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Snag characteristics and use as woodpecker
drilling sites in harvested and non-harvested
northern hardwood forests

Frédérik Doyon, Jean-Pierre L. Savard, Daniel Gagnon
and Jean-Frangois Giroux

Abstract

Silvicultural practices can modify the availability and quality of essential habitat elements such as snags. In this study,
we compared characteristics of snags and their use by woodpeckers (Picidae) as dnlling forage in an extensive forest
{ ~ 3600 ha} submined to single-iree selection cutting and to strp cutting, while the last third was Jeft non-harvested.
A third of the 1312 snags (DBH = 5 cmy) sampled were used for foraging. Densities of snags (total and used) were
50% higher in the untreated area. Excavated snags had a larger DBH, and were shorter and more decayed than intact
snags. Although snag characteristics (diameter, height and decay stage) did not differ among the three treatments,
snags in the selection cut were used more ofien than expected while those in the strip cut were used less than expected.
Tree species differed in their proportion of snags used for foraging. Since snag proportion (snagslive trees) also
differed among mee species, attention should be given to shifts in compesition in planning silvicultura! practices if
providing snags as good feeding sites for woodpeckers is a considered goal.

Résumé

Les pratiques sylvicoles peuvent modifier la disponibilité et la qualité d'&léments de Uhabitat forestier tels les arbres
marts, Drans cette étude, nous comparons les caracténshques des arbres morts et leur wtilisation par les pics (Picidae)
comme site d'alimentation dans une grande fordt { ~ 3600 ha) soumise & unc coupe sélective et i une coupe par bandes
et ol I'on a préserve un tiers de la forét intacte. Un tiers des 1312 arbres morts (DHP = 5 cm) échantillonnés Staient
utilisés pour I'alimentation. Les densités 4’arbres mons (iotale ¢t arbres utilisés seulement) étaient plus élevies dans le
secteur intact. Les arbres maorts utilisés avaient un DHP plus grand, étaient plus courts et plus décomposés que les arbres
morts non-utilisés. Quoique les caracténstiques des arbres morts (diaméatre, hauteyr, stade de décomposition) ne
differaient pas entre les teods traterments, Jes arbres morts dans la coupe sélective étaient uhilisés plus fréquemment
qu’espéré, alots que ceux de la coupe par bande dtment utlisés moins fréquemment qu'espéré. Toutes les esploes
d’arbres monts n'étaient pas uhlisées dans la méme properton par les pics. Puisque la proportion d'arbres morts {arbre
mort/arbre vivant} différait auss: selon les espdoes, on devrait se préoccuper des changements dans la composition
spéeifique des arbres en relation avec les pratiques sylvicoles, sion a pour but d”assurer des sites d"alimentation pour
les pics.
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Intreduction

Snags have been recognized as a critical component of
forest ecosystems (Hunter 1999). They are used for
nesting, roosting, foraging, singing and hibernating by
a variety of wildlife, especially woodpeckers {Conner
gt al. 1975 Scott 1978; Evans and Conner 1979;
Miller and Mitler 19803 Many studies have shown a
negative impact of forest harvesting on snags,
Managing forests for timber hatvest can limit
populations of cavity-nesting birds by changing either
the distmbution, abundance or characteristics of snags
{Mamman et al. 1980; Dickson et al. 1983; Raphael
and White 1984, Zamowitz and Manuwal 1985;
Schreiber and deCalesta 1992). However, few studies
have addressed the impact of forest harvesting
practices on the use of snags as feeding sites. In fact,
several birds prefer snags as feeding sites (Evans and
Conner 1979, Conner 1930), particularly those using
drilling foraging techniques (Raphael and White
1984),

In hardwood forests of northeastern North
America, single-tree selection cutting and strip cutting
are both used to repenerate stands {Leak et al.  1987;
Hornbeck and Leak 1992), During harvesting
operations, many of the standing snags are felled for
safety reasons or are knocked over by felling live trees.
Consequently, in single-tree selection cutting, the
dizspersed harvesting of trees can destroy more snags
than can local intcnsive stnp cutting.  Moreover, the
tetention of high quality trees associated with selection
cutting climinates defective stems and vnhealthy trees
which would eventually become snags {Siribling et al.
19907, Simip cutting, like all even-aped silviculral
systems, results in reduced snag size and density
because the harvest rotation is shorter than the lifespan
of most tree species (Conner and Crawford 1974). It
also alters snag spatial distnbution.  Finally, the
species composition of the snag commumity can also
be altered by these forest practices. Selection cutting
promotes regeneration of shade tolerant hardwoods,
while shade mtolerant hardwoods are more likely to
become established in a strip cut.

We conducted this study in order to investigate the
effact of two harvesting practices, single-tree selection
cutting and strip cutting, when applied to an extensive
forest landscape, on: (1} snag density, (2) snag
characteristics, (3} proportion of snags per tree
species, and {4) snag use by woodpeckers as dnlling
foraging sites.

Study Area

Field work was conducted in southwestern Quebec, 65
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km north of Otawa (4545'N, 7ol5'W)}, in the
Ciatinzau Experimental Forest, a 36 km' forest, during
summer 1993 and 1994, The landscape is
characteristic of the Precambrian shield and elevations
range from 675 o 1125 m. In this extensively {23%)
forested repion, the forest is composed of sugar maple
{Acer seccharum), beech (Fagus grandifolia), yellow
birch (Berwla afleghaniensis), basswond (Tilig
americana) and white ash {Fraximus americang) with
hemlock { Tsuga canadensisy on acid rock glacial nills,
Mixedwood (Ahies balsumea and Picea glauca) stands
are found on fluvio-glacial deposits in the lowlands,
and red cak ({uercus rubra) stands on the thin upland
deposits.  Early-succession stands are usually
composed of red maple (Acer rubrim) associated with
trembling (Popuflus tremulpides) and largetooth aspens
{(Populus grandidentaia), and white birch (Betula
papyrifera).  Pileated Woodpeckers {Dwyacopus
pileatus) and Hairy Woodpeckers {Ficoides willosus)
are the main snag drillers in these forests, although
Downy Woodpecker { F pubescens) and Yellerar- bellied
Sapsucker (Sphyrapicus varius) occasionally excavate
some snags for foraging.

At the bepinning of the 2 Cenwmry, easily
accessible, high quality timber trees might have been
harvested by surmounding villagers who had the right
at that tme to harvest trees on crown lands for their
personal use. Althouph the extent of this explodtation
15 not known, it was probably limited. During the
same period, many fires occurred and approximately a
third of the forest bumed, mainly in the present day
strip cut and untreated forest areas. After these fires,
nc major natural or artificial distorbance events
occurred. In the early 1970s, the forest became the
Gatineau Provincial Experimental Forest.  This
experimental forest has two parts: the Doyley Lake
Forest {1100 ha) is about 8 km north of the [sabelle
Lake Forest (2500 ha). Between 1982 and 1985, the
Dovley Lake Forsst was strip cut and about half of
lsabelle Lake Forest was selection cut (single-iree). In
the strip cut forest all stems with diameter at breast
height (DBH, 1.3 m} [} cm were to be removed in one
of three stnps cvery 30 yocars. At the ime of our study,
only one sthip had been cut.  Single-tree selection
cutting varied in imtensity between 15 and 30% of the
basal area, removing trees from all merchantable
(DBH 10 ¢} diameter classes. Trees o be harvested
were culled according to their ability to stay vigorous
until the next entry {15-20 years later) and the quality
of the stem, regardless of species. Mo specific
guidelines for snag retention were given dunng either
harvest operatinns. Although only a few snags werc
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Table 1. Properticn of sampling plots in the Gatineau Experimental Forest by habitat type, and availability of habitat

types, prior to treatment.

Strip cutting Selection cwtting Unireated Total
Plots % Plots % Plots % Plots %
Habitat types (availability %) (availability %) (availability %) {(availability %)

Shade-tolerant 54 74 &4 64
hardwood (32} {66} (38) {47)
Shade-intolerant 30 13 17 20
hardwond (45} {12} {22) {25)
Mixedwood-conifer 16 13 19 1]
(23) (22) {(40) (28)

deliberately cot for safety reasons, logging operations
caused many to fall down (D). Joanisse, Cuébec
Ministry of Natural Rescurces, pers. comm.}.

Methods

Sampling

The forest was first stratified into shade tolerant
hardwood, intolerant hardwood and mixedwood-
comifer  habitats, uosing  forest cower maps
(Gouvernement du (juéhec 1986, Majcen et al. 15346},
Sarmpling plots were then candomly located across the
treatmnent forests while trying to keep the habitat cypes
balanced. However, proportion of habitat types
differed between the three forests, mainly because the
garly century fires had increased the proportion of
intolerant hardweod habitat in the simp cut and the
untreated forests (Table 1). Because of that, and
because the plots had 1o ke 250 m apart and 100 m
from any water body or wetland, the distribution of the
plots is not totally balanced across the habitat types in
the three meatments (Table 1), although not 1wo far
from it. We believe this sampling design ensures that
differences will be attributed to the treatmenis instead
of pre-treatment forest conditions.

We sampled 270 plots (91 in strip cut, 25 in
selection cut, and 24 in untreated forest). Each plot
consisted of five 80-m? circular micro-plots, located
at the four comers and at the centre of 2 60 m X 60 m
square. Because of the random nature of the sampling
design, sonve micro-plots in the two harvested forests
WerTe ITL Cut ATeas, SOme Were it uncit artas, and some
straddled the two. In these micro-plots, we recorded
the species and DBH of all living (= 10 cm DBH) and
dead trees (= 5 cm DBH}, with a caliper. Snag species
were identified by their remaiming bark and branching
architecture. Using a clinometer, snag height was
recorded by 3 m claszes, except for the first 3 m which
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was split into two classes (0-1.5, 1.5-3 m) We
categorized snags in 5 decay classes according to the
characteristics listed in Table 2.

Table 2. Snag charactenstics used to assign decay
classes.

Decay
clase Snag charscterfatics

I tree hay recently died;
bud, twigs, fine branches still apparent

2 bud, twigs, fine branches gone,
bark deteriorating, loosening, beginning
to slough off;
sapwood still hard

3 only the limbs remain;
ree top is broken;
bark is extensively sloughed off:
sapwood starling to soften and decay

4 only stubs of limbs remain;
batk practically absent;
most of sapwood is decayed;
heartwood starting to soften;
height significantly reduced

5 wood is completely rotten;
vegetation has started to colonize snag;
organic matter accumulated at base of
snag

Evidence of foraging was neted accotding to three
levels of feeding use: none {level of feeding = (), few
signs ({3 signs, level of feeding = 1}, abundant signs
(=3 signs, {evel of feeding = 2), using binoculars when
needed. Signs of foraping by sapsuckers were not
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included. Ewvidence of foraging was related to height
areas {(-3 m, 3-% m, 9-15 m, =15 m, top-3 m). The
area use index {AUT) was then computed for each snag
using the following equation [1]:

[1] ALAl =X (area height section x level of feeding use
of that section).

The area of sach section was obtained using the
conic area formula, based on tree diameter and height.
For snags with broken tops, previgus height was
estimated using 2 diameter-height regression from
dendrometrical studies made in these forests (Majcen
et al. 1984, 1985; Majcen and Richard 1989; Majcen
et al. 1991} Total Area Use Index (TAUT) was
obtzined by adding all AUls of sach snag in the plot.

Data Analyals
Snag characteristics per individual (DBH, height,
decay stage and AUIY and per plot {density, basal area,
TAUI) were comipared among the three treatments and
between used and unused snaps using ANOVA (DBH,
density, basal area, height classes, decay classes).
Treatment effect on AUL and TAUT was tested with
Eruskal-Wallis test. Comparisons among species
were performed for diameter using ANOVA, and for
height and decay using Kruskal-Wallis tests. When a
significant effect was found, a posteriori tests were
conducted to detect significant differences among
levels {Bonferonni for ANCVA and SWNK for Kruskal-
Wallis). Snags used versus availahility was compared
with ¥* using a confidence interval method (Meu et al.
1974 for each charmacteristic class (DBH, height,
decay), in order to identify preference (Byers and
Steinhorst 1984). Diameter classes used were 5-9.9
cm, [0-14.9 cm, 15-24. 9 cm, 25-49.% cm and =50 cm.
We used the Spearman correlation coefficient to
examing relationships among DBH, height and decay.
Snag proportion (snag versus living tree) and
snag use {used versus unused snags) were compared
among the three forest treatments using contingency
analysis. In order to control for the tree species
composition, smag proportion and snag use wete
modeied with 2 log-lincar model (Agrest 1990, using
tree species znd forest trearments as independent
vanables. Infrequent tree specics were removed until
the contingency table had less than 20% of its cells
with expected frequency < 5. Consequently, the tree
species variable has 14 species categories for the snag
propottion medel and 12 for the snag use model. The
mode] was fitred with the fewest number of parameters
through backward hierarchical selection (SP5S Ine.
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1988). Parameter estimates of the model were tested
at the 03 level using their Z-value.

Results

Snag density

We measored 6708 live rees and 1312 snags
representing 25 tree species. Snag density and basal
area were higher in the untreated forest than in treated
forests, for all and used snags only {Table 3). Although
tree depsity was 10%% lower in the stip cut and 21%
lower in the selection cut forest areas, when compared
to the untreated forest area, snag densibes were as
much as 24% and 38% lower in the strip cut and the
selection cut respectively (Table 3%, The selection cut
forest had a sipnificantly lower snag dengity than the
uritreated ome For the first two diameter size clagses {5-
.9 cm and 10-14.9 cm) while the inverse was trae for
the largest diameter class { 25 cmy); the strip cut forest
had significantly a lower density than the untreated.
Density did not differ between the three forests for the
15-249 cm class. Of the only B snmags = 50 c¢cm
sampled, 5 were in the untraated, 2 in the selection cut
, and 1 in the siip ent forest. TAUL differed among
forest treamments (Table 3). However, even though the
lowest snag density occurred in the selection cutting
area, TAUT did not differ between the selechion and the
unireated forest,

Snag Charactaristics

Characteristics of used and unused snags did not differ
amemg the three forcst treatments (Table 4).  Used
snags had larper diameter, smaller height, and were
more decayed than unused snags. We observed a
greater percentage of use as the diameter increased
{Figure 1A). Snags with DBH < 10 cm were under-
used while those between 15 and 50 cm were over
used {p {x*) < 0.03, Bonferonni corrected). Indeed,
nearly 70¥% of snaps > 25 cm DBH were used for
foraging. 3nags taller than & m, were under-used {(~25
%) whereas shorter ones were over-used (~50%)
{Figure 1B). Snag diameter and height were not highly
correlated {r==0.11, p=0.001). Finally, use increased
with the degree of snag decay {Figure 1C). Use of
snags increased when they reached the third decay
class. Decay was negatively cormetated with height (13
=058, p < 0.001) but very weakly with diameter (rs
=012, p < 0.0013,

Snag Proportion

The propartion of snags over live trees differed among
the  three forest  trealments  (Strip=1%%,
Selection=18%, Untreated=22%; 2=134, d4f=2,
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Table 3. Tree density, snag density by DBH class, snag basal area, and Total Area Use [ndex (TAUI.

Tresiment Strip cut Selection out Untreated

Sample size n=91 n="% n=54 [}

Tree density (no./ha) O25 254" HE+2IB 698:21C 0,000

Snag density {ne./ha)

DEH class 3-89 cm 52+4 AR 40+5.34 6.7+6.1B (0.002

1149 cm 32:36AR 24+2.04 404438 0006
15-24. 9 ¢m 29:315 22:3.0 334 8 0.087
=25 em 6 l.4A 9+1.9AR 15248 0.004

All L1B+8.2A 94:8.8A 1565+10.5B  0.001

Used Iod A 36+3.BA 56:4.58 0001

Snag besal arca (m¥ha} Al 2.0:0.34 2.1:0.3A 13038 0001
Used 1.00.24 114024 L.8:0.2B 0014

TAUP {m%/m?) All 0.22:004A 0.28+0.04B 03940058 0022

* Mean + | standard geror. Means followed by differsnt lettérs within each row are significantly different {p <0.05).

* Tota! Area Use [ndex {level of use * m*/m®},

p=0.001). It was lower than expected in the selection
cut area and higher than expected in the ontreated area
{p (x*) = 0.05, Bonferonni corrected). However, when
the effect of ree composition was controlled, snap
proportion differed among the three forest trearments
for only four species {red maple, ironwood, trembling
aspen and balsam fir) with a significant interaction
term [Tabic 5). When looking at the species effect
omly, snags of balsam fir, red maple, white birch, large-

toothed aspen and trembling aspen were over-
repzsented, when compared to theit proportion as live
trees, while species like beech, white spruce, basswood
and eastern hemlock were under-representsd (Table 51,

Snag Usa
Approximately 379 of sampled snaps had been used,

at least slightly, as drilling forage by woodpeckers.
Intensity of use per individual snag as expressed by the

Table 4. Snag charactenistics in a strip culting, selection cutting, and untreatesd hardwood forest, southwestern Québec.

Harvesting praetice Effecis
Snag Stnp cutting  Selection cutting  Untreated HPM o HP x U}
No. of snags Unused 289 221 136
Uzed 142 136 188
DHH (em) Unuged 11 240 3A° 12.1+0.54 L L5+0.4A NS 0.001 NS
Used 163078 16.9+0.9B 16.9+0 8B
Height class Unused 504024 544024 S.1+0.24 ' - X 1] NS
Used 3.4+0.2B 3.6:0.2B 4.0:028
Decay class Unosed  2.3+0.1B 2344014 25414 NS 000 0.013
Used jalB 13+01B 1400B
ALT Used 23403 1143 2.8+0.3 NS

* Harvesting practice; ® Use; ° Mean + | standard error; means followed by different letters within each row and column
for each parameter are significantly different (p <0.05); ¢ Area Use Index (level of usz * m?).
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Figure 1. Percentage of snag use by (A) diameter
class, (B} height class, and (C) decay class (1 (least) to
5 (maost) decayed). A star over the bar indicates over-
or under-use (%, p<0.05, Bonferonmi corrected),
compared to the total percentage of use (dashed line).
The number within sach bar indicates the frequency of
that class,
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AU did not differ amemg the three forest treatments
{p=0.140, Table 3). Propertion of snaps used did not
differ among the three forest treatments {Strip = 33%,
Selection = 38%, Untreated = 36%, =23, df =2, p
= 0.32). However, after controlling for the
composition cffcet, snaps were used less often in the
strip cut area, and significantly more in the selection
cut arca, as expressad by the multiplicative coefficient
{Table 5). Four species, beech, large-toothed aspen,
trembling aspen and basswond, had foraging evidences
more often than randomly expected while four species
fbalsam fir, red maple, sugar maple and ironwood)
were less used (Table 5).

Snag characteristics differed among species.
With the exception of the basswood, selected species
usually had targer diameter and were mor decayed
(Table 6. Height was not as good in diseriminating
selected species and only differed between yellow
birch and sugar maple, ironwood and balsam fir.

Discussion

Forest cutbng practices have considerably reduced
snag abundance. I[n fact, snag density was
proportionally more reduced than tree density in the
two harvested forests, suggesting an accentuated
detrimental effect of harvest on snags. However, thig
density reduction, although important {33%5), might
noet have strongly affected the woodpecker community
since snag densities (DBH = 10 cm} in the untreated
forests were actually hipher than what has been
observed in many other untreated hardwood forests in
North America (McComb and Noble 1980; Carey
1983; McComb and Muller 1983; Chadwick et al.
1936; Sedgwick and Knopf 1986, Rosenberg et al,
1988}, Indeed even considering the lowest density
observed among the three forests, snag availability was
sufficient for maximum population density of small
{Downy Woodpecker) and medium-sized woodpeckers
(Hairy Woodpecker and Yellow-bellied Sapsocker)
according to Evans and Conner (1979). However,
nesting and foraging snag rescurces in treated forests
might not be safficient to support a healthy Pileated
Woodpecker population which requires snags with
DBH = 50 ¢m, but our sampling methed was not well
desigtied to determine an accurate ¢stimation of snag
density of that size (Bull eral. 199}

Globally, snag proportion {10.0%, DEH = 10 cm,
all three forests together) was within the range (4.5 -
10.2%) observed in other hardwood forests (MeComb
and Muller 1983; Chadwick ot al. 1986; Conner ef al.
1934). Like McComb and Muller {1983}, we found
that beech and red oak were poorly represented as

Fiology and Conservation of Forest Birds
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Table 5. Effects of tree species and harvesting practices on snag proportion and snag use proportion as expressed by

the pararmeter coefhicients of log-linear models.

Snag proportion* Snag use*

Parameter (abbreviation) Multiplicative Multiplicative

Cosfficient®  Z-value Coefficient ¢ Z-value
Constant (K) 01655 -28.78 0.66]8 -4.06
SPECIES EFFECT (SP)
American beech (Fag) o.6610 -3m 28344 421
Balsam fir (Ahb) 2310l 156 4299 -4 25
Basswood (Tia) 05285 -2.5 33489 2
Eastern hemlock (Tsc) 02667 -2.719 .3935 -1.76
Tronwood (Osv) 0.7176 -1.46 01631 317
Large-tocthed aspen (Pog) 20431 553 22099 432
Paper birch {Bep) L7245 358 1.384% .45
Fad vak (Qur) 0.7917 -1.07 0.9280 -0.19
Red maple (Acr) L3062 2T 0.496] -3.85
Sugar maple (Acs) 1.0973 113 05414 =305
Trembiing aspen {Pot) L7417 2.7 25877 287
White ash (Fra) 1.4623 1.21
White spruce (Pig) 04827 -2.67
Yellow binch {Bea) 1.3222 1.%7 1.5556 1.79
HARVESTING PRACTICE EFFECT (HF)
Strip cutting (5C) 0.8501 -1.67 0,77 -2.76
Selection cutting (SeC) 10116 0.13 L2913 2.64
Unireated (UT) 11629 1.89 10058 0.07
INTERACTION EFFECT
Abb x SC 087 -2.28
Acex 8C 16144 151
Aerx UT Q7007 -2.67
Oy x SeC 21845 185
Pot x SeC 22470 2.63

* Snag proportion log-linsar model: Snag/living tree = K + 8p + HP + Sp*HP, G = 0.000, df =0, p = 1.000.
* Snag use selected log-linear model: Used/unused = K + Sp+ HP, G =13.47, df =21, p= 0.8%1.

* Eytimates significantly different from L at p <035 are underlined.

4 Only parameter coefficients significantly different from | are shown.
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Table 6. Mean diameter (cm), height class and decay class of snags in southern Québec.

DHE Helght class Decay class
Species n Mean SE Mean SE Mean SE
American beech + 75 18.6 A 0.9 ITAE 03 30 AB i1
Balsam fir - 166 13.8 BCD 0.6 488 02 29 AD (HY
Basswood + 21 135 ABCD 18 41AB 08 11 ABCDE 02
Eastern hemlock L8 184 AB 1.9 46AB 07 2.1 BCDE 0.3
Iranwood - 27 8.5CD 1.6 55B .3 2.2DE 0.2
Large-toothed aspen + i3l 182 A 0.7 42AB 03 33A 0.2
Paper birch B3 13.8 BCD 09 53AB 03 2.9 ABCDE 0.1
Red maple - 210 1.GD 0.6 47AB (2 2.5 BCDE 0.1
Red oak 25 14.2 ABCD 1.6 54AB Q6 2.9 ABCDE 02
Sugar maple - 374 114D 0.4 48 B 02 25CE 0.1
Trembling aspen + 36 185 AB L4 JISAR G5 31 AC 02
White spruce 15 12.6 ABCD 2.1 46 4B 0.7 18E 03
Yellow birch 67 15.5 ABC L0 3TA 04 354 0.l

* + {more) or - {less) used than expected for foraging (Table 5).
* Numbers in 8 column sharing the same letter are not sighificantly different (p <0.035),

snags, when compared to live stems. Om the other
hand, unlike these authors, we found red maple snags
were over-represented. Over- and under-representation
result from species longevity, fate of dying stems
(Tyrell and Crow 1994}, snag durability (Mottison and
Raphael 1993) and forest practices. For example,
despite pood snag durability resulting from high wood
density, American beechs great longevity impedes
snag formation. Inversely, many of the 10-15 cm
balsam fir trees were attacked by Scofirus spp. (F
Doyon, pers. obs), reducing their longevity and
thetefors promating snag formatien of small DBH
(Table 6). However, we are aware that over
representation of species producing small DEH snags
like balsam fir, paper birch and red maple could have
also resulted from the fact that we have not sampled
the live trees in the 3-2.9 cm class. Trembling aspen
snag represcntation was affected by selection cutting
practices as expressed by a strong positive intetaction
between trembling aspen and selection cutting (Table
5). Indeed, this species, based on the marking rules,
was preferentially culled so as not to waste high
quality sterns between the last and the next emtry.
Residual unhealthy and poor quality live aspens were
likely to become snags, whereas vigorous live trees
had been considerably reduced by the harvest, leading
to spag over-representation.  Fimally, long-hved and
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easily uprooting species, like eastern hémlock (Tyrell
and Crow 1994) and white spruce, are more hikely to
be ender-represented in snags, as we observed,
Twelve years after treatment, forest harvesting
practices did not alter snag population charactensncs
{dianeter, height and decay). Only a few other studies
have considered thiz aspect in respomse to forest
practices. In their comparison between thinned and
unthinned stands, Welsh et al. {1992} did not find a
difference in snag diameter. Hewever, in that case,
thinning was executed with den and cavity tree
retention guidelines, Hagan and Grove {1994) alse did
not see any difference in maximum snag DBH
between a virgin hardwood forest and forests baving
becn sclection cut with different numbers of entries.
In the strip cut forest, most of the snags were in the
remaining intact green strps. Very few were observed
it the strip cuts. Comsequently, it 1s not surptising that
the actual snag population sull reflects the past
distribution of the snag characteristics. In the selection
cut, we expected that remaining snags, left after the
selection cut, would be less decayed as a result of the
application  of (ree felling security mnomms
(Gouvernement du Québec 1981; Picher 1992} and the
sanitation removal of some decayed snags, a practice
genetally  included in the operations of this
sibvicultural system (Creha et al. 1987} Apparently,
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snag felling indifferently oceurred in all characteriste
classes.

Larger snags were wsed to a greater degree. In our
stuly, snags with a diameter over 20 ¢m were cleatly
selected, as Teported in several other studies (Bull and
Meslow 1977; Brawn et al.  1982; Raphael and White
1984; Rosenberg et al. 1988; Swallow et 2l. 1988).
According to our results, this could not be annbuted 1o
a positive correlation between diamster and decay
stage. One hypothesis is that larger snags offer more
foraging area, more prey per iree and thus more food
per unit area (Mannan et al. 1980, Raphael and White
1984) but our data did pot allow us to test this
hypothesis. 1t may be worthwhile o examine how the
20-cm threshold relates 1o prey density and optimal
foraging bio-energetics.

Others attnibute this relationship 10 a bias: Jarge
snags stand for a longer peried of time than small ones,
and evidence of foraging is more likely to occur on
themn {Cline et al. 1980; Dickson et al. 1983). This
was probably alse true in our study, however, most of
the snags that had been excavated in the past usually
still had fresh foraging signs, which suggests a positive
feedback betwetn excavating, wood decaying and prey
density. Even iflarge diameter snags wert selected for
foraging, it does not dismiss small diameter snags as
an important resource. We found that 23% of the
snags it the 5-2.9 cm diameter class, which comprised
43% of all the snags, had foraging evidences.
Rosenberg et al. {1988} had similar statistics.

Shorter snags were used more than expected and
under-use significantly appeared for snags over & m
high {Figure 1B}, When a snag decays, it loses its
branches znd the 1op offen breaks, reducing its height.
The base and top of snags are used more often than any
other height section (Conner et al. 1994}, These two
extremitiss are alse more likely to be well-decayed,
and therefore contain a higher arthroped biomass
{Conner et al. 1994}, Therefore, shoner snags should
comprise a greater proportion of that high quality
substrate, which requires less effort in order for
woodpeckers 1o find prey.  The large significant
negative correlation  between height and decay
supports this explanation.

Foraging preference on ovak (Conner 1980; Brawn
et al. 1982, Conner gt al. 1994} and elm snags
(Swallow et al. 1938} has been cbserved, but never for
beech, basswood, trembling aspen or large-toothed
aspen, species that were significantly more used in cur
area. Under-use of red maple in foraging has also been
roticed elsewhere [Comner 1980, Conrer et al. 1994),
Aspens have thin bark and low wood density (large-
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toothed aspen and trembling aspen preen wood
specific gravity are 0.36 and 0.35, respectively (U5,
Forest Products Laboratory  1974)).  These
charactenistics allow easy imvasion by disease and
decay organisms (Loshle 1988} Indeed, low wood
density has been found to be inversely correlated with
the number of foraging signs (Conner et al.  1994).
Despite 2 high wood density (0.56), beech is
frequently  subject to beech bark disease
(Crypiococcus fagiiNectria coccitia var Jagirara}
and to frost split, causing the bark to crack. Inaddition
te creahing new microhabitats for insects, they expose
sapwood to fungl imvasion. In fact, snags of beech and
aspens {frembling or large- toothed) were indeed more
decayed than other species (Table 8). They were also
larger, another featyre of selected snmags. Ewen if
yellow birch was not selected more than expected at
a=0.05 level (Table 5), it was not too far from it (p =
0.073). SBince it has all the desired characteristics of
forage snags (Table 6) and is one of the faw that is long
enough lived to provide very large (DBH =50 cm)
snaps, yellow birch should be considered an important
snag-providing species. Om the other hang, basswood
snags, which were also more selected than randomly
expected, were net larger or more decayed than other
shaps. Its very low wood density (0,32} probably gives
it a sofiness similar to decayed denser wood,

Conclusions

We have compared snag density, characteristics, and
their use as forage sites by excavation by woodpeckers
in twe harvested forests and one left intact. Twelve
years after a first entry, strip and selection cutting have
had a strong impact on snag density but not on snag
characteristics and tree species snag proportion. T the
differences in snag density we observed after the First
entry between the treated forests and the untreated one
can be mainly attributed to harvest practices, as we
believe, we arc sericusly concerned that such a
reduction will bring snag density under some critical
threshold after the next eniry, if no retention guidelines
are provided. Large diameter snags (DBH =56 cm),
already rare, are likely to be extirpated, especially in
the stip cut where recruitment will occur enly in the
last remaining green strip. We caution practitioners
that 4 simple proportion calculation from tree density
reduction to predicted residual snag density cannot be
made. The felling of trees is cnitical in retention
practices and recommendations should be given to
woodentters to maintain marked snags (Naylor et al.
1996). Our msults suggest prafarential retention of
basswood, beech, aspen and yellow birch shags over 20
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cn DBH, as favorahle drilling forage for excavators.
Greater consideration should be given to the dynamics
of basswood and beech trees and snags, because these
overused snags were proportionally  poorly
represented. Also, more quantitative information abowt
foraging and nesting requirements for snag-dependemt
species 15 needed, Coupled with snag dynamics
models {Morrison and Raphael 1993), snag density
ard guality could be managed through time in order to
minimize the impact on snag-dependent species,

Acknowledgements

Funding and lomstic support were provided by the
Natural Sciences and Enginering Research Couneil of
Canada, FCAR of the Québes Government, Canadian
Wildlife Service, the Groupe de Recherche en
Ecologie Forestibre of the Université du Québec &
Montréal and the ministire de I'Epvirennement et de
la Faune 4 Hull, We thank J. Destandes, L. Tremblay
and C. Roy for their imvaluable help in the field We
are also idebted to all the readers that have
commented on the manuscript and helped to improve
1t

References

Agresti, A, 1990, Categorical data analysis,. Wiley &
Soms, New York, NY.

Brawn, ).D., WH. Elder and K. E. Evans. 1982, Winter
foraging by cavity nesting birds in an cak-hickory
forest, Wildlife Sociery Bulletin 10: 271-275.

Bull, E L., R.5. Holthausen and D.B. Marx. 1990. How
to determine snag density. Western Journal of
Applied Forestry 5 56-58,

Bull, E.L. and E.C. Meslow. 1977 Habitat
requirements of the Pilsated Woodpecker in the
Northeastern Oregon.  Jourmal of Forestry 75:
335-3347,

Burns, B.M_and B.H. Honkala, 990. Silvics of Nerth
Ametica, Volume 2: Hargwoods. U.S. Departrnent
of Agriculturs, Forest Service, Agriculture
Hardbook Wo. 634 Washington, D.C.

Byers, C.R. and R.K. Steimhorst. 1984. Clarification of
a techmique For analysis of utilization-availability
data, Journal of Wildlife Management 48: 1050-
LO33.

Carey, AB. 1983, Cavities im trees in hardwoods
forests. Pages ©07-184 /x  Snag habitat
management symposium proceedings (LW
Davis, G.A. Goodwin and B A, Ockenfels, eds.).
L} 5. Department of Apticulture, Forest Service,
General Technical Report RM-99. Fort Collins,

Society af Canadian Orvtithologists Special Publication No. 1, 199%

Dayon, Savard, Gagron and Gireox

Colorado.

Chadwick, N.L., D.R. Progulske and 1T, Finn, 1986,
Effects of fuelwood cutting on birds in southern
New England. Journal of Wildlife Management
50: 395405,

Cling, 5.P, AB. Berg and H.M. Wight. 1980. Snag
characteristics and dynamics in Douglas-fir
Pseudotsuga mienziesii forests, western Orepgon,
Journal of Wildlife Management 44: T73-786.

Conner, RN. 1980, Foraging habitats of woodpeckers
in southwestern Virginia. Journa! of Field
Ornithology 51: 1§9-127.

Conner, R.N. and H.S. Crawford. 1974. Woodpecker
foraging in Appalachian clearcuts. Journal of
Forestry 72 354-566.

Conner, RN, R.G. Hooper, H.5. Crawford and H.5.
Mosby. 1973, Woodpecker nesting habitat in cut
and uncut wewdlands in Viiginia, Joumnal of
Wildlife Management 35: 144-150,

Conner, R.N., 8.1, Jones and G.D). Jones. 1994, Snag
condition and weedpecker foraging ecology n a
bottornland hardwood forest. Wilson Bulletin
106: 242-257,

Crcha, ), L Martel and ). Savard 1987, Guide de
traiternenis silvicoles. Mormes de traitements
gilvicoles. Cahier: guide de traitements.
Gouvernement dy Québec, Ministere de 'Energie
et des Ressources, Service des fraitements
silvicales, Division des travaux silvicoles,
Québec, Québec,

Dickson, 10, RN Conner and J H. Williamson, 1583
Snag retention increases bird use of a clear-cut,
Journal of Wildlife Management 47: 799-804.

Evans, K.E. and RN Conner. 1979 Snag
manzpgernent, Pages 214-225 in Management of
north central and northeastern forests for
nongame birds (R.M. DeGraaf, «d3 U5
Department of Agricutture, Forest Service,
Gencral Technical Report NC-51 St Paul,
Minnesota.

Gouvernement du Québec. 1981, Réglement sur les
travaux forestiers (R-223. Lol sur la Santé et la
Sécurité au Travail (82.1): Section 5.1, article 30
Gouvernement du Québec, {uébec, Québec.

Gouvernemnent du Québec. 1986, Forest cover maps, 1
20 000, Sheets 31F16-200-0202, MF16-200-
0102, and 3MFQG-200-0202, Terres et Foréts,
Ministére de 1'Energie et des Ressources.
Goyvernement du Québec, Québec, Québec.

Hagan, JM. and SL. Grove. 1996 1995 Report:
selection cutting, old-growth, birds, and forest
structure in Maine, Manomet Chservatory for

Riology and Conservation of Forest Birds



Srag characteristics and wse by woodpeckers in northern hardwoods 113

Conservation Sciences, Division of Conservation
Forestry, Report MODCF-46002. Manomel,
Massachusetts. 26 pp.

Hombeck, JW. and WB. Leak. 1992, Ecology and
management of northem hardwood forests in
Mew England. US. Depattment of Agniculiure,
Forest  Service, Northeastern Experimental
Station, General Technical Report NE-159,
Eudnor, Peansylvania.

Hunter, M.L., Jr. 1990, Wildlife, forest, and forestry:
principles of managing forests for biological
diversity. Prentice Hall, Enpglewood Cliffs, New
Jersey

Leak, W.B., D.S. Solomon and ES. DeBald. 1987,
Silvicuitural guide to northern hardwoods in the
Northeast. 108, Department of Agriculture, Forest
Service, Morth Central Experimental Station
Besearch Paper NE-143. Rudnor, Pennsylvania.

Lochle, C. 1988, Tree life stratepies: the role of the
defenses. Canadian Jowrnal of Forest Research
18; 209-222,

Majcen, Z., P Bovlay and R. Castonguay. 1986, Carte
Ecologique de la forét expérimentale de Gatineay
{2 sheets 1:10 3303, Terres ¢t Foréts, Minisiére de
I'Energie et des Ressources. Gouvernement du
Quékec, Québec, Quéhec.

Majeen, Z. and Y. Richard. 1989. Composition et
structure des tremblaies 4 érable & sucre et des
ch&naics 4 frable 4 sucre dans quatrs secteurs
forestiers du sud-cuest quebscois, Gouvermement
du Québec, Ministare de I’Encrgi: et des
Ressources, Directipn de la recherche et du
développement, Service de la  recherche
appliquée, Mémoire No. 85, Québec, Québec,
114 pp.

Majeen, Z., Y. Richard and L. Groleau 992,
Composition et structure des prucheraies dans
cing secteurs forestiers du sud-ouest québdcois,
Gouvernement du Québec, Ministére des Foréts,
Direction de la recherche, Mémoire No. 107,
Cuébec, Québec. 67 pp.

Majcen, Z., ¥ Richard and M. Ménard 1984,
Ecologie &t dendrométric dans le sud-ouest du
Québec. Etude de douze secteurs forestiers.
Gouvernement du Québec, Ministére de 1'Encrge
et des Ressources, Service de la recherche (Terres
¢t Foréts), Mémeire Mo, B3, Guébec, Québec. 333
jyjud

Majcen, Z., Y. Richard and M. Mlpard. 1985
Compesition, structure &t rendement  des
¢rabliéres dans cing secteurs forestiers du sud-
ouest québécois. Gouvernement du Cuebee,

Society of Canadian Ornithalogisis Special Publication No. 1, [99%

Ministére de I'Energie et des Ressources,
Direction de la recherche et du développement,
Service de la recherche appliquée, Mémoire No.
B8, Québec, Québec, 130 pp.

Mannan, R.W., E.C. Meslow and HM. Wight. 1980,
Use of snags by birds in Douglas-Fir forests,
western Oregon. Journal of Wildlife Management
44: T787-797.

MeComb, WC, and R.N. Mulier. 1983, Snag densities
in old-growth and second-growth appatachian
forests. Journal of Wildlife Management 47: 376-
382,

McComb, W.C. and R.E. Noble, 1980. Effects of
single-iree selection cutting upon snag and natural
cavity characteristics in Connecticut. Transactions
of the Northcastern Section of the Wildlife
Soctety, Fish and Wildlife Conference 37 50-57.

Miller, E. and D.R. Miller. 1980 Snag use by birds,
Pages 337-356 in Management of western forests
and grasslands for nomgame birds (R.M. DeGraaf,
ed.). Workshop proceedings, 115, Department of
Agniculture, Forest  Service, Intermouniain
Forest Rangeland Experimental Station General
Technical Report [NT-86. Ogden, Utah.

Mortison, M.L. and M.G. Raphael. 1993. Medeling
the dynarnics of snags. Ecolegical Applications 3;
322.330,

Naylor, BJ, LA. Baker, D.M. Hogg, 1.G. McNicol and
W.R. Wait. 1996. Forest management guidclines
for the provision of Pileated Woodpecker habitat.
Omtaric Ministty of Natural Resources, Forest
Management Branch Technical Series, Sault
Sainte Marne, Ontate,

New, CW, CR. Byers and JM. Petk. 1574, A
technique for analysis of utilization availablity
data, Journal of Wildlife Management 38: 341-
545,

Picher, R. 1992, Chicots de fewillus: danger, mesure du
risque et actions de prévention. Commission de la
santé et de la securité du travail du Cuébec,
Queébec, Québec. 40 pp.

Raphael, MG, and M. White. 1984. Use of snags by
cavity-nesting birds in the Sierma Nevada, Wildlife
Monographs 86: 1-66.

fosenberg, DK, )LD, Fraser and D'F, Stauffer. 1988,
Use and characteristics of snaps in young and old
forest stands in southwest Virginia. Forest
Science 34: 224-228,

Schreiber, B, and D5 deCalestz. 1992, The
relationship between cavity-nesting birds and
snags on clearcuts in western Oregon.  Forest
Ecology and Management 50 299-315.

Riology and Conservation of Forest Rirds




114

Scott, VE. 1978 Characteristics of ponderosa pine
snags used by cavity-nesting birds in Anzona.
Journal of Forestry 76: 26-28,

Sedpwick, LA, and EL. Knopf 1986, Cavity-nesting
birds and the cavity-tree resource i plains
cottonwood bottornlands. Journal of Wildlife
Manapement 50; 247-252,

SPSS Inc. 1988, 3PS5-X Users puide, 3rd edifion.
SP55 Inc., Chicago, Illiness.

Stribling, H.L.. H.R. Smith and BLH. Yahner 1990,
Bird cormsmunity response 1o timber stand
improvement and snag retention. Northemn
Journal of Applied Foresmy 7. 35-38

Swallow, 5K., RAJ Howard and RJ Gubhiérrez.
1983, Smap preferences of woodpeckers foraging
in 2 northeastern hardwood forest.  Wilson
Bulletin 10 236-2486,

Tyreell, L.E. and T.R. Crow. 1994, Dynamics of dead
wood in old-growth bembock hardwood forests of
northern Wisconsin and northern Michigan.
Canadian Journal of Forest Research 24. 1672-
1683

LS. Forest Products Laboratory. 1974, Woeod
handbook. 1. S. Departmment of Agriculture,
Forest Service Agriculture Handbook Na. 72
Madison, Wisconsin.

Welsh, C. 1. E., WM. Healy and R.M. DeGraaf. 1592
Cavity-nesting bird abundance in thinned versus
unthinned Massachusetts gak stands. Merthem
Journal of Applied Forestry 9: 6-9.

Zampwitz, JE and DA, Manuwal 1983, The effects
of forest management on cavity-nesting birds in
northwestern  Washington. Journal of Wildlife
Management 49 255263,

Soviety of Canadian Ornithalogises Special Publication No, I, 1999

Dovan, Savard, Gagnon and Giroux

Biatagy and Canservaiion of Forest Birds





