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SOME PECULIARITIESOF COLLEMBOLAN DISTRIBUTION IN
THE RIVERSIDE ZONES OF THE DNIESTER RIVER

GALINA BUSMACHIU' AND ELENA ZUBCOV*

SUMMARY. The comparative analysis of the state of soil@lthe banks of Dniester River

using collembolan communities’ structure was ddnespite of permanent floodings and
transformations, the riverside sectors remain radtteactive places for the soil invertebrates,
due to the carry-over and accumulation on theifasar of the biogenic elements. It was
established high species diversity of Collemtmtan when the number of individuals was low
and the correlation of their density with the soganic matter and water content.

Keywords: bank of river, Collembola, ecology

Introduction

The ecological researches of the river banks amablfilains using small
groups of invertebrates present special interesumdays (Khanislamova, 1988;
Bulimar, 1992;Carnogursky, 1998; Sterzynska and Ehrnsberger, 19@9zynska
and Pilipiuk, 1999; Russedlt al., 2004; Tronstadt al., 2005; Busmachiu, 2004
and 2006). The bank of rivers and floodplains ara permanent transformation.
During the spring river floods or after abundaninsathe level of river water
increase greatly and transcend the usual bank limitging to the banks biogenic
elements such as fine particulate organic matterkJBayley and Sparks, 1989).
It was found that the soil invertebrates’ commuditiliving in the margin on
aquatic basins are able to cope with highly vaeailet and dry condition
depending on the frequency and duration of inuadatCollembola are one of the
most significant and important studied groups taatt be find in the soil and sand of
riverbanks, on wetland, on aquatic vegetation,hendecomposing organic matters,
which have an active role in matter cycling andrgyéransformation in nature. The
Collembola remain one of the less studied groujvef ecosystems, although it is an
important connecting group within the trophic clsaiifhe diagnosis of riverbank
status, using soil zoology studies, represents ohehe control methods of
environment ecological conditions as a whole (Vaadken, 1991). The life of small
invertebrate organisms depends on environmentalitom; they quickly respond
to habitat disturbances due to their high sengjtivihe structure of collembolan
communities, the presence or absence in diffenegqptions of living forms and

! Institute of Zoology, Academy of Sciences of Maldp 1 Academiei Str., MD- 2028, Ghiau,
Republic of Moldova
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some bioindicator species reflect the state of tigjpasin. In present the physico-
chemical studies of the quality of fresh water mo¢ enough, we must take also
into consideration the state of aquatic basin imegal.

As the result of our previous research (Busmackd@4),carried out in
different types of biotopes adjacent to the DnidRéver banks, 42 species of
Collembola, belonging to 28 genera and 10 familie=e recorded.

This paper presents the results of ecological studccomplished straight
on the water/soil gradient of the Dniester bankyomed to periodical flooding.
The aim of this research is to investigate theeooliolan distribution along the
river stream and gradually up to 8 m from the blam as well as the influence of
soil parameters upon the structure of collembotamraunities.

Materialsand Methods

Characterigtics of studied localities. Dniester is the bhiggest river in
Moldova, which provides the main water resourceghi@ republic. The river
length along the territory of Moldova is of 657 kithe water basin surface
constitutes 19.1 thousand kmwhich represent about 70% of the republic teryito
and the velocity of river stream is of 0.5 m/selge Dniester riverbed is sinuous in
the upper course; it penetrates the calcareousat@ns of toltre reefs that emerge
to the ground surface as cliffs and rocky banks Thddle Dniester banks are
argilo-arenaceous and sand-slimy.
. Naslavcea village (#4829'21" N, 27 34’ 49" E) is situated at the altitude
of 209 m. The water level in the river, during #anple collection, was raised; the
bank was partially inundated, covered by herbacquasts. Furthermore, the
rocks (granite) emerge on the surface and the zankvered here and there by
stones and crushed rock.

. Otaci village (48 26'49” N, 27 41’ 01” E) is situated at the altitude of 63
m. The bank was smooth, partially flooded, withradant herbaceous vegetation.
. Soroca town (480841” N, 28 17 44 E) is situated at the altitude of 42

m. The water level in the river was raised, thekbams partially inundated,

roughly covered by debris of decomposing vegetadiot the soil is sludgy. The
bank line was indistinct.

. Camenca town (48050” N, 28 41 51 E) is situated at the altitude of 33
m. The water level in the river was raised; the kbamms partially inundated,

covered by herbaceous plants.

. Goieni village (4722 20" N, 2908 57 E) is situated at the altitude of 18
m. The water level in the river was raised; the kbams partially inundated,

covered by abundant partially decomposed plantharishceous vegetation.

The soil temperature was measured at the mometiteofampling; the
percentage of water and organic matter contentoih taken linearly at the
distance of 0-2 (I line), 2-4 (Il line), 4-6 (lline) and 6-8 (IV line) meters from
water edge, as shown in table 1, were determin&boratory.

4
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Table 1.
The main soil parameters in the studied localities
Soil parameters
Organic matter, % Water content ,%
i, T°C Collection line and distance from bank, in meters
Localities . !
of soil | Il Il \Y} | 1l 11 \Y

0-2m 2-4m 4-6m 6-8m 0-2m 2-4m 4-6m  6-8m

Naslavcea 16.0 9.44 6.92 7.54 5.76 28.92 15.85 214.21.05

Otaci 16.2 13.12 12.14 1157 10.79 29.50 26.91 4£0.10.47
Soroca 13.6 16.77 12.44 1543 1321 33.40 24.96 5228.20.39
Camenca 15.2 14.04 12.68 1119 12.15 31.39 21.06 7619.17.12
Goieni 16.1 14.19 1453 16.60 14.91 27.11 27.02 327.16.40

Sampling and extraction. The faunistic material was sampled along the
banks of the Dniester River, in the above mentigie$, at the beginning of May,
2006. The samples were taken from the northernaMesh village to Camenca
town and Goieni village, where the Dubasari watservoir begins.

At each locality an area of 88 m was selected, starting from the water
edge and divided into 16 sampling points witlt 2 m size. More than 80 soil
samples, taken by a square frame with surface$ ain® and 5 cm depth, were
collected. The microarthropods were extracted fitbmn soil using the flotation
method. The specimens of Collembola were fixeddheghylalcohol and identified
up to the species level according to keys of Std®&47-1963), Gisin (1960),
Pomorski (1998), Bretfeld (1999), Potapov (2001 ather systematics papers.

Margaleff (Im), Shannon (Ish) and evenness (Magurd091) indices
were calculated for the estimation of the diversifycollembolan communities in
the studied localities.

The soil analyses were done using methods genacpted in soil science
(Arinushkina, 1961); the statistical processing veadized using EKEL program.

Results and Discussion

As a result of investigation, 31 species of Cobeta belonging to 23
genera and 10 families were found and 1889 colléankiadividuals were registered
in the studied localities along the Dniester RivEneir density varied between a
minimum of 5,825 ind.fMnear Camenca town and a maximum of 15,700 ihdear
Goieni village on the bank of the aquatic resergdiable 2). The minimum of
collembolan density and species diversity were nadb at the distance up to 2 m
from the water edge in all studied localities. Thial number of registered species
per site was approximately the same, 15 — 16 speloig near Naslavcea village
only 11 species were found. The minimum numbendfviduals (20) was found
up to 2 m distance from the water edge near Nastawdlage and maximum
number (267) up to 4 m from the water edge neargdaatown.
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Table 2.

Comparative analysis of collembolan community gtricesfrom the soil
along the bank of Dniester River

Localities Density Total Indexes
ind.m? species
Mean dens. + SD Min Max Ish Im Even-
ness

Naslavcea 6,840 £ 4,86 2,000 12,200 11 2.46 1.78 71 0.
Otaci 9,350 £ 4,20 5,400 15,300 15 2.59 2.19 0.68
Soroca 10,500 + 3,82 6,900 15,400 16 2.43 248 00.6
Camenca 5,825 +3,91 2,400 10,100 16 2.28 2.32 0.57
Goieni 15,700 £ 7,22 5,300 21,400 16 2.86 2.75 710.

In the study of the comparative structure of cobbetan communities, it is
very important to take into account the main sakgmeters, such as water
content, temperature and organic matter contergsdparameters represent the
main factors of influence upon the number and gsediversity of small soil
invertebrates. As the data collecting took placthatbeginning of May only, there
were not any significant differences between theperature characteristics, but
the parameters of soil water content and the ocgamtter content varied. The
mentioned parameters were significantly distingegshnot only in different
sampled localities, but also at the different diseafrom the water edge. The main
soil parameters were considered linearly up tot8wards the river water edge.

The data on the soil water content and the orgamatter content
emphasized a rather distinctive peculiarity. Insalldied localities, the maximum
soil water content was recorded on the water/saillignt and up to 2 m from the
water edge: from 33.40% in Soroca to 26.91% in Otdere the lowest values of
collembolan individuals and species diversity wegistered. Moving away from
the water edge the soil water content decreaseduagly, but the collembolan
density and species diversity increased. At theadez of 8 m, the longest distance
from the water edge, the soil water content hachimmum values from 11.05%
in Naslavcea to 10.47 % in Otaci and the speciesrsity was great.

The gradual decreasing of soil water content oleskin the majority of
localities was recorded only on smooth, graduallging bank line. However, near
Soroca, the bank line was rough and low; respdgtihe parameters of humidity
varied on the entire studied sector, includingl#st fourth line up to the distance
of 8 m from the water edge (Tablel). The same ilergy was registered in the
distribution of collembolan number. Two high valugsto 4 m (116 ind.) and up
to 8 m (154 ind.) from the river water edge wereorded. In other areas, namely
near Goieni and Otaci, only one maximum numbendividuals was recorded up
to 6 m (214 ind. and 153 ind., respectively); Méaslavcea and Camenca, up to 8 m,
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99 and respectively 101 individuals were recordéds soil water content differences
between the first (up to 2 m) and the last lings ttw 8 m) are considerable and
fluctuated from 19.03 % in Otaci, 17.87 % in Nasta; 14.17 % in Camenca,
13.01% in Soroca and 10.71% in Goieni. Thus, theali material collection allows to
emphasize the linear modification of soil waterteah as well as of collembolan
number and species diversity distribution at vagidistances from the water edge.

The content of the organic matter in the soil halso the tendency to
decrease as moving away from the water edge. Itsinmian quantity was
registered in the first lines 16.77% in Soroca 44dl9% in Goieni, while the
minimum quantity was registered in the fourth lif@§6% in Naslavcea and
10.79% in Otaci. The edge of the bank river neaiefiovas an exception. Here,
at the distance of 4 - 6 m from the water edgedémmposing algae aggregations
were noted and, as a result, a high level of ogardtter content— up to 16.60%
and the highest value of collembolan number (28i#viduals) were recorded.

The greatest collembolan density on square metsr@@rded near Soroca
town and Goieni village, where the highest levebgfanic matter content in the soil
was noted. Here the organic matter content in titenis also increased.

A positive significance was emphasized between dhganic matter
content of the soil and the collembolan densitthestudied sectors (Fig.1).

Callembolan density, soil organic matter andwater content
in the studied localities
18+ T+ 30
16 +
- + 2
S 14+ S
s il €
S 12 20
~" 10+ Y
'E +15 _-
- 87 : =
é 6| —B—x10% ind.m- 110
= 4+ -4--0M, % ls
2T ---A-- W%
0 1 1 1 1 0
Naslavcea Otaci Soroca Camenca Goieni

Fig.1. The average density of CollembolalQ® ind.ni?), soil organic matter (OM %) and
water content (W %) in the studied localities
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The study of collembolan species diversity and iigs the distances up
to0-2,2-4,4-6 and 6 — 8 meters from theéewadge allows to emphasize
several peculiarities of the species distributibnus, at the distance up to 2 m an
average of 4 — 5 species were present in numb20 ¢ 125 individuals. Among
them the hydrophilous species such @syptopygus thermophilus, Anurida
ellipsoides and Folsomia candida were dominant. Moving away from the water
edge of river, the collembolan species compositioanged. Along with the soll
water content decreasing the number of small degecies, as well as of large
ecological spectrum species increased, suchMasaphorura krausbaueri,
Protaphorura serbica, Folsomides parvulus, Orthonychiurus rectopapillatus,

I sotomodes productus, Lepidocyrtus paradoxus and Sminthurinus e egans.

Our results correspond to those of other reseaodmezrning the development
of collembolan communities in areas of increaseddhsonidity, but not flooded by
water. Sterzynska and Pilipiuk (1999) found thehégy collembolan number and
species diversity in such zones situated at thendis of 4-8 m from the water edge.

The soil up to 6 m from the river water edge was thost populated
(abundance), while the highest species numberudimg large athmobionts,
characterized the soil up to 8 m. Here, the foltlgygpecies such Alganura muscorum,
Orchesdla albofasciata, Orchesdla multifasciata, Orchesdla  xerothermica,
Pseudosindla haraki, Heteromurus major andSminthurinus bimaculatus were found.

The specie€ryptopygus thermophilus, which has an eurytopic distribution
and is considered as a thermophilous and nitraphipecies (Potapov, 2001), was the
dominant taxon on the bank near Camenca town. @iterspecies has a high number
of individuals in the industrially polluted soilsicluding soils with increased content
of heavy metals.

In Moldova, a high density of this species was nles mostly in compost
and dunghills (unpublished personal observatianyak also found dominating up to
57.15% of the entire collembolan communities naardiilesti village on Prut River
bank, at the confluence of Prut with the Danubes(Bachiu, 2006). This fact
represents a distinctiveness of unstable, distugbeslystems (Van Straalen, 1991).

The highest values of Shannon diversity index 6,208 Margaleff species
abundance index — 2.75, as well as of evenness-d& 1 were registered near Goieni
village (Table 2), in contrast to Soroca town, wehar high density of collembolan
population was recorded, while the mentioned inslesies were comparatively low.

Conclusions

The comparative analysis of the state of soil altregbanks of Dniester
using collembolan communities’ structure of fivecdtities emphasized several
peculiarities of collembolan species diversity digtribution in riverside zones. In
spite of permanent floodings and transformatiohs, fiverside sectors remain
rather attractive places for the soil invertebratése to the carry-over and
accumulation on their surface of the biogenic elsmeThereby, Collembola

8



SOME PECULIARITIES OF COLLEMBOLAN DISTRIBUTION IN HE RIVERSIDE ZONES ...

inhabited all the studied localities from the bawik Dniester River and their
species diversity and density are varying and tateewith the soil water content
and organic matter content.

The linear sample collection allow to emphasizegtaglually decreasing of
water content and organic matter content up tormim values at the distance up to 8
m from the edge of river bank and vice-versa, tioeeiasing of collembolan number
and species diversity up to maximum values at istartce of 6-8 m from the water
river edge. It is important to mention a ratherhhgpecies diversity of Collembola,
even when the number of individuals was low. Intespf sharp water level
fluctuations in the river, in the soil on the rivank though remain deep-soil
collembolan species that are most important fostlilegenesis processes.
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ON THE ANT EATING SPIDERS (ARANEAE: ZODARIIDAE) OF
ROMANIA: NEW FAUNISTICAL DATA

IOAN DUMA!

SUMMARY. Although Romania has 5 biogeographic regions,entioan in any neighboring
country, till 2006 were recorded only fododarion species. This study reveals the existence of
Zodarion morosunbenis 1935 andodarion cypriunKulczynski 1908 in Romanian fauna. The
biogeography of the Romanian speciedafarionis discussed and notes of their habitat are given.

Keywords ArachnidaZodariidag Zodarion cypriumZodarion morosurrhabitats, Romania

Introduction

From a total of eleven biogeographic regions fannBurope according to the
European Environment Agency, in Romania five aresgmt: continental, alpine,
pannonian, pontic and steppic, more than in angratbuntry on the old continent
(except Russia). So we would expect to find heyeat biodiversity of flora and fauna.

In spite of this potential till 2006 there were pfibur species oZodarion
recorded in our fauna Weiss and Reiri(1999). From thesZodarion geticum
Weiss, 1987 andodarion auroraeWeiss, 1982 were described for the first time
from Romania by Weiss (1982), (1987). Recently BuUi2007) added to the list
Zodarion rubidumSimon, 1914 but still this number is very smaltomparison to
the species known from the neighboring countrieslg&ia has 11 recorded
species according to Deltshev (2005), Macedonig ¢fahe former Yugoslavia) —
10 species, Blagoev (2002), Ukraine - 5 specieshkok (2003).

This paper adds further two species of the gedadarion for the
RomaniaZodarion cypriunKulczynski 1908 andodarion morosunbenis 1935.

Also the biogeography of allodarion species known from Romania is
discussed and notes on their habitat are presented.

Material and Method

The spiders were collected in the summers (July3084 and 2007 from
South-Eastern Romania (Dobrogea and Muntenia repiand then preserved in
ethylic alcohol 70%. All specimens @odarion were gathered by hand from the
vicinity of ant trails or nests.

For the determination of the material we usednenpapers of Nentwig &
all. (2003) and Weiss (1982), (1987).

! West University of Timisoara, Faculty of ChemisBiglogy-Geography, Department of Biology,
Pestalozzi nr 16. Timisoara, Judet Timis, Romaniadi: ioan.duma@email.ro
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The geographical coordinates of the collection gdamere obtained with a
Magellan and Yakumo Global Positioning System uoitfrom the maps provided
by Google Earth program.

The plant associations are according to the HabithkRomania by Donita
& all. (2005).

Abbreviations used in the figures.

Abbreviations used for the countries in the BalRaminsula:

RO - Romania, UKR - Ukraine, BG — Bulgaria, SRB eftfta, MK —
Macedonia, GR —Greece, T — Turkey, AB — Albania,-€Rroatia, MTN— Monte
Negro, BOS — Bosnia and Herzegovina, SL — Slovenia.

Abbreviations used to specify the biogeographicatribution of the
Zodarion species found in Romania.

EUR — Species with European distribution, BLK -eadps from Balkan
area, P-MED — Ponto-Mediterranean species, STPeeiesp with east European
distribution found in Steppic regions.

Material deposition
All specimens collected are now deposited in tHieciion of Department of
Biology, Faculty of Chemistry-Biology-Geography, $W&niversity of Timgoara.

Results

The spiders collected were identified as:

Zodarion cypriunKulczynski 1908: & (7 July 2004, Agigea - 44°®8'N
28°3828" E) and 1 (13 July 2007, Histria - 44°35"N 28°4609"E).

Zodarion morosumDenis 1935 Z'J@ (4 July 2007, Eforie Nord -
44°0339’N 28°3820"E) 299 (one on 5 July 2007 at Agigea -4428N
28°3831"E and one on 15 July 2007 in 2 Mai - 43206N 28°3424"E) (fig. 1).

Zodarion geticumWeiss 1987 & (27 August 2007, Bujoru 43°438"'N
25°3325"E) (these coordinates were taken from the Googlh @aogram).

Zodarion cypriunKulczynski 1908 andodarion morosunbenis 1935 were
found on marine sand dunes along the Black Sea ¢figis 1) in habitats with
Atripliceto hastatae - Cakiletum euxin&anda & Popescu 199phedro - Caricetu
colchicae(Prodan 1939 n.n. Morariu, 1959) Sanda & Pope8@3,B5ecali sylvestri -
Alyssetum borzeafiBorza 1931) Morariu 195%choenetum nigricar/. Koch 1926,
Donita & all. (2005). Unfortunately these habitats arelemconstant human pressure
and their surface is diminishing year after year wuthe development of tourist resorts
especially in the southern part of Romanian Blaek &ast.

With our new findings the total number @bdarion spiders known in
Romania rises to seven species.

12
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O Z germanicum
B 7 rubidum
A7 morosum
& 7 cyprium

0O 7 geticum

@ 7 aurorae
=3 7 aculeatum

Figure 1. The distribution oZodarionspecies in Romania

Zodarion geticumWeiss 1987 described from material gathered near
capital Bucurgti by Dumitrescu is another rare species foundunsgarches (fig.
1). Till now it was recorded in Romania only frometCeagu forest (Comana
Natural Park) by Weiss (1987). From the momentas wescribed, no other report
on this species has been published till presedystunfortunately like Dumitrescu
in 1987 we have collected just a male specimensanthe female remains still
unknown to science. Present article adds a newildigbn point for this rare
species in Romania and brings new data on the diabit the species. If
Dumitrescu found his specimens in Moesian silveelwoods (Natura 2000) with
the following plant association®rnithogalo-Tilio-QuercetumA. Dihoru 1976,
Quercetum pedunculifloraeBorza 1937, Querco pedunculiflorae-Tilietum
tomentosaeDonita 1970 we have found it in an orchard near the tafn
Alexandria at Bujoru (Teleorman district).

Discussions

The spiders of the Zodariidae family belong to augrof a few specialized
arachnids that feed on ants. Their specializatesms to be so complex that at
least some species don’'t grow well on any antaseshown by Pekar (2004). This
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may lead to the conclusion that the dispersal dbdarion species is conditioned
by the presence of certain species of ants. Howiaviae end we believe that both
ants and spiders have their distribution conditibtiy the climate and habitat
conditions and in this context we shall discuss disribution of the ant eating
spiders in Romania.

The presence of. cypriumandZ. morosumn Romania shows that the
South-Eastern Romania has strong Mediterraneameimies being home of many
rare species for the country.

Although with present stud¥. geticumhas one more distribution point on
the map of Romania we still know little about tefgecies and the female remains
still unknown to the science.

In 2001 it seems that was found also in Bulgariankx & Lazarov (2001)
in the Osogovo Mountain (south-Western BulgariaPa® meters altitude in a
glade but this findings are not recognized by Rt&t(2007) who still considera.
geticumas a species limited to the Romanian territory.

Zodarion auroraeWeiss 1982 described by Weiss (1982) after materia
collected at Hanu Conachi reserve (fig. 1), in @alsstrict, on 5 May — 18 June
1977 by Marcu Aurora & Weiss (1979) remains theesarspecies from the
Zodariidae family in Romania.

The habitat of this species are sand dunes Bittmetum tectorBojko
1934, Plantaginetum arenariaéBuia et. al. 1960) Popescu Sanda 1983ljugietum
cervianae Borza 1963, Festucetum beckerPopescu et Sanda 1997. From its
description till now it has never been recordedirad®y any arachnologist from
Romania or abroad. It is the only species that daigwesent known distribution
restricted to the southern Moldova region andotitier faunistical data remains a
Romanian endemic species. However judging the tdinsanditions from Hanu
Conachi (medium annual rainfall between 500 andfiDaverage sunny days per
year between 150-170 days, average temperatuanirady of -4°C), and habitats
in which Z. auroraewas found it can be inferred that it is a Stepgd@ament and
should be present and in nearby Ukraine.

Zodarion germanicuntC.L. Koch 1837 seems to be the most common
species in Romania (fig. 1) being found in Weisstdlection from Brukenthal
Museum in Sibiu, Weiss (1976), in Fuhn’s collectd®posited now in the National
History Museum “Grigore Antipa” from Bucuresti amadso in private collections
of other arachnologists: Urak (2002). It is howenastricted to those regions that
have continental influences (Western, Central aodh¢rn Romania).

Zodarion rubidumSimon 1914 found till now just in the Banat regidig.

1) of Romania by Duma (2007) may be a common artbspread species in all
western and northern parts of the country espgdaiding rivers. Our affirmation is
based on its European distribution.

Zodarion aculeatunKulczynski 1897 is a species restricted to thelsan
Romania being found till this day only by Fuhn acling to the spider checklist
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made by Weiss & Petrisor (1999) (fig. 1). This dpeseem to be restricted to the
northern Balkan Peninsula being cited in the fawf&3erbia, Macedonia, Bulgaria
and of course Romania.

From the biogeographical point of view Romania bagreat faunistical
potential. Its position in the northern Balkan Penla and the various climate
influences has great repercussions on the fauga2ffi In the western and northern
regions where strong continental influences arsgnite European species are foufd:
germanicunandZ. rubidum Further other widespread species may also bergres

The South-Eastern Romania has the greaedarion diversity. Here are
found ponto-mediteraneean species along the BlaekcBastZ. cypriumandZ.
morosum then Steppic specieg. auroraeand also Balkanic one&. aculeatum
andZ. geticum

Conclusions

1. The total nhumber oZodarion species known from Romania until
present is of seven.

2. Analyzing the geographical distribution @bdarion species from our
country it can be inferred that the greatest dityersd species is found in the South-
Eastern Romania where are present ponto-mediterasteapic and balkanic species.

3. Zodarion cypriumand Zodarion morosumare ponto-mediteraneean
species and therefore restricted to the Dobroggane

4. Zodarion auroraeremains the rarest species from the gefagarionin
Romania. Although it was found in a single placand Conachi reserve (Southern
Moldova) it is a Steppic element and might be pregeUkraine also.

5. Zodarion aculeatunandZodarion geticumare Balkan species with the
northernmost distribution in Romania.

6. Due to the rarity of the speciedarion geticumandZodarion aurorae
and also because their habitat is under constassyme we suggest that these species
should have a place on a red list of Romanian spttiat must be done in near future.

7. Although with recent findings the number Zddarion species rose to
seven each of these has just a few known distabufioints and so further
faunistical studies on this family are needed farifying their status.
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Figure 2. The position of Romania in the Balkan Peninsula the influences on the
Zodarionspider fauna
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POPULATION FLUCTUATIONS AND THE SPATIAL HABITAT
USE BY AMPHIBIANS IN A HUMAN MODIFIED LANDSCAPE

TIBOR HARTEL *? AND COSMIN IOAN MOGA 2

SUMMARY. In this study we present the start of the breediegson and the long term
population fluctuations of amphibians in a permapemd and a number of temporary ponds in
a human modified landscape in the middle sectiothefTarnava Mare basin. The start of
breeding was strongly influenced by temperatusping. The populations éfyla arborea and

R. temporaria were in decline whered2d obates fuscus and Bufo bufo were stable during this
time. Pelobates fuscus is represented by a small population and is pigbataintained by
immigration from other area®Bufo bufo and P. fuscus use only the permanent pond for
reproduction. More egg massesRotemporaria were found in the temporary ponds than in the
permanent pond. The reproductive success was ydzsdyved in the temporary ponds but not in
the permanent pond. We assume that the permanedtip@ source habitat f@. bufo and
represents sink fdR. temporaria whereas the temporary ponds from the forest reptesurce
habitats for the last species. This and the prewétudies on this community suggest that in this
landscape, both the permanent and temporary panbtha landscape connectivity are crucial
for the maintenance of rich amphibian communities.

Keywords: amphibian populations, climate, long term fluctogi, landscape

Introduction

The human domination on the earth ecosystems stibfiigaltered the Earth
systems through several interacting processesu@étet al., 1997). It was recognized
that designing protected areas does not guardrggedtection of biodiversity because
(i) the protected area covered is still too smiibdkstraet al., 2005), (i) human
interests are continuously growing (leual., 2001). It is increasingly recognized that
there is a significant biodiversity outside of fhtected areas that should be also
properly managed and protected (Daily et al. 202010 Biodiversity Indicators
Partnership” http://www.twentyten.net/target.htm

Habitat and population based studies in Romarmarare important now
than ever. Firstly, with the recent EU adhesion damad use practices will be
(quickly) adopted, and this will lead to drasticaohes in the landscape structure.
Secondly, we have (maybe the last) opportunityttalys populations in clutural
landscapes, thus, to get information about the vaayghich human perturbations
in the landscape represented by traditional lamdpuactices affect the distribution
and persistence of the natural populations. Neweldpements in population /

! Colegiul Mircea Eliade, Str. 1 Decembrie 1918,31r, 545400, Sigkoara
E-mail: asobeka@yahoo.com
2 Mihai Eminescu Trust, St&colii 2, 545400 Sighbara. E-mail: ecotrans2004@yahoo.com
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metapopulation theory, island biogeography and deape ecology and their
integration in ecology, represent useful moderrights about how hypoheses
should be formulated, data gathered and interptetedhieve this goal (Sandersen
et al., 2002;Fischeret al., 2004;Manninget al., 2004;Fischeret al., 2006;Fischer
and Lindenmayer, 200Zindenmayett al., 2007;Schneider and Willig, 2007).

Pond breeding amphibians are important focal gfouponservation for a
number of reasons: (i) They have complex life cyctnd need high spatial
heterogeneity of the landscape to complete it. &Hiés history traits makes them
sensitive to habitat loss and fragmentation. (ihey often are organized in
metapopulations (Alford and Richards, 1991; butSedth and Green, 2005). Loss of
connectivity between local populations may expdsamt to genetic depletion, this
making them susceptible for a number of other ahtand anthropogenic stressors
(Edenhamret al., 2000). (iii) Amphibians are in global declingy&tet al., 2004) for
various and often complexly interacting causes Beeand Griffiths, 2005).

Monitoring amphibian populations and the spatiat uf the habitats
provide information about the factors (natural ardhropogenic) causing long
term fluctuations and their potential role as seypopulations at landscape level.
In this paper we present the population fluctuatiodl years of four amphibian
species in the middle section of the Tarnava Magrb The area is a mosaic patch
that has natural — seminatural (ponds, river, ¢pads forest) and anthropogenic
(railway, arable lands, built areas) origins. Thenposition and configuration of
the above mentioned landscape elements allow tiaty sif the role of spatial
arrangement of these landscape elements in deiagnthe spatial extent of
habitat use by amphibians. Previous studies hawersithat the distribution of the
migrating and dispersing Common Toads can be rktatéhese land use types, the
grassland between the pond and the forest beiggtmfal importance (Hartel and
Demeter, 2005; Hartalpublished results). In a larger scale, both the landscape
composition and configuration was found to be ingor predictors of the
Common Toad population sizes (Hartel and Moga, 2603 ess). Moreover, the
long term study regarding the temporary habitathysthe Yellow Bellied Toad (a
Habitat Directive species) in this area (Hadtedl., 2007a) shows that this species
use the most durable ponds for reproduction inydars. Temporary ponds that act
as sink habitats in dry years represent high qubfiéeding habitats in rainy years.
Because of the large and stable populations of speeies the area was proposed
as Natura 2000 Site of Community Importance (Merisi Order 776/2007). Yet
the whole area where the temporary ponds occueriously impacted by the
drainage ditches that were made in order to fat#litgas extraction and the
movement of heavy vehicles towards and from thesgasce stations (2007).

In this study we present:

a) aspects of the breeding phenology (start of brgesiason) in two species,
b) the long term fluctuations in the amphibian popola,
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c) the correlation of the start of breeding period aogulation fluctuations
with a number of climatic variables.

Materials and Methods

Sudy area. The study area is situated in the middle seatfothe Tarnava
Mare Valley, Romania (46°13'47.8"N; 24°46’47.6"B345 m altitude) and has
approximately 3 km2 area. A permanent pond ancouglttemporary ponds were
studied in this area (Fig. 1).

The permanent pond has 2.2 ha area with a maxinapth ef about 4 m.
The reed cover in the pond shows gradual increasagdthe years in the south
eastern part of the pond, probably linked to thenged light condition due to the
cutting of the trees along one shore of the pam@0i07, approximately 35% of the
pond was covered biypha sp. andPhragmites sp. Four fish specieBseudorashora
parva, Carassus auratus, Cyprinus carpio andLeucaspius ddlineatus were constantly
present during the 11 years. The temporary ponelssitmated in the forest to a
distance from 800 to 1500 m. Their number variematy with the precipitation
(Hartelet al., 2007b), the maximum number being generally @din spring. The
average pond area is 27 ffiange 1-250), the depth varies between 3 to 100 ¢
(Hartel and Nemes, 2006).

The terrestrial area surrounding the permanent gentepresented by
arable lands, a railway, the Tarnava River, ancaagiand patch between the pond
and the forest (Hartel, 2004) (Fig. 1). We creatathtabase regarding the land use
types in this area using maps, aerial and othetoghaphies. The landscape
composition (in this case the land use types aeid &mount in the landscape) and
configuration (i.e. the spatial arrangement of ¢éesas not changed significantly
during the 11 years.

The studies on the permanent pond were starte®9i@ Whereas in the
temporary ponds in 2002. The methodology used &imating “size of the
populations” was presented in detail in Hartel @02005). The fieldwork started
in the middle of February and lasted until thetfpart of June. Two aspects of the
beginning of the breeding season were consider@dtemporaria andB. bufo: (i)
the start of male activity (first day), meaning fivet chorus inR. temporaria and
the first adult males found in the water B bufo and (ii) the first day when
deposited eggs were found. Since it is assumeddhaies lay maximum one egg
mass every year, and the egg masses are easyn wewsed the number of egg
masses as indicators of population size in the giRetemporaria. In the case of
the Common ToadB{fo bufo) we counted the active individuals in the water lunti
about 1 m from the water shore on land. This metpoolvided ecological
meaningful informations about the pond and landsaayaracteristics influencing
the common toads in the Tarnava Mare basin (setelHet al. 2007b and the
references cited therein for the use of “head comwthods”). The population
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sizes of Common Spadefoot TodElpbates fuscus), and Tree Frogfyla arborea
were estimated using the number of calling males.
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Fig. 1. The study area, the distribution of the ponds &edand use patterns. Black points
represent the most stable temporary ponds that uge@ most frequently. Temporary
ponds ,g1” and ,g2” were used lyla arborea

We used a number of climatic variables in this gtuthese variables
were: (i) total amount of precipitation (I/mm) ianrliary, and (ii) February in the
years when egg masses were counted, (iii) totabamaf precipitation during the
active season of frogs (April to September) inytbar previous to which eggs were
counted, (iv) the mean air temperature in Januady(g) the mean air temperature
in February. These data were measured at the wtiton from Albsgti, at a
distance of about 5 km from the population studied.

Besides the climatic variables (see above), théables ,year” and the
number of egg masses recorded Rordalmatina (in the case oR. temporaria)
(Hartel submitted) were used as independent variables in a multipglgession
analysis (forward stepwise). The dependent varkaliiethe multipple regression
were: the population size estimations (see abdkie)number of days in the year
(using a Julian calendar whereby 1 January is dayhgén the first male calledR(
22
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temporaria) or was seenB bufo) and the Julian date when first egg mass was
recorded (both species).

The number of egg masses depositedRbyemporaria in the permanent
pond and the temporary ponds from the forest waspeoed using the
nonparametric Mann - Whitney U test. The rate aingje of population size was
estimated using th&N method. According to this formula, changes in paton
sizes between years are related to each othekxNoy log(N+1), - log(N+1).4,
whereN is the population size at tiniéHoulaharet al. 2000).

Results and Discussions

The dart of the breeding period. There was no significant difference
between the start of the vocalization period in iedes and the first egg mass
deposited (mean: 71.50 days, SD = 11.84) and tbeefiyjg mass (74.22, 10.96) in
R. temporaria (t = -0.56, df = 20, P = 0.58). In the caseBobufo the differences
were significant (males: 75.88, SD = 13.25; femab8s44, SD = 8.62; t = -2.51, df
=18, P = 0.02). Although not significant in statal terms (maybe because of low
power of the test), the 2.72 day difference betwerstart of calling and the first
egg mass deposited i temporaria may be significant from a biological point of
view. As the number of individuals in the permaneond is very small (see
below) we assume that the vocalization in this cagg be important in female
attraction. Wells (1977) noted that the male matating strategies of explosive
breeders, such d& bufo may be dependent on the density. Calling at lonsitg
in this species may be advantageous but as theitylansreases (as more
individuals migrate in short time) the calling adyy is expected to cease. This was
also observed in the population studied by udk Ifemporaria however, males in
large / dense populations are expected to be nuiieedn the breeding season
than in small / less dense populations (EImberg lamttiberg, 1991)Bufo bufo
start breeding significantly later th&temporaria (t test, P < 0.05R. temporaria
always finished breeding in 5-6 days, thus, therlapebetween the reproduction
periods of two species was minimBufo bufo reproduced until the second part of
April, active males being found even the first paftMay (68" of May). High
degree of interspecific spawning was found in theecofR. temporaria and B.
bufo in a pond from England (Reading, 1984). Interdpegairing between the
two species was never observed in these two spadget the short overlap of the
breeding seasons. However, the interspecific galgtween th®. bufo males and
females ofR. ridibunda were frequently observed. This may be becaRse
ridibunda appears in the pond toward the end of the breesiagon oB. bufo
when the operational sex ratio is strongly skewedatd the males. Size
assortative pairing was not observedirbufo (Hartel and Demeter, 2005) nor in
R. temporaria (Hartelunpublished).

The air temperature in February was the most inaportariable affecting
the start of the reproduction in both species: gh@as a negative relationship
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between the beginning of the reproduction and ihdemperature in February
(Table 1 and 2), iB. bufo the precipitation in January being important deteant
of the start of males activity (Table 2). Thesaulssconfirm the previous findings
on the role of the climatic conditions in the iafton of reproduction of temperate
explosive-breeding amphibians (Duellmann and Tru&®86; Sofianidou and
Kyriakopoulou-Sklavounou, 1986; Reading, 1998)Juding the population oR.
damatina (Hartel 2005, Hartelunpublished). We assume that any long term
increase in the air temperature in spring may Heated by earlier dates at which
breeding begins for the populations of these twerigs. Moreover, the identified
climatic variables explains overall a small vapati in the begining of
thereproduction period of these two speciB$ig small, the largest value being for
the beginning of the males activity B bufo). This means that other, unrecorded
factors may be also important in the start of rdpotion of these two species.

Population sizes fluctuations. Bufo bufo, and P. fuscus used only the
permanent pond for reproduction, wherddsarborea occurred in two sunny
temporary ponds (Fig. 1), with longer duration. Tleenporary ponds from the
forest are small, shadowed (thus cold and unproductlatively to the temporary
ponds from the open areas) and have short hydomp@dartelunpublished), these
conditions not being preferred by these two speieairila, 2000; Pellet and
Hoehn, 2004; Nystroret al., 2007).

The average size of the populations of the foucisgein the permanent
pond was: 27.27 (SD = 15.10) egg masseR.irtemporaria, 1372.80 (SD =
475.69) individuals irB. bufo, 46.63 (SD = 23.17) calling malesth arborea and
7.18 (SD = 5.75) calling males i fuscus. The fluctuation of the population sizes
are presented in Fig. 2, 3 and 4. Ti¢is negative irR. temporaria (-0.07) andH.
arborea (-0.07) whereas it is positive iA. fuscus (0.09) andB. bufo (0.01). The
number of the calling males id. arborea and the number of egg massesRin
temporaria shows negative trends during the 11 year peri@bl€T1 and 2). The
number of males dfl. arborea show sharp decline from 2004 (Fig. 3). The number
of egg masses deposited Bytemporaria was significantly positively associated
with the amount of precipitations in January, aedatively associated with the
number of theR. dalmatina egg masses (Table 1).

It was showed that the sensitivity of females talthe climatic conditions
has increased toward the end of the winter dormarcpd due to the depletion of
energy reserves (Reading, 2007). In dry springeréaio proportion of females
may fail to reproduce or mortality could increase.
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Fig. 2. The fluctuation of the egg mass number in the paemgpond and the temporary
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Fig. 4. The fluctuation of the number of active individualsB. bufo

Table 1.

The summary of the multiple regression analysitherrelationship between the climatic
variables and the start of reproduction and pojmuiatize inRana temporaria. The

population size oR. dalmatina wasused as predictor variable for the number of eggses

Variable p (£SE) t p R2
Beginning of calling activity

Air temperature in February -0.69 (0.23) -2.93 0.01 0.48
Multiple regression fq = 8.60,p < 0.01

First egg mass

Air temperature in February -0.64 (0.25) -2.51 0.03 0.41

Multiple regression fq = 6.33,p < 0.03
Number of egg masses

Year -0.94 (0.15) -6.14 <0.001 0.85
Population size dR. dalmatina -0.51 (0.15) -3.34 0.001
Precipitations in lanuary 0.43 (0.25) 2.77 0.02

Multiple regression {10 = 13.77,p < 0.002
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Table 2.
The summary of the multiple regression analysigherrelationship between the climatic
variables and the start of reproduction and pojmiatize inBufo bufo

Variable B (£SE) t p R2
Beginning of males activity
Air temperature in February -1.05 (0.24) -4.31 3.00 0.72
Precipitation January -0.53 (0.24) -2.16 0.06
Multiple regression fg = 9.44,p < 0.01
First egg mass
Air temperature in February -0.71 (0.25) -2.82 0.02 0.59
Precipitation in previous year 0,57 (0.25) 2.28 60.0
Multiple regression fq = 4.27,p < 0.05
Number of active individuals No significant effect of climatic variables nor yewas
found
Table 3.

The summary of the multiple regression analysigherrelationship between the climatic
variables, and the population sizePd obates fuscus and Hyla arborea

Variable B (£SE) t p R2
Pelobates fuscus

Temperature January -0.58 (0.26) -2.18 0.05 0.34
Multiple regression fq = 4.77,p < 0.05

Hyla arborea

Year -0.75 (0.22) -3.34 0.01 0.67
Precipitation in January 0,70 (0.28) 2.44 0.04

Multiple regression g = 4.74,p < 0.04

The number of calling males 8f fuscus was negatively associated with the
temperature in January whereas in the casél.ofrborea there was a positive
relationship between the number of calling males thie amount of precipitation in
January (Table 3)it was suggested that calling in anurans may begetieally
demanding behavior the calling intensity of theandbeing strictly dependent on the
energy reserves remained after hibernation (Elmésedg_undberg, 1991). Thus, what
we registered may be the variation of the callirge® and not those that survived
from year to year. Even in this condition callingyrbe an indicator of the male’s
fitness, influencing the probability for findingraate (Friedl and Klump, 2005). We
mention that the recorded climatic variables exgldionly a small variance of the
number of males iR. fuscus (34%).

The reasons for the decline Bf temporaria and H. arborea (in the last
species the decline being sharp in the last y@arb)e permanent pond are not yet
known. Both species are susceptible to predationfifly (Carassus auratus,
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Pseudorashora parva) (Meyer et al., 1998, Teplicky, 2003; Hartekt al., 2007¢ for
local study). We have not recorded the changetefdensity of these fish species
during the years, but it is possible that changékis variable affected the two species.
In the case oR temporaria, the population size was negatively associatet thi¢
population size oR. dalmatina. Rana dalmatina is represented by a large and stable
population in this area, and is not negatively essed with predatory fish.
Interspecific competition in larval stages may beaase of the negative correlation
between the population sizes of the two specieas, (F988). The observations made in
the Tarnava Mare basin (Hartahpublished) suggest thaR dalmatina is more
represented in the permanent ponds tdamporaria whereasR. temporaria is more
efficient in temporary ponds th&t dalmatina (Hartel,unpublished).

The spatial distribution of the pond use and the reproductive success of Rana
temporaria. The average number of the egg massés tdmporaria in the temporary
ponds for the five years was 61.60 (SD = 42.64) Tiedian value of th&
temporaria egg masses deposited in the temporary ponds geiicantly larger (47)
than that of those deposited in the permanent (2)dMann — Whitney U test, Z = -
2.32, P = 0.02). The reproductive success was omrstant in the temporary ponds
than in the permanent one. In the permanent pepdyductive success was recorded
only in four years (1997, 1998, 2001 and 2005)sdhgears having larger amount of
precipitation in early summer than the other yedns)he case of the temporary pond
system, the number of the ponds where eggs weresitlegh varied yearly but
metamorphosis occurred in all years (Fig. 5).
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Fig. 5. The fluctuation of the number of temporary pondsrathe snow melt until the first
part of July (the end of metamorphosis in the nigjaf R. temporaria larvae)
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The reproductive success observed in the permaueat when the water
level was increased suggest that the shallow paite pond are important for the
larval growth and development, most probably dugh® temperature regimes,
increased productivity and safe against predatisty. fAn other temporary pond
breeder B. variegata also used this pond for reproduction when theipitation
increased the water level (1998 and 2005) (Ha@&éD4; Hartel unpublished
results). These results show that the temporary ponds fitoenforest are more
important breeding habitats f&t temporaria (probably acting as sourcesnsu
Pulliam 1988) than the permanent pond (that is Birdome years, Pulliam 1988).
Temporary ponds are fish free but pose the riskepfoductive failure due to
drying. Rana temporaria is physiologically adapted to temporary ponds thués
ability to efficiently exploit the resources in tporary ponds and its high
phenotypic plasticity (Hartel et #2005 and the references cited there).

The number of the temporary ponds with metamorphasis positively
related to the amount of precipitation in May —yJ{#pearmam = 0.87, P = 0.05).
No relationship was found between the total amafnprecipitation in spring
(January-April) and the number of ponds used fpra@uction. These results show
the importance of the precipitations that fill thends toward the end of the larval
period. At this stage, the larval crowding is higie nutrient necessity is increased
(but the resources are depleted) the waste elemsnteccumulated and the oxygen
concentration is also dropped. According to the ehaaf Wilbur and Collins
(1973), there is a threshold larval body size/dewelental stage that must be
attained to be capable for initiating and compbetinetamorphosis, in response to
environmental deterioration. Refilling the ponds/énd the end of the larval stage
may contribute to the attainance of the criticaledepment stage at which the
metamorphosis can occur. An experimental study téHand Nemes, 2007 in
press) indicated that under low energy intake, comifiog tadpoles from this
population fail to adapt to changing environmer@hditions decreasing not only
the chance of survival until metamorphosis but ploet metamorphic fitness as
well. The highest mortality was observed betwees Hrvae having 34 - 38
Gossner stage (Gossner, 1960) (Hartel and Nampress).

In conclusion, the climatic variables in spring aod predictors for the
number of reproducing adults R temporaria, P. fuscus andH. arborea. Rana
temporaria andH. arborea shows negative trends. It seems that the aqualtitats
from this landscape do not provide good habitatd?fduscus andH. arborea the
reasons not being known. This and the previoudest(Hartel, 2005; Hartet al.,
2007a) show that maintaining a large variety ofatiguhabitats at landscape scale
is crucial for amphibian communities. Some speeies more represented in the
temporary ponds (i.eB. variegata [Hartel et al., 2007a], R. temporaria [this
study]) whereas other species use the permanent (@ B. bufo). As it was
suggested before (Hartel, 2004; Hartel and Dem26£Y5) the maintenance of the
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green corridor between the permanent pond andtestf(the grassland in the Fig.
1) is crucial for this amphibian community.

We strongly encourage studies that aim to find matural populations
“behave” in different landscape types in Romaniartiter studies will elucidate if
the protected status of this landscape will reatiptribute to the conservation of
this amphibian community.
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THE BREEDING AVIFAUNA OF THE “BREITE PLATEAU”
NATURAL RESERVE AND THE SURROUNDING FOREST

COSMIN IOAN MOGA ® KINGA OLLERER ? AND
TIBOR HARTEL 3

SUMMARY. This paper presents the breeding avifauna of thi#eBplateau in comparison with
the breeding avifauna of the surrounding forestpaiting for alpha, beta and gamma diversity.
The bird species are considered from the perspegfitheir feeding habits, nest site selection
and protective status. 57 breeding bird specieg vwdentified, from which 32 species on the
plateau, 46 species in the surrounding forest argp&cies were found breeding in both habitats.
Due to its small area and elongated shape, theapldtas a large ecotone and the surrounding
forest has a great influence on its avifauna. Zhebird species that were found in both habitats
are forest species. Only 11 species are breedidgserely on the plateau and all are open
habitat species. 25 species nest exclusively ifotiest, indicating again the dominance of forest
species over the total species number. The birdespéom the two studied habitats belong to
five trophic categories, the insectivores being idamt in both cases. The several century-old
oaks from the plateau represent important feedifidts for insectivore birds, especially for the
bark-feeders. The cavity nesters are the bestsammerl among the species breeding on the
plateau. The open nests builders are best repeesamtong the forest-nesting birds. Those that
nest on soil are less represented in both hab@atsof the 32 species that are breeding on the
plateau, six are protected according to the Biredive (79/409 EEC), Annex |, emphasizing
the conservation importance of the Breite reserve.

Keywords: breeding avifauna, woodpasture, forest.

Introduction.

Forests, woodlands and woodpastures are globadigtémed habitats especially
because of forestry, lack of regeneration, contisuexpansion of agricultural fields and
overgrazing (Wilsoret al, 1991; Zaclet al, 2002; Goldbergt al, 2007). The majority
of these habitats still maintained in Europe hawellsdimensions, up to 50 ha (Opdam
et al, 1984; Bellamyet al, 1996; Hansson, 1997; Goldbeitcal, 2007).

“Old” habitats of this kind, with secular trees arah undisturbed
vegetation cover, are more structurally heterogasemd more valuable from the
perspective of harbored diversity of organisms. Blreictural heterogeneity of
these habitats and their higher biodiversity isoasequence of a small-intensity
anthropic impact and of a moderated disturbancanedhat characterized the
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interactions between nature and humans in the (Paterken, 1983). The high
structural heterogeneity of these woodpasturess@ @rrelated with their size, the
species-area relationship having a major influemtehe diversity of occurring bird
species (Bellamy at al., 1996; Hansson, 1997). Ee&s with a dispersed distribution
and coverage of six to ten percent are importanthi® species diversity, being key
elements both at the local and at the landscapé(lanninget al, 2006).

In this paper we present: (1) the breeding avifaafrthe Breite plateau, in
comparison with the breeding avifauna of the surding forest, counting for
alpha, beta and gamma species diversity (Whittdl@42), (2) the trophic analysis
of the avifauna, (3) nest site selection of spedisdata regarding the protective
status of the avifauna from the Breite plateau.

Study area

The study area is situated nearby the town of figha, at a distance of
around 2 km and at an altitude of 504 m in thehsort part and 530 m in the southern
part of the plateau. Its geographical coordinates16°13'05 N and 24°45’18 E in the
most northern part and 46°11'03 N and 24°45'14 taénmost southern part.

The Breite reserve (Fig. 1) is a woodpasture, wineost of the trees are
several century-old oakQ(ercus robuandQ. petraeahybrids in the majority) that
cover around 7 % of the total area (133 ha) ofplheau. On a few smaller patches
the tree cover is up to 65 %, these areas havimgpdland character. The habitat has
anthropic origins, being created in the Middle Ad®s the inhabiting Saxon
community in order to increase the acorn productidme thinning of the original
forest has favored the penetration of mesophilowsadows with Alopecurus
pratensisand Sanguisorga officinaliswhile the relatively recent (starting from the
mid ‘80s) desiccation has led to the expansioDefhampsia caespitos8hrubs are
more scarcely present, most of them beBadix spp, Rosa caninand Crataegus
monoginaindividuals.

The plateau has an elongated shape in the north-strection and its
structure is influenced by the surrounding mixectidigous forest Quercus
petraeaand Carpinus betulusvith Fagus sylvaticandividuals). The hornbeam
(Carpinus betulusinvasion, from the surrounding mature forest, éxjfrent on the
plateau, covering around 10 % of it.

34



THE BREEDING AVIFAUNA OF THE “BREITE PLATEAU" ...

Hungary

Serbia

0 100 km .
e — Bulgaria

Fig. 1.Localization and aerial photo of the Breite plateau
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Methods

The observations on the avifauna were effectuateda 2003-2007 period.
The line transect was used in combination with poimunt observations (Bibby
2000), depending on the accessibility in the fidlde observations were done in
the morning, immediately after sunrise, until 10.80n. The species were
identified visually and based on the singing of @sal37 observations were done
both on the plateau (woodpasture habitat) anderstiirounding forest.

The inclusion of birds in different trophic categsr was based on the
obvious adaptations of the bill and legs, considgthe basic trophic regime of the
species and not the particular feeding situatiaimgdithe reproduction period, when
most species feed upon resources of animal oggjpecially insects.

When analyzing the nest site selection of the diffespecies, we considered
three situations: nests built on the ground; nesik on herbaceous vegetation,
shrubs, trees, mentioned in the text as open rasisgavity nests, that were built in
hollows, scooped by birds (woodpeckers), or buitier the bark of trees or in other
cavities (tits).

Regarding the protective status, we noted the brgddrd species that are
protected according to the Directive 79/409/EECQdBiDirective), Annex I.

The species breeding on the plateau and in thestfovere coded using
binary variables (0 for the absence of breedingisge 1 for presence). The two
habitats were compared using Cochran Q Test.

Results and Discussions

The avifauna of the Breite plateau in comparisothvavifauna of the
surrounding forest.n total, on the plateau and in the surroundingesy we
recorded 57 breeding bird species (gamma divergitgple 1, Fig. 2,). Out of
these, 21 species (36.84 %) were found nesting botlthe plateau and in the
surrounding forest. The forest has more breedirgisp (alpha diversity for the
forest = 46) in comparison with the plateau (alphersity for the plateau = 32)
(Fig. 2,), the differences being significant (Q .44 df =1, p <0.01).

Out of the total 57, those 32 species that arengesh the plateau represent
56.14 %. In this percentage both the exclusivedaseand the species that are
breeding in both habitats are included. Other studgvealed similar results. Hansson
(1997), recorded 34 breeding bird species in sewakahazel woodland habitats from
Sweden, with sizes of 0,2-12 ha. Brawn (2006), @dak savanna habitat from lllinois
(North America), with canopy closure between 108d @0 % (similar to our study
site), recorded 31 bird species.

Out of the total 57, 11 species (19.29 %) are mgsclusively on the plateau.
These are open habitat species (see Table 1) eincnimall number can be explained
by the relatively small area of the plateau (133 drad especially by its elongated
shape, with a small area/edge ratio, between tladl siterior and the large ecotone.
For this reason, the surrounding forest has a nidfloence on the avifauna of the
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plateau, the species found in both habitats (2diepesee below) being all forest species,
especially forest edge species. Out of the 32 epduat are nesting on the plateau, those
11 exclusive breeders represent 34.37 %, and thesere breeding in both habitats
represent 65.62 %, being an evidence of the dowenarh forest species in the

composition of the plateau’s avifauna.

Table 1.
The identified bird species, their trophic reginmel aesting site selection

Species Breeding Breeding Breeding | Trophic | Nesting

exclusively on exclusively in the| in both regime site

the plateau |surrounding forest| habitats

Ciconia nigra - * - Zooph. Po] Op
Aguila pomarina - * - R Op
Buteo buteo - * - R Op
Pernis apivorus - * - R Op
Accipiter gentilis - * - R Op
Accipiter nisus - * - R Op
Columba oenas - * - Oomn Cav
Columba palumbus - * - Oomn Op
Cuculus canorus - * - In Op
Bubo bubo - * - R Gr
Strix uralensis - * - R Cav
Asio otus - * - R Op
Strix aluco - * - R Cav
Upupa epops * - - In Cav
Picus viridis - - * In Cav
Picus canust - - * In Cav
Dendrocopos major - - * In Cav
Dendrocopos syriacus? - - * In Cav
Dendrocopos mediust - - * In Cav
Dendrocopos minor - - * In Cav
Dendrocopos leucotos - * - In Cav
Dryocopus martiust - - * In Cav
Jinx torquilla - - * In Cav
Anthus trivialis - - * In Gr
Motacilla alba * - - In Gr
Lanius collurio? * - - Zooph. po Op
Lanius excubitor * - - Zooph. po Op
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Table 1 (continued)

Oriolus oriolus - - * In Op
Sturnus vulgaris - - * Oomn Cav
Garrulus glandarius - * - Oomn Op
Corvus corax - * - Omn Op
Troglodytes troglodytes - - * In Op
Sylvia borin - - * In Op
Sylvia atricapilla - * - In Op
Sylvia curruca * - - In Op
Phylloscopus trochilus - * - In Op
Phylloscopus collybita - - * In Op
Phylloscopus sibilatrix - * - In Op
Ficedula albicollis? - - * In Cav
Ficedula parva - * - In Cav
Saxicola rubetra * - - In Op
Saxicola torquata * - - In Op
Phoenicurus phoenicurus - * - In Cav
Erithacus rubecula - * - In Op
Turdus merula - * - Oomn Op
Turdus philomelos - * - Oomn Op
Parus palustris - - * Oomn Cav
Parus coeruleus - - * Oomn Cav
Parus major - - * Oomn Cav
Aegithalos caudatus caudatus * - - Oomn Op
Aegithalos caudatus europaeus * - - Oomn Op
Sitta europea - - * In Cav
Certhia familiaris - * - In Cav
Passer montanus * - - Omn Op
Fringilla coelebs - - * Veg Op
Coccothraustes coccothraustes - - * Veg Op
Carduelis chloris * - - Veg Op
Total 57 species 11 25 21

Abbreviations: R = raptor, Zooph. pol = zoophagpafyphagous, In = insectivores, Omn =
omnivores, Veg = vegetarians; Gr = nest on thergtoOp = open nests, Cav = cavity nests.
Species marked with * are protected according tdsHDirective, Annex I.

38



THE BREEDING AVIFAUNA OF THE “BREITE PLATEAU" ...

60 57

50 46

40

32
30 o5
21
20
11
10 -
0
)
X > o & \
e Q;@, 0@ @ @@0 &(o
B X < S & R
& et ¥ \} Q @
A N ™ A\ 4 N

o S S 9) N >

< N Y > &
N Qo &2 < Q

\'b’ 2 \Q’ Q O \\\
<° & & & & »°
& 3 & Q
KR X @6\ \\)9\ N
o & & e
& > & &

> & & & >

& A N O @
B\ 2 & )

Qo (;0 .\Q?
® @ &
< gQ
‘oQ <)
o o
' N

Fig. 2. The total species number and their number in thdiestl habitats

46 out of the 57 species that are nesting in th@snding forest represent
80.70 %. In this percentage both the species tteathasting exclusively in the
forest (see below) and the species that are nestibhgth habitats (21 species) are
included. At the landscape level, the forest sgeai® more abundant in number
because of the large area of the surrounding fdiesomparison with the studied
woodpasture) and its heterogeneity. Laiolo (200®)wsed that natural, mature
forests are habitats that contribute to the maariee of a high biodiversity level.
Out of the total 57, 25 (43.85 %) species are ngstixclusively in the forest; this
is a much higher percentage than that of the speicé are exclusive breeders on
the plateau, which, again, emphasizes the dominaht@rest species in the total
number of species. From the 46 species that aringdaa the forest, those 25
species that are nesting exclusively in this hal#gpresent 54.34 % and the 21
species that are breeding in both habitats acdoudt.65 %.
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The beta species diversity for the two habitat8Gs(11 species that are
exclusive breeders for the plateau + 25 speciexdirg only in the forest).

Trophic analysis of the avifaunahe bird species from the studied habitats
belong to five trophic categories, the insectivobesng dominants in all cases
(Table 2). The insectivores are the most abundéh#2%) among the 21 species
that are breeding in both habitats. Among the 3&igs that are breeding on the
plateau, the insectivores are again well repredef@2.5%), while among the 46
species that breed in total in the forest, thedimeres account only for 52.17%.
Among the 11 species nesting exclusively on theeplathe insectivores represent
45.45%, while among the 25 exclusive forest nesterg represent only 36%. In a
study on the avifauna of several habitats on thdiddeable-land (1000 Km?), that
includes also the Breite plateau, only 16 insecévaird species were found in the
open habitats (Moga 2005), less than in the prestady, although the area studied
then was much larger. These results are explaigeithd presence on the Breite
plateau of birds that belong to the surroundinggbhabitats (see Table 1). Besides
the nesting sites they provide, the several cedlarypaks represent a food resource
for the birds, especially for the insectivoresnbekey habitats for the maintenance of
the bird species diversity in the woodpasture (Ntagret al, 2006). Among the
insectivores, the best represented are the balkfedsee Table 1). Out of the 10
woodpecker species that are nesting in Romanipe@es were found nesting on the
plateau and in the surrounding forest (see TahleOh)y Picoides tridactylusis
missing, but this is a mountain spruce forest ggeclobally, the insectivores, most of
them migratory species, show the largest fluctnatio density and are also the most
exposed to extinction risk (Newton, 2004).

Raptors are nesting only in the forest, the arethefplateau being too
small and the anthropic disturbance too large (M@gas. comm.) in comparison
with the nesting necessities of these species.ofimévores are the best represented
among those 11 species that are nesting exclusinelye plateau (27.27%). The other
trophic categories are more weakly representediinber (see Table 2).

By its setting, being surrounded by mature decidufmmests, the Breite
plateau creates spatial heterogeneity at the lapdstevel, being of interest not
only for the bird species nesting on the plateam,aso for the birds with double
territory, like the small and medium sized raptdos,which it represents a feeding
territory (Moga, 2005). The big raptors, équila pomarinado not use the habitat
for feeding, because of its small area. This sgedan be seen here only
accidentally; although it is nesting in the forasiat surround the plateau, it prefers
the larger, opened areas of §ws Valley, at about 2 km distance from the plateau.
At the landscape scale, the support capacity adrea for raptors is given by the
existence of two types of resources: feeding arstinmgesites. The decrease of one
of these two resources results in a decrease eéfter population (Newton 2002).
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Table 2.
Trophic analysis of the breeding avifauna of the habitats

Total no. of No. of species Total no. of  No. of species No. of species

species breeding species breeding breeding in
breeding on  exclusively on breeding in  exclusively in both habitats
the plateau the plateau the forest the forest
Total no. of 32 11 46 25 21
species
Raptors 0 0 9 (19.56%) 9 (36%) 0
Zoophagous 2 (6.25%) 2 (18.18%) 1 (2.17%) 1 (4%) 0
polyphagous
Insectivores 20 (62.5%) 5 (45.45%) 24 (52.17%) 9 (36%) 15 (7%%2
Omnivores 7 (21.87%) 3 (27.27%) 10 (21.73%) 6 (24%) 4 (19.4%
Vegetarians 3(9.37) 1 (4.34%) 2 (4.34%) 0 2 (9.52%)
Table 3.
Analysis of bird species breeding in the two habitccording to the nest site selection
Total no. of No. of species Total no. of No. of species No. of species
species breeding species breeding breeding in
breeding on exclusively on breeding in the exclusively in  both habitats
the plateau  the plateau forest the forest
Total no. of 32 11 46 25 21
species
Nest on the 2 (6.25%) 1 (9.09%) 2 (4.34%) 1 (4%) 1 (4.76%)
ground
Open nests 15 (46.87%) 9 (81.81%) 23 (50%) 17 (68%) 6 (28.57%)
Cavity nests 15 (46.87%) 1 (9.09%) 21 (45.65%) 7 (28%) 14 (6%0p6

Breeding site selectionAmong the 21 species that are nesting in both
habitats, the cavity nesters represent 66.66% €T&)l Also, these are well
represented (46.87%) among the 32 species thatesting on the plateau. The
structural heterogeneity of the surrounding mafarest, together with the several
century-old hollowed oaks from the plateau, offarieus nesting sites for those in
search of cavities. There is a positive correlati@tween the species diversity,
species richness, the number of hollow nestersntmber of species from the
forest interiors and the forest age (Laiolo 2002).

The species that build open nests are more abugt#) in the forest habitat.
Those that are nesting on soil are weakly repredentboth habitats (Table 3).

The protective status of the avifaum@ut of the 32 species that are
breeding on the plateau, six are protected acoprdirihe Birds Directive (79/409
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EEC), Annex | (see Table 1), representing 3.42 %heftotal number of species
protected according to this directive at Europeagll Considering the relatively small
area of the plateau, we believe that the speci¢sth categorized as important, based
on their protective status, are well representedranthe overall avifauna.

Conclusions

Because of the small size, elongated shape and &rgtone of the area,
the composition of the plateau’s avifauna is sthpmfluenced by the surrounding
forest, only 11 species (19.29 % out of the total dpecies) being exclusive
breeders for the plateau, all of them open habjiaties. The 21 species that were
found breeding in both habitats represent 36.84 #ieototal 57 species; all of them
forest habitat species. 25 species (43.85 %) atasixe breeders for the forest.

The bird species from the two studied habitats rigelto five trophic
categories, the insectivores being dominant in loafes. The several century-old
oaks represent important feeding habitats for tisedtivore birds, especially for
the bark-feeders.

Cavity-nesters are the best represented as pegee(®6.87%) among the
32 species that are nesting on the plateau. Thatespéhat build open nests are the
best represented (50%) among the forest nestirgespd hose that are nesting on
the ground are weakly represented in both habitats.

Out of the 32 bird species breeding on the platsiuare included in the
Birds Directive (79/409 EEC), Annex |, the platdalding a relevant number of
species of conservation interest.
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CAROTENOIDS IN BIRDS’ LIFE

CRISTINA BERCIU * AND ALIN DAVID *

SUMMARY. Carotenoid pigments are biologically active, fdtibte compounds that are
responsible for red, orange and yellow secondaxyatecoloration in many animal species.
Besides, they act as antioxidants and stimulat®usraspects of immune function, detain
photoprotective activities, enhance motor perforreaand cognition, and improve intercellular
(gap-junctional) communication. Carotenoid avaligbimay be physiologically limiting,
because animals cannot synthesize carotedeidsvo, and they must obtain them through diet,
but also because there may be trade-offs in theagibn of carotenoids between competing
somatic demands such as sexual display and othetidios. Unfortunately, all these aspects, and
functions, essential for the individuals themsekbued their offsprings, too, are insufficient osles
known. According to the previous studies, this papea review concerning the essential
information accumulated over the past years whiely catalyze future lines of research on the
profile and functions of carotenoids in birds (iffetent moments of their life and in different
structures), and finally, the possibility to use tiseful information to the bird’s benefit.

Keywords: antioxidant, carotenoids, immunostimulatory, intdiedar communication, motor
performance, sexual coloration

Introduction

Among the various pigments which are involved mmeonental colors in birds,
the carotenoids have a special, major role. Qaoate are the second most prevalant
pigment in the avian integument (melanin beindfilsg). They are an extremely large
and diversified group of lipid-soluble hydrocarboreed are responsable for red,
orange and yellow secondary sexual coloratiomefplumage, and also of the skin,
scales, beaks, combs, wattles, and eyes rounteoavian integumentary tissues.

Birds cannot synthetize carotenoitisnovo (because they lack the enzyme
to manufacture carotenoids from the precursorthe$e ones), so they have to
obtain the necessary carotenoids through their(dmsuming algae, fungi, plant
parts, insects, crustaceans, vertebrates whiclaicotitese pigments), while some
others are produced through the metabolism of inedarotenoids in their diet
(Brush, 1990; Molleet al., 2000). Thus, many of the carotenoids found asadie,
leg and beak colorants are not present in the Thetse metabolic processes are
thought to factor prominently into information cent, signal function and
evolutionary history of carotenoid-based ornamectération.

! Faculty of Biology and Geology, “Bap@&olyai” University, 400006 Cluj - Napoca, Romania
E-mail: kris25mar@yahoo.com, adavid@biolog.ubjocu
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The mechanisms of the absorbtion from food, citmnzand tissue storage of
carotenoids are incompletely known, but, so fas, very well known that the intestinal
absorbtion of carotenoids involve some specialptece of the enterocytes at the level
of duodenum, jejunum and ileum. Once they areenstd from food and fractioned
with lipids (as micelles) in the intestinal mucogarotenoids are packaged into
chylomicron fractions and enter the lymphatic systehere they are incorporated into
lipoproteins that circulate through the bloodstrégilliams et al., 1998).

Intraspecific differences of the carotenoids irsplaand skin are induced by
the geographic and temporally differences concgritire food quality (dietary
availability of carotenoids) of populations belamgito a species (Partatial., 1987;
Hill, 1993; Linville and Breitwisch, 1997; Negro@&Garrido-Fernandez, 2000).

Sex diferences in carotenoid circulation are roination of diet, but instead
likely come under physiological control, througle thction of lipoproteins and such
sex-steroid hormones and testosterone, as weheseed for females to shunt
carotenoid pigments to egg yolk (Blow#l., 2000; Hill, McGraw, 2006).

Carotenoids accumulate at highly variable conctémtran the serum of the wild
birds (0,5-75 pg/ml). Thus, in an ecological andlgionary comparative analysis of 80
species, the best predictors of plasma carotermideatration were diet, extend of
carotenoid-based plumage, body mass. Species heithighest carotenoid values that
fed on predominately plant-based diets, exibitedenplumage are that was pigmented
with carotenoids and tended to be smaller (Tell@42Hill and McGraw, 2006).

Having absorbed the carotenoids from the intestimalen, they will be
transported to different tissues and metabolizégerlis the most important organ
involved in the metabolism of these pigments (Bruk$90), but, also the small
intestine, kidneys and lungs. At the level of dlede organs, carotenoids are
converted to pro-vitamin A (Wiss, 2004). A few datagpport the idea that birds
make their colorful display carotenoids in the tivBut, there are a lot of studies
which demonstrated that metabolically derived @aroids present in the feathers
and bare parts are not found in the liver or senfrthese birds, they being
produced in maturing feather folicles or beak/legakinocytes (McGraw, 2004).
Very often, birds do not metabolize carotenoids ¢otoration purposes and,
instead, directly deposit dietary and serum camtEninto feathers and bare parts,
because the process of carotenoids’ metabolizagewls a lot of energy (Hill and
McGraw, 2006). In other cases, only one sex (tylyidhe male) is capable of
metabolizing carotenoids (Hill and McGraw, 2006).

Carotenoids procured from the diet will be delieerémetabolized or
unmetabolized) by blood circulation to differessties and organs. But, so far, there
are just a few studies concerning the differenetwéden the storage preferences of
these pigments and species or type of carotenoid.

Storage of the carotenoids is characteristic eafedor the feathers, skin,
adipose tissue, liver, egg yolk, retina and ovamafies are said to contain about half
of the body’s carotenoid reserves in female). Bestemen, heart, kidney, breast/leg
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muscles, bile and lung also house measurable amafntcarotenoids. Some
carotenoids may cross the blood-brain barrier tf8gse pigments can be detected at
the level of the nervous tissue, where they arelu@d in very important processes
(protect neurons from oxidative damage inducedéy fadicals which are produced
as a consequence of the fat acids’ metabolism, glewate of apoptosis of neurons,
enhance cellular signaling and transcriptional lsgun, improve temporal and
spatial memory, enhance motor performance or dogriSumieret al., 2004).

So far, there is no evidence that a certain typgmes of carotenoid(s) are
allocated to one or a few tissudslill and McGraw, 2006). Tissue levels of
carotenoids may depend on the amounts of theseepignn diet, and also on total
tissue mass. For example the highest concentratiocarotenoids in adipose tissue
is correlated with the smallest fat stores (Negral., 2001).

Besides, it could be noticed many sex differengesinternal-tissue
carotenoids (Negret al., 2001). Many monogam species are characterizeddbys
with a brighter carotenoid-based coloration thanfetnales. There may be other
important reasons why individuals and species irattheir ability to endogenously
store and retrieve carotenoids from the tissues.

So far, there are many studies which demonstratedxistence of differences
between bird species concerning their capacitycturaulate and mobilize tissue
carotenoid repositories for self or offspring desfe from oxidative damage. The most
stable amounts of carotenoids are those in livarot€noids in liver may be a
mobilizable, expendable pool of carotenoids for deeng infectious challenges,
although, usually, they are more stable and reduite local cell and tissue
maintenance (Koustasal., 2003b).

Functions of carotenoids.Carotenoid storage (as they are found in food or
metabolized) at the level of different tissuesdgaated with the humerous functions
which they have: create the ornamental coloratiorbirds, act as antioxidants,
stimulate various aspects of immune function, quema photoprotection, stimulate
the cellular diferentiation and communication.

As we already mentioned, carotenoids can be incated into several
different tissue types tgive birds external colour, which are very important in
sexual behavior and selection. Besides, recentirgses noted that carotenoid-
based feathers reflect a substantial amount cdwdtiet light (Hill and McGraw,
2004). In the beginning, it is thought that caroida are responsable to give the
external color of feathers, skin, scales, beaks)bs) wattles and eyes round out
the avian integumentary, but, later, Olson and Gw¢p005) showed that
carotenoid pigmentation is typical for bird plumabet the use of these pigments
in bare part pigmentation may have a different fiomal basis and may be more
strongly influenced by genetic and physiologicalchemisms, which currently
remained relatively understudied.
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Carotenoids are coloured pigments because of ttmijugated double-
bound system, known as the “ chromophore”, whickodtis particular wavelengths
of light and gives colour to the molecules basedhendegree of conjugation in the
hydrocarbon chain and end-rings. Molecules with enconjugated double bonds
absorb more short wavelengths of light and thuseatéer in colour.

Some carotenoids (astaxanthin, cantaxanthin, adanira-doradexanthin)
confere a red colour of the tissues or structuvdse others, more exactly:
xanthophylls (lutein, zeaxanthin and canary xanligtlp) co-ocur in yellow
tissues. Involving of carotenoids in appearancgetibw colour is bigger than in
red colour (Olson and Owens, 2005). Always, moenth single carotenoid type
typically appears in any given integumentary tisguebirds. For example, red
feathers and bare parts often house a collectioA-afocarotenoids, and the
canary xanthophylls co-occur in yellow tissues. réhis some exceptions to this
rule, of course. Lutein is the lonely colorant @llgw feathers in songbirds (Hill
and McGraw, 2006). Carotenoid colors can not offlscéed by the types, amounts
and ratios of carotenoid pigments that occur initbegument, but also by their co-
occurrence with other types of pigments or stradtumechanisms and by the
nature of their physical interactions with tiss(iddl and McGraw, 2006).

The table bellow (Table 1) reflects the bird spgareour country for which
carotenoids have been identified from colorful lieas and bare parts.

Table 1.
Bird species also found in Romania for which caroitgs have been identified from colorful
feathers and bare parts (modified from Hill and M@ 2006)

Order/ Species Trait Major carotenoids

Family

Anseriformes Mallard (Anas platyrhynchos) Orange tarsi 1,2,4,12,45
Greylag GooséAnser anser) Orange tarsi 3,4,12

Falconiformes Egyptian Vulture Yellow facial skin 1
(Neophron percnopterus)

Galliformes Domestic Chicken Red comb 1,4,12
(Gallus gallus) Yellow tarsi 1,2,3,4,12, 15
Wild Turkey Red comb 3, 4,12
(Meleagris gallopavo) Orange-brown tarsi 1,2,3,4
Grey PartriggPerdix perdix) Orange-brown tarsi 1,3,12,15
Ring-necked Pheasant Orange-brown tarsi 1,3,12,15
(Phasianus colchicus) Red facial comb 12
Capercaillie Red supraocular comb 1, 2,12, 14

(Tetrao urogallus)
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Table 1 (continued)

Order/ Species Trait Major carotenoids
Family
Ciconiiformes White StorkCiconia ciconia) Red bill and tarsi 12
Piciformes Great Spotted Woodpeckddgndrocopos Red plumage 12,13, 14
major)
Three-toed Woodpecker Yellow plumage 1,2
(Picoidestridactylus)
Green WoodpeckeP{cus viridis) Yellow plumage 1,2,22,24
Red plumage 12, 13, 14, 15
Passeriformes/ Golden Oriole Qriolus oriolus) Yellow plumage 1,2
Corvidae
Passeriformes/ Bohemian Waxwing Yellow tail band 6,7
Bombycillidae (Bombycilla garrulus)
Passeriformes/ Robin (Erithacus rubecula) Orange plumage 1,10
Muscicapidae
Passeriformes/  Wallcreepe(Tichodroma muraria) Red plumage 12
Sittidae
Passeriformes/ Great Tit(Parus magjor) Yellow plumage 1,2
Paridae Blue Ti¢Parus caeruleus) Yellow plumage 1,2
Passeriformes/ Long-tailed Tit Qegithal os caudatus) Pink plumage 6
Aegithalidae
Passeriformes/ Goldorest(Regulus regulus) Yellow plumage 1,2
Regulidae Red plumage 12,13, 14
Passeriformes/ Yellow Wagtail(Motacilla fiava) Yellow plumage 1,2
Passeridae
Passeriformes/ Chaffinch(Fringilla colebs) Yallow plumage 1,2
Fringillidae Brambling(Fringilla montifringilla) Yellow plumage 1
Eurasian Bullfinch Red plumage 12,13, 14, 15, 21
(Pyrrhula pyrrhula)
Red Crossbil(Loxia curvirostra) Yellow plumagef] 6,7
Red plumage (m) 16, 19, 20
Citril Finch (Serinus citrindlla) Yellow plumage 6,7
European SerifSerinus serinus) Yellow plumage 6,7
European Greenfinch Yellow plumage 1,6,7
(Cardudischloris)
Common Redpoll Red plumage 12, 14, 15, 16
(Cardudisflammea)
Linnet (Cardudis cannabina) Red plumage 12, 14, 15, 16
Hoary Redpoll Red plumage 12,14, 15, 16, 19
(Cardudlis bornemanni)
Passeriformes/ YellowhammerEmberiza citrinella) Yellow plumage 1,2
Emberizidae
Passeriformes/ Eurasian Blackbir@Turdus merula) Orange-yellow bill 1,2,3,4,5
Icteridae

Notes: f-female; juv-juvenile;m-male; 1-lutein;

2axanthin;

PB-cryptoxanthin;  48-

carotene; Sr-carotene; 6-canary xanthophylls A; 7- canary xapllylls B; 8- canary
xanthophylls C; 9- canary xanthophylls D; 10-3'détglutein; 11-2’, 3’-anhydrolutein; 12-
astaxanthin; 13e -doradexanthin; 14-adonirubin (phoenicoxanthifycanthaxanthin; 16-3-
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hydroxy-echinenone; 17-echinenon; 18-rhodoxantir®-4-bxo-rubixanthin; 20-4-oxo-
gazaniaxanthin; 21-papilioerythrinone; 22-7,8-ditopdtein; 23-7, 8, 7', 8'-tetrahydro-
zeaxanthin; 24-7,8-dehydfberyptoxanthin.

a) Astaxanthin an@-carotene were found in captive birds only.

b) Only captive birds were studied.

¢) Accompanied by an unidentified carotenoid.

d) Canary xanthophylls are the naturally occurringoyelfeather pigments, but by
adding the berries of an introduced honeysuckl¢h&r diet, waxwings obtain
rhodoxanthin that gives feathers their orange agitam.

e) Carotenoids are only found in red feathers. Yelmrder is colored by melanin.

f)  Yellow plumage is not created by the presence aftenoid or melanin pigments,
but by an as-of-yet unidentified type of pigment.

g) Red plumage gets its color from the means by wthehcanary xanthophylls are
bound to feather keratin.

The process of carotenoid incorporation into thgumeent is thought to
begin by passive lipid diffusion into maturing selsuch as the skin keratinocytes
and feather follicles (Lucas and Stettenheim, 19TRBgse lipids acumulate in the
cell in lipoidal droplets that ultimately provideourishment as well as lipophilic
pigments to the growing feather germ (Menon anddne&000).

There are several physiological parameters that imfiyence carotenoid
accumulation in the body and thus colour intensligese include: absorbtion of
carotenoids in the gut, transport of carotenoidsindoto lipoproteins through
bloodstream, uptake of circulating carotenoids lyuning feathers, and metabolism of
carotenoids at feather follicles. So far, therevislence in birds that both carotenoid
aquisition and certain aspectsof carotenoid uiitinge.qg., lipo-protein production) can
regulate color expression among individuals witlsirgiven species, but more studies
are needed to discern the strength and ubiquityipitional and physiological effects
on carotenoid colour across bird taxa (Hill and Vg 2006).

Concerning the colour differences of the integumentintegumentary
structures in different regions of the bird’s bothe studies showed that this is the
responsability of certain binding proteins thattdicarotenoids intracellularly to be
incorporated into specific tissues, at specifiesnBrush, 1990; McGrag al., 2003).

The mechanism for the colour change has yet todberrdined and may
involve feather soiling or wear, pigment degradatir feather degradation by bacteria
(Shawkey and Hill, 2004). McGrag al., (2003b) showed that beyond the spatial and
temporal specificity of carotenoid accumulatiorainan integumentary tissues, these
tissues can also preferentially target certainteaoids.

The intensity of colour induced by carotenoids ir$ (both in males and
females) has very deep influences on the vitalitg gurviving capacity of the
individuals, on reproductive behavior (choosing itiete before laying the eggs), and
also on the quality, value of the eggs, and finally some characteristics of the
offsprings. Nowadays, it is known that biochemgishtegies for developing sexually
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selected carotenoid coloration can follow one af alternate routes: the accumulation
of as many types and amounts of carotenoids asbfgser the preferential
accumulation of one or a few particularly chrométiens. But, to understand all these
aspects concerning the ornamental colours in,biids we have to mention some
very important roles of carotenoids, more exagatljoxidant and immune functions.

Carotenoids are known as "sacrificial' antioxidants In other words,
carotenoid molecules are not regenerated like atfit@sxidants, and are degraded in the
process of neutralizing free radicals or reactxggen species. (Tsuchighal., 1994).
Thus, carotenoids are capable to protect DNA, imotEnd lipids from oxididation, and
thereby guaranteing antioxidant protection of #lernembranes and antibodies (Edge
al., 1997). These functions can be noticed and areingyortant both at the level of
adults which take these carotenoids from the diedl at the level of the yolk, and
embryonic tissues, where the rapid cell divisiom] the rate of metabolic events induce a
high level of oxidative stress. This oxidative str&ontinue a rather long time at the
level of offspringt, too (Suragt al., 2001). Since the ability of carotenoids to quench
singlet oxygen increases with their maximum absmrbwavelength, redder carotenoids
may provide a more efficient antioxidant defenadgiget al., 1997).

In vitro studies have revealed that free radical trappictiyity is most
efficient when certain combinations of antioxidaats involved (Bohnet al., 1997)
or within certain rangers of carotenoid concertratand partial oxygen pressure
(Burton and Ingold, 1984). Domestic hens caradiealyy have an antioxidant
activity which depends on the type of carotenoid¢heir diet correlated with their
interaction with antioxidant vitamines. But, so fais not known yet the way in
which these interactions affect the levels and pmigns of carotenoids, and also
their activity in the yolk (Tengerdst al., 1990).

Transfer of the antioxidant carotenoids from thehmioto the yolk and then to
the specific embryo tissues are extremely impott@ctuce, finally these carotenoids
confer an antioxidant and immune protection todffprings (Young and Lowe, 2001;
Blount et al., 2002; Surai, 2002). Metabolic activity of thedsir embryos is very
intensive and produce a large number of freeakiBesides, embryo tissues contain a
high level of unsaturated lipids which are extrgmslisceptible to the oxidative
damages. All these aspects request the antioxitantention of the carotenoids during
this period of life in birds (Surat al., 2001).

Most of the recent attention to the mechanisms fandtions of internal-
tissue carotenoids in birds has been placed orlagf#ng young, particularly in such
precocial species. In their earliest stages of ldpwaent, embryos are exposed to and
assimilate high concentrations of carotenoids ik yleat represent nearly 50% of
their mothers’ liver stores. Neonates transfer maty derived carotenoids from
yolk to their tissues during development and rebédgh levels at and after hatching;
the liver is the most carotenoid-enriched tissuaafly hatched individuals (Surai
et al., 2001). Liver-carotenoid levels are known to rapidecline within 2 weeks
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post-hatch, but some researches has estimatedhahdy one-quarter of all liver
carotenoids in a 4-week-old chick are still frone tholk (Koustoset al., 2003a).
These maternal carotenoids have been showed tecproells from oxidative
damage. Thus, mothers can adaptively boost offgmintection from free radicals
(for a long period of time) by allocating carotesi®to yolk (Bloungt al., 2000).

Carotenoids guarantee the antioxidant protectioth@fovules, in females,
but, high levels of carotenoids at the level ofaegnd semen, in males, demonstrate
that they are also involved in antioxidant prot@ttof the spermatozoa, too.(Blount
et al., 2001; Hill and McGraw, 2006).

Comparative studies concerning the effects of eamitls at the level of the
males and females are insufficient, but it seerasttie lack of these compounds is
more important for the last ones. Maternal suppdiebophilic antioxidants can be
limiting for egg production in birds (Limt al., 2002; Surai, 2002; Blourdt al.,
2004). The quality of the eggs seems to be seyiaffécted by the carrotenoid in
diet. Antioxidant supply may also limit sperm qtilbecause sperm are particularly
susceptible to oxidative damage (Bloehtl., 2001; Peterst al., 2004). But, this
aspect requests more studies, because, for exampheniopygia guttata a lack of
carotenoids seems not to affect spermatogenesiis(Birkheadet al., 1999).

Immunostimulatory function is another extremely important function of
carotenoids in birds. Most of the attention to #mtioxidant role of carotenoids has
centred on their protection of the immune systeoge tb the inactivation of free
radicals produced during immune-cell activation praliferation (Molleret al., 2000;
Hughes, 2001). Thymus, bursa and spleen are hagmzed as important carotenoid
reservoirs in young birds (Koustes al., 2003a and b). In young chicks, levels of
carotenoids in these tissues are differentiallysitga to dietary and/or maternal
carotenoid sources. (Koustesal., 2003a) and to the immune demands of individuals
(Kousta, 2003b). For example, thymic carotenoiélievesponded to the dietary intake
in dose-dependent fashion, whereas bursal caidsertid not. Instead, bursal
carotenoids were proportionally and highest wheetady carotenoids are low,
suggesting that bursa receives priority in carateraxcumulation when dietary
provisions are low (Koustas al., 2003 b).

In Larus fuscus, experimentally, it could be noticed that a digtzarotenoid
supply enhances the plasmatic antioxidant actigitgyg immunde defence. These
birds have a decreased level of immunoglobulinesichv theoretically, could
guarantee a better health, which could allow abéteding which would be better
for the individuals themselves, and for their pffisg (Blountet al., 2002a).

Lozano (1994) noticed that birds may face a trdtiemnen allocating
carotenoids acquired from the diet to physiolog@sal coloration purposes, and only
the highest-quality individuals (those who aquire imost carotenoids or are in the
best health-state) can devote more to the integuimeadvertisement.

One hypothesis for why females, in many bird spediequently prefer to
mate with the most elaborately ornamented malesligise that availability of
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carotenoid pigments is a potentially limiting fattior both ornament expression and
immune function. An implicit assumption of this logpesis is that males that can
afford to produce more elaborate carotenoid-dependisplays must be healthier
individuals, with superior immunocompetence. Howewwhether variation in
circulating carotenoid levels causes variation @athbimmune function and sexual
atractiveness has not been determined in any spebie studies of Blourdt al.
(2003) showed that manipulation (improving) of drgtcarotenoid supply invokes
parallel changes in cell-mediated immune functiod sexual atractiveness in male
zebra fincheg§Taeniopygia guttata).

Recent correlational and experimental studies geogome support for the
notion that carotenoid colours honestly signal imencapacity, but this notion is by no
means universally accepted, and more work is needdtee-ranging birds to better
understand carotenoid allocation to body maintamamersus sexual ornamentation.
Moreover, depending on the type or concentratioraaftenoids, these molecules can
also have positive gene-regulatory effects on imerfunction (e.g., via gap-junctional
communication) or detrimental pro-oxidant effegiscells and tissues in the body (Hill
and McGraw, 2006).

Carotenoid pigments (modified or nativelare deposited into egg yolkby
female birds, but little is known of the ecologicabulation of this process. Some
supplies of carotenoids deposited into yolk cowadenbeen derived from body stores
(body fat, liver, integument) rather than metbdiiansformation. However, the
generality of this potential mechanism is uncertdiecause body stores of
carotenoids are insufficient to meet the demandgygfproduction in domestic hens,
and a decline in female integument pigmentatiathe@time of egg production has
been reported in various wild bird species (Budegl., 1992; Bloungt al., 2002a).

Alternatively, the profile of carotenoids depositiedo yolk may directly
reflect the relative proportions of carotenoidstlie maternal diet, although this
correlation is not always available (Partlal., 1987). But, an experimental approach
is required to better understand the relatioshiptwéen diet and yolk carotenoid
composition in wild birds.

Unfortunately, so far, the relative importance dfingent aquisition and
utilization at the level of the egg yolk (i.e. plojsgical discrimination: differential
uptake, transport, deposition or metabolic congasjiis poorly understood.

Nowadays, the qualitative differences betweenctivetenoid profile of egg
yolk are intensively investigat€vVerboven et al., 2005). Egg development and
deposition of different carotenoids at the leveltted yolk expend a lot of energy.
Aquisition, maternal selective uptake, transpa@pasition or metabolic transformation
of ingested carotenoids regulate the pattern df wolrichment are far less than
completely efficient. (Hill, 2000; Blouret al., 2002; 2004, Hilet al., 2002).

At least two proximate sources of between femalétian in egg quality
can be hypothesised. First, egg quality could beraéned by female quality.
Maternal age, mass and size generally explainsttatly significant, but small
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proportions of the variation in egg size (Christia@02). The concentration of yolk
carotenoids has been shown to be affected by fleetion status of the mother
(Sainoet al., 2002), and to covary with her carotenoid-baséegiment coloration
(Blount et al., 2002). Second, environmental effects such as $opgly (Blountet
al., 2002) or ambient temperature (Saghal., 2004) may also influence egg quality,
tough results for egg size are inconsistent (Garist 2002).

There are a lot of significant differences betwdemestic hens and wild birds
concerning the transfer from the diet into the ggllk. For example, domestic hens
characteristically transfer certain carotenoidsnfrthe maternal diet into eggs more
efficiently than others and can metabolically tfamma certain carotenoids before
deposition into yolk (Hencken, 1992). Domestic hesamed to asimilate cantaxanthine
more efficiently than zeaxanthine (Hencken, 19@®)le in Larus fuscus the transfer of
beta-carotene into the yolk is extremely efficiéBlbunt et al., 2002a). This explains
partially the differences between proportions obEmoids in yolk.

Differential allocation in relation to the attragthess of the male partner may be
another very important cause of variation amongafesiin egg quality (Burley, 1986).
Males which are more intense carotenoid-based atior have superior foraging
success for carotenoids (Hill, 2002), and work &atd provision mates or nestlings
(Linville etal., 1998; Senat al., 2002). For example, a cross fostering experimgng
blue tits Cyanigtes caeruleus), showed that chick growth was related to the pgena
yellowness of the foster father but not to thathef genetic parent (Seraral., 2002).
Correlation studies ifCardinalis cardinalis have shown that individuals with greater
carotenoid pigmentation work harder at nestlings\ille et al., 1998). Therefore, it is
worth the female investing more in current reprdidadf her mate is attractive, because
the value of offspring will be higher, although,metimes it could be notice some
exceptions from this rule (Sheldon, 2000).

Studies inCyanistes caeruleus showed that body size, age aratotenoid-
based plumage coloration mayalsobe used by females as indicators of male
quality. Indeed, larger and older males have more suatssing extra-pair young.
(Delheyet al., 2003). As for carotenoid-based colorationPanus species, the main
source of carotenoids are caterpillars, thus ahtbyigarotenoid-coloured individual
may signal its ability to find these caterpillgfBartaliet al., 1987).

Besides, aCyanistes coeruleus, the yolk colour was correlated with laying
date and yolk mass. Though the effect of laying dauld not be explain by ambient
temperature during egg formation, it suggests imte constraint of general
carotenoid availability on yolk composition (Szigetal., 2007).

It seems that factors predicting egg size wefferdift from those predicting
yolk colour. Carotenoid content is not necessarbpprtionate to egg size, suggests
that maternal effects occurring during egg produrcttan not be estimated only by
egg size (Roylet al., 2003; Szigetét al., 2007).

Effects of poor neonatal nutrition on adult reprithe performance were
studied by Blounét al. (2006) who noticed that this kind of nutritioraissociated with
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reduced blood antioxidant levels in adulthood, Whiaould impair reproductive
performance. These effects could be a consequéaceatterated uptake and transport
of the antioxidants in diet (Bloust al., 2003), or these are known as limiting factors
for the fecundity (Surai, 2002; Blouetal., 2003; Bloungt al., 2004).

Besides birds fed with a low quality diet took lendo initiate egg-laying,
and then laid eggs at a slower rate, aspect atetkWith a reduced breeding success
owing to increased hatching asiynchrony and theeetbick mortality. In addition,
these birds did not show reduced clutch mass er sizyolk antioxidant levels. All
these reproductive perturbations could be cormlaith an irreversible alteration of
the morphology, physiology and metabolism which emppat the level of any
organism which are lack by carotenoids during thitical period of their
development (Lindstrom, 1999; Metcalfe and Monagh2001).

In birds, experimentally increased egg productian aeduce maternal
condition, parenting ability and survival, and theality of the eggs themselves. Such
costs probably reflect resource limitation, but ittentity of the resource(s) in question
remains unclear. Trade-offs in the allocation ofitihg carotenoids between somatic
maintenance and egg production could therefore nbémaortant factor underlying
reproductive costs. However, whether carotenoids lianiting for egg production
directly, by stimulating the synthesis or antioxid@rotection of yolk precursors, or
indirectly, via effects on maternal health, recuifather study. So far, researches
demonstrated clearly that carotenoids are antintsdind immunomodulants of the adult
organism (Blountet al., 2003), and also are involved in egg productioatermally
derived carotenoids in eggs yolk enhancing egdtgBlount et al., 2002a and b).

In birds, clutch loss through predation is comntberefore individuals often
must face the decision of whether to relay withghart time-scale. Therefore, Blout
al. (2004) tested the capacity of carotenoid-supplégddiesmales to replace a lost clutch
in Larus fuscus. These researches demonstrated taeibtenoid supplementation
increased the capacity of gulls to replace a latttof eggs, one-third more carotenoid-
diet females re-laid compared with controls (prdjoals a consequence of an increased
synthesis and/or antioxidant protection of yolk cpreors). But, carotenoid
supplementation did not influence the latency tdayeeggs, mass of replacement
clutches, clutch size, while the yolk and egg neasaried proportionately.

If carotenoids enhance the capacity to layhy then did not carotenoid-diet
females lay larger replacement eggs? Carotenoiplesmpntation clearly influenced
replacement egg composition: yolk mass and egg awassied proportionately in the
carotenoid-diet group, whereas in the control-dietup, yolk mass declined with
increasing egg mass. Decreasing yolk size withreasing egg size is typical in
seabirds, so variation in egg size largely refleb@nges in albumen (i.e. protein and
water) content (Williams, 1994). Possibly, therefasome carotenoid-diet re-layers
had relatively low supplies of such macronutrieffisis stands to reason because,
under natural feeding conditions, carotenoids cdylze cosumed with macronutrients
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— indeed, tissue carotenoids are often bound idslipr proteins (Olso and Owens,
1998), so maternal levels of carotenoids and matnients should covary.

Analysis of clutch replacement in relation to ma#rbody condition and
plasma carotenoid levels suggested that the latiera stronger determinant (Blount
et al.,, 2004). It cannot exclude some alternative expians If carotenoids
enhanced the effiency of immune defences, thisdcbhaVve resulted in an increased
availability of other limiting nutrients. It is aisconceivable that a healthier
individual should have better foraging efficiendhese explanations predict that
sustained carotenoid supplementation should reésulhcreased maternal body
condition, and possibly larger eggs and betteruaditg, although sudies of Blount
et al. (2002b si 2004) didn not demonstrate these effatitthese results obtained in
Larus fuscus species, showed that even for this species whase wvestigated very
intensively to understand better the relative ingure of carotenoids requires
supplimentary ecophysiological investigations.

So far, no study has been able to clarify whethgreater capacity for work in
carotenoid-rich males reflects condition dependanesercise performance as influenced
by carotenoids or alternatively is genetically dabeed. One possibility is thaarotenoid
availability may be limiting for exercise performances because of the role of
antioxidants in protecting muscles against oxidadamages (Powestsal., 2004).

Recently, Blount and Matheson (2006) tried tatdish in laboratory,
whether a diet supplemented with additional camttn may improve physical
(muscle’s) performances iMaeniopygia guttata. Their results demonstrated that
carotenoid supplementation enhanced flight pevémice, the birds having a shorter
flight times than controls, and, besides, lessnofegjuired a repeat stimulus to elicit
escape flight, andemeged sooner from the releeambr after a startle stimulus.
Such effects of carotenoids could be ecologicaitypdrtant, since flight take-off
performance is thought to be an important detemtired predator evasion and
foraging, and thus, of survival probability ané tapacity to provide parental care.

Moller et al. (2000) hypothesized that birds may be particulsuyceptible to
carotenoid limitation compared with other taxa beeaof a high requirement for and
turnover of carotenoids. On average, birds tygidave far higher blood concentrations
of carotenoids than mammals do (Hill, 1999). Thishot simply because of differences
in carotenoid levels in diet (Sliflet al., 1999), and therefore suggests that birds have a
relatively greater need for carotenoids and heaee &fficient carotenoid absorbtion and
transport systems. The rate of carotenoid uptatkéuanover in birds can be high, bodily
levels increasing rapidly in response to dietapimentation (Bloungt al., 2003b;
McGraw and Ardia, 2003), and declining rapidly @sponse to immune sensitization
(Faivreet al., 2003; McGraw and Ardia, 2003; Alonso-Alvargzl., 2004). Therefore,
the specialists hypothesize that birds’ flight nessenay be susceptible to antioxidant
limitation, with negative consequence for exergsdormance.(Blount and Matheson,
2006). To confirm that dietary carotenoid suppleiat®n resulted in enhanced muscle
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resistance to oxidative damage would require thedsbbe killed for in vitro
measurement of tissue oxidation products in mugtmmbest al., 2002).

It is very important to know the possibility thetsupplemental carotenoid dose
in diet elevates blood carotenoid levels aboveraliioccuring levels. Unfurtunately, so
far, the normal range for blood carotenoids in wWildis are unknown at this time, there
are just a few data concerning some captive spedies they get a basal diet or a
carotenoid supplemented diet. For example, oneeafiiost studied species in laboratory
conditions isTaeniopygia guttata, in which, it could be noticed that blood carofdno
levels continue to rise in response to increadieiguy carotenoid intake until they reach
certain level, after this level of carotenoids iiet,dhe level of blood carotenoids wouldnt
rise at all, but remain constant (McGraval., 2003).

Clearly there are several explanations for how teamds may influence
muscles’ performance. Indeed a combination of aitimt and nonantioxidant
mechanisms could be responsible. It has also cemiid possibility that carotenoid
supplementation, through effects on immune deferemdd have resulted in birds
being less debilitated by parasites or diseasebamte more capable of flight.

Clearance of Mycoplasma gallicepticum bacterium after experimental
inoculation has been shown to be faster in maleséciinches Carpodactus
mexicanus) with redder carotenoid-based plumage (Hill aadhter, 2005). Similary
experiments were done Tiaeniopygia guttata, too (Blountet al., 2003b; McGraw and
Ardia, 2003), obtaining similary results. A correestimate of the immune defence of
carotenoids needs that before starting the expetan® be able to estimate correctly
the fithess and the pathogens, parasites or dssasfsevery individual we are working
on. But this is extremely difficult or, in practidarms, perhaps imposible, but it will be
necessary to find a solution.

Recent researches demonstrated another very impoota of carotenoids —
photoprotection of some tissues, structuredzor example, the macular region of
retina is enriched with xantophylls (Khachilettal., 2002), that arguably play an
important role in absorbing harmful short-wave fighys, protecting photoreceptors
from oxidative damage, and ultimately preventing-egJated macular degeneration
(Mozaffarich et al., 2003).in birds with carotenoid-colored eyes sastthickens,
ducks, birds may be signaling the direct photoptaia they are affording
themselves with their retinal pigments. So fars itnknown wether species of bird
with more colorful carotenoid-based integumentsodégpmore in their eyes, and
what consequences this concentration has for tfumhsystem. By definition, based
on the light absorbance properties of the pigmehis, process would leave the
visual systems of carotenoid-coloured species @fifnuned to accept and perceive
the light wavelengths that their integuments refl€elill and McGraw, 2006).

One last and recently discovered biological prgpeftcarotenoids is their
role in gap-junctional communication (Tapieroet al., 2004). One method of cell-to-
cell signaling (e.g., the exchange of ions, elecirents, or nutrients) is accomplished
by the transfer of information via gap junctionperes that connect the cytosol of two
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neighboring cells. Proteins known as “ connexireg®e the governing body of gap-
junctional comunnication, and recent studies hawesved that carotenoids can bind to
nuclear receptors in cells and upregulate geneession and the production of
connexins. This aspects is very important for thevention of different types of
cancer, in case of which, the gap-junctional corraation is involved in the cellular
malignant transformation (Livrst al., 2002).
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ATMOSPHERIC POLLEN SEASON OF PLANTAGO IN
TIMISOARA

NICOLETA IANOVICI*

SUMMARY. The guantitative monitoring of the airborne polieffers important information
regarding the flowering phenophase duration, ttssipility of creating pollenic calendars for a
certain geographic region and gives hints on théog® when pneumallergens may reach
dangerous quantities. This study was planned ieraa determine annual dissemination of
Plantago pollen grains in the atmosphere of Tgodra in 2000-2004. Pollen belonging to
Plantago was sampled during a 5-year atmospheric pollentmamj programme in Tingdara,
Romania, using a VPPS 2000 Lanzoni trap. Annuahtians in the concentration of pollen in
the atmosphere were analysed by the volumetricadeftantago airpollenconstitutes between
0.9% and 3.39% of the annual total of pollen graigring the studied period, inter-annual
variations, concerning the total annual pollen t®and the beginning, peak and ending dates of
the Atmospheric Pollen Season (APS), were repoffé@ daily quantities of pollen are
expressed as numbers of pollen grains per cubiermiair per day (PG

Keywords: Atmospheric Pollen SeasdPiantago

Introduction

The present study constitutes the first attempetordPlantago airborne
pollen grains in a qualitative and quantitative iy imisoara, Romania.

Allergic diseases represent an increasing probfetha western world, with
symptoms that may not be easily distinguished fotimer disorders (Julge al., 1998;
Bjorkstenet al., 1999; Platts-Millset al., 2000; von Mutius, 2000; Soderstrémal.,
2003). Furthermore, there are many different adlesg which may trigger the clinical
symptoms and it is often not easy to distinguishickvtallergen that is the most
offending one (Yungingegt al., 2000). The study of fluctuations and trends in
guantities of pollen in the atmosphere is of imaoce in various respects. One of
the phenomena that might be reflected in the anotalls of daily airborne pollen
concentrations is evidence of global change indimate (Menzel, 2000), the
hypothesis being that higher yearly average tenpes will lead to more pollen
of some taxa in the atmosphere. Another aspecttefast in quantitative studies of
atmospheric pollen is the possible relationshifhwtite observed increase in the
prevalence of pollen allergy in the human poputaiio many parts of the world

1 West University of Timioara, Faculty of Chemistry-Biology-Geography, Deparitrof Biology
E-mail: nicole_ianovici@yahoo.com
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(D’Amato et al. 1998; Cranet al., 2002). Reliable assessment of fluctuations and
trends in airborne pollen can only be made by udomg-term observations,
preferably at several locations (Embesiral., 2000). Some authors maintain that
the effect of climatic change could cause an irsgan the production of airborne
allergens, and therefore an increase in the sgwariymptoms and in the number
of people becoming sensitized (Sanchez-Mas., 2005). Another factor for the
increasing sensitization to pollen in recent yeanght be the worsening of
pollution experienced in the city (Carifianos et 2002), mainly as a consequence
of the rising number of dieselengined cars. Withia city of Cérdoba, the highest
incidence of pollen allergy occurs in the easterd southern zones. These are the
areas containing the bulk of the industrial sit€key also constitute the main
routes in and out of the city, where there aretfesq traffic jams (Sanchez-Mesia
al., 2005). This would support the relationship alyeabserved between pollution
and a higher incidence of allergy (Knebal., 1997).

Pollen ofPlantago lanceolata (English plantain, ribwort) is known to be a
common cause of pollinosis in the temperate zoridsooth America, Australia
and Europe, where it is widely distributed. Althaude clinical importance of this
dicotyledon weed has been largely demonstrateckweral studies carried out in
different countries (Lewis & Imber, 1975; Spieksehal., 1980; D'Amato & Lobefalo,
1989; Peat, 1991; Subienal., 1995; Calabonzet al., 2001), its role in the aetiology
of pollinosis has usually been overlooked in chihijoractice. This is probably because
plantain pollinates in the same season as othevam allergenic plants, such as
grasses, and monosensitization to plantain pobemoi frequently found among
allergic patients. Most authors agree that itfigcdit to evaluate the true importance of
Plantago in polynosis symptoms due to the low rate of monsisiged patients and the
fact that those allergic tBlantago are usually also allergic t@ramineae and other
airborne pollen types at the same time of the y&arthe peak of pollination occurs
in June, the allergic symptoms can be mistakeno@ated with grass pollen
allergy (Gutierrezt al., 1999).

Materialsand Methods

The monitoring station within the Department of By of the West
University, the only one of this kind in Romaniaes a trap VPPS 2000 Lanzoni
to aspirate air. The mashine allows the evaluatibnairborne pollen dinamics
from the city as well as it's surroundings. Theutessare significant for plain zone
from west and south-west Roméania. Analysis of thkep count and pollen fall
distribution was performed on the basis of the datéected in Timgoara in the
seasons of 2000-200Mlonitoring station is placed in urban ar¥a&getation in the
town and its surroundings consists of ruderal \atgmt, forests, semi-natural
community of grasses and antropomorphic habitdis. iolumetric measurement
point was located in the Tigoara city at an elevation of 20 m above groundlleve
The pollen count was expressed as the number #rpgtains in 1 rhper 24 h
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(Mandrioli et al., 1998). The trap was calibrated weekly to maintaiiow rate of
10 I/min. Pollen was caught on a 24 mm wide trarapaape coated by a thiim

of silicon oil. The tape was mounted on a cylindeating at a speed of 2 mm per
hour. A complete rotation of the cylinder took sew#ays. Pollen grains were
identified on the surface of 4 horizontal bandslldPograins identification was
carried out using a ML-4M microscope, magnifyindd%0 The numbers of pollen
grains found in the cover-glass area were convedegubllen counts. The data for
2002 is not complete because of temporary techpiadillems with the trap.

In this paper, we determined the APS (Atmosphemfle? Season) in
accordance with the criteria used by the followemgthors: Nilsson and Persson
(corresponding to 90% of the total pollen catck 96% method), Andersen and Torben
(corresponding to 95% of the total pollen catch-36% method) (Jatal., 2006).

The morphology of genuBlantago pollen suggests that it is stenopalynous;
its pollen is sphericakecondarily apolar, small- or medium-si&d= 19-35um),
pantoporate, with 5-16 simpleperculate pores (D pore = 3tbn), which are
sometimes surrounded by a 2-grb ring or annulus. The surface is generally s¢abra
or verrucate. The main differences at species keetize, greater or lesser number of
pores, presence or absence of ring, and the ektetiwd of the exine. Remarkable
annulate and non-annulate pollen forme&re enumerated foPlantago and
successfullytilized in taxonomic clarification of the genushigraet al., 1988).

Results and Discussions

It is clear that the Romanian pollen seasons shawaid parts: tree season
(February—April), grass season (May-July), weed@e#July—October) (lanovici,
2007). Like other summer weeddantago is unlikely to be important, but may
contribute to the problems of the pollen sensitpatient under exceptional
circumstances (Spieksnetal., 1980).

The pollen shedding time usually occurs from Mayttie beginning of
September. The pollen pattern shows successives pekikg place from mid May
to mid July, butPlantago pollen may frequently be found in air samples ewéen
the flowering season is over. The peaks (2 or 8eweral) alternate with days of
low pollen concentrations. Every year shows a diffié pattern with different
numbers and periods of the peaks. The annual sumtheo daily pollen
concentrations and other aerobiological paramétettse years from 2000 to 2004
are given in table 1. Monthly variations of totabllpn grains recorded in the
atmosphere of Timoara during the years 2000-2004 are shown in tablEhe
mean value of the annual sums is 435.2 PG, withwadt total of 148 in 2001, and
a highest annual total of 669 in 2002. The pergenta thePlantago annual sum
with respect to the total annual sum is rather Immging from 0.9% in 2001 to
3.39% in 2002, with a mean value of 2.28 %. Themaaual concentration for 5
years of study was 435.2 PG.
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Table 1.
Most important data characterizing the AtmosphBatien Season of Plantago
2000 2001 2002 2003 2004
The starting data of tHélantago pollen | 29 May 28May 1 May| 1 May| 1 May
season
The ending data of tHélantago pollen (25 August2 Septembgr 18 31 13
season August | July | September
Number of days, when wd3antago 89 97 110 76 136
pollen in the air
Atmospheric Pollen Season (Nilsson|& 73 78 91 54 95
Persson, 1981); 90%
Atmospheric Pollen Season (Anderse 80 89 96 61 109
Torben, 1991); 95%
Pollen Index 1.72% 0.9% 3.39% 2.6% 2.8%
Days with pollen concentrations higher - - 1 3 -
than 30 PG/m
The peak days in PGm 8 6 30 42 22
Table2.

Monthly pattern of Plantago airborne pollen (%)nisoara, Roménia

Year |0 |m [iv | v Vi VI Vil |IX X a;(;:g ;‘?ﬁ'ﬂ‘;‘
2004 | 0| 0| 0| 28% | 284%| 27%| 147% 1,9% |0 486
2003 | 0| 0| o | 39,73%| 5586% 4.41% 39,73% 0 | O 657
2002 |0 0| 0| 51.6%| 17% | 247% 6794 0 [ 669
200 0| 0| 0| 4% | 26.4%| 493% 19.6% O0.7p6 |0 148
2000 0| 0| 0| 23% | 528%| 296% 153% 0 |0 216

The months in which maximum pollen concentratioesenecorded were the
same in all five years: May, June and July. Theédsh Atmospheric Pollen Season
was observed in the year 2004 (95 days accordimdjl$son & Persson, 1981; 109
days according to Andersen and Torben, 1991). ffesr average pollen season
duration were 78.2 days (the 90% method) and 8% (tag 95% method). From year
2003, the end of season shows a trend towardgreddtes, resulting in a shorter
length of APS. The starts of these APS were fainifjorm. The pollen season started
between the beginning and end of May and finislyefiugust depending on the year.

The highest daily concentration is 42 P&im2003. For Timjoara was
characteristic lower average number of days willepaoncentrations higher than
30 PG/ni (part of season wheRlantago pollen reached critical concentrations —
one day in 2002 and three days in 2003). Ovetadl pbllen shedding course of the
Plantago in Timisoara corresponds to that already described dufiegpbllen
season in other European areas.

Pollen grains registered in the aeroplankton ofrtle@surement site come
from the plants growing in the neighbourhood ad waelareas several kilometers
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distant. Apart from that, in the atmosphere theréhé distant transport pollen, which
appears prior or following the period of floweriray, occurs at high concentrations at
night (Comtois,1997). The determination of the sl@rthe pollen from distant areas

in the aeroplankton is difficult, yet one may presuthat the high concentrations of
Plantago pollen noted in Timgioara on September 2001 and 2004 come from distant
transport as they occurred in the pollen seasoh witsignificant delay. The
concentration of plantain pollen in air reaches fownoderate values (Puc, 2003).

Conclusions

Results of this study demonstrate tREntago seasons occurred at regular
intervals between May and August each year; howeialividual daily and
seasonaPlantago counts were heterogeneous. The highest concemtratipollen
from Plantago taxa occurred in 2002.The length of pollen seasees calculated
by the 95% method and 90% method. Registered datf&rm the fact that at least
quantitativelyPlantago pollen is not an important allergenic factor.
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ECOLOGICAL AND GENETICAL IMPLICATIONS OF CLINE
EVOLUTION

MANUELA DORDEA ' AND NICOLAE COMAN *

SUMMARY. As the environment changes permanently, and magratoccur recurrently,
natural selection acts powerfully on population gggrools. More often, the gene flow
hinders the action of natural selection. Howevetural selection and migration are more
often in a steady-state, that assure the spegifiditocal population gene pools, the clines
being a result of such equilibrium, thus provintgfly the evolution.

Keywords: Allen’s rule, Bergmann'’s rule, Cope’s rule, clinenggool, Gloger’s rule

Clines in human populations

The human specie$jomo sapiens sapienspnsists of many populations.
Some live in grassland areas, while others in nainmtover 4000 m high, in tropical
forest areas or desert oasis. Each population rgella adapted to the specific
conditions of the regions they have lived in fongmtions. Under similar conditions,
natural selection leads frequently to nearly id@htimodifications. Thus, in the
populations from both the Kalahari and Gobi desértsfold, a remainder of the third
eyelid, is better developed than in other poputatidfuaregs, living in the Saharan
desert, have the melting point of myelin highentpapulations from temperate areas,
ensuring a greater resistance to high temperatihesAmerindian females from the
Anza Mountains are fertile at elevations highentd@00 m, unlike those living in
grassland areas. The females of different Eskiibegrhave no ovulation, menstrual
cycle respectively, during the long polar night.

From the wide range of characteristics of humanufajons, let us
examine the intensity of skin pigmentation andthdation of eye color, starting
from the African equatorial zone to the frozen waia the Arctic Ocean.

At the equator, especially in Bantu populationse tekin and eye
pigmentation is very strong. The intensity loweradyally as one moves away
from the equator, so that in the Scandinavian pjors white skin, less
pigmented and light-colored eyes prevail. Underateatorial sun beans, the great
amount of pigments in skin and eyes protect the amtmody against the high
ultraviolet rays, which might cause severe burnhefskin and blindness.

! Faculty of Biology and Geology, “Babes-Bolyai” Uniséy, 400006 Cluj-Napoca, Romania.
E-mails: mdordea@biologUBB.Cluj.ro, ncoman@biologUBRBj€b
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In Scandinavian countries, where the solar radiagadiminished, the low
skin pigmentation ensures the penetration of aicefit amount of UV rays to
allow vitamin D synthesis D and prevent ricketts.

In the far north of Europe, snow strongly refletts solar radiation, which
may bring about blinding and skin burning. Consedlye natural selection has
favoured a stronger pigmentation of skin and egpscific to Eskimo populations.

The old European populations, so-called autochth®n@r native
populations, have been overlapped in time by gblogulations coming from Asia
and north-western Europe. Migratory populationswither gene frequencies have
mixed, more or less, with the autochthonous ones.

Regardless of the intensity of miscellany, natwelection has favoured
genes that ensure a better survival capacity. Oightnpractically suppose that
hybridization between natives and immigrants ocmirin all instances. The
modifications of the resulting gene pools dependadthe differences of gene
frequencies between natives and immigrants, omptbgortion of immigrants, the
frequency of immigration process and, last but leaist, on the intensity with
which selection favours or not the varied charactar phenotypes, respectively.
The more favoured a phenotype is, the more raplitygene frequencies which
determine that phenotype rise, and conversely.  Tdah local population is under
the pressure of natural selection, which influengese frequency, gene pool
respectively, depending on the environment condtion which that population
lives. There are also phenotypes with a high gerdgtermination, but less under
environmental pressure, such as blood groups’ piipes, ABO or MN. In this
case, gene frequencies change very slowly. For glearthe blood group B allele
frequencies across Eurasia have resulted from thagM and Tartar invasions
during the & — 18" centuries AD. Prior to this, the blood group Beldl was
presumed to be absent in western Europeans béf@angol-Tartar migrations.
The very low frequency of the blood group B alleleative Basques in Spain and
other western European populations support thisnggon (Fig. 1).

Therefore, if the migration rates are low and deacds strong, there will
be local adaptations. Conversely, when migratigasrare high and the effect of
selection on phenotypes with strong genetic detatiin (namely with
heritability nearly 1) is weak, clines do not fo(oline — gradual modifications of
gene frequencies depending on different environatéactors).
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Fig.1. B group allele frequencies across Eurasia, resuftom the Mongol and Tartar
invasions between AD 500 and 1500 (after Mouedral, 1976)

Clinal evolution in Drosophila

When the same selection pressure acts upon deleteriutations all over the
distribution area, regardless of the environmertahditions of various local
populations, their frequency decreases graduahiis i§ the case of the frequency of
inversions in the five longest chromosomesDobsophila subobscurgSperlich,
1973). As one can see (fig.2), in the centre ofgecies distribution area, namely
around the Mediterranean Sea, the frequency digterozygous inversions is high. It
decreases gradually to the borders of the disimibuwdrea, so that populations from
Iran, Holland, Norway, Scotland have a very lowgérency of such inversions. One
might conclude that, starting from the centre @f distribution area to the borders, a
continuous flow of genetic variability occurs due rnigration. By acting in the
opposite direction, natural selection maintaindbguency clines.

A lot of latitudinal clines in inversion frequensia Drosophila melanogaster
across different continents have been identifie&hipb et al. (1981). Hoffmann
et al. (2004) emphasized that the great chromosomal siores are involved in the
adaptative divergences between conspecific popuakati

Studies regarding clines iBrosophilidae reveal that they affect a great
number of morpho-physiological traits, namely tbeyosize (Jamest al, 1995), eggs
size (Azevedaet al, 1996), rate of larval development (James andiéget 1995),
wing shape (Hoffmann and Shirriffs, 2002) etc. tilience of thermal variations and
photoperiodicity on the eggs size, the length efdlgs laying and the development
rate was also noticed Drosophila melanogast¢fComan and Stentzer, 1981).
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Fig. 2. The frequency of heterozygous inversions as a mneas genetic diversity in
Drosophila subobscural' he hatched zone represents the central panedcdrea. The
arrows show the direction of migration.

During the last years, researches regarding thehamésms of cline
evolution implied molecular approaches.

In Drosophila melanogastea shsp(heat shock genes) family consisting of
seven genes located closely together on chromo8oatgosition 67B was detected
(Frydenberget al, 2003). Some of the genesabispfamily showed a latitudinal cline
in the populations of this species along the eastsaist of Australia.

Referring to the same populations, Anderstnal. (2005) described a
number of inversions associated with a latitudiclade in the last 20 years. The
cosmopolitanin(3R)Payneinversion polymorphism obrosophila melanogaster
has become of increasing interest because of itenpal association with
guantitative traits that vary clinally in an addpt@ manner. Thén (3R) Payne
inversions have high frequency in tropical popoladi, while relatively rare in the
temperate populations of the distribution areasThversion polymorphism has
been associated with quantitative traits with dlimariation, such as body size
(Calboli et al, 2003), as well as with thermal resistance trglisdersonet al,
2003), particularly via one of the heat shock gehssomega

In the same population @frosophila melanogastdrom eastern Australia,
Rako et al. (2007) reveal strong associations between thelclthromosomal
inversionIn(3R)Payneand markers within it, as well as among these erarkOf
the five predicted associations between markers teaits, four were detected
(increased heat, decreased cold resistance andsimayith the heat shock gene
hsr-omegaincreased cold resistance with the inversigBR)Payne
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It is argued that adult size clines, inversion frexcy clines, and clines in
allele frequency at loci involved in glycolysis aglycogen storage are part of the
same adaptative strategy. De Jong and Bochdan(®083) stated that at high
latitudes, selection oBrosophila melanogastewould favour high larval growth
rate at low temperatures, and resource storageduilisato survive winter. On the
contrary, at low latitudes selection would favoanwver larval critical size to survive
crowding, and increased male activity leading tghhinale reproductive success.

Drosophila melanogasteadults from equatorial Kenya are smaller than
flies from Cluj, Romania (personal observations)entark or Netherlands
(Bochdanovits and De Jong, 2003).

In Australia a cline in body size is present alotigp coast, from
Queensland to Tasmania (Janed¢sal, 1995). A similar latitudinal cline in body
size was noticed in naturBrosophila melanogastguopulations from the Baltic to
Central Asia, with larger-sized flies at cooler paratures (Imashew al, 1994).

Temperate populations are also larger than tropjpapulations in
wing/thorax ratio. A larger ratio translates intdetter flying capacity implying
temperate populations would be better flyers. Tdrgdr body size in temperate
Drosophila melanogastguopulations has various causes, either a climelirsize,
cell number or in development time. Temperate patjpanis often develop faster or
grow faster than tropical ones (James and Par{rici@fb).

De Jong and Bochdanovits (2003) stated that ldvgdy size in temperate
Drosophila melanogastgropulations could be related also with high insigivel,
which would lead to relatively high storage of meinits, which would be necessary
for winter survival, higher fecundity and high edmying in cool spring. A
relatively high insulin level would however lead lttwer longevity. A relatively
low insulin level would lead to lower storage oftments, but higher starvation
resistance of larvae, and small body size. Lowlinsactivity promotes longevity
rather than fecundity, and male longevity mighirbportant in sexual selection.

Recently, Sambucettiet al. (2006) described a clinal variation of
developmental time and several size-related traiSrosophila buzatiialong an
altitudinal gradient from northwestern Argenting@asning more than 2000 m in
hight. Several fithess-related traits (developmidintae, thorax length, wing length
and wing loading) were measured in two laborat@wyegations (G7 and G33). The
authors concluded that developmental time was igebit correlated with the
altitude of the origin population. Wing loading tlerd to be larger in highland than
in lowland populations, suggesting that flight peniance was subject to stronger
selection pressure in highland populations.

In Drosophila buzatilatitudinal clines of wing loading in eastern Anadi
were also noticed (Loeschcke al, 2000). Geographic variation was also evident
in populations ofDrosophila serrataalong a transect on the eastern coast of
Australia. In this species the size and wing shabesv a gradual increase with
latitudes (Hoffmann and Schirriffs, 2002).
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Huey et al. (2000) studied the speed of clinal evolutionDnosophila
subobscuraa species accidentally introduced from Europe wnéstern North and
South America in 1978, which spread rapidly in tenape regions. The introduced
species, that colonized large areas, was not fellblay migration, so clines could
quickly evolve. The fly is native to Europe, whérexhibits a clinal increase in
wing size with latitude, especially in females.North American populations, no
wing length cline was detected one decade afténtitsduction. After two decades,
however, a cline has evolved and largely convergethe ancestral clines.

Laws of clinal evoution

A typical clinal variation was also evident in Japin Emma field cricket
(Teleogryllus emmaregarding the duration of nymphal developmeut thie width of
the adult head in males (Fig. 3). Both increas&ltyi from north to south (Ricklefs and
Miller,1997). Similar observations were recordedniany other species. Generalizing alll
the available observations, zoologists have staipw laws, which rule clinal variability
in animals. ThuBergmann’s rule states that in vertebrates the individuals liéhgigh
latitudes tend to be larger than individuals oelcelatives living nearer the equator.

Allen’s rule refers to the size of body extremities like elinsbs, or tails,
which appear to be smaller in animals living inaar@ear poles, than they are in
their relatives living in warm regions.

Gloger's rule asserts that color intensity diminishes in conijgec
populations as one moves away from the equator.

Cope’s rule states that population lineages tend to increasg bize over
geological time (Coman, 2004).

It is noteworthy that all these rules referringctimal evolution have come
under sustained criticism, on account of many etxceg.

u«';/ ~500km Duration of nymphal Agult head
development (days) width (mm)

Fig. 3.Clinal geographic variation in duration of nymplalelopment and the width of
the adult head in males from six local strainshef Emma field cricketTeleogryllus
emma in Japan (after Ricklefs and Miller, 1999).
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The most debated waBergmann’s rule, dated from 1847, which was
thought to be valuable only for warm-blooded verdéds (birds and mammals). In
order to test the validity of Bergmann’s rule @arnivora, Meiri et al. (2004)
examined patterns of correlation between skull terapd geographical latitude.
Only species for which there were more than 20 ispets of a given sex were
analyzed. Meiriet al. (2004) examined 67 species that comprise 27% et
species of wild carnivores in the order (Nowak, 999he authors have found a
positive correlation in 50% of carnivore speciesjahi means species that follow
Bergmann’s rule, significant negative correlation 11% of species, and not
significant correlation in the others.

If warm-blooded animals (birds and mammals) obesgB®nn’s rule with
some exceptions, poikilotherm species rarely confiar the rule.

Ashton and Feldman (2003) evaluated the relatiawds:n body size and
latitude in order to verify if Bergmann’s rule hdtdie for reptiles: chelonians (turtles)
and squamates (lizards and snakes). They have fiiandn chelonians 19 of 23
species increase in size with latitude, whereagaragtes followed the converse to
Bergmann’s rule (61 of 83 species decrease invgirelatitude). In cooler areas, the
lizards and snakes with smaller body size gain imea¢ rapidly, which means in fact a
clinal variation also, which is not conform withrfigenann’s rule.

A general explanation for latitudinal and thermiedes in body size will reside
in the context of life-history theory. A relativdgrge body size in cooler environment
might be the result of a decrease of competiticdoantage in obtaining food.

Angilletta et al. (2004) consider that in lizards, the mechanisrparsible for
larger body sizes in colder environments is delagetliration, which results in a greater
fecundity, a lower survival capacity to maturityigher survivorship of juveniles in
colder environments can favour the evolution of gé®nn’s cline. Therefore,
Bergmann’s clines result from interactions betwbaiic and abiotic factors, which
create an equilibrium between costs and benefitgilléttaet al, 2004).

Laugenet al. (2005) studied the validity of Bergmann’s rulepimpulations of
common frog Rana temporarip across a 1600 km long latitudinal gradient in
Scandinavia, both for wild collected adults andotakory-reared individuals. The
authors found that in adults, the mean body siaeased from south to mid-latitudes,
and declined thereafter. This occurred despitdatttethat the mean age of adult frogs
increased with increasing latitude, and age and Isagk were positively correlated.
Their results suggest that the pattern of body &iziation across the latitudinal cline
might be at least partly genetically determinedd d@hat although there is a
considerable geographic variation in the mean lxidg of Rana temporariathis
variation does not conform to Bergmann’s rule. Tdtgudinal pattern of body size
variation in individuals reared in laboratory wasikar.

Ashton (2002) suggested that precipitation and Hiiyni could be
important selective factors behind latitudinal aadtitudinal body size trends in
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adult amphibians. Since large individuals havedpedtesiccation tolerance than
smaller individuals, this could select for largaipsizes in dry environments.

In Bocas del Toro Archipelago of Panama, Summetrsal. (2003)
quantified the levels of variation in spectral eetiance within and among
populations ofDendrobates pumilio generally confirming Gloger's rule. The
authors suggested the possibility of a sexual getedor clinal variation in
coloration among the studied populations.

Similarly to Bergmann'’s ruleCope'’s rule, illustrated with the evolution of
horse’ families Equidae has many exceptions. In order to clarify the na@tdms
of clinal evolution illustrated by Bergmann’s rul€ope’s rule, Rapoports’rule,
Ashton (2001) recommended that meta-analyticalniggctes, a group of statistical
methods rarely used in ecology and evolution, neelde incorporated in future
tests of general trends.

Clinal variation in plants

Clinal variation were also noticed in populatiorfsdifferent species of
grasses Anthoxanthum odoratumFestuca oving which have heavy metal
tolerance, allowing them to colonize polluted skegs from old mines in Wales
(Briggs and Walters, 1997). Certainly, the heavytah&lerance is the result of
mutations that accidentally appeared in the gerdsfari that species. Only species
with genes for heavy metal tolerance succeededlonizing mine wastes in Great
Britain (Briggs and Walters, 1997).

Clauseret al. (1941) noticed a clinal variation fPotentilla glandulosas early
as 1941. They found remarkable morphologic diffegsnin conspecific populations
growing at different elevations (30, 1530 and 233@spectively). Such morphological
differences were also noticed between populatibisielweiss I(eontopodium alpire
growing on the alpine slopes of the Fagaras anBueegi mountains and those at low
altitudes at Intregalde, near Aiud. The average aliplants growing at high altitudes is
small; the flowers are big and covered with whitsoly hairs. The specimens growing
on hayfield at Intregalde are two times taller. iTflewers are small and the hairs on
flowers and leaves scarce (personal observations).

At Gurahont, near Aradjex aquifolium (holly) has the northern limit of
distribution. The species survive against the wifrtest of the region protected under
the high crown of beech forests. Under such cirtamegs, its height is nearly 3 m,
rarely 5 m. The evergreen leaves are thinner ahdmteathery as compared to the
specimens growing in the Mediterranean zone (petsirservations).

The baobabAdansonia digitatpalso called the monkey-bread tree, a huge
tree of tropical Africa, makes fruits annually irui@ea and Sudan savannas. In
regions with low rainfalls, such as in Sahel sawsnrihe trees grow only along
temporary rivers (weds). Here, they are more pliecscand their fruits much
smaller. In very droughty years, even if the treesvive, their fruits do not reach
maturity (Coman, 1975).
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Campbell and Reece (2005) describe a clinal variain populations of
yarrow plants Achillea boreali3 growing on the slopes of the Sierra Nevada
Mountains. The mean height of plants collected fi®00 m altitude was 80 cm.
The average plant sizes gradually decrease witteaising elevation, so that at
3500 m altitude, plants were only 20 cm height (Big

Heights of yarrow plants grown in common garden
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Fig. 4. Clinal variation in yarrow plantgAchillea boreali$ growing on the slopes of the
Sierra Mountains

Jolivet and Bernasconi (2007) have recently redagtelinal variation in the
European populations of the white campiSiighe latifolid. The authors investigated
six geographically separated European populatiértheo white campion, both for
molecular variation at six newly developed micreltié¢ loci and for quantitative
variation in morphological and life-history traifage at first flowering, plant size,
number of leaves, number of stems, time of gerioinatetc.). The age at first
flowering increased significantly with latitude. &l on the clinal variation for the age
at first flowering observed in 3atifolia, the authors suggested that the species is
adapted to local environments by its phenology mmmiphology, having a strong
adaptative potential. One of the possible explanatiof this clinal variation is the
particularly interesting biotic interaction betwe8n latifolia and the specialist seed
predatoHadena bicrurigJolivet and Bernasconi, 2006; Wodfeal, 2004).

Mglmannet al. (2006) describe an interesting case of clinalalality in
Norway spruceRicea abies Seedlings of these trees ceased growth when-nigh
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lengths become shorter than a critical value, hrgddritical night-length decreased
clinally with increasing latitude of origin. Theght quality also appeared to play an
important role in clinal variation. Northern poptitas required higher irradiance
of both far-red and red light than southern popotet. Far-red and red light were
more effective in maintaining growth than blue tigihhe authors suggested that
phytochrome(s) are the primary photoreceptors igh hirradiance responses
maintaining growth in Norway spruce seedlings.

Similar responses to different light qualities, deoenting a clinal increase
in requirement for far-red light with increasingitade were noticed for downy
birch Betula pubescehsind bay willow (Habjgrg, 1972; Juntilla, 1976).

Color pattern variation in island populations

Clinal variation was found also in populations afllbtrout (Salvelinus
confluentuy native in northwestern North America. There differences between
subpopulations that reside in high mountain stretanasighout life, and the ones that
reside in large rivers and lakes (Dordea and Cor2805). Human activities,
especially logging, mining, dam- and road-buildihgve drastically reduced the
possibility of migration between subpopulationdol trout (Campbelét al, 1999).

Clinal evolution of color pattern in the northerrater snakeNerodia
(Natrix) sipedonwas for a long time debated. As we already mestiom a
previous paper (Dordea and Coman, 2006) Camin &nkécE (1958) initiated the
studies regarding the coloration of these snakdbhanarea of Lake Erie, United
States. Close to the shore of Lake Erie, theresarall islands with rocky and
sandy beaches. As far back as 1937, Conant andrOliged that snakes swim
from the shores of the lake to islands for breedifigis assumption was later
confirmed by Camin and Ehrlich (1958) who conclutiest the effect of migration
of banded snakes from mainland to islands redueeffiect of natural selection on
islands favouring the unbanded individuals. Theegiermechanism responsible for
the coloration pattern in water snake is not yet alear. However, King (1993a)
assumed that a complex of genes are involved ircoha pattern, the ones that
determine bandation being dominant.

Mainland populations of water snakes consist saélyanded individuals.
On islands, the snake populations exhibit a cootisuvariation in color pattern,
ranging from regularly banded to uniformly greybanded individuals, the latter
ones prevailing. On the mainland with heavily veged marshland, natural
selection favours the banded water snakes, whitdr ofiore protection against
predators, especially sea birds.

On the contrary, on islands the frequency of barndédiduals is lowering
from young ones to adults. Obviously, the unbanddiiduals are better adapted
to islands where streams are missing and individbalve to cross the sandy
beaches to reach the water sources. Moreover, tpredaspecially sea birds,
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easier hunt the banded individuals. Thus, this tarygoloration increases snakes
survivorship on islands (King, 1993b).

Later on, mark-recapture methods confirmed thectete advantage of
unbanded individuals on islands. The camouflagentfanded forms was efficient
especially during the first year of life, when thequency of banded juveniles was
high (46%) (Camin and Ehrlich, 1958). The permarflewt of banded individuals
from the mainland to islands, prevent island pdpra to have only unbanded
coloration pattern (King and Lawson, 1995). In dosion, the color pattern variation
in island populations results from a balance batvgeme flow and natural selection.

The differences of gene frequency between congpetiifes are more evident
as the capacity of individuals’ movement is lowdal{burton, 2004). Such differences
were reported in industrial melanic butterfliessfi®ip and Cook, 1975).

General conclusions

Frankhamet al. (2002) consider that plants, which are subject#dnly to
climatic changes but also to changes in soil coiitipas exhibit frequency clines
more accentuated than animals. The fact that pldatsiot move, except for
pollination and different techniques of seed dissation, certainly accounts for
this increased cline frequency.

Using simulation models, Kelly (2006) confirmed floemer conclusions.

As the environment changes permanently, and migatbccur recurrently,
natural selection acts powerfully on populationegpnols. More often, the gene flow
hinders the action of natural selection. Howeveatural selection and migration are
more often in a steady-state, that assure thefigigadf local population gene pools,
the clines being a result of such equilibrium, thimving finally the evolution.
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IRON METABOLISM DISORDER EXPLORATION:
CLASSICAL AND MODERN PARAMETERS

MARIANA PATIU ! AND GABRIEL LASZLO *

SUMMARY . The biochemical serum markers commonly used/siigate iron metabolism proved
to be effective means in solving many of the diatinproblems raised by the various clinical sgstin
encountered in practice. However, other investigati— hematological ones, assessing the
hemoglobinization of red cells — are needed fdrtiree differentiation between anemia of chronic
disease with and without functional iron deficien@pmbining the biochemical and hematological
parameters into a single diagram (the so-callegndgic&therapeutic plot) provides yet another
valuable diagnostic tool, useful also in theraghye flecently discovered liver hormone hepcidin agpea
to be the central regulator of iron metabolism.eDginoteins, as well as certain genes, involvéoin
metabolism have also been discovered lately, sbthero with diagnostic or therapeutic potential.

Keywords: iron metabolism, biochemical markers, functiomani deficiency, reticulocyte
hemoglobin content, percentage of hypochromic mgtltes, diagnostic and therapeutic plot,
immature reticulocyte fraction, hepcidin.

Introduction

Iron is one of the most widespread elements inreatil is encountered
everywhere in the living world playing importante®in the living organisms: oxygen
and electron transporter participating in respratind energy production; catalyst of
several essential metabolic processes, DNA systhasd cellular proliferation;
detoxifying role by reducing the oxidative strebieiishko,1995). On the other hand,
however, iron is itself capable of producing- beeaaf the easy transition between its
oxidation states (ferrous and ferric)-reactive mseof oxygen (free radicals), having
thus a harmful potential for the body (HinzmannQ20 As a result both deficiency
and excess of iron can have severe pathologicaleqoences, mainly anemias and
iron overload (hemochromatosis), respectively {@niham, 1991). Therefore,
mechanisms exist that strictly regulate iron metsiv maintaining the balance of iron
in the body (Weiss, 1999). Normally, only minimas$es of iron occur, iron being
preserved in the body and reused again and adaére Exists an iron cycle in the
body that consists , essentially, of the one-wayy tf iron from the circulation to the
erythrocyte-producing bone marrow, then to theutating red blood cells and, by the
aging of these cells, to the reticuloendotheliatesy, from where the iron gets back
into the circulation and the cycle recommences (kee Herbert, 1998). Iron
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homeostasis regulation is unipolar, performed axahly at the level of entry of iron
in the body; there is no regulation by loss, losfegreater amounts of iron —through
blood loss- occurring only in pathological condisdBrittenham, 1991).

The intestinal absorption of iron is controlled dtyleast three independent
mechanisms: dietary- a higher iron intake rendegsinitestinal cells refractory for
a while to the absorption of iron; the size of tten stores in the body; and the
level of the marrow erythropoietic activity (Andremi999).

Serum iron measurement.For a long time, serum iron measurement held
a central position in the investigation of iron aimlism (Rymer, 1996) and
continues to be used very often even today althatgsgtensitivity in detecting iron
deficiency is rather low (Koss, 1998). Howevemay still be useful sometimes in
differentiating the hypochromic anemias when theeotests are inconclusive. The
iron measured is iron bound to serum transferrih does not include hemoglobin
iron. The ferric iron is removed from transferrirgnsformed to the ferrous state by
the addition of a chromogenic reagent, resultingolbred complex that can be
measured spectrophotometrically. The assay is tically very sensitive.
Hemolysis and anticoagulation falsify the resulirning samples of blood have
to be used, fasting for 12 hours and any iron-goimg medication not being taken
for 12-24 hours preceding the test. Serum ironléesieow diurnal variation, being
about 25% lower in the evening. The reference ramages with age and sex and
also, slightly, with the testing method used. Ndri@ues:60-175 microg/dL for
men, 50-170 microg/dL for women. Low values are encountered in iron
deficiency anemia and anemia of chronic diseasmeg) bnes in sideroblastic
anemias and hemochromatosis (Koss, 1998 ).

Total iron binding capacity (TIBC) measures the amount of iron that the
circulating transferrin could bind in a fully saated state (normally only about
30% of transferrin is bound to iron).lt is an iretit measure of transferrin
concentration, expressed as an iron measuremeatntbination with serum iron
it serves to calculate transferrin saturation widm. Serum iron and TIBC are most
useful in the evaluation of chronic iron overloddtas and acute iron poisonings.
The TIBC test consists of adding ferric iron to g@mple, removing all excess,
unbound iron and analyzing the remaining sampleréor content using the serum
iron method described above. Specimen requirenaetshe same as for serum
iron determination; however, unlike serum iron, TlBalues are not dependent on
the time of day the sample is drawn (Koss, 1998 TIBC reference range for
adults is250 to 425 microg/dL Serum transferrin concentration may be calculated
from the TIBC by using the formula: serum transfefn g/L) = 0,007 x TIBC .

Transferrin saturation may be calculated only if serum iron and TIBC
values are available. It is usually used to diagrioen deficiency, but with a poor
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specificity because a low saturation may also le@ §®& anemias of chronic disease.
More importantly, high saturations may be indicatnf iron overload. Saturation
(in percents) is equal to the ratio of serum ironTiBC (both expressed in
microg/dL), multiplied by one hundred. The referemange i20-50% saturation

in men andl5-50% saturation in women (Koss, 1998).

Serum ferritin. Ferritin, composed of iron and a protein partlehl
apoferritin, is the main storage form of iron hretbody. The extent of the iron
stores is reflected by the ferritin found in theuse (Koss, 1998). It was considered
until quite recently that each microgram per literritin in the serum would
correspond to about 8 mg tissue storage iron, tiutaly the ferritin level in the
serum offers only a guideline, the serum ferritisterage iron relationship being
linear only in a limited value interval (Rymer, )9 Serum ferritin measurement
is valuable in diagnosing iron deficiency becauseisi generally, the first
laboratory test to become abnormal when iron stbeggn to decrease, and before
erythrocyte morphology shows any signs of abnotmafimong the hypochromic
anemias (iron deficiency anemia, anemia of chrdisease, sideroblastic anemias,
minor thalassemia) only iron deficiency anemia showecreased serum ferritin
values, but even increased (or normal) values doerclude with certainty the
presence of iron deficiency, ferritin being an acphase reactant that increases
during inflammatory processes. Serum ferritin cae Imeasured using
radioimmunoassays (RIA), enzyme immuno- assays)(Bid immunoradiometric
assays. The reference range varies with methodqaragysex. It i20-250 microg/L
in men andl0-120 microg/Lin women. Its level generally increases in women i
menopause and children generally have low ferkuels, except during the first
month of life. In contrast to serum iron, serumrifer does not have diurnal
variations, neither is it influenced by exogenaas ingestion (Koss, 1998).

Almost all of the circulating ferritin is in a glgsylated form, thus the
glycosylated ferritin measurement may reveal a pathological cell lybat t
releases nonglycosylated ferritin into the cirtiolaand reduces the proportion of
glycosylated ferritin in the overall serum ferrifiRymer, 1996).

The erythrocyte ferritin represents the storage form of iron in the
erythrocyte prior to its use in the synthesis afnbglobin. It reflects the balance
between the iron entering (brought by transferdmd leaving (through the
hemoglobin synthesis) the cells; the increased/eanjustified by increased needs
(as happens in hemochromatosis) or the faultyzatitbn (hemoglobinopathies)
increase the ferritin in the erythrocyte, whileealuiced delivery or an accelerated
utilization of iron (as in hemolytic anemias) dexse it. Although these changes
are late manifestations of an affected equilibrilb@tween in- and outputs,
erythrocyte ferritin has the advantage of not baimtuenced by inflammatory
processes. In iron overloads erythrocyte ferritihoves an outstanding
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discriminative capacity, differentiating overloadtiemochromatosis from that due
to alcohol abuse. Erythrocyte ferritin may be usethe surveillance of treatment
through repeated bleedings in hemochromatosis, hwviviast be continued even
after the collapse of serum ferritin- the iron dead being still important, until the
collapse of the erythrocyte ferritin also takeacpl, a sign that the treatment has
achieved its goal (Rymer, 1996).

To eliminate the influence of red cell volume anacled cell volume
(hematocrit), the result obtained at the measuréemEmrythrocyte ferritin in a
hemolysate is divided to the number of erythrocpiesent. The normal values are
5-38 attog/erythrocyte for men and 3-24 attog/erythrocyte for women. It is
worth mentioning the absence of low values in wornédertile age group, as
distinct from serum ferritin (Rymer, 1996).

There exist at present attempts to develop an inologital test for the
detection of ring sideroblasts in sideroblastic mias, more specific and more
reliable than the conventional Perls reaction testablishes sometimes with
difficulty their presence. The test became possiblee it was realized that the iron
in the granules encircling the nucleus of the rthg&leroblasts is actually in the
form of ferritin (the mitochondrial ferritin ), a protein against which antibodies
may be raised, usable thereafter for their detect@azzoleet al, 2003).

Free erythrocyte protoporphyrin, zinc protoporphyri n. Protoporphyrin IX
is the porphyrin compound forming with ferrous ithie heme needed for hemoglobin
synthesis. Normally, red cells produce slightly enprotoporphyrin than is needed, but
when iron is deficient or cannot be properly codpfgrotoporphyrin levels build up to
several times the normal level amc protoporphyrin (ZPP). Although free
erythrocyte protoporphyrin (FEP) generally is a very sensitive and valuable early
indicator of an iron metabolism disorder, it is mety specific and cannot be used in
differentiating iron deficiency, anemia of chroniiseases and sideroblastic anemias
because it may be increased in all these conditidmsever, FEP is generally normal
in thalassemia, being therefore helpful in difféisimg thalassemia from iron
deficiency anemia and the anemia of chronic disease

There is disagreement about which laboratory te#e earliest indicator
of the onset of a decrease in iron stores. Somecatlr serum ferritin, others the
FEP. Anyway, an elevated FEP may draw attenticemtabnormal iron utilization
and can be used as a screening test.

Using whole blood free erythrocyte porphyrins mayneasured by extraction
methods. A hematofluorometric method measures &BP. ZPP and FEP
measurements are not equivalent because extramétiods measure all porphyrins
including those bound to zinc, but for practicalpmses there is good correlation
between them. The reference range depends on thedngsed. Generally, the range
for both FEP and ZPP Ik7 to 77 microg/dL erythrocytes The reference range for
ZPP may also be expressed®@gto 70 micromol ZPP/molof heme (Koss, 1998).
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The soluble transferrin receptor is a truncated form of the tissue
transferrin receptor, present on cells that haveeed in iron. Over 80% of the
cellular receptors is located in the erythroid roarrso that the concentration of
the circulating soluble receptor is primarily detered by the erythropoietic
activity of the marrow. Decreased levels are fannerythroid hypoplasias (aplastic or
hypoplastic anemia, chronic renal failure), incegbgevels in erythroid hyperplasia
(thalassemia major, sickle cell anemia, chronic digtic anemia), but also in iron
deficiency, the lack of iron causing increased paresynthesis, and the receptors are
eventually shed into the blood. In the absencetloéroconditions causing erythroid
hyperplasia, an increase in STfR concentrationiges\va sensitive, quantitative measure
of tissue iron deficiency. Most importantly, thecalating receptor concentration is not
increased in infection or inflammation, unlike fign: Immunoassays detecting the
soluble transferrin receptor are now availablet@thamet al, 2000). The reference
ranges depend on the commercial kit used, beifigrelift for the different companies
producing it. The main drawback for its widespread is the lack of standardization,
due primarily to rivalry between manufacturers (Kab al, 2003, Metzgeroth and
Hastka, 2004, Brugnara, 2003).

The contribution of the newly recognizaéxhnsferrin receptor 2 to the
circulating receptor pool has not yet been estadaligBrittenhanet al, 2000).

The use of soluble transferrin receptor (STfR) sexdim ferritin (F) can help
distinguish among iron deficiency anemia (IDA), mig of chronic disease (ACD), and
the combined presence of these by consideringpttitirf values lower than 30 ng/ml to
be characteristic of IDA, those higher than 100mgis typical of ACD, while those
between 30 and 100 ng/ml may represent either @i ér the combined ACD&IDA.
Differentiation between them is made using thealea sTfR/F index —that is, the ratio
of sTfR to F or, even better, to logF -, the rating lower than 1 in the first case (ACD)
and greater than 2 in the other (ACD & IDA). Measuent of circulating cytokines,
normal in amount in IDA but increased in ACD&IDA,agnonce more reinforce the
diagnosis established as described above (Weiss@mahough, 2005).

Functional iron deficiencyin ACD, a term used to describe the incapacity of
full but blocked iron stores to deliver iron to thearrow (thus when both deficient
endogenous EPO and full but blocked iron storestexiut also the impossibility of
iron supply to keep pace with the increased demdhitszmann, 2003, Weiss,
Goodnough, 2005, Thomas andThomas, 2002, FitzsimBrock, 2001) during
exogenous EPO therapy, cannot be diagnosed irimaalby the usual biochemical
tests. This can be achieved only by hemoglobimiagthat is, the hemoglobin content)
measurements of red cells (Thomas and Thomas, .2B@8)oglobin concentration
and cell volume of reticulocytes and erythrocyts loe measured flow-cytometrically,
cell by cell, based on laser light scattering by tells; from the product of these
parameters the analyzer then calculates autontatical Hb content of the cell. Two
new parameters thus result: thaiculocyte hemoglobin content (CHr) and the
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percentage ohypochromic erythrocytes (%HYPO). Hypochromic erythrocytes
(%HYPO) (that is, the percentage of erythrocyteh wiHb content less than 28 pg),
normally below 2.5%, is increased and CHr is desg@éan iron deficiency, irrespective
of the presence or absence of inflammation (Hinona@03) (although some studies
indicate the opposite) (Metzgeroth and Hastka, 26(tkenget al, 2004). Since
erythrocytes have a lifetime of about 120 days, %BYrepresents a long-time
average value, whereas the Hb content of retictdecyhat exist only for a few days
before they mature into erythrocytes, acts liksrapshot” of the acute condition and
is therefore a much more useful tool to immediatedgess the success or failure of
treatment. Both CHr and the reticulocyte count daté much earlier than other
measurements (hemoglobin, red cell count) the resspto treatment, but the former
has the advantage of referring also to the funatigoality (hemoglobinization) of the
cells (Hinzmann, 2003, Metzgeroth and Hastka, 2004)

A so-called diagnostic and therapeutic plot (Fighas been proposed to
assess iron status in ACD and also the evolutioiraof deficiency in IDA and
ACD with and without functional iron deficiency. &ttherapeutic implications of
the plot are to differentiate patients who shoule @dministered oral iron,
exogenous EPO or a combination of EPO and ironr{&soand Thomas, 2005).

A
CHr
(pg) -iron stores on the way
to become filled or emptied
- normal hemoglobinization
- repleted iron stores already started or decreased
- normal hemoglobinization -hemoglobinization not
- therapy: exogenous EPO yet begun
- therapy: oral iron
1 2
28

-functional iron deficiency
- repleted but blocked iron stores
or iron stores cannot keep pace
with demand during EPO therapy
-decreased hemoglobinization
of red cells
-therapy: i.v. iron + exogenous EPD

- depleted iron stores
- decreased hemoglobinization
-therapy: oral iron

4

>

15
TR /l) / logF (ug/l
in the absence of inflammation S (mgfl) /'logF (ug/l)

(or 0.8 when inflammation present)

Fig. 1. The diagnostic and therapeutic plot (adapted fithmmas and Thomas, 2002)
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The sTfR-F index on the abscissa is plotted agéiesCHr on the ordinate.
Using appropriate cut-off values for both paramstésur areas result: patients in
area lhave full iron stores and show normal hemoglolitian of red cells. Their
anemia is due to a deficiency of endogenous ergthetin (EPO) in chronic
disease, cancer, chronic hemodialysis. Treatmety i@xogenous, recombinant
EPO, but patients may develop functional iron deficy due to the incapacity of
iron delivery to satisfy the needs imposed by thgrajetting thus into area 4.
Patients in area 3 have IDA with empty iron stores and decreased
hemoglobinization of the reticulocytes, requiringlaron therapy.

Many patients irarea 2 are “coming” from area 3 and are “on the way” to
area 1 during iron replenishment. They stay “imgion” in area 2 for four to six
weeks. Other patients in area 2 may come from hit®adeveloping in the course of
their disease a latent iron deficiency with iraras decreasing but still high enough to
ensure normal hemoglobinization of the reticulogytelhirdly, those with
hyperproliferative erythropoiesis, as after acmbrrhage, in hemolytic anemia or in
late pregnancy, also belong to area 2.

Area 4 (the functional iron deficiency area) represemsgatients with chronic
disease, cancer or on chronic hemodialysis who Aaleficiency of endogenous EPO
and full but blocked iron stores, and also theepétiin area 1 whose iron needs during
therapy with exogenous EPO exceed the iron supghetmarrow. Intravenous iron and
exogenous EPO have to be given to them (Hinzm&@3, Zhomas, Thomas, 2002) .

The beta-thalassemias are, also, predominantlydfaumarea 4(Hinzmann,
2003, Thomas and Thomas, 2002).

The cut-off value for the reticulocyte hemoglobiontent is about 28 pg,
while that for sTfR/F depends on whether inflamaatjwhich modifies ferritin in
the ratio) is present or not: it is 0.8 in the ferml1.5 in the latter case. The C-
reactive protein can distinguish between the twoasions, being greater than 5
mg/L when inflammation present (Hinzmann, 2003, Metoth Hastka, 2004,
Thomas and Thomas, 2002, Brugnara, 2003).

There are other uses of the hematological indisesedl: recently developed
iron deficiency displays an inverted, that is e 1, ratio of the hemoglobin content
of reticulocytes to hemoglobin content of more mated cells, as compared with the
normal ratio, where the reticulocyte content isagge(Thomas and Thomas, 2002).

Diagnosis of beta-thalassemia trait has beentttedl by determination of the
ratio of the percentage of microcytic cells to pleecentage of hypochromic red cells, a
ratio greater than 0.9 and microcytic red cellseriban 20% raising this suspicion. For
confirmation, well established methods (electrophkisr chromatography) may be used
(Thomas and Thomas, 2002).

CHr appears to be also in children superior to rotharkers in predicting
iron deficiency and IDA (Hinzmann, 2003).

Using fluorochrome staining and flow cytometrystpossible to quantify
the reticulocyte fractions with low-, middle- andyi-fluorescence intensity and
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thus to assess reticulocyte maturation and to ifgenhe most immature
reticulocytes, which contain more RNA and form #fere the high-fluorescence
fraction (Metsgeroth and Hastka, 2004, Dotson, 1993

Measurement of thinmature reticulocyte fraction, also called the “left-
shifted” reticulocyte count, has proved its clinicasefulness in following
chemotherapy, EPO therapy and marrow failure (Kb383).

Several proteins, but also some genes, involvedifigrent levels in iron
homeostasis and metabolism, have recently beetifiggniron-regulatory proteins
(IRP-1, IRP-2); HFE protein — the product of the HFE gene, mutated in
hemochromatosisglivalent metal transporter (DMT 1); transferrin receptor 2;
hephaestin the “Stimulator of Fe Transport “ (SFT); frataxin; ferroportin 1
(Brittenhamet al, 2000) .

HFE protein binds to the cellular transferrin réce@nd seems to determine
receptor affinity for iron-transporting transferrirhe iron-transferrin — transferrin receptor
+/-HFE complex enters the cell by internalizatiathin an endosome, then iron is freed
and transported across the endosomal membranéda-D) getting into the cytoplasm.
In erythroid cells most of the iron passes to tliteainondria and is used for hemoglobin
synthesis. The iron-regulatory proteins controlniravailability by controlling, at
translational level, the synthesis of transfereiceptor (thereby increasing iron uptake by
the cell) and of ferritin (increasing iron storagejhe cell. They bind to “iron-responsive
elements” in the transferrin-receptor— and ferrtiassenger RNA, in the mRNAs for the
erythroid-specific delta-ALA synthase and mitochimcconitase, as well as in one of the
two isoforms of DMT -1. The IRPs thus connect cettalar iron availability with cellular
iron utilization, erythropoiesis, mitochondrial ememetabolism and cellular responses to
inflammation and oxidative stress, providing a doated regulation of these. For example,
shortage in iron causes binding of IRP to IRE ifaibits delta-ALA synthase (the first
enzyme in the heme synthesis pathway) and fesyititheses and TfR mRNA degradation.
Conversely, a high iron level in the cell has theasite effects.

The SFT enhances both transferrin- and nontramsfasund iron transport,
while frataxin (a mitochondrial protein), expressetieuronal and cardiac tissue, seems
to be involved in mitochondrial iron homeostasiMD-1 also serves as a transporter of
iron from the intestinal lumen into the enterocgtel hephaestin facilitates the exit of
iron from the enterocyte into the circulation (Eithamet al, 2000).

The outstandingly important role of the liver irtefenining the amount of iron
absorbed from the intestine and released fronttinage sites - thus in the modulation
of iron release from the cell - mediated by ferrtipol, becomes more and more
evident. The newly discovered liver hormohepcidin, is considered at present the
central regulator of iron homeostasis and metahnolBactors known to influence
intestinal iron absorption, such as the body’s stames, erythropoietic marrow activity,
the blood level of hemoglobin, oxygen and inflamonatcytokines, also regulate liver
hepcidin expression. Absorption increases with efsgd expression and decreases
when expression increases. Enterocytes, the magephof the reticuloendothelial
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system and liver cells — that is, the cells by Wrabsorption and storage of iron take
place — are the cellular targets of hepcidin .dpenrtin accomplishes iron export from
these cells, and hepcidin, by binding to ferroportauses the internalization and
degradation of ferroportin in the cell, thus preirenthe exit of iron from the cell. The
effects are decreased transfer of iron from enyggscinto the circulation and the
increase of iron stores in macrophages and livéls. ceiver cells also possess
transferrin receptors of type 2 that may act asmna@ of circulating iron and thereby
influence hepcidin expression, hepcidin synthesigid modulated also by HFE
protein and the product of a recently discoveratkgdemojuvelin. Iron homeostasis
regulation by hepcidin offers a unifying explanatifor the diametrically opposed
abnormalities in iron metabolism seen in heredit@yochromatosis and the anemia
of chronic disease: hepcidin expression is lovhanformer and increased in the latter
condition, with all the consequences deriving ftbia (Fleming and Bacon, 2005).

The HFE gene is mutated in most of the patientsh wiereditary
hemochromatosis, although the genes coding fosferRin receptor 2 or hemojuvelin
are the genes affected in others. The last oneusted in most persons with
juvenile hereditary hemochromatosis (Fleming andoBa2005).

Conclusions

These achievements in the better understandingeopathophysiological
aspects will also have, without doubt, an impactten diagnosis and therapy of
iron metabolism disorders. In some respects thetipeh benefits are already
present: the discovery, in 1996, of the HFE germ ith mutated in most patients
with hereditary hemochromatosis has provided a pvgenetic diagnostic test
that has radically transformed the diagnostic stpaiand overall management of a
disease that, from now on, curiously enough, jdives genetic diagnosis with a
therapy (venesection) worthy of the Middle AgesittBnhamet al, 2000) !

Hepcidin antagonists or, on the contrary, exogetapeidin may become,
in the future, new therapeutic tools in the anermfachronic disease and
hemochromatosis, respectively, likewise to the eiseerythropoiesis-stimulating
hormones or cytokines in inflammatory conditionE(Ring and Bacon, 2005).

Iron metabolism exploration, which commenced alracstntury ago with the
measurement of blood iron concentration, has ehtBeemolecular age (Rymer, 1996).
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ANTIMICROBIAL EFFICIENCY OF SOME DISINFECTANTS
AGAINST BACTERIA AND FUNGI WITH SURFACE TEST

ILDIKO-IREN RACKOVY! AND MIHAIL DRAGAN-BULARDA?

SUMMARY. The efficiency of seven disinfectants (Terralin, nistos, Microzid AF,
Omnicide, P3-Topax66, Quick javel, Cidex) was ttsigainstSaphylococcus aureus ATCC
25923, Escherichia coli ATCC 25922, Psaudomonas aeruginosa ATCC 27853, Candida
albicans ATCC 10231,Bacillus subtilis ATCC 6633, Aspergillus niger ATCC 16404 with
surface tests. Surface test were used in ordetataate the efficiency of disinfectants during the
everyday sanitizing practice in the special indaistand hospital surfaces. Test organisms
represented pathogen-, spore forming bacteriatsyaad moulds. Surface test was started with
minimal concentration of agents and was not inegabove the maximal concentrations which
were offered by manufacturers in order not to aereurfaces or risk the safety of use. Test
organisms were inoculated on test areas and aftEigdnoculated surfaces were treated with
disinfectants. Seven disinfectants were testedandvere effective against every test organisms
(Omnicide: 0.5 %, P3-Topax66: 5%, Cidex: 100 %,dler 0.5 %). Three disinfectants were
ineffective againsfspergillus niger (Terralin: 0.2 %, Domestos: 2 %, Topax 0.2) arabinst
Bacillus subrilis andCandida albicans (Microzid AF: 100%)
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Introduction

The source of microbial contamination in processtesys can be the raw
material, product-contact surfaces, air and matwiag workers. In hospitals the
source of microbial contamination can be the pttjghe nurses and those surfaces
and objects which are touched by them. Disinfadsothe main tool for controlling
contamination from equipment surfaces. The oveati of sanitation is to prevent
microbial growth during the interproduction peri@dottola and Sasahara, 1994).
Microorganism can adapt to disinfectants therefioeeeffectiveness of these cleaning
agents must be controlled periodically to mininapguired resistance. Wilson (1986)
reported several methods to select proper contientraf disinfectants for effective
microbial control of aseptic processing areas. s Suspension Test (Anonymus,
1993) has been developed to investigate the badierifungicide and sporocide
efficiency of disinfectant. Suspension tests do siotulate disinfection on product
contact surfaces. Surface tests evaluate efficiefiayisinfectants on hard surfaces
which are common in food industry, hospitals anthalestrate their activity against
microorganisms on contaminated surfaces. Impedoregtection of the effectiveness
of disinfectants has been also developed (Holadl. e1990). This method provides
possibility for investigation of sanitation in sesgion and on surfaces as well.
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The aim of this work was to investigate the ability seven commercial
disinfectants against different strains of bactand fungi in suspension on different
industrial and hospital surfaces.

Materialsand methods

Cultures. Test cultures used for investigations were chosmording to
Wilson, J. D. (1986) and Pharmacopeial Forum (208ajphyl ococcus aureus ATCC
25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
Candida albicans ATCC 10231, Bacillus subtilis ATCC 6633, Aspergillus niger
ATCC 16404. They were obtained from CE Remel (Bmi)laStrains were stored on
agar slants at 4 °“Qaphylococcus aureus, Escherichia coli was grown at 3&2°C for
24-48 hoursPseudomonas aeruginosa andBacillus subtilis was incubated at 32 °C
for 24-48 hours.Candida albicans was grown at 28 °C, 48-72 hours while
Aspergillus niger was grown at 232 °C for 5 days.

Sanitizers. Seven types of sanitizers were tested. They wehatedi
according to the manufacturer instructions. Dilntiwas made with tap-water. The
active agent and recommended concentration ofizarsitare listed in Table 1.

Sanitizer treatment. In the first step the maximum of recommendedidituof
disinfectants (Terralin 0.2-0.5%, P3-Topax66 2-B¥mestos 1%, Microzid AF 100 %,
Omnicide 0.2-0.5 %, Quick javel 1%, Cidex 1%) wased. Dilution was made with
tap-water except Cidex and Microzid AF, which wesed without dilution. When the
results of first test were not acceptable the curation of disinfectants was increased
and the test was repeated. All tests were reptreitasifor each test-organism.

The method was elaborated according to Good Maturfag Practise
(GMP) recommendation, to Pharmacopeial Forum (Anars; 2002) and to
Wilson (1986). 25 ch test-areas were determined and designated for each
disinfectant and for control in glass, stainlesgkttile, plastic, wood.

A dilution of 10 organisms per ml was made from each test-culture.
Phosphate-buffer was used for dilution. Volume .4f @l of test cultures were spot-
inoculated on the determined and designated arféais ceaning with detergent,
rinsing with tap-water, degreasing and disinfectivitp 70 % ethanol. Each test-area
was inoculated with approximately *1st organisms/25 dmThe surface was air-
dried at room temperature for 30 minutes. Afteiirdry0.2 ml of diluted disinfectants
were inoculated in each test-area. Exposure time 3@aminute while disinfected
surfaces were dried just like in the industrial &ndpital practice. Control-areas were
not treated with any disinfectant. Sampling was enaith contact media by analogy
with common hygienic control practice. Contact raazbntains a range of neutralizing
agents to inactivate the disinfectants. After prapeubation Saphylococcus aureus:
362 °C, 24-48 hoursEscherichia coli: 362 °C, 24-48 hours;Pseudomonas
aeruginosa: 332 °C, 24-48 hoursCandida albicans: 23t2 °C, 48-72 hoursBacillus
subtilis: 33t2 °C, 48 hoursAspergillus niger: 232 °C, 5 days) the number of
survived cells (CFU/25 cfhwas compared to the control.
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Table 1.
Disinfectants tested against test-organisms bysarfest
Disinfectant Recommen_ded Active agents
concentration
P3-Topax66 2-5% Potassium-hydroxide, Sodium-hylooite, Non-ionic
surfactant
Terralin 0.2-0.5% Dimethylbenzil — alchil- amonlioiid, fenoxipropanol,
Non-ionic surfactant
Domestos 1-2 % Sodium-hypochlorite, Non-ionic stidat,
Sodium-hydroxide
Microzid AF Undiluted Etanol , Propanol
Omnicide 0.2-0.5 % Glutaraldehyde, Dimetilbenzitoeamoniumclorid
Quick javel 1% Sodium- diclorizocianurat, Sodiwarbonat, Adipic acid
Cidex Undiluted Glutaraldehyde

The efficiency of disinfectants was evaluated lyfirmula:LRV = log N¢/N
where LRV is the logarithmic reduction value of GRlis the initial andN is the final
number of organisms (CFU/25 BmiThe efficiency of disinfectants was acceptedwhe
LRV = 2. The data in Tables show the averages of paredits.PRV (Percentable
reduction value of CFU) was used for statisticall@ation which were carried out with
MINITAB 9.2 software (ANOVA).

Results and Discussion

Tables 2 and 3 show the effect of Microzid AF oa Hability of the six test
organisms. There was no significant differencdédfficiency of Microzid AF on the
different test surfaces except for the wood surfage there was on different test
organisms ¢=0.05). Fisher method showed significant differeimcéhe efficiency of
Microzid AF againstBacillus subtilis, Aspergillus niger and Candida albicans
ascompared to other test organisn&milarly, Pasanen et al. (1997) found that the
effectiveness of alcohol based products to intiibigal growth was relatively low.
The lower biocidal effect of alcohols, one of thaimcomponents of Microzid AF,
was not surprising as alcohols are quite ineffedtivdestroying bacteria and fungi.

P3-Topax 66 was effective against all test orgamigm5% solution. Non-
ionic surfactant compounds provide good penetrathility into the organic materials
on surfaces. Hypo-chlorites provide bactericidegicide and virucide effect.

The efficiency of P3-Topax is shown in Tables 2 andccording to the result
of the surface test the 0.2 of P3-Topax was netctfle againsBacillus subtilis and
Candida albicans. This fact has to be taken into consideratiorh@sdisinfectant is
used in food-industry. No significant differencesaghown in the efficiency of P3-
Topax66 5% on different test surfaces=(.05), however, P3-Topax66 5% was
significantly more efficient oik. coli, Ps. aeruginosa andS aureus thanB. subtilis, C.
albicans andA. niger analysed by Fisher methddypo-chlorites are effective against
various type of organisms demanding very shortamintime (Burge et al. 1989).
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Pasanen and co-workers (1997) reported that hyljpoitehbased products provided
the best biocidal effect, preventing fungal groahdusty sheet metal.

After cells were exposed to Omnicide in 0.5% solutthe number of test
organisms was reduced by at least 2 log cyclesvery esurface (Table 2, 3). No
significant difference was observed comparing céffié test organisms and surfaces.
Good bactericide and fungicide properties of Oraeicare the result of strong
antimicrobial action of aldehides. They cause jmotend enzyme denaturation and
membrane damage of microbial cell.

According to the results of surface test (Tablas®3), Domestos was effective in
1% solution against all test organisms excep®dfaiger. The results of surface test of
Borneff et al.(1988) also demonstrate bacteridifdeteof Domestos. Because Domestos is
a chlorine based disinfectant the good sanitizitigity was not surprising. Hypo-chlorites
are effective against various types of organismsg@et al. 1989). The weak inhibitory
effect againsi. niger was unexpected. In contrast with our results Rasahal.(1997)
reported that hypo-chlorite based products provitledbest biocidal effect, preventing
fungal growth completely on dusty sheet metalasefA. niger increased concentration
to 2% was not effective either. The concentratibD@mestos was not raised above 2%
because a higher concentration of chlorine is et@des on surfaces during everyday
disinfection. This indicates that application ofrEstos in the recommended concentration
may cause microbiological contamination with thisgi. Non-ionic surfactant compounds
provide good penetrating ability into the organatenals on surfaces.

Quick javel, similarly to Domestos, was not effeetiagainstA. niger
(Tables 2 and 3). Results of surface test of P3a%66 and Domestos show less
effectiveness again&. albicans than did Waltimo et al. (1999). They reported that
5 and 0.5 %-of sodium-hipochlorite was effectivaiagt the test organisms.

Quaternary ammonium compounds are considered ad bagcides (Burge et al.
1989). They are attached chemically to the surfeodding a permanent effective dose
during sanitation (Kemper and White, 1991, SpeidrMalek, 1982). In spite of this fact
the results of Terralin (Table 2 and 3)- with quaiey ammonium compounds as active
agent- are similar to the results of Domestos. Batre ineffective againgt. niger in
solution of 0.2% and 1%. Fisher method showedf&ignt difference in the efficiency of
Terralin 0.2% again$ aureus, B. subtilis, C. albicans, A. niger as compared to other test
organisms. In the repeated test increased cortz@mi@@5) was used, which was effective,
the number of test organisms was reduced by atddag cycles on every surface. The
investigations of Pasanen et al.(1997) presentaithdy low effectiveness of quaterner
ammonium compounds against filamentous fungi. Balsicet al. (1993) demonstrated
similar effectiveness of Terralin agaifistlbicansin surface test.

Cidex was the most effective disinfectant (Tablem@ 3) as the LRV was
more than 2 in every test. Cidex was effectiversgavery test organisms. Similarly
to Omnicide, the active agent in Cidex is an aldehcompound (glutaraldehide).
Glutaraldehide react with functional groups of tedl (e.g. -COOH, -CHO, -N§i
-SH,, -OH) causing cytotic effect on microbial cellshefe was no significant
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difference in any surface or against any test asga The antifungal effect of Cidex
on C. albicans were investigated by Yuce et al. (1996) using kZben germ carrier

method. They also observed very good antifungalpgmniees of this sanitizer.

Subcultures of. albicans strains showed no growth after 2 and 7 days aftiation.

Conclusions

The results obtained in the present study for éveis studied disinfectants
showed that four of them were efficient (Omnicidé%, P3Topax66 5%, Cydex
undiluted, Terralin 0.5%) against the studied nocganisms $aph. aureus, E.
coli, Ps. aeruginosa, Bac. subtilis, C. albicans, Asp. niger).

The next three disinfectants (Terralin 0.2%, Domwes2%, P3Topax66)
were inefficient againsfsp. niger, while Microzid AF undiluted was inefficient
againstBac. subtilis andCandida albicans.

Statistical analysis showed no significant differenn the efficiency of
disinfectants on the different test surfaces whiabans that all surfaces which
were tested and common in food plants and hospitalproper and equally easy to
clean and disinfect. Although it has to be mentibrieat on wooden surface
alcohol based biocides are quite ineffective irtrdesion of fungi.

Table 2.
The logarithmic reduction value of CFU (LRV) usidifferent disinfectants against non-
spore forming test bacteria on different surfaces

E. coli Ps. Aeruginosa Saph. aureus

Microorganism
a b ¢ d e a b ¢ d e a b ¢ d e

P3-Topax 66 2 % >2.1
28 23 >2.020 2.3 >2.0»2.0>2.0 23 22 2.0 >2.02.0 . >2.0

P3-Topax665%NT NT NT NT NT NT NT NT NT NT >2.0>2.0>2.3>2.8>24
Terralin0.2% 2.3 1.8 >2.62.0 2.0 >2.0>2.0>2.0>2.0>2.0>2.0>2.0 1.6 >2.0 1.8
Terralin 0.5% NT NT >2,0>2,0>2,0 NT NT NT NT NT 30 30 26 26 272
Domestos 1% >2.6-2.0>2.0>2.0>2.0 >2.0 2.0 >2.0>2.0 2.5 >2.0>2.0>2.0 >2.0 2.7
Domestos 2% NTNT NT NT NT NT NT NT NT NT NT NT NT NT NT
MicrozidAF100

% >2.0>2.0>2.0>2.0 2.3 >2.0 23 >2.02.3 >2.03.0 3.0 >2.02.1 >2.0
Omnicide 0.2%>2.0 2.3 2.3 >2.0>2.0 >2.0 >2.0>2.0 2.6 2.3 >2.02.7 >2.0>2.0 1.8
Omnicide 0.5%>2.0 2.3 >2.0>2.0 >2.0 >2.0 >2.0 >2.0 >2.0 >2.0>2.0 >2.0 >2.0 5.0 >2.0
Quick Javel 1%2.3 >2.02.3 26 26 50 26 50 50 50 >22.0>2.0>2.0>2.0
Cidex >2.0>2.0 >2.0 >2.0 >2.0 >2.0 >2.0>2.0>2.0>2.0 2.2 2.7 >2.052.0 2.7

NT means not tested; a= Glass; b= Plastic; c= B&srsteal; d= Tile e= wood
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Table 3.

The logarithmic reduction value of CFU (LRV) usidifferent disinfectants against test
fungi andBac.subtilis on different surfaces

C. albicans ‘ A. niger ‘ B. subtilis

a b C d e a b c d e a b C d e
P3-Topax662% >2.02.0 1.8 >201.6 1.2 1.4 16 1.3 14 22 20 20 24 20
P3-Topax665% 2.3 >2.62.0 2.3 2.6 >2.01.9 1.6 1.4 1.6 NT NT NT NT NT

Terralin0.2% >2.01.8 1.8 >2.02.0 1.0 1.0 1.0 1.0 1.0 >201.8 1.6 2.0 1.8
Terralin 0.5% NT>2.0>20 NT NT 20 2.0 20 1.8 1.8 23 26 24 >2.620
Domestos 1% >2.2.0 20 >2.0 21 0.4 0.2 0.2 04 04 NT NT NT NT NT

Domestos 2% NTNT NT NT NT 14 0.7 1.3 1.9 10 22 20 20 >2.62.0
Microzid AF >2.0 1.7 1.7 20 1.7 1119 19 1.7 23 15 16 18 14 16
Omnicide 0.2% 1.3 15 >2.01.8 21 2727 27 27 24 22 1.8 >2.021 >2.0

Omnicide 0.5 >2.
>3.0>3.0>3.0>3.0 24 27 2.7 >2.0 24 2.2 >3.03.0 >2.0 3.0

Microorganism

Quick javel 1% >2.0>2.0 >2.0 >2.0 >2.0>2.0 NT NT NT NT >2.0>2.0>2.0 NT NT

Cidex >2.
>2.0>2.0>2.0>2.0 24 2.7 27 27 2.7 >2.0>20>20 24 20

NT means not tested; a= Glass; b= Plastic; c= [8&srsteal; d= Tile; e= Wood,
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BACTERIAL AND ENZYMATIC POTENTIAL OF THE
EXPERIMENTAL PLOTSINSTALLED ON THE IRON MINE
SPOILSIN IARA (CLUJ COUNTY)

VASILE MUNTEAN! AND GHEORGHE GROZA?

SUMMARY. The paper presents the evolution of the bacterihleazymatic potential in the soils

of the experimental plots installed on the iron erépoils in lara, in May 2005, in the frame of a
bioremediation experiment. 26 experimental ploteevgabmitted to different treatments, and sowed
with herbaceous species belonging to the famil@®ae Restuca rubra, Festuca arundinacea,
Dactylis glomerata Lolium perenng and FabaceaeOfobrychis viciifolia Trifolium repens
Trifolium pratenselLotus corniculatusand Medicago sativa Microbiological and enzymological
analyses were carried out after three months #iecexperiment had been initiated, and after one
year of vegetation. The microbial potential wasregipte according to the bacterial indicators df so
quality (BISQ), calculated taking into account thuenber of bacteria which belong to the following

5 ecophysiological groups: aerobic mesophilic bétgphs, ammonifiers, denitrifiers, iron-reducers
and sulphate reducing bacteria. The enzymatic fiteras appreciate by the enzymatic indicators
of soil quality (EISQ), calculated on the base @ phosphatase, catalase, actual and potential
dehydrogenase activities. The most efficient treatrapplied to the experimental plots proved to be
the coverage with a 10-cm layer of soil: the plaisered with soil had higher values of both
bacterial and enzymatic indicators of soil qudlign the uncovered ones. A remarkable increase of
both bacterial, and enzymatic potential has begisteeed in all the experimental plots in the sdcon
year of the experiment. According to the valudsatti the bacterial, and enzymatic indicators df soi
quality after one year of vegetation, one can atedtthat the most suited species to be used for
bioremediation of such spoilshéedicago sativa

Keywords mine spoils, bacterial and enzymatic indicatorsodfquality, bioremediation

Introduction

The spoils resulted from mining represent an ingmartsource of the
environmental pollution. The development of minigagd other industries results in
increasing amounts of wastes. About 1.6 ¥ a6 of mine spoils accumulated on the
earth up to 1980. This amount increases yearlyboyta40 x 18dm?® approximately
three times more than the amount of soil affectstly by the water erosion (Kiss
al.,, 1998). According to a report of the Ministry ofairs and Environment
Protection, in the year 2000, 251 spoil dumps wegestered in Romania, covering a
total surface of 5,932 ha. The recultivation of tekeds becomes, first of all a
problem of environment protection, as well as somagonomic necessity.

! Babg-Bolyai University, 1 Koglniceanu Street, 400084/Cluj-Napoca, Romania,
E-mail: vamutiro@yahoo.co.uk
2 University of Agricultural Sciences and Veterindfedicine, 3 Mnastur Street, 400372/Cluj-Napoca,
Romania, E-mail: ghgroza@yahoo.com
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The storage of mine waste material in spoil dun@erates different forms
of impact on the environment: damage of large sagfahat can no longer be used for
other purposes for a very long time period, spgiti the natural landscape, with the
elimination of some vegetal and animal speciesaemhent of stored materials by the
torrents formed during abundant rains with negativesequences for downstream
localities, pollution of soil, underground and s waters by various compounds
solubilized by the action of meteoric waters, adlysion by the entrainment and
transport of fine waste particles at consideratstedces by air currents etc.

The bioremediation aims to transform the spoil® itechnogenic sails,
proper for agriculture, forestry or other purpodég fitting out of parks, sports
fields etc. Good results were obtained in the yasirs by Romanian researchers in
recultivation of the spoils resulted from the umgleund mining of lead and zinc
ores in Rodna (Bistta-Nasaud county): Kisset al, 1989, 1990, 1992; Cristed
al., 1995; Pscaet al, 1998, 2000; Munteagt al, 2001, 2002).

In this paper we present an experiment for bioréatied of the spoils
resulted from the underground mining of iron iraléCluj county). The spoil dump in
lara covers approximately 29 ha and has approxiynabeo millions n?. The
evolution of the bacterial and enzymatic poteritiahe soil of the experimental plots
installed on the spoil dump during the first yelexperiment is emphasized.

Material and Methods

A biological re-cultivation experiment was initidt®n the spoil dump in
lara, in May 2005. Twenty six experimental plotagle of 10 i, were installed on
the spoil dump, submitted to different treatmerasd cultivated with the
herbaceous species mentioned in Table 1. The add plere covered with a 10-
cm layer of soil, and the even plots remained uaped. Both types of plots were
fertilized with 300 g NPK 1:1:1 (300 kg x feand 200 g NENO; (200 kg x hd).

The following 5 ecophysiological groups of bactdiave been analyzed:
aerobic mesophilic heterotrophs (agar plates) §At2004), ammonifiers (peptone
medium), denitrifiers (De Barjac culture mediump¢Ron, 1954), iron-reducers
(Ottow medium, 1968), and sulphate reducing baxtévian Delden medium)
(Allen, 1957). Except for the aerobic mesophilitemetrophs (where the method of
successive dilutions, was used), the most probableber of bacteria was
calculated according to the statistical table abdinder (1965). The following four
enzymes were studied: phosphatase — activity esg@deis mg phenol x 2.5'qry
matter soil (Kramer and Erdei, 1959); catalase tiviac expressed in mg splitted
H,0, x 1.5 ¢' dry matter soil (Kappen, 1913); actual and po&mtehydrogenase
— activities expressed in mg formazan x 2 5y matter soil (Casidet al, 1964).
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Table 1.
Experimental plots installed on the mine spoil dumfara
Experimental plot Aspect Terrace Sqil Species
; Il + Festuca rubra
2 i jr Onobrychis viciifolia
2 v + Dactylis glomerata
7 + -
8 South \% - Trifolium repens
9 + .
10 \% - Lolium perenne
11 Surface + Lolium perenng55%)+ Festuca
12 - arundinacea40%) + Festuca rubra5%)
13 Surface + Festuca rubrg50%) + Trifolium pratense
14 - (50%)
12 Il + Dactylis glomerata
1; i jr Onobrychis viciifolia
East
19 v hi Lolium perenne
20 -
g; \Y + Lotus corniculatus
23 \% * Trifolium pratense
24 -
North
25 + . .
6 Surface - Medicago sativa

Results and Discussion

Preliminary physico-chemical analyses were carvigidon the mine spoils
in the autumn of 2004, in order to establish thact@harge of the spoils. The
decreasing order of the metal concentration irralespoils is: Fe () > Ca (10)
> Mg (10-10% > Cr (16-10%) > Pb (16-10°) > Zn (16) > Cu (16) > Ni (10"
(order of magnitude — ppm — in parentheses) (Mumg¢al, 2005). The high level
of metal concentration explains the toxicity of tfew spoils, the lack of any
vegetation, even on the first terrace of 21-yedds No statistically significant
difference was registered either among terracesmnang aspects.

The microbiological and enzymological analyses wegied out in August
2005, after three months since the experiment bad nitiated, and in August 2006,
after one year of vegetation. We analyzed the siilthe 26 experimental plots
comparatively with two controls: the raw spoil andbrown luvic soil sampled from a
grassland in the next vicinity of the spoil dumpeTampling depth was 30 cm, and the
samples of the odd plots, covered with soil, redulty mixing the upper soil layer (10
cm) with the covered spoil.
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The microbiological analyses showed the lack of #éphate reducing
bacteria in all the plots uncovered with soil, batithe beginning of the experiment,
and after one year. The sulphate reducing bacstenia present only in 9 experimental
plots at the beginning, and in all the 13 experialgpiots covered with soil after one
year, but their number was the lowest'{10° cells x ¢ dry matter soil), as compared
to the other bacterial groups.

The aerobic mesophilic heterotrophs, ammonifiegsitdfiers and iron-
reducers were present in all the experimental pltheir number decreases in the
order: aerobic mesophilic heterotrophs *10° cells x ¢ dry matter soil) >
ammonifiers (1810° cells x g dry matter soil) > denitrifiers and iron-reducers
(10%-10° cells x ¢ dry matter soil).

As regard the enzymological analyses, we mentiahahthe beginning of the
experiment no actual or potential dehydrogenasieitacivas detected in the plots
uncovered with soil. The two activities were préserll the plots covered with soil, at a
level lower than 0.2 mg formazan x 3 dry matter soil. In the second year after
revegetation, the actual dehydrogenase activityalgasdetected only in the experimental
plots covered with soil, at a higher intensity, bot overpassing 0.4 mg formazan x'3 g
dry matter soil. The potential dehydrogenase &ctivas registered in all the experimental
plots, in five of those covered with soil overpagsl mg formazan x 3'glry matter soil.

The catalase and phosphatase activities were aregisin all the samples
analyzed, at higher values in the plots covered sail, than in the uncovered ones, both
at the beginning of the experiment, and after @@ gf vegetation. The values of both
enzymatic activities were higher after one yeavegfetation. The maximum values of
the phosphatase activity were 1.406 mg phenol x2dry matter soil (2005, plot 13)
and 4.556 mg phenol x 2.5 gry matter soil (2006, plot 23). The most intecatalase
activity was 22.436 mg splittedb,&, x 1.5 ¢ dry matter soil (2005, plot 11) and 26.592
mg splitted HO, x 1.5 ' dry matter soil (2006, plot 15).

The general bacterial potential of the experimepitats was appreciate on the
base of the bacterial indicators of soil qualitiS®) values, calculated taking into account
the number of bacteria belonging to each ecoplogi@zl group (Muntean, 1995-1996).
The enzymatic indicators of soil quality (BISQ) wealso calculated, on the base of the
individual value of each activity (Munteaet al, 1996). A strong positive correlation,
statistically very significant (p<0.001) has bestaklished between the bacterial and the
enzymatic indicators of soil quality: r = +0.96@iP05, and r = +0.970 in 2006.

The results of both microbiological, and enzymatabi analyses are
comparable with those obtained in other similar eexpents of mine spoil
bioremediation: Kis®t al, 1989, 1990, 1992; Cristed al, 1995; Pgcaet al, 1998,
2000; Muntearet al, 2001, 2002).

Fig. 1 presents the evolution of the microbial @mdymatic potential of
each experimental plot during the first year of etatjon, as this potential is
defined by the values of the bacterial and enzymatlicator of soil quality.

First of all we can remark the difference betwdsntivo controls and the
experimental plots, especially after one year gfetation, as regard the biological
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potential. Only in the soil sampled from the viginof the spoil dump the BISQ
values overpass 5, in both years. In the spoiltt@walues of the BISQ are lower
than 2.6. Between the experimental plots, the ligkealue of the BISQ (3.799)
was registered after one year of vegetation inetkgerimental plot 25 (covered
with soil and sowed witMedicago sativa

Important differences among the controls and theegmental plots are
also registered as regard the enzymatic poteI&IQ = 0.029 — spoil raw in the
first year, and EISQ = 0.243 — control soil in $econd year. The values of the
EISQ can theoretically range from 0 to 1. The highalue of the BISQ (0.137)
was registered after one year of vegetation inetkgerimental plot 15 (covered
with soil and sowed witBactylis glomerata

BISQ EISQ

5.5 r 0.30
5.0 1 [ 025
4.5 F0.20
4.0 F0.15

r 0.10

3.51

X
3.0 | % %
A 3 8 9 .

2.5+

&
5
&

Experimental plot

C1BISQ2005 E=3 BISQ2006 O EISQ2005 X EISQ2006

Fig. 1. Evolution of the bacterial (BISQ) and enzymati¢®) indicators of soil quality in the
experimental plots installed on the mine spoil dimfara.

It is also very obvious the zig-zag-like trajectafyboth the BISQ, and the
EISQ curves: the odd plots (covered with soil) haigher values of the indicators
than the even ones (uncovered with soil). In therdnchy of the experimental
plots, based on the values of the two indicatdrs,add plots are always situated
on the first 13 positions, showing that the mogpamtant treatment applied to the
experimental plots is the covering with a 10-cmelapf soil. The effect of the
vegetal species used for sowing is not as impodsutihe covering with soil is.

The most important remark from the analysis of fige 1 is the obvious
increase of both bacterial and enzymatic potemtialll the experimental plots. This
increase certify the efficiency of the applied bioediation technologies. The hierarchy
of the experimental plots after one year from #girming of the experiment, on the base
of the BISQ and EISQ values is presented in tablaRing into account both the
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bacterial, and the enzymatic indicators, we caera$kat the best evolution of the
general biological potential in the soils of theperimental plots after one year of
vegetation was registered in the following ploisyfethem covered with soil:

- plot 25: sowed wittMedicago sativaBISQ = 3.799 (the highest value);
EISQ = 0.136 (the second value);

- plot 15: sowed wittDactylis glomerataBISQ = 3.728 (the second value);
EISQ = 0.137 (the highest value);

- plot 23: sowed witfTrifolium pratenseBISQ = 3.733; EISQ = 0.130;

- plot 5: sowed witfTrifolium repensBISQ = 3.742; EISQ = 0.126;

- plot 13: sowed withH-estuca rubra+ Trifolium pratensg BISQ = 3.744;
EISQ =0.122.

Table2.
Hierarchy of the experimental plot after one yeantthe beginning of the experiment,
according to the BISQ and EISQ values

Pozition Plot BISQ Plot EISQ
1 25 3.799 15 0.137
2 13 3.744 25 0.136
3 5 3.742 23 0.130
4 19 3.741 5 0.126
5 23 3.733 13 0.122
6 15 3.728 1 0.120
7 11 3.722 3 0.111
8 1 3.716 7 0.106
9 3 3.712 19 0.105
10 17 3.557 21 0.102
11 7 3.459 11 0.101
12 21 3.457 17 0.099
13 9 3.438 9 0.089
14 6 3.019 24 0.087
15 24 3.015 26 0.071
16 14 3.002 12 0.070
17 26 3.001 22 0.066
18 2 2.987 6 0.065
19 16 2.954 14 0.064
20 22 2.898 20 0.063
21 4 2.891 16 0.062
22 10 2.889 18 0.060
23 12 2.886 10 0.060
24 18 2.880 2 0.055
25 8 2.814 8 0.051
26 20 2.789 4 0.045

From this point of view, we notice that after oreay of vegetation, the
most suited species to be used for bioremediatfoauoh spoils proved to be
Medicago sativathe plot 25 (covered with soil) was situated be first position
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as regard the BISQ, and on the second one, adrétg@aEISQ); at the same time,
the corresponding plot uncovered with soil — 26ceupies the position 4 (BISQ),
and 2 (EISQ), respectively, between the 13 experiatglots uncovered with soil.
We mention that, in parallel with the experimentldts analyzed in the
present work, the bioremediation experiment waspeted by planting on the
slopes of the spoil dump saplings of several ligisespecies:Hippophaé
rhamnoides, Robinia pseudacacia, Betula pendulian#ius altissimaetc. Both
the ligneous, and the herbaceous plants used feingahe experimental plots
analyzed here had a good evolution during the tivetyears of vegetation.

Conclusions

The microbiological analyses carried out three m®mifter the initiation of
the recultivation experiment and one year lateisteged the presence of the aerobic
mesophilic heterotrophs, ammonifiers, denitrifiemad iron-reducers in all the
experimental plots, and the lack of the sulphattuaieg bacteria in all the plots
uncovered with soil, both at the beginning of tkpegiment, and after one year. The
sulphate reducing bacteria were present only kp@rmental plots at the beginning,
and in all the 13 experimental plots covered withl, ut their number was the
lowest, as compared to the other bacterial groups.

The catalase and phosphatase activities wereargisn all the experimental
plots, at higher values in the plots covered waih #han in the uncovered ones, both at
the beginning of the experiment, and after one ydavegetation. No actual or
potential dehydrogenase activity was detecteda@nptbts uncovered with soil in the
first year. After one year of vegetation, the pt&ndehydrogenase activity was
registered in all the experimental plots.

The plots covered with soil have higher valuesati bbacterial, and enzymatic
indicators of soil quality than the plots uncovewvéth soil, demonstrating that the most
important treatment applied to the experimentakpglbthe covering with a 10-cm layer
of soil. A strong positive correlation, statistlgabery significant (p<0.001) has been
established between the bacterial and the enzymditiators of soil quality.

A remarkable increase of both bacterial, and entigrpatential, defined by the
BISQ and EISQ values, has been registered in alexperimental plots after the first
year of experiment, certifying the efficiency of thpplied bioremediation technologies.

The best evolution of the general biological pagdrin the soils of the
experimental plots after one year of vegetation veggstered in the plots covered
with soil and sowed withMedicago sativa Dactylis glomerata Trifolium
pratenseTrifolium repensand with aFestuca rubrat+ Trifolium pratensemixture.

On the base of the values of both the bacteridl tlam enzymatic indicators
of soil quality after one year of vegetation, o de stated that the most suited
species to be used for bioremediation of suchsgMedicago sativa
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MICROORGANISM POPULATIONS WITHIN GELATINOUS
FORMATIONS FROM KIESBERG MINE IN BANAT MOUNTAINS,
ROMANIA

VASILE-DANIEL GHERMAN *, JEAN-GABRIEL BREHERET * AND
MIHAIL-DR AGAN BULARDA *

SUMMARY. This study concerns the gelatinous formations fonihe Kiesberg gallery,
part of an oldmine located in the South-West of Romania which wag in the
metamorphic rocks of auriferous sulphides from haicarpus ore. These gelatinous
formations are being supplied with a variable flofunfiltration rainwater. Microbiological
determinations and numerical estimates have begiedaut in years 2004 and 2005, for
two hydrological different seasons, a wet one andryaone. A percentage estimate of
different physiological groups has also been redliZThe gelatinous formations from the
Kiesberg mine represent a complex assemblage folmed) chemolitotroph acidophilic
microorganisms (water pH 2.8) which dominate dustages of high water supply and (2)
by heterotrophic microorganisms rather abundanindustages of low water supply. The
ratio between the two kinds of microorganisms ex¢ffore variable depending on the water
supply and other environmental factors.

Keywords: Acidithiobacillus, Actinomycetes, auriferous sulphides, autotropfiggus,
gelatinous formations, heterotrophs, old abandarmiad, Policarpus ore.

Introduction.

This study refers to an oldine, the Kiesberg Mine, located in the South-
West of Romania, nearby the town of Oravita (Fig.This mine was workedntil
the end of the XIX century and it was dug in the auriferous sulphides
metamorphic rocks of a Policarpus ore.

In this mine, the presence of some microbiologiedditinous formations was
noticed. The microorganisms presence in the gelaiformations is evidenced by the
significant large biomass accumulations (the diitdacand the gelatinous deposits) and
also by the particular morphological and structapaleothems.
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Fig. 1. Study area.
This type of gelatinous formations is not chardstieronly for this kind of

cavity, they are also often found in the ferous aalpphurous artificial (mines) or
natural cavities (caves).
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According to the specialized literature, the moslvknown and often
found types of gelatinous formations are the ones fthe hydrothermal cavities.
These types of gelatinous formations are suppligd thermal and mezothermal
waters with temperatures that vary between 18 #i@.5ometimes, these waters
come from active volcanic areas that generally @iongreat quantities of sulphur
or sulphuretted hydrogen.

Here are some examples of thermal and mezotheravities where the
gelatinous formations were found: the Lechuguillav€ from the Carlsbad
National Park, New Mexico, USA (Cunninghaanal., 1995); the Cueva de Villa
Luz from the Plateau Tabasco in Mexic (Northaial., 1997); the Frassassi Cave
from ltaly (Vlasceanuet al., 2000); the Movile Cave from Dobrogea, Romania
(Vlasceanwet al., 1997).

In Wales, UK, there is an artificial cavity, a pggrimine, closed more than
70 years ago — the “Cae Coch” Mine (Johnson, 19@#insonet al., 1999;
Hallberget al., 2006) — which is similar to Kiesberg Mine that stadied about.

The gelatinous formations of microorganisms’ cotisor can be
differently formed, depending on several environtakfactors: the cavity climate,
the temperature of the water in which they are fiouhe chemical composition of
the rock that forms the cavity and the chemical position of the waters that drain
various minerals (Hallberg al., 2006).

The geological characteristics of the area whezekilesberg minés have
induced the existence of a particular kind of madand of microbial associations
that form a series of characteristical gelatinooismations. The number of the
microorganisms from these microbial associatiomgegaquit a lot, depending on
the rain water quantities during the year. In thitsdy, the identification of
characteristical gelatinous formations from the notital associations in the
Kiesberg mine is suggested.

The numerical estimations depending on the raimfadintities (water that
supllies the gelatinous formations) are also a @ftis study.

Microbiological determinations and numerical esteaehave been carried out
in years 2004 and 2005, for two hydrological défdégrseasons, a wet one and a dry one.
Estimates of populations from different physioladjigroups have been calculated.

Materials and Methods.

The samples for the microbilogical analisys havenkaken from a variable
flow water stream found in a partially collapsetayg from Kiesberg mine.

The isolation of acidophilic chemolitotrophic batidaewas performed by
inoculating the growth medium (9K — pH 2.5) (Silvem et al., 1959) for the
isolation of Acidithiobacillus ferrooxidans (Kelly et al., 2000) (Thiobacillus
ferrooxidans), the Winogradski medium (W-pH 6) Winogradski, 1952jor other
ferrous-bacteria, and the Starkey medium{$H 6) (Starkeet al., 1934,) for
Acidithiobacillus thiooxidans (Thiobacillus thiooxidans).
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The isolation of acidophilic heterotrophic microanjsms has been
realized trough enriched growing on the March medipH-2.5 (Woodet al.,
1983), and on the G.Y.E. at pH 3 (Johnsbal., 1983).

The isolation and identification of fungi has beealized on the solid
Czapeck medium (Ramirez, 1982), (Lorinezial., 1966), starting from the serial
dilutions of the enriched growing realized from gées in the liquid March medium.

The indirect determination &cidithiobacillus strains by the measurement
of pH medium was achieved by seeding the test sl the 9K, Sand S, and
also on the Wmedium. The growing was determined by the quawiitgxidized
thiosulphate. Thécidithiobacillus is estimated by the final pH value after 28 days
(Hutchinsoret al., 1966).

The determination of the most probable number eftiicroorganisms was
done by performing decimal or serial dilution, wghrepetitions/dilution, while the
observation of the number of positive tubes, thmenical value, was established
from the table (Rodina, 1972). The method of caounthe colonies on the solid
medium was used also for the numerical estimates.

Results and Discussion

In 2004, the measurements were realized in Martienvithe total rainfall
value was 29,9 mm (the dry season) and in Julyenwthe total rainfall value was
141,8 mm (the rainy season). In 2005, the measumsmeere realized in
November, when the total rainfall value was 37,4 ifihe dry season) and in
April, when the total rainfall value was 141,8 mthg rainy season). (From a
hydrological point of view) 2004 was a drier ye@r% mm) than 2005 (1202 mm).

The results of the microbiological analysis made the gelatinous
formations from Kiesberg mine are given in Table 1.

The fact that 16 strains of microorganisms weratified in 2004 can be
noticed from Table 1. For the next year, 2005, ar@e strain —Scytalidium
(Dematiaceae Family) — was identified beside the 16 ones.

The identified microorganisms strains are intimat@$sociated by extra-
cellular mucopolysaccarides, forming an associationa consortium. From all the
identified strains, the foulAcidithiobacillus together with the actinomycetes
represent the bacteria, the rest of the straingsept the fungiA. neapolitanus, A.
thiooxidans andA. thioparus represent acidophilic chemolitotrophic bacteriacih
realize the oxidation of the reduced sulphur compisu These compounds stem
from the chemical and biological oxidation of pgritrom the Kiesberg gallery
walls. In the consortium, thécidihiobacillus represent the primary organic
substance producerA. intermedius is a strain with a mixotrophic metabolism; it is
a facultative heterotroph.
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Table 1.
Microorganisms identified in the gelatinous formas in Kiesberg Mine and their most

probable number in the two seasons during the y#&804 and 2005

Strain 2004 2005
rainy dry rainy dry

Acidithiobacillus neapolitanus 9500 0 9500 1400
Acidithiobacillus thiooxidans 9500 3000 9500 4500
Acidithiobacillus thioparus 4500 0 7500 2000
Acidithiobacillus intermedius 4500 3000 4500 4500
Actinomicete 45000 4500 9500 4500
Penicillium citreo-viride 200 0 300 200
Penicillium implicatum 600 300 700 0
Penicillium expansum 400 200 600 200
Penicillium veruncosum 300 0 200 0
Penicillium veruncosum var.
corimbiferum 2000 200 300 0
Penicillium griseo-fulvus 400 0 700 300
Penicillium steckii 200 0 200 0
Aspergillus nidulans 400 0 600 200
Aspergillus thomii 600 300 700 300
Rhodotorula sp. 400 300 600 400
Cladosporium herbarum 0 300 0 200
Scytalidium sp. 0 0 200 0

The autochthonous organic substance, from the pyimeoducers (the
Acidothiobacillus), together with allochthonous organic substantesising with
the water from other parts of the cavity, is scaeeh by the heterotrophic
microorganisms from this consortium. The heterdiopare represented by
actinomycetes, whose strains, unfortunately, havmen identified yet, and by the
following strains of fungi (Lorinczet al., 1966): FamMoniliaceae: Aspergillus
nidulans, Aspergillus thomii, Penicillium steckii, P. expansum, P. verucosum, P.
griseo-fulvus, P. implicatum, P. verucosum var. corybiferum ; Fam Cryptococaceae:
Rhodotorula sp.; Fam Dematiaceae: Cladosporium herbarum. Unidentified
Protists in the gelatinous formations were alsacedtby microscopy.

The bacterial strains are largely dominating, vith% of the population,
the fungus strains representing only 10 %.
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Fig. 2. The percentage of identified microorganisms strdimsng the rainy season 2004 in
the gelatinous formations.

1. Acidithiobacillus neapolitanus; 2. A. thiooxidans; 3. A. thioparus; 4. A. intermedius; 5. Actinomicete; 6.
Penicillium citreo-viride; 7. P. implicatum; 8. P. expansum; 9. P. veruncosum; 10. P. veruncosum var.
corimbiferum; 11. P.griseo-fulvus; 12. P. steckii; 13.Aspergillus nidulans; 14. A. thomii; 15. Rhodotorula sp.;
16. Cladosporium herbarum; 17. Scytalidium sp.
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Fig. 3. The percentage of identified microorganisms strdimsng the dry season 2004 in
the gelatinous formations.
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Fig. 4. The percentage of identified microorganisms strdungng the rainy season 2005 in
the gelatinous formations.
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Fig. 5. The percentage of identified microorganisms strduméng the dry season 2005 in
the gelatinous formations.

1. Acidithiobacillus neapolitanus; 2. A. thiooxidans, 3. A. thioparus; 4. A. intermedius; 5. Actinomicete; 6.
Penicillium citreo-viride; 7. P. implicatum; 8. P. expansum; 9. P. veruncosum; 10. P. veruncosum var.
corimbiferum; 11. P.griseo-fulvus; 12. P. steckii; 13.Aspergillus nidulans; 14. A. thomii; 15. Rhodotorula sp.;
16. Cladosporium herbarum; 17. Scytalidium sp.

In the rainy season 2004 the heterotroph populatieere dominating, the
actinomycetes and fungi represented 66 %, whilectieenolitotrophs represented 34
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%. During the dry season 2004, the chemolitotrquuimilation (50 %) represented as
much as the heterotrophs did (50%), with the olagierv thatA. intermedius is part of
facultative heterotrophs.

Table 2.
The physiological groups’ ratios of microorganisimsn the gelatinous formations, during
the wet and dry seasons during 2004 and 2005

year season autotrophs| heterotrophs
2004 Rainy 34% 66%

Dry 50% 50%
2005 Rainy 68% 32%

Dry 66% 34%

99

S

0% 20 40% 60% 80% 100% 120%

‘ @ autotrophs O heterotrophs ‘

Fig. 6. The ratio of physiological groups of microorganisimsn the gelatinous formations,
during the rainy and dry seasons of 2004 and 2005.

During the rainy season 2005, the dominant stra@re the chemolitotrophic
Acidithiobacillus (68 %) among whiclA. intermedius is 10 %. The heterotrophs
represented 32% with 21 % actinomycetes, and 11#6ngfus strains (of the total
population). During the dry season 2005, as welldasng the rainy one, the
chemolitotrophicAcidithiobacillus strains were dominant (66 %), among wh#ch
intermedius (24 %). The fungus strains represent 10% of thed pmpulation (table
2. Fig. 6.).
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The results of chemical analysis for the water taatains this consortium
show an acid pH (2.81) and large quantities of st (2810,5 mg/l). These
results prove the existence of an intense oxidatioall reduced sulphate forms
that are reduced by the chemolitotrophic bactdna2004 and 2005, we can
observe a lower variation of the microorganigropulations, from the rainy season
to the dry one, during 2005 as compared with 200ding 2004 the actinomycetes
underwent a very high variation from the rainy seat® the dry one however this
fact is probably a random and short term situation.

The primary producers, represented by #edithiobaccilus strains,
oxidize pyrite and other metallic sulphides fronegbherg mine walls, but they also
induce the oxidation of Eeand reduced sulphur compounds which result fram th
chemical and biological pyrite oxidation. For exdeyghe biological oxidation of
pyrite (which is effective at the contact spot @laginous formations with the
gallery walls) is very intense during the periodhidh water supply, because this
water takes over the oxidation products. The laatumulations of oxidized
products are inhibitors fokcidithiobaccilus. The products generated by the pyrite
oxidation, during a first stageare quickly oxidized by the chemolitotroph
consortium that are found at a certain distanam fifte rock. So it can be explained
that during the more rainy year of 2005 (1202.2 naniptrophic microorganisms
(chemolitotrophs) prevailed, while the heterotroptere rather abundant during
the dryer year 2004 (875 mm).

In the Cae Coch Mine from Wales, the same as imiihe that we studied,
the development of gelatinous microbial communitiesbased on the metalic
sulphides oxidation from the rock mass (Johnsorf919The main chemo-
synthesized autotrophs strains from this mine conityubelong to the
Acidithiobacillus type and the specific hetrotrophs are the hetgubtcoeubacteria,
the actinomycetes, a series of eukaryotes (likeiddemycetes and Protists strains)
and, very rarely, micro-unvertebrated (such as Neds (Hallbercgt al., 2006).

From the biodiversity point of view, the gelatinof@mations from the
Kiesberg Mine that we studied, and also the or@s the Cae Coch Mine, are less
rich in strains compared to the gelatinous fornmatisom the hydrothermal cavities.
Even so, the biomass formed by microorganisms énntiezothermal mines is quite
large. In our case, the gelatinous formations iove is a few cubic meters, but in the
Cae Coch Mine the biovolume is beyond 18Qohnson, 1999; Hallbeggyal., 2006).

Conclusions

The gelatinous formations represent a complex &ssmt formed by
heterotrophic, autotrophic (chemolitotrophs) anddeghilic microorganisms,
which interact very closely. The ratio between theames, mainly depending on
the water supply.
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MICROORGANISM ASSOCIATIONS WITHIN A THIN ACID
SOLUTION FILM FROM AN OLD MINE IN BANAT MOUNTAINS

VASILE-DANIEL GHERMAN *, JEAN-GABRIEL BREHERET ? AND
MIHAIL-DR AGAN BULARDA *

SUMMARY. The rain water slowly crosses the rock layers dovthe cavity through micro cracks and it
arrives on the cavity wall as a concentrated solwtith a high acidity level (pH 1-1.5). This contated
acid solution was subjected to some microbiologiteterminations and the identified strains were
numerical estimated. These determinations were idd@@)4 and 2005, during two hydrological différen
seasons, rainy and dry. A percentage estimate pfijsiological groups has also been done.

The percolating acid solution is crowded by acidaplmicroorganisms with a dominating
population ofAcidithiobacillus ferrooxidans and six strains oPenicillium. The chemolitotrophic
bacteriaA. ferrooxidans provides the primary organic substance productiothe@ community by
oxidation of pyrite from the cavity walls. The Skains ofPenicillium represent the heterotrophic
organisms that use the organic substance fromriheny producer. Between th& ferrooxidans
population and th@enicillium strain populations a close trophic relationshigstablished and the
microorganisms number depends on the acid solatiocentration.

Keywords: acid solution, auriferous sulphides, autrotropletetotrophs, old minePenicillium,
Acidithiobacillus ferrooxidans.

Introduction

Highly acid medium limit the access of the orgamsidimat are unable to adapt to
this stress, and are considered as “extreme litkumg (Johnson, 1998).

The studies on the acid medium have revealed #a& diversity of organisms that
are part of three sistematic fields: EubacteriachAea and Eucaria. Between the
acidophilic organisms populations there are mamgrations (connections), especially
trophic kind connections.

The most numerous microbiological studies have beae on the mine drainage
waters: in Iron Mountain, California (Schreek al., 1998; Edwardst al., 2000) in
Scandinavia and the United Kingdom (Bardtsal., 1997); Alaskan and Canadian
drainages gold mines (Braddoekal., 1984); in Norwegian copper mine (Johnsbal .,
2001); these waters represent an important polatarce.

This studytook placen an old mine (the Kiesberg Mine), abandonedeattid of
the XIX"century, located in the South-West of Romania,lp€mnavita town (Fig. 1.).
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Fig. 1. Study area.

This mine is located in the Banat Mountaine anda$ dug in the metamorphic
rocks of auriferous sulphides of Policarpus oree Thickness of the metamorphic rocks
above the cavity is at least 8 meters; they arereovby several meters of limestones and
marls. The rainwater crosses the overburden thraugio-cracks and rises on the cavity
wall. The flowing period through micro cracks it 2weeks. During this period, the
rainwater dissolves a series of minerals: silicatesiron sulfides. As it springs up on the
vault of the cavity it is a highly acid solutionrHd-1,5). Various kinds of speleothems are
growing in this context (the snotites and stalestiformations). As organic matter is
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intimately linked to mineral production in thesalattites, so arise the question of the
contribution of organisms (1) to the leaching @& thinerals from the source rock and (2)
to the new mineral deposits.

The extremely particular medium from the Kiesbexgity induces the presence of
characteristical microorganisms associations tteafphysiologically and ecologically very
interesting. In this study, the identification,timo different hydrological seasons, a wet one
and a dry one, during the years of 2004 and 20DSharacteristical microorganisms
associations which populate the walls of this olthenwas suggested proposed. A
percentage estimation of different physiologicalgs is presented further on.

Materials and Methods

These samples have been taken from a continousapent acid solution film
which covers the vault of one part from the profbarea of Kiesberg mine.

The isolation of acidophilic chemolitotrophic ba@e was performed by
inoculating the growth medium (9K — pH 2.5) (Silvemet al., 1959) for the isolation of
Acidithiobacillus ferrooxidans (Kelly et al., 2000) (Thiobacillus ferrooxidans), the
Winogradski medium (\/—pH 6) inogradski, 1952jor other ferrous-bacteria, and the
Starkey medium (S— pH 6) (Starkeyet al., 1934,) forAcidithiobacillus thiooxidans
(Thiobacillus thiooxidans).

The isolation of acidophilic heterotrophic microangsms has been performed
trough enriched growing on the March medium- pH{®@Wwodet al., 1983), and on the
G.Y.E. at pH 3 (Johnsa#t al., 1983).

The isolation and identification of fungi has beealized on the solid Czapeck
medium (Ramirez, 1982), (Lorincei al., 1966), starting from the serial dilutions of the
enriched growing realized from samples in the dddiarch medium.

The indirect determination @cidithiobacillus strains by the measurement of pH
medium was achieved by seeding the test samplge @K, $and 3, and also on the YV
medium. The growing was determined by the quardftyoxidized thiosulphate. The
Acidithiobacillusis estimated by the final pH value after 28 dayst¢Hinsoret al., 1966).

The determination of the most probable number @frticroorganisms was done
by performing decimal or serial dilution, with Jegitions/dilution, while the observation
of the number of positive tubes, the numerical &alwas established from the table
(Rodina, 1972). The method of counting the colonieshe solid medium was used also
for the numerical estimates.

Results and discussion
In 2004, the measurements were realized in Mardtermthe total rainfall
value was 29,9 mm (the dry season) and in Julyervthe total rainfall was 141,8 mm
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(the rainy season). In 2005, the measurements seatized in November, when the
total rainfall value was 37,4 mm (the dry seasan) i April, when the total rainfall
was 226,4 mm (the rainy season). (From a hydraégioint of view) The year 2004
was drier (875 mm) than 2005 (1202 mm).

The results of the microbiological analysis perfechon this acid solution are
presented in Table 1.

Table 1.
Microorganisms identifiedh the acid solution and their most probable nunthemng the two
seasons of 2004 and 2005

Strain 2004 2005
wet dry wet dry
Acidithiobacillus ferrooxidans 9500 4500 9500 8000
Penicillium expansum 600 500 600 600
Penicillium cyclopium 200 150 250 150
Penicillium frequentans 300 200 500 300
Penicillium griseo-azureum 0 200 0 200
Penicillium citreo-viride 200 0 300 200
Penicillium lividum 200 200 300 300

As it is indicated on the table 1, seven straingnafroorganisms forming a
consortium, and thus functionally interconnectedrendetermined in the acid solution,
both in 2004 and 200%cidithiobacillus ferrooxidans (Thiobacillus ferrooxidans) is
the only bacterial strain, the rest being represbbly six strains oPenicillium fungi,
which are a part dfloniliacea Family. Their percentages are depicted on the Fig. 2-5.

In 2004 and 2005, a clear dominationAofdithiobacillus ferrooxidans (80 %) is
observed during both seasons; the remaining 20réspmnd to th@enicillium strains A.
ferrooxidansis a chemolitotrophic bacteria that oxidizes theteythe F& and the sulphur
compounds (stemming from the oxidation of pyrifviding the primary production of
organic substance; the six strainsReficillium represent the heterotrophs that use the
organic substance producedAyerrooxidans. (Table 2., Fig. 6.).
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Fig. 2. The percentage of identified microorganisms strdimsng the rainy season 2004 in the
acid solution.
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Fig. 3. The percentage of identified microorganisms strdimsng the dry season 2004 in the
acid solution.
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Fig. 4. The percentage of identified microorganisms strdimsng the rainy season 2005 in the
acid solution.
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Fig. 5. The percentage of identified microorganisms strdunsng the dry season 2005 in the
acid solution.
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Table 2.
The ratio of microorganisms physiological groupmrthe acid solution, during the
wet and dry seasons of 2004 and 2005.

year season autotrophs heterotrophs
i 0, 0,
2004 rainy 86% 14%
dry 79% 21%
2005 rainy 83% 17%
dry 82% 18%

%28

H %€8

%6.L

%98

0% 20% 40% 60% 80% 100% 120%

‘l autotrophs O heterotrophs ‘

Fig. 6. The ratio of physiological groups of microorganisimsn the acid solution, during the
rainy and dry seasons of 2004 and 2005.

Acidithiobacillus ferrooxidans is usually isolated strain, known since 1950 as a
metalic sulpide oxidizer (Colmeat al., 1950; Templeat al., 1951). This strain was
found in the mine water drainage, with high aciditie Penicillium types of fungi are
heterotrophs eukaryotes that are often found orotbanic substances from the acid
waters (Ramirez, 1982; Baketral., 2004; Lépez-Archillat al., 2004).

In the acid solution studied by us at the Kieshidige the association of the
Acidithiobacillus ferrooxidans with the six strains oPenicillium into a continuous
biofilm on the cavity vault is characteristic toighmine. Close trophic type
relationships are established between the orgaro$hés consortium.
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Conclusions

The acid solution (pH 1.21) percolating in the Kiesy mine overburden,
houses a rich acidophilic community of microorgarss This community is formed
(1) by a numerous population A€idithiobacillus ferrooxidans (80 %), that represents
the primary producer of organic substance whichliags the pyrite from the cavity
walls and (2) by the populations of six strains Rénicillium (20 %); these
heterotrophic organisms use the organic substgrosgied by the primary producer.

The biological processes that take place in thid aclution from the cavity
vault are continuous; they occur during the whatary the acid solution layer being
permanently supplied throughout the fine crackesystrom the cavity wall.
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MICROBIAL COMMUNITIES AND ENZYMATIC ACTIVITIES IN
THE MOUNTAINOUS SOILS IN PARANG

RAHELA CARPA !

SUMMARY. Fifteen soil samples from the Pardng Mountain éSlouth-Eastern part of the
Hunedoara county, from five altitudinal vegetatzmnes (alpine, subalpine, conifers, beech
and flood plain) have been analyzed microbiolodycahnd enzymologically. The
microbiological analyses consisted in the studythaf abundance, dynamics, diversity and
ecological significance of the bacterial groupoimed in the biogeochemical cycles of carbon
and nitrogen: aerobic mesophilic heterotrophs, anifiess, denitrifiers, nitrate and nitrite
bacteria. Based on the obtained results, the halctedicator of the soil quality (BISQ) was
calculated for each type of soil in each altitutiregetation zones. In order to have a complete
image on the complex microbial processes in thesistdis, these analyses have been
completed with enzymological researches which npalssible the appreciation of evolution of
the soil types. The phosphatase, catalase, astdgb@tential dehydrogenases activities have
been studied in all the soil samples. The studiatididies were detected in all the 5 altitudinal
vegetation zones, with differences noticed onlyregard the intensity of the processes.
Based on the absolute values of the enzymatic @efiyithe enzymatic indicator of soll
quality (EISQ) was calculated. The EISQ values eahdetween 0.314 and 0.430,
indicating a moderate intensity of the enzymatiiviees. A positive correlation between the
bacterial and enzymatic indicators of soil qudlity + 0.976) was established.

Keywords: soil, bacterial communities, enzymatic activitidsacterial and enzymatic
indicators of soil quality

Introduction

The importance of the microbiological and enzymaabstudy of soils
has been frequently underlined by researcherdsrfigid (Zborovschet al, 1989;
Paca et al, 1993; Digan-Bulardaet al, 1995). The two kinds of analyses are
complementary and offer a general overview on tmaptex relations between the
components of the soil microbiota, as well as aneghzymatic transformations of
organic compounds in soils. The present paper tonestablish such relations in
soils sampled from five altitudinal vegatation zerie the Pardng Mountairthe
alpine zone, the subalpine zone, the conifers Zoeech zone and the flood plain
from Maleia river. The microbiological and enzymological analyses ypeirshe
knowledge of the percentage of some bacterial plogical groups and of some
enzymes involved in the biogeochemical cycles efalements and the achievement
of an overall image of the biological activity imetsoil.

! Babg-Bolyai University, 1 Koglniceanu Street, 400084/Cluj-Napoca, Romania,
E-mail: k_hella@yahoo.com
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Material and Methods

Fifteen soil samples from the Parang Mountain haset samples from five
altitudinal vegetation zone (tab.,2have been analyzedhicrobiologically and
enzymologically. The distance between the samplimints of a altitudinal
vegetation zonevas 250 m and the depth of sampling was 15 cm.

There was established the number of bacteria bielprig the following
ecophysiological groups: aerobic mesophilic hetepbts, ammonifiers, denitrifiers,
nitrate bacteria and nitrite bacteria. All openasicconnected to the bacteriological
determinations were carried out under sterile ¢immdi. There was also established the
content of the soil in dry substance, by the drgihgome samples at 15 for three
days. The number of the aerobic mesophilic hetggblr was determined on a plates
bullion agarized medium (Atlas, 2004). After inctiba the number of colonies in
each Petri dish was read, the average of the @asalnple values was calculated from
the most significant dilution and it was multipliedth the reverse value of the
respective dilution. The analysis of the ammorsfievas performed on peptone
medium. For denitrifiers the De Barjac culture riedi(Pochon, 1954), and for nitrate
and nitrite — reducing bacteria a selective liquiedium (Digan-Bularda, 2000) was
used. The most probable number of the bacteria caltsilated according to the
statistical table of Alexander (1965).

The enzymological analyses consisted in deterndnadf the following
enzymatic activities: catalase (Kappen, 1913), phatase (Kramer and Erdei,
1959), actual and potential dehydrogenase (Casidh 1964).

Results and Discussions

The results of the microbiological analyses aresqmted in tab. 1. One can
notice the presence of all the five ecophysioldgicaups in all the analyzed samples.

It is remarkable the large number of the aerobisaphilic heterotrophs of
order 16 - 10 cells/g soil of dry substance, in the soil of tHpire altitudinal
vegetation zone and in the samples of the Maleafplain.

The number of bacteria belonging to the other gsasipuch smaller. In the
order of their abundance, the aerobic mesophilterb&ophs are followed by the
ammonifiers (18— 10 cells/g soil dry substance), denitrifiers {2010 cells/g soil
dry substance), nitrate-reducing {10 1¢' cells/g soil dry substance), the weakest
represented are the nitrite-reducing bacterid¢éls/g soil dry substance).
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Table 1.
The results of the microbiological analyses

Number of the bacteria/ g soil of dry substance

. Aerobic . .
Soil type mesophilic Ammonifiers Denitrifiers Nltratg N|tr|te_ BISQ
bacteria  bacteria
heterotrophs

Alpine 25184772 45287 8444 8096 1925 4.635

Subalpine 18337853 40520 7555 8376 1992 4.594

Conifers 7339027 1350 1243 4739 1127 3.964

Beech 17619239 42675 15378 6740 2164 4.645
“lood plair 30162846 123164 17447 10231 1802 4.815

As in the case of the aerobic mesophilic heterbspip the soil from the alpine
and flood plain samples the number of the ammasjfgenitrifiers, nitrate and nitrite-
reducing bacteria is larger than the number regisia the other three sample soils.

On the base of the number of bacteria belongingatth ecophysiological
group, the bacterial indicators of the soil qualBySQ) were calculated, according to
Muntean, (1995-1996):

IBCS= %- 2log, N

where BISQ = the bacterial indicator of the sowlify;
n = the number of the physiological groups considevithin the calculation;
N = the number of the bacteria belonging to eadplegsiological group.

As we can notice in fig. 1, the microbial potentidlsoils, defined by the
values of the bacterial indicators of soil quaiktgifferent. Thus, the soil in the alpine
altitudinal vegetation zone and in the flood plaas the highest bacterial potential
and the sail in the conifers altitudinal vegetatimme has the lowest potential. The
differences are not very high. Only the soil in toaifers zone has lower value of the
BISQ (3.964).

The results of the enzymological analyses are pteden tab. 2. In all the
samples analyzed there was remarked the preseneactf of the four studied
enzymes, the intensity of the activities varieshimiarger limits, in the case of the
phosphatase and within restricted limits in theeaafscatalase.

As compared with the data in the literature (Zbeobvet al, 1989; Dagan-
Bularda,et al, 1995), we may consider that the phosphatase spetially catalase
activities are intense, while the dehydrogenaseities have lower values.
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Fig. 1.Bacterial potential of the soil based on the vahiethe bacterial indicators of the soil
quality (BISQ).

HA = aerobic mesophilic heterotrophs; AM = ammaani$i; DN = denitrifiers; NaB = nitrate
bacteria; NiB = nitrite bacteria.

One might notice that the maximum values of eadivincwere achieved
in the soil from the Maleia flood plain. The minimwalues for the dehydrogenase
activity were registered in the soil of the conif@one, only the catalase activity
registers the minimum value in the soil from thedealtitudinal vegetation zone.

Based on the absolute values of each enzymatidedtuakctivity, the
enzymatic indicator of the soil quality (EISQ) waadculated, according to the formula
(Muntearet al, 1996):

IECS =

1,8 V.0
PRV

where EISQ = the enzymatic indicator of the soalgy;
n = number of activities;
V(i) = real individual value;
Vmax(i) = maximum theoretical individual value.
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The maximum theoretical individual value, calculai®m the composition of
the reaction mixtures are: 21.56 mg phenol (phdaphactivity), 60 mg splitted,B8,
(the catalase activity), and 13.45 mg formazanydielyenase activities).

Table 2.
The results of the enzymological analyses
.. Catalase activity Dehydrogenase activity
Soil type P{:ﬁ;%%i}ggszagtg; (mg splitted Actual Potential EISQ
' H,0,/1,5 ) mg formazan/2,5 g
a 13.346 45.823 1.579 2.970 0.430
Alpine b 11.588 43.845 1.392 2.596 0.391
c 10.060 45.164 1.889 2.868 0.393
Mean value 11.664 44,944 1.620 2.811 0.405
a 20.094 32.637 2.032 3.375 0.469
Subalpine b 15.379 34.285 2.350 2.149 0.405
c 5.258 37.582 0.738 1.642 0.262
Mean value 13.577 34.834 1.707 2.389 0.379
a 9.418 44.175 1.509 1.749 0.354
Conifers b 9.693 32.637 0.581 0.726 0.273
c 10.594 33.296 1.122 1.772 0.315
Mean value 9.902 36.703 1.071 1.416 0.314
a 17.343 30.659 1.364 2.120 0.394
Beech b 11.331 27.032 1.181 0.843 0.282
c 17.914 37.252 2.350 5.401 0.507
Mean value 15.530 31.648 1.632 2.788 0.394
a 16.764 26.703 0.967 1.738 0.356
Flood plain b 19.262 27.362 1.798 2.919 0.425
c 15.501 47.472 3.450 3.639 0.509
Mean value 17.176 33.846 2.072 2.765 0.430

We mention that the enzymatic indicator may havaegranging between
0 (when no real activity of any of the studied engg is detected) and 1 (when all
the activities have real individual values equahi® maximum theoretic values).

As in the case of the bacterial potential, the eratyc potential of soils,
defined by the values of the quality enzymatic aatirs is represented in fig. 2.
Only the flood plain soil exceeds the 0.5 valughef EISQ, and the value of soll
from the conifers altitudinal vegetation zone iwdo than 0.4 of the EISQ.
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Fig. 2 The enzymatic potential of soils.
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Fig. 3. The comparison of the microbial and enzymatieptial, on the base of the values
of the bacterial (BISQ) and enzymatic (EISQ) irdiérs of soil quality.
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Fig. 3 illustrates the bacterial and enzymatic ptigéé of the analyzed
soils, based on the quality indicators values. Care observe their parallel route,
reflected, in fact by the positive correlation dagént calculated between the two
indicators (r = +0,976).

The bacterial and enzymatic indicators of the azalyhabitats quality
offers an overall image on the intensity of the nolal activity and, implicitly,
enzymatic, of the general biological activity irethnalyzed soils. Based on the
results and in comparison with the data in the igftgcliterature (Pgca et al,
1993; Dagan-Bulardagt al, 1995), we may consider that the analyzed soile ha
an appreciable biological potential; only the swil the conifers altitudinal
vegetation zone have lower values of the two quafitlicators, bacterial and
enzymatic, which set the basis for this appreamtio

Conclusions

The presence of all the five studied bacterial bgsiplogical groups studied
was noticed in all the soil samples. Their numbssrelases in the following order:
aerobic mesophilic heterotrophs {300’ cells /g soil dry substance) > ammonifiers
(10* — 10 cells/g soil dry substance) > denitrifiers {10 10 cells/g soil dry
substancey nitrate-reducing bacteria (16 10 cells/g soil dry substance) > nitrite-
reducing bacteria (f@ells/g soil dry substance).

The microbial potential of soils, defined by thelues of the bacterial
indicators of soil quality decreases in the follogviorder: flood plain soil > soil from
the alpine altitudinal vegetation zone > soil frtime subalpine altitudinal vegetation
zone > soil from the altitudinal beech zone > doiim the conifers altitudinal
vegetation zone. The differences among them arsigoificant. Only the soil in the
conifer forests has a value of the bacterial iridicaf quality smaller than four (3.964).

The presence of each of the 4 studied enzymes &tastdd in all the soils
analyzed. The soil enzymatic potential, definedthy values of the enzymatic
indicators of quality, decreases in the same oedethe microbial potential. A
positive correlation, with good statistical sigo#ince (p<0.01), was established
between the bacterial and the enzymatic indicatossil quality.

The flood plain soil proved to be a good soil frtim enzymological and
bacterial point of viewBoth the enzymatic and bacterial indicators of soidlity
reached the highest values: BISQ = 4.815 and EI®@30. This values indicate the
presence of high enzymatic and bacterial potemtighese zones as compared with
the other analyzed zones.
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