
A GlS-based approach to assess the population size of
Kriiper's Nuthatch, Sittu kraeperi at a newly found

breeding are in Inner Anatolia

(Aves: Passeriformes)

Tamer Albayrak, Ali Erdofan

Abstract. A new breeding area for Kriiper's Nuthatch (Sitta krueperi Pelzeln, 1863) was discov-
ered in the Ak Mountains of Yozgat province of Inner Anatolia in pure Scots Pine (Pinus silves-
lris) woodland. The average bird densitywas 1.23+0.85 individuals,4<nr'. The Habitat Suitability
Index (HSI) was applied for altitude and habitat characteristics of Scots Pine within a raster of
500 x 500 m, and, based on this, a model distribution map was prepared using a Geographic In-
formation System (GIS). Using a HlS-based threshold of more than 0.7 and the area of habitat, we
calculated the population size of Kriiper's Nuthatch in the Ak Mountains region as 558 individu-
als.
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Introduction
Kriiper's Nuthatch, Sitta krueperl Pelzeln, 1863, is a 'Near Threatened' species (IUCN
2006). Its distribution is confined to the coastal periphery of the Anatolian peninsula; limited
numbers are also found on the adjacent Greek island of Lesbos and in the Caucasus region
(Hnmer & QurxrN 1996, HAGEMETJER & Br-ern 1997, ArsevRAr & EnnoGeN 2005a,
Hovo et al. 2008). Kriiper's Nuthatch occurs only in conifereous forests, from sea level to
the tree line (Arn.nvr.ar 2007).It is mostly sedentary with some post-breeding dispersal and
seasonal altitudinal movements (Hoyo et al. 2008).

Mapping the distribution of species is a key issue in ecology and conservation because hy-
potheses often rely on an accurate knowledge of where a species occurs (BnotoNs et al.
2004b). Geographic information systems (GIS) are a useful software for predictive habitat
distribution models, which are again very helpful in wildlife management (BnoroNs et al.
2004a, Msccs et al. 2004) and for estimating population size (Gorrscrul-K et al. 2007).

In this paper we estimate the distribution and density of Krtiper's Nuthatch in a pure Scots
Pine (Pinus silvestris L.) forest at a recently discovered breeding arca, lhe Ak Mountains
(Yozgat, Inner Anatolia). We specifically focus on the association between the birds and
altitude, habitat structural variations, ages and density ofthe Scots Pine. Our study provides
a base for determining the potential distribution of Kr0per's Nuthatch in the Ak Mountains
and other areas. Our aims are to illustrate and to discuss the new distribution area and also to
predict the habitat distribution and calculate the total population size of Kriiper's Nuthatch in
the Ak Mountains.

Zoology in the Middle East 49, 2010:27-32.
ISSN 0939-7140 @ Kasparek Verlag, Heidelberg



Zoology in the Middle East 49, 20i0

Table 1. The suitability ofdifferent altitudes and vegetation types for Kriiper's Nuthatch accord-
ing to ALBAYRAK (unpubl.), AreeyRAK (2007) and Arnanar et al. (2006). HSI = Habitat Suit-
ability Index.

Altitude (m) 800-1000
1001-1250
125 1-1500
1 501-1750
l75l-2000
200t-2250

0.4
0.5
0.7

0.75
0.8
0.7

River
Scots Pine Forest: Age level (diameter at breast height ) 08.0-19.9 cm

20.0-35.9 cm
36.0-51.9 cm

0.'15
0.85
1.00

Scots Pine Forest: Coverage (percentage) 0-10
1740
4l-70
71-100

0
0.25
0.50
0.75

Maquis
Open a{eas

Material and methods
Study site and density. The study area is located in the Ak Mountains of Yozgat province, Inner
Anatolia Region of rurkey, and consists of pure Scots Pine woodland (Fig. 1). An inventory of
Kriiper's Nuthatch was conducted within a radius of 150 m at 23 point counts during the breeding
season in late May 2006. A modified strip point transect (Breav et al. 1992, 1998) was used to
estimate the density and frequency of occurrence of Kriiper's Nuthatch. Additionally, we used a
three-minute playback on each point. Males, also occasionally females and young birds, show
territorial behaviour (Arnayrr & Eruocau 2005b) and respond to playback. A minimum of
300 m was kept between points. The density of-Krtiper's Nuthatch was calculated using the fol-
lowing equation: D = n lpn(: individuals/km', where D: density (number of individuals per
km'), n : total number of the individuals detected along the points, p : total number of point
counts, r - fixed radius (0.15 km).

GIS analysis. Base maps of the distribution of woodlands were taken from the Ministry of Envi-
ronment and Forestry (Onnrs 2009). From these maps, information such as vegetation types, age
structure of Scots Pine, and relative forest cover was extracted. Digitised maps were edited to
four coverage layers in a GIS software, Geomedia Professional 6,0. The vegetation layer con-
tained two different vegetation types, forest and non-forest. The Scots Pine layer included the age
level (alSP) b (8.0-19.9 cm diameter at breast height), c (20.0-35.9 cm diameter at breast height)
and d (36.0-51.9 cm diameter at breast height) and four different cover percentages offorest in
thearea(dSP:0:<l0yo, 1=l I -40%,2:40-70%,3:70-100%oftheareaforested)(Onsrs
2009). The altitude layer included elevation levels of 250 m intervals ranging from 750 mto 2250
m. All layers were transformed to raster layers (cell size: 500 m x 500 m) using a GIS software
module, Geomedia Grid 6.0. Each raster layer contains 28,640 cells (total 7,160 km21. A Digital
Elevation Model (DEM) was built using contours of altitude. Each raster layer cell which had its
own characteristic information such as vegetation types, age level of Scots Pine, proportion of
forest cover and altitude was transformed to a Habitat Suitabilify Index value (Table 1). Habitat



Fig. 1. Study area, known distribution
area after HoYo et al. (2008), and the
newly found distribution range of
Kriiper's Nuthatch in the Ak Mountains,
Turkey.

Table2. Habitat Suitability Index (HSI) values andproportion of the study area, classified as of
high, moderate, and low suitability for Krtiper's Nuthatch (given as %o of total study area). DEM
: Digital elevation model, dSP = density of trees in the area, alSP : age level of Scots Pine.

P+ lDEM dsP arsP tjSJ

0.91-1.0 High
0.81--0.9 High

0.1
0.1

Moderate 3.4 2.8 3.4 (239.8)
Moderate 18 3.8 1.2 2.3 1.9 (132.8)

:.gnbtq!eli:.:....iii3$i8iiiiir..,$li..:.:.....ii::.riiiiiii:,iiii:ri..ii:.:.,.:::.:.::s.t s.l t!?!r6ti,
Low 1.0 1.3 0.7 3.2 4.0 3.3 (238\
Low 0.02 (1.3)

88.3

0.71-0.8 High 40.2 6.6 10.8 6.3 6.6 10.8 6.3 (453.5)

il:Snu igi:l:i::i::i:e(i;t:iii::ii::e6:::::!&g:::::::s!tl::xffi]lili::::litg::,l:!i.:tttlit8€-i:i
0.614.7
0.41-0.6

0.214.4
0.01--0.2
0.0

0.1
88.3 85. I85.1

Suitability Index (HSI) models characterise landscapes with index values (usually ranging from 0
to 1) that indicate habitat suitability based on measured features (Larxnn & BusBy 2002,Lt et aL
2008).

The HSI values were estimated on the basis of our long-term experience from 1999 to the pre-
sent. Every individual cell was assigned a HSI value according to Table I (Ar-eevner, unpubl.
data). Kriiper's Nuthatch only occurred in coniferous forest, so the HSI ofnon-forest areas, ma-
quis and river were set at 0. Though its density was positively correlated with altitude (Arnev-
RAK et al. 2006, ATBAYRAT 2007), the vegetation fpe in some areas higher than 2000 m made
these areas unsuitable. Kriiper's Nuthatch prefers old and natural forest (Aln.wner 2007), as the
most important variable of the birds'habitat suitability is the number of trees offering potential
nesting sites (L.nuven & Busev 2002). Using this information, we gave a higher suitability value
for thicker Scots Pine stands and more dense forest in the area. After overlaying the four layers
with different weights, we obtained the average value of Suitability Index for each layer, which is
the integrated suitability of the landscape for Kriiper's Nuthatch. HSI values can range from 0

8s.1 (6094,6)
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Values of HSI

I  0.67 - 1.00

I 0.34 - 0.66

&*: o.oo - 0.33

Fig. 2. HSI maps of Kriiper's Nuthatch based on the Digital Elevation Model (DEM), density of Scots Pine
(dSP), and age level (alSP) of Scots Pine in the Ak Mountains.

(unsuitable) to 1.0 (optimal habitat). This range was divided into evenly spaced tree classes (0-
0.33, 0.34-0.66, 0.67-1.0) to indicate low, moderate, and high quality habitat for Kriiper's Nut-
hatch, respectively.

Results and discussion
Published distribution maps of Krtiper's Nuthatch include only the coastal region of Anatolia
(Fig. 1, Hoyo et al. 2008), but we found Kriiper's Nuthatch in a new area, the Ak Moun-
tains, Inner Anatolia Region, in late May 2006, apparcntly discrete from the previously
documented range (Hanr.ar & QunrN 1996, HacBUETJER & Brarn 1997, Hoyo et al. 2008,
KrnweN et al. 2008). The new localities are composed of pure forest of Scots Pine. The
mean density of Kriiper's Nuthatch was 1.23+0.85 ind./km'.

The HSI model that has been generated scores across the range ofO to I (Table l-2). The
model predicted that high quality Krtiper's Nuthatch habitats are found at certain sites
throughout the study area. The maps of HSI of DEM, dSP, and alSP are given in Fig. 2 and
the calculated HSI values as well as their proportion of the study area are given in Table 2.
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Fig. 3. Potential distribution of Kriiper's Nuthatch in the Ak Mountains, Turkey, based on the Habitat Suitabil-
iry Model.

Over 85%o (6094.8 km'z) of the study area was classifled as open and maquis area. Only less
that l5o/o of the study area consists of Scots line forest. Our results show that out of a total
of 1065 km' Scots Pine woodland, 453.5 krrl (42.6%) consists of high quality habitats for
Kriiper's Nuthatch (HSI>0.67) (Table 2, Fig. 3). The distribution model of the occurrence of
Kriiper's Nuthatch in the Ak Mountains region using HSI is given in Fig. 3. Krtiper's Nut-
hatches were observed only in high quality habitats (HSI>0.67). Based on the surface size of
the high quality habitats (453.5 km', HSI>0.67, Fig. 3) and calculating the density of the
species (1.23+0.85 ind.ikm'), we calculated the population size of Kriiper's Nuthatch as 558
individuals. This population size is given as the possible total number of individuals on
account of the response of males, and occasionally of females and young birds of Kriiper's
Nuthatch, to playback in the area.

Assigned HSI was used to evaluate the habitat quality for Kriiper's Nuthatch. This is a fast
and convenient method for estimating habitat availability with spatial explicitness in a het-
erogeneous landscape (LI et al. 2002). The species uses nest cavities excavated by wood-
peckers, or makes its own entrance holes in slightly decayed, old tree trunks (Ar-neyRAK &
EmoGaN 2005a). It prefers semi-natural old forests and its density was positively correlated
with altitude (Ar-nevner et at. 2006). Our experience on Kriiper's Nuthatch and the HSI
model are recommended for the rapid integration of key habitat features at various scales. In
conclusion, the calculated distribution model of the occurrence of Kriiper's Nuthatch using
HSI provides an important base for determining its potential habitat in the area. This case
sfudy demonstrates a fast and useful method suitable for assessing the potential habitat of
Kriiper's Nuthatch across the whole of Turkey to support conservation measures and wildlife
management.
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