrioso Creek (site #K) at edge of 

alder crown.  The robel pole marks the trap locations. 

 

 

Multivariate comparisons.—A total of 11 principal components were extracted, which 

together accounted for 74.8% of the variation in microhabitat.  Based on the scree plot criterion, 

a maximum of 3 components were required to describe habitat, which accounted for 15.8%, 

12.0%, and 8.3% of the variation respectively (cumulative variation explained = 36.1%).  On 

component 1 variables with very significant positive loadings included: mean vertical cover, 

stubble height, willow cover, and riparian shrub stem density; important negative loadings were 

elevation and variance in soil moisture.  Thus, component 1 can be interpreted as a ―Willow 

Gradient‖ of sites at high elevation, variable soil moisture, and little willow (negative scores), to 

sites at lower elevation, more uniform soil moisture, and with much willow cover (positive 

scores).  On component 2 variables with very significant positive loadings included: canopy 

cover, variance in vertical cover, vertical cover, and coarse woody debris; other important 

variables included alder and forb cover.  The only variable with a significant negative loading 

was sedge cover, although litter depth was also important.  Thus, this component represents a 

―Cover Variance Gradient‖ from sites dominated by a uniform cover of sedges (negative scores) 

to sites with tall but variable cover due to presence of alder and forbs (positive scores). 

A scatter plot of locations on the first two components revealed no separation between 

locations where Z. h. luteus was captured and not captured (Figure 7a).  One discernable pattern 

was that Z. h. luteus capture locations tended to create a tighter subset of available microhabitats.  

A second pattern was that microhabitat plots collected at the same survey site did not necessarily 

cluster together (Figure 7b).  This indicates that riparian zones can offer a wide array of 

microhabitats, only some of which might be suitable to Z. h. luteus. 

A B 
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Figure 7.  Microhabitat characteristics for the New Mexico meadow jumping mouse (Zapus 

hudsonius luteus) in the White Mountains, Arizona. A) Comparison of microhabitat at Z. h. 

luteus capture locations versus non-capture locations.  B) Comparison of microhabitat collected 

at five representative survey areas. 

 

 

Despite the seeming similarity of Z. h. luteus capture and non-capture locations in the 

PCA, the DFA revealed a highly significant multivariate difference in microhabitats between 

these groups (Wilks’ lambda = 0.601, χ
2 

= 34.612, df = 4, P < 0.001).  The single best predictor 

for distinguishing between Z. h. luteus capture and non-capture locations was alder cover (Figure 

8).  Other significant variables that contributed to a final model were open water cover, other 

plant cover, and bare ground which was negative (Figure 8).  The classification routine correctly 

classified 80.0% of both the original and cross-validated cases.  The identity in percent correct 

classification between the original and cross-validated cases indicated that there was a reasonable 

number of predictor variables in the model.  The proportion of misclassifications was equal 

between the groups.   

One plot established on the West Fork Little Colorado River Upper (site #4), which was 

not trapped due to heavy recreational use, was predicted to be a non-capture location.  There 

were several sites where Z. h. luteus was not captured but microhabitat was predicted to be 

suitable, including: 2 of 4 plots at East Fork Little Colorado River Upper, 2 of 6 plots at Rudd 

Creek, Hannagan Creek Lower, and KP Cienega (all 3 plots on KP Creek were predicted to be 

unsuitable for Z. h. luteus).  At one location, Talwiwi Creek Lower (site #M), Z. h. luteus was 

predicted to be absent but was captured.  Given that it also was not captured nor was habitat 

predicted to be suitable at Talwiwi Creek Upper (site #18), this population may be at particular 

risk of extirpation.  At 5 survey sites where Z. h. luteus was documented, some capture locations 

were predicted to be unsuitable.  This occurred at Centerfire Creek, East Fork Black River, East 

Fork Little Colorado River, West Fork Black River Middle, and West Fork Black River Upper.   

These survey sites were characterized by relatively extensive areas of suitable habitat and 

relatively high abundance of Z. h. luteus.  In such cases, it would be more likely to capture the 

species in atypical microhabitat situations.  A radio-telemetry study at Bosque del Apache 

National Wildlife refuge revealed that Z. h. luteus is exceptionally philopatric, using regular nest 

sites and specific patches of high quality food.  However, the animals must travel between 

nesting and feeding locations (Frey and Wright 2011).  Thus, occasional documentation of Z. h. 

A B 
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luteus in patches of less ideal habitat within a matrix of quality habitat is not unexpected.  

However, Z. h. luteus does not occur at sites that lack quality, undisturbed habitat. 

 

PresentAbsent

C
o

v
e

r 
C

la
s
s
 (

9
5

%
 C

I)

2.2

2.0

1.8

1.6

1.4

1.2

1.0

Cover type

ALDER

WATER

OTHER

BARE

 
Figure 8.  Microhabitat variables that were included in a discriminant function model that 

distinguished between traps where the New Mexico meadow jumping mouse (Zapus hudsonius 

luteus) was captured and not captured in the White Mountains, Arizona, 2008-2009.  The 

dependent variable represents the 95% confidence intervals for cover classes where 1=0-5% 

cover, 2 =5-25% cover. 

 

Comparisons with other montane populations 
 

Based on my observations and statistical analyses of quantitative habitat data collected at 

capture locations of Z. h. luteus from throughout its range, I do not regard habitat association 

used by the species in the White Mountains as different compared to other montane locations 

(Frey 2005, 2006b, 2011, Frey and Malaney 2009).  Consistent microhabitat features at capture 

locations (i.e., conditions within 4 m of trap) include:  

1) immediately adjacent to flowing water (open water ranks as the third or fourth most 

prevalent cover type) 

2) saturated soil (i.e., 9 -10 on scale 0-10);   

3) sedges and forbs are the predominant plant cover types 

4) vertical cover is tall (average 24 inches or more) 

5) canopy cover is low to moderate (< 50%) 

6) no trees  

 

Thus, results of this study confirm that Z. h. luteus is a riparian specialist that utilizes tall, 

dense herbaceous vegetation.  However, some details of the habitat analyses in the White 

Mountains were different compared to results found for other populations.  Most notably, these 

differences pertained to vertical cover height and riparian shrubs. 
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Vertical cover height.—Prior studies have shown that Z. h. luteus uses significantly 

greater vertical cover height, whether in comparison with non-capture locations in populations 

where Z. h. luteus is the only species of jumping mouse (Frey and Malaney 2009), or in 

comparison with Z. princeps capture locations in the zone of sympatry between the two species 

(Frey 2011).  In contrast, during this study I found no significant difference in vertical cover 

height (or stubble height, which is usually strongly correlated with vertical stubble height) 

between capture and non-capture locations.  Because the goals of surveys for Z. h. luteus are to 

document occurrence of this rare species, survey sites are not randomly selected.  Rather, sites 

are selected because the area was either known to harbor the species in the past or because it had 

potentially suitable habitat (i.e., tall, dense herbaceous stream-side vegetation).  Consequently, 

even sites where Z. h. luteus was not captured in the White Mountains tended to have areas of 

relatively good habitat.  Thus, it is not unexpected that no significant difference was found in 

vertical cover height between capture and non-capture sites.   

In the White Mountains, my impression was that there appeared to be much larger areas 

of relatively well-developed riparian habitats due to widespread exclusion of livestock from 

riparian zones.  In contrast, in New Mexico suitable riparian habitat was extremely limited and 

was almost exclusively confined to small fenced grazing exclosures.  Outside of those small 

exclosures, riparian conditions were generally highly degraded, sometimes even essentially 

eliminated (Frey 2005, 2006b).  Consequently, during surveys in New Mexico there was 

relatively more poor habitat sampled, making the difference between capture and non-capture 

locations more pronounced.   

Mean vertical cover height at capture locations was lower in the White Mountains (24.9 

inches, N = 39) as compared with capture locations in the Jemez and Sacramento mountains 

(32.6 inches, N = 14, Frey and Malaney 2009) and the Sangre de Cristo Mountains (40.4 inches, 

N = 29, Frey 2011).  This difference is likely due to differences in natural growth potential of 

different riparian plant communities.  For example, some sedges, such as beaked sedge (Carex 

rostrata), provide relatively great vertical cover height that cannot be matched  by most species 

of riparian forbs.  Consequently, results from other studies may have been skewed by overall 

smaller sample sizes and a large proportion of sites in beaked sedge alliances.   

 

Alders and willows.—Both the stream reach cover data and microhabitat data revealed an 

association between occurrence of Z. h. luteus with alder cover.  This pattern has not been 

previously reported.  The dominant riparian plant communities along streams in the White 

Mountains consist of alliances represented by various species of alders and/or willows (Brown 

1994, Muldavin et al. 2000).  Under natural conditions, whether a location supports one alliance 

or another is determined by environmental conditions such as elevation, soil type and hydrology.  

However, the disturbance history of a site also may cause changed expressions of the natural 

plant community, such as through elimination of vulnerable species or causing a shift to another 

alliance (Dick-Peddie 1993).  Alders tend to be more prevalent in narrower floodplains while 

willows tend to be more prevalent on broader floodplains, although both genera typically 

comingle to some extent depending on location.  Consequently, the herbaceous communities 

associated with each tend to be different: forbs are typically more commonly associated with 

alder communities in narrower canyons, while graminoid plants are typically more commonly 

associated with willow communities on broad flood plains.  Sedges are also typical of alder 

communities where they occupy saturated soil in sunny locations along water-edge.   
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 In this study, alder cover, but not willow cover, was the most important predictor of Z. h. 

luteus occurrence, at both the landscape (i.e., stream reach) and microhabitat scales.  Reasons for 

this pattern are not known but there are several possibilities, including: 1) selection of alder 

communities by Z. h. luteus, 2) avoidance of willow communities by Z. h. luteus, 3) willows 

differentially eliminated from alliances that typically include both alders and willows (e.g., 

thinleaf alder [Alnus incana tenuifolia] alliance; Muldavin et al. 2000), and 4) differential 

extirpation of Z. h. luteus from willow communities.  Plant communities selected by Z. h. luteus 

are those that provide: cover from predators; appropriate structure (e.g., laid-over sedges) to 

accommodate locomotion and feeding behavior in the canopy of the herbaceous layer; and food, 

primarily in the form of seeds of grasses, sedges, and rushes (Frey and Wright 2011).  Thus, it 

seems doubtful that alders per se are preferentially selected by Z. h. luteus.  However, it is 

possible that alders provide additional cover, while also allowing for growth of food plants 

around their bases (Figure 6).  The additional cover may be particularly important in narrower 

valleys where forbs are the predominant herbaceous vegetation. 

Willows are a diverse group that vary in growth form and that utilize a wide range of 

environmental conditions.  There are at least 11 species of willow known to occur in the White 

Mountains (Dreesen et al. 2002).  The microhabitat results suggested that willow cover tended to 

be associated with lower elevations and more uniform soil moisture.  For example, willow (but 

not alder) was present at Little Colorado River Lower (site #A), which was one of the lowest 

elevation sites.  In addition, some species of willow grow in waterlogged soil, typically together 

with monotypic stands of sedges (e.g., Little Colorado River Upper site #D).  In contrast, alders 

are not tolerant of sustained waterlogged soil, and hence they are restricted to areas that are only 

temporarily flooded, such as immediately along streams in higher gradient, narrower valleys.  

Although sedge has been identified as a key habitat component for Z. h. luteus, Z. h. luteus does 

not appear to use willow-sedge habitats that are covered with relatively deep (i.e., from 

perspective of a small mammal, ca > 2 cm) standing water.  Terrestrial small mammals, 

including jumping mice, generally are not found in areas where water is uniformly deep.  Rather, 

sedge habitats preferred by Z. h. luteus are those on saturated soils or where soil is covered in 

shallow standing water (< 2 cm) and in proximity to drier soils. 

Willows are highly palatable to both domestic livestock and wild ungulates.  In addition, 

their primary mode of reproduction is via production of seedlings, which are highly vulnerable to 

browsing.   In addition, seeds of willows are dispersed via the wind and so have limited dispersal 

ability and asexual establishment of new plants via stems cut by beaver is limited and would be 

dependent on downstream transport of stems from occupied beaver areas (Gage and Cooper 

2005).  Consequently, over-browsing by ungulates can preferentially eliminate willows from 

riparian plant communities (Belsky et al. 1999, Gage and Cooper 2005).  Baker et al. (2005) 

found that elk and livestock can outcompete and exclude beaver, which results in a cascade of 

changes that can further eliminate willows.   

Although alder is generally not considered a preferred food by ungulates, it is browsed 

(http://www.fs.fed.us/database/feis/plants/tree/alninct/all.html).  However,  alder reproduction 

occurs both from seeds and clonally via rhizomes.  Consequently, alders may be more likely to 

persist in areas with heavy grazing.  In addition, once livestock grazing has been curtailed, there 

can be an explosive positive growth response in alders resulting in significant increases in stem 

density, and especially a highly significant and dramatic increases in height; response of alder to 

livestock exclusion  can be more dramatic than the response by willow (Case and Kauffman 

1997, Green and Kauffman 1995).  Because willow reproduction is primarily via wind-dispersed 
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seeds, it may take much longer for willows to reestablish in an area, particularly if it has been 

altogether eliminated.  Thus, the relatively recent (i.e., last two decades) widespread reduction or 

exclusion of cattle from riparian zones in the White Mountains may have had a differential 

impact on alders versus willows, such that alders are more likely to be recorded in areas with 

suitable habitat for Z. h. luteus.  This idea is supported by the positive relationship found during 

this study between time since livestock were excluded from an area with alder cover (see 

livestock section below for details). 

Due to hydrological conditions, broad valleys are more likely to support willow 

communities as opposed to alder communities (i.e., some willows are adapted to low-oxygen 

waterlogged soil conditions).  In addition, because of the availability of quality forage and easy 

access, broad valleys were historical epicenters for livestock grazing in montane areas (e.g., 

West Fork Black River Lower and Upper [sites #10, 7]).  Impacts of past grazing are often 

evident in such locations.  For example, at West Fork Black River Upper (site #7), only the 

remains of dead willow were observed on the stream reach transect.  Without willows, there are 

no beaver, and hence the riparian zone was quite narrow and monotypic.  Consequently, the 

small mammal community also exhibited both low diversity and abundance; Z. h. luteus was 

captured, but at low relative abundance (0.71 per 100 trap nights).  The negative impacts of 

livestock grazing on Z. h. luteus in such areas would be due to the reduction in the herbaceous 

component of the habitat, rather than the reduction or loss in willows per se.  Given the 

sensitivity of Z. h. luteus to loss of herbaceous cover, areas where livestock congregate would be 

less likely to support either willows or Z. h. luteus.  Thus, Z. h. luteus may have been 

differentially extirpated from areas that were historically or currently dominated by willows.  For 

example, Z. h. luteus was not captured at East Fork Little Colorado River Upper (site # 6) in an 

area that supports Arizona willow (Salix arizonica; Decker 2006).  It is likely that short-term, 

intensive livestock grazing in the valley bottom disturbed the narrow herbaceous riparian plant 

community that Z. h. luteus requires, resulting in its local extirpation (see Distribution and 

Livestock sections for more information).   

 Based on my observations of riparian conditions throughout the range of Z. h. luteus, my 

impression is that riparian shrubs were more common in the White Mountains than in either the 

Sangre de Cristo, Jemez, and especially the Sacramento mountains.  While site conditions may 

be partially responsible for this pattern (e.g., White Mountains have two species of alders, 

Sacramento Mountains have no species of alder, other ranges have one species of alder), my 

observations suggest that livestock grazing has had a profound effect.  Riparian habitats in New 

Mexico are often so degraded that alders and willows are sparse or absent.  Consequently, it is 

not surprising that no relationships with riparian shrubs were found during previous studies. 
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Livestock 
 

Frey and Malaney (2009) found that livestock exclusion was the best predictor of 

occurrence of Z. h. luteus in montane riparian zones.  Similarly, Morrison (1991) identified 

livestock grazing as the single greatest threat to Z. h. luteus.  With one exception, all populations 

of Z. h. luteus known to persist since 2005 are located in areas where livestock have been 

excluded.  The single exception was a survey site on the lower Rio Cebolla in the Jemez 

Mountains, New Mexico (details were reported in Frey 2007a).  Here, a beaver complex afforded 

natural exclusion of livestock from portions of the riparian zone (Frey 2007a, Frey and Malaney 

2009). 

During this study, all survey sites except Fish Creek and West Fork Fish Creek were in 

areas excluded from livestock grazing (Table 8, Figure 9).  No significant relationship was found 

between years since livestock were excluded from a survey site with presence or relative 

abundance of Z. h. luteus (Figure 10).  Thus, livestock exclusion alone does not guarantee 

presence of Z. h. luteus.  This is because once extirpated from a site, recolonization would have 

to occur along riparian corridors with suitable habitat from persisting source populations.  Most 

of the currently occupied sites are isolated by unsuitable habitat (Table 5).   

Although livestock grazing was excluded from most sites by policy, there was evidence 

of unauthorized livestock use at several sites (Table 8).  Z. h. luteus occurred more often at sites 

where no sign of livestock grazing was observed (Figure 11).  The situation at one survey site is 

particularly germane.  East Fork Little Colorado River Upper was formerly considered a core 

population of Z. h. luteus in the White Mountains (Morrison 1991).  During 1991, habitat at the 

site was described as excellent, with very good cover, and a ―good mixture of grasses, forbs, and 

shrubs‖ (Morrison 1991).  Morrison (1991) reported that grazing was not allowed in the area, 

and grazing has been excluded by policy continuously since that time (Table 8).  However, 

during this study no jumping mice were captured at the site despite two separate survey efforts 

and a total trapping effort of 656 trap-nights, which is vastly more than needed to document the 

species if present.  Trapping occurred within elk exclosures that had been erected prior to the 

growing season in 2009.  There was abundant old cattle feces within the exclosures at the time of 

the surveys later in 2009.  Access of the cattle occurred during 2007-2008 when the fences were 

removed due to a construction project.  Thus, it seems likely that livestock grazing during that 

two year period resulted in the local extirpation of this important populations of Z. h. luteus.   

 The only survey site where sign of livestock grazing was observed and Z. h. luteus was 

present was Boggy Creek (Table 8).  Livestock had been excluded from this site by policy since 

2005 (since 1994 by practice).  However, I observed old sign of unauthorized horses, which 

apparently originating from nearby tribal lands.  Based on amount and distribution of feces, it 

appeared that horses were primarily utilizing a small portion the riparian zone to gain access to 

drinking water; feces were not distributed throughout the entire survey area. 

The only stream reach cover variables that exhibited a significant correlation with time 

since exclusion of livestock was percent alder cover (rs = 0.452, P = 0.023), and its strong 

correlate, variance in vertical cover at the stream-edge (rs = 0.408, P = 0.043).  In this study, 

alders were an important habitat feature associated with distribution and abundance of Z. h. 

luteus.  The positive relationship between time since livestock were excluded with alder cover 

indicates restoration of riparian habitats following exclusion. 
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by policy Notes

Sign of livestock 

during survey

3 A Springerville RD W Fork Little Colorado R W Fork Little Colorado R Lower H NA unknown grazing status unknown none

4 A Springerville RD W Fork Little Colorado R W Fork Little Colorado R Upper H NA unknown grazing status unknown none

5 A Springerville RD E Fork Little Colorado R "Lee Valley Creek" Upper H 0 1999 cattle feces

6 A Springerville RD E Fork Little Colorado R E Fork Little Colorado R Upper H 0 early 1990s fences nonfunctional 2007-2008 abundant cattle feces

7 A private W Fork Black River West Fork Black R Upper H 1 2005

8 A Alpine RD E Fork Black River East Fork Black River H 7 2001  incidental use during prior decade

10 A AZGF/Alpine RD W Fork Black River West Fork Black River Lower H 2 1968

11 A AZGF/Alpine RD W Fork Black River West Fork Black River Middle H 3 1968/2005 no grazing by choice since 1994

13 A Alpine RD Black River Centerfire Creek H 3 2005 no grazing by choice since 1994

14 A Alpine RD Black River Boggy Creek H 4 2005 no grazing by choice since 1994 horse feces

17 G Alpine RD Black River Hannagan Creek Lower H 0 1997

18 A Alpine RD San Francisco River "Talwiwi Creek" Upper H 0 ca 1970s

19 A Alpine RD San Francisco River San Francisco River Lower H 0 2001

21 G Alpine RD Blue River Campbell Blue Creek Lowermost H 0 1997

A A AZGF Little Colorado River Little Colorado R Lower N 0 1996 cattle feces

B A Springerville RD Fish Creek Fish Creek N 0 grazed cattle or sheep, rotated yearly cattle present after survey

B A Springerville RD Fish Creek "West Fork" Fish Creek N 0 grazed cattle or sheep, rotated yearly cattle feces

C A Springerville RD Little Colorado River Benny Creek N 0 1999 appeared heavily used by elk riding/pack horses

D A Springerville RD  Little Colorado River Little Colorado River Upper N 0 1999 no grazing by practice since ca 1990

E A Springerville RD E Fork Little Colorado R E Fork Little Colorado R Lower N 5 1999 no grazing by practice since ca 1990

F A Springerville RD E Fork Little Colorado R "Lee Valley Creek" Lower N 0 1999

G A Springerville RD W Fork Black River "Spruce Creek" N 0 2005

H A Springerville RD W Fork Black River "Buckshot Creek" N 0 2005

I A Springerville RD Nutrioso Creek Rudd Creek Upper N 0 1999 cattle feces

J A AZGF Nutrioso Creek Rudd Creek Lower N 0 1994

K A Alpine RD Nutrioso Creek Nutrioso Creek N 3 2001 no grazing by practice since ca 1990

L A Alpine RD San Francisco River San Francisco River Upper N 6 2001

M A Alpine RD San Francisco River "Talwiwi Creek" Lower N 1 2001

N G Alpine RD Blue River Campbell Blue Creek Upper N 0 1997

N G Alpine RD Blue River Campbell Blue Creek Uppermost N 0 1997

O G Alpine RD Blue River Campbell Blue Creek Lower N 0 1997

O G Alpine RD Blue River Campbell Blue Creek Middle N 3 1997

P G Alpine RD Black River Hannagan Creek Upper H 0 1997

Q G Alpine RD Black River Corduroy Creek N 1 1999

R G Alpine RD Blue River KP Creek N 0 1997

Table 8.  Livestock grazing history at survey sites for the New Mexico meadow jumping mouse (Zapus hudsonius luteus ) 

in the White Mountains, Arizona, 2008-2009.
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Figure 9.  Fish Creek (site # B) survey site before and after livestock grazing commenced.  Top 

Row: Lush herbaceous riparian vegetation found during survey on 11 July 2009 was considered 

potentially suitable habitat for the New Mexico meadow jumping mouse (Zapus hudsonius 

luteus. Bottom row: Condition of wetland on 6 September 2009 after cattle allowed access; no 

potentially suitable habitat for Z. h. luteus remained.  The circles show the same area in different 

photographs.    
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Figure 10.   Relationship between time since livestock grazing was excluded with A) relative 

abundance (captures per 100 trap nights) or B) presence or absence, of the New Mexico meadow 

jumping mouse (Zapus hudsonius luteus) in the White Mountains, Arizona, 2008-2009. 
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Figure 11.  Relationship between survey sites where livestock sign was observed and presence 

or absence of the New Mexico meadow jumping mouse (Zapus hudsonius luteus) in the White 

Mountains, Arizona, 2008-2009. 
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Small mammal communities 
 

Diversity.—A total of 19 species of small mammals were captured while surveying 

riparian zones for Z. h. luteus (Table 2 and 3).  This is a relatively large number of species.  It 

was comparable to the number (i.e., 18 species) caught during similar surveys in the Sangre de 

Cristo Mountains in New Mexico, which is a range in the Southern Rocky Mountains (Frey 

2006b).  However, the number of species was notably higher than caught during similar surveys 

in the San Juan Mountains and adjacent San Luis Valley in southwestern Colorado (i.e., 12 

species; Frey 2011) and in isolated mountain ranges in New Mexico including the Jemez 

Mountains (i.e., 10 species; Frey 2005) and Sacramento Mountains (i.e., 7 species; Frey 2005).  

Mean species richness at survey sites averaged 4.4 and ranged from 1 – 8 (Table 3).  

Richness exhibited a significant positive correlation with % conifer cover (rs = 0.463; P = 0.015) 

and % log cover (rs = 0.512; P = 0.006), which suggested that species contributing to higher 

richness were associated with coniferous forest habitats.  Indeed, sites with the highest richness 

were situations in which a narrow riparian zone along a small stream ran adjacent to, or within, 

coniferous forest.  Such situations would allow typical upland forest species (e.g., Mexican 

woodrat, southern red-backed vole) to overlap into the riparian zone.  Richness was positively 

correlated with relative abundance of the dusky shrew, water shrew, golden-mantled ground 

squirrel, southern red-backed vole, long-tailed vole, Mexican woodrat, and North American 

deermouse.  Of those, only the water shrew is strictly riparian.  The dusky shrew and long-tailed 

vole are most common in riparian habitats, although both species also use mesic areas within 

coniferous forests.  The remaining four species occur primarily in forested upland habitats.  

Richness exhibited a significant positive correlation with capture rate.  Thus, sites with high 

abundance of small mammals also had a relative high incidence of rare species. 

Not unexpectedly, species richness exhibited a significant positive relationship with 

Simpson diversity index D (rs = 0.503; P = 0.003).  However, there was no significant 

relationship between Simpson D and capture rate.  Simpson D averaged 0.50 and ranged from 0 

– 0.79 across sites.  In comparison to a normal curve, there was an excess of sites with either low 

or high Simpson D.  Simpson D exhibited significant positive correlations with variance in 

vertical cover height at the water-edge (rs = 0.454; P = 0.017) and the upland (rs = 0.476; P = 

0.012) transects and with % alder cover (rs = 0.404; P = 0.037).  There was a significant negative 

correlation with % sedge cover (rs = -0.502; P = 0.008).  On the Simpson scale, communities 

nearer to 0 are more uniform in species composition.  Thus, sedge-dominated riparian habitats 

(which are characterized by low variance in vertical cover) tend to have low diversity small 

mammal communities, while riparian zones with alders (which are characterized by high 

variance in vertical cover) have more diverse small mammal communities.  The montane vole 

was the only species exhibiting a significant positive correlation with % sedge cover.  Montane 

voles can become very abundant in sedge meadows to the exclusion of almost all other small 

mammals.  Sedges are adapted to long-term flooding and hence they usually only occupy 

extensive areas in broad, low-gradient valleys.  Both wet ground and distance from coniferous 

forests can exclude other species from those sites.  In contrast, alders are less resistant to long-

term flooding and hence they grow on the banks beside higher gradient streams.  The drier 

conditions and often close proximity to upland habitats can allow other species to occur at these 

sites.  Species exhibiting a significant positive relationship with Simpson D were the Mexican 

woodrat, North American deermouse, and long-tailed vole.  The Mexican woodrat and North 
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American deermouse are primarily associated with coniferous forest while the long-tailed vole is 

most abundant in shrubby riparian areas, but also occurs in mesic coniferous forest. 

The overall capture rate (i.e., relative abundance) at sites averaged 12.1 % but ranged 

from 3.3 – 28.5 %.  Capture rate exhibited a significant  positive correlation with elevation (rs = 

0.548; P = 0.001) and % conifer cover (rs = 0.393; P = 0.043).  Indeed, those species of small 

mammals that exhibited significant positive relationships with capture rate were the dusky 

shrew, water shrew, golden-mantled ground squirrel, red-backed vole, montane vole, long-tailed 

vole, Mexican woodrat, and North American deermouse.  All of these species are associated with 

high elevations and this list included the five most abundant species captured during this study 

(Tables 3 and 9).   

The pattern of abundance and frequency (i.e., number of sites occupied) of small 

mammals during this study was similar to patterns found during prior survey efforts for Z. h. 

luteus in other mountain areas in the American Southwest (Frey 2005, 2006b, 2011).  For 

example, the three most abundant and frequent species were the montane vole, deer mouse and 

long-tailed vole.  The mean relative abundance of particular species averaged 0.69 and ranged 

from 0.01 – 7.09, while the mean frequency of occurrence of averaged 23.1% of sites and ranged 

from 3.0 – 78.8% (Table 3).  Additional details are given for specific species of interest below in 

the Species Patterns section. 

 

 
 

 

 

 

  

Species Test statistic P

Positive

     Montane shrew r s  = 0.444 0.01

     Water shrew r s  = 0.530 0.002

     North American deermouse r s  = 0.474 0.005

     Southern red-backed vole r s  = 0.326 0.064

     Montane vole r  = 0.533 0.001

     Long-tailed vole r s  = 0.574 < 0.001

Negative

     Brush deermouse r s  = -0.414 0.017

     Western harvest mouse r s  = -0.328 0.062

     Mogollon vole r s  = -0.637 < 0.001

Table 9.  Significant relationships between elevation and 

relative abundance of small mammals captured during surveys 

for the New Mexico meadow jumping mouse (Zapus 

hudsonius luteus ) in the White Mountains, Arizona, 2008-

2009.
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Communities.—A total of 7 principal components were extracted, which together 

accounted for 75.3% of the variation in mammal community.  Based on the scree plot criterion, a 

maximum of 2 components were required to describe habitat, which accounted for 20.2% and 

13.1% of the variation respectively (cumulative variation explained = 33.3%).  On component 1, 

variables with very significant positive loadings included relative abundance of the long-tailed 

vole, dusky shrew, North American deermouse, and southern red-backed vole.  The variable with 

the highest negative loading was relative abundance of the western harvest mouse.  Each of the 

four species with positive loadings are commonly associated with coniferous forest, the red-

backed vole almost exclusively so.  In contrast, western harvest mice are almost exclusively 

found in open herbaceous (usually grassland) communities.  Thus, component 1 represents a 

―Habitat Gradient‖ of site characterized by small mammal communities associated with open 

herbaceous habitats (negative scores) to small mammal communities associated with coniferous 

forest (positive scores).   

On component 2, variables with very significant positive loadings included relative 

abundance of the western harvest mouse and white-footed deermouse.  The only variable with an 

important negative loading was relative abundance of Z. h. luteus, although relative abundance of 

the montane vole approached importance.  In the White Mountains region, the western harvest 

mouse and white-footed deermouse are typically associated with riparian systems at elevations 

below the coniferous forest zone, while Z. h. luteus and montane voles are typically associated 

with riparian systems at higher elevations (Table 6; Hoffmeister 1986).  Thus, this component 

represents an ―Elevation Gradient‖ from sites characterized by small mammal communities 

typical of high elevation (negative scores) to sites characterized by small mammal communities 

typical of low elevation (positive scores).   

A scatter plot on component 1 and 2 revealed that mammal communities that contained 

Z. h. luteus formed a cluster that was largely separate from mammal communities that did not 

contain Z. h. luteus (Figure 12).  Most sites with Z. h. luteus had negative scores on both 

components 1 and 2 indicating that the small mammal communities were typical associated with 

high elevation herbaceous habitats.  However, one community (Corduroy Creek) in which Z. h. 

luteus occurred was an outlier relative to other communities where Z. h. luteus occurred (Figure 

12).  In general, the Corduroy Creek site was within coniferous forest, which is reflected by the 

composition of the overall small mammal community.  The single Z. h. luteus was captured 

adjacent to the creek in a very small patch of herbaceous habitat within the greater forested 

matrix.  Despite the apparent separation of sites shown in the PCA, there was no significant 

difference in relative abundance of any species at sites where Z. h. luteus was present or absent 

and a step-wise DFA could not be computed.  
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Figure 12.  Scatter plot of survey sites for the New Mexico meadow jumping mouse (Zapus 

hudsonius luteus) in the White Mountains, Arizona, based on principal components analysis of 

small mammal community data.  Survey sites are plotted on component 1 and 2 and coded as Z. 

h. luteus present or absent.  Dashed arrows indicate environmental gradients. 
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Species patterns 
 

The following accounts treat results for other species of interest that are included on the 

List of Wildlife Species of Concern in Arizona and in the Arizona State Wildlife Action Plan 

(=Arizona Comprehensive Wildlife Conservation Strategy; AZ-CWCS), including Species of 

Greatest Conservation Need (SGCN), responsibility species, focal species, and unknown species.     

 

Dusky shrew (Sorex monticolus).—The dusky shrew is listed in the AZ-CWCS as a 

species with unknown status.  During this study, this shrew was the fourth most frequent and 

fifth most abundant species encountered.  Because these shrews have exceptionally small body 

size (ca 5 g) they do not always trigger the treadle in Sherman traps, and hence results are almost 

certainly underestimates of their actual distribution and abundance.  Abundance of this shrew 

increased with elevation (Table 9) and was positively correlated with abundance of the red-

backed vole (rs = 0.396, P = 0.023), long-tailed vole (rs = 0.533, P = 0.001), and North American 

deer mouse (rs = 0.533, P = 0.001); there were no significant negative relationships.  In addition, 

with respect to stream reach cover variables, abundance of the dusky shrew exhibited significant 

positive relationships with % conifer cover (rs = 0.498, P = 0.009) and % log cover (rs = 0.398, P 

= 0.040).  Thus, this species appears to prefer riparian systems that are in proximity to coniferous 

forests.  However, it also was found in some riparian zones imbedded within grassland 

ecosystems that were far from coniferous forest (e.g., Fish Creek).  Hoffmeister (1986) described 

a variety of different habitats used by this species, but he thought that riparian habitats, 

particularly those with dense herbaceous vegetation in montane meadows near conifer forest, 

were the favored habitat.  Similarly, based on these results and my observation of this species 

throughout the Southwest, it seems likely that the dusky shrew is similar to the long-tailed vole 

in that it is a habitat generalist that is capable of occupying a variety of mesic high elevation 

habitats, likely reaching greatest abundance in riparian zones near coniferous forest.  Additional 

studies are needed to evaluate abundance of this species across both a variety of upland and 

riparian habitat types.   

 

Water shrew (Sorex palustris).—The water shrew (Figure 13) is considered endangered 

in Arizona (AGFD 1996) and it is listed in the AZ-CWCS as a Species of Greatest Conservation 

Need (Tier 1b) and a focal species.  The White Mountains is the only place where the water 

shrew is known to occur in Arizona.  This population is isolated from the next nearest in northern 

New Mexico by ca 350 km.  In Arizona, water shrews have been considered rare, difficult to 

survey, and few records were known.  For example, by 1990 there were only 5 captures from 4 

locations.  From 1992 to 2006 a series of studies were conducted aimed at understanding the 

distribution, status, and habitats of water shrews in the White Mountains.  However, those 

studies were largely unsuccessful at providing useful new information due to difficulty capturing 

animals and other issues.  Thus, prior to this study water shrews in Arizona were known based 

on 37 captures from 8 locations (Table 10). 

Although all water shrews captured during this study were by-catch of surveys aimed at 

Z. h. luteus, this study represents the most successful yet conducted on water shrews in Arizona.  

Water shrews were captured at 6 survey sites (Figure 14).  Three of these sites, which included 

two historical (East Fork Little Colorado River Upper [site # 6, Figure 15], Lee Valley Creek 

Upper [site # 5, Figure 16]) and one new (Lee Valley Creek Lower [site # F, Figure 16]), were 

located at the base of Mount Baldy, which had been considered the species last refugium in the 
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White Mountains (Smith 1993, Hanna 1994, Markow and Hocutt 1998, Bogan & Ramotnik 

2001).  Thus, these records confirmed persistence of the species in that region.   

The three other sites where water shrews were captured are of particular importance.  A 

water shrew was captured at West Fork Fish Creek (site # B, Figure 17).  The last time the 

species was documented from this location was 1987 and the population was thought extirpated 

(Bogan & Ramotnik 2001).  Thus, this capture confirms persistence of water shrews in the Fish 

Creek (Apache County) drainage.    

A water shrew collected in 1914 by E. A. Goldman was recorded as collected from 

―Prieto Plateau, S End Blue Range, 9,000 ft―.  This record has remained enigmatic because of the 

somewhat obscure location and because all subsequent records of water shrews have been from 

streams draining vicinity of Mount Baldy.  It has generally been agreed that this location referred 

to the Hannagan-KP Peak massif (located ca 40 km southeast of Mount Baldy), Greenlee 

County, most likely in vicinity of KP Cienega; this is a conclusion with which I agree (e.g., 

Lange 1959, Hoffmeister 1986, Hanna 1994, Bogan & Ramotnik 2001).  During this study one 

water shrew was captured at KP Creek (site #R, Figure 18).  This record confirms persistence of 

a population of water shrew on the Hannagan-KP Peak massif and is the first verification of the 

species in the Blue River watershed.  Thus, water shrews may occur on other streams draining 

the Hannagan-KP Peak massif and other areas of the Blue River watershed. 

A total of six water shrews were captured at Rudd Creek Upper (site #I, Figure 19).  This 

site represents an important new location for the species in the White Mountains.  Rudd Creek is 

a tributary to Nutrioso Creek that drains a portion of the eastern edge of a large plateau 

composed of Holocene to middle Pliocene basaltic rocks that is situated east of the Mount Baldy 

volcano and is bounded by the drainages of the Little Colorado River to the north, Nutrioso 

Creek to the east, and Black River to the south.  This plateau (hereafter called the Pool-Rudd 

Knoll Plateau) averages ca 2,800 m elevation and is dominated by expansive montane grassland 

habitats with coniferous forests primarily restricted to isolated knolls and the rougher terrain of 

the edges where the plateau breaks away to lower elevations.  Prominent features on the plateau 

include Pool and Rudd knolls, and Big Lake.  Fish Creek (Apache County) originates on a 

similar but smaller plateau of the same geologic origins located north of Mount Baldy and which 

includes Sunrise Lake.  The two plateaus are isolated by the canyon of the West Fork of the 

Little Colorado River.  Thus, the new records from Fish Creek and Rudd Creek suggest that 

water shrews may occur on other streams that drain these plateaus.  Consequently, future survey 

efforts should concentrate on areas away from Mount Baldy, particularly streams draining the 

adjacent basaltic plateaus and the Hannagan-KP Peak massif. 

The water shrew was the least frequent and abundant of the five species of mammals 

captured during this study that are primarily associated with riparian habitats (i.e., dusky shrew, 

water shrew, montane vole, long-tailed vole, meadow jumping mouse; Table 3).  This probably 

reflects natural rarity, as well as its restricted high-elevation distribution and its behavior that 

restricts its movements primarily to the water-edge.  Because Z. h. luteus was the target species 

during this survey, not all traps were set in particular situations likely to capture water shrews if 

present.  Thus, results of this study almost certainly underestimate the distribution of the water 

shrew in the White Mountains and failure to capture the species at a site should not be 

interpreted that the species was absent at the site.  For example, at one historical location, West 

Fork Black River Upper (site #7), nearly every trap was set in vegetation up on the bank of the 

stream (i.e., typically above the level of the water), rather than in the stream channel where water 

shrews would be expected to be active.   
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A step-wise DFA of stream reach cover data, revealed elevation as the only significant 

predictor of presence of the water shrew (Wilks lambda = 0.649, chi-square = 10.595, df = 1, P = 

0.001; Figure 20).  It classified all sites > 8,842 ft (i.e., elevation of West Fork Black River 

Upper) as water shrew present and all sites < 8,517 ft (i.e., elevation of Hannagan Creek Upper) 

as water shrew absent.  Consequently, the DFA classified Rudd Creek Upper as absent.  It also 

classified the following sites where no water shrews were captured as present:  West Fork Black 

River Upper, Fish Creek, Spruce Creek, Buckshot Creek, and Corduroy Creek.  Sites on the 

West Fork of the Little Colorado River that were not trapped were classified as present for the 

Upper site and absent for the Lower site.   Despite the results of the DFA, the lowest known 

record of water shrews in the White Mountains is 8,169 ft (Rudd Creek Upper).  Thus, additional 

sites surveyed where it could potentially occur include Hannagan Creek Lower, East Fork Black 

River, Benny Creek, Talwiwi Creek Upper, Little Colorado River Upper, East Fork Little 

Colorado River Lower, and West Fork Little Colorado River Lower. 

When elevation was removed from the DFA, significant predictors of the absence of the 

water shrew were percent cover of forbs, rush, and willows.  Under this model, water shrews 

were predicted to be absent at KP Creek.  In addition, for the two untrapped sites, water shrews 

were predicted to be absent at West Fork Little Colorado River Upper (a historical location) and 

present at West Fork Little Colorado River Lower. 

Generic accounts of water shrews typically describe them as occurring along rocky, 

swift-flowing mountain streams (e.g., Beneski & Stinson 1987).  In contrast, places where water 

shrews were captured during this study were primarily on very small (< 2 m wide), fairly slow 

moving streams on muddy substrates.  Most capture locations were in low gradient reaches that 

ran through meadows and were not rocky.  In several instances, water shrews were captured on 

tiny seeps that ran into the adjacent small creeks.  The only sites where water shrews were 

captured with a rocky substrate in the stream bed was KP Creek and Rudd Creek Upper.  

However at both of these sites the banks were well vegetated on soil.  Shrews were almost 

always caught in traps set on shallow (ca 1 cm deep) standing water at the edge of the stream 

where water movement was very slow (if not still).  It is likely that water shrews use these areas 

for movements and foraging.  Mean water temperature taken at capture locations averaged 11° C 

and ranged from 7.5-17° C.   

Microhabitat data collected on 4 m radius plots at all water shrew capture sites are 

presented in Table 11.  Slopes were essentially flat and soil moisture was saturated at the trap 

with low variance across the plot.  Canopy cover tended to be low (mean = 39%) but was 

variable, ranging from 0 to 98%.  Vertical cover was high, averaging 18 inches, as was vertical 

stubble height, which averaged almost as much (14.6 inches; =37.2 cm).  Litter depth tended to 

be low (mean = 1.8 cm) but was variable and sometimes fairly deep (maximum 8.6 cm).  The 

most important ground cover type was sedge, although grasses and forbs were regularly recorded 

(Figure 21).  Shrubs and trees, including alders and willows, were rare components of water 

shrew microhabitat.  Thus, water shrews were primarily found along small, high elevation 

streams in spots with dense herbaceous stream-side vegetation, especially sedges.  The PCA of 

small mammal communities indicated that water shrews were part of a high elevation, forest-

associated community (i.e., positive scores on component 1; Figure 22).  It is possible that results 

of this study were influenced by the selection of survey sites that targeted Z. h. luteus.  

Consequently, these results should be confirmed by future studies aimed specifically at 

establishing distribution and habitat use by the water shrew in Arizona.   
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In other areas of the Southwest, I found water shrews to be fairly easy to capture in 

Sherman traps by take advantage of knowledge of their natural history and behavior.  For 

example, most terrestrial small mammals conserve energy by travelling along the route of least 

resistance; in general, they avoid climbing over objects, penetrating very dense vegetation, or 

swimming through deep or rapidly moving water.  Thus, it is unlikely that water shrews would 

walk up ramps of earth packed around the tops of pitfall trap buckets that extend above the soil 

surface (pitfall traps for small mammals should always be set with the top of the bucket below 

the level of the ground) or swim to floating rafts containing pitfall traps—two methods 

previously used to attempt to capture water shrews in Arizona.  Sherman traps are ideal for 

capturing water shrews.  Water shrews are large enough (i.e., mass of 16 water shrews captured 

during this study averaged 11.2 g, range 7.3 – 17.5 g) to insure that a properly set standard-size 

Sherman live trap will be triggered.  Further, Sherman traps can be easily set in a diversity of  

microhabitats used by water shrews.  However, trap placement is critical to successful capture 

and small differences in location and direction of the trap door could influence success.  It seems 

likely that most previous studies largely failed due to improper trapping methods.  In addition, 

because these shrews are rare, capture is dependent on a large trapping effort.  During this study 

there was a significant relationship between number of trap-nights with both water shrew  

presence and abundance (Figure 23).  Based on these results, a minimum of 400 Sherman trap-

nights, properly set and in appropriate microhabitat situation, are probably necessary to 

document presence or absence of the species at a particular survey site.  Success is likely to be 

much higher for researchers that have considerable prior experience catching water shrews in a 

variety of situations. 

All water shrews were captured during 2009.  The primary reason for this was probably 

because the survey sites sampled during 2009 were at higher elevations than in 2008 (in 2008 

road closures prevented access to many of the highest elevation sites; Figure 24).  Lastly, the fact 

that water shrews were captured at several sites where Z. h. luteus has been extirpated, indicates 

that, while rare, water shrews are less sensitive to habitat alteration than is Z. h. luteus.   

 

 
Figure 13.  A live water shrew (Sorex palustris) captured as East Fork Little Colorado River 

Upper (site # 6), in the White Mountains, Arizona, June 2009.
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Reference Year Trap type
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NMNH 205367 1914 ? 1 1 1 1

NMNH 209312 1915 ? 1 1 1 2

UA 3790664 1956 Snap* 1 1 1 3

Smith 1993 1985 Sherman* 1 1 1 4

Smith 1993 1987 Sherman* 1 1 1 5

Hanna 1994 1992 Pitfall*; Sherman; Snap 2 1 1 3 4 9

Greg Hocutt pers. com 1993 Sherman* 2 ? 2 11

Smith 1993a 1993 Sherman* 2 1 2 13

Markow & Hocutt 1998 1995-1996 Pitfall*; Sherman 1 1 2 2 15

Koloszar & Ingraldi 

1997

1995-1996 Pitfall; Sherman 0 0 15

Bogan & Ramotnik 2001 1998-1999 Pitfall*; Sherman* 11 2 1 3 14 29

Underwood 2006 Pitfall* 4 2 2 3 8 37

Current 2009 Sherman* 1 1 1 4 4 6 5 17 54

TOTALS 2 1 18 3 5 10 2 1 4 6 2 10

Locations

Table 10.  Captures of all known water shrews (Sorex palustris ) in Arizona.  Asterisk indicate the trap type that 

captured the shrews. 
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Figure 14.   Survey sites where water shrews (Sorex palustris) were captured in the White 

Mountains, Arizona, 2009.  Gray dots are Lee Valley Creek and East Fork Little Colorado River.  

Black dots (top to bottom) are Fish Creek, Rudd Creek and KP Creek. Lines are streams.  Figure 

was prepared by Michael Calkins.   
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Figure 15.  Representative capture locations for the water shrew at East Fork Little Colorado 

River Upper, 2009.    

 

  
 

  
Figure 16.  Representative capture locations for the water shrew at Lee Valley Creek Lower (top 

row, bottom left) and Lee Valley Creek Upper (bottom  right) during 2009.    
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Figure 17.  Capture location (trap at flag) for the water shrew at West Fork Fish Creek, 2009. 

 

 
Figure 18.  Capture location (Robel pole) for the water shrew at KP Creek, 2009. 
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Figure 19.  Representative capture locations (Robel pole) for the water shrew at Rudd Creek 

Upper, 2009. 
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Figure 20.  Elevation of survey sites  where the water shrew was captured and not captured.  

Elevation was the most significant predictor of their occurrence.  
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N Mean SE SD Minimum Maximum

Elevation (m) 16 2692.2 47.36 189.45 2406.0 2872.0

Slope (º) 13 2.9 1.55 5.57 0.0 20.0

Soil moisture (1[dry] - 10 [saturated])

     At trap 13 10.0 0.00 0.00 10.0 10.0

     Mean on plot 16 8.8 0.26 1.05 6.7 10.0

     Variance 16 3.1 0.86 3.45 0.0 12.7

Canopy cover (%) 16 38.7 8.81 35.23 0.0 94.1

Vertical cover (inch)

     At trap 16 18.0 2.62 10.50 5.8 40.0

     4 m from trap 16 18.4 2.42 9.69 7.0 42.0

     Mean 16 18.2 2.37 9.47 7.5 37.3

     Variance 16 138.3 61.11 244.42 7.3 812.3

Height of stubble (mm)

     Vertical 16 371.8 35.04 140.14 190.0 758.8

     Laid-over 16 330.2 20.82 83.29 190.0 478.8

Depth of litter (mm) 16 18.5 5.07 20.28 0.0 86.5

Ground-cover class (1-6)

     Sedge 16 2.2 0.32 1.27 1.0 4.8

     Rush 16 1.0 0.01 0.03 1.0 1.1

     Equisetum 16 1.0 0.01 0.03 1.0 1.1

     Cattail 16 1.0 0.00 0.00 1.0 1.0

     Forb 16 1.7 0.10 0.41 1.1 2.5

     Grass 16 1.8 0.16 0.65 1.0 3.0

     Alder 16 1.1 0.03 0.11 1.0 1.3

     Willow 16 1.0 0.02 0.08 1.0 1.3

     Dogwood 16 1.1 0.04 0.17 1.0 1.6

     Cinqfoil 16 1.0 0.02 0.08 1.0 1.3

     Rose 16 1.0 0.02 0.10 1.0 1.4

     Moss 16 1.1 0.05 0.19 1.0 1.7

     Other plant 16 1.0 0.01 0.05 1.0 1.2

     Coarse woody debris 16 1.5 0.10 0.40 1.0 2.1

     Litter 16 1.6 0.10 0.41 1.0 2.5

     Rock 16 1.2 0.08 0.31 1.0 2.0

     Gravel 16 1.0 0.02 0.06 1.0 1.3

     Bare ground 16 1.4 0.12 0.47 1.1 3.0

     Open water 16 1.8 0.19 0.75 1.0 3.9

Shrub stem count 16 3.8 1.81 7.23 0.0 27.0

Trees stem count 16 0.1 0.05 0.22 0.0 0.8

Table 11.  Microhabitat characteristics at water shrew (Sorex palustris ) capture 

locations (N = 16) in the White Mountains, Arizona, 2009.
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Figure 21.  Mean (dots) and 95% confidence intervals (error bars) of the six most important 

cover classes recorded on 4 m radius plots established at water shrew (Sorex palustris) capture 

locations in the White Mountains, Arizona, 2009. 
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Figure 22.  Scatter plot of survey sites for the New Mexico meadow jumping mouse (Zapus 

hudsonius luteus) in the White Mountains, Arizona, based on principal components analysis of 

small mammal community data.  Survey sites are plotted on component 1 and 2 and coded as 

water shrew present or absent.  Compare with Figure 12. 
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Figure 23.  Total survey effort (a trap night is equivalent to one trap set for one night) at survey 

sites were water shrews were captured or not captured in the White Mountains, 2008-2009. 
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Figure 24.  Elevation of sites surveyed during 2008 and 2009 in the White Mountains, 2008-

2009.    

 

 

Thirteen-lined ground squirrel (Spermophilus tridecemlineatus).—The thirteen-lined 

grounds squirrel is listed in the AZ-CWCS as a Species of Greatest Conservation Need  (Tier 

1b).  No thirteen-lined ground squirrels were captured during this study.  However, this species 

was observed in grassland habitat on the north side of Lee Valley Reservoir. 

 

 Chipmunks (Tamias).—The gray-collared chipmunk (T. cinereicollis) and the least 

chipmunk (T. minimus) are listed in the AZ-CWCS as Species of Greatest Conservation Need  

(Tier 1c).  Both are essentially associated with upland coniferous forest habitats and hence these 

species were incidental during this study (Table 3). 
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 American beaver (Castor canadensis).—The American beaver is listed in the AZ-

CWCS as a Species of Greatest Conservation Need (Tier 1c), a responsibility species, and a focal 

species.  Beaver dams (active or inactive) were observed at the following survey sites:  West 

Fork Little Colorado River Upper, San Francisco River Lower, Benny Creek, Little Colorado 

River Upper, Campbell Blue Creek Middle, Little Colorado River Lower.  Based on stream 

reach cover variables, sites where beaver occurred had significantly greater % willow cover (Z = 

-3.187, P = 0.001) and mean vertical cover at the stream edge (Z = -2.425, P = 0.013)  and 

upland (Z = -2.598, P = 0.007) transects.  The higher vertical cover is likely a function of the 

willows.  Results suggest that there is a threshold of percent willow cover at approximately 

10.5%  above which beaver can occur (Figure 25).  The three outlier values of percent willow 

cover where beaver dams did not occur included Rudd Creek Lower, East Fork Black River, and 

West Fork Black River Middle.  At Rudd Creek Lower there was old sign of beaver use (i.e., 

stem cuttings).  However, there was no sign of beaver at the other two sites, possibly because 

these were larger streams with human recreational use.  Virtual absence of willows along many 

streams might limit the distribution of beaver in the White Mountains.  There was no significant 

difference is relative abundance of other species of mammals at survey sites where beaver were 

present or absent.   
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Figure 25.  Relationship between percent willow cover with presence or absence of beaver dams 

at survey sites for the New Mexico meadow jumping mouse (Zapus hudsonius luteus) in the 

White Mountains, Arizona, 2008-2009. 

 

  Mexican woodrat (Neotoma mexicana).—The Mexican woodrat is listed in the AZ-

CWCS as a Species of Greatest Conservation Need (Tier 1c) and an unknown species.  During 

this study it was third most frequent and fourth most abundant species captured (Table 3).  The 

Mexican woodrat is primarily associated with coniferous forest habitats (Hoffmeister 1986, Frey 

2003).  Indeed, it was the dominant small mammal species captured at Spruce Creek and 

Buckshot Creek, which had poorly developed riparian zone vegetation within coniferous forest.  

Abundance of the Mexican woodrat was significantly correlated only with abundance of long-

tailed voles (rs = 0.433, P = 0.012), although it was nearly so for % conifer and % rose cover (rs 

= 0.369, P = 0.058; rs = 0.350, P = 0.074; respectively).  Thus, these results emphasize that the 

Mexican woodrat is primarily an upland species associated with coniferous forest and occurrence 

in riparian zones is largely incidental (i.e., generally < 1.0 per 100 trap nights).  
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North American deermouse (Peromyscus maniculatus).—The deer mouse is listed in 

the AZ-CWCS as a focal species.  This species has a broad distribution throughout most of 

Arizona (except some desert regions in western part of state) and it is known to use a variety of 

habitat types across a wide range of elevations (Hoffmeister 1986).  During this study it was the 

second most abundant (overall abundance 2.26 per 100 trap nights) and frequent (captured at 

76% of sites) species captured.  This was one of the suite of species that exhibited a positive 

relationship with elevation (Table 9).  In addition, its abundance exhibited significant positive 

correlations with the abundance of other montane species including: long-tailed vole (rs = 0.666, 

P < 0.001), dusky shrew (rs = 0.533, P = 0.001), southern red-backed vole (rs = 0.399, P = 

0.022), and montane vole (rs = 0.346, P = 0.048).  Those species with which it exhibited the 

strongest relationships are typically coniferous forest species.  Its abundance exhibited 

significant negative correlations with the Mogollon vole (rs = -0.416, P = 0.016).   

 With respect to stream reach cover variables, the abundance of the deer mouse exhibited 

significant relationships only with % conifer tree (rs = 0.389, P = 0.045) and % other shrubs (rs = 

0.531, P = 0.004).  The other shrubs category was highly influenced by red-osier dogwood at 

Rudd Creek Upper, but also included species such as gooseberry and currant (Ribes spp.).  No 

habitat variables were significantly different at sites where the deer mouse was captured or not 

captured.  Thus, results suggest that this species is primarily associated with higher elevation 

riparian zones in forested situations. 

   
Western harvest mouse (Reithrodontomys megalotis).—The western harvest mouse is 

listed in the AZ-CWCS as a focal species and a species with unknown status.  In the American 

Southwest, it is typically associated with lower elevation sites where there is tall, dense 

herbaceous vegetation.  For example, the species was commonly captured with Z. h. luteus at 

Bosque del Apache National Wildlife Refuge in the Rio Grande floodplain (Frey and Wright 

2011).  However, it occasionally occurs in similar habitat at higher elevations (e.g., Frey 2003).   

During this study, R. megalotis was only captured at three locations, Rudd Creek Upper,  Little 

Colorado River Lower, and Campbell Blue Creek Lowermost (Table 3).  The latter two sites 

were the lowest elevation areas surveyed during this study.  At Little Colorado River Lower it 

was the most abundant species in the riparian zone where it occupied tall, dense thatches of 

vegetation.  At Rudd Creek Upper it was relatively rare (i.e., 0.21 per 100 trap-nights).   

 

Montane vole (Microtus montanus).— The montane vole is listed in the AZ-CWCS as a 

Species of Greatest Conservation Need (Tier 1c), as well as a responsibility species.  The White 

Mountains is the only place in Arizona where the montane vole occurs, and this population is 

isolated from the next nearest population in northern New Mexico by ca 300 km.  The White 

Mountains population is recognized as an endemic subspecies, M. m. arizonensis, based on 

morphological and genetic differentiation (Frey 2009).  The montane vole occurred at the 

greatest frequency of sites (i.e., 78.8%) and had the highest overall relative abundance (i.e., 7.1 

per 100 trap-nights) of any species captured during this survey.  The only locations where it did 

not occur were the five lowest elevation sites (i.e., Little Colorado River Lower, four lowest 

elevation Campbell Blue Creek sites) and the two small forested streams on Buck Mountain (i.e., 

Spruce Creek, Buckshot Creek).  The dominance of the montane vole was not unexpected given 

that the survey targeted sites with well-developed herbaceous riparian vegetation, which is  

habitat preferred by both Z. h. luteus and the montane vole.  Usually, one of the ―grass-

tunneling‖ vole species (i.e., montane vole, meadow vole [M. pennsylvanicus], and Mogollon 
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vole [M. mogollonensis]), is the dominant species found in healthy herbaceous riparian habitats 

during surveys for Z. h. luteus in montane areas (Frey 2005, 2006b, 2011). Abundance of grass-

tunneling voles may be relevant to distribution and abundance of Z. h. luteus.  Boonstra and 

Hoyle (1986) found that competition with meadow voles suppressed populations of Z. hudsonius 

and caused Z. hudsonius to be rare.  However, during this study there was no relationship 

between abundance of Z. h. luteus and M. montanus.   

Densities of montane voles fluctuate through time and are prone to population irruptions 

of exceptionally high density (Murray 1965).  For example, during an active irruption of 

montane voles in California, the peak abundance in natural habitats was 18 per 100 trap-nights 

(33/100 trap-nights in agricultural area; Murray 1965).  This was comparable to the abundance of 

montane voles at three survey sites (Benny Creek, E Fork Little Colorado River Upper, West 

Fork Fish Creek) during this study, which all had vole abundance > 16 per 100 trap-nights.  In 

contrast, the mean abundance of montane voles at other sites where it occurred was only 6.0 per 

100 trap-nights.  Causes of population cycles and irruptions in voles are not well understood 

(Taitt and Krebs 1986).  However, Murray (1965) found that the most stable populations of 

montane voles occurred in natural habitats in moist areas with persistent dense cover of 

herbaceous plants.  In contrast, irruptions and severe population crashes (in some cases to the 

point of disappearance) were most prevalent and extreme in disturbed habitats (Murray 1965).  

During this study, the montane vole exhibited a significant negative relationship between relative 

abundance and time since grazing was excluded at sites where it occurred  (r = -0.411, P = 

0.046; Figure 26a).  Further, although not significant, sites with current sign of livestock grazing 

tended to have higher abundance of montane voles (Figure 26b).  For example, the two sites with 

the highest montane vole abundance had been grazed by cattle during the previous year. 
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Figure 26.  Relationship of relative abundance (captures per 100 trap-nights) of montane voles 

(Microtus montanus) with A) time since livestock grazing was excluded, and B), presence or 

absence of livestock sign at survey site.  These data excluded sites where the montane vole was 

not a member of the small mammal community. 

 

Abundance of montane voles exhibited a significant positive relationship with percent 

cover of sedges and shrubby cinquefoil (Table 7).  Based on my captures of > 1,000 montane 

voles in the White, Jemez, and San Juan mountains, I consider sedge meadow riparian 

communities on wet soils to be the preferred habitat for this species in the American Southwest.  
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Shrubby cinquefoil is a native facultative wetland species in the American Southwest.  However, 

since it is usually unpalatable to ungulates, it increases in response to overgrazing and other 

disturbance (http://www.fs.fed.us/global/iitf/pdf/Dasiphora%20floribunda.pdf).  The low 

shrubby growth form of this species probably benefits montane voles by providing an additional 

source of cover from predators and perhaps facilitating a subnivian space.  

Abundance of montane voles exhibited a significant negative relationship with vertical 

cover height and variance of vertical cover height (Table 12).  In contrast, Birney et al. (1979) 

found that there was a threshold level of high vegetative cover necessary for vole densities to 

become very high in grasslands, and suggested that the level of cover should be positively 

correlated with vole density.  Reason for the negative relationship between vole density and 

vertical cover in this study may be due to selecting survey sites that had tall dense herbaceous 

cover; all sites where montane voles occurred had mean vertical cover at water-edge > 10 inches.  

In addition, this pattern may be an artifact of the cover measure used in this study, which 

measured cover afforded by any source—not just herbaceous plants.  For example, vertical cover 

exhibited a significant positive correlation with willow cover (Figure 27).  Thus, the negative 

relationship between vertical cover and montane vole abundance could reflect an aversion by 

montane voles to shrub dominated habitats.  This conclusion is supported by the fact that sedge 

cover had negative correlations with both vertical cover height and variance in vertical cover 

(i.e., presence of shrubs caused variance in vertical cover to increase), and all of these variables 

were significantly correlated with vole abundance (Table 12).  

  

 
  

 

Species Test statistic P

Positive

     % sedge r s  = 0.447 0.019

     % shrubby cinquefoil r s  = 0.437 0.023

Negative

     Water-edge vertical cover height r s  = -0.510 0.007

     Water-edge vertical cover height variance r s  = -0.516 0.006

     Upland vertical cover height r s  = -0.465 0.015

     Upland vertical cover height variance r s  = -0.489 0.010

Table 12.  Significant relationships between relative abundance of the 

montane vole (Microtus montanus ) with stream reach cover variables in 

the White Mountains, Arizona, 2008-2009.
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Figure 27.  Significant relationship between mean vertical cover at water-edge with percent 

willow cover (rs = 0.515, P = 0.004). 

 

Long-tailed vole (Microtus longicaudus).—The long-tailed vole is listed in the AZ-

CWCS as a Species of Greatest Conservation Need (Tier 1c), as well as a focal species.  In the 

American Southwest, this vole has a restricted montane distribution that is intermediate to that of 

the montane vole (most restricted) and Mogollon vole (most widespread).  In Arizona, the long-

tailed vole occurs on five isolated montane areas that support spruce-fir forest; the largest 

population is located in the White Mountains. 

During this study, the long-tailed vole was the fifth most widely distributed and third 

most abundant species, following montane voles and deer mice (Table 3).  Although montane 

voles and long-tailed voles both occupy riparian habitats in the White Mountains, even 

sometimes using the same runways, they exhibit differences in habitat association and natural 

history.  Both species are associated with high elevations and both species reach highest 

abundance in riparian habitats (Hoffmeister 1986, Frey 2003).  However, the montane vole is 

primarily associated with graminoid (i.e., dominated by sedges, rushes, or grasses) habitats, 

which can include adjacent upland grass-dominated habitats.   In contrast, in the American 

Southwest the long-tailed vole is often considered to be primarily associated with habitats that 

have a woody component, especially alder and willow associations in riparian zones, but also 

including within mesic mixed coniferous and spruce-fir forests (Frey 2003).  In forests, long-

tailed voles are more abundant where canopies are more open, which produces more abundant 

herbaceous cover (Wampler et al. 2008). 

 During this study, abundance of the long-tailed vole exhibited a positive relationship with 

the percentage cover of conifer tree, standing dead wood, and log (Table 13).  These 

relationships support the observation that the long-tailed vole is associated with woody 

vegetation.  Indeed, at most sites were it occurred the stream ran through or immediately 

adjacent to coniferous forest.  If only those sites where M. longicaudus are included, relative 

abundance exhibited a significant relationship only with percent rock cover (rs = -0.799, P = 

0.006).  It is interesting that neither alder nor willow cover were significantly correlated with 

long-tailed vole abundance.  Thus, while long-tailed voles use willow and alder habitats, they do 

not appear to do so when those habitats are not associated with adjacent coniferous forest.  Like 
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the montane vole, there was a significant negative relationship between relative abundance and 

time since grazing was excluded (r = -0.407, P = 0.023). 

Randall and Johnson (1979) suggested that montane voles might compete with, and 

displace, long-tailed voles.  However, no clear evidence of competition between these species 

was found during this study.  First, there was no significant negative relationship in abundance 

between the two species.  Both species were found together at relatively high abundance at 

several locations, included sites where montane voles were exceptionally abundant.  In addition, 

with only two exceptions, all sites where the long-tailed vole was captured, so too was the 

montane vole.  The exceptions were Spruce Creek and Buckshot Creek, where only the long-

tailed vole was captured.  These two streams were in coniferous forest and had little graminoid 

vegetation suitable for montane voles.  Thus, these relationships suggest that observations of 

displacement between the species might actually stem from selection of different habitat 

associations.  However, at the three sites where the montane vole was hyperabundant, long-tailed 

voles were absent (Benny Creek, West Fork Fish Creek) or exceptionally rare (East Fork Little 

Colorado River Upper).  However, it remains unknown whether this was due to competition, 

difference in habitat selection, or other factors.  Additional study on ecological relationships 

among species of voles in the White Mountains is warranted. 

 

 
 

Mogollon vole (Microtus mogollonensis).— The Mogollon vole (Microtus m. 

mogollonensis) is listed in the AZ-CWCS as a Species of Greatest conservation Need (Tier 1c) 

as well as a responsibility and focal species. Of the three species of Microtus that occur in the 

White Mountains, the Mogollon vole has the broadest distribution in the American Southwest.  

This species is primarily associated with grass-dominated habitats within the lower elevation 

coniferous forest (i.e., ponderosa pine forest) and upper woodland vegetation zones.  

Consequently, besides the tallest mountain ranges, this species also occurs on lower mountains, 

plateaus, and mesas throughout the American Southwest.  In regions where it is the only species 

of vole, it can occupy riparian habitats that otherwise would be occupied by either montane voles 

or long-tailed voles.  Consequently, it has been suggested that competition by these larger and 

more aggressive voles exclude Mogollon voles from more favored mesic sites (Findley& Jones 

1962, Conley 1976). 

The Mogollon vole was relatively rare during this study, with an overall capture rate of 

0.20 % (Table 3).  It was significantly more abundant at lower elevations (Table 9).  The only 

low elevation site (< 7,000 ft) where it was not captured was Campbell Blue Creek Middle (site # 

O), which was the lowest elevation site where Z. h. luteus was captured.  At the lowest elevations 

Species Test statistic P

Positive

     % conifer r s  = 0.629 < 0.001

     % standing dead wood r s  = 0.385 0.047

     % log r s  = 0.626 < 0.001

Table 13.  Significant relationships between relative abundance of the 

long-tailed vole (Microtus longicaudus ) with stream reach cover 

variables in the White Mountains, Arizona, 2008-2009.
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it was the only species of vole present (Figure 28).  However, Mogollon voles also occur at high 

elevation in the White Mountains.  However, at these high-elevation locations it uses upland 

habitats (Hoffmeister 1986, Frey personal observation).  Thus, in the White Mountains Mogollon 

voles only occur in riparian zones below the elevation range of montane voles and long-tailed 

voles, while at higher elevations they are restricted to more arid grassland habitats.  These 

relationships support the hypothesis that the two larger voles competitively exclude the 

Mogollon vole from favored mesic sites.  Further support of this argument includes a significant 

negative relationship between relative abundance of Mogollon voles with both montane voles (rs 

= -0.498, P = 0.003) and long-tailed voles (rs = -0.376, P = 0.031). 

Abundance of the Mogollon vole exhibited a significant negative relationship with 

percent sedge cover and significant positive relationships with variance in vertical cover at the 

stream edge and the percent of other cover (Table 14).  The negative relationship with sedges 

likely reflects the strong association of montane voles with sedge communities. The relationship 

with percent other cover is primarily due to cattail at Rudd Creek Lower and Little Colorado 

River Lower.  The high variance in vertical cover was due to presence of riparian shrubs 

(willows or alders depending on location) at Campbell Blue Creek Lowermost, Boggy Creek, 

Rudd Creek Lower and Little Colorado River Lower. 

 

 
Figure 28. Relationship between elevation (ft) with relative abundance of the Mogollon vole 

(Mimg) montane vole (Mimo), and long-tailed vole (Milo). 
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Species Test statistic P

Positive

     variance in vertical cover at stream-edge r s  = 0.427 0.026

     % other r s  = 0.400 0.039

Negative

     % sedge r s  = -0.493 0.047

Table 14.  Significant relationships between relative abundance of the 

Mogollon vole (Microtus mogollonensis ) with stream reach cover 

variables in the White Mountains, Arizona, 2008-2009.
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Zero 

SYNTHESIS: PROCESS OF POPULATION EXTINCTION 

IN ZAPUS HUDSONIUS LUTEUS 

 

 

 Extinction is a process that is rarely, if ever, immediate.  A species in decline is 

considered ―to persist‖ up until the last individual is dead.  It is then extinct.  For a species to 

exist long-term, the net number of populations (or individuals if a single panmictic population) 

must remain stable or increase.  In other words, the species’ biological capacity to maintain or 

produce new populations must be able to counteract the opposing force of threats that eliminate 

populations (Figure 29).  As long as threats cause a net decline in the number of populations, the 

species inches closer to extinction (Figure 29).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29.  The process of extinction.   The number of populations of a species (thin line) 

declines through time until no populations are left (i.e., at the extinction threshold).  Species 

decline (dashed trajectory A) when the force of threats (black block arrows) causing loss of 

populations is stronger than the biological capacity (stippled bock arrows) of the species to 

maintain or produce new populations.  For a species to persist long term (dashed trajectory B), 

the threats must be reduced to where there is no net loss of populations.  For a species to recover 

after a decline (dashed trajectory C) threats must be reduce even further so that there is a net 

gain in populations.  The width of the block arrows indicate the magnitude of the threat; note 

that the magnitude of the species biological capacity remains the same. 
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Zapus h. luteus is particularly vulnerable to population extinction due to a variety of 

factors: 

 

1) Low reproduction.  Although a rodent, jumping mice are unusual in that they are K-

selected (Kirkland & Kirkland 1979).  A major influence on their population demography 

is that they are one of the most profound hibernations of any animal--hibernating for ca 9 

months each year (Whitaker 1972).  As a consequence, Z. h. luteus can only produce a 

single litter each year.  These litters are small.  Based on embryos collected from 

specimens during this study, mean litter size in the White Mountains is 4.75 (range 3-7; 

N=4).  Thus, the potential rate of population increase for Z. h. luteus is extremely limited.  

Organisms such as Z. h. luteus that have low intrinsic rate of population growth are at 

higher risk of extinction because they recover more slowly from reductions in population 

size and they also remain threatened longer due to demographic and genetic stochasticity 

(Beissinger 2000). 

 

2) Natural rarity.  Due to the species’ low biotic potential, population size does not tend to 

widely fluctuate year to year  (Kirkland & Kirkland 1979).  As a small mammal, it is 

subject to predation by a wide variety of predators.  In addition, competition with 

relatively aggressive and abundant voles (Microtus) may suppress populations of jumping 

mice (Boonstra and Hoyle 1986).  Z. h. luteus has never been reported as the dominant 

member of small mammal communities in which it occurs. 

 

3) Low vagility.  As a small terrestrial mammal, Z. h. luteus has limited dispersal ability.   

The maximum movement recorded for Z. h. luteus was 744 m; although 90% of all 

movements were < 100 m (G.D. Wright and J.K. Frey unpublished data).   

 

4) Habitat specialist.  Z. h. luteus is an extreme habitat specialist at multiple scales.  On the 

landscape scale, it is exclusively associated with riparian zones.  However, it is only 

known to use certain riparian associations, such as thinleaf alder and beaked sedge 

alliances.  Further, within those preferred riparian associations, it uses a narrowly defined 

microhabitat, consisting of tall, dense herbaceous plants, usually with a strong sedge or 

forb component on saturated soil.   

 

5) Habitat is linear.  Because Z. h. luteus is associated with riparian vegetation along 

flowing water, its habitat is linear.  Further, the area of suitable habitat will be small per 

length of stream because riparian zones are narrow, often only a few meters wide.  

 

6) Habitat is sensitive to disturbance.  Water is a rare commodity in the American 

Southwest.  Riparian zones are disproportionately used by wildlife and humans.  

Hydrology can be altered by a wide array of factors, such as climate, weather, vegetation 

conditions, ground disturbances, and human uses.  In addition, the riparian habitats used 

by Z. h. luteus are some of the most productive in the Southwest.  Consequently, they are 

subject to intense use by herbivores (e.g., livestock, elk), which can change their plant 

composition, structure, and function. 
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The historical distribution of Z. h. luteus was likely relatively ubiquitous throughout 

riparian zones in the White Mountains.  However, by 1990 its distribution had been reduced to 

isolated fragments.  For example, Morrison (1991) found the species at only 6 of 25 (24%) sites 

sampled.  During this study, Z. h. luteus was not found at 3 of 9 (33%) sites where the species 

was known to occur as recently as the 1980s and 1990s.  Thus, evidence indicates that 

populations have continued to become extinct.  Furthermore, of the 11 sites where the species is 

currently known to persist in the White Mountains, over half  were considered to have a low 

potential for long-term persistence (Table 5).  Thus, additional population extinctions may occur 

in the future.     

The process of extinction for Z. h. luteus is best understood by considering that its 

distribution is linear.  Z. h. luteus cannot exist where riparian herbaceous cover has been lost, 

such as can occur through livestock grazing.  When a stream reach ceases to have adequate 

suitable habitat, Z. h. luteus becomes extinct in that reach and riparian habitats both upstream and 

downstream of that reach become isolated, and reduced in size.  The minimum reach length that 

can allow Z. h. luteus to exist indefinitely is unknown, and is likely a function of several factors.  

However, the shorter the reach (i.e., the smaller the area of suitable habitat), the smaller the 

population will be.  Indeed, a population can be quite small due to the natural rarity of Z. h. 

luteus and narrowness of the riparian zone.  Such small populations are particularly prone to 

extinction due to stochastic events, which would further erode the area of occupied habitat.  

Furthermore, because of its limited dispersal capacity, once a stream reach becomes isolated, 

there would be no opportunity for immigrants to recolonize a habitat patch.  Consequently, Z. h. 

luteus would continue a spiral of decline as the species disappears from particular stream 

reaches, causing more isolation and reductions in suitable habitat, causing more extinctions, in a 

continuing downward cycle.   

Livestock grazing is perhaps the most pervasive threat to Z. h. luteus.  Historical grazing 

was nearly ubiquitous across the White Mountains and livestock densities were higher than 

today.  Livestock grazing can cause a rapid loss of herbaceous cover (Figure 9).  This is is likely 

to be particularly devastating for Z. h. luteus because most grazing in the mountains occurs 

during the species’ brief ca 3 month activity period.  When the herbaceous cover is removed, Z. 

h. luteus has reduced protection from predators, reduced access to (or elimination of ) food, 

increased interspecific interactions, and increased thermal stress—all of which could contribute 

to a population extinction.  Impacts of grazing are not spatially or temporally even over the 

landscape, which would have allowed Z. h. luteus to persist in refugia.  Refugia could have been 

provided by areas that were not grazed by policy or practice (e.g., portions of allotments cut off 

by obstructions), natural features that impede cattle (beaver ponds, canyons), or areas that were 

grazed lightly for short duration.  However, besides the immediate loss of  herbaceous cover,  

livestock grazing can causes more insidious changes to riparian communities over the longer 

term (Belsky et al. 1999).  Such changes include the replacement of sedges by grasses, a decline 

in herbaceous plant diversity, and a loss of riparian shrubs (especially willow and alder). These 

changes can then cause a change in hydrology and soil, such as downcutting, which can further 

reinforce the degradation of the communities.  Consequently, Z. h. luteus is impacted by both 

short and long term impacts of livestock grazing, contributing to an extinction spiral.  As a result, 

Z. h. luteus is now restricted to areas where livestock grazing has been excluded. 

Livestock grazing is not the only threat to Z. h. luteus.  Any factor that can lead to a loss 

of herbaceous riparian habitat is a threat, and these can probably act in a synergistic manner.  

Human recreational activities can be particularly destructive to riparian habitats in high use areas 
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(Frey 2005).  For example, current habitat conditions on the West Fork of the Little Colorado 

River were predicted to be unsuitable for Z. h. luteus, and hence the species may be extirpated 

from those areas.  The historical loss of beaver due to trapping and loss of willow from riparian 

zones due to grazing is another important threat.  Beaver activities create and maintain larger 

areas of wetland habitat (Pollock et al. 2003, Westbrook et al. 2006).  Drought and other 

alterations to perennial water flow are other important threats.  Impacts of drought are expected 

to increase as climate warms over the next century.   

Currently, there are fewer livestock in the White Mountains then there were historically 

(Bowman 2000).  Of particular relevance are the large number of stream reaches in allotments 

that have been withdrawn from grazing during the 1990s and early 2000s.  Providing that 

changes in community structure and hydrology were not too severe, riparian habitats can respond 

to the removal of livestock, particularly with respect to the herbaceous layer.  Consequently, 

these recently excluded areas have the potential to be recolonized by Z. h. luteus if there is a 

potential source population that persisted within the contiguous excluded area.  It is possible that 

the capture of Z. h. luteus at Corduroy Creek represented a recent recolonization from the Black 

River, following removal of grazing in 1999.    

Unless the area of habitat at currently occupied sites is increased and connectivity among 

populations is increased, the spiral of extinction is likely to continue (trajectory A in Figure 29).  

Preventing further population extinctions of Z. h. luteus will require immediate actions to 

increase and maintain the area of suitable habitat and this need is most urgent for those 

populations judged to have a low potential for persistence based on very small size and isolation.  

However, restoration of Z. h. luteus (trajectory C in Figure 29) will require both the addition of 

new areas of habitat with minimal threats (e.g., no livestock grazing) as well as increased 

connectivity among sites in order to allow for natural dispersal and recolonization of restored 

habitats.  Dispersal among adjacent sites can prevent local population extinctions.  To my 

knowledge there has never been an attempt to translocate jumping mice and hence it is unknown 

if Z. h. luteus could be successfully translocated.  Certainly, such efforts are likely to be 

expensive and fraught with considerable difficulties.  Thus, for long-term existence of the taxon, 

developing and maintaining connectivity along riparian corridors must be a key goal.  
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SUMMARY OF MAJOR FINDINGS 
 

Historical distribution 

 

 The historical distribution of Z. h. luteus in Arizona was broader than previously 

understood, and likely included the upper Verde River watershed. 

 

Newly discovered populations 

 

 Nutrioso Creek; first record of Z. h. luteus in the Nutrioso Creek watershed 

 Corduroy Creek; first record of Z. h. luteus from Corduroy Creek and confirms 

persistence of the taxon on the Hannagan-KP peak massif (i.e., first record since the 

1930s) 

 San Francisco River Upper and Talwiwi Creek Lower; confirms persistence of Z. h. 

luteus in the San Francisco River watershed 

 Campbell Blue Creek Middle; confirms occurrence and persistence of Z. h. luteus in 

the Blue River watershed 

 Records from the San Francisco River watershed and Campbell Blue Creek suggest 

possible occurrence in adjacent areas of New Mexico. 

 East Fork Little Colorado River Lower; confirms persistence of Z. h. luteus in this 

watershed; species absent at all other historical locations in this watershed. 

 

Population extirpations 

 

 Z. h. luteus is currently extirpated from 46% of historical locations surveyed in the 

White Mountains. 

 The persistence rate (54%) of Z. h. luteus in White Mountains is higher than for other 

populations throughout the taxon’s range. 

 The majority of extant populations of Z. h. luteus are currently found in the White 

Mountains.   

 Most of the extant populations in the White Mountains have a low potential for long-

term persistence. 

 

Habitat 

 

Stream reach cover  

 Herbaceous plants (i.e., forbs, grasses, sedges) provided the dominant cover (ca 

70%) on stream reaches where Z. h. luteus occurred.  However, in comparison 

with non-capture sites, sites where Z. h. luteus occurred had significantly more 

alder and forb cover. 

 The best predictor of presence of Z. h. luteus on a stream reach was percent alder 

cover.   

 Discriminant models indicated that trapping was not prone to missing Z. h. luteus 

if present and that there were currently unoccupied sites with suitable habitat 

(likely due to historical extirpation and failure to recolonize).  
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 Microhabitat 

 Microhabitat at capture locations of Z. h. luteus in the White Mountains was 

similar to that described in previous studies: tall, dense herbaceous vegetation 

composed primarily of forbs and sedges; uniformly saturated soil; proximity to 

flowing water, and no trees present. 

 Unlike previous studies, the microhabitat data revealed that there was 

significantly more alder cover in microhabitat used by Z. h. luteus in the White 

Mountains.  A typical capture location for Z. h. luteus was in tall herbaceous 

vegetation at the edge of alder crowns or within gaps between alders.   

 Alder cover was the most significant predictor of microhabitat used by Z. h. 

luteus.   

 

Livestock 

 Post-hoc evaluation of grazing management at survey sites revealed that all but 

two survey locations were excluded from livestock grazing.   

 Z. h. luteus was only found in areas that had been excluded from livestock 

grazing. 

 There was no relationship between time since livestock were excluded with either 

presence or abundance of Z. h. luteus.  This pattern was likely due to the inability 

of Z. h. luteus to recolonize isolated areas of restored habitat.  

 Z. h. luteus was extirpated from one historical location that was formerly 

considered a core population in the White Mountains, which had been grazed by 

unauthorized cattle during the two years prior to the survey.   

 Alder cover, which was the best predictor of Z. h. luteus occurrence, increased in 

relation to the time since grazing had been excluded.   

 

Small mammal communities 

 

 The diversity of small mammals documented during this study was high (19 species 

captured).  

 Sites with high species diversity were those in which typically forest species occurred 

in the riparian zone. 

 Sedge-dominated habitats tended to have low diversity dominated by montane voles. 

 Z. h. luteus usually was a member of small mammal communities that were 

associated with high elevation herbaceous habitats.  

 

Water shrew 

 

 During this study 17 water shrew captures occurred at 6 survey sites, making this the 

most successful study of water shrew in Arizona. 

 Three sites (two historical and one new) confirmed persistence of the water shrew at 

the base of Mount Baldy which had been considered the species last refugium. 

 A water shrew was captured on West Fork Fish Creek (Apache Co.) which represents 

the first verification of this population since 1987. 
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 A water shrew was captured on KP Creek which confirms persistence of a population 

of water shrews on the Hannagan-KP Peak massive since 1914.  It also confirms 

occurrence of this species in the Blue River watershed 

 Six water shrews were captured at Rudd Creek Upper, which represents a new 

location for the species and the first for the Nutrioso Creek watershed. 

 Based on stream reach cover data, elevation was the most important predictor of 

water shrew occurrence; the lowest elevation capture site was the new location at 

Rudd Creek Upper (8,169 ft) 

 Capture locations for water shrews tended to be on very small, slow moving, cold-

water streams (or adjacent seeps) on low gradient reaches, generally without a rocky 

substrate.  Microhabitat at capture locations was characterized by saturated soil, low 

canopy cover, high vertical cover, and plant association consisting of sedges, and to a 

lesser extent forbs and grasses.    

 Although rare, the water shrew appears to be less sensitive to habitat disturbance than 

is Z. h. luteus. 
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MANAGEMENT RECOMMENDATIONS 
 

 

Coordination of conservation and management 

 

 The White Mountains, Arizona, represents the greatest potential for the long-term 

persistence of Z. h. luteus.  This region harbors the largest area of potentially suitable 

habitat, contains the most known populations of Z. h. luteus that have persisted, has the 

largest areas of occupied suitable habitat, and has occupied habitats distributed 

throughout several major river drainages.  However, in the White Mountains lands 

occupied by Z. h. luteus are administered by federal and state agencies and private 

landowners, and there are diverse uses of the land.  Conservation planning for the long-

term existence of Z. h. luteus in Arizona will require inclusion of other interests such as 

the communities of Greer and Alpine, the White Mountain Apache Tribe of the Fort 

Apache Reservation, and adjacent areas of New Mexico.  Similarly, because the range of 

Z. h. luteus is fragmented into discrete areas of Colorado, New Mexico, and Arizona, 

cooperation among the states will be necessary to recover the taxon.  Thus, it will be 

necessary to coordinate the conservation and management of Z. h. luteus across a diverse 

spectrum of stakeholders. 

 

Status in Arizona 

 

 It is recommended that the status of Z. h. luteus in Arizona be considered endangered and 

that it continue be listed as a category tier 1a species of greatest conservation need.  This 

is based on its restricted distribution (11 extant populations), continuing decline, and 

significant threats.   

 

Maintain existing populations 

 

 All currently known populations of Z. h. luteus in Arizona are persisting in areas that 

have been excluded from livestock grazing.  Consequently, livestock grazing should be 

excluded from these areas in perpetuity.  Unauthorized grazing has the potential to cause 

population extirpation.  Consequently, unauthorized grazing should be tightly controlled.   

 More than half of the currently known populations of Z. h. luteus in the White Mountains 

were determined to have a low potential for long-term persistence based on small size 

and isolation of suitable habitat (see Table 5).  Consequently, the area of suitable habitat 

should be expanded as rapidly as possible adjacent to these sites in order to reduce the 

chance for stochastic population extirpation.  This need is especially urgent in the San 

Francisco River, Blue River, and Little Colorado River watersheds. 

 Any actions or activities that could have an adverse impact on habitats occupied by Z. h. 

luteus should be avoided.  

   

Riparian habitat restoration 

 

 Empirical evidence has demonstrated that exclusion of livestock grazing from riparian 

habitat is necessary to insure presence of Z. h. luteus.  Where the goal is to maintain or 
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expand a population of Z. h. luteus, alternative methods of managing livestock grazing 

(other than exclusion), should not be considered unless valid scientific studies are 

performed that demonstrate the alternatives are compatible with long-term existence of 

populations. 

 Uplands should be managed in ways to maintain hydrology and perennial stream flow.  

This would include thinning coniferous forests, managing livestock grazing and 

recreation to insure adequate native herbaceous ground cover, and controlling ground 

disturbing activities. 

 Human recreational activities can have an adverse impact on habitat for Z. h. luteus.  

Dispersed camping and vehicles should be prohibited in riparian zones.  In addition, 

impacts of anglers should be evaluated and controlled where needed.    

 Refugial areas of suitable habitat for Z. h. luteus should be large enough and of sufficient 

quality (e.g., maintain perennial water flow and diverse herbaceous habitat) to sustain a 

local population through anticipated future drought cycles.   

 Isolated populations are at particular risk of extirpation.  Habitat should be restored along 

riparian corridors to reduce isolation.  Refugia should be spatially arranged in such a way 

as to maintain viable metapopulations.   

 

Restoration of extirpated populations 

 

 Given that Z. h. luteus has limited dispersal capabilities and occurs in linear habitats, it 

may be unable to reoccupy a site that is restored to suitable habitat but which is isolated 

from other occupied sites by intervening inhospitable habitat.  Dispersal in Z. h. luteus is 

likely to occur almost exclusively along riparian corridors with appropriate habitat.  

Consequently, where at all possible, restoration of extirpated populations should be 

accomplished by improving habitat conditions along riparian corridors between occupied 

and previously occupied sites.  In cases where habitat restoration to facilitate natural 

recolonization is not feasible, translocations should be considered.  

 

Climate change mitigation 

 

Given current and predicted future changes to a warmer and more arid climate, 

montane species are expected to shift distributions to higher elevations.  Thus, low-

gradient riparian habitat at high elevations associated with Mount Baldy may become 

critical to the long-term persistence of Z. h. luteus in the White Mountains.  

Consequently, recent extirpations of populations in this region are of particular concern.  

Efforts should be made to restore, maintain, and expand the area of suitable habitat for Z. 

h. luteus in this region.  Further, because most of these areas are currently isolated from 

occupied habitat along downstream reaches (i.e., by extensive reaches with livestock 

grazing), it will be important to restore and maintain suitable habitat along intervening 

reaches to provide dispersal corridors.     

Specific recommendations include 1) exclude grazing from riparian zones above 

the confluence of the West Fork and East Fork of the Little Colorado River, 2) control 

recreational use on the West Fork of the Little Colorado River to prevent damage to 

riparian habitat (e.g., prohibit angling along certain banks, use fencing to create refugial 

areas of undisturbed habitat), 3) prohibit development or recreational uses (e.g., camping, 
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angling, trails, developed day-use picnic area) that could negatively impact riparian 

habitat at East Fork Little Colorado River Lower to maintain the only known and small 

refugial population in the region, 4) encourage riparian habitat restoration at Montlure 

Presbyterian Church and on private lands along the lower East Fork and West Fork of the 

Little Colorado River, 5) encourage riparian habitat restoration and continuation of 

livestock exclusion at West Fork Black River Upper, and 6) promote distribution of 

beaver.  Translocations should be considered if the foregoing methods are not successful. 

  

Beaver management 

 

 Beaver activities can create and maintain wetland habitats, even during extreme drought 

(Hood and Bayley 2008).  For example, beaver dams can enhance the water table causing 

higher and more uniform flow; they also create larger areas of wetland habitat  (Pollock 

et al. 2003, Westbrook et al. 2006).  Consequently, beaver can help mitigate impacts of 

climate change and livestock grazing (Frey 2005, Hood and Bayley 2008).  Thus, beaver 

management should become an integral aspect of the conservation and management of Z. 

h. luteus. 

 The distribution and abundance of beaver should be expanded.  Where willows are sparse 

or absent, beaver restoration may require preliminary efforts to restore willow as a food 

base.  In addition, due to complex interactions between livestock, elk, willow, and beaver 

(see Baker et al 2005), the management of livestock and elk will need to be addressed 

with respect to plans to enhance beaver populations. 

 

Inventory and monitoring 

 

 Additional surveys are needed to identify other populations of Z. h. luteus that have 

persisted in Arizona.  In particular, this should include the Fort Apache Indian 

Reservation and the upper Verde River watershed.  Surveys for Z. h. luteus should be 

conducted in the San Francisco River watershed in New Mexico.  In addition, additional 

surveys are warranted on the Apache-Sitgreaves National Forest given the vast area of 

land and the small size of remnant populations of Z. h. luteus.   

 In order to insure persistence of populations and to determine impacts of conservation 

and management measures, long-term monitoring of Z. h. luteus and their habitat should 

be conducted.  Ideally, habitat conditions at occupied areas should be evaluated each year 

during the July-August growing season in order to quickly identify any new threats to 

habitat.  Given the rapidity with which populations have been extirpated, populations 

should be monitored at two to five year intervals (shorter interval for more vulnerable 

populations). 

 

Additional research 

 

 Research is needed to evaluate methods of livestock management, other than complete 

exclusion, that might be compatible with Z. h. luteus.  Compatibility should be measured 

by management strategies that both allow for long-term persistence of a population as 

well as management strategies that allow for suitable dispersal corridor habitat.  It will be 
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important that such research consider the synergistic effects of climate and livestock on 

riparian habitat.   

 Studies on factors that determine riparian plant communities and structure are needed in 

the White Mountain region.  Especially needed are studies that identify factors associated 

with the distribution and condition of willow, alder, and sedge communities.    

 Elk are now the dominant herbivore in some areas of the White Mountains.  

Consequently, research should be conducted on the impacts of elk on Z. h. luteus and its 

habitat. 

 Research is need on the natural history of Z. h. luteus in the White Mountain with a 

particular focus on determining population vital rate statistics that could be used for 

population viability analyses. 

 Research is needed on the habitat use of Z. h. luteus in the White Mountains through the 

use of radio telemetry techniques.   

 Research is needed to determine minimum area and connectivity requirements for Z. h. 

luteus habitat and to provide predictive habitat suitability models and spatially explicit 

metapopulation models for population viability analysis and extinction risk assessment.  

 Research is need to understand factors that limit distribution of beaver in the White 

Mountains. 

 Research is needed to evaluate impacts of angling and other recreational uses of riparian 

zones on Z. h. luteus.  Research is needed on ways to manage behavior of anglers and 

other recreational users of riparian zones to allow for  persistence of Z. h. luteus in 

heavily used recreation areas. 

 Research is needed on means to translocate Z. h. luteus.   
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Appendix I 

 

 

Site Descriptions 
 

Little Colorado River          87 

 Little Colorado River (including Benny Creek) 

 East Fork Little Colorado River (including Lee Valley Creek) 

 West Fork Little Colorado River 

 Fish Creek 

Nutrioso Creek (including Rudd Creek) 

 

San Francisco River (including Talwiwi Creek)      98  

 

Blue River           102 

 Campbell Blue Creek          

KP Creek 

 

Black River           105 

 Centerfire Creek 

 Boggy Creek 

 Hannagan Creek 

 Corduroy Creek 

 East Fork Black River 

 West Fork Black River (including Spruce and Buckshot creeks) 
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Little Colorado River 
  

Table 15.  Survey sites for the New Mexico meadow jumping mouse (Zapus hudsonius luteus) in the Little 
Colorado River watershed, Arizona, 2008-2009. 

Map 
Location Drainage Descriptive Elevation Historical/New Z

ah
u 

Date 

E 
E Fork Little Colorado 

River 
E Fork Little Colorado River 

Lower 8431 New 5 
10-12 September 

2008 

6 
E Fork Little Colorado 

River 
E Fork Little Colorado River 

Upper 9350 Historical 0 
25-28 June, 5-6 
September 2009 

F 
E Fork Little Colorado 

River "Lee Valley Creek" Lower 9400 New 0 28 June-1 July 2009 

5 
E Fork Little Colorado 

River "Lee Valley Creek" Upper 9439 Historical 0 25-26 July 2009 

3 
W Fork Little Colorado 

River 
W Fork Little Colorado River 

Lower 
 

Historical NA Habitat only 

4 
W Fork Little Colorado 

River 
W Fork Little Colorado River 

Upper 
 

Historical NA Habitat only 

D  Little Colorado River Little Colorado River Upper 8318 New 0 
10-12 September 

2008 

C Little Colorado River Benny Creek 8259 New 0 
10-13 September 

2008 

A Little Colorado River Little Colorado River Lower 6693 New 0 3-5  September 2009 

B Fish Creek Fish Creek 9088 New 0 10-12 July 2009 

B Fish Creek "West Fork" Fish Creek 9104 New 0 9-12 July 2009 

K Nutrioso Creek Nutrioso Creek 8090 New 3 16-18 August 2008 

J Nutrioso Creek Rudd Creek Lower 7677 New 0 21-24 July 2009 

I Nutrioso Creek Rudd Creek Upper 8169 New 0 22-25 July 2009 

 

  

 Historically, the Little Colorado River (LCR) watershed was an important center of 

distribution for Z. h. luteus, particularly around the base of Mt Baldy.  However, during this 

survey jumping mice were not found in this region except along a short reach of the lower East 

Fork of the LCR (i.e., site #E, East Fork Little Colorado River Lower), which had not been 

previously surveyed.  This reach was unusual in that there was little evidence of past disturbance 

or current recreational use (a few compacted human trails were found) and it had one of the 

lengthiest periods of livestock exclusion (since ca 1990).  Habitat along the research was 

dominated by a willow and alder association with an exceptionally diverse herbaceous 

component (Figure 30).  Almost one third of the small mammal fauna at this site was Z. h. luteus.  

However, this reach is vulnerable to a variety of threats given that it is a short reach (< 0.5 km) 

situated between a camp and a residential area. 

 A site further up the East Fork of the Little Colorado River at the base of Mount Baldy 

(site #6; Figure 31) was formerly considered an important population of Z. h. luteus in the White 

Mountains (Morrison 1991).  Historical specimens were collected at the site in 1966, 1967, 1968, 

1972, and 1991.  During 1991, habitat at the site was described as excellent, with very good 

cover, and a ―good mixture of grasses, forbs, and shrubs‖ (Morrison 1991).  Morrison (1991) 

reported that grazing was not allowed in the area, and grazing has been excluded by policy since 

that time.  However, during this study no jumping mice were captured at the site despite two 

separate survey periods and an total trapping effort of 656 trap-nights, which is vastly more than 
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need to document the species if present.  Consequently, Z. h. luteus was extirpated from the site.  

Trapping occurred within elk exclosures that had been erected prior to the growing season in 

2009.   There was abundant old cattle feces within the exclosures at the time of the survey later 

in 2009.  Access of the cattle occurred during 2007-2008 when the fences were removed due to a 

construction project.  Thus, it seems likely that livestock grazing during that two year period 

resulted in the local extirpation of Z. h. luteus.  This reach is isolated from the occupied habitat at 

East Fork Little Colorado River Lower by an intervening reach where livestock grazing occurs 

and that currently lacks suitable habitat.  It is unknown if Z. h. luteus occurs higher in the 

drainage on Mount Baldy that might serve as a source for recolonization of the site now that 

livestock are again excluded.  Monitoring should occur to evaluate the situation.  

 Z. h. luteus also was not found at two location sampled on Lee Valley Creek, which is a 

tributary to the East Fork of the Little Colorado River (sites #5, Figure 32; site # F; Figure 33).  

Prior, Z. h. luteus had been documented at Lee Valley Creek Upper in 1981(Mills 1991).  At that 

time, the habitat was described as ―tall grass meadow with willows growing along a small 

stream‖ (Mills 1981).  In contrast, during the current study shrubs were very sparse and mostly 

decadent or dead; alders were observed, but no live willows were recorded.  Reason for and 

significance of these changes is unknown.  Livestock were excluded from the area by policy in 

1999, but cattle feces were observed in this area during the study. 

The West Fork of the Little Colorado River is similar to the East Fork in most aspects 

except that it drains a larger watershed and forms a larger stream at the foot of Mount Baldy.  

Consequently, there is considerable recreational activity along this stream (e.g., angling).  

Historical records were available from the Lower site in 1977 (site #3, Figure 34) and from the 

Upper site (site #4, Figure 35) in 1963, 1964, 1987 (Confidential Appendix 1).  Morrison (1991) 

sampled at the Upper site in 1991 but was unable to capture Z. h. luteus.  She noted heavy 

recreation pressure and that ―barren trails crisscrossed between the shrubs all along the banks, 

fragmenting the area of suitable habitat‖.  She also noted that the area was in an active livestock 

grazing allotment.  During this study, it was not possible to set traps at the two historical 

locations on the West Fork of the Little Colorado River due to the dense human presence.  

However, statistical analyses of habitat data collected at those sites predicted that Z. h. luteus 

would be absent.  Degradation of the habitat was primarily due to recreation.  Human foot paths 

traversed the riparian zones causing a notable loss of herbaceous vegetation.  

 No Z. h. luteus was captured at a survey site (Little Colorado River Upper, site #D, 

Figure 36) along the Little Colorado River on Amberon Flat below the confluence of the East 

Fork and West Fork.  This site was located in a broad valley in an area where beaver had created 

a vast area of mostly standing water dominated by willows and sedges.  Although sedge has been 

identified as a key habitat component for Z. h. luteus, Z. h. luteus does not appear to use willow-

sedge habitats that are covered with relatively deep (i.e., from perspective of a small mammal, ca 

> 2 cm) standing water.  Terrestrial small mammals, including jumping mice, generally are not 

found in areas where water is uniformly deep.  Rather, sedge habitats preferred by Z. h. luteus 

are those on saturated soils or where soil is covered in shallow standing water (< 2 cm) and in 

proximity to drier soils.  It remains a possibility that Z. h. luteus occurs elsewhere in this valley 

where more preferred habitat might occur. 

Benny Creek (site C, Figure 37) runs generally parallel to the West Fork of the Little 

Colorado River and Little Colorado River until it merges with Hall Creek just above its 

confluence with the Little Colorado River.  No Z. h. luteus were captured at Benny  Creek, 

despite there being habitat conditions that appeared potentially suitable for the species during 
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this study.  This site has been excluded from livestock grazing since 1999, although there was 

sign of elk browsing, particularly on the upper portion of the study area.  This site is isolated 

from other historical and currently occupied sites in the upper Little Colorado River watershed 

by long distance via a stream route (the most likely means for dispersal), including a reservoir 

(i.e., River Reservoir).  Previous mammal studies failed to document Z. h. luteus in other areas of 

the Hall Creek watershed that could provide a source for recolonization.  Consequently, 

establishment of Z. h. luteus in the Benny/Hall creek area may require translocation.   

 The lower elevation limits of Z. h. luteus in Arizona are unknown.  In Arizona, the 

lowest elevation record is from 6,500 ft.  However, in Colorado and New Mexico, the species is 

known to occur in irrigated river valleys at low elevations (to 6,080 ft in Colorado; to 4,500 ft in 

New Mexico), including within surrounding desert biomes (see also Frey 2011).  Thus, it is 

likely that the historical distribution of Z. h. luteus extended out onto the plains north of the 

White Mountains along the Little Colorado River.  However, no Z. h. luteus were captured at a 

survey site (Little Colorado River Lower, site #A, Figure 38) in this region.  Livestock grazing 

was excluded from this survey site since 1996 and current habitat conditions appeared suitable 

for Z. h. luteus.  Beaver activities had created channel diversity and there was abundant sapling 

willow and diverse dense herbaceous vegetation.  However, this site was historically a working 

ranch and the restored habitat at the site was isolated from other potentially occupied sites 

upstream by reaches with little riparian vegetation due to livestock grazing.   

No Z. h. luteus was captured at two sites (site #B) surveyed on Fish Creek (Apache Co.), 

which is a tributary to the Little Colorado River.  At West Fork Fish Creek suitable habitat of 

relatively tall, dense herbaceous vegetation was restricted to vicinity of a fenced highway median 

(Figure 39).  Along the remainder of this area the vegetation was short and sparse, giving the 

general appearance of having been degraded by livestock grazing.  Old cattle feces were 

observed .  At Fish Creek there was a lush wetland complex dominated by sedges, rushes and 

other herbaceous plants (Figure 40).  The surrounding upland vegetation was short and sparse at 

both locations.  The survey of these areas occurred 9-12 July 2009.  On 6 September 2009 I 

observed a herd of cattle in the Fish Creek wetland.  The previous lush herbaceous growth had 

been essentially entirely eliminated and was reduced to short, sparse stubble (Figure 40).  This 

demonstrates how quickly and thoroughly cattle grazing can reduce herbaceous riparian habitat.  

These were the only sites surveyed where grazing was currently authorized. 

The Nutrioso Creek watershed forms a major tributary to the Little Colorado River.  Z. h. 

luteus had not previously been known from this region and I am not aware of any prior surveys 

for Z. h. luteus in this watershed.  Consequently, it is of particular importance that several Z. h. 

luteus were captured at the Nutrioso Creek survey site (site # K, Figure 41).  The stream at this 

site suggested evidence of habitat restoration.  The channel was entrenched with outside bends 

incised as much as 2 m or more.  However, there did not appear to be any ongoing disturbance 

and the riparian vegetation was well developed.  The dominant riparian vegetation included 

alders, clumps of reed canarygrass, patches of stream-side sedges, and diverse forbs such as 

hops, water hemlock, cutleaf coneflower, and stinging nettle (clumps of this plant around 

palatable shrubs was likely a sign of past overgrazing); willows were rare.   Livestock grazing 

had been excluded from this site by practice since the early 1990s, and by policy since 2001.   

Z. h. luteus was not captured at two survey sites on Rudd Creek, which is a major 

tributary to Nutrioso creek.  The lower site (site #J, Figure 42) was unusual in that the channel 

was deeply entrenched (8-10 m) and much of the bottom consisted of a nearly impenetrable 

thicket of tall dense cattail (deepest part of channel) and reed canarygrass (edge of channel); 
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shrubs included willows, skunkbush sumac, and wax current.  The channel banks were steep and 

largely devoid of vegetation.  The study area was contained within an elk exclosure and there 

was old sign of beaver activity.  At Rudd Creek Upper (site #I, Figure 43), potential habitat for Z. 

h. luteus was limited in distribution and found primarily on the lower end of the survey area 

where the valley broadened and gradient was reduced.  On the upper portion of the survey area 

the stream was in a narrower canyon with forest cover overhead and a dense tangle of redosier 

dogwood over the stream.  No Z. h. luteus was captured at this location.  However, several water 

shrews were captured, which represents a significant new locality for the species.   

 

 

  
 

  
Figure 30.  Capture locations (Robel pole held at flag) for Z. h. luteus at East Fork Little 

Colorado River Lower (site #E).  Two capture locations are shown in the bottom right 

photograph: one at the Robel pole and one marked with a flag in the background under the 

person’s extended arm. 
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Figure 31.  East Fork Little Colorado River Upper (site # 6). Water shrew capture locations. 

 

  
Figure 32.  Lee Valley Creek Upper (site #5).  Note almost complete absence of live shrubs 

(dead shrub in foreground of left photograph). 

 

 

  
Figure 33.  Lee Valley Creek Lower (site #F) at water shrew capture locations. 
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Figure 34.  West Fork Little Colorado River Lower (site #3).  Recreation has resulted in a loss 

of streamside herbaceous vegetation. 

 

 

  
Figure 35.  West Fork Little Colorado River Upper (site #4).  Recreation has resulted in a loss 

of streamside herbaceous vegetation. 

 

 
Figure 36.  Little Colorado River Upper (site # D).  Note that the valley floor is dominated by a 

willow-sedge community. 
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Figure 37.  Benny Creek (site #C) had a diversity of habitats but Z. h. luteus was not captured. 

 

 

    
Figure 38.  Little Colorado River Lower (site #A);  A) overview, B) close-up. 
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Figure 39.  “West Fork” Fish Creek (site #B);  A) overview, B) close-up. 

 

   

 
 

  
 

Figure 40.  Fish Creek (site #B).  Top Row) Lush herbaceous vegetation found during survey on 

11 July 2009. Bottom row) Condition of wetland on 6 September 2009 after cattle allowed 

access.  The sedges behind the pond in the top left photograph is the same location where the 

cattle are congregated in the bottom photographs.    
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Figure 41.  Nutrioso Creek (site # K).  Capture locations (Robel pole held at flag) for Z. h. 

luteus.
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Figure 42.  Rudd Creek Lower (site #J);  A) overview, B) close-up. 

 

   
Figure 43.  Rudd Creek Upper (site #I). 
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San Francisco River 
 

Table 16.  Survey sites for the New Mexico meadow jumping mouse (Zapus hudsonius luteus) in the San 
Francisco River watershed, Arizona, 2008-2009. 

Map 
Location Drainage Descriptive Elevation Historical/New Z

ah
u 

Date 

19 San Francisco River San Francisco River Lower 7930 Historical 0 16-19 August 2008 

L San Francisco River San Francisco River Upper 8150 New 6 25-27 July 2008 

M San Francisco River "Talwiwi Creek" Lower 8100 New 1 25-27 July 2008 

18 San Francisco River "Talwiwi Creek" Upper 8285 Historical 0 25-28 July 2008 

 

On private lands in the Alpine village valley, riparian habitat along the San Francisco 

River has been largely eliminated due to livestock grazing and other practices (Figure 44).  

Potentially suitable habitat for Z. h. luteus in the watershed was limited to small, isolated areas in 

livestock exclosures on lands administered by Apache-Sitgreaves National Forest (Figure 45).  

Surveys confirmed persistence of the species at two new locations, San Francisco River Upper 

(site #L, Figure 45 and 46) and Talwiwi Creek Lower (site # M, Figure 47a).  However, the very 

small size of these areas makes the species vulnerable to extirpation due  to stochastic events.   

Suitable habitat was restricted to a ca 400 m reach of San Francisco River Upper and along a ca 

200 m reach of Talwiwi Creek Lower.  It will be important to increase the area of potentially 

suitable habitat in this watershed in order to insure the long-term persistence of the species.   

Habitat at the historical location Talwiwi Creek Upper (site #18, Figure 47b) did not 

appear suitable for Z. h. luteus during this survey.  The channel was incised and there was poor 

development of herbaceous vegetation; riparian shrubs were sparse and decadent or dead.  

During 1981 when the historical record was collected, this area was described as incised about 3 

feet and having willows and alders (Mills 1981).  However, that specimen was taken on 4 

September which is when animals are seeking hibernacula on higher ground.  Thus, it is possible 

the animal had dispersed to that area while searching for a hibernaculum.  During this survey, 

better habitat conditions were observe on Talwiwi Creek both above (on private land) and below 

the historical site.  Consequently, it remains a possibility that Z. h. luteus is more widespread on 

this creek.   

 Jumping mice were not captured in a grazing exclosure in the Alpine Valley (San 

Francisco River Lower, site #19), although habitat appeared potentially suitable (Figure 48).  

Absence of the species from this location is likely due to the recency of exclusion to gazing (i.e., 

2001) and its isolation from occupied sites. 
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Figure 44.  Private land along San Francisco River in Alpine.   

 

 

 

 
 
 

 

Figure  

Figure 45.  San Francisco River Upper (site #L) showing fence line between area excluded from 

livestock gazing on Apache-Sitgreaves National Forest (left) and private land (right).  Z. h. 

luteus was captured in the grazing exclosure at this site.  
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Figure 46.  San Francisco River Upper (site #L).  Capture locations (Robel pole held at flag) for 

Z. h. luteus.  
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Figure 47.  Talwiwi Creek.  A) Capture location (Robel pole) for Z. h. luteus at Talwiwi Creek 

Lower (site #M).  B) Unsuitable habitat at Talwiwi Creek Upper historical location (site #18). 

 

 
 

 
Figure 48.  San Francisco River Lower (site #19).  A) Adjacent grazed private land to east of 

survey site; B) Elk and livestock grazing exclosure fence established in 2001; C) Dense sedge 

and willow habitat at capture location of a long-tailed weasel (Mustela frenata) in grazing 

exclosure. 
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Blue River 
 

Table 17.  Survey sites for the New Mexico meadow jumping mouse (Zapus hudsonius luteus) in the Blue River 
watershed, Arizona, 2008-2009. 

Map 
Location Drainage Descriptive Elevation Historical/New Z

ah
u 

Date 

21 Blue River 
Campbell Blue Creek 

Lowermost 6535 Historical 0 13-16 August 2008 

O Blue River Campbell Blue Creek Lower 6605 New 0 14-16 August 2008 

O Blue River Campbell Blue Creek Middle 6620 New 3 14-16 August 2008 

N Blue River Campbell Blue Creek Upper 6627 New 0 14-16 August 2008 

N Blue River 
Campbell Blue Creek 

Uppermost 6710 New 0 14-16 August 2008 

R Blue River KP Creek 8924 New 0 11-14 August 2009 

 

 There is a single arcane historical record of Z. h. luteus from Campbell Blue Creek, 

which is a specimen with an odd locality and lacking a date (see Confidential Appendix 1; site 

#21).  It was collected sometime prior to 1981 and possibly dates to ca 1960 based on catalog 

number and absence from Cockrum (1960).  Results of this survey confirm presence of Z. h. 

luteus in the Blue River watershed.  Potentially suitable habitat for Z. h. luteus on lower 

Campbell Blue Creek (i.e., below Luce Ranch) was restricted to very small, isolated areas away 

from the main stream channel (sites #O, N).  The main stream channel was rocky and generally 

devoid of suitable riparian vegetation.  For example, no suitable habitat for Z. h. luteus was 

present at the historical location (Figure 49).  No suitable habitat for Z. h. luteus was found 

downstream of confluence of Turkey Creek along either Campbell Blue Creek or the Blue River 

along Forest Road 281.  Although several small patches of potentially suitable habitat were 

found above the confluence of Turkey Creek, Z. h. luteus was only captured at an old, small (ca 3 

x 30 m open water) beaver pond (Figure 49).  The beaver pond was on a small (ca 1 m wide) side 

channel and was dominated by dense sapling willow, and tall, dense patches of sedges, cattail, 

diverse forbs, and leafy equisetum.  The three jumping were all captured in a small patch of 

sedges between the water edge and a stand of willows.  No active beaver sign was found along 

Campbell Blue Creek.  Encouraging presence of beaver along this stream would help create 

additional habitat for Z. h. luteus. 

Potentially suitable habitat for Z. h. luteus was observed on upper KP Creek (site #R), in 

vicinity of KP Tank (Figure 50).  This was a large (ca 25 ha) wet meadow complex dominated 

by sedges on saturated soil, and with grasses and forbs on drier soil.  No Z. h. luteus was 

captured.  Although livestock grazing was excluded from this area in 1997 there was 

considerable sign of past livestock use including fencing and a cattle loading chute.  The 

Hannagan-KP Peak massif has a long history of livestock  use.  During the 1880s livestock trails 

from Clifton to Hannagan Meadow passed through KP Cienega, and later KP Cienega served as 

the summer headquarter to the former Y-Y Ranch (Waite 2003; 

http://www.wmicentral.com/sports/take_a_hike/).  Thus, it is possible that Z. h. luteus was 

historically extirpated from the site and unable to recolonize due its isolation.   

One water shrew was captured along KP Creek in the canyon immediately downstream 

from the wet meadow area (Figure 51).  Here the stream ran through a narrower canyon, 

although at the capture location the floodplain remained somewhat broad.  In addition, the tree 

canopy was still fairly open, which promoted diverse herbaceous cover dominated be forbs.  A 
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historical record of water shrew taken in 1914 from ―Prieto Plateau‖, was presumed to have been 

taken on KP Creek.  However, it was thought extirpated from this region because no other 

surveys were able to capture the species on KP Creek or other streams in the area.  Thus, this 

record confirms persistence of this enigmatic population of water shrews.   

  

 

  
 

  
 

Figure 49.  Campbell Blue Creek.  A) Historical location of Z. h. luteus at Campbell Blue Creek 

Lowermost (site #21);note general absence of riparian vegetation along water-edge.  B) Capture 

locations of Z. h. luteus at Campbell Blue Creek Middle were all in association with this small 

beaver pond; note dam in foreground (site #O); C) The three Z. h. luteus captured at Campbell 

Blue Creek Middle were in close proximity to each other and all in a small patch of sedges 

(arrows denote capture locations); D) Close up of sedge patch in backwater of the beaver pond 

where the three Z. h. luteus were captured (Robel pole is positioned at one capture location).  
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Figure 50.  KP Creek in vicinity of KP Tank (site # R).  A) View of KP Tank and associated 

sedge meadow at head of KP Creek;  B) View of sedge meadow below KP Tank dam; a water 

shrew was captured in the canyon immediately below this meadow. 

 

  
 

Figure 51.  KP Creek (site #R) capture location (at Robel pole) for a water shrew (Sorex 

palustris).  A) View looking upstream; B) View looking downstream. 
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Black River 
 

Table 18.  Survey sites for the New Mexico meadow jumping mouse (Zapus hudsonius luteus) in the Black River 
watershed, Arizona, 2008-2009. 

Map 
Location Drainage Descriptive Elevation Historical/New 

Z
ah

u 

Date 

10 W Fork Black River West Fork Black River Lower 7580 Historical 2 21-23 July 2008 

11 W Fork Black River West Fork Black River Middle 7677 Historical 3 21-24 July 2008 

7 W Fork Black River West Fork Black R Upper 8842 Historical 1 7-8 July 2009 

G W Fork Black River "Spruce Creek" 9055 New 0 8-9 July 2009 

H W Fork Black River "Buckshot Creek" 9088 New 0 7-9 July 2009 

8 E Fork Black River East Fork Black River 8223 Historical 7 28-30 July 2008 

13 Black River Centerfire Creek 7775 Historical 3 21-23 July 2008 

14 Black River Boggy Creek 7844 Historical 4 21-23 July 2008 

17 Black River Hannagan Creek Lower 8175 Historical 0 18-21 July 2008 

P Black River Hannagan Creek Upper 8517 Historical 0 18-21 July 2008 

Q Black River Corduroy Creek 8858 New 1 13-15 August 2009 

 

 The Black River watershed has the most historical and currently occupied populations of 

Z. h. luteus in the White Mountains.  Five of these (site #7, 10, 11, 13, 14) are on southward 

flowing tributaries that head on the southeastern flank or bench around Mount Baldy.  The 

largest of these is the West Fork of the Black River.  During this survey I confirmed persistence 

of Z. h. luteus at three historical locations on this river ranging in elevation from 7,580 – 8,842 ft 

(sites #7, 10, 11; Figures 52, 53, 54).  In addition, a fourth historical location (location #12, see 

Confidential Appendix 1) at ca 7,800 ft was confirmed in 2007.  Thus, Z. h. luteus is known to 

persist at all historical locations on this stream.  Z. h. luteus was not found on two small 

tributaries to Burro Creek (a major tributary to the West Fork of the Black River) that head on 

Burro Mountain (site #G, Figure 55; site #H, Figure 56).   These streams had relatively high 

gradients with rocky substrates and were within coniferous forest and so were not considered 

ideal habitat for Z. h. luteus. 

Z.  h. luteus was documented at East Fork of the Black River (location # 8, Figures 57 

and 58) in 1991, 1997 and 2007 (see Confidential Appendix 1).  During this study, it was 

captured at relatively high abundance at this site.  This site is important because it offers a 

relatively large area of diverse riparian habitat types, from natural bogs, sedge-dominated 

communities in open meadows, and riparian shrub communities in the narrower reaches.  

Willows were present, put older plants were primarily found in locations that ungulates would 

find more difficult to access (Figure 57a).  Scattered sapling willows were found along the 

stream in more exposed sites (Figure 57b).  Livestock grazing was excluded from this site in 

2001.   

Centerfire Creek (site # 13, Figure 59) and Boggy Creek (site # 14, Figure 60) generally 

run parallel and in close proximity to one another, and hence have similar geology, hydrology, 

and ecological associations.  Z. h. luteus was documented at both locations in 1991 (Morrison 

1991).  Livestock have not been grazed in these areas since 1994, with exception that I observed 
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old sign of unauthorized horses on Boggy Creek that apparently originated from nearby tribal 

land.   Based on the distribution of horse fecal matter, it appeared they were primarily accessing 

the area for water.  Both survey sites were in the ponderosa pine zone.  The small streams were 

edged with alder and tall, dense, diverse herbaceous vegetation including forbs, grass, and sedge.  

Willows were rare at these sites and it is unknown if this was due to natural site  conditions or 

impacts of past herbivory.  These sites seemed ideally suited for beaver had there been a source 

of willow for food.  Willow plantings should be implemented along these streams to encourage 

beaver presence.   

Hannagan Creek and Corduroy Creek are headwater tributaries  that start on the 

Hannagan-KP Peak massif and flow generally northward: Hannagan Creek is a tributary to 

Beaver Creek and Corduroy Creek is a tributary to Fish Creek (Greenlee Co.--not to be confused 

with the Fish Creek that is a tributary of the Little Colorado River in Apache Co.), both of which 

confluence with the Black River.  The only historical location for Z. h. luteus on the Hannagan-

KP Peak massif is one at ca 8,200 ft on Hannagan Creek (see Historical Records section for a 

discussion of the erroneous second location at 8,600 ft; site #17, Figure 61).   Evidently, Z. h. 

luteus was not common on Hannagan Creek in 1932-1933.  In total, Alexander and Kellogg 

spent 5 nights in 1932 and 3 nights in 1933 at this location trying to secure additional specimens.  

They also trapped at other locations on the Hannagan-KP Peak massif where they thought they 

might catch additional specimens, but to no avail.  Habitat at the site was described as follows: 

―Here there is a mixture of blue fir douglas fir and yellow pine.  Alders begin to line the creek 

less than ¼ mi. back.  There is considerable green growth under the alders and stones covered 

with moss.‖  With regards the 1932 specimen: ―The trap had been set on top of Microtus cuttings 

between two small mossy stones about six feet from the edge of the stream where the ground 

was very moist from seepage from bank above.  Vegetation was grasses and small green plants 

shaded by half-dead small douglas fir‖ (field notes A. Alexander, 21 September 1932).  In 1933, 

the traps that produced the Z. h. luteus were set ―under alders along the stream near camp‖ (field 

notes L. Kellogg, 5 July 1933).  However, it was noted that ―the banks show some sign of being 

trampled by cattle‖ (field notes A. Alexander, 6 July 1933).  Similarly the valley of Beaver 

Creek, located 3.9 km downstream and which would have served as the ultimate source 

population for Z. h. luteus on Hannagan Creek, was described as weedy fields pastured by cattle 

(field notes A. Alexander, 7 July 1933).  Thus, it seems possible that Alexander and Kellogg 

documented a population of Z. h luteus that was already marginal and in decline: 1) suitable 

riparian habitat on Hannagan Creek would be naturally patchy due to the narrowness and 

gradient of the canyon, 2) riparian habitat on Hannagan Creek was already being impacted by 

livestock, and 3) downstream habitat on Beaver Creek was already degraded.  No Z. h. luteus 

was captured during this study on Hannagan Creek.  It seems likely that the population was 

extirpated and has not had opportunity to recolonize given current degraded habitat conditions on 

upper  Beaver Creek.  Also contributing to this isolation is the intermittent nature of the higher 

reaches of Hannagan Creek (e.g., Hannagan Creek Upper, site #P, Figure 62). 

Z. h. luteus was captured at a new site on Corduroy Creek (site #Q, Figure 63).  This 

marks the first record of Z. h. luteus on the Hannagan-KP Peak massif since 1933, and provides a 

second location on the massif (Hannagan Creek being the other).  Previously,  Morrison (1991) 

surveyed for Z. h. luteus at this same site, as well as further downstream on Fish Creek just 

above where it merges with Corduroy Creek.  However, she did not catch any jumping mice and 

noted moderate livestock grazing at both locations (Morrison 1991).  Given the apparent 

sensitivity of Z. h. luteus to livestock grazing, it seems quite possible that the new record reflects 
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a recovery of habitat and recolonization of the drainage by Z. h. luteus subsequent to removal of 

livestock in 1999.  The history of livestock grazing on the Hannagan-KP Peak massif runs deep.  

For example, by the 1880s Hannagan Meadow served as an epicenter for cattle gatherings and 

livestock trails that went to Clifton to the south and Alpine to the north (Waite 2003).  

  
Figure 52.  West Fork Black River Lower (site 10).  Capture locations (Robel pole in center 

photos) for Z. h. luteus. 

 

  

 
Figure 53.  West Fork Black River Middle (site #11).  Capture locations (Robel pole held at 

flag) for Z. h. luteus. 
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Figure 54.  West Fork Black River Upper (site # 7). Capture location (Robel pole held at flag) 

for Z. h. luteus. 

  

   
Figure 55.  Spruce Creek (site #G) A) Above weir, B) below weir. 

 

 
Figure 56.  Buckshot Creek (Site #H).   
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Figure 57.  East Fork Black River (site #8).  A) Large willows were present primarily in places 

protected from livestock grazing such as at the base of this steep slope.  B) There was new 

growth of sapling willows (circle) along reaches that would have been accessible to livestock, 

prior to exclusion in 2001. 
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Figure 58.  East Fork Black River (site #8).  Capture locations (Robel pole held at flag) for Z. h. 

luteus.  A seventh capture location was at the arrow shown in the middle right photograph.   
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Figure 59.  Centerfire Creek (site # 13).  Capture locations (Robel pole held at flag) for Z. h. 

luteus.  Note that these capture locations are all in herbaceous vegetation at the edge of alder 

canopy. 
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Figure 60.  Boggy Creek (site #14). Capture locations (Robel pole held at flag) for Z. h. luteus.
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Figure 61.  Hannagan Creek Lower (site # 17) historical location showing variation in riparian 

habitat based on valley floor width and gradient, and tree cover. 

 

   
Figure 62.  Hannagan Creek Upper (site #P). 

 

  
Figure 63.  Corduroy Creek (site #Q).  Capture location (Robel pole held at flag) for Z. h. 

luteus. A) upstream view, B) downstream view. 
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Confidential Appendices 

 
 

Note: The confidential appendices are in an associated Excel spreadsheet file. 

 

 

Contents 
 

 

Confidential Appendix 1.  Historical records       

 

Confidential Appendix 2.  Survey locations      

 

Confidential Appendix 3.  Capture locations for Zapus hudsonius luteus   

 

Confidential Appendix 4.  Capture locations for Sorex palustris  

  



Frey—Status of the Meadow Jumping Mouse in Arizona 

 

114 

Note added at submission of final report 

 

Potential Impacts of the Wallow Fire on Zapus hudsonius luteus 

 

The Wallow Fire started 29 May 2011 in the Bear Wallow Wilderness Area, Greenlee 

County, Arizona, near the southern edge of the White Mountains.  As of 4 July 2011 the fire was 

95% contained and ranked the largest in Arizona history; it had covered 538,049 acres and 

encompassed most of the eastern portion of the White Mountains, primarily on lands 

administered by the Apache-Sitgreaves National Forest in Apache and Greenlee counties.  Based 

on the 4 July fire perimeter map, all locations in the White Mountains known to have been 

occupied by Z. h. luteus during 2007-2009 were within the fire perimeter except two: West Fork 

Black River Upper (locations #7) and Talwiwi Creek Lower (location #M).  Direct impacts of 

the fire on jumping mice or their habitat remains unknown.  Impacts of post-fire flooding and ash 

flows will continue to be a threat to any populations that might have survived the fire.  Given the 

sensitivity of Z. h. luteus to habitat alteration and the small, isolated nature of current 

populations, this fire has potential to have significant impact on the fate of the species in the 

White Mountains.  The Wallow Fire and other fires that occurred in the Southwest during 2011 

were unprecedented in size.  Not previously considered was the possibility that a single fire 

could impact virtually all known populations of Z. h. luteus in a mountain range.  Clearly, 

catastrophic wildfire presents a grave threat to this species.  It will be necessary to survey and 

monitor the fate of each population.  Where possible, mitigation should occur to reduce post-fire 

flooding impacts on populations.  Translocation should be considered to salvage populations if 

there is high risk of flood impacts and no other populations occur within a watershed.   

Appropriate fast-growing food plants could be seeded into areas where habitat has been 

damaged.  On the longer-term, aggressive upland management is needed in watersheds with 

remaining populations to reduce risk to populations due to future wildfires. 

 

 

 

 

 


