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Background

• The loss of grassland and forest ecosystems poses the most serious threat to 
terrestrial biodiversity (Ceballos et al., 2010; Jaureguiberry et al., 2022)

• Land use change for agriculture, livestock, urbanization, and other forms of human 
development and its resultant habitat loss is primary driver of this trend, 
particularly for bird species (Jaureguiberry et al., 2022; Rosenberg et al., 2019)

• Eastern forest and grassland bird species have declined by 27% and 34% 
respectively since 1970 (NABCI, 2022)

• Among grassland birds, 74% of species have experienced population declines over 
that period (Lees et al., 2022)



Research Question
To what degree can class-level landscape metrics help explain variation in avian species 
richness in forest vs grassland biomes at a variety of spatial scales?

Hypothesis
Avian species richness will be significantly better explained by class-level landscape 
metrics in grassland rather than forest biomes.



THE DATA
AVIAN POINT COUNTS

LANDCOVER RASTERS



BIRD POINT COUNT DATA
A c c e s s e d  t h r o u g h  t h e  N a t i o n a l  
E c o l o g i c a l  O b s e r v a t o r y  N e t w o r k
( N E O N ) ,  a  c o l l e c t i o n  o f  f i e l d  
o b s e r v a t i o n  f a c i l i t i e s  a c r o s s  t h e  
U n i t e d  S t a t e s  p r o v i d i n g  l o n g  t e r m  
e c o l o g i c a l  d a t a .

B i r d  c o u n t  s t u d y  a r e a s  h a v e  
r o u g h l y  1 0 - 2 0  d i s t i n c t  p l o t s  w i t h i n  
t h e m .  E a c h  p l o t  c o n t a i n s  p o i n t s  
a r r a n g e d  i n  a  3 x 3  p o i n t  g r i d ,  w i t h  
p o i n t s  s e p a r a t e d  b y  2 5 0 m .

T h i s  a n a l y s i s  u s e s  t h r e e  y e a r s  o f  
d a t a  ( 2 0 1 9 - 2 0 2 1 )  f r o m  t h r e e  
s e p a r a t e  s t u d y  a r e a s  i n  e a c h  o f  t h e  
t w o  l a n d s c a p e  t y p e s .



LAND COVER DATA

N a t i o n a l  L a n d  C o v e r  D a t a b a s e  
( N L C D )  r a s t e r s w i t h  s p a t i a l  
r e s o l u t i o n  o f  3 0 m  w e r e  a c c e s s e d  
u s i n g  t h e  ` F e d D a t a `  p a c k a g e  i n  R .



Study Area 
Locations

GRASSLAND SITES MID-ATLANTIC FOREST SITES



Grassland Analysis 
Data

Forest Analysis 
Data

KONZ x3 UKFS x3KONA x3 SMITH x3 BLAND x3SERC x3original data sets

Combine data across years and sites into 

single data frame for each study area

KONZ_all UKFS_allKONA_all SMITH_all BLAND_allSERC_all

Calculate species richness for each plot-year;

KONZ_final UKFS_finalKONA_final SMITH_final BLAND_finalSERC_final

Calculate landscape metrics for each plot-year 

at each study area;

Combine each study area into single data 

frame for final analysis



Land Cover Categories Following 
Reclassification

GRASSLAND

• GRASSLAND Grassland/Herbaceous

• AGRICULTURAL “Pasture/Hay”, 
“Cultivated Crops”

• FOREST “Deciduous Forest”, 
“Evergreen Forest”, “Mixed Forest”

FOREST

• FOREST “Deciduous Forest”, 
“Evergreen Forest”, “Mixed Forest”

• AGRICULTURAL “Pasture/Hay”, 
“Cultivated Crops

• (SUB)URBAN “Developed Medium”, 
“Developed High

NA All other land cover classes



LANDSCAPE 
METRICS
SPATIAL EXTENTS

CLASS-LEVEL METRICS



SPATIAL 
SCALES

L a n d s c a p e  m e t r i c s  w e r e  
c a l c u l a t e d  f o r  e a c h  
s t u d y  a r e a  p l o t - y e a r  a t  
f o u r  s p a t i a l  s c a l e s .

o 2 0 0 m

o 5 0 0 m

o 1 0 0 0 m

o 2 0 0 0 m

Smithsonian Conservation Biology Institute plot 002 with its four buffers. 



CLASS-
LEVEL 
LANDSCAPE 
METRICS

•Proportion of Landscape (PLAND): Measures the percentage 
of the landscape covered by a specific land cover class.

•Largest Patch Index (LPI): Measures the dominance of the 
largest patch of a particular land cover class.

•Aggregation Index (AI): Measures the degree to which a land 
cover class is aggregated or dispersed in the landscape.

•Mean Patch Size: Represents the average size of patches for 
a given land cover type.

•Mean Core Area Size: Represents the average size of the core 
areas (interior parts of patches, excluding edges) of land 
cover class for given cover type.

A  t o t a l  o f  f i v e  m e t r i c s  
w e r e  s e l e c t e d  a n d  
c a l c u l a t e d  f o r  e a c h  p l o t -
y e a r  a t  e a c h  o f  t h e  f o u r  
s p a t i a l  s c a l e s .



MODEL SELECTION



FOREST DATA

GRASSLAND DATA



HIERARCHICAL 
VARIABLE SELECTION

Step 1  Select minimally correlated variables at each spatial 
extent (R < 0.7)

Step 2  Group all remaining variables and again select variables 
with correlation coefficients < 0.7

Step 3  Repeat process, lowering threshold to 0.6

Correlograms following step two of 

the variable selection process for both 

forest (top) and grassland (bottom) 

data



FINAL VARIABLE SELECTION

G R A S S L A N D

% Agricultural (1000m)

Grassland Aggregation Index

F O R E S T

Elevation

% Forest (200m)

% Urban (500m)

Forest Mean Core Area (1000m)

% Urban (2000m)



MODEL RUNS

• All combinations of variables used 
within each data set

4 grassland model runs

22 forest model runs

• Models were then evaluated for 
goodness of fit using Akaike 
Information Criterion



RESULTS







O n l y  t w o  o f  f i v e  

p r e d i c t o r s  s i g n i f i c a n t

• E l ev a t i o n

• %  Fo r e s t ,  2 0 0 m

Ve r y  s i m i l a r  R 2  v a l u e s  

i n  a l l  t h r e e  m o d e l s ,  

w i t h  <  1 2 %  o f  s p e c i e s  

r i c h n e s s  va r i a t i o n  

ex p l a i n e d .

B o t h  s h o w  a  ne ga t i ve

r e l a t i o n s h i p  w i t h  

s p e c i e s  r i c h n e s s .



B o t h  p r e d i c t o r s  s i g n i f i c a n t

S i g n i f i c a n t l y  h i g h e r  a m o u n t  

o f  v a r i a t i o n  i n  a v i a n  

s p e c i e s  r i c h n e s s  ex p l a i n e d  

b y  g r a s s l a n d  m o d e l  (4 2 . 6 % )  

t h a n  f o r e s t  m o d e l s  ( < 1 2 % ) .

I n c r e a s e d  g r a s s l a n d  

a g g r e g a t i o n  h a s  a  ne ga t i v e

r e l a t i o n s h i p  w i t h  r i c h n e s s



S ign i f i cant  Grass lan d  Var iab l e  

Re la t io ns h i ps



S ign i f i cant  Fo res t  Var iab le  

Re la t io ns h i ps


