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Forest inventory maps: A useful tool for a wetland habitat classification 

and regionalization in Quebec’s forests 
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Abstract 
 
Even if we have acquired a good knowledge of wetlands’ ecology and classification, 
quantification of the abundance of wetland types and delineation of homogeneous regions in 
terms of wetland habitats are still lacking in forest dominated landscapes. The most limiting 
factor for coarse-scale studies of wetlands is clearly the absence of a precise and reliable wetland 
spatial database available at low costs. Our objective is thus to develop such a tool based on 
forest inventory maps. A distribution study of wetlands was conducted on a 540 000 km2 area 
located in boreal Quebec. A total of 448 numerical forest inventory map leaflets systematically 
distributed were chosen, covering 20% of the study area. Using GIS rules and queries, it was 
possible to discriminate several types of deepwater and wetland habitats of faunal interest 
according to a classification system inspired from Rempel’s (1997) wetland habitat classification 
for boreal forest waterfowl and adapted by Breton (2005) (Ménard et al. 2006). Results 
evidenced the spatial heterogeneity, richness and complexity of the wetlands found in our study 
area. On average, wetlands and deepwater occupy respectively 11.7 % and 10.3 % of the study 
area but these proportions showed considerable spatial variation. We conclude that forest 
inventory maps can be used to quantify the area of wetland habitats and to define homogeneous 
regions in this regard, and therefore provide a functional tool for coarse-scale wetland 
management and protection. 
 
Introduction 
 
Because large portions of forested landscapes are rather isolated from inhabited regions, they are 
not submitted to the pressures of urbanisation and agriculture, and many people (including 
conservation organisations) tend to think that they are implicitly protected. However, it is 
difficult to determine the scope of the global impact of forestry, mining, hydroelectricity, the gaz 
and oil industry and even recreotourism on wildlife and their habitat.  If foresters and biologists  
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want to provide management guidelines in the eastern forest, they need to fill knowledge gaps 
relative to wetland classification and its importance to wildlife. Even if we have acquired a good 
knowledge of the ecology and classification of wetlands, a quantification and regionalisation of 
the abundance of wetland habitats are still lacking in boreal Quebec. The most limiting factor for 
coarse-scale studies of wetlands in Quebec’s forests is clearly the absence of a precise and 
reliable wetland spatial database available at low costs.  
 
Methods 
 
Because forest inventory maps are not able to accommodate any of the existing wetland 
classification systems, wetland habitats have been mapped using a functional system that we 
have especially developed for this purpose (Ménard et al. 2006). The system is inspired from 
Rempel’s (1997) wetland habitat classification for boreal forest waterfowl which was developed 
for aerial photography. Breton et al. (2005) adapted and automated the system so it could be used 
with forest inventory maps. We started out from this system, refining and improving it. Our 
classification system has two hierarchical levels (Tab. 1). At the first level, wetlands are grouped 
into four classes: 1) Aquatic, 2) Shoreline, 3) Swamp (five sub-classes according to trophic level, 
soil and vegetation), 4) “Bare wetland”, corresponding to commercially unproductive wetlands 
(bogs, fens, marshes, etc.). Two sub-classes have been added: 1) isolated wetland and 2) wetland 
complex. This subclass proved to be necessary when preliminary results showed the presence of 
large polygons (> 8,000 ha) in which several types of wetlands and forest stands were embedded. 
 
At the second level, the Shoreline and Bare wetland classes are subdivided according to the 
hydrological system that it is in contact with. Those systems (reservoir, lake, pond, isolated 
pond, river) are discriminated by their size, water level variation and the presence / absence of 
water level regulation. For habitats in contact with more than one hydrological system, hierarchy 
has been defined as follows: Reservoir > Lake > Pond > River > Isolated pond. 
 
In order to map wetland habitats, we have acquired 448 forest inventory map leaflets (in 
numerical form) of the Quebec Ministry of Natural Resources and Wildlife (3rd edition; scale 
1:20,000; 14 km x 18 km = 252 km² per leaflet). Our design overlays the design of a grid of 156 
waterfowl survey plots distributed in Quebec’s boreal forest by the Canadian Wildlife Service 
(CWS) in the 1990s, allowing us to investigate waterfowl –wetland habitat relationships in a 
concomitant project. The maps cover 20 % of the 540,000 km2 study area bounded in the north 
by the 51°15’ N and in the south by the Saint-Lawrence lowlands (Fig. 1). 
 
The forest inventory map has been chosen because it is an easy to use database that covers 
almost entirely the forested portion of the province. It is also a well known tool that is already 
used not only by forest managers, but also by biologists and land use planners. In numerical 
form, it contains a lot of information pertaining to wetlands and deepwater habitats. 
Hydrography (surfaces and linear features) is defined by an attribute (lake, river, reservoir, 
perennial and ephemeral streams) and the Quebec Forest Inventory Service (SIEF) has mapped 
unproductive wetlands (wetlands with no timber production: alder swamps, flooded forests and 
“bare wetlands”) and determined ecological types for productive stands, characterising potential 
vegetation and station (Grondin et al. 2003). The database allows us to identify wetlands as small 
as 1 ha for unproductive wetlands and 8 ha for productive stands. 
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Figure 2: Study area (gray) and acquired forest inventory maps (dark gray). 
 
 
Results and discussion 
 
Results evidenced the spatial heterogeneity, richness and complexity of the wetlands of forested 
Quebec. Wetlands and deepwater occupy respectively 11.7 % and 10.3 % of the study area 
(Tab. 1) and vary considerably across the region (Fig. 2). Considering a sampling effort of about 
20 %, these results are in concordance with the National Wetland Working Group’s 
(NWWG 1988) estimation which is of 9 % wetland coverage.  
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Table 1: Wetland habitat classification. The land cover proportion is calculated over the 448 
forest inventory maps (130 000 km2). The estimated km2 is for the total study area.  
 

Class Subclass System Type Land cover 
(%)*

Estimated 
km2†

Reservoir AqD 2.7 14,310
Lake AqL 6.1 32,668
Pond AqP 0.8 4,173
Isolated pond AqI 0.1 385
River bed AqR 0.6 3,345

10.27 54,882
Reservoir ShD 76* 43,636†

Lake ShL 83.3 230,398
Pond ShP 59.1 10,733
Isolated pond ShI 64.7 104,665
River ShR 73.1 682,197

74.06 1,071,631
Alder SwA 0.9 4,820
Poor forested SwP 1 5,100
Rich forested SwR 1.2 6,551
Forested bog SwB 2.1 11,132
Flooded SwF 0.3 1,345

5.42 28,950
Complex BwC 1.5 8,263
Isolated BwX 0.6 3,471

Reservoir BwD 0.1 336
Lake BwL 1.1 5,859
Pond BwP 1.1 5,851
Isolated pond BwI 0.03 208
River BwR 1.8 9,589

6.28 33,579

Swamp

Total

Bare 
wetland

Total

Aquatic

Total

Shoreline

Total
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Figure 3 : Deepwater habitat (Aquatic class) land coverage for each map. Tessellation was used 
to fill the gaps between the maps  
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Figure 4: Wetland habitat (Bare wetland and Swamp class) land coverage for each map. 
 
 
Conclusion 
 
We believe that our classification system will add much value to a tool that is already valuable 
for other purposes. It’s a simple, efficient tool, available at low cost, which we hope will answer 
the needs of several users. The wetland habitat distribution study results will be used to create 
homogenous regions in terms of wetland habitats associations and proportions. This 
regionalisation should be quite useful for research, land use planning, and modelling. 
Furthermore, because Quebec’s forest inventory maps are revised every 10 years, it will be 
possible to refine the classification as the database becomes more precise. 
 
References 
 
Breton, M.-N., Darveau, M. and Beaulieu, J. 2005. Développement d'une méthode de classification 

automatisée des milieux humides et des milieux riverains en forêt boréale. Canards Illimités 
Canada. Rapport technique n° Q2005-1 

Grondin, P., Saucier, J.-P., Blouin, J., Gosselin, J. and Robitaille, A. 2003. Information écologique et 
planification forestière au Québec, Canada. Ministère des Ressources Naturelles de la Faune et 
des Parcs, Direction de la Recherche Forestière. 

Ménard, S., Darveau, M., Imbeau, L. 2006. Méthode de classification des habitats humides du Québec 
boréal à partir de la carte écoforestière du 3e décennal. Canards Illimités Canada. Rapport 
technique n° Q2006-3 

NWWG. 1988. Wetlands of Canada. Montréal: Environment Canada and Polyscience publication inc, 452 
p. 

Rempel, R. S., Kenneth, A. F., Gadowski, T. R., Gabor, S. and Kenyon, R. 1997. A simple wetland 
habitat classification for boreal forest waterfowl. Journal of Wildlife Management 61(3): 746-
757. 

 

 

Theme:  Forest ecosystems 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




