Supporting Information for: “Decaying trees improve nesting opportunities for

cavity-nesting birds in temperate and boreal forests: A meta-analysis and implications

for retention forestry”

List S1: Study Inclusion Criteria sorted by relevance:

Studies that provided information about the amount of nest and available trees with broken/intact

crown were included.

Studies that provided information about the amount of nest and available trees that were dead/alive

were included.

Studies that reported the diameter at breast height (DBH) of trees that hosted an active cavity and
random trees as numerical data (e.g. mean DBH) in the text/supplementary data/appendix or a

figure were included.

(3a) Studies that reported DBH measurements taken from trees with active and inactive nests were

included in the literature review.

(3b) Studies that included nest trees in the “random” tree DBH value were included if less than 25%

of “random” trees were nest trees.

(3c) Studies were included only if DBH data for non-nest trees were measured on trees that could
be considered as being selected randomly (i.e. not based on several selection criteria such as

presence of cavities or stick nests, minimum cavity entrance) from the available trees.

Studies about primary (excavators, e.g. white-headed woodpecker, Picoides albolarvatus) cavity-

nesting birds were included.

Studies about secondary (non-excavators, e.g. mountain chickadee, Poecile gambeli) cavity-nesting

birds were included.

Studies carried out in forests of the boreal and temperate regions were included (Def. boreal and
temperate region based on study area description and complemented by the World Biomes Map,

http://wuw.worldbiomes.com/biomes_map.htm).
Only studies published in peer-reviewed journals were included.

If it was stated that trees hosting different nest types (e.g. top cavities, platforms, stick nests) were
studied information to distinguish from side-cavities had to be included. If just one nest-tree DBH
was reported for different nest types the study was included if more than 90% of total cavities were

side-cavities.

We included observational studies (Level of Evidence 3 of the evidence hierarchy, Mupepele et al.

2016) if data measured in the field were reported that also fulfilled our other inclusion criteria.


http://www.worldbiomes.com/biomes_map.htm

Table S1: Search strings used for the meta-analysis. In November 2017 the search was

updated with search string two.

Database

Search String

1. WoS

TS=((“avian” OR “avifauna” OR “aves” OR “ornithology” OR “bird” OR “woodpecker”
OR “chickadee” OR “picidae” OR “poecile” OR “picoides” OR “strigidae” OR “strigi-
forme” OR “cavity nester” OR “nest” OR “excavator”) AND (“habitat requirement” OR
“old-growth” OR “snag”) AND (“dbh” OR “threshold”)) Refined by: Research Areas: (En-
vironmental Sciences Ecology OR Forestry OR Biodiversity Conservation OR Zoology
OR Reproductive Biology OR Evolutionary Biology OR Developmental Biology)

2. WoS

TS=(“woodpecker” AND “nest”) Refined by: Document Types: (article OR review OR
abstract) and Research Areas: (Environmental Sciences Ecology OR Forestry OR Bio-
diversity Conservation OR Zoology OR Reproductive Biology OR Evolutionary Biology
OR Developmental Biology)

3. GS

((avian OR avifauna OR aves OR bird OR woodpecker OR picidae OR poecile OR cavity
nester OR nest OR excavator) AND (habitat-requirement OR old-growth OR snag OR
silviculture) AND (dbh OR basal OR threshold))

4. Cab

((avian or avifauna or aves or ornithology or bird or woodpecker or chickadee or picidae
or poecile or picoides or strigidae or strigiforme or cavity nester or nest or excavator) and
(habitat requirement or old growth or snag or silviculture) and (dbh or height or basal
or density or threshold)) .mp. [mp=abstract, author, book author, book title, corporate
author, collection authors, collection title, corporate author word, heading word, subject
heading, title, year|

5. GeoRef

((avian OR avifauna OR aves OR ornithology OR bird OR woodpecker OR chickadee OR
picidae OR poecile OR cavity nester OR nest OR excavator OR picoides OR strigidae
OR strigiforme) AND (habitat requirement OR old growth OR snag OR silviculture)
AND (dbh OR height OR basal OR density OR threshold))

6. DOAJ

((avian OR avifauna OR aves OR ornithology OR bird OR woodpecker OR chickadee OR
picidae OR poecile OR cavity nester OR nest OR excavator OR picoides OR strigidae
OR strigiforme) AND (habitat requirement OR old growth OR snag OR silviculture)
AND (dbh OR height OR basal OR density OR threshold))




Database

Search String

7. BioOne

((“avian” OR “avifauna” OR “aves” OR “ornithology” OR “bird” OR “woodpecker” OR
“chickadee” OR “picidae” OR “poecile” OR “picoides” OR “strigidae” OR “strigiforme” OR
“cavity nester” OR “nest” OR “excavator”) AND (“habitat requirement” OR “old-growth”
OR “snag” OR “silviculture”) AND (“dbh” OR “height” OR “basal” OR “density” OR
“threshold”))

8. Springer

((“avian” OR “avifauna” OR “aves” OR “ornithology” OR “bird” OR “woodpecker” OR
“chickadee” OR “picidae” OR “poecile” OR “picoides” OR “strigidae” OR “strigiforme” OR
“cavity nester” OR “nest” OR “excavator”) AND (“habitat requirement” OR “old-growth”
OR “snag” OR “silviculture”) AND (“dbh” OR “height” OR “basal” OR “density” OR
“threshold”)) within Forestry AND Ecology

9. ScienceDi-

tak((“avian” OR “avifauna” OR “aves” OR “ornithology” OR “bird” OR “woodpecker” OR,

rect “chickadee” OR “picidae” OR “poecile” OR “picoides” OR “strigidae” OR “strigiforme” OR
“cavity nester” OR “nest” OR “excavator”) AND (“habitat requirement” OR “old-growth”
OR “snag” OR “silviculture”) AND (“dbh” OR “height” OR “basal” OR “density” OR
“threshold”)

10. JSTOR ((“avian” OR “avifauna” OR “aves” OR “bird” OR “woodpecker” OR “picidae” OR “poe-

cile” OR “cavity nester” OR “nest” OR “excavator”) AND (“habitat requirement” OR
“old-growth” OR “snag” OR “silviculture”’) AND (“dbh” OR “basal” OR “threshold”))
AND disc:(biologicalsciences-discipline OR ecology-discipline OR botany-discipline OR
environmentalscience-discipline OR zoology-discipline)




Bird Species ES [95% CI]

T
Acom woodpecker (Melanerpes formicivorus) } " 1.31 082, 2.11)
Amarican kestral (Falco sparvenus) :: 1.51 [1.00, 2.29)
Amarican three-toed woodpecker (Picoides dorsalis) :.—.—{ 112 [1.01, 1.25)
Barrow's goldenaye (Bucephala islandica) : — 2.15[1.87, 2.35)
Black-backed woodpacker (Picoides archicus) : | — 1.27 [1.04, 1.55)
Black-capped chickades (Poecile alricapilus) ——t 0.91 [0.80, 1.03)
Brown cresper (Certhia americana ) | ] 1.33 [1.18, 1.48)
Brown-headed nuthatch (Silla pusila) | E i 0.76 [0.50, 1.14]
Bufflahead (Bucephala alboola) : F— 1.63 [1.42, 1.88)
Cardilleran flycatcher (Empidonax aifficilis) il : 1.07 [0.48, 2.37)
Downy woodpacker (Ficoides pubescens) :1—-—| 1.10[1.01, 1.20)
Euwropaan slading {Stumus vulgans) l ——i 147 [112, 1.94)
Graal spotted woodpecker (Dendracopos major) 5—-—| 1.09[1.00, 1.19)
Hairy woodpecker (Plooides villosus ) : | — 1.27 [1.07, 1.52]
Hoodad merganser (Lophodyles cucullatus) X —_ 2.211.68, 2.89]
Hause wren { Troglodytes aedon) E —— 1.20[1.11,1.30]
Japanesa pygmy woodpecker (Dendrocopos kizuk ) |—:—-—| 1.06 [0.86, 1.30)
Lewis's woodpacker (Melanerpes lawis) : D 1.57 [1.31, 1.90)
Mountain bluebird (Sialia curucoides) R S— 1.32 117, 1.489]
Mountain chickades |Poscile gambeili) R — 1.00 [0.77, 1.29)
Martherm flicker {Calaples auratus ) " — 1.38 [1.21, 1.58)
Narthern hawk-owl {Sumia wiwa) E ] 1.84 [1.84, 1.84]
Northern saw-whal owl (Aegolius acadicus) : | — 1.70[1.46, 1.98)
Pilaated waondpecker (Orpocopus pilealus ) : A 2.09[1.59, 275
Bygmy nuthatch (Sitta pygmasa) ! ; i 0.93 [0.54, 1.59]
Rad-breasted nuthatch | Sitta canadensis) |_.:_.—| 1.21 |06, 1.71)
Rad-headed woodpacker {Mealanerpes arylhrocephalus) 51—-—| 1.29[1.02, 1.63)
Rad-naped sapsucker (Sphyrapicus nuchalis) : —_— 1.27 [1.058, 1.54])
Thom-tailed rayadito (Aphrastura spinicauda) V—_ 1.42[1.08, 1.87]
Trae swallow | Tachycineta bicalar) —_— 1.08 [0.83, 1.40]

'
Unspecifiad —_— 1.26 [0.86, 1.65)
Violel-green swallow (Tachyoinels thalassing ) %——1 1.26 [0.80, 1.78]
Western bluebird {Sialia mexicana) : —q 1.21[1.03, 1.41)
Whila-backed woodpeckar {Dendrocopas leucolas) |-:—-—| 1.11 [0.87, 1.25)
Whila-breasted nuthatch (Sitta carolinensis) |—-_4I_| 0.84 061, 1.18]
White-headed woodpecker [Ficoides albolarvalus ) |—:—-—| 1.14 089, 1.47)
Willamson's sapsucker ( Sphyrapicus thyroldeus) |E—-—| 1.39 [0.84, 2.03)
Waad duck (Aix sponsa) . " 2,03 [2.03, 2.03)
Overall affect . - 130119, 1.43]

'

i T
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Figure S1: Forest plot for effect size DBH on log-scaled x-axis. The vertical line is the

line of no effect. A response ratio >1 indicates that large-diameter trees were preferred

for nesting by cavity-nesting birds. The figure indicates that most bird species selected

for large nest trees. A



Bird Species

ES [95%Cl)

Acorn woodpacker {Melanerpes formicivorus)
American kestral (Falco sparvenus)

American three-load woodpeckar (Picoides darsalis)
Black-backed woodpacker {Ficoides arclicus)
Elack-cappead chickades |Poecie affcapiiius)
Brown creepear {Cerdhia americana)

Bufflehead (Bucephala albscla)

Cheslnut-backed chickades (Poecile rufescens)
Callared flycatcher {Ficedula albicollis)

Cordilleran fliycalcher (Empidonax difficilis )

Dawny woodpacker (Picoides pubascans)
Eurepean starling ( Slurnus vulgaris )

Greal spotled woodpecker | Dendrocopos major)
Gray-headad woodpacker (Picus canus)

Hairy woodpeckar [Picoides willoswus)

Housa wren | Troglodytes asdan)

Japanese pygmy woodpacker {Dendrocopos fizuki)
Lewis's woodpeackear (Melanerpes lewis)

Middle spolted woodpacker |Dendrocopos medius )
Maourntain blusbird | Sialia currucoides )

Mountain chickades (Poscile gambali |

Marthem flicker (Colaples auwrafus)

Pileated woodpecker [Dryocopus pileatus) I

12.97 [ 4.35, 38.70]
3.37 (168, B.77]
110 0.36, 3.38]
4.48 (207, 9.68]
210([0.91, 4.88]

11.83 [ 1.04, 134.99)
2.34[0.97, 564)]
5.72[2.84, 11.54]
1.00[0.98, 1.03]
7.08[3.11, 16.18]
4.59[0.85, 24.79]
1.48[0.91, 2.40]
583[441, 7.73

15.45[5.10, 46.81]
3.81[1.07, 14.27]
3.30(1.97, 5.53]
3.84[0.82, 17.96]
1.71[ 057, 5.18]
9.90(5.56, 17.68]
361 1.86, 7.01]
3.71(1.64, 8.40]
4.28(259, 7.08]

Pygmy nuthatch { Sitta pygmaea)

Red-breastad nuthatch (Siffa canadensis)
Red-breasted sapsucker | Sphyrapicus ruber)
Read-headed woodpacker (Melararpes enylhracephalus)
Red-naped sapsucker | Sphyrapicus nuchalis)
Thorn-tailed rayadilo (Aphrasiura spinicauda)

Traa swallow | Tachycineta bicalar)

Wastern bluabird {Sialia mexicana)

While-backed woodpacker (Dendrocopos leucolos)
White-breasted nuthatch {Silta caralinensis )
White-headed woodpecker (FPiooides albalarvalus)
Williamson®s sapsucker (Sphyrapicus thyroideus)
Overall affact

| 4.50 [ 0.06, 326.87]
33.66 [ 8.03, 141.12]
13.36 [ 2.80, 63.69]
2.40(1.13, 509
3.76([2.15, 6.55]
0.73([0.22, 2.40]
1.36 [ 0.81, 2.29]
2.34[1.31, 4.18]

| 37.51 [ 4.92, 285.83)
17.48 [10.23, 29.88]
10.06 [ 2.47, 40.95)
5.68[1.47, 21.94]
2.93[0.23, 37.09]
4.79 [2.88, 7.96)

0.05

Relative probability of tree selection

400

Figure S2: Forest plot for effect size vital status (dead/living tree) on log-scaled x-

axis. The vertical line is the line of no effect. Relative probabilities >1 indicate that the

probability of being selected as nest tree was higher for dead trees than for live trees.

The figure indicates that most bird species selected for dead nest trees.



Bird Species

Es [95% CI]

American kestrel (Falco sparverius) :

b

American three-toed woodpecker (Picoides dorsalls) ]
Black-backed woodpecker (Picoides arcticus) g:—.—|

'
Black-capped chickadee (Poecile atricapilius) - :
Bufflehead (Bucephala albeola) } E |
Chestnut-backed chickadee (Poecile rufescens) i P
European starling (Sturnus vuigaris) E —m—y
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Mountain bluebird (Siafia currticoides) |§—.—|

'
Mountain chickadee (Poecile gambeli) ! :
Marthern flicker (Colaptes aurafus) é—.—f
Red-breasted nuthatch (Sitta canadensis) i
Tree swallow | Tachycinela bicolor) |_5_._|
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'
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25.60 [5.32, 123.13]
2.39 [0.35, 16.57)
1.89[0.95, 3.74]
0.30 [0.00, 20.33]
0.47[0.02, 9.86)
5.95[2.99, 11.86]
6.85 [3.35, 14.04]
267[0.72, 9.88)
2.30[1.91, 2.77)
2.27[0.64, 8.01)
4.23[0.08, 230.85]
2.86[0.90, 9.10]
265[1.37, 513
2.39 [0.36, 15.67)
1.31[0.90, 1.92)]
3.14[2.25, 4.40]

4.75[1.17, 19.27)

2.26 [1.36, 3.77]

Figure S3: Forest plot for effect size crown status (broken/unbroken crown) on log-scaled

x-axis. The vertical line is the line of no effect. Relative probabilities >1 indicate that

the probability of being selected as nest tree was higher for broken-crown trees than for

intact-crown trees. The figure indicates that most bird species selected for broken-crown

nest trees.
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Figure S4: Contour-enhanced funnel plot for effect size DBH. To indicate non-
independence same numbers were used if several effect sizes were derived from the same
study. In the top-left corner a magnification of clustered effect sizes is provided. Shading
indicates the p-value (white: >.10, grey: from .10 to .05, dark grey: from .05 to .01, area
outside the triangle: <.01). Intercept of Egger’s regression indicated asymmetry (publi-
cation bias): a = 0.27 (p-value: <0.001). The figure indicates that publication bias was
present for the effect size DBH. Please note that funnel plots do not account for the
multi-level structure of our data and Egger’s regression may therefore detect publica-
tion bias that in fact is accounted for in our mixed-model analysis (Egger et al. 1997;
Koricheva et al. 2013, pp. 218).
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Figure S5: Contour-enhanced funnel plot for effect size vital status. To indicate non-
independence same numbers were used if several effect sizes were derived from the same
study. Shading indicates the p-value (white: >.10, grey: from .10 to .05, dark grey: from
.05 to .01, area outside the triangle: <.01). Intercept of Egger’s regression indicated
asymmetry (publication bias): a = 1.34 (p-value <0.001). The figure indicates that pub-
lication bias was present for the effect size DBH. Please note that funnel plots do not
account for the multi-level structure of our data and Egger’s regression may therefore
detect publication bias that in fact is accounted for in our mixed-model analysis (Egger
et al. 1997; Koricheva et al. 2013, pp. 218).
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Figure S6: Contour-enhanced funnel plot for effect size crown status. To indicate non-
independence same numbers were used if several effect sizes were derived from the same
study. Shading indicates the p-value (white: >.10, grey: from .10 to .05, dark grey: from
.05 to .01, area outside the triangle: <.01). Intercept of Egger’s regression indicated
asymmetry (publication bias): a = 0.91 (p-value: <0.001). The figure indicates that
publication bias was present for the effect size DBH. Please note that funnel plots do not
account for the multi-level structure of our data and Egger’s regression may therefore
detect publication bias that in fact is accounted for in our mixed-model analysis (Egger
et al. 1997; Koricheva et al. 2013, pp. 218).



Non-nest

Expl. Variable Nest Trees Trees ES [95% CI]
Dead/  Alive/ Dead/ Alive/
Broken Intact Broken Intact
Boreal
DBH (8/12) 489 696 - 1.33[1.10, 1.59]
102 a7 196 130
15 9 47 33
Temperate
DBH (29/38) 5015 224 168 - 1.29[1.16, 1.45)
1407 1484 5230 26748
322 447 588 2802
Coniferous
DBH (21/23) 2 654 7676 Rl 1.26[1.10, 1.46]
724 85 3784 9454
335 378 628 2763
Deciduous
DBH (8/11) 440 961 S 1.30[1.11, 1.51]
357 1221 1328 13585
Mixed
DBH (8/31) 2410 216 227 HH 1.41[1.24, 161]
428 2186 313 3840
2 78 8 72
Managed
DBH (30/29) 3185 5902 - 1.30 [1.15, 1.46]
886 1190 2835 14459
81 116 219 1150
Natural
DEH (10/26) 2319 218 962 - 1.36 [1.16, 1.60]
623 331 2591 12419
256 340 417 1685
I ]
0.1 1 10 20

Observed Outcome

Figure S7: Forest plot showing subgroups of all three effect sizes (DBH, vital status,

crown status) for explanatory variables (biom, forest type, naturalness) on log-scaled x-

axis. The vertical line is the line of no effect. Effect sizes are only slightly different between

subgroups for all three effect sizes. This indicates that large-diameter trees, dead trees and

broken-crown trees were preferred for nesting by cavity-nesting birds across bioms, forest

types and management regimes. Numbers in parenthesis refer to number of studies/bird

species contributing to this category. Unspecified bird species are counted as one single

species because only one overall effect size could be estimated for these species.
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Authors who provided data

Besides contacting authors of studies to which we had no access we also requested
data. In several cases these data were no longer available. This was not the case
for the study of Renken & Wiggers (1989). We appreciate very much the efforts
made by Ms Rochelle Renken to locate and sending us data.
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