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ABSTRACT

Yellow-cheeked voles occupy early successional habitats in boreal regions, but 

specific factors influencing the species’ distribution and population dynamics are not well 

known. Yellow-cheeked voles were studied in three early post-fire habitats in interior 

Alaska to relate population parameters to habitat characteristics. Voles were live-trapped 

during June, July, and August of 1997 and 1998, and habitat components were measured 

within trapping grids. Capture data were analyzed using the robust design to estimate 

vole abundance, density, survival, and recruitment. Yellow-cheeked voles were most 

abundant in the floodplain white spruce, where survival was stable and recruitment was 

high. The white spruce habitat had the greatest cover of preferred forage species, while 

grasses, large diameter logs and snags provided escape cover. Observed differences in 

habitat quality may be related to unique successional processes in black and white spruce 

communities.
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PREFACE

Wildland fires are primary agents of disturbance in the boreal forest, initiating 

successional changes that impact a variety of plant and animal species. In interior Alaska 

tens of thousands of acres bum each year (Gabriel and Tande 1983). Over time, fires 

produce a complex mosaic of vegetative communities. Direct and indirect effects of fire 

on boreal forest soils and vegetation have been investigated (Foote 1983, Viereck and 

Schandelmeier 1980, and others). However, effects of fire on mammals are not as clearly 

understood (Viereck and Schandelmeier 1980).

Wildland fire can have immediate impacts on small mammal communities 

through direct mortality, although below surface burrows offer a potential means of 

escape for arvicoline rodents in Alaska (Quade 1993). Small mammals also survive in 

riparian areas and forest gaps that escape burning. The primary effect of fire on small 

mammal populations occurs via changes in the vegetative community (West 1979).

Recently burned forest soils typically support a flush of herbs and grasses that 

utilize the nutrients released by the combustion of thick organic layers (DeBano et al.

1998). The removal of surface organic material, and changes in surface albedo, result in 

soil heating and increased seasonal thaw depth (Viereck 1973). In the years following 

fire, sites support shifting plant associations until climax communities prevail or 

disturbance resets the successional process (Foote 1983, VanCleve and Viereck 1983). 

The dominant climax communities in interior Alaska are black spruce )

and white spruce (P. glauca). Although post-fire succession is similar, these



communities support slightly different vegetation at each serai stage (Foote 1983).

In northern forests, early successional communities support higher small mammal 

abundance, biomass, and diversity than do later stage communities (Fox 1983). The genus 

Microtus is typically associated with grass/forb communities, and readily colonizes early 

successional sites (West 1979). In a region frequently underlain by permafrost, 

burrowing microtines benefit from fire induced increases in soil temperature and thaw 

depth (West 1979). Microtine use of burned sites is related to the abundance of grasses 

and herbaceous plants used for food (West 1979). The distribution of preferred food 

resources can greatly influence small mammal occupancy patterns, particularly when 

crucial plant species are restricted to specific growing conditions (Batzli et al. 1983). 

Vegetative cover and composition at a site also affects small mammal communities by 

providing escape cover and influencing microclimate conditions (Bimey et al. 1976,

Baker and Brooks 1982).

Changes in small mammal communities affect populations of predators that rely 

on them as a primary food source. Concern has been raised over the impacts of wildland 

fire on fiirbearer populations in interior Alaska. Between 1991 and 1994 the U.S. Fish 

and Wildlife Service conducted a study on the Nowitna National Wildlife Refuge to 

investigate fire effects on the abundance and distribution of marten ( americana)

(Johnson et al. 1995). Microtus spp. comprised over half (58%) of the marten diet in the 

study area, and marten use of bums was highly correlated with the presence and 

distribution of yellow-cheeked voles. Yellow-cheeked voles were the largest and most

x



common microtine on the study area, and occurred almost exclusively in a recent bum 

(Quade 1993).

Similar patterns were observed by Magoun and Vemam (1986) in their 

assessment of marten use of an interior Alaskan bum. Some marten were found 

exclusively within the burn, where microtine density and biomass were highest. Yellow

cheeked voles, which were consumed by marten in the study area, were captured 

primarily within the burn, and were more numerous in regenerating white spruce than 

black spruce.

The apparent link between yellow-cheeked voles and marten use of burns raised 

questions regarding habitat relationships of these voles in early post-fire seres, and 

prompted the current study. Yellow-cheeked voles are known to occupy early 

successional communities in riparian areas and recent bums (West 1979, Wolff and 

Lidicker 1980, Swanson 1996). However, specific factors influencing their distribution 

and population dynamics have not been thoroughly identified. In cooperation with the 

U.S. Fish and Wildlife Service, this study of was conducted on the Koyukuk and Nowitna 

National Wildlife Refuges, Alaska. Its purpose was to assess population parameters of 

yellow-cheeked voles in recently burned black and white spruce, and to identify habitat 

characteristics related to vole presence and population dynamics. Included are estimates 

of population parameters made using mark-recapture data, and a descriptive account of 

vegetative and environmental characteristics in each habitat.
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ASSESSMENT OF HABITAT QUALITY IN YELLOW-CHEEKED VOLE 
{MICROTUSXANTHOGNATHUS)POPULATIONS USING THE ROBUST DESIGN.1

KARIN L. LEHMKUHL, Department of Biology and Wildlife, University of Alaska 
Fairbanks, Fairbanks, Alaska 99775.

ABSTRACT

Populations of yellow-cheeked voles ( xanthognathus) were studied in 3

early post-fire habitats in interior Alaska: floodplain black spruce, floodplain white 

spruce, and upland black spruce. Voles were live-trapped on 0.25 ha grids during June, 

July and August of 1997 and 1998. Capture data were analyzed using the robust design 

to identify population parameters related to habitat quality. Yellow-cheeked vole 

abundance was significantly higher in floodplain white spruce than in other sampled 

habitats in both years. Density in this regenerating habitat was higher than densities 

previously recorded for the species. Survival was similar among habitats, but showed 

periodic lows in black spruce habitats. In situ reproduction contributed highly to 

recruitment in June-July, while immigration contributed more in July-August. Highest 

abundances were related to elevated levels of immigration. Both immigration and 

reproductive recruitment were highest in the white spruce habitat. Population parameters 

indicated that the floodplain white spruce was higher quality habitat than the black spruce 

areas studied.

'This chapter was prepared for submission to the Journal of Wildlife Management as: 
Lehmkuhl, K. L. and E. Rexstad. Assessment of habitat quality in yellow-cheeked vole 
(Microtus xanthognathus) populations using the robust design.
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Key words: abundance, Alaska, habitat quality, microtines, Microtus xanthognathus, 

population dynamics, probabilistic estimators, recruitment, robust design, survival, 

yellow-cheeked vole.
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INTRODUCTION

The identification of habitat quality is important to the understanding and 

management of any wildlife species. Habitat quality has been described as "the potential 

productivity that can be realized in a defined habitat" (Paradis and Croset 1995). The 

quality of a given habitat type varies for a species depending on the availability of 

required resources and relative risk of mortality. When the distribution of resources and 

risk of mortality in each habitat type is known, habitat quality may be inferred. Because 

this information is rarely complete, habitat quality may be quantified using measures of 

demographic parameters (Paradis and Croset 1995). The recent development of 

parameter estimation models, such as the robust design, provides investigators an 

improved ability to address questions regarding population dynamics and habitat 

relationships. In this study the robust design was employed in the investigation of 

yellow-cheeked vole {Microtus xanthognathus) populations occupying 3 early-post bum 

habitat types in interior Alaska.

Yellow-cheeked voles are the largest North American microtine, and can weigh 

up to 170 g (Conroy and Cook 1999). Their range is limited to boreal forest regions, 

where they are an important prey item for marten ( americana) and other predators



(Magoun and Vemam 1986, Johnson et al. 1995). The voles establish colonies with 

extensive burrow systems, runways and underground food caches (Wolff and Lidicker 

1981). Yellow-cheeked voles primarily occur in open, moist, grassy areas and rarely 

appear in mature forest seres (West 1979, Wolff and Lidicker 1980, Quade 1993, 

Swanson 1996). Wolff and Lidicker (1980) proposed that yellow-cheeked voles require 

habitats that provide abundant rhizomes for winter food, and adequate substrate for 

burrowing (particularly deep moss covering downed branches, timber and roots.) They 

concluded that ideal habitat for yellow-cheeked voles includes riparian forest edges and 

areas of low intensity bums with residual moss cover and extensive cover of forage 

species such as fireweed ( Epilobiumangustifolium) and horsetails (Equisetum spp.). 

Reports from other areas generally substantiate this conclusion (West 1979, Quade 1993, 

Swanson 1996). However, specific habitat requirements and population characteristics 

within post-burn habitats have received little investigation. This study was designed to 

investigate yellow-cheeked vole population demographics expected to be related to 

habitat quality of several early post-bum seres.

Species density has frequently been used as an indicator of habitat quality (Van 

Home 1983, Pulliam 1988). However, correlations between density and habitat quality 

do not always hold, and other demographic characteristics of a population should also be 

considered (Van Horne 1983). High quality habitat is evidenced by sufficient abundance, 

survival and fecundity to allow population persistence. In low quality (sink) habitats, 

survival and fecundity rates are insufficient to maintain populations, although persistence

3



may be achieved via dispersal from higher quality (source) habitats (Pulliam 1988). For 

the purpose of determining habitat quality in the present study, population parameters 

including abundance, survival, and recruitment were estimated for yellow-cheeked voles 

within 3 early post-fire communities.

Estimation methodology employed in small-mammal studies has developed 

dramatically in recent years. Traditional enumeration methods, such as “minimum 

known number alive” (Jolly and Dickson 1983, Pollock et al. 1990) have been 

demonstrated to be negatively biased when capture probabilities are less than 1 (Nichols 

and Pollock 1983), as is often the case in field studies (Jolly and Dickson 1983). 

Probabilistic models have been developed that exhibit less bias in cases of low capture 

probability. Cormack-Jolly-Seber (CJS) open population models (Cormack 1964, Jolly 

1965, Seber 1982) have been frequently used in long term capture-recapture studies.

These models produce estimates of abundance at the time of sampling and survival 

between sampling events. CJS models assume that individuals have equal probability of 

capture. In field studies, capture probability is rarely uniform (Jolly and Dickson 1983). 

The probability of capture may vary over time, among individuals in a population, or may 

depend on an individual’s previous capture experience (trap response). CJS abundance 

estimates are negatively biased in the presence of heterogeneous capture probabilities. 

Survival estimators, however, tend to be robust to such heterogeneity (Carothers 1973).

A separate suite of models has been developed that produce abundance estimates 

that are robust to capture heterogeneity (Otis et al. 1978). These models (called closed

4



population models because they assume no losses or additions to the population during 

the interval of study) incorporate heterogeneity, trap response and/or temporal changes in 

capture probability.

Pollock (1982) proposed a method by which both survival and abundance 

estimates could be produced that are robust to heterogeneity in capture probability.

Called the robust design (described in Kendall and Nichols 1995, Kendall et al. 1995, 

1997), this method combines open model (CJS) survival rate estimators with closed 

model abundance estimators. Also, under the robust design, some parameters that are 

inestimable in CJS models can be estimated due to the additional information provided by 

closed population models.

The robust design involves K “primary” sampling periods (e.g., monthly) within 

which are I “secondary” sampling periods (e.g., daily) (Kendall et al. 1995, 1997). 

Population changes via gains (births and immigration) and losses (death and emigration) 

can occur between primary sampling periods. However, secondary sampling periods are 

closely spaced such that the population is closed to gains or losses. Closed population 

models are used with data from secondary sampling periods to produce abundance 

estimates. Survival between primary sampling periods is estimated using open 

population models.

Pollock’s robust design has been recommended for use in small mammal studies 

because of its performance in the presence of unequal capture probability (Nichols et al. 

1984, Nichols and Pollock 1983). However, reports of applications of this method in
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actual small mammal field studies are quite limited (Nichols et al. 1984, Nichols and 

Pollock 1990, Wilson et al. 1999). The purpose of this paper is twofold; first, to report 

results relating to habitat quality in yellow-cheeked vole populations, and second, to 

provide a field example of the application of the robust design.

METHODS 

Study Area

Small mammal trapping grids were established in 1997 on the Koyukuk and 

Nowitna National Wildlife Refuges in interior Alaska. The refuges are in the region of 

discontinuous permafrost, with black spruce ( mariana) and bogs occurring where 

permafrost is present, giving way to white spruce communities ( glauca) on well 

drained slopes and river edges, and ultimately to tundra at higher elevations. The region 

typically experiences long cold winters (October-April) and short hot summers (June- 

August). Summers average 20°C and can reach over 30°C while winter temperatures 

average -20°C and can reach extremes of -60°C.

Yellow-cheeked voles were live-trapped in 3 habitat types: floodplain black 

spruce (FBS), floodplain white spruce (FWS), and upland black spruce (UBS). The 

floodplain black and white spruce study sites were located on the Koyukuk Refuge near 

the west bank of the Koyukuk River, 5-10 km upriver (south) of the Hogatza River 

confluence (65°54' N 155° 12' W). Two pairs of live-trapping grids were established in 

the Koyukuk river flood plain in the northwest comer of a 68 km2 region that burned in 

1988. One pair of trapping grids was placed in a regenerating black spruce community
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(FBS 1&2). The second pair was located in regenerating white spruce (FWS 1&2). An 

additional pair of grids was placed in regenerating upland black spruce habitat (UBS 

1&2) on the Nowitna Refuge near Round Lake, 10 km west of the Little Mud River 

(64°4F N 153 °56' W). These grids were situated in burned black spruce habitat at the 

northeast edge of a 140 km2 area that burned in 1985.

Small Mammal Trapping

Within each habitat type, live-trapping sites were selected based upon 

accessability and yellow-cheeked vole activity. Yellow-cheeked voles are fossorial, with 

fresh digging, runways and burrows evident in active colonies. Signs of vole activity in 

(unbumed) mature forest near trapping grids were rare. The 2500 m2 (0.25 ha) live- 

trapping grids were situated to encompass areas of apparent high vole activity. Grids 

consisted of 100 trap locations spaced at 5 m intervals in a 10 x 10 configuration (Figure 

1.1). Four 25 m assessment lines were extended perpendicular to each grid edge to 

monitor movement of voles away from the grid. Each line consisted of 10 traps placed at

2.5 m intervals. At each grid location 1 large (23 x 8 x 9cm) folding Sherman live-trap 

was supplied with bait (shelled sunflower seeds and raisins) and a pressed cotton nestlet 

for bedding. Traps were covered with vegetation for protection from rain and direct 

sunlight. Trapping was conducted at each site in June, July, and August of 1997 and 

1998 (Table 1.1). Traps were checked at approximately 0600, 1400 and 2000 hrs. daily 

for 4 days each month, yielding a total of 12 trapping occasions per month.

Upon capture, yellow-cheeked voles were uniquely marked with subcutaneously
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injected 11 mm (125 khz) passive integrated transponder (PIT) tags (Schooley et. al 

1993). Age class and sex was assessed for each individual prior to release. Yellow

cheeked voles do not reach reproductive maturity until the spring after their birth (Wolff 

and Lidicker 1980). Young of the year could be identified throughout the summer and 

were classed as subadults. Young weighing less than 40 g were classified as juveniles, as 

they bear a distinctive dark grey pelage and have not developed flank glands (Wolff 

1980). Voles with mean recorded weight 40-42 g were classified according to pelage 

characteristics and age at previous captures. Individuals captured as juveniles 

consistently reached subadult stage by the time of recapture in the subsequent month.

Trap mortalities (w = 39) were permanently archived at the University of Alaska Museum.

ANALYSIS 

Abundance

Capture data collected during secondary sampling periods within each month were 

used to estimate abundance. Capture histories were created for each individual by 

chronicling captures during the 4 day (12 session) trapping period (Otis et al. 1978, White

et al. 1982). Abundance estimates ( N  ) were made for June, July and August at each

grid using the closed population models in program CAPTURE (Rexstad and Burnham 

1991). Vole captures on assessment lines were not included in this analysis because voles 

captured away from the grid were considered “absent” from the study area. Capture 

histories for voles that died during trapping were excluded from the analysis. These

8



9

mortalities were added to abundance estimates and confidence intervals at the end of 

analysis. The goal of this study was to identify habitat level differences in population 

parameters rather than sex or age related patterns. However, abundance was separately 

estimated for adult voles and young of the year (subadults and juveniles) to acquire more 

precise estimates of total abundance. Estimation by age class was not possible in some 

cases due to low numbers of captures. When separately estimated, age class abundance 

estimates were combined to produce estimates of total abundance at each grid. Variances 

were adjusted using the delta method described in Seber (1982).

A

Confidence intervals of N  are asymmetrical and the upper and lower bounds are 

calculated as follows:

Mt+1 is the number of individuals caught, and f0 is the number not caught ( N  -Mt+1) This

construction ensures that the lower confidence interval is > Mt+I, and extends the upper 

bound to increase the likelihood of encompassing the true population size (Thompson et 

al. 1998).

Program CAPTURE performs tests of model fit to identify evidence of patterns in

A

[M t+l+ ~ £ ,  Mt+l + / 0* C] where C = exp(1.96Jln [l 4
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capture probabilities (e.g. heterogeneity, behavioral response, time) and selects the model 

best supported by the data (Menkens and Anderson 1988; for detailed model selection 

procedures see Otis et al. 1978). The appropriate estimator is used to perform estimation 

under that model. In cases where there is no model estimator (e.g. Mtbh, capture 

probability varies by time, behavior and heterogeneity), the next appropriate model and 

estimator are used.

Program CAPTURE performs a statistical test of closure to determine whether the 

assumption (required by all of the models) is being violated. Results of this test should 

be regarded with caution because it is structured for use with Model Mh and can give 

erroneous results when other models are used (White et al. 1982).

Skalski and Robson (1992) provide several statistical tests to compare abundance 

across populations. Three “cases” exist based on inter- and intra-population homogeneity 

of capture probability. Chi-square tests of catch indices indicated that, for most grids, 

capture probabilities were homogenous within a habitat, but heterogeneous between 

habitats. This allows the use of the Case II test statistic. However, not all grids 

conformed to this assumption, and I chose to use the Case I statistic, which allows capture 

probabilities to vary within and between habitats. This test uses the statistic:



where /, is the number of replicates sampled in habitats a and b,
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The statistic d is approximately distributed as a t-statistic with 

(la + lb -  2 = 21 - 2) degrees of freedom. A pooled test (Sokal and Rohlf 1981) was

used to compare abundance over all 3 months. This method tests the yd distribution of -

n

2*( ̂ j d m) for months m=l,2,...n, with (l*m) degrees of freedom.
m=\

Density

Densities estimated for small mammal populations based on mark-recapture data 

are known to be upwardly biased if calculated using the naive density

~ M /estimator D  = /Aŵere ^ is the area of the trapping grid (Wilson and Anderson

1985). The bias is due to an “edge effect,” which occurs when the home ranges of 

individuals living on the grid extend beyond the grid area and/or individuals living



adjacent to the grid are attracted to the traps (Dice 1938). To make more accurate density 

estimates, the effective trapping area (ETA) must be estimated. Several investigators 

have described techniques for the use of assessment line capture data in estimation of 

ETA (Smith et al. 1971, Swift and Steinhorst 1976, O’Farrell et al. 1977). The technique 

involves fitting a regression line to the declining ratio of resident to nonresident voles 

captured at traps along assessment lines extending away from the grid. I used capture 

data from assessment lines run in 1997 to investigate the area of trapping effect extending 

beyond each grid. Traps on assessment lines were opened and checked according to the 

same schedule as trapping grids. All voles captured on assessment lines were tagged, and 

were later identified as residents or non-residents. Voles captured on assessment lines 

were considered residents only if they were captured on the grid during that month.

Due to low numbers of captures on some assessment lines, data were pooled from 

all grids and months for analysis. The ratio of resident captures to total captures was 

calculated for each set of traps at a given distance beyond the grid edge (e.g., 2.5 m, 5 m,

7.5 m). The regression function Y = mX + 1 was fit to the declining capture ratios plotted 

against distance from the grid edge. The Y intercept =1 because all voles captured within 

the grid boundary were, by definition, residents. The X intercept ( ) of this regression is

the estimated distance beyond which no resident voles are expected to be captured. This 

point was calculated using inverse regression (Neter et al. 1990):

- 7 - 1  „ /X . = --------, with approximate 1-a confidence limits: X  ± t{ \ — A  \ n — 2 )s { X }  ,m /  Z
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where,

1 ( X - X ) 2
1+  +  j

n ^ ( X , - X ) 2_

A buffer strip of width Xbextending beyond the grid is considered the “area of partial 

effect” within which some portion of the grid-resident population occurred, and beyond 

which no individuals from the grid are expected to have lived (Smith et al. 1971). Some 

investigators have calculated ETA as the total area within the boundary of the buffer strip 

(Swift and Steinhorst 1976, Van Home 1982). However, use of this area as ETA can 

result in an underestimate of density because some voles live in this region that are never 

encountered (Smith et al. 1971).

Another method of ETA estimation is to add a buffer strip around the edge of the 

grid with a width half the mean maximum distance moved ( by individuals on

the grid (Dice 1938, Wilson and Anderson 1985). Calculation of home ranges (and 

MMDM) based on live-trapping data is influenced by grid size, trap spacing, and number 

of recaptures (Shekel 1954, Faust et al. 1971, Tanaka 1972). Data collected by 

radiotracking can be used to more accurately assess movement patterns (Desy et al.

1989). In 1998 a telemetry project was conducted adjacent to FWS1 using 12 collared 

adult yellow-cheeked voles (W. N. Johnson, U.S. Fish and Wildlife Service, Galena, 

Alaska, USA, unpublished data). These data were used to calculate ETA, which was

{X}  = MSE
m
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used to estimate yellow-cheeked vole density on live-trapping grids. Density was 

estimated using equations provided by Wilson and Anderson (1985):

D  = N /  A( W) where A(JV) is the estimated trapping area (ETA) and

W  — l/2( M M D M )  is the width of the boundary strip used to compensate for edge

A

effect. Variance of Dis calculated as:

 /  A \  [ N 1 ]\vai(A(lV))] , var( V ) ,var(Z)) =  + mwjJr-+------------  , where

var (A (W )) = (4 L + 2 nW ) ■ var (W )

var(W) = (1/2)2 ■ var {MMDM),

£  ( M D M t -  M M D M ) :

var( MMD) i=l
m(m -  1)

L — the length of the trapping grid,

MDM = maximum distance moved by animal i; i—1,2,. . ,,m 

and m = the number of animals.

Survival

Survival estimates were made using the robust design analysis in program MARK 

(White and Burnham 1999). Daily trap checks were pooled so that capture history files



contained only 4 daily (secondary) occasions within 3 monthly (primary) occasions. 

Assessment line data was included in this analysis because it provided further information 

on the fate of individual voles for use in survival estimation. Trap mortalities were coded 

in the input file so that the final capture was regarded as “captured but not released.” 

Capture histories were coded into groups by grid and year (e.g. FBS1 1997, FBS2 1997, 

FBS1 1998).

Program MARK allows the user to develop a broad spectrum of models for 

selection in parameter estimation. Model creation should be based strictly on biological 

considerations, with the goal of explaining significant variation in the data. I used a 

“step-down” approach to model selection (Lebreton et al. 1992) in which modeling 

begins with a global (fully parameterized) model followed by simpler, more parsimonious 

models. This procedure allows systematic testing for potential sources of variation in 

parameters. Model selection in MARK is performed using the Akaike Information 

Criterion (AICc) (Hurvich and Tsai 1989) that, unlike likelihood ratio testing, allows 

comparison between non-nested models (Lebreton et al. 1992). The criterion AICc is 

derived from Akaike’s Information Criterion (AIC) (Akaike 1985) with a correction 

factor to reduce the bias resulting from small sample size.

There is no goodness-of fit test available for the robust design model in program 

MARK. The models are not in the exponential family, so traditional estimation of c 

(deviance divided by df) used in goodness of fit testing is not valid (White and Burnham

1999).

15



The robust design modeling option in MARK allows estimation of the following 

population parameters (Kendall 1997):

0, = survival; the probability that a member of the population in primary period t survives 

and remains in the population at t+1.

y , , Y t ~ temporary emigration; the probability that a member of the population in period 

t is unavailable for capture given that it was available (Y7),or unavailable (y") for 

capture in period t-1.

p ts = capture probability;

cts = recapture probability; the probability that an animal is captured in secondary sample 

s during period t, given that the individual was previously captured in period 

Nt = abundance; estimated as the total number of individuals detected during period t (n) 

divided by the estimated pooled detection probability for period ( *,).

A

Because it is unlikely for N  t to be identical in different samples, abundance was

allowed to vary by grid and time in all models. Due to identiflability and parameter 

confounding problems, most temporary emigration components ( > Y t) are undefined

for a study with only 3 primary sampling periods (Kendall et al. 1997). Under this study 

design the only estimable emigration parameter is y 2 Y 2 = ¥2- f  °r efficiency in model 

creation and selection, I set y=0 and only tested for Y2 when the most parsimonious 

model had been identified.

A

Using these specifications for y and N  , I began model development and

16



selection using model <Pg*myPg* t * y cg*t*y as a global model (subscripted sources of variation 

are defined in Table 1.2). Biologically plausible reduced models, in which some 

parameters were constrained to be equal, were created and compared using AICc 

(Hurvich and Tsai 1989) to identify sources of parameter variation.

Lebreton et al. (1992) recommend modeling capture probabilities first so that the 

most power is available for modeling survival parameters that are of more biological 

interest. Models were developed to investigate whether capture (p) and recapture (c) 

probabilities varied within primary sampling periods (months), within and between 

habitats, and between years.

Once an adequate model of capture probabilities had been selected, survival 

models were developed. I tested for evidence of a year effect (y), grid effect (g), and/or 

habitat effect ( h) on survival, and for correlations between survival and cover of horsetail 

(Equisetum spp.), an important forage species for yellow-cheeked voles (Wolff and 

Lidicker 1980).

Estimates of survival {(f ) can be used to estimate the mean life span {MLS) of

individuals in a population (Brownie et al. 1985). MLS represents the average period 

individuals are expected to remain at a site, and is calculated as:

1
MLS =  —

-ln (^ )

MLS was calculated for voles in each habitat using mean survival rates. Standard errors
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were calculated using the delta method (Seber 1982).

Recruitment

Estimates of abundance and survival may be used in conjunction to estimate 

recruitment of new individuals into a population between primary sampling periods 

(Pollock et al. 1990). In most cases it is impossible to separate inputs by immigration and 

in situ reproduction. However, these recruitment components can be separately 

estimated when 2 age classes are identifiable (Nichols and Pollock 1990). This procedure 

is based on the following assumptions: (z) the interval between primary occasions is 

sufficiently long to allow juvenile individuals to transition out of this age class; (z'z) all 

juveniles in the population in a given period that will be counted as non-juveniles in the 

following period are available for capture as juveniles; (z'z'z) all animals classified as 

juveniles were bom within the study area. For the purpose of estimating recruitment 

components, separate abundance estimates were made for juvenile voles and for 

subadult/adult voles using program CAPTURE. The robust design model selected in 

MARK analysis using pooled age classes was expanded to separately estimate juvenile 

and adult survival rates for use in recruitment estimation. This age-dependant survival 

model was only developed for use in recmitment calculations because the primary goal of 

the study was to identify habitat level (i.e. not age specific) differences in population 

parameters.
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RESULTS

In 1997,1 captured 482 yellow-cheeked voles 1534 times with 34 trap mortalities 

(Table 1.3). In 1998, 536 yellow-cheeked voles were captured 2055 times with 5 trap 

mortalities. Captures of other species were rare, but included red-backed voles 

( Clethrionomys rutilus), shrews ( Sorexspp.), wood frogs (Rana sylvatica), white-

crowned sparrows ( Zonotrichia leucophrys), and grey jays ( canadensis). In

all months except June 1997, the number of voles captured (Mt+1) and total captures (n. ) 

were highest on the floodplain white spruce sites (FWS 1&2) (Table 1.3). Temperatures 

were particularly hot (>30° C) during the June 1997 trapping session at UBS1&2, and 

trap mortality of adult voles was high. None of the voles captured at UBS1 during the 

June 1997 session were recaptured in later months.

Abundance

The model selection algorithm in program CAPTURE selected model (null) 

for abundance estimation for 60% of the 1997 samples and 57% of the samples in 1998 

(Table 1.4). The null model assumes constant capture probabilities, and its associated 

estimator is not robust to variation in capture probabilities (Otis et al. 1978). Model M0 is 

not the most desirable choice in estimating abundance because its assumptions are 

biologically unrealistic (Seber 1982). However, when sample sizes are small there may 

not be enough data to identify patterns of capture probability. The null model was 

selected for 23 of the 34 age class abundance estimates (in which data were more sparse), 

and for 8 of the 19 pooled age abundance estimates.
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The closure test in program CAPTURE indicated violation of closure assumptions 

in less than 10% of the cases. Because this test can produce erroneous results when 

model Mh is not used, I assumed that the closure assumption was met within primary 

sampling periods.

Yellow-cheeked vole abundance at each grid tended to increase over the course of 

each summer, and was highest in the regenerating white spruce (FWS 1&2) (Table 1.3, 

Figure 1.2). Abundance was significantly higher in August than in June at most grids. 

Exceptions included both black spruce habitats (FBS1&2, UBS1&2) in 1997. In that year 

abundance at UBS1&2 was highest in June and lowest in July.

Yellow-cheeked vole abundance in the floodplain white spruce habitat (FWS1&2) 

differed significantly from that in regenerating black spruce habitats (FBS1&2, UBS1&2) 

in most months (Table 1.5). Significant differences in abundance between the floodplain 

black spruce and upland black spruce habitat were only detected in July of 1997 (d =

5.99, P = 0.027). The pooled test indicated significant differences between regenerating 

white and black spruce habitats in 1997 and 1998. This test indicated that abundances in 

the regenerating black spruce habitats were significantly different in 1997 (P = 0.035), 

but not in 1998 (P = 0.393).

Density

Regression on assessment line captures from 1997 yielded an estimate of 25 m 

(SE = 5; 95% Cl 24, 27) as the width of the buffer strip representing the “area of partial 

effect” (Figure 1.3) The estimated total area of trapping effect was 0.77 ha. Mean
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maximum distance moved ( MMDM)by telemetered voles was 32 m (SE = 10.5) (W. N. 

Johnson, U.S. Fish and Wildlife Service, Tok, Alaska, personal communication). 

Effective trapping area (ETA) was calculated to be 0.68 ha (SE = 0.17).

Yellow-cheeked vole density was highest in the floodplain white spruce habitat 

(Table 1.6). Highest estimated density was 163 voles/ha (SE =40) at FWS1 in August 

1998. The highest estimated density for 1997 was at FWS2 in August, with 143 voles/ha 

(SE = 41). Lowest density occurred at UBS2 in June 1998, with 13 voles/ha (SE = 3). 

Survival

Mark-recapture data supported the constraint of initial capture probabilities (p) 

across habitat so that the parameter varied between, but not within, months and was the 

same within habitats (ph*m). This model was further constrained so that estimates of 

in 1998 were constructed from ph,m in 1997 with the addition of a constant (ph*m+y). 

Recapture probabilities (c) were constrained such that c did not vary within months, but 

varied between grids and years (cg,my). Models constructed for capture and recapture 

probability, and their associated AICc values, are shown in Table 1.7.

Models for estimation of survival probabilities were designed using the most 

parsimonious recapture model identified (ph*m+y cg*m*y). I was unable to reject the 

influence of seasonal (month) or year effects on survival using the constrained models 

(pg,y and <pg*m. The possibility of a habitat independent seasonal effect on survival was 

tested using model (py*(g+m)- Under this model, (June-July) varied between grids, and (p2 

(July-August) was calculated as (px multiplied by a constant. The data supported this
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constraint for 1998 but not 1997 (model (ft7g*m Model (ft7h*m (ft8h+m was

constructed to test whether survival was consistent within habitats, but was rejected in 

favor of the previous model. No correlation between survival and cover of Equisetum 

spp. was detected (model (ft7Equisetum*m (ft8Equisetum+m). To explore the possibility of y2* 0 

model (ft7y*m ( f t 8g +m  was redesigned to allow y2 to vary between grids and years. The 

resulting model was rejected by AICc (AAICc = 10.48). Models and associated AICc 

values are shown in Table 1.8.

Yellow-cheeked vole survival was estimated using the most parsimonious model 

(ph*m+ycg*m*y, (ft7g*m (ft8g+m)(Table 1.9, Figure 1.4). Because actual survival cannot be 

distinguished from emigration, these estimates represent the probability that voles remain 

within the study area. Survival was not estimable at FBS2 between July and August 1997 

or at FWS1 between June and July 1998. Survival was most consistent in the floodplain 

white spruce habitat. At these grids (FWS1&2), monthly survival ranged between 0.48 

(SE — 0.05) and 0.82 (SE = 0.07). Survival in the floodplain black spruce habitat ranged 

from 0.25 (SE = 0.07) to 0.94 (SE = 0.08). None of the voles captured at UBS1 in June 

1997 were recaptured in subsequent months, so survival for June-July was estimated to be 

0. Other survival rates estimated in the upland black spruce habitat ranged from 0.37 (SE 

= 0.07) to 0.71 (SE = 0.15). Mean life expectancies were estimated to be 2.53 months 

(SE = 0.08; FBS), 2.36 months (SE = 0.05; FWS), and 1.3 months (SE = 0.05; UBS).
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Recruitment

An age-specific model was developed in MARK based on model <ftHg+m, 

Ph*m+y Cg*m*y To test for age specificity in survival, this model was compared to one in 

which survival was constrained across age classes. The latter model was rejected 

(AAICc= 10.48) and survival estimates from the age-specific model were used in 

recruitment calculations. Results are shown in Table 1.10 and Figure 1.5. Some juvenile 

and non-juvenile sample sizes were insufficient to provide survival and abundance 

estimates.

Reproductive recruitment was lowest at FBS2 (3.76 voles, = 2.07) and UBS2 

(2.14, SE= 1.62) in June-July 1998, and highest at FWS1 in July-August 1998 (26.16,

= 9.37). Immigration was lowest at FBS1 in June-July (0.45 voles, SE = 4.26) and at 

FBS2 in July-August (-2.31, SE = 8.67) of 1997, and was highest at FWS2 in July-August 

1997 (61.30, SE = 15.50). Reproduction contributed more to total recruitment than 

immigration in 3 of the 5 estimable June-July intervals. This pattern was reversed in 

July-August, with immigration contributing most to recruitment in 4 of 6 cases. Highest 

total recruitment occurred in July-August in the floodplain white spruce habitat. In both 

cases (FWS2 1997 and FWS1 1998) a large proportion of the recruits were immigrants, 

and abundance in August at that site was the highest recorded at any grid that year. 

DISCUSSION

To sustain viable populations of a given species, a habitat must supply sufficient 

quantities of resources such as food, water, predator escape cover, and shelter. The
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quality of a habitat is often reflected in the species’ abundance or density, survival rates, 

and reproductive recruitment. High quality habitat supplies residents with the means to 

survive and reproduce so that density is maintained in the absence of immigration (Van 

Home 1983). This may be evidenced by long-term persistence of populations (Paradis 

1995). Yellow-cheeked vole populations are known to be somewhat ephemeral, 

disappearing quickly from sites that once maintained significant populations (Rand 1945, 

Youngman 1975). Also, individuals may be encountered in sub-optimal habitats during 

dispersal (Wolff and Lidicker 1980). Yellow-cheeked vole populations that exhibit 

instabilities may do so because they are in sub-optimal habitat. Thus, low levels of 

density and abundance, survival, and recruitment may be indicative of unstable 

populations in low quality habitat.

Abundance and Density

Of the parameters identified for yellow-cheeked vole populations in this study, 

abundance varied most among habitats studied. The floodplain white spmce habitat 

maintained populations that were significantly larger than those in the floodplain and 

upland black spmce habitats. This pattern was reflected in density estimates for the 3 

areas. Densities in FWS averaged 110 voles/ha (SE = 29) over the 2 years, while the 

average density was 40 voles/ha (SE = 12) in FBS and 47 voles/ha (SE 13) in UBS.

The highest density of yellow-cheeked voles previously reported was 108 voles/ha in 

August in an 11-year-old regenerating black spmce habitat along Hess Creek, Alaska 

(Wolff and Lidicker 1980). The lowest density recorded at Hess Creek was 48 voles/ha
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in late-May. Douglass (1977) reported yellow-cheeked vole densities ranging from less 

than 1/ha to 10/ha for populations trapped in a variety of habitats near Chick Lake, NWT.

Densities estimated in the regenerating black spruce sites in this study (FBS and 

UBS) are comparable to those recorded in burned black spruce habitat at Hess Creek. 

After June, densities on the floodplain white spruce grids were generally higher than 

those recorded at Hess Creek. Populations at all grids were higher than those at Chick 

Lake. Wolff and Lidicker (1980) suggested that the latter were transient populations 

occurring only in summer or periods of dispersal.

High densities of yellow-cheeked voles in the floodplain white spruce indicate 

that this habitat was of higher quality than black spruce sites. However, density alone 

does not provide a complete assessment of population demographics.

Survival

Habitat related effects on survival during the period of this study were not 

immediately evident. The model design and testing procedure in program MARK 

indicated that survival varied significantly between grids, habitats and years. The model 

detected a habitat independent effect on survival in 1998 that produced increased survival 

in July-August relative to June-July. This pattern may reflect greater risks of mortality 

for juvenile voles. The temporal variation in survival potentially confounded the 

detection of habitat effects, particularly due to the study design in which habitats were 

trapped sequentially rather than simultaneously (Table 1.1). Simultaneous trapping at 

each habitat would remove the confusion of temporal and habitat related effects.
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Although survival in the floodplain white spruce habitat was not markedly higher 

than in other habitats, it was more consistent. Survival at FWS remained close to or 

above 50%, while both black spruce sites had periods of extremely low survival (e.g. 25% 

at FBS2, 0% at UBS1). The disappearance of all voles marked at FWS1 in June 1997 is 

particularly noteworthy. It cannot be determined whether these periods of low survival 

reflect high mortality or dispersal, but either case represents a potential threat to the long 

term persistence of populations.

Finally, it is not surprising that habitat related effects on survival were not 

strongly evident during the period of this study. In northern climates, winter habitat use 

can be most critical to survival and persistence of populations (Van Horne 1983). 

Yellow-cheeked voles depend largely on stored vegetation for winter forage (Wolff and 

Lidicker 1981). Food is collected and cached in mid-August to mid-September, and the 

availability of forage species during this period could strongly influence overwinter 

survival. Substrate characteristics that influence winter burrow construction and thermal 

conditions could also significantly impact survival in winter.

Forty voles that were tagged in 1997 were recaptured in 1998. Of these, 30 were 

residents of FWS, 9 of FBS, and 1 of UBS. The high fidelity observed at FWS suggests 

that overwinter mortality was lower or that individuals were less likely to disperse. Of 

the voles captured in both years, 73% were females. Wolff and Lidicker (1980) 

determined that females were less likely to disperse long distances.
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Recruitment

Immigration played an important role in the dynamics of vole populations in this 

study. In both years, highest estimated abundances were associated with elevated 

numbers of immigrants. This scenario could be indicative of individuals moving into 

these areas of high density from an unknown “source” population (Van Home 1983, 

Paradis 1995). However, both immigration and reproductive recruitment observed in this 

study may reflect the reproductive capacity of populations in their respective habitats. 

Trapping grids were established in large areas of relatively uniform habitat, and 

immigrants arriving at a grid likely came from within that habitat type. Age class 

abundance estimates indicated that the adult portion of yellow-cheeked vole populations 

increased little over the course of the summer and that most fluctuations in abundance 

were due to changes in numbers of young (Figure 1.2).

Most immigrants were subadult voles that were either bom away from the grid or 

were unavailable for capture as juveniles because they were still in the nest. The latter 

violates an assumption (ii) of the estimation method (see Methods), and results in an 

underestimation of the contribution of in situ reproduction to recruitment. The floodplain

white spruce grids were trapped early in June (Table 1.1), when most juveniles had not 

yet emerged from the nest. Also, some juveniles were trapped at FWS and FBS in June 

that weighed under 10 g and were too small to be safely tagged. It is possible that some 

of these voles reached subadult stage by the time they were recaptured in July. If so, on 

site reproduction would have contributed even more to recruitment in June-July.
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Wolff and Lidicker (1980) suggested that a considerable amount of dispersal 

occurs among subadult voles once they are weaned (by mid-July). This period 

corresponds to the high levels of immigration observed in this study. Thus, July-August 

immigrants were likely subadults involved in short-distance dispersal from similar 

habitat. The high number of immigrants observed on FBS grids likely reflected high 

reproduction within that habitat type, rather than influx from an unknown “source” 

habitat.

Habitat Quality

Parameter estimates for populations of yellow-cheeked voles living in the 3 

habitats studied indicate that the floodplain white spruce was higher quality habitat than 

the black spruce areas. Vole abundance was higher in the regenerating white spruce, and 

survival was most consistent at these grids. Levels of immigration and situ 

reproduction reflected reproductive capacity within each habitat, and were highest in the 

white spruce habitat. Yellow-cheeked vole populations in the white spruce community 

likely benefitted from high cover of forage species Epilobium angustifolium, Equisetum 

spp., and Calamagrostis canadensis, as well as burrow sites and escape cover offered by 

large white-spruce snags. Physical and vegetative characteristics of the habitats studied 

are examined in Chapter 2.

Application of the Robust Design

This study demonstrated the usefulness of the robust design in application to small 

mammal studies. The amount of field effort required was similar to previous mark-

28



recapture studies that relied on enumeration techniques for analysis, but a much more 

comprehensive view of dynamics within the study populations was revealed. The method 

allows biologists to estimate abundance while simultaneously investigating processes 

affecting population growth and persistence. Although the importance of immigration, 

emigration and reproduction to population dynamics has been recognized (Krebs et al. 

1973), their estimation in small mammal studies has been limited (Pulliam 1988), perhaps 

because they were previously difficult to obtain (Conner et al. 1983, Pollock et al. 1990). 

The application of probabilistic models will likely become more widespread as 

population ecologists become familiar with the methodology, and as the need for 

understanding of population dynamics and habitat associations increases.
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Figure 1.1. Grid arrangement and location of assessment lines used to trap yellow
cheeked voles, Koyukuk/Nowitna NWR, Alaska, 1997-98. One Sherman live-trap was 
placed within each 25 m2 grid square, and 10 traps were set on each assessment line, 
spaced at 2.5 m intervals. Total grid area was 0.25 ha.
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Figure 1.2. Estimates of yellow-cheeked vole abundance, Koyukuk/Nowitna NWR, 
Alaska, 1997-98. Estimates were made separately for young and adults or using data 
from both age classes (pooled). Error bars represent 95%CI.
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Figure 1.3. Relationship of resident vole captures to distance from grid edge. Data were 
pooled from assessment line captures at 6 grids during 3 months in 1997, 
Koyukuk/Nowitna NWR, Alaska. The x intercept = 24.56 m 5.05), the estimated 
distance beyond which no resident voles were expected to have lived.
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Figure 1.4. Estimated rates of survival in yellow-cheeked vole populations, 
Koyukuk/Nowitna NWR, Alaska. Estimates could not be made for FBS1 in July-August 
(L-A) 1997, or FWS1 in June-July (J-L) 1997. Survival at UBS1 in June-Jult 1997 was 
0.00. Error bars represent 95% Cl.



38

Habitat, grid, months

Figure 1.5. Estimated recruitment to yellow-cheeked vole populations via in situ 
reproduction and immigration, Koyukuk/Nowinta NWR, Alaska. Recruitment was 
estimated for the intervals June-July (J-L) and July-August (L-A) 1997-1998. Estimates 
could not be made for all grids and intervals. Error bars represent 95% CL
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Table 1.1. Yellow-cheeked vole captures (and associated mortalities) by age class, 
Koyukuk/Nowitna NWR, Alaska, 1997-98. Assessment line captures are not included.
Year Month Grid Dates
1997 JUNE

JULY

AUGUST

Adult Juvenile Subadult
FBS 1 (06/20-06/23) 7 (2) 17 0
FBS 2 (06/20-06/23) 10 2 0
FWS 1 (06/15-06/18) 10 (1) 14 (1) 0
FWS 2 (06/15-06/18) 21 5 0
UBS 1 (06/29-07/02) 9 (5) 14 17 (1)
UBS 2 (06/29-07/02) 6 (2) 8 6
FBS 1 (07/15-07/18) 6 (3) 3 (1) 19 (1)
FBS 2 (07/15-07/18) 5 7 (2) 10
FWS 1 (07/09-07/12) 11 8 27 (2)
FWS 2 (07/09-07/12) 17 14 (1) 14
UBS 1 (07/24-07/27) 7 0 9
UBS 2 (07/24-07/27) 6 (2) 1 7
FBS 1 (08/08-08/11) 4 1 21 (3)
FBS 2 (08/08-08/11) 4 4 15
FWS 1 (08/21-08/24) 15 2 50 (3)
FWS 2 (08/21-08/24) 23 (1) 4 47
UBS 1 (08/21-08/24) 6 5 16
UBS 2 (08/21-08/24) 5 0 14

1998 JUNE

JULY

AUGUST

FBS 1 (06/20-06/23) 7 2 0
FBS 2 (06/20-06/23) 6 3 3
FWS 1 (06/15-06/18) 11 0 26
FWS 2 (06/15-06/18) 11 9 1
UBS 1 (06/29-07/02) 3 4 8
UBS 2 (06/29-07/02) 5 0 13
FBS 1 (07/15-07/18) 31 11 0
FBS 2 (07/15-07/18) 18 25 28
FWS 1 (07/09-07/12) 16 (1) 0 71
FWS 2 (07/09-07/12) 43 3 0
UBS 1 (07/24-07/27) 30 22 35
UBS 2 (07/24-07/27) 21 0 68
FBS 1 (08/08-08/11) 6 (1) 9 8
FBS 2 (08/08-08/11) 9 (1) 2 17
FWS 1 (08/21-08/24) 9 0 34
FWS 2 (08/21-08/24) 3 6 0
UBS 1 (08/21-08/24) 7 6 13
UBS 2 (08/21-08/24) 8 0 20
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Table 1.2. Potential sources of parameter variation incorporated into robust design 
models in program MARK. Models were used to estimate survival rates in yellow- 
cheeked vole populations at Koyukuk/Nowitna NWR, Alaska, 1997-98._________

Source Definition

grid effect: parameter varies between grids

h habitat effect: parameter varies between habitats, but not between replicate 
grids

t time effect: parameter varies between secondary occasions (within primary 
occasions)

m month effect: parameter varies between months (primary occasions) but not 
within months (secondary occasions).

y year effect: parameter varies between years

a age effect: parameter varies between age group



Table 1.3. Yellow-cheeked vole abundance estimates, Koyukuk/Nowitna NWR, Alaska, 
1997-98. Estimates were made using program CAPTURE. Mt+j = number of individuals
captured, n. = total number of captures, and N  = abundance estimate.

Year Month Grid M(t+1) n. SE LCI UCI
1997 JUNE FBS 1 22 50 27 * 2.82 25 38

FBS 2 12 20 18 6.02 13 42
FWS 1 22 42 28 3.13 25 39
FWS 2 26 43 36 5.38 29 52
UBS 1 34 76 47 * 3.85 43 59
UBS 2 18 26 42 * 10.89 29 75

JULY FBS 1 23 51 29 1.94 27 36
FBS 2 20 32 36 * 9.79 26 70
FWS 1 44 65 73 10.97 58 104
FWS 2 44 70 64 * 8.99 53 90
UBS 1 16 38 17 1.43 16 23
UBS 2 12 34 16 3.13 14 31

AUGUST FBS 1 23 73 33 7.80 27 66
FBS 2 23 47 25 * 2.50 23 36
FWS 1 64 201 75 5.66 69 94
FWS 2 72 175 97 15.18 80 147
UBS 1 27 88 33 4.17 28 47
UBS 2 19 42 31 * 7.23 23 55

1998 JUNE FBS 1 9 23 10 ★ 1.73 9 19
FBS 2 18 44 19 1.42 18 25
FWS 1 42 97 66 * 12.48 51 105
FWS 2 44 159 51 4.62 46 66
UBS 1 22 81 23 0.54 23 23
UBS 2 9 28 9 0.535 9 9

JULY FBS 1 12 22 12 * 1.06 12 12
FBS 2 15 30 16 * 2.01 15 27
FWS 1 71 124 96 * 9.03 84 121
FWS 2 87 176 103 5.54 95 117
UBS 1 26 107 47 * 10.34 35 80
UBS 2 26 60 29 * 2.56 27 39

AUGUST FBS 1 37 70 47 4.97 40 62
FBS 2 18 31 52 * 13.06 34 88
FWS 1 86 216 110 * 8.21 99 132
FWS 2 89 260 98 5.63 91 116
UBS 1 43 138 56 * 7.29 48 79
UBS 2 28 115 31 5.01 28 56

* combined from separate age class estimates
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Table 1.4. Models selected by program CAPTURE for estimating abundance of yellow
cheeked voles. Note the total number is not constant because in some cases abundance 
was estimated separately by age class._______________________________________

Model 1997 1998

M0 (null) 15/25 16/28

Mh (heterogeneity) 5/25 4/28

Mh (behavior) 3/25 5/28

Mhh (behavior and heterogeneity) 1/25 0/28

Mth (time and heterogeneity) 1/25 3/28

Table 1.5. Equality of abundance in yellow-cheeked vole populations, Koyukuk/Nowitna 
NWR, Alaska. Statistically significant differences in abundance (a = 0.05) are indicated 
by an asterisk (*). _

Year Habitat
JUNE JULY

Month
AUGUST COMBINED

d (df=2) P d (df=2) P d (df=2) P X2, df=2 P
1997 FBS vs FWS -1.53 0.266 -5.92 0.027* -5.75 0.029* 16.93 0.010*

UBS vs FWS -7 .41 0.018* -19.63 0.003* 2.44 0.135 23.99 0.001*

UBS vs FBS -3.33 0.080 5.99 0.027* -0.76 0.529 13.58 0.035*

1998 FBS vs FWS -4.16 0.053 -13.31 0.006* -9.67 0.011* 25.34 0.000*

UBS vs FWS -3.03 0.094 -4.06 0.056 -2.87 0.103 15.05 0.020*

UBS vs FBS -0.08 0.947 -3.49 0.073 0.57 0.626 6.27 0.393
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Table 1.6. Yellow-cheeked vole density estimates, Koyukuuk/Nowitna 
NWR, Alaska, 1997-98. Density (D;voles/ha) was calculated using an

1997

1998

Month Grid D SE(D) LCI L/C/
JUNE FBS 1 40 10.27 20 60

FBS 2 27 11.05 5 48
FWS 1 41 10.78 20 63
FWS 2 53 14.89 24 82
UBS 1 69 17.26 36 103
UBS 2 62 21.99 19 105

JULY FBS 1 43 10.45 22 63
FBS 2 53 19.38 15 91
FWS 1 108 30.24 49 167
FWS 2 95 25.99 44 146
UBS 1 25 6.27 13 37
UBS 2 24 7.29 9 38

AUGUST FBS 1 49 16.44 17 81
FBS 2 37 9.44 18 55
FWS 1 111 27.31 57 164
FWS 2 143 40.68 64 223
UBS 1 49 13.05 23 74
UBS 2 46 15.34 16 76

JUNE FBS 1 15 4.34 6 23
FBS 2 28 6.91 15 42
FWS 1 98 29.65 39 156
FWS 2 75 18.97 38 113
UBS 1 34 7.99 18 50
UBS 2 13 3.22 7 20

JULY FBS 1 18 4.45 9 26
FBS 2 24 6.31 11 36
FWS 1 142 35.90 71 212
FWS 2 152 36.58 80 224
UBS 1 69 22.59 25 114
UBS 2 43 10.75 22 64

AUGUST FBS 1 69 17.91 34 105
FBS 2 77 26.75 24 129
FWS 1 163 40.01 84 241
FWS 2 145 34.94 76 213
UBS 1 83 22.30 39 126
UBS 2 46 13.14 20 72
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Table 1.7 . Models of capture (p) and recapture (c) probabilities for yellow-cheeked voles 
captured in 1997 and 1998, used in the robust design option of program MARK All 
models were used with survival: (t)p.m.v.________________________________________

Model
TgTmy;_____

AICc AAICc #Parameters Deviance

P g*t*y Cg*t*y  (global model) 329.991 0.000 282 819.152

Pg*m+y ^h*m*y 331.637 1.646 102 1238.121

Ph*m*y ^g*m*y 341.608 9.971 111 1228.591

Ph*m*y ^h*m*y 346.661 5.053 93 1272.513

Pg*m*y ^g*m*y 349.057 2.396 129 1196.631

Ph*m Ch*m 357.208 8.151 75 1321.400

Ph*y ^h*y 431.932 74.724 70 1406.683

Table 1.8. Models of survival estimates (<p) for yellow-cheeked voles populations at 
Koyukuk/Nowitna NWRs in 1997-98, used in the robust design option of program 
MARK. All models used capture/recapture model design: pt,,m, v ___________

Model AICc AAICc #Parameters Deviance

f t 7g*m <t?8g+m 324.755 0.000 98 1239.863

<f?7g.m <f?8g+m, y2 *o 326.460 1.710 100 1237.260

4̂ g*m*y 331.637 6.882 102 1238.121

355.414 23.777 93 1281.265

Qy'fg+m) 360.107 4.693 100 1270.906

378.459 18.532 92 1306.454

(Pm-y 409.428 30.969 86 1350.252

( f f7Sr Equisetum*m t Equisetum+m 429.15 19.722 87 1367.839
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Table 1.9. Yellow-cheeked vole survival rates, Koyukuk/Nowitna NWR, 
Alaska, 1997-98. Survival estimates were made in program MARK.

Survival rate
Interval Grid s SE LCI UCI

June 1997-July 1997 FBS1 0.93 0.08 0.54 0.99
FBS2 0.46 0.16 0.20 0.75
FWS3
FWS4

(inestimable)
0.63 0.12 0.39 0.82

UBS5 0.00 0.00 0.00 0.00
UBS6 0.57 0.16 0.27 0.82

July 1997-August 1997 FBS1
FBS2

(inestimable)
0.74 0.17 0.34 0.94

FWS3 0.82 0.07 0.64 0.93
FWS4 0.75 0.08 0.57 0.87
UBS5 0.71 0.15 0.37 0.91
UBS6 0.40 0.14 0.17 0.68

June 1998 - July 1998 FBS1 0.94 0.08 0.46 1.00
FBS2 0.25 0.07 0.15 0.40
FWS3 0.52 0.06 0.41 0.63
FWS4 0.48 0.05 0.38 0.59
UBS5 0.37 0.07 0.24 0.52
UBS6 0.47 0.09 0.30 0.65

July 1998 - August 1998 FBS1 0.97 0.04 0.64 1.00
FBS2 0.42 0.09 0.26 0.59
FWS3 0.70 0.05 0.59 0.79
FWS4 0.67 0.05 0.56 0.75
UBS5 0.55 0.07 0.41 0.69
UBS6 0.66 0.08 0.49 0.79



46

Table 1.10. Recruitment to yellow-cheeked vole populations via situ  reproduction and 
immigration. Voles were captured on Koyukuk/Nowitna NWR, Alaska, 1997-98. 
Estimates were made using program MARK.___________________________________

Year Grid Interval Reproduction Immigration
Estimate SE Estimate SE

1997 FBS1 June - July 18.41 3.16 0.45 4.26
FBS2 July - August 9.34 6.58 -2.31 8.67
FWS3 June - July 20.93 6.08 17.07 10.38
FWS3 July - August 12.72 4.09 20.08 10.81
FWS4 July - August 13.97 6.25 61.30 15.50

1998 FBS2 June - July 3.76 2.07 11.85 5.59
FWS3 June - July 18.66 8.85 15.96 10.69
FWS3 July - August 26.16 9.37 47.18 13.55
FWS4 July - August 21.82 5.76 16.14 10.81
UBS6 June - July 2.14 1.62 20.11 12.78
UBS6 July - August 6.36 2.41 8.26 10.60



HABITAT AND POPULATION ECOLOGY OF MICROTUSXANTHOGNATHUS IN 
EARLY POST-FIRE SERES OF INTERIOR ALASKA2

KARIN L. LEHMKUHL, Department of Biology and Wildlife, University of Alaska 
Fairbanks, Fairbanks, Alaska 99775.

ABSTRACT

Populations of yellow-cheeked voles ( xanthognathus) were studied in 3

early post-fire habitats on the Koyukuk and Nowitna National Wildlife Refuges (NWR), 

Alaska: floodplain black spruce, floodplain white spruce, and upland black spruce. Voles 

were live-trapped during summer 1997 and 1998. Analysis of mark-recapture data 

(Chapter 1) indicated that the floodplain white spruce was higher quality habitat for 

yellow-cheeked voles. Habitat components, vole weights, and diets at live-trapping grids 

were measured to identify characteristics related to yellow-cheeked vole populations. 

Equisetum spp. contributed most to summer diets, and Vaccinium spp. berries were also 

important. Relative to previous studies, more large (>145 g) adult voles and heavier 

young were encountered, particularly in floodplain habitats (FBS, FWS). Cover of 

grasses and forbs was greatest in the floodplain white spruce, while black spruce sites had 

greater shrub development. Soils were warmer on burned sites than in adjacent unbumed 

forest, and depths to frozen soil were greater. Snags and logs were larger in the white 

spruce habitat, and provided voles with burrow sites and protected travel corridors.

2This chapter was prepared for submission to The Canadian Field-Naturalist as: 
Lehmkuhl, K. L. Habitat and population ecology of Microtus xanthognathus in early 
post-fire seres of interior Alaska.
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Burned white spruce habitats may be particularly well suited to yellow-cheeked vole 

colonization due to the presence of warm, well drained soils, large snags and logs, and 

persistent grass and forb cover.

Key words'. Alaska, boreal forest, diet, fire, habitat, microtine, Microtus xanthognathus, 

succession, yellow-cheeked vole.
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INTRODUCTION

The yellow-cheeked vole is North America’s largest microtine rodent, and one of 

its least understood (Douglass 1977, Wolff and Lidicker 1980). This boreal forest species 

ranges from western Hudson Bay to interior Alaska (Hall 1981, Conroy and Cook 1999), 

and is an important prey item for marten ( Martesamericana) and other predators in early 

serai communities (Lensink 1954, Magoun and Vemam 1986, W. Johnson et al. 1995). 

Yellow-cheeked voles establish colonies with extensive burrow systems, runways and 

underground food caches. In winter they nest communally, feeding on stored rhizomes 

(Wolff and Lidicker 1981). The species has been reported from a variety of boreal 

habitats, but specific habitat characteristics influencing yellow-cheeked vole populations 

are not well understood. This study was conducted to identify habitat characteristics of 

yellow-cheeked vole populations in 3 early post-burn sites, and to investigate population 

responses to these conditions.

Early distribution records (e.g. Richardson et al. 1829, Preble 1908, Osgood 1909, 

Lensink 1954, Youngman 1975) report yellow-cheeked vole occurrence in a surprisingly



wide range of boreal habitats, but with widely fluctuating numbers (Rand 1948, 

Youngman 1975) and patchy distribution (Youngman 1975, Wolff and Lidicker 1980). 

The species has been observed in marshes, sphagnum bogs, stream and riverbanks, 

deciduous and mixed woods (Youngman 1975), lake edges, and black spruce forest 

(Douglass 1977, Douglass and Douglass 1977), burned spruce (West 1979, Wolff and 

Lidicker 1980, Magoun and Vemam 1986, S. Swanson 1996) and grasslands (West 1979, 

Wolff and Lidicker 1980). Wolff and Lidicker (1980) suggested that habitat occupancy 

by yellow-cheeked voles depends on 2 crucial components; good burrowing conditions, 

and adequate supplies of rhizomes for stored winter food. Riparian areas and early serai 

stage forests offer good growing conditions for preferred forage plants such as 

graminoids, Equisetum spp. and Epilobium angustifolium (Lensink 1954, Douglass and 

Douglass 1977, West 1979, Wolff and Lidicker 1980). Heavy moss cover, particularly in 

association with root tangles and woody debris, provides good burrowing conditions 

(Wolff and Lidicker 1980). Wolff and Lidicker (1980) postulated that riparian forest 

edges and burned forest are ideal habitat for yellow-cheeked voles.

Yellow-cheeked voles have been observed in several regenerating post-burn 

habitats in interior Alaska. West (1979) investigated small mammal communities in a 

broad range of post bum seres, but found yellow-cheeked voles only at recently burned 

sites. The species was present in a recently burned portion of the Nowitna NWR, but was 

absent from a 25 year old bum, and limited to riparian areas within mature forest (Quade 

1993). Yellow-cheeked voles were present in recently burned habitat in the Bear Creek
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Bum, but were absent from nearby mature forest (Magoun and Vemam 1986). S.

Swanson (1986) found the species to be abundant in a 16-year-old black spruce burn, but 

absent from unbumed sites. She postulated that warmer, drier soils occurring in recently 

burned areas provide an excellent substrate for burrow and runway formation. High 

nutrient availability in recently burned soils supports a flush of graminoids and forbs such 

as Equisetum spp., Epilobium angustifolium, Calamagrostis canadensis, and Carex spp. 

(Viereck and Schandelmeier 1980, Viereck 1983). By exploiting this resource, and 

cooperatively caching rhizomes for winter consumption, yellow-cheeked voles potentially 

establish themselves and overwinter on burned areas prior to other vole species (West 

1979, S. Swanson 1996).

Mature forest in interior Alaska is comprised of 2 major community types: black 

spmce ( Piceamariana) and white spmce ( Piceaglauca). Effects of fire on these 

communities is similar, but vegetative succession following disturbance follows slightly 

different patterns. These differences may affect the potential of each habitat type to 

sustain yellow-cheeked vole populations. Magoun and Vernam (1986) captured more 

yellow-cheeked voles in burned white spruce than black spruce. They suggested that the 

higher density of yellow-cheeked voles was related to greater abundance of Epilobium in 

the regenerating white spmce habitat.

I investigated yellow-cheeked vole populations in recently burned black and 

white spruce communities to identify habitat characteristics related to population ecology. 

During the summers of 1997 and 1998, yellow-cheeked voles were live-trapped in 3
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early post-fire habitats in interior Alaska: floodplain black spruce (FBS), floodplain white 

spruce (FWS), and upland black spruce (UBS). Characteristics of vegetation, soils, logs, 

and standing snags were measured within live-trapping grids. These habitat components 

affect microtine populations by influencing surface climate and burrowing conditions 

(Murie 1969, Morris 1979, S. Swanson 1996), the availability of food (Rose and Birney 

1985) and escape cover (Birney et al. 1976, Loeb 1999). Diet and weight characteristics 

of trapped voles were analyzed to relate site specific conditions to population ecology.

Population parameters, including abundance, density and survival at each grid 

were estimated using mark-recapture data, and are described elsewhere (Chapter 1). 

Yellow-cheeked vole abundance was significantly higher in the regenerating white spruce 

habitat in both 1997 and 1998, and densities were greater than those reported in other 

areas (Wolff and Lidicker 1980). Population characteristics indicated that the white 

spruce was higher quality habitat for yellow-cheeked voles (Chapter 1).

STUDY AREA AND METHODS

The study was conducted on the Koyukuk and Nowitna National Wildlife Refuges 

(NWR), Alaska (Figure 2.1). The refuges are in the region of discontinuous permafrost, 

with black spruce and bogs occurring where permafrost is present, giving way to white 

spruce communities on well drained slopes and river edges, and ultimately to tundra at 

higher elevations. The region typically experiences long cold winters (October-April) 

and short hot summers (June-August). Summers average 20°C and can reach 32°C while 

winter temperatures average -20°C and can reach extremes of -60°C. Paired live-
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trapping grids were established in 1997 within floodplain black spruce (FBS) and 

floodplain white spruce (FWS) habitat on the Koyukuk Refuge, and in upland black 

spruce (UBS) on the Nowitna Refuge. Most grids were located within 200 m of the bum 

edge. Adjacent unburned areas were assumed to reflect pre-bum conditions.

Study Areas

Floodplain Black Spruce.—The floodplain black spruce grids (FBS 1&2) were 

situated near the west bank of the Koyukuk River, 5-10 km upriver (south) of the Hogatza 

River confluence (65°54' N 155° 12' W). The topography is relatively flat (elev. 0-100 m) 

and a large number of sloughs and small lakes dot the landscape. Trapping grids were 

established on the Koyukuk River floodplain in the northwest corner of a 68 km2 region 

that burned in 1988. Unburned forest adjacent to FBS 1&2 was in the mature stage; the 

overstory was dominated by dense black spruce, with some Alnus crispa present, while 

forest floor vegetation consisted primarily of feather mosses (including Hylocomium 

splendens) and shrubs such as Vaccinium uliginosum, V. vitis-idaea, and Rosa acicularis. 

Within the burned area the shrub layer was strongly developed, with Betula glandulosa 

common. Understory vegetation included mosses (including Polytrichum spp.), 

Epilobium angustifolium, Equisetum spp., Rubus arcticus, and Calamagrostis 

canadensis.

Floodplain White Spruce.— The floodplain white spruce grids (FWS 3&4) were 

located a few km north of FBS 1&2 in the region described above. The grids were placed 

in a portion of the burn that previously supported white spruce forest. Adjacent unburned
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forest was in the mature stage; the overstory was relatively open white spruce forest with 

few deciduous species present, and the understory was dominated by mosses and low 

shrubs including Linnaea borealis. Vegetation on the bum was dominated by grasses and 

forbs, particularly Equisetum spp., Calamagrostis canadensis, and Epilobium 

angustifolium. Some shrubs were present, including Rosa acicularis, Potentilla fruticosa, 

and Vaccinium uliginosum.

Upland Black Spruce.—The third pair of live-trapping grids was established in

regenerating upland black spmce habitat (UBS 5&6) on the Nowitna Refuge near Round 

Lake, 10 km west of the Little Mud River (64°41' N 153°56' W). The region is a gently 

rolling upland site of vegetated sand dunes. Black spmce communities, lakes, and bogs 

occur in the flat valleys between the dunes, while the ridges support white spmce and 

deciduous communities. Most of the terrain lies at 150 m, while the tallest ridges reach 

230-310 m (Quade 1993). Grids were placed in burned black spmce habitat at the 

northeast edge of a 140 km2 area that burned in 1985. Ring counts from fire killed spmce 

indicated that the forest was 90 years old prior to burning (W. Johnson et al. 1995). 

Surrounding unbumed forest was characterized by small black spmce (5-20 cm DBH), 

deep moss, and shrubs including Vaccinium uliginosum, V.vitis-idaea, Empetrum nigrum, 

Spirea beauverdiana and Ledum spp. Mosses, particularly Sphagnum spp., were an 

important vegetative component in the burn. Forbs and grasses, including Equisetum 

sylvaticum and cloudberry Rubus chamaemorus, were also present. The shrub component 

was strongly developed at this site, with Betula nana dominant. Standing water was
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frequently observed at these sites.

Small Mammal Trapping

Within each habitat type, live-trapping sites were selected based upon 

accessability and yellow-cheeked vole activity. Yellow-cheeked voles are fossorial, with 

signs of fresh digging, runways and burrows evident in active colonies. The 2500 m2 

(0.25 ha) live-trapping grids were situated to encompass areas of apparent high vole 

activity. Sign of vole activity in mature forest near trapping grids was rare. Grids 

consisted of 100 trap locations spaced at 5 m intervals in a 10 x 10 configuration. One 

large (23 x 8 x 9 cm) folding Sherman live-trap was placed at each grid location and 

supplied with bait (shelled sunflower seeds and raisins) and a pressed cotton nestlet for 

bedding. Traps were covered with vegetation for protection from rain and direct sunlight. 

Trapping was conducted at each site in June, July and August of 1997 and 1998. Traps 

were checked at approximately 0600, 1400 and 2000 hrs. daily for 4 days each month, 

yielding a total of 12 trapping occasions per month.

Upon capture, yellow-cheeked voles were uniquely marked with subcutaneously 

injected 11 mm (125 khz) passive integrated transponder (PIT) tags (Schooley et al.

1993). Weight, age class, sex and reproductive condition (males: testes scrotal or 

abdominal, females: pregnant, lactating, vulva open or closed) were assessed for each 

individual prior to release. Yellow-cheeked voles do not reach reproductive maturity 

until the spring after their birth (Wolff and Lidicker 1980). Young of the year could be 

identified throughout the summer and were classed as subadults. Young weighing less
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than 40 g were classified as juveniles, as they bear a distinctive dark grey pelage and have 

not developed flank glands (Wolff and Lidicker 1980). Trap mortalities were collected 

for stomach content analysis in 1997, and museum specimens were permanently archived 

at the University of Alaska Museum. Incidental captures of red-backed voles 

( Clethrionomysrutilus), shrews (Sorex spp. including S. cinereus) and other animals were 

recorded, but no individuals were marked.

Food Habits

Frozen stomach contents (n = 29) collected from incidental trap mortalities in 

1997 were analyzed by the Wildlife Habitat and Nutrition Laboratory at Washington State 

University (Pullman, Washington, USA). Slides of stomach contents were prepared 

using methods described by Davitt and Nelson (1980). Fifty views were made of each 

slide at lOOx magnification, and area covered by food items was measured using a 10 x 

10 grid mounted in the eyepiece of the microscope. Most food items that exceeded 5% 

of diet were identified to genus (or species) level, and other food items were classified by 

forage type (e.g. shrub, grass, monocot forb) using microhistological techniques (Dusi 

1949). Results were reported for individual voles as percent diet composition based on 

epidermal fragment cover in slide views.

Habitat

Characteristics of live vegetation, logs and standing snags, and soils were 

measured within each habitat. Most measurements were taken at 10 randomly selected 

trap locations within each grid (Figure 2.2). Different locations were selected each year.
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Soils were sampled during summer 1998 within trapping grids and adjacent unbumed 

forest.

Soil Temperature and Depth to Frozen Soil.-ln 1998, soil temperature 

characteristics were recorded each month at 10 trap stations in 1 grid per habitat, and at 

10 random locations in adjacent unbumed forest. Temperature was measured with a 

probe inserted 25 cm and 50 cm below the surface. Temperature was recorded as < 0°C 

when the probe encountered frozen soil. Depth to frozen soil was measured using an 80 

cm frost probe.

Soil Texture and pH. —In August 1998, soil samples were collected at the center of 

each grid quarter. A 5 cm diameter core was removed to the depth of the thawed layer or 

the length of the corer (80 cm). Samples were separated into sections based on the 

appearance of layers. The texture of each section was identified using the texture-by-feel 

method (Thien 1979) and pH was recorded using a 1:1 dilution ratio with water (McLean 

1982).

Snags and Logs.— Densities of snags and logs on live-trapping grids were 

estimated using the point-quarter technique (Cottam and Curtis 1956, Krebs 1989). 

Measurements were taken in July 1998 at 10 trap locations in each grid. Distance to the 

nearest snag and log was recorded in each quarter radiating from the center point (Figure 

2.2). Diameter at breast height (DBH) of both trees and logs was determined within 5.0 

cm using a Biltmore stick (Hays et al. 1981). DBH of logs was measured approximately 

2 m above the log base. Log lengths were measured to the nearest 0.5 m.
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Vegetative Cover.—Vegetative cover was measured at each grid using a visual 

point-intercept frame adapted from Floyd and Anderson (1982). Plant species cover was 

recorded at 28 points spaced at 10 cm intervals on the 3 m frame (Figure 2.2). Vegetative 

cover was surveyed at 10 trap locations on each grid. Percent cover of each species was 

calculated from the 280 sample points. Total cover at a site exceeded 100% when 

multiple species were encountered at a point. Plant constancy (defined as the percent of 

sample locations where the species occurred; D. Swanson 1996) was calculated by 

recording all species within a i m 2 frame placed at each of the 10 sites. Plant surveys 

were conducted in July of 1997 and 1998 during peak productivity and when plants were 

easiest to identify. Taxonomy follows Hulten (1968) for herbaceous plants, Viereck and 

Little (1986) for trees and shrubs, and D. Johnson et al. (1995) for mosses and lichens. 

Common names follow Viereck and Little (1986) and D. Johnson et al. (1995). Scientific 

and common names are listed in Appendix 1.

Vertical Cover.—Visual obscurity provided by vegetation was measured using a 4 

m coverboard (Figure 2.2) (Capen 1981). The coverboard was marked into 5 sections, 

the lowest 2 covering 0.5 m intervals and the upper 3 covering 1 m intervals. The board 

was viewed from 15 m away at 10 locations on the live trapping grid. The proportion of 

each section obscured by vegetative cover was estimated to the nearest 10%. Cover data 

were collected in July of 1998 during peak vegetative production.
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RESULTS 

Small Mammal Captures

In 1997, 482 yellow-cheeked voles were captured 1534 times with 34 trap 

mortalities. In 1998, 536 yellow-cheeked voles were captured 2055 times with 5 trap 

mortalities. In all months except June 1997, the number of voles captured and total 

captures were highest on the floodplain white spruce sites (FWS 1&2).

Red-backed voles ( Clethrionomysrutilus) were captured 348 times in 1997, and 

511 times in 1998. Captures increased from June (16%) to August (52%). This species 

was usually captured in areas of low grass cover or where unbumed spruce were present 

in small inclosures or near the bum edge. Captures of C. rutilus were fewest at FBS2 

(3%) and FWS2 (9%), which did not contain unbumed spruce. Captures were evenly 

distributed among the other grids.

Other species were captured infrequently. These included shrews ( spp. 

including S. cinereus) (n = 37), wood frogs ( Rasylvatica) (n 3), white-crowned

sparrows ( Zonotrichialeucophrys) (n = 11), unknown sparrows (n = 4), and grey jays

( Perisoreus canadensis) (n = 3). No other species of Microtus was captured.

Food Habits

Percent composition of forage species in stomach contents was determined for 29 

yellow-cheeked voles that died in traps in 1997 (Table 2.1, Appendix 2). Vole diets were 

similar across habitats and between months (Tables 2.2 & 2.3). Equisetum spp. 

contributed approximately 50% to diets in all 3 habitats. Vaccinium spp. berries
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contributed between 15 and 30% to diets, and were most common in UBS diets. Fungal 

spores occurred frequently at FBS and FWS, but rarely at UBS. Most fungal spore 

consumption (64%) occurred in June. Polytrichum spp. was consumed at FBS and FWS 

in July, but was absent from UBS diets. Other berries, dicot forbs, grasses and lichens 

contributed to diet in small amounts. Shrubs and most mosses only occurred in trace 

amounts.

Body Weights

Weights of adult voles increased slightly over the course of each summer, while 

young of the year grew substantially (Figure 2.3). Within month variability in adult body 

weight was related to reproductive condition. Pregnant females and scrotal males (testes 

descended) were heaviest, and adult males often weighed at least 10 g more than females. 

Most adult female voles weighed 80-120 g, while most males weighed 90-140 g. The 

heaviest voles encountered during the study were two reproductive males weighing 168 g 

(FWS1, August 1997; FBS2, June 1998). The heaviest female voles captured were 

pregnant, weighing 153 g (FWS1, June 1998), and 152 g (FBS1, June 1998).

Of the 482 voles tagged in 1997, 40 were recaptured in 1998. Weights of these 

individuals are presented in Table 2.4 and Figure 2.4. A 168 g male recaptured in June 

1998 had been tagged as an adult in 1997, and had survived at least 24 months. One 

female captured in June 1998 had also been tagged as an adult the previous year. Other 

studies suggest a maximum life-span of 18 months for yellow-cheeked voles (Wolff and 

Lidicker 1980).
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Juvenile voles captured earliest in June each year weighed under 10 g. Subadult 

voles (weighing over 40 g) were rarely captured before late June. Weights of young voles 

varied most between late June and late July when both juvenile and subadult voles were 

present. By August nearly all young of the year had reached subadult stage, and weighed 

40-70 g. Because habitats were trapped successively, temporal variation in weights of 

young potentially obscured habitat related effects. However, young voles weighed less at 

UBS than at FBS and FWS in August 1997 (t0 = 2.57, df=  72, P =  0.01) and 1998 

{t0_05(I) = 3 .8 8 ,# =  112, P < 0.01).

Soil Temperature, Depth to Frozen Soil

Median depths to frozen soil and mean soil temperatures are shown in Table 2.5. 

Depths to frozen soil increased over the summer and were usually 10-20 cm greater at 

burned sites than in mature forest. Thaw depths were greater in the floodplain habitats 

(FBS, FWS) than at the upland sites, particularly in June. Maximum thaw depths 

recorded in August exceeded 75 cm at all burned sites but only exceeded 70 cm at 1 

unbumed site (FBS).

Soils on the Koyukuk River floodplain (FBS, FWS) were warmer than in UBS, 

and soil temperatures increased from June to August 1998. Soil temperature at UBS 

declined between June and July, both on and off the bum. This cooling was accompanied 

by a visible rise in the water table observed in both years.

Mature forest soils were consistently colder than burned soils (Table 2.5). By 

August, burned soils on the Koyukuk River floodplain (FBS, FWS) were approximately
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5°C warmer than adjacent mature forest soils, while burned UBS soils were only 2°C 

warmer than unburned soil.

Soil Texture and pH

Table 2.6 summarizes texture and average pH levels recorded from soil sections 

located at given depths below the surface (0, 15, 30, 50 and 75 cm) ( also Appendix 

3). Soils from all sites were “loamy,” and would be classified as “coarse-loamy” 

(containing 15% or more fine sand or coarser) or “coarse-silty” (containing <15% fine 

sand or coarser) (Soil Survey Staff 1998).

Soils observed on the Koyukuk River floodplain sites (FBS, FWS) were loess 

deposited loams, and contained layers of silt and organic matter indicative of periodic 

flooding. Upper layers on these sites were composed of silt loams and fine silt loams, 

giving way to slightly coarser soils deeper in the profile. Loamy sand and very fine sandy 

loam were encountered in the deepest layer (> 60cm) at FBS 1 (Appendix 3). Only fine 

silt loams and silt loams occurred at FWS. Soils at UBS were loess deposited silt loams 

and fine silt loams. Some upper layers contained muck, or muck/organic matter/silt 

combinations. Occasional deep hummocks of burned sphagnum were present on the 

UBS grids, yielding irregularly deep organic layers.

Soils were acidic at the surface but increased in pH with depth. Soils underlying 

the white spruce community (FWS) were primarily neutral (pH = 7) below the organic 

horizon, while black spruce soils remained acidic deeper in the profile. The upland area 

(UBS) was more acidic, as indicated by the presence of acid tolerant plant species
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Oxycoccus microcarpus, Andromeda polifolia, Sphagnum spp., and Ledum decumhens 

(D. Johnson et al. 1995). Recorded soil pH for UBS ranged from 4.69 to 6.93, while pH 

in floodplain soils ranged from 5.40 to 7.87 (Appendix 3). Soil pH levels likely affect 

yellow-cheeked vole populations indirectly via effects on vegetation.

Snags and Logs

Snag density was lowest in FWS (t005(i) = 5-53, df=  3, P = 0.01) (Table 2.7), 

reflecting the more open canopy of the unbumed white spmce and the greater 

susceptibility of tall snags to windfall. Log density did not vary as markedly between 

habitat types (Table 2.7), but was lowest in the upland black spmce (UBS 1&2) (t0.05(i) = 

2 .0 1 ,# =  1,7* = 0.12).

White spmce snags and logs were larger in length and diameter than black spmce 

(Table 2.8). No snags with DBH >15 cm were encountered in the black spruce habitats, 

and most black spmce snags had DBH under 10 cm (Table 2.8). Black spruce logs were 

also small; only a single log with DBH >15 cm was encountered (UBS2). Most snags 

and logs on the white spmce grids had 10-30 cm DBH, and several were >30 cm. 

Vegetative Cover

Percent cover by vegetation type (e.g trees, shrubs, graminoids) is summarized in 

Table 2.9. Cover and constancy of individual species which had >10% cover at any grid 

are shown in Tables 2.10 and 2.11. (Cover and constancy of all species encountered 

appears in Appendix 4 and 5).

Floodplain Black Spruce.— These grids had the highest plant species richness, with
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30-34 plant species encountered. Six species contributed most to vegetative cover (cover 

> 10%): Betula glandulosa,Vaccinium uliginosum, Epilobium angustifolium, Equisetum

arvense, Equisetum pratense, and Poly trichum spp.

Among tree species, Picea mariana (black spruce) had the highest cover and 

constancy, and primarily appeared in seedling and sapling stage, although a few mature 

fire survivors were present on FBS1. Seedlings and saplings of Betula papyrifera and 

Populus tremuloides were present in small amounts at both sites. Betula glandulosa was 

the dominant shrub, and Salix spp. and Potentilla fruticosa occurred frequently but with 

low cover. Most of the low shrub cover consisted of Vaccinium uliginosum. Among 

grasses, Calamagrostis canadensis had the most cover. The majority of herbaceous cover 

was by Epilobium angustifolium and Equisetum arvense. Equisetum pratense also had 

high cover at FBS2. Forbs occurring frequently but with low cover included: Mertensia 

paniculata, Erigeron acris, and Parnassia palustris. Mosses (predominantly Polytrichum 

spp.) had high constancy and cover.

Floodplain White Spruce.—Between 22 and 24 species were observed at these 

grids. Graminoid and forb cover was higher at FBS than in other habitats, while tree, 

shrub and moss/lichen/liverwort cover was the lowest encountered in the study (Table 

2.12). Most of the vegetative cover was comprised of 4 species: Calamagrostis 

canadensis, Epilobioum angustifolium, Equisetum arvense, and Rubus arcticus.

Seedlings and saplings of Picea glauca and Betula papyrifera were present at both 

grids in low amounts. Among tall shrubs, Rosa acicularis had the only substantial cover.
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Low shrubs were rare and consisted of Vaccinium uliginosum and Cornus canadensis. 

Calamagrostis canadensis contributed most to graminoid cover. The majority of forb 

cover was by Epilobium angustifolium, Equisetum arvense, and Rubus arcticus. Mosses, 

including Polytrichum spp., were encountered frequently, but contributed little to 

vegetative cover.

Upland Black Spruce.— Between 22 and 26 species were encountered at these 

grids. Five species contributed most to vegetative cover: Betula nana, Ledum decumbens, 

Equisetum sylvaticum, Rubus chamaemorus, and Polytrichum spp.

Tree species Picea mariana and Betula papyrifera occurred at both grids, and 

Larix laricina was encountered at UBS2. Most were seedlings or saplings, although both 

grids contained a few mature trees that had survived the fire. Most cover from tall shrubs 

was by Betula nana, but Salix spp. and Spirea beauverdiana were also present. Several 

low shrubs had high cover and frequency: Ledum decumbens, Vaccinium uliginosum, 

Cornus canadensis, Vaccinium vitis-idaea, and Chamaedaphne calyculata. Most 

graminoid cover consisted of grasses, including Calamagrostis canadensis. Carex spp. 

and Juncus spp. had low constancy but high cover, reflecting their patchy distribution. 

Diversity of forbs was low, with Equisetum sylvaticum and Rubus chamaemorus 

contributing the most cover. Polytrichum spp. contributed most to moss cover, but other 

mosses, including Sphagnum spp., had high cover and constancy. Fruiting bodies of 

fungi were observed in UBS study plots in 1997. Mushrooms were observed infrequently 

at this and other study sites.
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Vertical Cover

Patterns of visual obscurity reflected the extent of shrub layer development within 

each of the 3 habitats (Figure 2.5). Low growing vegetation, present at all grids, provided 

complete vertical cover below 0.5 m and extensive cover (80-100%) from 0.5-1.0 m 

above ground. Both black spruce habitats (FBS, UBS) had substantial cover (60-80%) 

between 1.0-2.0 m, but the white spruce sites, where the shrub component was less 

developed, had only 30-40% cover at this height. Visual obscurity lessened above 2 m, 

and was 30-50% in the black spruce habitats, and only 10% in the white spruce habitat. 

Most grids had 10% cover at heights 3.0-4.0 m, but FBS1 was slightly higher (20%), and 

FWS1 had no cover at this height.

DISCUSSION 

Diet

Despite habitat related differences in percent cover of preferred forage species, 

yellow cheeked vole diets were similar across habitats, with Equisetum and Vaccinium 

spp. berries contributing most to stomach contents. The species’ affinity for Equisetum 

has long been recognized (Preble 1908, Lensink 1954, Wolff and Lidicker 1980). 

Equisetum was the most common food item found in 79 yellow-cheeked vole stomachs 

from Hess Creek, Alaska (Wolff and Lidicker 1980). These investigators conducted 

feeding trials and determined that yellow-cheeked voles strongly prefer Equisetum and 

berries ( Vacciniumuliginosum and V. vitis-idaea).

Wolff and Lidicker (1980) characterized the yellow-cheeked vole as “an
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opportunistic summer feeder with preferences for grasses, horsetails, and berries.”

Grasses contributed less to diets of voles observed in this study than expected. 

Calamagrostis was identified as an important diet component for yellow-cheeked voles at 

Hess Creek, and at Lake Minchumina where Equisetum was an infrequent habitat 

component (Wolff and Lidicker 1980). Monocots constituted 79% of the diet of 52 voles 

collected in the same general area by West (1979). Fruits and seeds contributed most to 

the remaining diet and, surprisingly, no Equisetum was found in these stomachs. Grasses 

were less preferred than Equisetum in feeding trials, and may contribute more to yellow

cheeked vole diets at sites where Equisetum is less common (Wolff and Lidicker 1980).

The contribution of fungal spores and Polytrichum spp. to vole diets in this study 

is noteworthy. Fungi and moss contributed small amounts to the diet of voles reported by 

West (1979), and did not occur in stomachs collected by Wolff and Lidicker (1980).

Epilobium angustifolium is an important food item for yellow-cheeked voles 

(Youngman 1975, Wolff and Lidicker 1980), but did not contribute greatly to diets in this 

study. The plant may be a more important forage item during seasons not represented in 

the sample. Epilobium possesses thick rhizomes that are stored, along with Equisetum 

rhizomes, for winter consumption (Wolff and Lidicker 1981). Yellow-cheeked voles 

concentrate on berries and leafy vegetation in summer (Wolff and Lidicker 1980), but in 

late fall the diet shifts to rhizomes, which comprise over 90% of the diet by late winter 

(Wolff and Lidicker 1981).
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Body Weights

Average weights of yellow-cheeked voles captured in this study were similar to 

those observed elsewhere, but captures of large voles (weighing 145-170 g) were more 

frequent. Females averaged 90-112 g and males averaged 105-133 g. Eighteen voles (16 

male, 2 female) were captured that weighed >145 g. Of these, 13 were captured at FWS, 

and none were captured at UBS. Wolff and Lidicker (1980) reported average female 

summer weights of 80-110 g, and average male weights of 100-120 g. The largest vole 

they captured was a pregnant female weighing 153 g. Lensink (1954) collected a 144 g 

male, and 5 female voles that averaged 135 g. The largest female weighed 158 g. Most 

adult males captured by Douglass (1977), in what may have been transient populations 

(Wolff and Lidicker 1980), weighed under 100 g. Quade (1993) captured yellow-cheeked 

voles in a portion of the UBS bum, where breeding adult females averaged 90-100 g, and 

males averaged 95-110 g. The largest individual she captured was a 149 g male. Yellow

cheeked voles weighing up to 170 g have been reported elsewhere (Conroy and Cook 

1999).

Young voles captured in the present study grew larger than those observed by 

Wolff and Lidicker (1980). Subadults averaged 49-60 g in August, and were heaviest at 

the floodplain sites. Some subadults reached weights of 60-80 g. Wolff and Lidicker 

(1980) observed that young of the year grew to about 45 g by late August, after which 

they declined to around 30 g for overwintering.
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Burrowing Conditions

The condition of the burrowing substrate likely plays an important role in 

colonization of habitats by yellow-cheeked voles (Wolff and Lidicker 1980, S. Swanson 

1996). Soil conditions observed in this study were consistent with typical effects of fire 

on boreal forest sites (Viereck and Dymess 1979, Viereck and Shandelmeier 1980, 

Viereck 1982, Dymess and Norum 1983): soil temperatures were consistently warmer on 

burned sites than in adjacent unburned forest, and the active layer depth was thicker. 

These effects make burned areas more suitable for vole colonization (S. Swanson 1996).

Although soil textures in the present study were similar across all habitats, 

floodplain soils were warmer and drier. Burrowing activities at these sites (FBS, FWS) 

occurred within the mineral soil, especially at FWS where the moss component was 

limited. The deepest organic layers were observed at UBS where deep sphagnum 

hummocks occurred. However, vole densities were low in this habitat, and populations 

were unstable (Chapter 1). The residual moss cover and high water table at UBS may 

have contributed to colder soil temperatures and lower pH of soils in this habitat. Cold or 

wet soils can impact vole thermoregulation and elevate the occurrence of hypoxia (Nero 

1999). This suggests that even where deep organic layers are present, soils must be 

relatively warm and dry for burrowing conditions to be ideal. S. Swanson (1996) 

observed high yellow-cheeked vole abundance in burned moss/shrub habitat, where deep 

organic layers occurred in combination with a deep active layer and warm, dry soil.
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Snags and Logs

Use of logs as travel corridors by yellow-cheeked voles was evident at all trapping 

grids. Visible runways had been established under or alongside virtually all sizable logs. 

Voles were often observed running along these corridors, and scent posts/latrine sites ( 

Wolff 1980) were located under root masses or where logs crossed. Sign of vole activity 

near vegetation-covered root masses was also high, particularly at the base of white 

spruce logs and snags.

The importance of logs and other woody debris to small mammals has been 

described by several investigators (e.g. Hayes and Cross 1987, Tallmon and Mills 1994, 

Loeb 1999). Logs that are suspended or that have large overhangs provide protective 

cover for small mammals, and serve as travel routes, refuges, and escape routes (Loeb 

1999). Hayes and Cross (1987) found log use by western red-backed voles 

Clethrionomys californicus to be positively correlated with log diameter and overhang.

Several characteristics of snags and logs in the white spruce habitat may benefit 

yellow-cheeked vole populations. White spruce logs were larger in length and diameter 

than those in black spruce habitats, and provided greater escape cover. Root masses 

associated with white spruce logs and snags were also more substantial. Snags, which 

may be used by predators (Appendix 6) when hunting, were least dense in the white 

spruce habitat.

Vegetative Characteristics

Vegetation may be the most important environmental factor influencing the
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distribution and population dynamics of Microtus spp. (Rose and Birney 1985). 

Vegetative cover affects surface microclimates and burrowing substrate by maintaining 

humidity and soil moisture levels (Morris 1979) and by influencing temperatures, light 

penetration, and plant growth (Murie 1969). Heavy cover can prevent dense packing of 

snow, providing insulation and improving winter subnivean conditions (Birney et al.

1976 , West 1979). In habitats where the water table is high or where flooding occurs, 

vegetative cover can provide protection when burrows are not accessible (Birney et al. 

1976). An important function of vegetative cover is concealment and protection of small 

mammals from predators (Baker and Brooks 1982, Rose and Birney 1985).

Abundance of Microtus is often positively correlated with the presence and extent 

of graminoid cover (Birney et al. 1976, West 1979, Getz 1985). Populations have been 

shown to increase with the development of graminoid cover (Birney et al. 1976), and to 

decline dramatically when grass cover is removed (Getz 1970). Yellow-cheeked vole 

populations are frequently associated with grass cover, particularly Calamagrostis 

canadensis (Douglass 1977, West 1979, Wolff and Lidicker 1980, S. Swanson 1996). In 

the present study, greatest vole densities occurred in the regenerating white spruce habitat 

(Chapter 1) where graminoid cover was greatest. On these sites (FWS1&2) 

Calamagrostis canadensis occurred in dense, uniform expanses, and the majority of 

vegetative cover was composed of forbs and graminoids. Vegetative cover in 

regenerating black spruce habitats (FBS, UBS) was not spatially uniform. Patches of 

dense shrub (particularly Betula nana or B. glandulosa) offered escape cover, but areas
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primarily covered by mosses and/or litter offered little vertical cover, leaving surface 

runways exposed. Dense herbaceous cover was relatively lacking in the burned black 

spruce habitats.

Another important aspect of vegetative composition is availability of food (Bimey 

et al. 1976, Rose and Bimey 1985). The presence and abundance of high quality food can 

largely determine patterns of habitat use by microtines (Batzli et al. 1983, Batzli and 

Lesieutre 1991). Species occurrence and colonization may be limited when important 

food species are restricted to specific habitat types (Quade 1993, West 1979), and 

population densities can be limited by food supply (Gilbert and Krebs 1981). Yellow

cheeked vole distribution and densities may be related to the availability of preferred 

forage species such as Equisetum spp., Epilobium angustifolium, Vaccinium spp., and 

Calamagrostis canadensis. These species can be common in early post-fire successional 

communities (Foote 1983). Except for the shrub, Vaccinium, all of these species had 

greatest cover at FWS, where vole densities were highest and large adult and young 

occurred.

Fire Effects and Yellow-cheeked Vole Habitat

Several long-term effects of fire in the boreal forest improve habitat suitability for 

yellow-cheeked voles. Some changes, including nutrient release, soil warming, and the 

development of early successional vegetative communities, are common to both black 

and white spruce forests (Viereck and Schandelmeier 1980, Foote 1983, Van Cleve and 

Viereck 1983). These changes improve habitat suitability for yellow-cheeked voles by
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providing warmer soils, improved burrowing substrate, and increased forage species 

availability. After fire, black and white spruce sites are quickly invaded by species such 

as Epilobium angustifolium, Equisetum spp., and Calamagrostis canadensis, which 

flourish in the nutrient-rich soil conditions (Landhausser and Lieffers 1994). Vaccinium 

uliginosum and Vvitis-idaea are able to sprout from surviving buried rootstocks and

rhizomes (Tirmenstein 1991, Matthews 1992).

Unique to white spruce communities is the aggressive invasion of Calamagrostis 

canadensis, which establishes and expands via seed dispersal and sprouting rhizomes 

(Lieffers et al. 1993). Vigorous growth of Calamagrostis can restrict other species by 

competing for resources, changing substrate conditions (Lieffers et al. 1993), and by 

suspending arriving seeds above the soil (Eis 1981). Calamagrostis canadensis may be 

found in association with Epilobium angustifolium (Lieffers et al. 1993, Landhausser and 

Lieffers 1994). Communities of C. canadensis and E. angustifolium, such as that 

encountered at FBS, reportedly persist for 100 years or more (Lutz 1955, Watson et al. 

1980). Periodic disturbance, which favors growth of Calamagrostis and Epilobium, may 

be necessary to maintain such communities (Lieffers et al. 1993). Both species can sprout 

from rhizome sections, and C. canadensis may spread as a result of “activities that cut 

rhizomes and distribute them to new areas” (Lieffers et al. 1993). Disturbance due to 

digging, collecting, and caching of rhizomes by yellow-cheeked voles may favor 

persistence and expansion of these early successional plants.

The vegetative and environmental conditions that develop following fire, as well as
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the proximity of established vole populations, are primary factors affecting the establishment 

and dynamics of yellow-cheeked vole colonies in burned areas. This study suggests that 

regenerating white spruce communities provide favorable conditions for yellow-cheeked vole 

populations. White spruce typically occupies warmer, well drained soils where permafrost 

is deep or rare, while black spruce exists where soils are cool and wet and permafrost is 

common (Foote 1983). These soil differences, although ameliorated somewhat by fire 

effects, can impact yellow-cheeked voles directly by influencing substrate conditions, and 

indirectly in affecting the composition of the early serai vegetative community. Large snags 

and logs present in burned white spruce habitat offer burrow sites and protected travel 

corridors. The predominance and persistence of forbs and grasses in the early serai white 

spruce community provides food and cover for yellow-cheeked voles, and may allow 

populations to persist at higher densities and for longer periods than in those black spruce 

habitats. Further investigation is necessary to determine whether the habitat relationships 

observed here apply to habitat occupancy and population dynamics of yellow-cheeked voles 

in other areas.
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Figure 2.1. Location of trapping grids on the Koyukuk and Nowitna National Wildlife 
Refuges, Alaska.
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Figure 2.2. Habitat component sampling techniques, centered on 10 randomly selected 
small mammal trapping stations.
a. Vegetative cover sampling frame
b. 1 m square plot used to assess plant constancy
c. Coverboard viewed from 15 m distance
d. Distance to nearest tree (and DBH) in each quadrat
e. Distance to nearest log (and DBH) in each quadrat
f. Depth to frozen soil, soil temperature at 25 and 50 cm depth
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Figure 2.3. Body weights of adult male, adult female, and young yellow-cheeked voles captured at Koyukuk/Nowitna NWR, 
Alaska in summer 1997 and 1998. Horizontal bars are means, boxes represent one SE about the mean, and vertical bars are 
ranges. Habitats appear in the order in which they were sampled.
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Figure 2.4. Weights of yellow-cheeked voles captured at least twice in both 1997 and 1998. Voles were live-trapped at oo 
Koyukuk/Nowitna NWR, Alaska.
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Figure 2.5. Percent vertical cover by vegetation on vole trapping grids, 
Koyukuk/Nowitna NWR, Alaska, 1998.
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Table 2.1. Number of yellow-cheeked voles in diet 
analysis. Voles were captured in 1997 at 
Koyukuk/Nowitna NWR, Alaska.______________
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Table 2.2. Percent ( SE)contribution of food items to diets of yellow-cheeked voles 
collected in 1997 on the Koyukuk/Nowitna NWR, Alaska.____________________

Habitat
Food Item FBS FWS UBS
Equisetum spp. 49.12(6.74) 49.91 (8.73) 55.11 (7.97)
Vaccinium spp. berry 16.36 (5.08) 19.98 (7.29) 28.24 (7.06)
Fungal spores 9.16 (2.95) 6.58 (2.92) 0.79 (0.79)
Polytrichum spp. 3.37 (2.79) 6.04 (6.04) 0.00 (0.00)
Grasses 1.68 (0.76) 3.05 (0.92) 2.50 (1.37)
Other berry 1.86 (0.87) 2.33(1.42) 0.88 (0.47)
Seed 3.46 (2.30) 0.85 (0.85) 0.00 (0.00)
Lichens 1.68(1.29) 0.21 (0.15) 2.41 (1.02)
Rubus chamaemorus berry 1.75(1.18) 0.24 (0.24) 2.19 (1.22)
Epilobium angustifolium 1.13 (0.75) 1.24 (0.58) 1.59(1.59)
Mushrooms 2.05 (1.45) 1.38 (0.85) 0.21 (0.21)
Dicot forbs 0.84 (0.49) 1.86 (0.81) 0.57 (0.24)
Parasite eggs 0.00 (0.00) 0.00 (0.00) 3.00 (0.00)
Parnassia palustris 1.27 (0.89) 1.44(1.44) 0.00 (0.00)
Gallium boreale 1.00 (0.67) 1.26 (0.64) 0.32 (0.32)
Rosa acicularis hip 0.84 (0.84) 0.39 (0.39) 0.00 (0.00)
Rubus spp. leaf 0.76 (0.76) 0.33 (0.33) 0.00 (0.00)
Root 0.00 (0.00) 1.06(1.06) 0.00 (0.00)
Lichen/mushroom 0.79 (0.65) 0.00 (0.00) 0.00 (0.00)
Iris setosa 0.72 (0.72) 0.00 (0.00) 0.00 (0.00)
Shrub stem 0.15(0.15) 0.30 (0.20) 0.24 (0.16)
Other mosses 0.00 (0.00) 0.16(0.16) 0.49 (0.33)
Carex /  Eriophorum spp. 0.19(0.16) 0.19 (0.19) 0.27 (0.27)
Rubus spp. stem 0.55 (0.38) 0.00 (0.00) 0.00 (0.00)
Salix spp. stem 0.15 (0.10) 0.34 (0.34) 0.00 (0.00)
Vaccinium spp. leaf 0.42 (0.42) 0.00 (0.00) 0.00 (0.00)
Sphagnum  spp. 0.18(0.18) 0.00 (0.00) 0.21 (0.21)
Monocot forbs 0.00 (0.00) 0.34 (0.34) 0.00 (0.00)
Saxifrage spp. 0.33 (0.33) 0.00 (0.00) 0.00 (0.00)
Potentilla spp. 0.00 (0.00) 0.00 (0.00) 0.22 (0.22)
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Table 2.3. Monthly percent ( SE)contribution of food items to diets of yellow- 
cheeked voles collected in 1997 at Koyukuk/Nowitna NWR, Alaska.________

Food Item
Month

June July August
Equisetum spp. 63.09 (7.05) 44.80 (6.09) 50.24 (9.35)
Vaccinium spp. berry 17.46 (3.51) 20.63 (6.02) 24.78 (8.29)
Fungal spores 1.48 (0.97) 5.17 (1.79) 11.83 (4.58)
Polytrichum spp. 0.00 (0.00) 6.58 (4.12) 0.00 (0.00)
Grasses 1.50 (0.75) 3.56 (1.04) 0.88 (0.46)
Seed 3.80 (3.80) 1.11 (0.63) 0.73 (0.47)
Other berry 0.96 (0.38) 1.12 (0.51) 3.41 (1.74)
Rubus chamaemorus berry 2.46 (1.35) 0.91 (0.78) 1.48(1.48)
Epilobium angustifolium 1.79(1.79) 1.44 (0.74) 0.55 (0.30)
Mushrooms 0.99 (0.85) 1.76(1.33) 0.89 (0.63)
Lichens 0.20 (0.14) 2.86(1.30) 0.45 (0.25)
Dicot forbs 1.01 (0.76) 0.79 (0.31) 1.46 (0.79)
Gallium boreale 0.63 (0.42) 0.61 (0.61) 1.56 (0.63)
Parnassia palustris 1.29 (1.29) 1.26 (0.90) 0.00 (0.00)
Parasite eggs 0.00 (0.00) 1.93(1.93) 0.00 (0.00)
Rosa acicu laris hip 0.39 (0.39) 0.78 (0.78) 0.00 (0.00)
Root 1.06 (1.06) 0.00 (0.00) 0.00 (0.00)
Rubus spp. leaf 0.00 (0.00) 0.89 (0.72) 0.00 (0.00)
Lichen/mushroom 0.00 (0.00) 0.60 (0.60) 0.24 (0.24)
Rubus spp. stem 0.00 (0.00) 0.24 (0.24) 0.49 (0.49)
Shrub stem 0.15(0.15) 0.16(0.11) 0.38 (0.26)
Iris setosa 0.00 (0.00) 0.67 (0.67) 0.00 (0.00)
Carex / Eriophorum spp. 0.25 (0.25) 0.17(0.17) 0.25 (0.19)
Other mosses 0.21 (0.21) 0.19 (0.19) 0.16(0.16)
Salix spp. stem 0.00 (0.00) 0.19 (0.19) 0.25 (0.16)
Vaccinium spp. leaf 0.00 (0.00) 0.39 (0.39) 0.00 (0.00)
Saxifrage spp. 0.00 (0.00) 0.31 (0.31) 0.00 (0.00)
Sphagnum  spp. 0.00 (0.00) 0.30 (0.20) 0.00 (0.00)
Potentilla spp. 0.25 (0.25) 0.00 (0.00) 0.00 (0.00)
Monocot forbs 0.00 (0.00) 0.19(0.19) 0.00 (0.00)



Table 2.4. Weights (g) of yellow-cheeked voles captured in both 1997 and 1998. Voles
were captured on the Koyukuk/Nowitna NWR, Alaska.VVVI^ v̂ cipLLAAWVA WAX

1997 1998
Habitat Sex Tag June July August June July August
FBS F

F
D431A04
D4C6674

49
113

59
118

130
111

106

F D553D0D 54 100 108 116
F D5C2D30 30 50 52 105 108 115
F D5E3C0A 49 54 130 131 132
F D65384F 54 152 106
F D681C19 48 95
F D704657 50 53 98 115

D611006 92 168
FWS D444B5F 48 109

F D466553 28 50 128 97 110
F D472310 48 54 118

D472D78 42 80 104 82
F D4E3503 50 110 100
F D4E6F76 48 54 110 102 116
F D4F075E 51 82 101
F D522E1B 39 83
F D57363B 42 51 109
F D593D56 39 46 95 99

D5D0C04 44 92 102 101
D627415 48 92 114 118

F D674D15 52 84
F D69144B 48 56 95 104
F D69367C 44 112 121
F D6B1321 38 41 84 106
F D6B7741 44 47 97 110
F D6C2117 37 46 89
F D6F245D 50 105 105 125
F D6F3B68 52 118
M D434E19 38 44 83
M D475845 50 89 116 117
M D48733F 43 84
M D4F5A26 44 88
M D513C22 44 90 94
M D52577A 45 84
M D5D4E49 50 84 127
M D5E033C 58 114 119 109
M D620B5A 68 112 116
M D642257 46 88

UBS F D42655F 48 103



Table 2.5. Median depth to frozen soil and mean ( soil temperature in
burned habitats and adjacent unbumed forest, Koyukuk/Nowitna NWR, 
Alaska, 1998.______________________________________________

Habitat Month
Depth to frozen soil 

(cm)
Temperature (°C) 

25cm 50cm
FBS June 62.8 5.1 (0.50) 1.1 (0.37)

July 61.8 8.1 (0.99) 5.4 (0.97)
August >80.0 9.0 (0.33) 8.0 (0.34)

Unbumed forest June 27.8 0.7 (0.33) <0
July 54.3
August >75.0 3.6 (0.56) 2.1 (0.59)

FWS June 50.0 4.6 (0.33) 0.6 (0.23)
July 63.8 8.5(1.20) 4.1 (0.60)
August 65.0 8.8 (0.73) 7.5 (0.89)

Unburned forest June 30.3 0.7(0.21) <0
July 51.8 3.1 (0.60) 0.6 (0.47)
August 64.0 3.3 (0.48) 1.4 (0.34)

UBS June 35.5 4.2 (0.27) < 0
July 50.0 2.9 (0.60) 0.5(0.53)
August >80.0 3.3 (0.94) 2.7(1.00)

Unburned forest June 25.8 1.0(0.61) <0
July 44.5 0.6 (0.39) < 0
August 58.5 1.1 (0.00) 0.4 (0.28)



Table 2.6. Average ( SE)pH and texture of soil samples collected in 
August 1998 on vole trapping grids, Koyukuk/Nowitna NWR, Alaska. 
Unless otherwise noted, n=4._________________________________

Grid Depth (cm) pH Texture
FBS1 0 5.8 (0.19) organic matter (om)

15 5.9 (0.19) silt loam
30 6.8 (0.32) silt loam
50 7.4 (0.21) loamy sand
75 7.8 (0.00)1 loam

FBS2 0 6.4 (0.22) om
15 6.2 (0.18) fine silt loam, some om
30 6.5 (0.40) fine silt loam
50 7.0 (0.18) silt loam

FWS1 0 6.6 (0.29) om
15 7.0 (0.22) fine silt loam, some om
30 7.3 (0.20) fine silt loam
50 7.1 (0.19) silt loam
75 7.8 (0.13)2 silt loam

FWS2 0 6.6 (0.25) om
15 7.1 (0.10) fine silt loam
30 7.2 (0.11) fine silt loam
50 7.3 (0.14) fine silt loam
75 7.2 (0.03)2 silt loam

UBS1 0 5.5 (0.13) om
15 6.1 (0.26) silt loam
30 6.5 (0.20) silt loam - sandy loam
50 6.6 (0.07) silt loam

UBS2 0 4.9 (0.15) om
15 5.5 (0.24) silt loam
30 5.8 (0.55)3 silt loam

1n=1 
2n-2  
3n=3

Table 2.7. Snag and log density ( SE)and average (SE; range) log length
in vole trapping grids, Koyukuk/Nowitna NWR, Alaska, 1998.______
Grid Snags / ha Logs / ha Log length_______
FBS1 0.37 (0.01) 0.47 (0.01) 5 (0.4; 1-11)
FBS2 0.45 (0.01) 0.42 (0.01) 6 (0.6; 1-15)
FWS1 0.16(0.01) 0.36 (0.01) 13 (1.0; 2-30)
FWS2 0.17(0.00) 0.47 (0.01) 10 (0.7; 3-18)
UBS1 0.65 (0.02) 0.21 (0.01) 4 (0.4; 1-9)
UBS2 0.45 (0.01) 0.35 (0.01) 4 (0.3; 1-8)
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Table 2.8. Number of snags and logs, by DBH class, measured in vole trapping grids,
Koyukuk/Nowinta NWR, Alaska, 1998._____________________________________

DBH Class (cm)

Log

Snag
Grid 0 to 5 5 to 10 10 to 15 15 to 20 20 to 25 25 to 30 30 to 35 35 to 40
FBS1 29 9 2 -- - - - -
FBS2 19 18 3 -- -- -- - -
FWS1 0 1 8 8 7 5 1 4
FWS2 3 9 7 7 4 3 3 4
UBS1 22 17 -- - -- - - -
UBS2 27 12 1 -- -- - - -
Total 100 66 21 15 11 8 4 8

FBS1 13 21 4 — - - — — —

FBS2 4 25 4 3 3 - - -
FWS1 1 3 5 13 4 10 3 1
FWS2 2 6 8 6 9 7 1 1
UBS1 15 20 4 - - -- - -
UBS2 14 20 5 1 ~ - -- -
Total 50 93 30 23 16 17 4 2



Table 2.9. Percent cover by vegetation type at vole trapping grids, Koyukuk/Nowitna NWR, Alaska.
Habitat (grid)

FBS1 FBS2 FWS1 FWS2 UBS1 UBS2
Cover type 1997 1998 1997 1998 1997 1998________ 1997 1998________ 1997 1998________ 1997 1998
Trees 7.9 12.9 2.9 6.4 1.1 1.1 2.5 2.5 5.7 0.7 1.8 2.1
Tall Shrubs 18.6 19.3 20.4 28.2 6.4 9.3 2.9 1.8 19.6 28.9 5.0 13.2
Low Shrubs 20.7 25.0 10.0 5.7 1.4 1.4 1.4 3.6 21.1 30.7 35.4 29.6
Graminoids 9.3 6.8 3.6 2.5 12.9 32.5 18.9 17.1 10.0 8.9 7.1 14.3
Forbs 27.9 36.8 52.5 66.1 64.6 63.2 80.7 77.9 22.5 31.1 9.6 20.0
Mosses etc. 36.1 22.9 23.6 15.4 3.9 4.6 7.5 5.0 32.1 29.3 14.3 24.6
Non-living cover 26.8 17.9 21.4 20.4 29.6 35.0 10.7 25.4 23.9 17.9 48.6 35.0

Table 2.10. Percent cover and constancy of plant species with > 10% cover in July, 1997. Data were collected at vole trapping 
grids, Koyukuk/Nowitna NWR, Alaska.__________________________________________________________

Site
FBS1 FBS2 FWS1 FWS2 UBS1 UBS2

Cover type s
°

O
'" o o < CD —
l Const. %Cover Const. 0s* o o < 0 —\ Const. %Cover Const. O

' o o < 0 Const. %Cover Const.
Betula glandulosa 10.7 40 10.7 30 0.0 0 1.1 0 0.0 0 0.0 0
Betula nana 0.0 0 0.0 0 0.0 0 0.0 0 14.3 100 3.6 30
Vaccinium uliginousum 10.4 60 4.3 70 0.4 0 0.0 10 2.5 70 6.1 70
Ledum decumbens 1.4 10 0.0 0 0.0 0 0.0 0 14.3 70 15.0 90
Chamaedaphne calyculata 5.7 30 0.0 0 0.0 0 0.0 0 0.7 10 11.4 50
Epilobium angustifolium 11.8 80 6.1 90 32.1 90 38.2 100 2.9 60 0.4 40
Equisetum arvense 8.9 90 13.2 80 23.6 100 36.1 100 0.0 0 0.0 0
Equisetum sylvaticum 0.7 10 0.0 0 0.0 0 0.0 0 12.5 100 2.9 60
Equisetum pratense 0.7 20 11.8 70 0.0 0 0.0 10 0.0 0 0.0 0
Calamagrostis canadensis 8.9 70 0.4 0 8.2 30 14.3 50 7.9 70 1.8 30
Poiytrichum spp. 22.9 80 6.4 80 0.7 50 2.9 40 23.9 100 3.9 90
Unknown mosses 4.6 40 13.9 90 3.2 80 2.1 80 2.5 30 2.5 70

K>



Table 2.11. Percent cover and constancy of plant species with > 10% cover in July, 1998. Data were collected at vole trapping
grids, Koyukuk/Nowitna NWR, Alaska.__________________________________________________________ __________

Site
FBS1 FBS2 FWS1 FWS2 UBS1 UBS2

Cover type sO O
'" o o < CD —
i Const. %Cover Const. %Cover Const. %Cover Const. O
'" o O < CD Const. %Cover Const.

Betula glandulosa 0.0 0 0.0 0 0.0 0 0.0 0 24.6 100 8.6 50
Betula nana 11.4 60 15.4 70 0.0 0 0.0 0 0.0 0 0.0 0
Vaccinium uliginousum 13.9 80 4.3 40 0.0 0 0.4 0 7.1 60 8.9 50
Ledum decumbens 0.0 10 0.0 0 0.0 0 0.0 0 18.9 90 10.7 80
Epilobium angustifolium 15.0 100 6.8 100 18.2 100 25.7 100 1.1 50 1.8 50
Equisetum arvense 14.3 50 27.9 80 22.1 80 30.7 100 0.0 0 0.0 0
Equisetum sylvaticum 1.1 10 0.0 0 0.0 0 0.0 0 19.3 80 8.9 80
Rubus chamaemorus 0.4 40 0.0 0 0.0 0 0.0 0 10.4 100 8.6 80
Rubus arcticus 3.2 20 5.0 30 12.1 60 10.4 40 0.0 0 0.0 0
Calamagrostis canadensis 4.3 60 1.8 20 32.1 90 15.4 60 3.9 20 2.9 20
Polytrichum spp. 18.2 80 5.0 90 1.8 60 3.6 60 13.9 80 11.4 90

Table 2.12. Significance of differences between cover of plant types on white 
spruce (FWS) and black spruce (FBS, UBS) sites. Data were collected in 
1997 and 1998 at vole trapping grids, Koyukuk/Nowitna NWR, Alaska.

Cover type t nnvi) d f P

Graminoids 2.82 4 0.27

Herbs 4.87 10 <0.01

Low shrubs -5.55 7 <0.01

Tall shrubs -4.37 10 <0.01

Trees -2.20 8 0.03

Mosses, etc. -6.96 8 <0.01



Appendix 1. Scientific and common names for plants.

Latin
TREES:
Betula papyrifera 
Larix laricina 
Picea glauca 
Picea mariana 
Populus tremuloides

TALL SHRUBS:
Alnus crispa 
Betula glandulosa 
Betula nana 
Rosa acicularis 
Potentilla frutico
Salix spp.
Spiraea beauverdiana 
Viburnum edule

LOW SHRUBS: 
Arctostaphylos rubra 
Chamaedaphne calyculata 
Cornus canadensis 
Empetrum nigrum 
Ledum decumbens 
Ledum groenlandicum 
Linnaea borealis 
Oxycoccus microcarpus 
Vaccinium uliginosum 
Vaccinium vitis-idaea

HERBS:
Aconitum delphinifolium 
Aster sibiricus 
Epilobioum angustifolium 
Eplobium palustre 
Equisetum arvense

Common

Paper birch 
Alaska larch 
White spruce 
Black spruce 
Quaking aspen

Green alder 
Resin birch 
Dwarf birch 
Prickly rose 
Shrubby cinquefoil 
Willow 
Alaska spirea 
Highbush cranberry

Red bearberry 
Leatherleaf 
Bunchberry 
Crowberry
Narrow-leaf Labrador tea
Broad-leaf Labrador tea
Twinflower
Bog cranberry
Blueberry
Lowbush cranberry

Mountain monkshood 
Arctic aster 
Fireweed 
Marsh willowherb 
Common horsetail
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Equisetum pratense 
Equisetum scirpoides 
Equisetum sylvaticum 
Erigeron acris 
Galium boreale 
Iris setosa
Mertensia paniculata 
Moehringia lateriflora 
Parnassia palustris 
Petasites frigidus 
Potentilla norvegica 
Potentilla palustris 
Ranunculus spp.
Rubus arcticus 
Rubus chamaemorus 
Stellaria spp.
Wilhelmsia physodes

MONOCOTS:
Agrostis scabra 
Arctagrostis latifolia 
Calamagrostis canadensis 
Eriophorum spp.
Carex spp.
Juncus spp.

Meadow horsetail 
Dwarf scouring-rush 
Woodland horsetail 
Northern daisy fleabane 
Northern bedstraw 
Wild flag iris 
Tall bluebell 
Blunt-leaved sandwort 
Northern grass-of-Parnassus 
Arctic coltsfoot 
Rough cinquefoil 
Marsh cinquefoil 
Buttercup
Dwarf nagoonberry 
Cloudberry
Chickweed / Stitchwort 
Ground-loving sandwort

Tickle grass
Polar grass
Bluejoint reedgrass
Cotton-grasses
Sedges
Rushes

MOSSES AND LIVERWORTS:
Cladonia spp. 
Hylocomeum splendens 
Marchantia polymorpha 
Peltigera spp. 
Polytrichum spp. 
Sphagnum spp.

Club lichens 
Stair-step moss 
Green-tongue liverwort 
Leaf lichens 
Hair-cap mosses 
Sphagnum mosses



Appendix 2. Percent contribution of food items to individual vole diets. Yellow-cheeked voles were collected at 
Koyukuk/Nowitna NWR, Alaksa, in 1997.________________________________________ ______ _________

Food Item
FBS

D585350 D651707 D6F5160 D6F620A D6F6E56 D6A7E30 D 466D15 D553B23 D4B2BOD D534858 D622C54 D650157 D6C7324
Carex/Eriophorum 2 0.5
dicot forb
Epilobium angustifolium 4.6 9.1 1
Equisetum 67.2 72.6 12.3 36.3 30.9 94 46.1 33.6 25.9 44.2 43.4 87.5 44.5
Flowers
Forbs (dicot) 6.2 0.8 2 1.9
Forbs (monocot)
Fungal spores 5.6 18.8 1.7 6.2 16.5 7.9 27.1 4.8 30.5
Gallium boreale 8.5 2.1 2.4
Grasses 1.6 1.5 0.6 0.5 4.4 4 9.3
Iris setosa 9.4
Lichen/mushroom 8.4 1.9
Lichens 16.9 3 1.9
Mushrooms 18.8 1 2 4.9
Other berry 2.6 4 2.1 4.9 10.6
Other mosses
Parasite eggs
Parnassia palustris 6.2 10.3
Polytrichum sp. 7.7 36.1
Potentilla sp.
Root
Rosa acicularis hip 10.9
Rubus ch. berry 10.9 11.8
Rubus spp. leaf 9.9
Rubus spp. stem 3.3 3.9
Salix spp. stem 1 1
Saxifrage spp. 4.3
Seed 30.4 3 2.9 5.8 2.9
Shrub stem 1.9
Sphagnum spp. 2.3
Vaccinium spp. berry 4.7 15.7 16.9 39.8 10.3 0.9 9.9 33.6 62.4 7.9 1.9 8.7
Vaccinium spp. leaf 5.5

m3
0 \



Appendix 2. (Cont)
FWS

Food Item D5C2F04 D6E7343 D000003 D000001 D574306 D5A2862 D5F2D43 D67390B
Carex/Eriophorum 1.5
dicot forb 3.8
Epilobium angustifolium 2.3 1.9 4.6 1.1
Equisetum spp. 51.6 58.4 40.8 75 24.5 79.8 7.5 61.7
Flowers 2.9
Forbs (dicot) 1.3 5.3 4.5
Forbs (monocot) 2.7
Fungal spores 0.6 8.1 12.3 8.5 23.1
Gallium boreale 4.5 2.6 3
Grasses 1 4.8 7.2 5.4 1.6 3.7 0.7
Iris setosa
Lichen/mushroom
Lichens 0.6 1.1
Mushrooms 2.2 1.9 6.9
Other berry 0.6 1.5 5.3 11.2
Other mosses 1.3
Parasite eggs
Parnassia palustris 11.5
Polytrichum spp. 48.3
Potentilla sp.
Root 8.5
Rosa acicularis hip 3.1
Rubus ch. berry 1.9
Rubus spp. leaf 2.6
Rubus spp. stem
Salix spp. stem 2.7
Saxifrage spp.
Seed 6.8
Shrub stem 1.3 1.1
Sphagnum spp.
Vaccinium spp. berry 35.3 4.8 37.7 48.5 33.5



Appendix 2. (Cont.)
UBS

Food Item D000004 D405956 D492E53 D4A1035 D590E3C D5E3262 D601854 D6A1E4A D000002
Carex/Eriophorum 2.4
dicot forb
Epilobium angu 14.3
Equisetum spp. 88.2 50.9 78.6 30.2 71.1 28.9 22.4 71.6 54.1
Flowers 3
Forbs (dicot) 1.1 1.8 1.4 0.8
Forbs (monocot)
Fungal spores 7.1
Gallium boreale 2.9
Grasses 1.4 6.3 12 2.3 0.5
Iris setosa
Lichen/mushroom
Lichens 1.1 0.5 6.2 6.2 0.7 7
Mushrooms 1.9
Other berry 3.6 2.8 1.5
Other mosses 1.7 2.7
Parasite eggs 27
Parnassia palustris
Polytrichum spp.
Potentilla sp. 2
Root
Rosa acicu laris hip
Rubus ch. berry 10.3 4.8 4.6
Rubus spp. leaf
Rubus spp. stem
Salix spp. stem
Saxifrage spp.
Seed
Shrub stem 1.2 1
Sphagnum spp. 1.9
Vaccinium spp. berry 5.4 11.4 20.9 36.4 22.9 26.5 76.9 15.4 38.4
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Appendix 3. Characteristics of soil samples. Soils were collected at vole 
trapping grids and adjacent unbumed forest (UF), Koyukuk/Nowitna NWR, 
Alaska, 1998._________ ________________________________________

Soil characteristics
Habitat Plot no. Layer Layer depth Thaw depth Texture 

(cm) (cm)
pH

FBS1 C2 1 0-9 organic matter (om) 6.39
2 9-24 silt loam 6.24
3 24-48 very fine sandy loam 7.15
4 48-72 >80 loamy sand 7.40

C7 1 0-12 om 5.75
2 12-34 fine silt loam 6.18
3 34-42 silt loam 7.00
4 42-72 >80 loamy sand 7.58

12 1 0-8 om 5.58
2 8-24 fine silt loam 5.40
3 24-52 fine silt loam 5.83
4 52-64 >80 very fine sandy loam 6.85

17 1 0-10 om 5.56
2 10-28 silt loam 5.90
3 28-53 silt loam 7.20
4 53-72 loam 7.85
5 72-80 >80 loam 7.80

FBS2 C2 1 0-7 om 6.34
2 7-24 fine silt loam 6.22
3 24-48 silt loam 6.58
4 48-72 >80 silt loam 7.33

C7 1 0-12 om 5.90
2 12-29 fine silt loam 5.75
3 29-36 fine silt loam 5.36
4 36-60 >80 silt loam 6.58

12 1 0-9 om 6.96
2 9-28 om/silt 6.58
3 28-56 fine silt loam 7.18
4 56-76 >80 silt loam 6.75

17 1 0-7 om 6.26
2 7-33 om/silt 6.40
3 33-48 fine silt loam 6.92
4 48-80 >80 fine silt loam 7.25

UF 1 0-3 om 6.31
2 3-24 om/silt 7.34
3 24-58 58 fine silt loam 7.52

BI0SC1ENCES LIBRARY 

UNIVERSITY OF ALASKA FAIRBANKS
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Appendix 3. (Cont.)

Habitat
Soil characteristics

Plot no. Layer Layer depth Thaw depth
(cm) (cm)

Texture pH

FWS1 C2 1 0-5 om 5.80
2 5-24 fine silt loam 6.38
3 24-48 fine silt loam 6.75
4 48-69 69 silt loam 6.82

C7 1 0-7 dark/fine om 7.17
2 7-24 om/silt 7.37
3 24-48 fine silt loam 7.62
4 48-72 fine silt loam 7.50
5 72-75 75 fine silt loam 7.62

12 1 0-6 om 6.70
2 6-24 fine om/silt 7.25
3 24-48 fine silt loam 7.53
4 48-77 fine silt loam 7.46
5 77-80 silt loam 7.87

17 1 0-6 om 6.66
2 6-24 silt loam 7.00
3 24-48 silt loam 7.25
4 48-57 57 silt loam 6.80

UF 1 0-6 om 6.72
2 6-24 silt loam 7.47
3 24-48 silt loam 7.52
4 48- silt loam 7.58

FWS2 C2 1 0-4 om 6.22
2 4-24 om/silt 7.06
3 24-55 fine silt loam 7.16
4 55-64 fine silt loam 7.08
5 64-70 70 silt loam 7.26

C7 1 0-3 om/silt 7.11
2 3-24 fine silt loam 7.09
3 24-48 fine silt loam 7.36
4 48-72 fine silt loam 7.52
5 72-80 80 fine silt loam 7.19

12 1 0-3 om 6.16
2 3-24 fine silt loam 6.80
3 24-48 fine silt loam 6.94
4 48-72 fine silt loam 7.00

16 1 0-4 very fine om 6.96
2 4-24 fine silt loam 7.28
3 24-48 fine silt loam 7.44
4 48-65 65 fine silt loam 7.55

UF 1 0-3 fine om 5.88
2 3-24 fine silt loam 7.27
3 24-48 silt loam 7.63
4 48-65 65 silt loam 7.64



101

Appendix 3. (Cont.)

Habitat
Soil characteristics

Plot no. Layer Layer depth Thaw depth 
(cm) (cm)

Texture pH

UBS1 C2 1 0-3 om 5.20
2 3-14 mucky silt loam 5.53
3 14-48 silt loam 5.95
4 48- >80 silt loam 6.45

C7 1 0-3 om 5.56
2 3-24 fine silt loam 6.10
3 24-48 silt loam 6.54
4 48-72 >80 silt loam 6.67

12 1 0-3 om 5.46
2 3-24 silt loam 6.81
3 24-80 >80 sandy loam 6.93

17 1 0-5 om/muck 5.84
2 5-24 fine silt loam 6.15
3 24-48 fine silt loam 6.62
4 48-72 >80 silt loam 6.64

UF1 1 0-10 sphagnum
2 10-34 59 sandy loam 6.28

UF2 1 0-8 sphagnum
2 8-32 59 sandy loam 5.86

UBS2 C2 1 0-12 om 4.81
2 12-76 76 fine silt loam 5.17

C7 1 0-22 om/muck/silt 4.67
2 22-76 76 silt loam 5.57

12 1 0-8 om 5.33
2 8-24 fine silt loam 6.21
3 24-80 80 fine silt loam 6.38

17 1 0-5 om 4.69
2 5-24 silt loam 5.24
3 24-80 80 silt loam 5.29



Appendix 4. Percent cover and constancy of vegetation and ground cover identified in 1997. Cover was sampled at vole
trapping grids, Koyukuk/Nowitna NWR, Alaska.

Site (Habitat, Grid)

Cover type
FBS1

%Cover Const.
FBS2 

%Cover Const.
FWS1 

%Cover Const.
FWS2 

%Cover Const.
UBS1 

%Cover Const.
UBS2 

%Cover Const.
Trees
Picea mariana 5.7 80 2.1 80 0.0 10 0.0 0 4.6 50 1.07 40
Picea glauca 0.0 0 0.0 0 0.0 30 1.8 50 0.0 0 0.00 0
Betula papyrifera 2.1 50 0.0 30 1.1 40 0.7 40 1.1 10 0.71 0
Populus tremuloides 0.0 20 0.7 10 0.0 0 0.0 0 0.0 0 0.00 0
Larix lahcina 0.0 0 0.0 0 0.0 0 0.0 0 0.0 30 0.00 0

Tall Shrubs
Betula glandulosa 10.7 40 10.7 30 0.0 0 1.1 0 0.0 0 0.0 0
Betula nana 0.0 0 0.0 0 0.0 0 0.0 0 14.3 100 3.57 30
Salix spp. 6.1 70 2.9 30 0.4 10 0.0 10 2.1 40 0.00 0
Potentilla fruticosa 1.4 20 6.8 80 0.0 0 1.1 0 0.0 0 0.00 0
Rosa acicularis 0.0 10 0.0 0 5.0 50 0.0 30 0.0 0 0.00 0
Spirea beauverdiana 0.0 0 0.0 0 0.0 0 0.0 0 3.2 40 1.43 10
Alnus crispa 0.4 0 0.0 0 1.1 10 0.7 0 0.0 0 0.00 0

Low Shrubs
Vaccinium uliginousum 10.4 60 4.3 70 0.4 0 0.0 10 2.5 70 6.07 70
Ledum decumbens 1.4 10 0.0 0 0.0 0 0.0 0 14.3 70 15.00 90
Vaccinium vitis-idaea 0.4 30 0.0 0 0.0 0 0.0 0 2.5 90 1.07 40
Chamaedaphne calyculata 5.7 30 0.0 0 0.0 0 0.0 0 0.7 10 11.43 50
Comus canadensis 0.0 10 3.2 30 0.4 30 1.1 30 0.0 0 0.00 0
Ledum groenlandicum 1.8 40 0.7 20 0.0 0 0.0 0 1.1 10 0.00 0
Oxicoccus microcarpus 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 1.79 40
Arctostaphylos rubra 1.1 10 1.8 20 0.0 0 0.4 0 0.0 0 0.00 0
Linnaea borealis 0.0 0 0.0 0 0.7 10 0.0 0 0.0 0 0.00 0

Herbs
Epilobium angustifolium 11.8 80 6.1 90 32.1 90 38.2 100 2.9 60 0.36 40
Equisetum arvense 8.9 90 13.2 80 23.6 100 36.1 100 0.0 0 0.00 0
Equisetum sylvaticum 0.7 10 0.0 0 0.0 0 0.0 0 12.5 100 2.86 60
Equisetum pratense 0.7 20 11.8 70 0.0 0 0.0 10 0.0 0 0.00 0
Equisetum scirpoides 0.0 0 3.6 40 0.0 0 0.0 0 0.0 0 0.00 0



Appendix 4 (Cont.)
Site (Habitat, Grid)

Cover type
FBS1 

%Cover Const.
FBS2 

%Cover Const.
FWS1

%Cover Const.
FWS2

%Cover Const.
UBS1

%Cover Const.
UBS2

%Cover Const.

Herbs (cont.)
Rubus chamaemorus 1.8 60 0.0 20 0.0 0 0.0 0 5.0 90 6.07 80
Galium boreale 0.0 0 1.8 50 2.1 70 1.8 60 0.0 0 0.00 0
Rubus arcticus 2.1 20 3.2 40 3.9 70 3.2 20 0.0 0 0.00 0
Mertensia paniculata 0.7 10 4.6 20 1.8 40 0.7 30 0.0 0 0.00 0
Moehringia lateriflora 0.4 10 1.1 10 0.0 20 0.7 30 0.4 0 0.36 10
Petasites frigidus 0.4 20 0.0 0 0.0 0 0.0 0 1.8 50 0.00 0
Wilhelmsia physodes 0.0 0 3.2 60 0.4 0 0.0 0 0.0 0 0.00 0
Pamassia palustris 0.0 0 2.5 50 0.0 0 0.0 0 0.0 0 0.00 0
Potentilla palustris 0.4 20 0.0 0 0.0 0 0.0 0 0.0 0 0.00 10
Iris setosa 0.0 10 1.4 10 0.0 0 0.0 0 0.0 0 0.00 0
Erigeron acris 0.0 0 0.0 20 0.7 0 0.0 0 0.0 0 0.00 0
Ranunculus spp. 0.0 0 0.0 0 0.0 10 0.0 0 0.0 0 0.00 10
Aster sibiricus 0.0 0 0.0 20 0.0 0 0.0 0 0.0 0 0.00 0

Graminoids
Calamagrostis canadensis 8.9 70 0.4 0 8.2 30 14.3 50 7.9 70 1.79 30
Carex spp. 0.4 20 2.9 20 0.0 0 0.0 0 0.4 0 4.29 40
Unknown grass spp. 0.0 0 0.0 30 1.1 10 0.4 0 0.0 20 1.1 10
Arctagrostis latifolia 0.0 0 0.4 0 3.6 10 0.0 0 1.8 10 0.00 0
Agrostis scabra 0.0 0 0.0 0 0.0 0 4.3 10 0.0 0 0.00 0

Mosses, Lichens, Liverworts
Polytrichum spp. 22.9 80 6.4 80 0.7 50 2.9 40 23.9 100 3.93 90
Unknown mosses 4.6 40 13.9 90 3.2 80 2.1 80 2.5 30 2.5 70
Lichensl 0.7 30 2.9 40 0.0 20 0.0 10 3.6 90 3.21 70
Marchantia poiymorpha 0.0 30 0.4 50 0.0 30 1.8 50 0.0 0 0.00 10
Sphagnum spp. 6.1 20 0.0 0 0.0 0 0.0 0 2.1 30 4.64 30
Hylocomeum splendens 1.8 10 0.0 0 0.0 0 0.7 0 0.0 0 0.00 0

Non-living cover
woody debris 12.5 70 9.6 50 12.5 90 5.4 10 2.9 50 9.29 80
litter 10.7 30 6.1 10 11.1 30 4.6 30 11.4 60 33.57 100
bare/disturbed soil 3.6 10 5.7 50 6.1 0 0.7 0 9.6 70 5.71 50
1 Lichens include Peltigera o
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Appendix 5. Percent cover and constancy of vegetation and ground cover identified in 1998. Cover was sampled at vole
trapping grids, Koyukuk/Nowitna NWR, Alaska.

Site (Habitat, Grid)
FBS1 FBS2 FWS1 FWS2 UBS1 UBS2

Cover type % Cover Const. %Cover Const. %Cover Const. %Cover Const. %Cover Const. %Cover Const.
Trees
Picea mariana 9.6 70 5.7 80 0.0 0 0.0 0 0.7 60 1.8 50
Picea glauca 0.0 0 0.0 0 0.7 30 1.1 60 0.0 0 0.0 0
Betula papyrifera 3.2 30 0.7 30 0.4 20 1.4 40 0.0 0 0.0 0
Larix laricina 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.4 0

Tall Shrubs
Betula glandulosa 0.0 0 0.0 0 0.0 0 0.0 0 24.6 100 8.6 50
Betula nana 11.4 60 15.4 70 0.0 0 0.0 0 0.0 0 0.0 0
Salix spp. 5.4 50 7.1 40 0.0 0 0.0 0 3.2 30 2.5 10
Spirea beauverdiana 0.0 0 0.0 0 0.0 0 0.0 0 1.1 20 2.1 60
Rosa acicularis 0.0 0 0.0 0 7.5 30 1.8 40 0.0 0 0.0 0
Potentilla fruticosa 0.0 10 5.7 60 0.0 0 0.0 0 0.0 0 0.0 0
Alnus crispa 2.5 20 0.0 0 0.0 10 0.0 0 0.0 0 0.0 0
Viburnum edule 0.0 0 0.0 0 1.8 10 0.0 0 0.0 0 0.0 0

Low Shrubs
Vaccinium uliginousum 13.9 80 4.3 40 0.0 0 0.4 0 7.1 60 8.9 50
Ledum decumbens 0.0 10 0.0 0 0.0 0 0.0 0 18.9 90 10.7 80
Vaccinium vitis-idaea 0.0 10 0.0 0 0.0 0 0.0 0 2.9 70 2.5 60
Chamaedaphne calyculata 5.4 50 0.0 0 0.0 0 0.0 0 1.4 20 3.9 60
Comus canadensis 2.1 50 0.7 20 1.4 40 3.2 20 0.0 0 0.0 0
Ledum groenlandicum 2.9 40 0.0 30 0.0 0 0.0 0 0.4 20 0.0 10
Oxicoccus microcarpus 0.0 0 0.0 0 0.0 0 0.0 0 0.0 10 3.6 30
Arctostaphylos rubra 0.7 10 0.7 0 0.0 0 0.0 0 0.0 0 0.0 0
Linnaea borealis 0.0 10 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0

Herbs
Epilobium angustifolium 15.0 100 6.8 100 18.2 100 25.7 100 1.1 50 1.8 50
Equisetum arvense 14.3 50 27.9 80 22.1 80 30.7 100 0.0 0 0.0 0
Equisetum sylvaticum 1.1 10 0.0 0 0.0 0 0.0 0 19.3 80 8.9 80
Equisetum pratense 1.4 10 4.3 50 0.0 0 0.0 10 0.0 0 0.0 0
Equisetum scirpoides 0.0 30 3.6 40 0.0 0 0.0 0 0.0 0 0.0 0
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Appendix 5. (Cont.)
Site (Habitat. Grid)

FBS1 FBS2 FWS1 FWS2 UBS1 UBS2
Cover tvoe %Cover Const. %Cover Const. %Cover Const. 0)>oO0s Const. %Cover Const. %Cover
Herbs (cont.)
Rubus chamaemorus 0.4 40 0.0 0 0.0 0 0.0 0 10.4 100 8.6 80
Mertensia paniculata 0.7 20 1.8 80 1.4 40 2.1 50 0.0 0 0.0 0
Rubus arcticus 3.2 20 5.0 30 12.1 60 10.4 40 0.0 0 0.0 0
Erigeron acris 0.0 10 1.1 80 0.4 0 2.1 50 0.0 0 0.0 0
Galium boreale 0.0 0 1.8 40 5.7 30 3.6 40 0.0 0 0.0 0
Stellaria sp. 0.0 0 0.4 20 0.7 30 1.4 40 0.0 10 0.0 0
Pamassia palustris 0.0 0 2.5 70 0.0 10 0.0 10 0.0 0 0.0 0
Wilhelmsia physodes 0.0 10 4.3 30 2.1 10 1.8 20 0.0 0 0.0 0
Petasites frigidus 0.0 30 0.0 0 0.0 0 0.0 0 0.4 40 0.0 0
Iris setosa 0.7 20 2.9 30 0.0 0 0.0 0 0.0 0 0.0 0
Potentilla norvegica 0.0 0 2.5 30 0.0 0 0.0 0 0.0 0 0.0 0
Potentilla palustris 0.0 20 0.0 0 0.0 0 0.0 0 0.0 0 0.7 10
Aster sibincus 0.0 0 1.4 20 0.0 0 0.0 0 0.0 0 0.0 0
Epilobium palustre 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 20
Aconitum delphinifolium 0.0 0 0.0 0 0.4 10 0.0 0 0.0 0 0.0 0
Ranunculus spp. 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 10

Graminoids
Calamagrostis canadensis 4.3 60 1.8 20 32.1 90 15.4 60 3.9 20 2.9 20
Unknown grass spp. 0.0 0 0.0 0 0.4 0 0.4 0 5.0 80 5.4 20
Carex spp. 2.5 30 0.7 20 0.0 0 0.0 0 0.0 0 3.9 20
Juncus spp. 0.0 0 0.0 10 0.0 0 0.0 0 0.0 0 2.1 20
Agrostis scabra 0.0 0 0.0 0 0.0 0 1.4 10 0.0 0 0.0 0
Eriophorum spp. 0.0 0 0.0 0 0.0 0 0.0 10 0.0 0 0.0 0
Arctagrostis latifolia 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0

Mosses, Lichens, Liverworts
Polytrichum spp. 18.2 80 5.0 90 1.8 60 3.6 60 13.9 80 11.4 90
Unknown mosses 3.9 50 8.6 90 1.4 60 1.1 100 3.9 50 3.2 30
Lichensl 0.7 40 1.4 80 0.4 0 0.0 0 4.3 70 2.5 70
Marchantia polymorpha 0.0 10 0.4 50 1.1 50 0.4 50 0.0 0 0.0 0
Sphagnum spp. 0.0 10 0.0 0 0.0 0 0.0 0 7.1 60 7.5 50
fungus 0.0 0 0.0 0 0.0 0 0.0 0 0.0 10 0.0 30
Hylocomeum splendens 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0

Other
dead veg/litter 6.4 40 12.1 60 11.4 50 5.7 20 9.6 80 18.2 80
bare/disturbed ground 6.1 50 4.3 60 8.9 50 10.4 70 4.3 50 5.0 30
woody debris 5.4 40 3.9 50 14.6 100 9.3 90 2.9 30 9.6 70
water ....... .... .......0.0... 0 0,0 0 ..... .....0.0 0.......- ......0.0 . 0 1.1 ..  0 2,1 10



Appendix 6. Potential predators of yellow-cheeked voles observed 
on or near the study areas. Both great grey owls and northern hawk 
owls nested near FBS2 and were seen taking yellow-cheeked voles.

Common name Latin name Habitat

Pine marten Martes americana FWS

Red fox Vulpes vulpes FWS, FBS

Black bear Ursus americanus FWS, FBS

Least weasel Mustela nivalis FWS

Mink Mustela vison UBS

Red-tailed hawk Buteo jamaicensis FWS

Great grey owl Strix nebulosa FWS, FBS

Great homed owl Bubo virginanus FBS

Northern hawk owl Surina nebulosa FWS, FBS, UBS


