Monitoring of Habitat Quality in Fruit Orchards –
a promising Example for the Application of
Remote Sensing and GIS
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1. Introduction
Traditional orchards have been typical elements of the cultural landscape in many regions of
Central Europe for several centuries (Figure 1). They are characterized by fruit trees such as
apples, pears, plums and cherries, and apricots or peaches in some regions, which are
scattered on small-sized meadows or pastures, and in rare cases on arable fields. The
landscape is dominated by many adjacent orchard parcels differing in age, size, fruit species
composition and management intensity, especially in the vicinity of settlements. Due to this
unique combination of a herb and a tree layer, both of which are traditionally used at low
intensities, traditional fruit orchards provide habitats for a large number of plant, animal and
fungi species and are therefore important for the conservation of biological diversity.

Figure 1: A typical traditional orchard with apple and pear trees of different age and structure
on a low-intensity meadow (Saxony, Germany; photo: R. Achtziger).
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Traditionally managed orchards in Central Europe have drastically declined in number in the
last decades (up to 90 % in some regions) due to habitat destruction, and are threatened by
intensification or – even more importantly – by the abandonment of the traditional
management of both fruit trees and meadows. These processes have resulted in a decrease of
habitat quality. Therefore, tree orchards are more and more the focus of nature conservation,
and (effective) methods for the assessment and monitoring of orchard habitat quality are
strongly needed.
Based on comprehensive studies of the relationships between structural features of
orchards and various plant and animal communities in orchard-dominated landscapes in
Northern Bavaria (Southern Germany), several key structures at the tree, stand, and landscape
levels are presented which are used for a rapid assessment of orchard habitat quality in the
field. Due to the characteristic structure of orchards consisting of discrete units (trees),
orchards could be a promising example for the application of remote sensing techniques in
order to support monitoring and assessment of habitat quality in the future. For this purpose,
we propose structural parameters at the tree, stand, and landscape levels that could potentially
be used for applying remote sensing techniques such as LiDAR, multispectral or
hyperspectral imagery, and GIS to support the monitoring of habitat quality in orcharddominated landscapes in the future.

2. Structural Indicators for monitoring Habitat Quality in Orchards
2.1 Indicators of Habitat quality of the tree layer
As has been shown by several studies on indicator groups such as birds, xylobiotic beetles,
tree-dwelling bugs, leafhoppers and planthoppers, the high biodiversity of orchard habitats is
the result of the occurrence, frequency and diversity of specific structural features at the tree,
orchard (stand), and landscape levels (Table 1).
At the tree level specific structures such as tree hollows of different sizes, dead wood
(stems, branches), epiphytes (lichens, mosses) and fungi as well as vitality, species identity,
foliage architecture and density of the fruit trees are important indicators for habitat quality of
tree-dwelling arthropods, small mammals or birds (Achtziger et al. 1999; Table 1). The
amount and diversity of most of these structures are highly correlated with parameters of tree
size and age. For example, tree caves suitable for the nesting of hole breeding birds occur on
apple trees with diameters more than 0.25 m, which corresponds to an age of about 40 years
(Achtziger et al. 2004). Besides size parameters such as height of the trunk, diameter at breast
height, or crown diameter, the vitality and condition of a tree (see Table 1) is important for
the structural diversity and hence the biodiversity of different tree-dwelling species groups:
For example, we found the maximum number of xylobiotic beetle species in dead trees,
whereas insects living on the foliage, or breeding birds showed the highest species richness in
older, over-aged trees.
At the single orchard (stand) level the number and diversity of tree species, tree vitality
and age classes (from young and newly planted to dead trees), tree density, distance between
trees and specific structures such as stacks of wood, heaps of stones, and lying dead wood are
important habitat structures (Table 1).
At the landscape level, landscape structure, isolation, and connectivity between single
orchards or connections with adjacent habitats are important for the colonisation of newly
planted orchards and for species groups with larger spatial requirements such as bats or birds
(Table 1, Bailey et al. 2010, Horak et al. 2013).
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Table 1. Structural parameters for the assessment and monitoring of habitat quality at the tree,
stand and landscape levels in traditional orchards (tree layer only, data from Achtziger et al.
1999, 2004, Wiche 2011, and unpublished reports) with suggestions for suitable techniques to
estimate these parameters (L = LiDAR, M = Multispectral imagery, H = Hyperspectral
imagery, G = GIS, * = Not directly; may be possible to find indicators)
Level
Structural parameter indicating habitat quality
L
M/H
G
Single tree
9
Size parameters (e.g., height, crown diameter,
height of crown base)
9
9
Age and vitality class
9
9
Foliage density
9
Amount of dead wood
Number of tree caves
*
Amount of epiphytes, fungi, small hollows
*
filled with rotten wood
Single orchard
9
9
Total number of trees
9
9
Density of trees
9
Number and proportion of different fruit tree
species
9
Number, proportion and variability of tree
vitality classes (e.g., proportion of dead vs.
young trees)
9
Spatial distribution of trees (aggregated vs.
regularly)
9
Average distance between trees
9
Amount of specific structures (e.g., lying
dead wood, stacks of wood or brushwood,
anthills)
Landscape
9
9
9
Number / proportion of neighboring orchards
vs. other habitat types
9
9
9
Proportion of orchards
9
Amount of fragmentation, connectivity
9
9
9
Proportion of abandoned orchards vs. newly
planted
9
Other landscape metrics
All the structural features of trees and hence the habitat quality of orchards are of course
correlated with management intensity (e.g., cutting of trees for fruit yield increase, removing
dead branches or epiphytes, replacing dead trees by new ones, frequency of fertilisation and
mowing). It could be shown that an intermediate management intensity (i.e. moderate
removal of dead wood or trees and moderate but continuous replacement of some dead trees
by young ones) is important for a long-term and sustainable preservation of structural
diversity and habitat quality in orchards.
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2.2 Application of Remote Sensing and GIS Techniques for Monitoring Habitat
Quality
Due to their characteristic structure – spatially separated trees – monitoring of habitat quality
of orchards may be a promising example for the application of remote sensing and GIS
techniques. Jang et al. (2008) were able to quantify the number of trees in an orchard and
several other tree characteristics related to parameters such as crown density and vitality by
using a combination of airborne LiDAR and multispectral sensors. Several of these structural
parameters are indicators of habitat quality at the tree level, and can be used in a GIS to
estimate the parameters at the stand and landscape levels (Table 1). Warner and Steinmaus
(2005) used high spatial resolution panchromatic imagery to classify a landscape into
orchards, vineyards and non-orchards with 95% accuracy. Remote sensing and GIS
techniques can therefore support habitat quality assessment and monitoring based on
structural parameters in traditional orchards.
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