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Effects on resident birds of shade trees in coffee plantations, 

and applications to coffee certification.
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Preserving natural ecosystem elements in coffee farms is thought to contribute to sustainable development through biodiversity conservation, environmental protection, and increased profits from the sale of certified coffee. The certification criteria recommended for "Bird Friendly®" coffee by the Smithsonian Center for Migratory Birds, and for "ECO-OK" coffee by the Conservation Agriculture Network of the Rainforest Alliance, include: >40% shade cover, >10 tree species per hectare, and >20% shade provided by emergent trees. I tested the effects of these criteria on resident birds of southwestern El Salvador, determining which species may benefit from coffee certification, and how criteria must change to increase the number of beneficiary species.

Objectives: To evaluate ecological criteria for certification of bird-friendly or biodiversity-friendly coffee, through an ecological field study in which presence and abundance of habitat-sensitive bird species could be modeled with forest/plantation characteristics, and to make recommendations for refinements in criteria based on predictions from the models.


Methods.  During May to September 2000, birds were censused on plots of 5 ha, at 24 coffee plantations and five natural forest (control) sites.  The coffee sites were selected to span gradients of canopy cover (18 – 70%, measured by densiometer) and tree richness (4 – 39 species sampled from 0.5 ha within the larger plots).  Elevation, use of agrochemicals, and distance from natural forests were kept relatively constant.  I characterized habitat using a principal components axis of 13 habitat variables combined, which served as an index of disturbance. Many bird species present in coffee plantations are generalists of no conservation concern.  To evaluate effects of certification criteria on resident birds, I considered only 16 species that were negatively sensitive to the disturbance index, and thus are potential beneficiaries of ecological certification. The group included two global-concern species (Fan-tailed Warbler and White-eared Ground Sparrow), and 10 other nationally-threatened species. Additional beneficiary species may exist, as species detected at fewer than three sites were excluded from the analysis; this group included several forest specialists. I used regression to create prediction models for both species richness and species abundance (summed standardized abundances). 

Major results. Richness and abundance of disturbance-sensitive birds were highly correlated (r = 0.97), therefore I used richness as an index of conservation importance for the study sites. The best habitat predictor (of 13) for bird species richness was canopy cover (linear regression R2= 0.68, P < 0.001, Fig. 1). A quadratic regression model of bird species vs. canopy cover explained virtually as much variation as the best two-predictor model (R2 = 0.69). The model indicated that the minimum canopy cover required to predict presence of one (of 16 possible) disturbance-sensitive bird species was 41%. Tree species richness required to predict one bird species was 11.5 species 0.5 ha-1. The density of emergent trees (height 5 m > than mean canopy) was a better predictor of bird species (R2 = 0.61) than was percent emergent trees (R2 = 0.28), but habitat-sensitive bird species were predicted even with zero emergent trees. 
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Scientific significance. This study is the first to demonstrate the extent to which certification of coffee plantations may benefit threatened bird species.  The results should contribute to a refinement of the certification criteria for biodiversity-friendly, or "Bird Friendly" coffee. The existing certification criteria are based on expert opinions, and largely influenced by migratory birds, which tend to be generalists. The specific recommendations for certification had not been tested previously. The results suggest that, in El Salvador, only plantations with greater than 41% canopy cover offer benefits to resident bird conservation. At 41%, less than 10% of disturbance-sensitive forest species are predicted to be present; at 50% canopy cover, about 25% of forest species are predicted. Tree species diversity only predicted presence of conservation important birds when diversity was >11 species 0.5 ha-1. These results suggest that thresholds for certification be increased. The criterion for emergent trees was not supported as necessary for threatened birds in El Salvador, but may be important elsewhere or for species not considered in this study. Significant populations of at least 14 resident bird species could be lost by conversion of diverse-shade plantations to technified, low-shade plantations. Extensive certification of high-shade plantations could help preserve these species.
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Fig. 1.  Prediction model for disturbance-sensitive birds in coffee plantations and forests of El Salvador.
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	    (Edge_Weight 2)
	    (Line_Pattern  "-.-")
	    (Line_Weight 2)
	    (Segment "" (
	      (Polyline ((-0.609738 -0.558271 0) (-0.569277 -0.533436 0) 
		 (-0.528815 -0.508753 0) (-0.488354 -0.484223 0) (-0.447893 
		 -0.459851 0) (-0.407431 -0.43564 0) (-0.36697 -0.411594 0) 
		 (-0.326509 -0.387714 0) (-0.286047 -0.364004 0) (-0.245586 
		 -0.340466 0) (-0.205125 -0.317101 0) (-0.164664 -0.293911 0) (
		 -0.124202 -0.270897 0) (-0.083741 -0.248059 0) (-0.0432797 
		 -0.225398 0) (-2.81839e-3 -0.202914 0) (0.0376429 -0.180605 0)
		(0.0781042 -0.15847 0) (0.118565 -0.136509 0) (0.159027 
		 -0.114718 0) (0.199488 -0.093097 0) (0.239949 -0.0716417 0) 
		 (0.280411 -0.0503498 0) (0.320872 -0.0292181 0) (0.361333 
		 -8.24308e-3 0) (0.401795 0.0125788 0)))))))))))))))
  (Segment "figure2" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "viewinfigurecoord=0")
    (Front ((Segment "region" (
	(Front ((Segment "figure box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.99995 -0.99995 0) (0.99995 -0.99995 0) (0.99995 
		 0.99995 0) (-0.99995 0.99995 0)))))))
	  (Segment "data box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Polygon,Face Contrast,Line" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "/")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "ldfill=1,solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.299985 0.559972 0) (0.299985 0.559972 0) (0.299985 
		 0.839958 0) (-0.299985 0.839958 0)))))))
	  (Segment "legend box" ())
	  (Segment "legend" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (User_Options "viewinfigurecoord=1")
	    (Front ((Segment "symbol1" ())))))))))
      (Segment "object" (
	(Front ((Segment "frame" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (Front ((Segment "tick" ())
	      (Segment "grid" ())
	      (Segment "reference" ())
	      (Segment "axis" ())))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window -0.28 0.28 0.58 0.82)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "symbol1" (
		(Segment "points" (
		  (Color_By_Index "Marker" 1)
		  (Marker_Size 0.421875)
		  (Marker_Symbol "@")
		  (Segment "" ())
		  (Segment "" ())))))))))))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)
	(Front ((Segment "symbol1" (
	    (Text_Alignment "v*")
	    (Text_Font "size=0.02626 sru")
	    (User_Options "isdata=0")
	    (Segment "" ())
	    (Segment "" ())))))))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "figure3" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "viewinfigurecoord=0")
    (Front ((Segment "region" (
	(Front ((Segment "figure box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.99995 -0.99995 0) (0.99995 -0.99995 0) (0.99995 
		 0.99995 0) (-0.99995 0.99995 0)))))))
	  (Segment "data box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Polygon,Face Contrast,Line" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "/")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "ldfill=1,solidfill=1")
	    (Segment "" (
	      (Polygon ((0.499975 -0.79996 0) (0.99995 -0.79996 0) (0.99995 0 0
		 ) (0.499975 0 0)))))))
	  (Segment "legend box" ())
	  (Segment "legend" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (User_Options "viewinfigurecoord=1")
	    (Front ((Segment "symbol1" ())))))))))
      (Segment "object" (
	(Front ((Segment "frame" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (Front ((Segment "tick" ())
	      (Segment "grid" ())
	      (Segment "reference" ())
	      (Segment "axis" ())))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window 0.52 0.98 -0.78 -0.02)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "symbol1" (
		(Segment "points" (
		  (Color_By_Index "Marker" 1)
		  (Marker_Size 0.421875)
		  (Marker_Symbol "@")
		  (Segment "" ())
		  (Segment "" ())
		  (Segment "" ())))))))))))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)
	(Front ((Segment "symbol1" (
	    (Text_Alignment "v*")
	    (Text_Font "size=0.02626 sru")
	    (User_Options "isdata=0")
	    (Segment "" (
	      (Text 0.80746 -0.564972 0 "95% PI")))
	    (Segment "" (
	      (Text 0.80746 -0.469977 0 "95% CI")))
	    (Segment "" (
	      (Text 0.813209 -0.374981 0 "Regression")))))))))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "figure4" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "viewinfigurecoord=0")
    (Front ((Segment "region" (
	(Front ((Segment "figure box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.99995 -0.99995 0) (0.99995 -0.99995 0) (0.99995 
		 0.99995 0) (-0.99995 0.99995 0)))))))
	  (Segment "data box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Polygon,Face Contrast,Line" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "/")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "ldfill=1,solidfill=1")
	    (Segment "" (
	      (Polygon ((0.499975 -0.79996 0) (0.99995 -0.79996 0) (0.99995 0 0
		 ) (0.499975 0 0)))))))
	  (Segment "legend box" ())
	  (Segment "legend" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (User_Options "viewinfigurecoord=1")))))))
      (Segment "object" (
	(Front ((Segment "frame" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (Front ((Segment "tick" ())
	      (Segment "grid" ())
	      (Segment "reference" ())
	      (Segment "axis" ())))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window 0.52 0.98 -0.78 -0.02)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "symbol1" (
		(Segment "points" (
		  (Color_By_Index "Marker" 1)
		  (Marker_Size 0.421875)
		  (Marker_Symbol "@")
		  (Segment "" ())
		  (Segment "" ())
		  (Segment "" ())
		  (Segment "" ())
		  (Segment "" ())
		  (Segment "" ())))))
	      (Segment "connect1" (
		(Color_By_Index "Face Contrast,Line,Edge" 1)
		(Edge_Pattern  "---")
		(Edge_Weight 1)
		(Line_Pattern  "---")
		(Line_Weight 1)
		(Front ((Segment "group1" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 2)
		    (Line_Pattern  "---")
		    (Line_Weight 2)
		    (Segment "" (
		      (Polyline ((-0.79996 0.124994 0) (-0.299985 0.124994 0)))
		      ))))
		  (Segment "group2" (
		    (Color_By_Index "Face Contrast,Line,Edge" 2)
		    (Edge_Pattern  "...")
		    (Edge_Weight 2)
		    (Line_Pattern  "...")
		    (Line_Weight 2)
		    (Segment "" (
		      (Polyline ((-0.79996 -0.124994 0) (-0.299985 -0.124994 0)
			))))))
		  (Segment "group3" (
		    (Color_By_Index "Face Contrast,Line,Edge" 4)
		    (Edge_Pattern  "-.-")
		    (Edge_Weight 2)
		    (Line_Pattern  "-.-")
		    (Line_Weight 2)
		    (Segment "" (
		      (Polyline ((-0.79996 -0.374981 0) (-0.299985 -0.374981 0)
			))))))))))))))))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "annotation" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "toplayer=1")
    (Front ((Segment "text1" (
	(Color_By_Index "Text" 1)
	(Text_Alignment "^*")
	(Text_Font "name=arial-gdi-vector,size=0.05253 sru")
	(Segment "" ())))))))))
  (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "annotation" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "toplayer=1")
    (Front ((Segment "text1" (
	(Color_By_Index "Text" 1)
	(Text_Alignment "^*")
	(Text_Font "name=arial-gdi-vector,size=0.05253 sru")
	(Segment "" ())))))))))



