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yearly bird assemblages in the Theramaikos gulf
Natura 2000 protected area is shown in figure 6
which shows the empirical values of the Hill num-
bers and the Rényi entropy parameterized by the
order ¢ in terms of an empirical curve (McGuiness,
1984).

In particular, the diversity and entropy profiles
in figure 7 are plotted for all values from ¢ = 0
through infinity, although are not shown from g =4
and beyond, because they do not change essentially
and thus do not contain much information on the
compositional complexity of the bird assemblages.

The first three numbers coincides with three di-
versity indices, namely the true diversity of all
species (g = 0; species richness), the diversity of typ-
ical (common) community species (¢ = 1; exponen-
tial of the Shannon-Wiener diversity index) and the
diversity of the dominant species (g = 2; the recipro-
cal of Simson’s diversity). The bars thus represent
species and, as the number increases, less weight is
given in rare species units of the number decreases
and are helpful to assess and compare the yearly time
effects on species dominance. In general the profiles
of the yearly assemblages do not cross unambigu-
ously between them but for 2015 and 2016, suggest-
ing that these two year were more diverse compared
to the other. In most cases the bird assemblages
showed similar diversity patterns in respect to the
first Hill numbers although the values were different.

The species richness (q = 0) were higher in 2016
(Dg = 38) and 2015 (Dg = 37), followed by 2014
(Dg=31) and by 2013 and 2017 which have the

POLYXENI SOULOPOULOU ET ALII

same levels (Dg=29). The lowest species richness
was estimated in 2012 (Dg = 26). Moreover, the
bird biodiversity (Hill number ¢ = 1) were higher
for 2014 (lDy = 18.662) and 2016 (‘Dy =17.953)
compared to 2013, 2015 and 2017 which were
lower (9.465 <'D,, < 14.429). The lowest biodiver-
sity was estimate&lin 2012 ('D,, = 4.521).
Moreover, the effective number of the dominant
bird species (Hill number ¢ = 2) were higher in 2014
(2Dy =14.399) and 2016 (°D,, = 12.505) compared
t0o 2013 (2Dy =10.213) and 2815 (*D,,=8.629). The
lowest values were estimated in 201 (2Dy =4.993)
and 2012 (sz = 2.563). The above values have bi-
ological sense since realistically represent the effec-
tive number of bird species (i.e., with the same
abundance) in respect to each observation year that
theoretically can coexist with the maximum even-
ness. The Hill numbers ¢>3 have shown similar pat-
terns with the previous parameters although taking
slight lower values, although during 2012 the Hill’s
curve is more uneven (steeper decline) compared to
all other years. Figure 5, shows the pooled over the
years values of the Hill number biodiversity indices.
The mean species abundance (q = 0) was 31 species,
the mean biodiversity (q = 1) was 13 species and the
most dominant species (q = 2) were 8 species.

Rényi entropy biodiversity profiles
The Rényi entropy profiles generally follow the

same patterns as the Hill numbers in respect to each
observation year (Fig. 8). Moreover, in all cases the
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Figure 4. Yearly trends and relative analogies of the Shan-
non’s entropy and related Shannon’s equitability index of
bird biodiversity of a representative site of the Natura 2000
Thermaikos gulf protected area in Northern Greece.

Figure 5. Yearly trends of the Simpson dominance, Gini-
Simpson and Berger-Parker indices of bird biodiversity of a
representative site of the Natura 2000 Thermaikos gulf pro-
tected area in Northern Greece.
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Rényi entropy profiles showed analogous diversity
patterns as for the first Hill numbers. Higher values
were estimated for 2014 and 2015 compared to all
other years. This suggest that these two years were
more diverse compared to the other. Finally, a slight
crossing appears in 2014 and 2016 with 2013 and
2015 when moving from the parameter q = 0 to-
wards q = 1.

DISCUSSION

Birds are relatively easy to see and count and,
due to their sensitivity in habitat conditions, birds
can be used as reliable indicators of species biodi-
versity on practical and scientific grounds. Birds,
particularly, are diverse, are high in the food chain,
which makes them sensitive to changes at lower
food change levels (Thomas et al., 2004), they are
also sensitive to landscape modification as well as
to the presence of persistent pollutants (Barker &
Tingey, 1992; Backhaus et al., 2012). As a result,
the quantification of yearly changes in the complex-
ity of bird biodiversity provides important informa-
tion which potentially can be further used to
identify any driving forces behinds their temporal
alterations (Crick, 2004; Visser et al., 2006).

Nevertheless, one disadvantage of using birds to
estimate biodiversity, in general, as well as in the
particular Natura site of interest, is that they do not
often reflect of all other taxa in their domain (Gre-
gory, 2006). Moreover, in some cases there are bird

species in which it is realy hard to link their popu-
lation abundances to specific drivers on the ground,
since some species may counter positively to
ground change, while other negatively. For example
the excess of nutrients due to eutrophication may
be detrimental in the round of a wetland for some
species, but beneficial for others (i.e., wildfowls
Anas platyrhynchos).

In this work we estimate and present for the first
time the compositional diversity of bird abundances
at the species level from 2012 to 2017 in one of the
most important wetland Natura site in Northern
Greece using several biodiversity indices. More
than 50 bird species have been listed in total with a
combination of water birds, endemic as well as mi-
gratory species. The highest values of most biodi-
versity indices were recorded in 2014 and 2016
suggesting that there is a higher compositional di-
versity compared to all other years of observation.

The bird biodiversity has been known to play an
important role as biodiversity indicator in the well-
being and health of ecosystems (Tucker & Evans,
1997). Therefore, there have been important en-
deavors to describe bird compositional complexity
and its stability contributing to the evaluation of the
sustainability of specific habitats and ecosystems.

In this work we have addressed the estimation
of temporal changes of bird assemblages by means
of a series different biodiversity measures, to aid in
better understanding of the functioning and sustain-
ability of this important Natura 2000 protected area
in Northern Greece.
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Figure 6. Characterization of the species diversity of an assem-
blage with Hill numbers that report the diversity of all species
(q=0), the diversity of a “typical” species (q=1), and that of
dominant species (q=2) as well as following dimensions.

Figure 7. Pooled distribution patterns, first and second mo-
ments of the Hill number in estimating the mean bird biodi-
versity of a representative site of the Natura 2000
Thermaikos gulf protected area in Northern Greece.
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Figure 8. Complete characterization of the species diversity
of an assemblage using Rényi entropy. The profile repre-
sents the diversity of all species (q=0), the diversity of a “ty-
pical” species (q=1), and that of dominant species (qQ=2) as
well as following dimensions (details in text).

Because the concept of biodiversity is rather
straightforward considering the partitioning diver-
sity into different components (i.e., richness, even-
ness, relative abundance etc) (Wagner et al., 2018),
we have decided to estimate and compare a series
of different biodiversity indices to provide an ho-
listic approach to characterize the particular com-
position of bird assemblages. Furthermore, we have
decided to calculate and compare the time related
biodiversity curves for each index to detect alter-
ations and analogies between the different meas-
ures. This provide a robust measure of bird
compositional biodiversity as well as information
upon the changes throughout time.

Although both Shannon’s diversity as well as
Simpson’s index are both estimators of biodiver-
sity, the first put more weight on species richness,
while the second, on species evenness (Kim et al.,
2017). To date, species richness is the number of
different species present in a certain niche which
does not take into account the number of each
species present in contrast to evenness, which in-
cludes information on the uniformity of the popu-
lation size of each of the species present.
Therefore, a major advantage over simple diversity
measures, such as richness and evenness, is the fact
that they provide more inference about the struc-
tural composition of the bird populations. More-
over, although in Shannon’s diversity as well as
Simpson’s index the sample size is generally neg-
ligible for both of them, it is often difficult to com-
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pare communities that differ greatly in richness
based solely on Shannon’s diversity.

In the current study the Shannon Entropy had the
highest values in 2014 (Dy;=2.927) in 2014 and in
2016 (D= 2.888), suggesting that there is a higher
diversity compared to all other observation years.
These high values may be related to a higher number
of species and/or a distribution which is more even
compared to other cases (Magurran, 2004). In gen-
eral, typical values of Shannon Entropy are gener-
ally between 1.5 and 3.5 in most ecological studies,
and the index is rarely greater than 4. However, be-
cause these values are related to the particular study
region, it is difficult to be compared to other regions
per se. On the other hand, because the Simpson
index varies for 0 to 1, it can be probably used to
compare more easily relative analogies to species
bio diversities of other regions.

Moreover, the empirical curve profiles of the
Hill’s numbers, as well as the Rényi entropy, pro-
vide a quantification in the change in the shapes of
the curves over time and the ability to compare their
different patterns in relation to the different obser-
vation years. In 2012 and 2017, for instance, the
shapes of the diversity curves differ considerable
compared to all other years and which explains vi-
sually the discrepancies in comparing the other di-
versity indices. In other words, although the other
biodiversity indices used evaluated the temporal
changes in bird biodiversity, Hill’s and Rényi com-
plexity measures may provide different answers re-
lated to weight given to rare species (Wagner et al.,
2018). Thus, the biodiversity curve profiles have
the advantage of providing information about the
change in the evenness of the bird assemblages over
time in a single model.

However, it is still important to generalize the
information from the biodiversity indicators in
order to establish a link to the driving causes which
explain any ecological variation in bird abundance
from year to year as well as from location to loca-
tion. For instance, when an ecosystem degrade, a
few generalist species, that can thrive in wide vari-
ety in habitat modified by human, take over a large
number of specialist species which are decently
strongly by absolute precise habitat conditions. As
a result, small population of native species become
extinct and a few generalist species dominate. This
process of such a temporal change is known as bi-
otic homogenization (Thomas et al., 2004). There-
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fore, very often neither the rarest nor the common-
est species per se are reliable indicators of biodi-
versity. Additionally, alterations of abiotic factors
such as changing environmental temperatures, al-
terations in rainfall regime such as the amount of
precipitation (rain, snow, etc.), the relative humidity
of the atmosphere, as well as the increasingly fre-
quent extreme weather events are characteristic el-
ements of climate change and can possible affect
species phenology, reproduction and biodiversity
(Crick, 2004; Visser et al., 2006; Cormont et al.,
2011; McMabhon et al., 2011; Auer & Martin, 2013).

To conclude, based on the results there were al-
terations in bird assemblages throughout the observa-
tion years and especially during 2012 and 2017.
Additionally, because the biodiversity indexes used
in this study are representative and sensitive to envi-
ronmental change they provide a capable quantitative
measurement of the species occurred in the particular
location of interest and their stability throughout time.
Therefore, more work has been planned to answer the
question of whether annual changes in the composi-
tion bird biodiversity are related to exogenous factors
such as climate and/or any human activities. Yet, this
study has shown that use of diversity indexes are ro-
bust estimators of biodiversity since they give as bio-
diversity by proxy and save us time and reduce
sampling efforts since it is virtual impossible to sur-
vey everything. Information from this work should
facilitate evidence-based strategies for the preserva-
tion and sustainable management of the Thermaicos
semi-Agricultural Natura 2000 area of conservation
in Northern Greece.
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