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Abstract
Harris, Richard B. 1999. Abundance and characteristics of snags in western Montana forests. Gen Tech.

Rep. RMRS-GTR-31. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station. 19 p.

Plot data from the U.S. Forest Service’s Forest Inventory and Analysis program was used to characterize
the abundance and selected characteristics of snags from forests in western Montana. Plots were grouped
by whether they had a history of timber harvest, and the U.S. Forest Service classifications of forest type,
habitat type, and potential vegetation group were used to characterize plot conditions. Snag abundance was
classified by d.b.h, class and species. On uncut plots (no evidence of previous timber harvest or other
mechanized human activity), total snag (9 inches or greater) density varied from under three per acre on 
Ponderosa pine (Pinus ponderosa) types to approximately 21 per acre on mesic spruce and fir types as well
as warmer sites supporting grand fir (Abies grandis) and western redcedar (Thuja plicata). Higher snag
densities occurred in dry subalpine types (over 30 per acre), but these figures may be anomalous because
of recent, uncharacteristically high mortality of whitebark pine (Pinus albicaulis). Abundance of large (21
inches or greater) snags was much lower, but showed similar trends, varying from as low as 0.4 per acre on
dry ponderosa pine sites and 0.2 per acre on Iodgepole pine (Pinus contorta) dominated sites to 2 per acre
on warm, mesic sites. Similar trends were observed when stands were categorized by habitat type groups
and potential vegetation groups. Snag abundance on young, recently disturbed stands was only slightly
lower than on older, sawtimber stands, and in general, snag dynamics differed from those of live trees during
the process of stand aging. Stands lacking a history of timber harvest had significantly higher snag
abundance than those with a history of timber harvest. The generally higher snag abundances in uncut
stands reflect not only an unharvested condition, but also a lack of fire and probably an attendant excess of
mortality from insects and disease, which would be manifested more strongly in smaller d.b.h, classes. Snag
abundances in larger d.b.h, classes of uncut stands should closely mimic natural conditions on the landscape
in the absence of timber harvest if accounting for a small upward bias caused by fire suppression. These
estimates for larger d.b.h, classes can be used as rough targets for landscapes where managing for
biodiversity or emulating natural disturbance patterns is an important objective.

Keywords: cover type, habitat type, logging, snag, snag abundance
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Abundance and Characteristics
of Snags in Western Montana
Forests
Richard B. Harris

Introduction While this approach has great merit and has un-
doubtedly contributed to more enlightened snag man-

Snags (standing dead trees) are recognized as a vital agement than in the past, it suffers from at least three
component of wildlife habitat and a normal and neces- drawbacks:
sary part offorestedlandscapes (Bull and others 1997; 1. Estimates of population sizes needed to ensure
Thomas and others 1979). During the past two de- persistencecanonlybedevelopedthroughmathemati-
cades, considerable research has been devoted to char- cal models, but species-specific data to parameterize
acterizing the numerous relationships among various the extremely detailed and complex models needed
wildlife species and snags (Martin and Barrett 1983;

to estimate population viability are nearly always
Marzluff and Lyon 1983; Raphael and White 1984). inadequate.
Much of this research has been motivated by the

2. Even if the abundance and characteristics of
concern that silvicultural practices aimed solely at snags required for a chosen "indicator" or "umbrella"
maximizing wood production would, in time, produce species are known with precision, questions remain
entire forests deficient in snags, particularly large- about how many snags are required to ensure persis-
diameter snags. The most frequently articulated re- tence of the entire range of snag-dependent species.
sult of such a condition would be extirpation of snag- 3. Focus on individual species is inconsistent with
dependent species (often woodpeckers), although the the recent move toward focusing on general ecosystem
long-term effects on other aspects of the forest ecosys- patterns and processes (Franklin 1993). This "coarse-
tern of snag loss remain largely unknown, filter" approach has the advantage that, at least theoo

Because earlier forestry practices often removed retically, it lends itselfto management objectives that,
snags without such an awareness, and because even while including the needs of individual wildlife spe-
modernforestrypracticescaneasilyreducesnagabun- cies, embrace a more fundamental concept of ecosys-
dance further, the question arises: How many snags tem integrity.
should we target for our landscapes? This question has
recently been brought into sharper focus by the in- For example, in considering the closely related (and

volvement of the Federal Occupational Safety and even more contentious) issue of "old-growth," most

Health Administration (OSHA) in the safety aspects research has been devoted to elucidating the natural

of snag management. In short, the pressures on both processes that create and eliminate old-growth

"sides" of the snag management issue--more snags (Johnson and others 1995; Lesica 1996), and on the
suggested by wildlife or ecosystem integrity concerns, resultant natural patterns present on the historical

fewer snags suggested by human safety concerns-- landscape (Losensky 1993, 1996), rather than on ques-

have intensified, clarifying the need for better data on tions of how much old-growth any given species needs
current and desired snag abundance, for persistence. These general patterns of forest age

Wildlife researchers have taken principally a "spe- are highly correlated to patterns among local indig-

ties-centered" approach to this question. They have enous fauna (Bunnel11995), providing additional con-
studied the life-history requirements of individual fidence that maintaining a similar abundance and

species known to be dependent on, or associated with, pattern of age classes should generally support all

snags and estimated the number and type of snags species, and obviating the (clearly impossible) task 

needed by individuals of these species. Then, they calculating the individual needs of hundreds or per-

have combined these results with theory from the haps thousands of such species.

population dynamics literature to estimate the abun- The same ecological knowledge that allows us to

dance and characteristics of snags needed on a land- draw general conclusions about "natural" age distri-

scape scale to ensure persistent populations (Menasco butions within differing forest types can be used to

1983; Neitro and others 1985; Thomas and others make similar broad statements about snag abundance

1979). and dynamics (USFS n.d.). Although we can analyze
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historical records in the Northern Rockies with re- data entering these analyses were not number oftrees Appendix C: Potential Vegetation Groupsspect to age distribution (Losensky 1993, 1997), tallied per plot, but rather trees-per-acre projections
such comparable data exist with respect to snags, based on the diameter of each tallied tree and its Codes are habitat types (Pfister and others 1977)
Foresters working during the initiation of the era of distance from the point center. During some years, the
large-scale logging and fire suppression (about 1900 to FIA program additionally estimated snags counted Warm, dry, frequency low intensity fire potential vegetation group
1930) documented ages and species mixes of stands in within circular 0.5 acre plots superimposed on the All habitat types < 260, plus 311,321,323, 324, 262, and 340
ways we can now use, but they did not keep similar center of the cluster, with the rationale that variable
records about snags. Thus, we have no way to go back basal-area-factor 40 plots dealt ineffectively with the Warm, moist mixed fire regime potential vegetation group

in time to examine the "naturally" occurring abun- clumpy distribution typically characterizing snags. I 260, 261,262,281,282, 283,290, 291,292,312, 313,330, 350, 505, 506, 507,508, 510, 512, 515, 592
dance and pattern of snags. (Although see the recent elected, however, to use the point-cluster data in Cool, moist-to-dry, infrequent, stand-replacing fire potential vegetation group
work of Harrod and others 1998, for an estimate of preference to the snag count estimates because the 511,590, 591,517, 518,519, 520, 521,522,524, 526, 529, 420,421,470, 620, 621,622,623,624, 625,635,636,
historical snag densities in an assumed steady-state estimation procedures used in these additional fixed 637,660, 661,662, 670, 671,672, 673, 674, 675, 676, 677,680,681,682, 685,686, 687,691,692
system.) plots were prone to measurement errors (Harris, un-

Maritime, very moist cedar/hemlock potential vegetation groupFortunately, we have access to modern data that published data), species was not recorded for snags
530, 531,532,533, 534, 535,541,542, 545, 546, 547,548,550, 555,560, 570, 571,572, 573,574, 576, 577, 578allow estimation of snag abundances in various forest counted, and the area effectively sampled by the clus-

types and in forests subject to varying levels of human ter of basal-area-factor 40 plots was equal to or larger Lodgepole pine sites (climax or long-term disclimax) potential vegetation group
intervention. We can gain some insight into the pat- than 0.5 acre for the larger diameter snags of interest 450, 640, 663,693,713, 732, all over 900
terns of snags that "should" characterize our forests by here (table 1). For information on sampling and docu- Very cold whitebark pine, infrequent, low intensity fires
careful examination of current conditions, even if we mentation procedures used in the FIA program, see 800-899
are unable to determine exactly what "would" have WoudenbergandFarrenkopf(1995)andUSDA(1988).
been on the landscape some 100 years ago. The key attributes in classifying plots were (1) stand

This report is a preliminary attempt to examine history (for example, human intervention, fire, and
those patterns. I have used data obtained from the insect damage); (2) forest cover type (by species); Appendix D: Attributes in Different Cover Types, Habitat Type Groups, and
u.s. Forest Service’s Rocky Mountain Research Sta- habitat type group (Green and others 1992; Pfister Potential Vegetation Groups
tion, Ogden, UT, as part of the Forest Inventory and and others 1977); and (4) stand-size class (for example,
Analysis (FIA) program to estimate abundance and poletimber and sawtimber). Further description of Cover type PP DF W/ ES SF kP MC SA HW
characteristics of snags in western Montana forests, grouped plots was made possible by reference to vari- Mean elevation (xl00) 43 49 43 52 60 56 39 71 44with the objectives of: ables describing plot elevation, aspect, and slope. Mean slope 30 40 28 27 36 31 34 38 8

1. Estimating abundance of snags in various forest Key attributes used in classifying individual trees Percent cool aspects (F, NF, N) 17 36 43 43 46 28 51 18 9
types in the absence of timber harvesting, within plots were (1) species; (2) diameter at breast Percent warm aspects (S, SW, W) 54 34 25 19 29 39 25 55 15

2. Comparing these data with those obtained from height (d.b.h.); (3) tree history (for example, snag, n 132 799 112 63 365 319 76 33 33

forest stands already subject to logging, tree, and dead or down tree); and (4) trees per acre
(that is, extrapolation factor) indicated for the species Habitat type group A B C D E F G H I J3. Suggesting possible management approaches to

snag management that follow a coarse-filter philoso- per d.b.h, per tree history combination. Moderate Moderate Moderate Cool, Cold,
Plots used in this report originated from three differ- Warm, warm, cool, Warm, Cool, cool, moderate moderatephy, rather than a species-specific one.

ent land owners or managers: dry dry dry moist moist Wet moist dry dry Cold

Methods 1. Lands held in trust for educational beneficiaries Mean elevation (xl00) 50 46 55 39 54 50 45 60 73 72
Mean slope 36 38 38 35 34 22 31 37 30 45of the State of Montana and managed by the Montana Percent cool aspects (E, NE, N) 23 32 30 50 43 33 49 28 36 41

Data used in this report came from the most recent Department of Natural Resources and Conservation. Percent warm aspects (S, SW, W) 50 40 38 22 27 12 20 44 31 39
(generally 1988 through 1995) periodic forest inventory n 137 426 201 201 410 42 85 252 59 41
developed and administered by the Forest Service’s
Western FIA program, in Ogden, UT. Briefly, these Table 1--Area effectively sampled by basal-area-factor 40 Potential vegetation groups Warm, Warm, Cool, Cold
were permanent, systematically located point clusters variable plots, assuming trees of various d.b.h, and dry, moist, stand- Very White-
encompassing approximately 0.5 to 1 acre (0.2 to 0.4 ha) differing numbers of points within each cluster, frequent mixed replacing moist Lodgepole bark
on which trees were sampled. For all tallied trees, Number of points sampled at each plot are those fire fire fire maritime pine pine

attributes such as species, size, age, and condition used in the present analysis. Mean elevation (xl00) 48 49 54 39 52 70
were documented. Plots were sampled on all forested Mean slope 37 38 34 36 27 39
land, regardless of ownership or forest condition, and Number of points sampled at each plot Percent cool aspects (E, NE, N) 28 33 38 51 36 42
constituted an objective representation of forests on D.b.h. 5 7 10 Percent warm aspects (S, SW, W) 43 37 31 21 27 32
unsampled locations. Clusters (plots) consisted of inches ........ Proportion of acre ........ n 416 407 731 144 140 110

to 10 points. Only point centers were fixed (that is, plot 12 0.092 0.129 0.185
boundaries were not fixed), and a variable radius was 18 0.208 0.291 0.415

used to select individual trees for sampling. For trees 24 0.369 0.517 0.739 ~
30 0.577 0.808 1.154

of diameters that are the focus of interest in this
report, a basal-area-factor 40 prism was used. The raw n 630 602 698
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Appendix A: dBASE Filter Used to Distinguish Cut and Uncut Stands , that considered the entire documented tree
~au~ ~e plot. I did, however, lump together exist-

* Program STNDHIST iing ce ~ypes to form aggregate types when sample
* This program assigns a four-character name for each STAND identified in the USFS FIA Plot data "~ ., obviousl,,y too small for meaningful analy-

* Based on the location history ;ic conifer type was created consisting of the
~d fir, western redcedar, western hemlock

* Coded "HIST" only if all other variables indicate a ’pristine’ stand terophylla), and western white pine (Pinus

* Coded "HUMN" only if timber cutting is not primary human use, but others are ) forest types; a "hardwood" type, consisting
~’s aspen, (Populus tremuloides), cottonwood

* Coded "CUT" if any timber cutting evident ~arpa), and birch (Betula spp.) forest types;
* For codes, see ’variable LHIS’ in Woudenberg and Farrenkopf (1988) balpine" type, consisting of the FIA’s white-
replace all STATUS with ’HIST’ for STNDORG = 1 .and. CUTHISTORY = 0 and limber pine (Pinusflexilis) forest types.

* OK to use for historical pattern if no human disturbance (code 1) or code 
~ts originally coded as mountain hemlock
rtensiana), accounting for about 3.5 percent

* 610 (animal damage), 620 (insect damage), 640 (disease), 680 (weather damage), 681 (wind ~ltant cover type, were included within the

* 690 (fire damage) AND Cuthistory = 0 (no cutting history) "’ type.

replace all STATUS with ’HUMN’ for STNDORG <> 1 .or. LHIS > 699 mary" habitat type designation (Pfister and
7) was retained for each plot as assigned by

* Stand has artificial regen (stand or not 1), or is road, cleared, converted, and so forth, rew. Habitat types were then aggregated

* but not predominately affected by timber harvesting ~t type groups, following Green and others

replace all STATUS with ’CUT’ for LHIS = 13 .or. LHIS = 14 .or. LHIS = 15 .or. LHIS = 16 .or. LHIS = 154 .or. ~odified their classification system slightly

LHIS = 153 .or. LHIS = 10 .or. CUTHISTORY > 0 g all "Montana east-of-the-Coatinental-Di-
;at types with their corresponding "west-of-

* Stand has been cut, either clearcut (13), selective (14), other (15), salvage (16), xmas tree (153), or post/pole 
"reducing the total number of habitat type

or (10) This designation takes precedence (for example, can overwrite either of the previous two) ~Iontana from 19 to 10. For example, habitat
,mated by Green and others (1992) as "cool

Appendix B: Habitat Type Groups east of the Divide were grouped together
/~ith ~ designated "cool and moist" west of the

(Green and others 1992) Codes are habitat types (Pfister and others 1977). Divid~ ~endix B). Habitat types coded by the FIA
ere used to classify plots into six potential

Habitat type group A: warm, dry groups as suggested by M. Hillis (unpub-
104, 105, 130, 140, 141, 142,160, 161, 162,170, 171, 172, 180, 181,210, 220, 230, 350, 320, 321,311 k). The objective of classifying plots into

Habitat type group B: moderately warm, dry
egetation groups was to integrate underly-
c and physical attributes with fire regimes

324, 340, 010,250, 260, 261,262, 282, 310, 312, 131,322, 324, 340, 330, 313, 320, 430
ant cover types (for example, splitting out

Habitat type group C: moderately cool, dry t are typically characterized by lodgepole
360, 370, 356, 351, 311, 390, 380, 280, 281,283, 292, 323,360, 370, 510, 750 ardless of potential climax species)

Habitat type group D: warm, moist C).

520, 521,522, 523,530, 531,533,570, 571,572, 532 fy individual trees, I simply retained the
~.h., and trees per acre provided by the FIA

Habitat type group E: cool, moist r each tree record. Snags were classified as
421,422, 420, 620, 621, 622, 623,624, 625, 660, 661,662,670, 680, 832,740 ~signated with a tree-history code of either

Habitat type group F: wet ;anding salvable dead...5.0 inches d.b.h, or

410, 440, 480,550, 610, 630,631, 632, 650, 651,653, 654 [~ less than 67 percent rotte,n, or missing

~SDA 1988 p. 55) or 6 (soft) nonsalvableHabitat type group G: moderately cool, moist
~nches d.b.h, or large,,r with 67 percent or290, 291,591,293, 590, 592, 470
~ or missing volume that were not indi-

Habitat type group H: cool, moderately dry ~damage-code field as being on the ground.
450, 640,641,663,690, 691,692, 710, 720,731,920, 930, 940, 792, 910, 920, 930, 940, 950, 960 also be categorized (Ohmann and others

Habitat type group I: cold, moderately dry

~ng:’remna.n~t" (form. ed in a.prev~ous stand,’

733,780, 791,730, 732, 820, 830, 831, 791
-m ~ar _~e otd~i g -growth trees)or "recruited"

in the current stand, usually from sup-
Habitat type group J: dry

/ress~ prtality during the stem-exclusion stage of
840, 850, 870, 860, 810 ~tand, iopment) (Oliver and Larson 1990). I made

~ at such a classification, but discuss this
~ing presentation of the results.

18 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-31. 1999 3



Trees per acre for each plot were summarized by nonindustrial private oWlPNW-391. U.S. Department of proceedings of the symposium. Gen. Tech. Rep. RM-99. Fort
6-inch d.b.h, classes, beginning with a d.b.h, of 9 plots). These plotswere cl~fic Northwest Research Station. Collins, CO: U.S. Department of Agriculture, Forest Service,

.......... g vertebrate faunas and natural Rocky Mountain Forest and Range Experiment Station: 114_ 116.inches (small = 9 to 14.99 inches; medium = 15 to 20.99 - au percent) ann cut ~~m p~: patterns and implications for Marzluff, J. M.; Lyon, L. J. 1983. Snags as indicators of habitat
inches; large = 21 to 26.99 inches) plus an unbounded fire, insect damage, dise~gy 9(3). 636-644 suitability for open nesting birds. In: Davis, J. W.; Goodwin G. A.;
d.b.h, class (for example, more than 27 inches), as well and other factors charac Fire types of western Montana Ockenfels, R. A., coords. Snag habitat management: proceedings

as by snag/nonsnag status and tree species. All statis- plots with different fret Gen. Tech. Rep. INT-223. U.S. of the symposium. Gen. Tech. Rep. RM-99. Fort Collins, CO: U.S.
q est Service, Intermountain Re- Department of Agriculture, Forest Service, Rocky Mountain

tics and summaries reported here are by plot (sum of 54,096 individual stems ’ Forest and Range Experiment Station: 140-146.
individual points); none are summarized on a by-tree were tallied on these plots°diversity: species, ecosystems, Menasco, K. A. 1983. Providing snag habitat for the future. In:

ations. 3: 202-205. Davis, J. W.; Goodwin, G. A.; Ockenfels, R. A., coords. Snagbasis, were classified as snags. ~burgh, D. A.; Tappeiner, J.C.
habitat management: proceedings of the symposium. Gem Tech.

Snag abundances and characteristics were exam- 9.0 inches d.b.h., 3,279 (])proaches to timber harvesting: Rep. RM-99. Fort Collins, CO: U.S. Department of Agriculture,
ined among plots classified by cover type, habitat type as snags, gies. In: Kohm, K. A.; Franklin, Forest Service, Rocky Mountain Forest and Range Experiment

m~ . ~ the 21st Century the science of Station: 205-210.groups, and potential vegetation groups. The most ~ne most common ~ores ~g~on, ~w: ~smna tress. ~ p. Morrison, M. L.; Raphael, M. G. 1993. Modeling the dynamics of
precise designation would have been to examine each was Douglas-fir (Pseudosw.; Zack, A.; Naumann, B. 1992. snags. Ecological Application. 3(2): 322-330.
cover type/habitat type group or cover type/potential percent of all plots). Otl~Northern Region. Unpublished Nietro, W. A ; Binley, V. W.’ Cline, S. P.; Manna, R. W.; Marcot, B.

~ ̄ .)artment of Agriculture, Forest G.; Taylor, D.; Wagner, F. F. 1985. Snags. In: Brown, E. R., tech.vegetation group combination separately. However, cluded spruce/fir [almOS~ula MT~ , . ed. Management of wildlife and fish habitats in forests of western
sample sizes were too small in most cases to allow (over 16 percent), and P(~ed data on file at: University Oregon and Washington. Pub. R6-F&WL-192d985. Portland,
meaningful inference (I imposed a lower limit of 25 cent). Very few were class’am, Missoula, MT. OR: U.S. Department of Agriculture, Forest Service, Pacific

.... ¯ Hartl William E ; Camp Ann Northwest Region Fish and Wildlife: 129-169.plots whenever possible) (see also Ohmann and others redcedar, a-rana nr, wes~c’~ .. ’. , " ’ ~. ¯ ,~ ~ensny ~n ~ry forests east orthe Norusis, M. J. 1993. SPSS for Windows Base System User’s Guide,
1994), and the resultant matrix of snag-size distribu- lock, aspen, cottonwood, PNW-GTR-428. Portland, OR: Release 6.0. Chicago, IL: SPSS Inc.
tions for 90 different types of forest may have produced the lumping of some coy6 Forest Service, Pacific North- Ohmann, J. L.; McComb, W. C.; Zumrawi, A. A. 1994. Snag abun-
more confusion than clarity. Among the 1,158plots( . dance for primary cavity-nesting birds on nonfederal forest

¯ est snag momtoring: methodol- lands in Oregon and Washington. Wildlife Society Bulletin. 22:
The density from each plot represented a single pattern emerged: Douglerns with snag protection. Un- 607-620.

sample, even though each consisted of cumulative common (roughly 36 per~t: u.s. Department of Agricul- Oliver, C.D.;Larson, B.C. 1990. Forest stand dynamics. NewYork:
,al Forest, Missoula, MT. McGraw-Hill. 467 p,data from 5 to 10 sample points within each cluster. I (about 24 percent) and rk on file at: U.S. Department 

Pfister, R.D.;Kovalchik, B.L.;Arno, S.F.;Presby, R.C. 1977. Forestassumed that cover types, habitat type groups, poten- table 3). National Forest, Missoula, MT. habitat types of Montana. Gem Tech. Rep. INT-34. Ogden, UT:
tial vegetation groups and stand-size classes repre- Ninety-five plots were ir, J. M. H. 1995. Old-growth, U.S. Department of Agriculture, Forest Service, Intermountain

sented meaningful classifications, and thus did not type group, because no l~ageInent’ Canadian Journal of Forest and Range Experiment Station. 174 p.
Raphael, M. G.; White, M. 1984. Use of snags by cavity-nesting birds

test for significant differences in snag densities among the plot by the FIA proEid decline of white-bark pine in in the Sierra Nevada. Wildlife Monographs. 86: 1-66.
them. I did not lump samples from different classes to confidently group the haI2°-Yearremeasurements. West- Sokal, R. R.; Rohlf, F. J. 1981. Biometry, 2nd Ed. San Francisco: W.

d 8(2): 24-37. H. Freeman and Company. 859 p.enlarge sample sizes, even when it appeared that snag group (nor did Green an ~odels to estimate proportions of Thomas, J. W.; Anderson, R. G.; Maser, C.; Bull, E, L. 1979. Snags.
densities did not differ significantly between classes, ing 1,854 plots, the most ern Montana, USA. Biological In: Thomas, J. W., ed. Wildlife habitat in managed forests of the
To compare elevation and slope of plots that were represented were the "n Blue Mountains of Oregon and Washington. Agric. Handb. 553.

" " ’ t vegetation in Region One by Washington, DC: U.S. Department of Agriculture: 60-77.classified as cut and uncut, standard 2-factor A_NOVA percent) and com-mms - oula MT~ ,. : u.~. ~epar~ment of USDA Forest Service. 1988. Montana Forest Survey Field Proce-
(Norusis 1993) was used, usingcovertypeasacovariate, tat type groups "wet-F," ’;hern Region. 38 p. dures 1988-1998. Ogden, UT: U.S. Department of Agriculture,
The Mann-Whitney test was used to compare snag "cold-J" were all represergetati°n of Montana. Missoula, Forest Service, Intermountain Research Station.
densities among samples classified as cut and uncut, sample plots (table 3). tural Resources and Conserva- USDA Forest Service, In.d.l Natural snag occurrence based on fire

regime and age class. Unpublished mi~neograph on file at: U.S.
To compare frequency distributions of snags per acre Among the 1,116 plots fild burn--21 years of postfire Department of Agriculture, Forest Service, Lolo National Forest,
between cut and uncut plots, the Kolmogorov-Smirnov habitat type groups coul~den, UT: U.S. Department of Missoula, MT.

test was used (Norusis 1993). To compare snag and similar, although someerm°untain Forest and Range Woudenberg. S. W.; Farrenkopf, T. O. 1995. The Westwide Forest
Inventory data base: user’s manual. Gen. Tech. Rep. INT-GTR-

live tree densities among stand-size classes, standard with high productivity l’he importance of snags to pine 317. Ogden, UT: U.S. Department of Agriculture, Forest Service,
one-way ANOVA was used, considering pairwise corn- attractiveness for timbe~ierra Nevada. In: Davis, J.W.; Intermountain Research Station. 67 p.

parisons significantly different if P < 0.05 (Tukey’s representedthantheywe’°rds’Snaghabitatmanagement:

Honestly Significant Difference, Sokal and Rohlf In particular, the"moder
1981 p. 245). to a 16 percent represen

Throughout this report, the English measurement the "warm-moist-D" gro
system is used because raw data were reported using percent). At the other
these units, and because American foresters and land classified as "cold-J" had
managers continue to use it. ing or other significant

Roughly 44 percent of

FleSLI~tS
within the "cool, infreqt

regime" potential vegeta

Sample Plots and Trees of plots were classified
regime" (18 percent) 

Data consisted of a total of 1,949 forested plots low-intensity-fire regim,

(Montana Department of Natural Resources and Con- plots were classified as ",
servation - 232 plots; National Forest - 1,237 plots; very-infrequent-fire-reg
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beginning of the study had fallen by 10 to 20 years acre, this might not have been the case had sampling
later, although larger snags (more valuable for verte- been conducted with larger plots.)The "clumpiness" of
brates) lasted longer, and few studies followed the fate snags observed is highly dependent on the scale used
of extremely large, persistent species (such as ponde- for sampling. In other words, managing for forests in
rosa pine, western larch, western redcedar) for long which many individual acres have no snags (or large
time periods. Allowance must be made for the fact that snags) is perfectly consistent with these data; manag-
snags standing following a particular management ing for forests in which entire stands have no snags (or
activity will not necessarily last until the subsequent large snags) is not. In this case, standing snag abun-
management activity. Snag recruits must be figured dance can be determined empirically for proposed sale
into the snag management picture, and snag retention areas during timber cruising, and can be estimated by
in practice may fall short of the targeted abundance extrapolation from tables 8 through 10 for a specified
due to logging, skidding and cable practices, and landscape analysis area that is not cruised.
firewood cutting (legal or otherwise) subsequent 3. Targets for standing snag density can reflect a
logging (Hillis 1993). Adjustments to targeted snag mix of the two scales. One possibility is to consider that
retention amounts, therefore, may be necessary to previously treated stands are likely to have lower than
ensure that realized snag maintenance regimes ap- uncut snag densities, and that stands targeted for
proximate desired regimes, treatment should have a higher than uncut snag

The answer to the question of what desired snag abundance to compensate. Another possibility is to
abundances ought to be depends crucially on overall consider that management objectives may not suffi-
management objectives. If biodiversity and long-term ciently prioritize biodiversity to mandate maintaining
forest health are highly valued, it seems clear that, at 100 percent of historically occurring abundance.
least on a landscape scale, characteristics of standing Any of these strategies should be seen as useful
snags (abundances, species, distribution ofsize classes) interim approaches, because crucial data on snag
should approximate those occurring historically. Re- recruitment and survival (such as length of time
sultspresentedhereshowthathistoricalcuttingprac- standing) are, with the exception of Lyon (1984),
tices have reduced snag densities on western Montana lacking for western Montana forests. Such data will
forests, most likely to levels below those that prevailed ultimately be useful in developing a more holistic
prior to fire suppression. Attention must be paid to approach toward snag management (particularly in
snag retention and recruitment in existing and future guiding snag recruitment strategies) that attempts to
silvicultural plans to ensure that snag density does retain biodiversity while simultaneously producing
not continue to decline. There are several ways the wood products for human use.
results presented here can be used to that end:

1. Targets for standing snag density can be devel-
~c~nowl~d~m~l’l~oped for individual timber cutting units (that is, any-

where timber is cut, snags should be left on the unit in This project was supported by the Forest Manage-
numbers sufficient to approximate the target amounts), ment Bureau, Montana Department of Natural Re-
In this case, snag retention and recruitment targets sources and Conservation. Thanks to S. W. Woudenberg
would probably best approximate those for uncut and staffat the U.S. Forest Service’s Rocky Mountain
stands in nonstocked or seedling/sapling stages, be- Research Station in Ogden, UT, for assistance in data
cause these snags would emulate "legacies" (Franklin retrieval and interpretation, and to J. M. Hillis, B. D.
and others 1997) remaining some time after a natural Long, S. D. McLeod, D. Sirucek, and W. L. Wood for
disturbance; advice and consultation. Improvements to this manu-

2. Targets for standing snag density can be devel- script were suggested by J. Adams, D. Adkins, G. R.
oped on a landscape scale, considering that fewer Baty, G. N. Gray, J. M. Hillis, W. Johnson, T. M. Kelly,
snagsmaybeleft followingagiventimberharvest, but L.J. Lyon, B. D. Long, S. D. McLeod, D. E. Pearson,
this may be acceptable if sufficient snags are present F.B. Samson, and S. W. Woudenberg.
on nearby stands to compensate. This is consistent
with the "clumpy" distribution of snags suggested by
these data. However, it should be kept in mind, if ~e~e~’erlce~

adopting such a strategy, that sufficient snags should Bull, E. L. 1983. Longevity of snags and their use by woodpeckers.
include not merely the total number, but the number In: Davis, J. W.; Goodwin, G. A.; Ockenfels, R. A., coords. Snag
in various size classes and species. While it is true that habitat management: proceedings of the symposium. Gen. Tech.

two snags per acre does not mean that every acre must Rep. RM-99. Fort Collins, CO: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Forest and Range Experiment

have two snags, the spatial scale of these underlying Station: 64-67.
data must be kept firmly in mind. (Although a sub- Bull, E. L.; Parks, C. G.; Torgerson, T. R. 1997. Trees and logs

stantial number of plots used here had 0 snags per
important to wildlife in the Interior Columbia River Basin.
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To further understand differences amongcovertypes, acre (more than 9.0 inches d.b.h.) on allplots. Ofthese, of overall stem abundance(fig. 4-5, 10-11) and uncut the sameway. Bearing this caveat in mind, it appears

habitat type groups, and potential vegetation groups, a mean of some 8.12 (SE = 0.39) snags per acre were ,_ plots are located disproportionally in areas with lower that nonstocked and seedling/sapling plots were less

I summarized each by mean elevation, slope, and small (9 to 14.9 inches d.b.h.), 1.69 (SE = 0.09) ~ stem abundance, snag abundance may likewise be
abundant in the present data than was historically the

aspect. These summaries are presented in appendix medium (15 to 20.9 inches d.b.h.), 0.44 (SE = 0.03)
~ ! biased downwards, case, while sawtimber stands were more abundant

D. Stands with a history of timber harvest were not, were large (21 to 26.9 inches d.b.h.), and 0.16 (SE Given these data, deducing the likely effects of than around 1900. Differences in proportions varied

however, a random sample of all stands, as character- 0.02) were very large (27 inches d.b.h, or larger). changes in the natural disturbance regimes on snag from almost none to over 40 percent (table 11).

ized by mean elevation and slope. Cut stands had these same plots, total stems per acre (live trees and abundance is complex and uncertain. We do, however, Considering the various, sometimes conflicting

significantly lower elevations (F = 273.9, df = 1, 1946, snags 9 inches or greater d.b.h.) averaged 74.57 (SE have access to estimates of the proportion of western sources of bias in using recent uncut stands as a

P < 0.001) and gentler slopes (F = 224.1, dr= 1, 1946, 1.12). Considering uncut plots only, total snags aver-
Montanaforestcovertypesinvariousstand-sizeclasses substitute for prefire-suppression averages, I esti-

P < 0.001) than did uncut stands after they were aged13.98 per acre (SE = 0.63), with ll.05 (0.57), around 1900 (Losensky 1993, 1997), which may mate that the average snag densities in tables 8

controlled for the effects of cover type. (0.14), 0.56 (0.04), and 0.17 (0.02) per acre in the 
useful as an approximation to more specific questions through 10 may be higher than historic levels by about

Over 72 percent of plots classified as uncut were in medium, large, and very large categories, respec- regarding disturbance history (compare with table 4). 10 percent.

the sawtimber size-class, with most of the remainder tively. On these same plots, total stems per acre Because snags are more abundant on sawtimber-size

(18 percent) being in the poletimber class; about averaged 86.85 (SE = 1.51). On average, snags had plots than in earlier successional stages (fig. 2, 3), it Management Implications
percent were classified as seedling/sapling and the density roughly 14 percent of all 9 inch or greater useful to know if mean snag abundances from stands

remaining as nonstocked (table 4). Lodgepole pine d.b.h, stems (about 16 percent on uncut plots). This classified as uncut are biased because the sawtimber- In asking how many snags a forestry operation

cover types formed the major exception to this general total tree/snag proportion remained relatively con- size class is"unnaturally" common. Table 11 compares should leave behind, there are at least two consider-

trend (table 5): only 45 percent of such stands were stant throughout the diameter distribution (fig. 1), the proportion of stands in the combined nonstocked ations that must be added to the tables presented. The

classified as sawtimber, while almost 47 percent were with all size classes having from 14 to 17 percent plus seedling/sapling, poletimber, and sawtimber first question to be asked is that of the desired land-

poletimber. Spruce/fir stands had a substantial com- snags. The largest proportion representation by snags stages from uncut plots with those estimated to char- scape, for example, how many snags are desirable to

ponent (15 percent) of seedling/sapling plots, was in the 9 to 14.9 inch (small) diameter class, where acterize western Montana forests around 1900 maintain through time? The second question is one of

snags made up just over 16 percent of the total stems. (Losensky 1993, 1997). I combined the two early stages implementation, for example, how does one assure
because sample sizes were small and because snag that the desired number are actually present at any

Overall Natural Patterns of Snag Spatial Distribution of Snags--The distribution abundances on these plots were similar in those two given time? Treating the second question first, snag
Abundance of snag densities among uncut plots was highly vari- classes (fig. 2, 3). I also adjusted the number of FIA abundances treated in these analyses are "standing

able; plots with an average snag density were rarely plots in poletimber and sawtimber categories to more snags." In actuality, snags have recruitment and mor-
Overall Means--Assessed across the entire range encountered. In fact, the modal category for snags per nearly reflect the classification procedures used dur- tality rates (snags are recruited when living trees die,

of cover types, habitat type groups, potential vegeta- acre was zero (table 6). Considering all 9 inch 
tion groups, and stand-size classes, there were an greater snags on uncut plots, over half the plots had ~

~ ing the 1930’s and adopted by Losensky (1993, 1997). and die themselves when they fall over) that vary

This comparison must be viewed as approximate, not depending on species and site characteristics (Bull
average of 10.41 (standard error [SE] = 0.43) snags per densities of over 5 snags per acre, while 38 percent had

~
only because both data sets contained uncertainty, but 1983; Lyon 1984; Morrison and Raphael 1993). In

because cover types were not necessarily defined in these published studies, most snags standing at the

Table 4--Sample sizes of plots by stand-size class.

Category Cut stands Uncut stands Table 1 l~Comparisons (where they could be made) between proportions of uncut plots in various stand-size classes and those

Nonstocked 24 14
estimated to characterize western Montana forests around 1900 (Losensky 1993, 1997). The "nonstocked" and
"seedling/sapling" classes were combined for both data sets. Losensky’s "larch/Douglas-fir" category was used to

Seedlings/saplings less than 5 inches d.b.h. 170 96

Poletimber 5 to 9 inches d.b.h. 119 213
compare with the FIA "larch" category, and Losensky’s "spruce/fir" category to compare with FIA’s "Englemann
spruce" category because the latter did not include subalpine ("noncommercial") forests, which are probabty more

Sawtimber greater than 9 inches d.b.h. 477 833 nearly comparable with the FIA"spruce/fir" type. For PP, DF, and WL types, FIA plots were classified as "poletimber"
(Sawtimber greater than 15 inches d.b.h.) (446) (826) if they were initially classed as "sawtimber" but lacked trees 14.9 inches d.b.h, or larger,a For ES, LP, and MC types,

Total 790 1,158 FIA plots were classified as "poletimber" if they were initially classed as "sawtimber" but lacked trees 12.9 inches
d.b.h, or ~arger.a

PP DF WL ES LP MC

Table 5--Proportion of uncut plots in the four stand-size classes by cover type. Uncut plots
Nonstocked/seedlings/saplings 0.12 0.07 0.00 0.06 0.08 0.06

Cover type" Poletimber 0.05 0.11 0.30 0.09 0.65 0.12

Category PP DF WL ES SF LP MC SA HW Total 0.82
Sawtimber 0.84 0.82 0.70 0.85 0.27

Nonstocked 0.05 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01
Total 1.01 1.00 1.00 1.00 1.00 1.00

Seedling/saplings
(less than 5 inches d.b.h.) 0.07 0.05 0.00 0.06 0.15 0.08 0.06 0.10 0.06 0.08 About 1900

Poletimber (5 to 9 inches d.b.h.) 0.02 0.08 0.22 0.06 0.14 0.47 0.03 0.17 0.44 0.19
Nonstocked/seedlings/saplings 0.18 0.28 0.37 0.06 0.57 0.25

Sawtimber Poletimber 0.11 0.33 0.13 0.07 0.31 0.22

(greater than 9 inches d.b.h.) 0.86 0.85 0.78 0.89 0.70 0.45 0.91 0.72 0.50 0.74 ~_ ~ Sawtimber 0.71 0.41 0.50 0.87 0.12 0.53

N 43 422 54 35 276 234 34 29 16 1,108
~ #

Total 1.00 1.02 1.00 1.02 1.00 1,00

app = ponderosa pine; DF = Douglas-fir; WL = western larch; ES = Englemann spruce; SF = subalpine fir; LP = Iodgepole pine; MC = mesic conifer; app = ponderosa pine; DF = Douglas-fir; WL = western larch; ES = Englemann spruce; LP = Iodgepole pine; MC = mesic conifer.
SA = subalpine; HW = hardwoods.
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frequent-fire regime," western larch dominating the Although uncut stands were influenced by fire sup- 12 0.20 ~ Table 7--Snag abundance on cut and uncut plots by d.b.h.
"warm, moist, mixed-fire regime," potential vegeta- pression, fire was not entirely excluded from these ,-~ class. Also shown are approximate z and probability
tion group, and the"cool, stand-replacing fire regime" plots. Fire was recorded as the "most important man- _z z lO ~ values (2-sample Mann-Whitney tests).
having a variety of species (fig. 14). caused or natural action...evident on the sample acre" ~ 8

~ D.b.h. class Uncut Cut z p
(USDA 1988 p. 37) on 13.3 percent of uncut plots ~ 6 0.15 ~6

inches
Discussion compared with less than 6 percent on cut plots (table 2).

o 9 to 14.9 11.05 3.83 -10.78 0.0000Wind damage was recorded on over 4 percent of addi-

The use of these data are largely dependent on the tional uncut plots compared with less than 1 percent
m 2 ’E:o 15 to 20.9 2.21 0.92 -6.66 0.0000

~- 21 to 26.9 0.56 0.28 -4.71 0.0000
£degree to which the uncut plots can be reasonably of cut plots. Insect and disease damage was recorded 0 0.10 ~. 27 or greater 0.17 0.15 -0.47 ns

interpreted as representing conditions prior to indus- for over twice as many (2?.? percent) uncut plots Small Medium Large Very large

tria]ized human intervention, or to which approximate with fire. Therefore, about 17 percent of uncut plots All 13.98 5.18 -11.68 0.0000

corrections can be developed if this is impossible, were documented as having attributes tending to Figure 1--Snags per acre (open bars)andthe
proportion of all standing stems made up by

Clearly, all plots, uncut or cut, have experienced some reduce snag abundance, while almost 28 percent had snags (solid squares connected by solid line)
human influence for at least the past 60 years. Thus, attributes tending to increase snag abundance. How- and by d.b.h, class (small = 9 to 14.9 inches, potential vegetation groups. All pairwise comparisons
some interpretation is called for before equating uncut ever, in assessing the how"natural" these uncut stands medium = 15 to 20.9 inches, large = 21 to 26.9 (cover type x d.b.h, class) displayed the same direc-
plots, documented in the late 1980’s and 1990’s, with were, the more important question is how these per- inches, very large = 27 inches or greater) tional trend of fewer snags on cut than uncut plots,
"historical conditions." centages would differ from those in stands sampled among all plots classified as "uncut." although the magnitude differed among cover types.

Quantifiable factors other than timber harvest that 100 years ago. Unfortunately, such comparative data For exalnple, ponderosa pine-dominated plots with no
may have been important in altering snag abundance are not available, history of timber cutting averaged 1.6 times more
were fire frequency, insect and disease damage, wind In general, it seems reasonable to assume that the snags than did previously cut ponderosa pine plots,
damage, and their associated attributes of stand-size number of small-diameter snags would increase with none. Again considering uncut plots, over 77 percent whereasuncutwesternlarch(Larixoccidentalis)plots
class. Although fires initially create snags, when of unnaturally reduced fire frequency because stocking had no snags of 21 inches or greater (while 17 percent averaged 3.9 times more snags than larch plots with a
high intensity they also move stands out of the saw- levels would increase, leading to many early deaths had more than 2 per acre). As quantified by plots of history of timber harvest (table 8).
timber class and into smaller size-classes (for ex- during the"stem-exclusion" stage (Oliver and Larsen approximately 1 acre, the geographic distribution of
ample, seedling or poletimber) where snag density is 1990), particularly given the likely association with snags was highly clumped. Plots with no snags were

Differences Among (Successional) Stand-Size

generally lower (fig. 2, 3). Snags created by fire may fire suppression of increased insects and disease. It generally more common among those classified as cut,
Classes--On uncut plots, snags were more abundant

persist for shorter times than snags created by other seems equally logical to hypothesize that the shun- while plots with many (10 or more)snags per acre were
on plots classified as sawtimber than on plots classi-

mortality agents (Morrison and Raphael 1993). Fires dance of large snags (over 21 inches d.b.h.) would fied as seedling/sapling or poletimber. Snag abun-

may also weaken existing snags to the point that they generally be much less influenced by unnaturally i-"
(

more common among those classified as uncut; how-

are more susceptible to windfall. Winds generally reduced fire frequency. Current density of these large- ~ ever,acre onthecut°Veralland uncutfrequenCyplots diddistributi°nSnot differ significantly.°f snags per danCeent from°n sawtimberthat on nonstockedPl°ts was nOtplots,SignificantlYwith aboutdiffer-86

reduce snagabundancebyblowingdowntrees. Iwould diameter snags may be similar to the prefire suppres- percent as many snags on nonstocked plots as on

expect insect and disease damage to increase snag sion era, especially in cover types, habitat type groups, Differences Between Uncut and Cut Plots-- sawtimber plots (fig. 2). Considering larger snags only

abundance, or potential vegetation groups in which stand-replace- Snags were significantly (P < 0.0001) more abundant (21 inches or greater), the largest number of snags

ment fires occur but at long intervals, or in which fires on uncut than on cut plots (table 7) in all diameter occurred on nonstocked plots, although the only sig-

occur frequently but with an intensity that is in- classes except the largest. The pattern of snags being nificant difference occurred between sawtimber and

capable of killing substantial numbers of large- reduced on cut plots relative to uncut plots was gen- poletimber plots (fig. 3). The dynamics ofsnagcreation
1f ~iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ....................................

diameter trees. If nothing else, most large-diameter eral across cover types, habitat type groups, and and attrition differed from the analogous dynamics of

0.8 ............................
snags must have lived a substantial portion (and in live stems (fig. 2, 3). Snags constituted the majority 

.~ some cases, the predominance) of their lives prior to total stems on uncut plots classified as nonstocked,
o effective fire suppression. If stocking densities have Table 6--Frequency distribution of snags per acre across all

gradually declining in their proportional representa-
~ 0.6 increased due to fire suppression, one would expect cover type habitat type groups and potential vegeta-

tion with time (fig. 2). The absolute number of snags
~

I- ’~’ ........... tree growth rates to decline. An additional possible tion groups, also declined from the nonstocked to seedling/sapling
0.4~ Ii.i_~iiiillI complication is that fewer trees would have grown stages, while the absolute number of live stems in-

~

~

large to begin with, reducing the potential for recruit- 9 inches 21 inches creased. Among the largest diameter-class snags, this
m o.2 ............ ment of large-size snags. Density or greater or greater decline continued into the poletimber stage (fig. 3); 

One additional factor that would tend to produce a was not until the sawtimber stage that new large-
0

Warm, dry Warm, moist Cool downward bias in snag abundance observed on uncut
0 442 895 diameter snags were again recruited.
0.001 to 1 6 11

D.b.h. class (inches) stands is that such stands were biased samples of all 1.001 to 2 31 73
[] Ponderosa pine IT~ Douglas-fir ~ Westernlarch possiblestandswithintheirrespectivecovertypesand 2.001 to3 40 87 Snag Abundance by Individual Cover

habitat types. Uncut stands were generally at higher 3.001 to 4 32 30 Types, Habitat Type Groups, and Potential
[] Other Species [] Whitebark pine elevations and on steeper slopes within corresponding 4.001 to 5 26 25 Vegetation Groups

Figure 14--Density of snags 21 inches or greater cover types than were cut stands. While not specifi- 5.001 to 6 25 13

in the three most common potential vegetation cally indicated by these data, I would deduce that 6.001 to 7 17 21 While interesting, background information summa-

groups, showing the species proportion of timber harvesting has historically occurred where ~ ~ 7.001 to 8 27 3 rizing snag characteristics across all types of forests

ponderosa pine, Douglas-fir, western larch, stands are both easily accessible and relatively pro- , 8.001 to 9 26 3 found in western Montana is not terribly useful, be-

whitebark pine, and all other species, ductive. Because snag abundance is partly a function
9.001 to10 16 4 cause these characteristics differ markedly depending
10 or greater 470 6 on site quality, elevation, time since disturbance, and
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Table 8--Mean snag abundance by cover type and d.b.h, class. 12 2.5 .....................
~..P._°.~!.°__s..a_.l~i~....._.[~__.~.~t)~l.l~s_~!![ .......

Small Medium Large Verylarge r--] Live trees j~ii~ 1 i~--~ . western larch i~] Other species
(9 to 14.9 (15 to 20.9 (21 to 26.9 (more than 10 .......................................................... 2

" [] Snags -~Cover type N Total inches) inches) inches) 27 inches) " .e
8

u
~ 1.5

.......................... Snags per acre ........................... ~
Cut plots ~ I ~"~. 6 ................................... ~ 1
Ponderosa pine 89 1.57 1.13 0.17 0.20 0.08

E =Douglas-fir 377 3.36 2.32 0.75 0.18 0.12
~ 4 t~ 0.5

Western larch 58 4.79 3.66 0.98 0.25 0.10 ~
Englemann spruce 28 4.58 2.80 1.12 0.54 0.12
Spruce/fir 92 11.75 9.35 1.83 0.44 0.13 2 0 15-2o.9 s 15-20.9 E 21-26.9 B 21-26.9 E 27+ B 27+ E
Lodgepole pine 85 6.80 6.08 0.50 0.12 0.11 i D.b.h. class (inches)/habitat type
Mesic conifer 42 12.51 8.21 2.61 0.98 0.71 0 i .....
Dry subalpine 3 1.59 1.59 0.00 0.00 0.00 A B C D E F G H I J Figure 12--Snag density in two habitat type
Hardwoods 17 4.72 2.12 1.18 0.90 0.52 groups with a similar number of standing live

Figure 11--Density of standing live trees (light trees per acre (B = moderately warm, dry;Uncut plots
shading) and standing snags (dark shading) E = cool, moist) by d.b.h, class, showing the

Ponderosa pine 43 2.51 1.51 0.61 0.24 0.15 d.b.h, classes 21 inches or greater, classified by species proportion of ponderosa pine,
Douglas-fir 422 8.96 6.78 1.62 0.46 0.10 habitat type groups. A=warm, dry; B = moderately Douglas-fir, western larch, and all other
Western larch 54 18.79 15.23 2.45 0.81 0.30 warm, dry; C = moderately cool, dry; D = warm, species.
Englemann spruce 35 21.32 17.13 3.18 0.72 0.29 moist; E = cool, moist; F = wet; G = moderately
Spruce/fir 276 21.09 16.06 3.79 0.92 0.32 cool, moist; H = cool, moderately dry;I = cool,
Lodgepole pine 234 12.18 11.13 0.85 0.17 0.03 moderately dry, J = cold.
Mesic conifer 34 21.68 12.57 7.20 1.38 0.53
Dry subalpine 30 31.44 27.62 2.78 0.98 0.06
Hardwoods 16 5.38 5.33 0.00 0.00 0.05 IlIHIII Douglas-fir

12
Generally, dry habitat type groups had low snag abun- . ~ Whitebark pine .
dances, and moist or wet habitat type groups had high ~

m [] I I Other species
7 Subtle differences may be obscured by the means ~.120

~ I Snag [---] Live tree displayed in table 9. For example, large (greater than e{ I Snag ~ Live tree o 6 ...................................................................-- ~
~. 100 ~- 21 inches) live tree and snag abundances on habitat ~~ 4

~ 80
~ 5 ............................................................. I .... type groups ’B’ and ’E’ were siinilar (fig. ll).However, ~
" i habitat type group’B’ was characterized by the pres- ~’- "~ 4 ....................................................... ence of ponderosa pine and Douglas-fir snags (fig. 12), 0~ 6o ,e

~ whereas ponderosa pine was virtually lacking in habi- 9-14.9 15-20.9 21-26.9 27+
~

tat type group ’E,’ and western larch was more com- D.b.h. class (inches)
~

40 ~ 2 " mon. The largest number of snags occurred in habitat¢n ca Figure 13--Snag density in the cold habitat
t= 20 ~

type group ’I,’ a cold and dry habitat type group, and
~ ~, 1 the highest proportion of large stems consisting of

type group by d.b.h. class, showing the
~ ~ predominance of whitebark pine snags.

o 0 r ~ ~ -- snags occurred in habitat type group ’J,’ a cold, dry
Nonstocked Seedling/ Poletimber Sawtimber Nonstocked Seedling/ Poletimber Sawtimber habitat type group (fig. 10). This seeming anomaly sapling sapling

most likely explained by the presence of numerous
Figure 2--Standing stems per acre (9 inches or Figure 3--Standing stems per acre (21 inches or dead whitebark pines (fig. 13), resulting from the
greater) in uncut plots by the four successional greater) in uncut plots, by the four successional current outbreak of white-pine blister rust (Keane and Generally, snag abundance increased with fire inten-

stages identified by the FIA program, showing stages identified by the FIA program, showing Arno 1993). Presumably, the historical pattern would sity and fire-free intervals. Plots in the very moist/

both snags (dark shading) and live trees (light both snags (dark shading) and live trees (light have resulted in fewer of these whitebark pine stems maritime potential vegetation group (usually domi-
shading). Bars with the same letter are not shading). Bars with the same letter are not becoming snags than was evident in these recent plots, nated by grand fir, western redcedar, or western
significantly different at P < 0.05 (Tukey’s significantly different at P< 0.05 (Tukey’s Honestly hemlock) had similar snag numbers as those in the
Honestly Significant Difference Post-Hoc Test). Significant Difference Post-Hoc Test). Snag Characteristics by Potential cool, stand-replacing burn potential vegetation group

Vegetation Group (18.36 versus 17.42), but 15 inch or greater and 21 inch
or greater snags were more abundant on the former

Mean snag abundances on uncut plots, classified by than the latter (4.67 versus 3.28 and 1.15 versus 0.82,

¯ potential vegetation group, varied from as few as 4.53 respectively). Species representation also differed

~ per acre on warm, dry, nonlethal burn regimes, to as among potential vegetation groups, with Douglas-fir

many as 22.13 on cold, whitebark pine sites (table 10). and ponderosa pine dominating the "warm, dry,
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2.5 Snags were less common in aspen, cottonwood, and other factors. The overall mean reflects the weight Considering all diameter classes, live trees were
.......... [~.F~j?~’£~,.p_!r[~....[~..l~£~!as-fir. . birch cover types than in most other cover types, and given to each of these factors by the underlying sam- most dense on mixed conifer types, and somewhat less

.o
2 ........... []Western I~[~ ._._[~Othe[~pe_£!e~. large snags were particularly uncommon (table 8). (~ ( pling regime, so on Englemann spruce (Picea englemannii) and

.... Table 8 summarizes mean snag abundance by cover subalpine types (fig. 4). Live tree density was least 
~ 1.5 --- Snag Characteristics by Habitat Type type. As already discussed, snags were more abundant ponderosa pine andhardwood cover types. The propor-

~ " Group on uncut (table 8) than cut (table 8) plots. Table tion of total stems consisting of snags was highest on
~ 1 ..... summarizes mean snag abundance by habitat type subalpine, spruce/fir, and western larch cover types,

~~ . -- Total stem density was substantially higher on the group. Table 10 summarizes mean snag abundance by and least on ponderosa pine and hardwood cover
~ o.5 ̄ warm/moist’D’ habitat type group than all others, and potential vegetation group, types. For example, although overall stem density was

. it was by far the lowest on the warm/dry’A’ and cold ’J’ Viewed simply, the abundance of sawtimber-size similar among Douglas-fir, western larch, and lodge-

0-~ habitat type groups (table 9; fig. 10). The proportion snags on any given cover type, habitat type group or pole pine cover types, snags were relatively more
15-20-9 21-26.9 27+ all stems consisting ofsnags generally increased from potential vegetation group, will be determined by abundant on western larch types (fig. 4; table 8)

D.b.h. class (inches) the warm/dry ’A’ habitat type group on through the (1) the abundance of sawtimber-size live trees from because proportionallymore of those stemswere snags.
cold ’J’ habitat type group (fig. 10). The cold/moder- which snags can be recruited, (2) the recruitment rate The pattern was modified somewhat when consider-

Figure 6--Snag density on uncut plots within ately dry habitat type group T had the highest snag of snags (mortality rate of trees), and (3) the rate ation was given only to the largest diameter classes of
FIA-designated western larch cover types by
d.b.h, class, showing the proportion made up density because both total stems and proportion snags which snags fall to the ground. Forest Inventory As- stems (21 inches and over, in this case). Large stems

byponderosapine, Douglas-fir, westernlarch, were high. As with the parallel analysis by cover types, sessment data were ill equipped to add insight into the were most dense in mesic conifer types, followed by

and all other species, this pattern changed somewhat when considering second and third factors, but they did allow inference Englemann spruce, ponderosa pine, and westernlarch
only the largest (21 inches and larger) stems (fig. 11). regarding the first, as well as the product of the types (fig. 5). Ponderosa pine types ranked much
Stem density was substantially greater on the wet ’F’ second and third (that is, the proportion of total stems higher when viewing only these large stems than
habitat type group. Surprisingly, the proportion of all that are snags at any given time). Figures 4 and when viewing all stems, and lodgepole pine and subal-

6- stems constituted by snags in the wet habitat type summarize these relationships by plotting the mean pine types had by far the lowest density of large-
[] Ponderosa pine [] Douglas-fir group was the lowest of any habitat type group, result- density of live trees per acre by cover type as well as the diameter stems. However, a high proportion of these
[] western ,arch [] omer s~ecies ing in a moderate total density of snags. Large snags mean density of snags, few large-diameter stems in the subalpine type were

o were most common on the warm/moist ’D’ habitat type
~ group because both total stem density and proportion
~ 4 snags were relatively high.
~ Mean snag abundances on uncut plots, classified by _. ~ Table 9--Mean snag abundance by habitat type groups and d.b.h, class.
~,- habitat type group, varied from as few as 2.92 per acre ~

~ 2 . Small Medium Large Very large
..... on warm, dry ’A’ habitat type groups to as many as (9 to 14.9 (15 to 20.9 (21 to 26.9 (more than

28.72 on cold, moderately dry ’I’ habitat type groups. Habitat type group N Total inches) inches) inches) 27 inches)
0

15-20-9 21-26.9 27+ .......................... Snags per acre ...........................
D.b.h. class (inches) Cut plots

130
[] Live trees ¯ Snags A = Warm, dry 63 1.70 1.28 0.20 0.16 0.06

Figure 9--Snag densityin mesic conifer 120 ....................................................................... B = Moderate, warm, dry 245 2.90 2.08 0.51 0.17 0.13
cover types (see text for definition) by d.b.h.
class, showing the proportion made up by 110 ............................................................................. C = Moderate, cool, dry 79 3.10 2.09 0.76 0.17 0.08

....................................... D = Warm, moist 99 9.80 6.69 2.01 0.64 0.46
ponderosa pine, Douglas-fir, western larch, .o 100 ........................ ..... E = Cool, moist 126 5.62 4.13 1.06 0.30 0.12
and all other species. ~o 90 ........................

F = Wet 15 15.33 10.60 3.36 0.89 0.49

~
80 ..................

~
G = Moderate, cool, moist 52 4.62 3.52 0.97 0.12 0.02

~ 70 ...... ~ ...... ..... .... H = Cool, moderate,.dry 50 9.24 8.66 0.37 0.13 0.08
t= I Cold, moderate, dry 8 8.23 7.94 0.00 0.29 0.00

snags, this cover type had the highest snag density of ~ 60 ................
~ 50 ........ ............... ; ............. J = Dry 1 0.00 0.00 0.00 0.00 0.00

any defined cover type. A mean of 9.11 snags per acre ..............................................
were 15 inches d.b.h, or greater, and of these, a mean 40 ~ ............. Uncut plots

of 1.91 per acre were over 21 inches d.b.h. (table 8). 30 .............. : ......~ ’ ................. A = Warm, dry 74 2.92 1.71 0.87 0.24 0.10
i :

i

Over half of these large-size snags were western larch 2o ................... i ..........i B = Moderate, warm, dry 181 6.66 3.95 1.42 0.39 0.09

(fig. 9). A B C D E F G H I J C = Moderate, cool, dry 122 9.45 7.56 1.42 0.39 0.08

D = Warm, moist 102 18.32 13.24 3.86 0.90 0.32
Snag abundance in whitebark pine and limber pine Figure 10--Density of standing live trees (light

cover types was the highest of any defined type; how- shading) and standing snags (dark shading) E = Cool, moist 284 17.47 14.10 2.43 0.70 0.24

F = Wet 27 14.58 10.80 2.33 0.94 0.51
ever, relatively few of these were in the larger diam- d.b.h, classes 9 inches or greater, classified by

G = Moderate, cool, moist 33 12.97 10.61 1.39 0.90 0.07
eter classes (table 8). As suggested below, current snag habitat type groups. A = warm, dry; B = moderately
abundance in this type may be higher than was his- warm, dry; C = moderately cool, dry; D = warm, H = Cool, moderate, dry 202 17.39 14.53 2.35 0.43 0.08

~ I = Cold, moderate, dry 41 28.72 23.38 4.56 0.61 0.17
torically the case, due to high mortality in whitebark moist; E = cool, moist; F = wet; G = moderately ~ i J = Dry 40 16.58 13.27 2.34 0.64 0.33

pine from blister rust (Cronartium ribicola) (Keane cool, moist; H = cool, moderately dry; I = cool,

and Arno 1993). moderately dry, J = cold.
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Table 10--Mean snag abundance by potential vegetation groups and d.b.h, class.
snags, whereas snags remained a relatively low pro-

0.8
Small Medium Large Very Large o portion of all stems in the ponderosa pine cover type. E~Ponderosa pine ~]Douglas-fir mWestern larch

Potential (9 to 14.9 (15 to 20.9 (21 to 26.9 (more than
vegetation group N Total inches) inches) inches) 27 inches) ~ Snag Characteristics by Cover Types ,= 0.6

.......................... Snags per acre ...........................
Cut plots Next, I summarized snag characteristics by cover

type and provided data on the predominant species of ~ o.4
Warm, dry, frequent fire 222 2.39 1.59 0.56 0.16 0.08 snags, particularly those that tend to be fire-resistant
Warm, moist, mixed fire 195 3.09 2.24 0.54 0.19 0.12 (western larch, ponderosa pine, Douglas-fir) (Fischer o~ 0.2Cool, stand-replacing fire 221 7.26 5.71 1.12 0.30 0.12 and Bradley 1987), and that frequently persisted onVery moist, maritime 66 11.41 7.44 2.60 0.73 0.63 historical landscapes. These cover-type descriptionsLodgepole types 83 6.25 4.90 0.85 0.37 O. 13
Whitebark pine types 4 21.44 19.48 1.33 0.64 0.00 are limited to uncut stands, o

Warm, dry Warm, moist CoolDensity of snags on ponderosa pine cover types was
Uncut plots relatively low (fig. 6), but density of all trees was also Potential vegetation group

Warm, dry, frequent fire 194 4.53 2.94 1.07 0.40 0.12 the lowest of any cover type. Most (23 of 43 plots FigureT--Snag(d.b.h.21 inchesorgreater)
Warm, moist, mixed fire 212 8.17 6.14 1.53 0.44 0.06 assigned to habitat type groups) uncut ponderosa pine densityon uncut plots within FIA-designated
Cool, stand-replacing fire 510 17.42 14.14 2.46 0.63 0.19 cover type plots were in group ’A’ (warm, dry), which Douglas-fir cover types by the three mostVery moist, maritime 78 18.36 13.68 3.52 0.81 0.34 are typically quite open, with relatively low tree den- common potential vegetation groups,
Lodgepoletypes 57 15.49 13.92 1.42 0.12 0.03 sity. Sample size was a]so sma]l in this cover type, so showing the proportion made up by
Whitebark pine types 106 22.13 17.28 3.86 0.75 0.25 inferences should be made with some caution, ponderosa pine, Douglas-fir, western larch,

Total snags were much more common on Douglas-fir whitebark pine, and all other species.
types than on ponderosa pine types, averaging 8.96
per acre (SE = 0.74) (table 8) but very large (27 inches

14o 12 or greater d.b.h.) snags were relatively uncommon
~ Live trees ¯ Snags ~ Live trees ~ Snags (0.10 per acre). However, Douglas-fir cover types occur elsewhere. Unsurprisingly, Douglas-fir was well rep-

120 10 ......................................................................... on a wide variety of habitat types and potential resented in all potential vegetation groups.

~o I00 .o vegetation groups, with a correspondingly wide varia- Snag abundance was considerably greater among

~ . ~ tion in snag characteristics. Figure 7 displays the stands classified as western larch than either ponde-

~ 80 .......
~- :i " " ~ ~ m variation in snag abundance (21 inches or greater) and

rosa pine or Douglas-fir (table 8; fig. 8). Total snags per

¯ ....................... 6 - ......................... " .................. - .................... representation of four characteristic species within acre averaged 18.79 (SE = 3.09), of which 3.56 per acre
~ 60 ......... "
E - "- ................................- .... E the Douglas-fir cover type. Ponderosa pine was well were 15 inches or larger. Most of the large snags were

~ : : ~ represented in the "warm, dry, frequent-fire regime" larch, with a smaller number of Douglas-fir. Most of~ ~’~ :_ ....... .-.-" . ._ ~ 4- --- the small snags were other species, notably lodgepoleo~ 40 ....
: potential vegetation group, but essentially absent

20 ....... : :.-. i-- ........ 2- i:--- elsewhere. Western larch was well represented in the pine.
...... " Snags were abundant in Englemann spruce cover

...... .......
"warm, moist, mixed-fire regime" group, but less so

types, averaging 21.32 per acre, with 4.19 per acre of
PP DF WL ES SF LP MC SA HD PP DF WL ES SF LP MC SA HD these 15 inches or greater d.b.h. (table 8). Relatively

few of these snags were fire-resistant species (western
Figure 4--Density of standing live trees Figure 5--Density of standing live trees 1.2 larch, ponderosa pine, Douglas-fir). Most of the small
(light shading) and standing snags (dark (light shading) and standing snags (dark ~]]] Douglas-fir snags were]odgepo]epine, and mostofthe large snagsshading) in d.b.h, classes 9 inches or shading) in d.b.h, classes 21 inches or 1 were Eng]emann spruce.greater, within uncut plots on classified FIA- greater, within uncut plots on classified FIA- .e Snags in spruce/fir cover types were only slightlydesignated cover types. Cover type designated cover types. Cover type u 0.8~ less abundant than in Englemann spruce cover types,abbreviations are: PP = ponderosa pine; abbreviations are: PP = ponderosa pine;

~ with a mean of 21.09 snags per acre, of which 5.03 perDF = Douglas-fir; WL = western larch; ES = DF = Douglas-fir; WL = western larch; ES = ~. 0.6
Englemann spruce; SF = spruce/fir; LP = Englemann spruce; SF = spruce/fir; LP = ~ acre were 15 inches d.b.h, or greater (table 8).
Iodgepole pine" MC = mesic conifer (grand Iodgepole pine; MC = mesic conifer (grand ~ 0.4 Snags were moderately common (10.73 per acre) 
fir, western redcedar, western hemlock, fir, western redcedar, western hemlock, ~ ]odgepole pine cover types, but large (0.15 per acre)
western white pine)’ SA = subalpine western white pine); SA = subalpine 0.2 and very large (0.05 per acre) snags were rare. This
(whitebark pine, limber pine, alpine larch [L. (whitebark pine, limber pine, alpine larch); 0 result was unsurprising, considering the generally
lyalli~]); HD = hardwood (cottonwood, aspen, HD = hardwood (cottonwood, aspen, paper 9-14.9 15-20.9 21-26.9 27+ small diameter that typifies the species. Most of the
paper birch), birch). D.b.h. class (inches) largest diameter snags in this cover type were Dou-

glas-fir and western ]arch.
Figure 6--Snag (d.b.h. 9 inches or greater) Mesic cover types (grand fir, western redcedar, west-

~_ density on uncut plots within FIA-designated ern hemlock, and western white pine) displayed simi-
~ ponderosa pine cover types by d.b.h, class, lar overall snag abundance to that of western larch,

showing the proportion made up by ponderosa
pine, Douglas-fir, and all other species. Englemann spruce, and spruce/fir cover types (21.68

per acre). However, considering the larger diameter
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