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A B S T R A C T

The increase in length and severity of drought events predicted for South-Eastern Europe are expected to en-
gender important changes to remaining native forests. To make informed management decisions promoting their
conservation, it is important to better understand their responses to climate and environmental disturbances.

In this study, we analyze growth responses over a network of 15 sites of Serbian spruce (Picea omorika), an
endemic relict conifer species of the Balkan region — with a natural range restricted to the canyon of the Drina
river at the border between Serbia and Bosnia Herzegovina — that has already shown signs of decline and
dieback likely induced by increasing temperature and drought.

Tree-ring analyses spanning the common period from 1974 to 2016 have shown a strong growth reduction
and highlighted an increasing negative growth response to summer drought over the last 30–40 years. The
strength of the response differed among individuals and sites, where younger trees and those growing at lower
altitude suffered more from drought.

Management practices oriented at reducing drought impact, such as thinning to reduce competition for water
resources and enhance survival of seedlings, together with assisted natural regeneration and migration to more
suitable habitats, are recommended for the conservation of this relict species. The measures are even more
necessary considering that this species is more vulnerable than others due to its weak capacity to naturally
regenerate and compete.

1. Introduction

The Mediterranean Basin represents one of the most important
hotspots of biodiversity on Earth (Médail and Quézel, 1999; Fady-
Welterlen, 2005). However, a rapid economic development, an in-
creasing human population and climate change induced environmental
disturbances are creating unprecedented pressures on the natural re-
sources in the area. The Balkan region, hosting 7500 plant species, of
which one third is endemic (Aleksić and Geburek, 2014), including
some relict tree populations, does not escape this threat. The general
increase in temperature together with increasing frequency and severity
of drought events represent a new threat for many tree species on the
Balkans. In particular, this region is expected to be one of the most
affected regions in Europe, since the frequency, length and severity of
droughts are maximized (Ivetić and Devetaković, 2016) in areas al-
ready experiencing water scarcity (Laušević et al., 2008). According to
the IPCC (Intergovernmental Panel on Climate Change) scenario for
Bosnia and Herzegovina, the mean annual temperature will increase by
2.4–4 °C by the end of this century with a decline in precipitation

regimes by up to 30 % compared to the period 1961–1990 (UNDP,
2016).

These changes in climate are expected to strongly affect native
forest ecosystems and first evidences of such changes already reported
in the middle of the 19th century (Lindner et al., 2010). Although nu-
merous tree-ring chronology for the broad South-Eastern Europe region
are more and more available (e.g. Ważny et al., 2014), very few cover
the Balkan region. These last chronologies are usually from centuries-
old tree-line relict conifer with growth usually recording a summer
drought signal (e.g. Panayotov et al., 2010; Seim et al., 2012). Low
elevation trees are expected to be even more exposed to drought as
shown in the few studies on non-endangered hardwood and softwood
species (e.g. Poljanšek et al., 2012; Stojanović et al., 2015; 2018). More
recently, signs of reduced growth and dieback have been mainly ob-
served in coniferous tree species, such as spruce and pine (Ivetić and
Aleksić, 2016). These diebacks are often related to insect outbreaks,
such as bark beetles, which are suggested to be triggered by the ongoing
climate change (e.g.; Allen et al., 2010). It is suggested that drought
periods, such as the recent summer droughts in 2015 and 2018, lead to
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