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Many of the Interdisciplinary Teams on the Willamette National Forest are including gaps in their commercial silvicultural thinning prescriptions.   Science related to the ecological value of providing these features is not extensive in Oregon.  
In the fall of 2009, the Central Cascades Adaptive Management Partnership (CCAMP) contracted the production of a bibliography of studies that looked at gaps throughout diverse vegetation zones.   Stephanie Hart, with Oregon State University, under the guidance of Dr. Klaus Puettmann with the OSU’s Forest Ecosystems and Society Department, summarized the information in an excel spreadsheet which can be found on the Willamette National Forest’s silviculture web site (http://fsweb.edc2.r6.fs.fed.us/nr/sil/sil.htm).   The spreadsheet has a wealth of data, including descriptions of response variables each study documented.    Note, that the results are from various regions and ecosystems and the studies used different experimental setups, such as reforestation treatments inside gaps or thinning of forest adjacent to gaps
CCAMP is providing here a brief synthesis of the key ecological responses that are often goals of forest management.   We recommend this as a tool for Interdisciplinary Teams in future NEPA proposals, analysis, or response to comments.   The full reference for papers indicated by a superscript can be found in the bibliography at the end of the document, and their content can be obtained online with the links provided.  This will be updated as more information becomes available.   If you have any trouble obtaining papers, feel free to contact Cheryl Friesen at cfriesen@fs.fed.us
Effects on Amphibians and Reptiles
There was little movement between gaps; amphibians did not respond differently to the treatments; the relative abundance of reptiles was significantly higher in gap treatments; the total snake abundance was significantly higher in gap treatments than the control. 1

Effects on Birds
Gap treatment was most similar to control treatment and thin was most similar to near-clearcut treatment; gap treatment retained the greatest species composition; gaps retained non-generalist bird species of interest; nine bird species increased with the thin and near-clearcut treatments and those nine were habitat generalists; imitating low-intensity disturbances (the gap treatment) was most effective in retaining bird communities of mature forest. 7

Gaps provided habitat for shrubland birds not present in mature forest; nest success was similar to other early seral habitats locally; gaps should be at least 1.2ha (2.97 acres) to accommodate territory sizes of target species. 8         (note:   this study removed the seedlings in the gaps)

Bird species richness did not differ as a function of distance from gaps; bird species composition within gaps was least similar to that in 'forest' plots at the greatest distance from gaps; birds generally stayed true to 'forest interior' and 'open-successional colonizers' labels; no nest predators became more prevalent in gaps; overall, bird species diversity increased in areas containing gaps, due to edge and open area nesters, but several forest interior species were adversely affected by gaps. 9

Warbler density decreased with increasing gap size; there was no relationship between gap size and the number of young fledged or nest predation;  this study presents opposite results than at least 8 other studies in mature forest -- the other studies found positive relationships between bird territory density and gap size.  10

There was generally more fruit in the gaps; there was a similar number of insects in the gaps as in the forest; the total bird captures and captures per net were higher in the gaps; the total number of species in the gaps was not significantly higher than in the forest; flycatchers, ground insectivores, foliate insectivores and granivore-ominivores were captured more frequently in the gaps but there was no difference for bark foragers;  birds appear to be attracted to the gaps because of higher resource abundance (namely lower canopy and fruiting). 11

Effects to Big Game Forage

No studies have been done specifically on the response of big game forage to gap creation in the Pacific Northwest.   What is listed here is very limited in applicability.   CCAMP will be developing another “white paper” that will tease out the affects of thinning treatments (that included gaps) on big game forage.   Stay tuned.

Available forage varied by season; gaps did not provide larger quantities of food resources than forest; vertical structure of understory vegetation was important; individual plant species browse varied by season and individual species were important; they didn't find large preference for gap browsing - but the vegetation cover of forest and the two gap types were nearly identical at 1 of 2 sites, so might not expect to see a difference if community and structure of vegetation was the same in forest and gaps. 12     (note: this was roe deer in a central Europe hardwood type)

The combination of canopy gaps and understory fire increased herbaceous layer richness, cover, and diversity well beyond either disturbance alone; deer at moderate levels of abundance promote herbaceous richness and abundance by preferentially browsing fast-growing pioneer species that thrive following co-occurring disturbances (i.e., fire and gaps, gaps were ~1/10th acre).  29 (Note this was in Virginia)

Effects to Small Mammals

Closed canopy-associated small mammal species dominated all sites; few early successional small mammals species had strong responses to gaps; gap size did matter to most species; the authors suggest that larger gaps (0.5 acres) may be best for the most species. 13


Effects to Regeneration
Seedling establishment was greater in gaps than closed canopy and relatively low in gap areas with direct sun; seedling size increased with gap size, greatest at center positions; survival of natural regeneration different for hemlock and Douglas-fir; locations with greatest survival often had low growth and vice versa. 14

Larger gap sizes had smaller differences in establishment among substrate types; establishment on forest floor was low in areas of direct sun -- shade from woody debris, shade cloth and understory vegetation did not have the same effects and was different for the establishing seedlings; seedling size increased with gap size; seedling size decreased with level of shade; seedling size was greater on forest floor and lowest on decayed wood. 15

This study witnessed preferential replacement of all species but pacific silver fir; gap size, gap position and local canopy composition didn't appear to exert influence on regeneration species composition in gaps (i.e. no relationship for any species with expanded gap size); western hemlock was more successful (the only instance) than silver fir on stumps. 16

Spruce radial growth rate was faster than hemlock; gaps 0.08-0.1 ha (0.247 acres) in size appear to be large enough for spruce to persist in these forests. 17

Growth of all the species increased rapidly from small single-tree gaps to about 1000 m2 gaps (0.25 acres), but thereafter, showed little change up to 5000 m2 (1.24 acres); tree size and current growth rates for all species were highest in full open conditions; performance of lodgepole pine (Pinus contorta) exceeded that of all other species in large gaps (1001–5000 m2 or 0.25–1.25 acres); in medium and large gaps from 301–1000 m2 (0.1 – 0.25 acres), the largest trees of all species were found in the middle gap position and there was little difference between the sunny north and shady south positions, except for lodgepole pine which clearly grew poorly in the south position;  total size and growth rates of all species were nearly identical in really small gaps 20–300 m2 (0.005 -0.07 acres) and again in the forest understory;  light advantage expected off the north end of high latitude gaps was not a benefit for tree growth, suggesting that below-ground effects of canopy edge trees have an important influence on seedling growth in these forests; differences in mortality among the tree species were evident, with the most light demanding species having the greatest early mortality in shaded areas of medium gaps, in small gaps and in the forest understory (careful matching of tree species to gap size and gap position can minimize early mortality and maximize growth rates); opening sizes need not be very large (>0.1–0.2 ha or  >0.25-0.5 acres) in order for most tree species to achieve growth rates similar to those found in the open conditions of clearcuts. 18
Seedling recruitment success varied as a function of mature tree canopy cover, gap size and gap position; recruitment in gaps was better than in clearcuts or under closed canopy; total recruitment in gaps was little affected by range of gap sizes in this study, however there was a small effect of gap size on recruitment density within species; best place for germination and early establishment was not necessarily the best place for survival and growth. 19
Mortality of planted seedling did not vary with gap size; can fit an asymptotic curve for the relationship between second year height and diameter growth and gap size; relative growth doubled in gaps sizes from 0.05-0.2 ha (0.23 - 0.5 acres), then growth increase diminished; no relationship was seen between gap size and mortality. 20

Height growth was correlated with light and water supply; three-year mean heights were in order: giant sequoia> incense cedar> Douglas-fir> ponderosa pine> white fir> sugar pine.  But Douglas-fir did better at 0.1ha (0.25  acres) size than incense cedar, so maybe is less sensitive to that decrease in size than incense cedar is?; tree height increased with gap size; ten-fold increase in gap size led to a 34% increase in mean height of seedlings. 22
 
The border trees surrounding the openings saw a radial increment increase by 30% over the other canopy trees in the forested matrix; consistent height suppression occurred in the 0.1ha gaps (0.25 acres) relative to the overall average; a ten-fold increase in gap size resulted in a 54% increase in mean height.  23

Trees near interior edges (near gaps or skid trails) grow faster than trees in the thinned forest interior, i.e., growth models would underpredict stand growth. 31


Effects to Understory
Understory plant composition differed by location in the 0.4ha (1.0 acre) gaps but not in the 0.1 ha (0.25 acre) gaps; abundance and presence/absence of species differed by position in gap at 3 of 4 sites; there were strong differences in community composition among positions in large gaps, but not small gaps, which is probably related to ground-layer disturbance and resource availability. 24

Gap plant composition changed with a gradient from gap center to the edge of gaps and this differentiation increased with time since treatment in gap+thin units.  25

There was no 'new establishment' of understory species in gaps, rather residuals reorganized in gaps and changed relative abundances.  26     (Note:  this is an oak forest study)

In small gaps, the position with the most light was close to the northern edge, although not under the canopy north of the gap; the position with the highest light level shifted from the north towards the center of gaps as gap size increased; higher light levels in the northern part of small and medium gaps compared to the southern portion could allow management of a mixture of species with intolerant species in the northern portions of gaps and tolerant species to the 
south. 27

Understory vegetation in small gaps (<36 m diameter, roughly 1 acre) was strongly influenced by the residual forest during the first few years after thinning; the surrounding stand effectively reduced gap extent by 4–14 m on the north side but had no effect on the south side; only large gaps (0.4 ha, 1.0 ac) influenced understory vegetation within the surrounding forest, but the spatial extent was limited to less than 4 m. 24 
Larger gaps (0.4 ha, 1.0 ac) showed distinct compositional shifts characteristic of clearcuts, with much higher cover of invading early-seral species; vegetation in small gaps (0.1 ha, 0.25 ac) shifted compositionally towards competitor forest-residual species. 24
Changes in species composition are limited to the extent of the gap and are not found under adjacent forest canopy. 32
Windthrow
Gaps did not lead to major increases in windthrow or mortality.  33
Effects to Microclimate and Biochemistry
Summer solar radiation and soil temperatures differed significantly among gap sizes and were driven primarily by patterns of direct radiation; soil moisture was greater in gaps than in controls and was greater in intermediate gap sizes; moisture in gaps declined over multiple years, probably because of vegetation encroachment. 2
Differences between gap and forest in N availability was more pronounced in mineral soil than the forest floor; for the majority of response variables, there was no significant differences between transect positions regardless of gap size; the increased N availability in gaps may be due more to the quality and quantity of litterfall inputs than by changes in temperature and moisture conditions. 3

Nitrate concentrations in forest floor and mineral soil were elevated after harvest in gaps 0.25 ac and larger; study didn't see possible nitrate losses with single tree removals so that may be a way to mitigate losses of nitrogen from the system; decomposition of litter and forest floor were similar regardless of gap size; changes in the nature of forest floor and mineral soil had greater influence on nitrate concentrations than the environmental conditions of the gaps; moisture content was lower in larger gaps; rates of annual inputs of litter were lower in gaps of 0.25 ac  than uncut forest. 4

Soil moisture was highest in small gaps; soil temperature was highest in large gaps and other gaps sizes were similar to forest; organic matter, humic matter and microbial biomass and C:N ratio was highest in smallest gaps; air temperature didn't vary; PAR (photosynthetically active radiation) was higher in gaps than in forest. 5

Foliar nitrogen concentration was greater in gaps than forest and sulfur concentration was also greater in gaps; soil moisture was greater in gaps than forest; soil min nitrogen was greater in larger gaps than forest. 6


Landscape/Edge Considerations
This paper presents interesting preliminary ideas about gap edge and the balance to strike between maximizing gap size and maximizing edges within stands – i.e. more edges with many small gaps in a stand than fewer large gaps of same area overall.  21
Good General Early Seral Forest Value Paper
A diversity of herbs and broad-leaved trees and shrubs provides the foundation for food webs that contribute to diversity at multiple trophic levels in Pacific Northwest conifer forests.  Given the high number of species associated with non-coniferous vegetation in conifer-dominated forests, maintaining habitats that support diverse plant communities, particularly broad-leaved trees and shrubs, will be an important component of management strategies intended to foster
biodiversity. 30

Nice Paragraph for  NEPA Document
“Foresters have traditionally managed forests with silvicultural systems that prescribe stand homogeneity for optimized tree growth.  The primacy of timber as the dominant objective is giving way to broader objectives such as sustaining the function and dynamics of ecosystems, maintaining ecosystem diversity and resilience or protecting sensitive species, while providing for a variety of ecosystem services of value to humanity.  Protection and production of more diverse forest values demands consideration of the fine-scale variability found within forest stands and an understanding of the spatial and temporal response of forest ecosystems to manipulation.  Studies of gap dynamics have contributed significantly to our understanding of the role of small-scale disturbance in forest ecosystems, but have been used little by foresters for predicting ecosystem response to partial cutting.   Like canopy gaps created by natural tree death or windthrow, gaps can also be generated by silvicultural systems which remove dominant trees.”  28






6

References for Synthesis on Gaps
	Reference #
	Authors
	Year
	Publication
	Title

	1
	Greenberg
	2001
	Forest Ecology and Management
	Greenberg, C.H. 2001.  Response of reptile and amphibian communities to canopy gaps created by wind disturbance in the Southern Appalachians. Forest Ecology and Management. 148: 135-144.
http://www.treesearch.fs.fed.us/pubs/2759


	2
	Gray, Spies, Easter
	2002
	Canadian Journal of Forest Research
	Gray, A.N., T.A. Spies, and M. J. Easter.  2002.  Microclimatic and soil moisture responses to gap formation in coastal Douglas-fir forests.   Canadian Journal of Forest Research 32:332-343.


	3
	Thiel, Perakis
	2009
	Forest Ecology and Management
	Thiel, A.L. and S.S. Perakis.  2009.   Nitrogen dynamics across silvicultural canopy gaps in young forests of western Oregon.  Forest Ecology and Management.  258(3):273-287.

	4
	Prescott, Hope, Blevins
	2003
	Canadian Journal of Forest Research
		Prescott, C. E., G.D. Hope, and B. Leandra.  2003.   Effect of gap size on litter decomposition and soil nitrate concentrations in a high-elevation spruce-fir forest.   Canadian Journal of Forest Research.  33:2210-2220.
	 

	http://article.pubs.nrc-cnrc.gc.ca/RPAS/rpv?hm=HInit&journal=cjfr&volume=33&afpf=x03-152.pdf

	  




	5
	Muscolo, Sidari, Mercurio
	2007
	Forest Ecology and Management
	Muscolo, A., M. Sidari, and R. Mercurio.  2007.   Influence of gap size on organic matter decomposition, microbial biomass and nutrient cycle in Calabrian pine (Pinus laricio, Poiret) stands. Forest Ecology and Management.  242(2-3):412-418.  


	6
	Walters, Lajzerowicz, Coates
	2006
	Canadian Journal of Forest Research
		Walters, M. B., C.C. Lajzerowicz, and K.D. David.  2006.   Soil resources and the growth and nutrition of tree seedlings near harvest gap – forest edges in interior cedar–hemlock forests of British Columbia.  Canadian Journal of Forest Research.  36: 62-76.
	 

	http://article.pubs.nrc-cnrc.gc.ca/RPAS/rpv?hm=HInit&journal=cjfr&volume=36&afpf=x05-237.pdf  

	 




	7
	Chambers, McComb, Tappeiner
	1999
	Ecological Applications
	Chambers, C., W.C. McComb, and J.C. Tappeiner II.  1999.  Breeding bird responses to three silvicultural treatments in the Oregon coast range. Ecological Applications.   9(1): 171–185.

http://www.jstor.org/stable/2641177


	8
	Chandler, King, Chandler
	2009
	Forest Ecology and Management
	Chandler, R.B., D.I. King, and C.C. Chandler.  2009.   Effects of management regime on the abundance and nest survival of shrubland birds in wildlife openings in northern New England, USA.  Forest Ecology and Management.  258(7):1669-1676.


	9
	Germaine, Vessey, Capen
	1997
	The Condor
	· Germaine, S.S., S.H. Vessey, and D.E. Capen.  1997.  
· Effects of Small Forest Openings on the Breeding Bird Community in a Vermont Hardwood Forest.  The Condor.   99(3):708-718.
· 
· http://www.jstor.org/stable/1370482

	10
	King, DeGraaf
	2004
	Forest Ecology and Management
	King, D.I. and R.M. DeGraaf.  2004.   Effects of group-selection opening size on the distribution and reproductive success of an early-successional shrubland bird.  Forest Ecology and Management.  190(2-3):179-185.


	11
	Blake, Hoppes
	1986
	The Auk
	Blake, G. and W.G. Hoppes. 1986.  Influence of Resource Abundance on Use of Tree-Fall Gaps by Birds in an Isolated Woodlot.  The Auk.  103(2):328-340
http://www.jstor.org/stable/4087086


	12
	Moser, Schutz, Hindenlang
	2008
	Forest Ecology and Management
	Moser, B., M. Schütz, and K.E. Hindenlang.  2008.  Resource selection by roe deer: Are windthrow gaps attractive feeding places?  Forest Ecology and Management.   255(3-4):1179-1185.

	13
	Gitzen, West
	2002
	Forest Ecology and Management
	Gitzen, R.A. and S.D. West.  2002.   Small mammal response to experimental canopy gaps in the southern Washington Cascades.  Forest Ecology and Management. 168(1-3):187-199.

	14
	Gray, Spies
	1996
	Journal of Ecology
	· Gray, A.N. and T.A. Spies.  1996.  Gap Size, Within-Gap Position and Canopy Structure Effects on Conifer Seedling Establishment.  84(5):635-645.
· 
· http://www.jstor.org/stable/2261327


	15
	Gray, Spies
	1997
	Ecology
	Gray, A.N. and T.A. SPIES.  1997.  Microsite controls on tree seedling establishment in conifer forest canopy gaps.   Ecology. 78(8):  2458–2473.  

http://www.jstor.org/stable/2265906



	16
	Lertzman
	1992
	Ecology
	Lertzman, K.P.  1992.   Patterns of Gap-Phase Replacement in a Subalpine, Old-Growth Forest.  Ecology.  73(2): 657-669.

 http://www.jstor.org/stable/1940772


	17
	Taylor
	1990
	Journal of Biogeography
	Taylor, A.H.  1990.  Disturbance and Persistence of Sitka Spruce (Picea sitchensis (Bong) Carr.) in Coastal Forests of the Pacific Northwest, North America.  Journal of Biogeography.  17(1) 47-58.

 http://www.jstor.org/stable/2845187


	18
	Coates
	2000
	Forest Ecology and Management
	Coates, K.D.  2000.   Conifer seedling response to northern temperate forest gaps.   Forest Ecology and Management. 127(1-3): 249-269.


	19
	Coates
	2002
	Forest Ecology and Management
	Coates, K.D.  2002.  Tree recruitment in gaps of various size, clearcuts and undisturbed mixed forest of interior British Columbia, Canada.  Forest Ecology and Management.  155(1-3):387-398. 

	20
	York, Battles, Eschtruth, Schurr
	2009
	Restoration Ecology
	York, R. A., J.J. Battles, A.K. Eschtruth, and F.G. Schurr.  2009.  Giant Sequoia (Sequoia dendrongiganteum) Regeneration in Experimental Canopy Gaps.  Restoration Ecology.  

http://www3.interscience.wiley.com/journal/122458502/abstract?CRETRY=1&SRETRY=0



	21
	York, Battles
	2008
	Western Journal of Applied Forestry
	York, R.t and J. Battles.  2008.   Growth Response of Mature Trees versus Seedlings to Gaps Associated with Group Selection Management in the Sierra Nevada, California.  Western Journal of Applied Forestry.  23(2):94-98.

http://www.ingentaconnect.com/content/saf/wjaf/2008/00000023/00000002/art00005;jsessionid=ab3lodcq17ic1.alice


	22
	York, Battles, Heald
	2003
	Forest Ecology and Management
	York, R. A., J.J. Battles, and R.C. Heald.  2003.  Edge effects in mixed conifer group selection openings: tree height response to resource gradients.  Forest Ecology and Management. 179(1-3): 107-121.


	23
	York, Heald, Battles, York
	2004
	Canadian Journal of Forest Research
	York, R.A., R.C. Heald, J.J. Battles, and J.D. York.  2004.   Group selection management in conifer forests: relationships between opening size and tree growth.   Canadian Journal of Forest Research.  34: 630–641.

http://www.escholarship.org/uc/item/3sw8g4xg?display=all


	24
	Fahey, Puettmann
	2007
	Journal of Ecology
	Fahey, R.T. and K.J. Puettmann.  2007.  Ground-Layer Disturbance and Initial Conditions Influence Gap Partitioning of Understorey Vegetation.   Journal of Ecology.  95(5):1098-1109. 

http://cat.inist.fr/?aModele=afficheN&cpsidt=18999563


	25
	Davis, Puettmann
	 2009
	Journal of Sustainable Forestry
	Davis, L.R. and K.J. Puettmann.  2009.  Initial Response of Understory Vegetation to Three Alternative Thinning Treatments.  Journal of Sustainable Forestry.  28:904–934.  

http://www.informaworld.com/smpp/content~content=a916998741~db=all~jumptype=rss
 

	26
	Ehrenfeld
	1980
	Bulletin of Torrey Botanical Club
	Ehrenfield, J.  1980.  Understory response of canopy gaps of varying size in mature oak forest.   Bulletin of Torrey Botanical Club.  107(1): 29-41.

http://www.jstor.org/stable/2484848


	27
	Gendreau-Berthiaume,  and  Kneeshaw
	2009
	International Journal of Forestry Research.
	Gendreau-Berthiaume, B. and D. Kneeshaw.  2009.  Influence of Gap Size and Position within Gaps on Light Levels.  International Journal of Forestry Research.  2009(581412). 8 pgs.
 
http://www.hindawi.com/journals/ijfr/2009/581412.html


	28
	Coates and  Burton
	1997
	Forest Ecology and Management
	Coates, K.D. and P.J. Burton.  1997.   A gap-based approach for development of silvicultural systems to address ecosystem management objectives.  Forest Ecology and Management.  99(3): 337-354.


	29
	Royo, Collins, Adams, Kirschbaum,Carson
	2010
	Ecology
	Royo, A.A., R. Collins, M.B Adams, C. Kirschbaum, and W.P. Carson.  2010.  Pervasive interactions between ungulate browsers and disturbance regimes promote temperate forest herbaceous diversity.  Ecology.  91(1):93–105.

http://www.esajournals.org/doi/pdf/10.1890/08-1680.1


	30
	Hagar
	2007
	Forest Ecology and Management
	Hagar, J.C., 2007.  Wildlife species associated with non-coniferous vegetation in Pacific Northwest conifer forests -  A review. Forest Ecology and Management.  246(1): 108-122.  [FullText] 

http://fresc.usgs.gov/products/papers/1644_Hagar.pdf



	31
	Roberts, Harrington
	2008
	Forest Ecology and Management
	Roberts, S.D.  C.A. Harrington.  2008.  Individual tree growth in response to variable-density thinning in coastal Pacific Northwest Forests.  Forest Ecology and Management.  255:2771-2781.

http://www.treesearch.fs.fed.us/pubs/30441


	32
	Fahey, Puettmann
	2008
	Forest Ecology and Management
	Fahey, R.T. and K.J. Puettmann.  2008.  Patterns in spatial extent of gap influence on understory plant communities.  Forest Ecology and Management.  255: 2801–2810.   

http://www.cof.orst.edu/cof/fs/kpuettmann/FEM%20255%202008.pdf


	33
	Roberts,  Harrington,  Buermeyer
	2007
	Western Journal of Applied Forestry
	Roberts, S.D., C. A. Harrington, and K.R. Buermeyer.  2007.  Does variable-density Thinning Increase Wind Damage in Conifer Stands on the Olympic Peninsula?   Western Journal of Applied Forestry.  22(4):285-296.

http://www.treesearch.fs.fed.us/pubs/29356



 


8

