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COMPARATIVE BIOMETRIC STUDY OF CRAYFISH
POPULATIONS IN THE ANINA MOUNTAINS (SW ROMANIA)
HYDROGRAPHIC BASINS

LUCIAN PARVULESCU ?!

SUMMARY. The paper presents data concerning the biomepiectss of
two crayfish species from the rivers of the AnintgsMhe stone crayfish
(Austropotamobius torrentiumand the noble crayfishAétacus astacls
The populations of the two species are not everdtriduted within the
three hydrographic basins of the investigated 8aezava, Catg and Nera.
Thus, through the discriminant analysis of the megkparameters we were
able to identify several parameters that provetiechighly related to the
differentiation of the studied specimens into hgdaphic basins; these
specimens have been afterwards the subject of M@V type analysis.
The study revealed that, whereasAhdorrentiumpopulations from th€ara
basin present high significantly differences in panison to the populations
analysed in the Nera basin, theastacugpopulations from the Caydpasin
differ significantly from those of the Bérzava lpagis far as the morphometric
differences between the two sexes are concernedmtst powerful and
visible distinctions that have been registeredfith species can be found at
the level of chela, propodus length, dactylus leragtd width of chela. The
maximum dimension of thA. torrentiummales, as well as the average of
these values, is very close to the female onegewhil theA. astacushe
differences between the sexes are much more signiifi

Keywords: Anina MountainsAstacus astacygustropotamobius torrentium
biometry, populations

Introduction

Freshwater crayfish residing in the Romanian aquetdosystems belong to
the Decapoda orders; they are represented by thdigenous species and an
invasive one (Parvulescu, 2009c). Among these,idigenous species are present
in the Anina MountainsAustropotamobius torrentiugschrank 1803) andstacus
astacugLinnaeus 1758) (Parvulescu 2009a). The main m&d the comparative
study regarding the biometry of different populasigs to point out the morphological
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similarities and dissimilarities between populasorthat are geographically
separated into different hydrographic basins, assalt of diverse environmental
influences Durié et al, 2006; Burbeet al, 1999; Papadopol and Diaconu, 1987;
Gutiérrez-Yurritaet al, 1996; Streissl and Hodl, 2002). Studies regarthiegthree
indigenous species of crayfish in Romania have laéssn published by Papadopol
and Diaconu, in 1987.

The investigated area, i.e. the Anina Mountaingyéated in southwestern
Romania; it has a surface of 770 %(Bencu, 1978) most of which is included in
two National Parks: Semenic-Cheile Gailai (Semenic — Caras Gorges) National
Park and Cheile Nerei-Bgnita (Nera Gorges - Beusnita) National Park. The area
of these mountains gathers three hydrographic sa8arzava, Casaand Nera,
basins that collect both surface water and grouatkmw The Caraand the Nera
rivers are the direct tributaries of the DanubeeRinand the Barzava River flows
into the Danube River, after the confluence with fimis River (Ujvari, 1972).
The A. astacusspecies lives almost exclusively in the Galmsin, with the
exception of the Buhui stream and the Céandeni RiV&e Nera basin shows
exclusively the presence of the speckestorrentium while the Béarzava basin
displays a mixture of populations from both spetiegt can be found in different
streams. (Parvulescu, 2009a).

Taking into consideration the quality of the aqudtabitats, the Barzava
basin is affected by a powerful anthropic impactijte upper stream there are three
artificial dams and various villages which cleadffect the water quality and,
implicitly, the quality of the aquatic fauna. Theper stream of the Car&River
presents a very low anthropic impact and registemsry high water quality, with few
punctiform exceptiondn the Nera Basin the anthropic impact is scattatedg the
small villages situated on the stream of the rankildutaries and that alter the
water quality, like in the case of the Céandeni krewhere almost an entire
popuation was destroyed as a result of the usageoodern detergents within a
traditional wash house. (Parvulescu, 2009b).

Materials and Methods

The biologic samples were collected in August 2808 June - July 2009,
in a total of 52 sampling stations, on all the pament waters in the upper sector of
the Béarzava, Cagaand Nera rivers. Each sampling station comprigddast 200
m of the river under investigation, with similarta@ing effort. The crayfish were
collected using active methods, i.e. direct hanthpdi]mg from the waterbed, by
checking the galleries within banks and the spheéseen roots or rocks.
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Fig. 1. The biometric parameters measured during the bidersttrdies
for the crayfish from the Anina Mountains

TL.
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The crayfish were identifiemh situ according to their morphological features,
sexed and measured. Subsequently, the specimeasseteiree exactly in the same
location where they had been captured. We havdelhbas population all the
specimens belonging to one species within eacheoftiree hydrographic basins. For
the biometric measurements we have used an eliecBtaick and Decker caliper with
the maximum width of 150 mm and an accuracy of On@h. The measured
parametergsee figure 1) are only those distances which atlesvfirm grip of the
measuring tool. The morphological characteristiecsasnred were: TL — total body
length, CTL - cephalothorax (shell) length, mTW aximum thoracic (shell) width,
RL - rostrum length (for the value that indicates liength of the rostrum we subtracted
from the value of the cephalothorax length (CTL® thalue of the post-orbital
cephalothorax length), 2AW — second abdominal sagmédth, TW — width of
telson, PL — propodus length, DL — dactylus leragtti CW — width of chela. We have
measured only the specimens that did not presgragign that both chelae have been
regenerated. All specimens have been measurecelsathe person. The specimens
that were smaller than 50 mm total body length lebtdoeen measured.

In order to show which of the measured parametegsrelevant for the
morphological differences, we have processed tha eath the help of the
discriminant analysis, a technique used to classiies into categorical-dependent
values that helps us obtain pairs of parametetsatieasignificantly different within
the lot of the measured data. The means, the sthadeaiations, the minimum and
the maximum as well as the ANOVA tests have alsnbraeasured. In order to do
this statistical analysis and to create the diagrame used the Statistica StatSoft
Inc. software (version 7.00 for Windows).

Results

During the investigations performed in the sumnw@r2008 and 2009 in
the rivers of the Anina Mountains, 115 specimensnfitheA. torrentiumspecies
and 73 specimens from tlde astacuspecies have been measured. The species are
not evenly distributed in all the thrégdrographic basins, according to the already
published data (Parvulescu, 2009a). Thus, forAhé&rrentiumspecies the most
representative streams have been the streams ddtaebasin. The species was
also found in the Cagaand Béarzava basins. As far as theastacusspecies is
concerned, the most representative have been b&rst from the Cagabasin.
The species was also found in the Barzava basiecesly in the reservoirshe
biometric data have been summarized in Tables 2and

According to the data from Tables 1 and 2, we aatice that the clearest
differences between the sexes are represented ebydithensions of the chelae.
However, we cannot use this difference alone ifweeto correctly make a distinction
between the sexes. Many and diverse situationsapagar in nature when the chela
may be abnormally well-developed: regenerationr diteakage, malformations etc
(Parvulesciet al, 2009).
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Table 1.

Biometric data (mm) for the A. torrentium species, measured during the summer
campaign of 2008-2009, in the Anina Mts. (N = numbef specimens).

Austropotamobius torrentium

Male (N=57) Female (N=58)
Parameter | Min -Max Mean + SD Min -Max Mean + SD
TL 50.0-94.0 69.07+ 10.862 50.53-93.34 | 67.16+ 10.403
CTL 23.7-48.9 345+ 6.01 24.6-44.37 | 31.46+5.512
RL 4.8-9.1 6.78+1.072 4.78-9.6 6.66+ 1.057
mTW 11.78-27.9 18.72+ 3.76 12.3-24.02 | 17.04% 2.907
2AW 6.17-20.9 15.33+ 2.737 11.5-25.43 | 16.97+ 3.486
T™W 5.9-13.7 9.42+1.789 5.93-14.1 9.37+1.884
PL 16.6-49.9 29.95+ 8.021 15.79-33.56 | 22.59+ 4,578
DL 10.08-28.5 17.23+4.75 8.91-20.45 | 13.21+2.757
Cw 7.8-19.6 13.05+ 3.235 6.75-13.2 10.05+ 2.036
Sex ratio 1:1.017

" Specimens smaller than 50 mm in total length madeen measured

Table 2.

Biometric data for the (mm) A. astacus species, measured during the summer
campaign 2008-2009, in the Anina Mts. (N = numberf@pecimens).

Astacus astacus
Male (N=39) Female (N=34)

Parameter | Min"-Max Mean + SD Min"-Max Mean + SD
TL 61.34-127.34 | 99.73+17.978 55.85-108.8 | 86.8+ 14.543
CTL 27.06-68.46 | 51.46+ 10.878 27.82-54.07 | 42.98+ 8.022
RL 5.21-18.8 12.1+ 2.671 6.45-12.6 10.49+ 1.779
mTW 15.45-49.97 | 28.82+7.621 14.42-29.31 | 23.24+ 4.63
2AW 13.17-31.09 | 22.93+4.31 12.34-28.26 | 21.97+ 4.655
T™W 7.34-18.14 13.23+2.414 6.83-14.7 11.38+2.278
PL 20.65-85.5 | 47.79+ 16.925 18.92-42.7 | 32.22+8.13
DL 11.69-48.36 | 28.08+ 10.181 10.99-25.6 | 19.2+4.778
CW 9.13-32.67 | 20.53+ 6.555 8.19-20.5 14.43+ 3.708
Sex ratio 1:0.871

" Specimens smaller than 50 mm in total length madeen measured

In order to compare the populations we have resddethe discriminant
analysis that allows to find the most powerful etated sets of values that could
differentiate the specimens from different hydrpfiia basins. Thus, the correlation
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matrix for theA. torrentium(Table 3) shows that the most powerful discringat
character is represented by the groups of valugmgus length — dactylus length (PL-
DL), propodus length — width of chela (PL-CW) aratiylus length — width of chela

Table 3.

Correlation matrix between the measured parameter$or the
A. torrentium specimens in the Anina Mts. in 2008-2009.

(DL-CW).

correl. TL
TL 1.00
CTL 0.91
RL 0.82
mTW  0.95
2AW  0.84
TW 0.75

PL 0.83
DL 0.82

CW 0.82

CTL

1.00
0.81
0.94
0.73
0.70
0.89
0.88
0.87

RL mTW 2AW TW PL DL CW

1.00
0.81
0.71
0.82
0.73
0.76
0.72

1.00
0.76
0.73
0.92
0.90
0.90

1.00
0.68
0.55
0.56
0.56

1.00

0.62 1.00
0.650.98 1.00
0.620.97 0.95 1.00

The correlation matrix for thé. astacus(Table 4) shows that the most
powerful discriminative character is representedth®y same groups of values that
are relevant for the previous species and by tta length — cephalothorax length

(TL-CTL).

Table 4.

Correlation matrix between the parameters measuredor the A. astacus
specimens in the Anina Mts. in 2008-2009.

correl.  TL
TL 1.00
CTL 0.97
RL 0.89
mTW 0.92
2AW  0.92
TW 0.80
PL 0.92
DL 0.91
CW 0.90

CTL

1.00
0.89
0.93
0.86
0.76
0.92
0.92
0.90

RL mTw 2AW TW PL DL CW

1.00
0.84
0.78
0.76
0.83
0.83
0.80

1.00
0.82
0.72
0.88
0.86
0.85

1.00
0.73
0.77
0.76
0.77

1.00

0.72 1.00
0.73.98 1.00
0.69.97 0.96 1.00
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In our studies, for the comparison of these pojriat we have used ratio
among these parameters. Therefore, for both speeiémve measured the proportion
between propodus and dactylus length, propodudHeangd chela width, dactylus
length and chela width and also total length amghatthorax length (table 5).

Table 5.

Rapports that show a discriminative character for he crayfish specimens measured
in the Anina Mts.

Austropotamobius torrentium Astacus astacus
Ratio between Abbreviation | Ratio between Abbreviation
parameters: parameters:
- - TL and CTL TL/CTL
PL and DL PL/DL PL and DL PL/DL
PL and CW PL/CW PL and CW PL/CW
DL and CW DL/CW DL and CW DL/CW

For our comparison between different populations ave used the
ANOVA test, in order to underline the differencestveeen specimens of the same
sex, from different hydrographic basins. The indiaals ofA. torrentiumspecies,
that inhabit mainly the Nera basin, have also Heend well represented in high
number of individuals in two streams of the Gdoasin and in five streams of the
Béarzava basin. According to the analysis of th@m@ims from Figures 2 A, B and
C the female populations of crayfish within theetlrinvestigated basins are not
significantly different. However, we may notice @egter resemblance between the
populations of the Nera and of the Barzava basins.

For A. torrentiumspecies the males have been captured in a ratal s
number of specimens in the Barzava basin; thahig Yor the data analysis only the
specimens captured in the Nera and Chesins have been taken into account. They
display statistically significant differences irethase of the ratio PL/CW (p=0.01971)
(Fig. 3).

TheA. astacuspecies was found in the Anina Mountains onljhim €aras
and Barzava basins; in the upper part of the BarZRiver the species was
discovered especially in reservoiésfter analyzing the distinct diagrams for the
two sexes, we can state that the female populafimm the two investigated
basins are significantly different concerning thtéa between propodus length and
chela width, as well as between dactylus lengthceda width (Figs 4 A and B).
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F(2, 55)=0.42758, p=0.65424
Vertical bars denote 0.95 confidence intervals
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F(2, 55)=0.56337, p=0.57253
Vertical bars denote 0.95 confidence intervals
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Fig. 2. ANOVA tests for the female specimensAftorrentiumfrom Nera, Barzava and
Carg hydrographic basings —for the ratio PL/DL;B —for the ratio DL/CW;
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F(2, 55)=1.4621, p=0.24062
Vertical bars denote 0.95 confidence intervals
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C hidrographic basin

Fig. 3 (continued).ANOVA tests for the female specimensfoftorrentiumfrom Nera,
Béarzava and Cagdnydrographic basin€- for the ratio PL/CW

F(1, 54)=5.7764, p=0.01971
Vertical bars denote 0.95 confidence intervals
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2,24
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Fig. 4. ANOVA tests for the male specimens ofAetorrentiumfrom Nera and Casa
hydrographic, for the ratio PL/ICW
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F(1, 32)=4.3007, p=0.04623
Vertical bars denote 0.95 confidence intervals

2574

2,6

2,5

2,4

2,3

A. astacus (PL/CW ratio)

2,2

251

2,0

Astast: Barzava Astast: Caras
hidrographic basin
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1,50

1,45

1,40
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A. astacus (DL/CW ratio)

1,30
%25

1,20

R

F(1, 32)=4.8867, p=0.03433
Vertical bars denote 0.95 confidence intervals

Astast: Barzava Astast: Caras
hidrographic basin

Fig. 5. ANOVA tests for the female specimensAafastacusrom the Barzava and Cara
hydrographic basing\ —for the ratio PL/CWB —for the ratio DL/CW

The A. astacugnales analyzed in the Barzava basin have beenrealpin

a much smaller number, impossible to analyze itally.

Discussions

Taking into account the obtained results, we cammiibate several
sentences regarding the biometric aspects obsérvélde measured specimens
during the summer campaigns of 2008 and 2009 iA\ttiea Mts.
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>For Austropotamobius torrentium

1. The maximum dimension of the specimens regartbtay length (TL)
varies between similar limits for males and femalbe largest male specimen has
a total body length of 94.00 mm, while the largkshale has a total length of
93.34 mm. In comparison with the results existinghe literature the size of the
biggest male is with 11.9% larger, while the siethee female is with 16.75%
larger the than those measured by Papadopol armbriig1987), on a population
from the Nera hydrographic basin (on theara river).

2. The body characteristics that have registeredgiteatest differences
between the sexes proved to be the parametere afhidlas: the propodus length
(PL) being 24.57% smaller for the females thantfier males, the dactylus length
(DL) being 23.33% smaller for females than for rsaded the chela width (CW)
being 22.98% smaller for the female population tfeerthe male population

3. The average values that have turned out to gbehifor the male
population are the total length (TL), the cephabodix length (CTL), the rostrum
length (RL), the maximum thoracic width (mTW) ar ttelson width (TW). For
the second abdominal segment width (2AW), the geevalue of the measured results
favors the female population.

>For Astacus astacus

1. The maximum dimension of the total length (Tlgvdrs the male
population, the largest specimen measuring 127134 whereas the largest female
measured 108.80 mm. In comparison with the resxitsting in the literature, the
size of the larger male is with 2.79%, more reduedtle the size of the female is
with 2.85% more reduced than those measured bydepphand Diaconu (1987)
on a population from the north-eastern part of Rum&rom the Bicazu Lake).

2. The body characteristics that have registered dgreatest differences
between sexes turned out to be the cephalothonaghgCTL) which was 16.47%
smaller for the females than for the males, theimam thoracic width (mTW)
being 19.36% smaller for the females than for tladesy as well as the parameters
of the chelas, namely the propodus length (PL) kvligc35.58% smaller for the
females than for the males, the dactylus length) (@hich is 31.62% smaller for
the female population than for the male populatom the chela width (CW)
which proved to be 29.71% smaller for females ttommales.

3. All the average values measured are largerhiermale population in
comparison to the female population even for tlomseé abdominal segment width
where, due to the eggs, the females should berlarge

Conclusions

Concerning the difference between the populatidndied in the Anina
Mountains, the\. torrentiumpopulations present high significantly biometrifetences

13
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between Caggand Nera hydrographic basins. A possible explandtr the current
situation can be represented by the geographisatai®n. Is known thak. torrentium
occupies entirely the Nera hydrographic basin aopufates only two creeks of
Cara basin.

The difference between the astacuspopulations, we can ascertain that
the populations are significantly different in t8arg basin as opposed to the ones
measured in the Barzava basin. In the case of fingaBa hydrographic basin, and
due to the heterogeneity of the populations, weasmume that a restocking in the
area of the barrier lakes can be accomplished,apoop documents still have not
yet been found.
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STRUCTURE AND DYNAMICSOF PREDATOR MITE
POPULATIONS (ACARI-MESOSTIGMATA) IN SHRUB
ECOSYSTEMSIN
PRAHOVA AND DOFTANA VALLEYS.

MINODORA MANU!?

SUMMARY. The researches of the edaphic predator mite’safé@nari-

Mesostigmata), were made in three shrubs ecosysiistereti and Cornu

in Prahova Valley and Lunca Mare in Doftana Vall@@. species were
identified. Each studied area was characterizedh laifferent number of
species and numerical density. The relative saihitlity and the type of
vegetation, specifically for each shrub ecosysténilienced the monthly
dynamics of the mite populations and their distiisuon the soil layers.

Keywords: Acari, mite, populations, shrub ecosystem

Introduction

Similar to other soil mesofauna, population develept of Mesostigmata
is very much influenced by microclimate, which dege® on the structure of the
herbaceouas plants, shrubs or trees and on teeléter (Koehler, 2000; Sadaka
and Ponge, 2003; Minor and Norton, 2004; Ruf anckB2005; llieva-Makuleet
al., 2006; Lindberg and Bengtsson, 2006; Bradfoetlal., 2007; Salmane and
Brumelis, 2008). The soil is their preffered hab#ad the dynamics is influenced
by different abiotical factors (temperature, pH,mdity, altitude) and by the
abundance and quality of the food source (Bowm@ay7 LNielsen, 1999; Halagt
al., 2005; Berg and Bengtsson, 2007; Bullinger-Welal, 2007; Heckmanat al,
2007;Lenoir et al, 2007) Mesostigmata mites do not change soil structunglant
productivity directly. However, as predators, tlimfjuence population dynamics of
the other organisms and thereby have an indirdetctebn overall ecosystem
performance (Koehler, 1999; Ruf and Beck, 200518ahaet al. 2006).

Studies on the dynamics of the predator mite pdjpusa are made
especially in forests. Species number varies frérimlundisturbed open grasslands
or shrubs to 25 in ruderal sites and 30-40 in tsréSkorupski, 1997, 2001; Ruf,

! Romanian Academy, Institute of Biology, DepartmeftEcology, Taxonomy and Nature
Conservation, street Splaiul Indepen@gmo. 296, code 0603100, PO-BOX 56-53, fax 04R29@71,
tel. 040212219202, Bucharest, Romania, E-mail eskrsminodora_stanescu@yahoo.com
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1998; Cortet, 2002; Rudt al, 2003; Hemerik and Brussaard, 2002; Gwiazdowicz
and Klemt, 2004; Gwiazdowicz and Kmita, 2004 aréscu and Gwiazdowicz,
2004; Colemana and Whitman, 2005; Seelstral, 2005; Sinescu and Juvara-
Bals, 2005; Moraza, 2006, 2007). There are also diffege in the abundance of
mites among different habitats: their density canab high as 2000 ind./sg.m. in
shrubs, 10000 ind./sg.m. in undisturbed meadowd, ewren 50000 ind./sq.m. in
forests. Studies concerning the structure and digsaaf the soil mite populations
(Mesostigmata) are many, in our country as welinaBurope, and were made in
different types of habitats (Georgescu, 1981; Solgr985; Skorupski, 1997, 2001,
Ruf, 1998; Koehler, 1999, 2000; Salmane, 1999, 2@IM1; Gwiazdowicz and
Szadkowski, 2000; Madej, 2000; Honciuc andn8scu, 2003; Masan, 2003; Ruf
et al, 2003; Sinescu and Gwiazdowicz, 2004; Masan and Fenda, Zoid; et

al., 2005; Moraza, 2006, 2007;agescu and Honciuc, 2006; Gwiazdowicz, 2007;
Manu, 2009; Skorupskeét al, 2009). In Romania, there are few studies on the
spatial and temporal dynamics of the mite poputetim shrub ecosystems in hilly
areas (PaucContnescuet al 2000, 2004, 2005, 2008; Honciuc and Manu, 2008;
Manu, 2008). Therefore any research regarding gpecific habitat could offer
important scientific information .

Material and M ethods

The study was conducted in 2006, in three diffesimtib habitats in three
localities in Doftana Valley (Lunca Mare villagehda Prahova Valley (Cornu and
Nistoresti villages).

The ecosystem from Lunca Mare is an alluvial shaktaracteristic for a
hilly-montain area, witlSalix purpureaR 4418) (Dont et al, 2005). It is situated
at N 45° 20’ 40,1” and E 025° 74’ 51,3", at 485 m.la on a flat surface. The soil
is sandy-clay, with an increased humidy. The plasgociation isSaponario —
Salicetum purpuredBr.-Bl. 1930) The dominant species of arbustive plants are:
Salix purpurea, Cornus sanguinea, Ligustrum vulg&ebus caesius.

The ecosystem from Cornu is an alluvial shrub,attaristic for a hilly-montain
area, withSalix pupuregR 4418) (Dorti et al, 2005) It is situated at N 45° 10" 24,6”
and E 025° 42’ 37,6", at 440 m a.s.l., in a flafage. The alluviabandy — clayoil has
an incresead humidity. The plant associatioBaliceto (eleagni) — Hippophaétuan.-
Bl.et Volk 1940. The dominant plants afalix purpurea Frangula alnus, Cornus
sanguinea, Ligustrum vulgare, Viburnum opwodViburnum lantana.

The ecosystem from Nistateis alluvial shrub withHippopha rhamnoides
Salix eleagno¢R 4417) (Dorta et al, 2005) It is situated at N 45° 10’ 03,8” and E
025° 41’ 23,6”, on 510 m altitute, in a plane stefarhe alluviakoil has an incresead
humidity. The vegetal associationSaliceto (eleagni) — Hippophaétudn.-Bl.et Volk
1940. The dominant plants andippopha rhamnoides Salix purpurea Cytisus
nigricans Ligustrum vulgare
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Soil samples were collected randomly. Ten sampla® these areas were
collected with MacFadyen soil core (5 cm diametap,to 10 cm deep, on three
layers: litter and fermentation (L),humus)Ssoil (S). The extraction was
performed with a modified Berlese-Tullgren extracto ethylic alcohol and the
mite samples were clarified in lactic acid. Thenfécation of the mites from the
Mesostigmata order was carried out to the speeieal [(Gilarov and Bregetova,
1977; Hyatt, 1980; Karg, 1993; Masan and Fenda4 200

The statistical analysis was performed with MS €xfiExcel 2007. The
parameters studied were numerical density (noimals/sg.m.), relative abundance
(A%) and Shannon- Wiener diversity index (HS).

The humidity of soil was measured (Table 1).

Tablel.
Average of relative humidity of soil (%) recorded in 2006.
Soil level Cornu Nistoreti Lunca Mare
(cm)
0-10 27.38 £1.42 22.56 £5.94 34.44 +1.32
10-20 19.13+£7.61 22.39+5.72 19.05+1.11
20-30 20.21 +2.15 18.13£6.18 12.61 +£2.36
30-40 22.28 +0.28 20.52 £8.12 18.44 + 0.89
Average 22.25+0.94 20.98 + 6.49 21.14+0.21

Results and Discussions

The identification of collected material reveatbd presence of 29 species
of predatory mites (Acari: Mesostigmata) belongittg the following families:
Parasitidae, Veigaidae, Rhodacaridae, Macrochelida@achylaelaptidae,
Laelaptidae, Eviphididae, Zerconidae, Trachytidd#ppodidae. The highest
species number was recorded at Nistibrd 7 species), while the other sites had
lower species numbers (Cornu -15 species, Lunca M& species). The common
species identified for the three ecosystems weysigamasus lapponicus, Veigaia
nemorensis, Zercon triangulari§rachytes aegrotand Uropoda sp. (Table 2).

Making a comparative analysis of the annual nucatdensities from the
studied ecosystem, we can remark that the mostased values were recorded at
Cornu and Nistorgi (7900 ind./sg.m. and 7800 ind./sg.m.) and atdauMare the
most decreased value (6400 ind./sg.m.). In tempadyabmics, a comparison of
this parameter showed that at Lunca Mare, the Ibwadses were obtained in May
and the highest in August.
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Table2.

Mite speciesidentified in studied ecosystems

Species Lunca Mar¢ Cornu  Nistgtie
Lysigamasusp. +
Lysigamasus lapponicugagardh, 1910 + + +
Lysigamasus neoruncatell&&hweizer, 1961 +
Leptogamasus tectegynelléthias-Henriot, 1967 +
Leptogamasus parvullBerlese, 1903 +
Eugamasus magnd&amer, 1876
Veigaia nemorensi€.L.Koch, 1839 + + +
Veigaia exiguaBerlese, 1917 +

Veigaia transisala®udemans, 1902
Rhodacarellus silesiaclillmann, 1936
Asca aphidoidetinne, 1758

Asca bicornigCaneastrini and Fanzago, 1887 +
Hypoaspis mile8erlese, 1892
Hypoaspis aculeife€aneastrini, 1883
Geholaspis mandibulariBerlese, 1904
Macrocheles carinatu€.L.Koch, 1839
Macrocheles decoloratuS.L.Koch, 1839
Macrocheles montanwillmann, 1951 +
Pachylaelaps furcife©Oudemans, 1903 +
Olopachys suecicuSellnick, 1950
Eviphis ostrinu<C.L. Koch, 1836
Zercon triangularisC.L.Koch, 1836 + +
Zercon peltatu€.L.Koch, 1836
Prozercon sellnickBchweizer, 1948
Prozercon traegardhiHalbert, 1923
Trachytes aegrot&.L.Koch, 1841 + + +
Uropodasp. + + +
Dynichussp.

T o+ 4+ o+
+

s + + + 4

The decreased numerical structure in Lunca Mape@ally in May, after
the snow was melted) is due to the flood periodciviaffected the habitat of these
predator mites (the organic matter, where they tiiredfood). The temporal evolution
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of the numerical densities was different in theeotlecosystems. At Cornu, in
autumn, the predator mites had a favourable ewwiuin comparison with spring,
when was recorded a decreasing of the populatioecosystems from Nistaite

in spring and autumn months, due to the favourhldedaphical conditions (more
increased humidity), the gamasid populations irsmda their number of
individuals. In august they decreased consider@te 1.).

O Lunca Mare
m Cornu
4500 H Nistoresti

5000

4000 -

3500

3000+

2500+ --------

no.ind./sq.r

2000

1500

1000+ --------

500+ -

May August October

Fig. 1. Numerical densities of the mite’s populations frthra studied ecosystems.

Taking account of the soil levels, on the litterdafermentation layer,
where were recorded the highest values of the htmighetween 27,38%-
35,95%), the predator mite’'s populations had thestmiocreased numerical
densities, in all studied areas. The litter andnéstation layer through broken up
structure, provided development of the gamasidseiter conditions, in comparison
with humus and soil layer. In the soil leveb)(®ere identified the most decreased
number of individuals, with exception of the ecdsys from Lunca Mare. (Fig. 2.).
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Fig. 2. The numerical densities of the mite’s populations
from the soil layers of the studied ecosystems.

In this area, the 13 identified species had a tutaherical density by 6400
ind./sq.m. To this value a great contribution wasupht by the following species:
Veigaia nemorensjg$seholaspis mandibularidtHypoaspis aculeifeand Trachytes
aegrota(Fig. 3.).

Geholaspis mandibularigs a higrophilous species, which had a wide
ecological tolerance, ocurring varied habitatslites, humus, detritus, moss, lichens,
ant-hills). Macrocheles carinatus a euritopic species, although apparently hygimys,
it also survive in substrates soaked with wateiir(@sdation zones of flows) (Masan,
2003; Schmolzer, 1995).

In spatial dynamics, at Lunca Mare, in the litteid &ermentation layer
were recorded the highest values of the numerieakities, in comparison with
humus and soil, where these values were more dmiealthough the number of
identified species doesn’t vary too much. The flester of the soil is a proper
habitat for development of other invertebratesifgpails, nematods, enchytreids,
etc), which are the food source for the gamasidsli@ and Proctor, 1999).
Analysing the temporal dynamics of the speciesrdityeand numerical structure,
was showed that in august were recorded the higlaksts and in may, the smaller
ones (Fig. 4) (Table 3).
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Fig. 3. The numerical densities of the dominant mites udistd ecosystems.

Table 3.

Species diversity (Shannon - Wiener index) of theidentified
mites speciesin studied ecosystems

Ecosystem May August  October  Annual
Lunca Mare 2.25 2.82 2.61 3.23
Cornu 1.37 3.47 2.85 3.29
Nistoresti 2.73 3.2 2.78 3.75

In ecosystem from Cornu were identified 15 speait) 7900 ind./sq.m.
In humus layer was recorded the most increased auwibspecies, than in litter
and fermentation layer and in the last was thelag#ér. The humus, which had a
reach content of organic matter, action as a tagbhadditional substratum,
determining by its structure an increasing of thecges number, providing to the
mites optimal environmental conditions.

In temporal dynamics was obtained a high specifierdity in august and a
small one in may. From the numerical density poihview, the most favourable
evolution of the mite populations was in octobed #me less propitious in may. In
autumn, developing of the litter and fermentatiayel is faster, this habitat being
prefered by the majority of descomposer invertelsrdtom soil-trophic source for
gamasids (Fig. 5.) (Table 3).

23



M. MANU

£ Totolyeal
0 October
& August
o May

100%-

90%-

80%-

70%-

60%-

509
40%
309 |

20%-

10%-

0%

Fig. 4. The numerical densities and the number of specidseahite’s,
in soil layers in ecosystem from Lunca Mare.

The dominant species wekeigaia nemorensig\sca aphidoidedHypoaspis
aculeiferand Uropoda sp. (Fig.3).

These are in majority predator species {&sigaia nemorensis, Asca
aphidoide} and poliphagous (as$ypoaspis aculeifeyBuryn and Brandl, 1992; Karg,
1993; Walter and Proctor, 199%eigaia nemorensiandHypoaspis aculeifeare very
spread species, occuring various habitats and fbeinlations are characterised by a
high number of individuals (Salmane, 1999, 200hg $mall dimension of the species
Asca aphidoide$310 um) allows its to migrate in soil till 20 aepth, being able to
survive in unfavourable environmental conditionsil(githout organic matter, very
decreased humidity — till 16%, high temperatureygKler, 1999; Gwiazdowicz,2007).

In ecosystem from Nistogt, the mesostigmatid species (17) recorded a
total numerical density of 7.800 ind./sq.m. The mivereased values of this
parameter were obtained by the following predapecies:Leptogamasus parvulus
Veigaia nemorensisTrachytes aegrotawith exception of the last one, which is
fungivorous. Their dynamics depends directly of fihed availability and indirectly
of the environmental factors (Koehler, 1999) (9. On the edaphon level, in the
first layer was identified most increased numberspécies and individuals, in
comparison with humus and soil layers, where tHeegof these parameters were
more decreased.
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Fig. 5. The numerical densities and the number of specidseahites, in soil layers
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Fig. 6. The numerical densities and the number of speciestes, in soil layers
in ecosystem from Nistogg.
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The monthy analysis of the total numerical densktgwed that in october
was recorded the highest value, very closed to ftioat may, when due to the
development of the litter-fermentation layer an@ tmore increased soil humidity, the
mite’s populations had a favourable evolution. Tieedaphical condition from
august determined the increase of the speciessitiveand a decrease of the
numerical density, in the same time (Fig. 6.) (€ahl).

All these structural and dynamical differences b tpredator mite
populations were due to the specific vegetationtargbil humidity, characteristic for
each studied area.
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LEAF-BEETLES (COLEOPTERA, CHRYSOMELIDAE) FROM THE
AREA BISTRI TA BARGAULUI- COLIBI TA- PIATRA
FANTANELE, A PART OF “NATURE 2000”

CUSMA SITE (NE ROMANIA)

ALEXANDRU CRI SAN*

SUMMARY. A number of 68 leaf beetle species from 9 subfasihnd
32 genera were found in a research made in thenNmid North-Eastern
parts of Cusma Nature 2000 Site, district of Besthasaud (Romania). Two
endemic species and other 24 rare ones were reve@aleysomelinae
subfamily and the genefahrysolina, Longitarsusnd Cassidawere the
best represented ones. The hygrophilous herbs froimuBii de Sus
valley was the habitat with the largest numberpecées, so as a mezzo-
hygrophilous lawn in Piatra Fantanele. Some otladithts are important
by their rare or endemic leaf beetle species.

Keywords: leaf-beetles, Cusma “Nature 2000” Site, spedssdistribution
in habitats

Introduction

Researches made in this area on leaf-beetles waasdi part of the works
started by a research group, in order to substantie inclusion of the “Guna”
site (Bistrta-Nasaud district, Romania) in the "Nature 2000” Europdzrological
Network. It represents the Northern and North-Basparts of the proposed site.
At first, it were established the most represemgatiabitats of the area, in some
representative points: Bigii Bargului river meadow, Popasupoimului (the
falcon halt);Soimului de Sus valley (all situated dawn strearthefColibta barrage),
than: Colibia-Mita zones, around the Colibilake; the Toader’s valley; theilbidan
valley; the area dul Zanelor to Stmior glade; the area Piatra Fantanele to Vinului
glade (the all situated upstream of the Cadilliarrage). In these areas we checked
forest habitats (beech forests, mixed forests titdad-leaved species, mixed forests
with PiceaandFagus pure spruce forests); river meadow habitats {&llUforests
with Alnus and Salix species, alluvial bushes and clearings); lawnthtbiriver
meadow lawns, sub-mountain and mountain lawns ageamds). No investigations

! Faculty of Biology and Geology, Babes-Bolyai Unsity of Cluj-Napoca,
E-mail: acrisan@hasdeu.ubbcluj.ro
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on leaf-beetles group in the area are known insihecific Romanian literature
(Bobarnac, 1974; Balogt al, 1997; Cran,1993 a,b, 1994, 1995, 2004, 2006 a,b;
Crisan and Teodor, 1994, 2003, 2005:s&ni and Bonea, 1995; n and Drugy
2001; Crsanet al, 1998, 1999, 2000, 2003; Fleck, 1905; Grakual, 1993; lenitea,
1968, 1974; lentea and Negru, 1975; llie, 2001; llie and Chimis2000; Konnert-
lonescu, 1963, Maican and Serafim, 2001; Marcuy 19328, 1936, 1957; Negru, 1968,
Negru and rgca, 1967; Rgca, 1973, 1974, 1976; Seidlitz, 1891; S#eal, 1995).

Material and mMethods

The above-mentioned habitats were investigatechguhe summer 2008
and leaf-beetles adults were collected using aectnset. Barber traps were also
positioned and monthly checked, in each type oftAalCollected insects were put
on 80% alcohol and kept dry till the identificatiorade in the laboratory, using an
appropriate literature (Kaszab, 1962-1971; Kippeglkend Doberl, 1994; Mohr,
1966; Panin, 1951; Petri, 1912; Rozner, 1996; Warksky,1993,2003.)

Results and Discussion

In the table below we present, in taxonomical grtte leaf beetle species
identified in the area Bista Bardwului — Colibta — Piatra Fantanele, indicating
also the date of collection, the number of caugidividuals, the relative
abundance, the place and the habitat in which pezies were collected. We
identified a number of 68 species of leaf beeftesn 9 subfamilies and 32 genera.
It represents a great biodiversity of the groupthe investigated area. More
significantly, most of some common leaf beetle g®can important number of
rare and endangered species were identified iratb&, in almost each of the leaf
beetle subfamilies. For these, the investigatedh amay constitute a good
ecological refuge. From the species considered aack endangered, comparing
with the citations for other parts of the countsed the references!) we emphasize:
Donacia aquaticai Plateumaris affini{Donaciinae)Qulema erichson{Criocerinae),
Cryptocephalus quinquepunctatasd Cryptocephalus biguttatu&Cryptocephalinae),
Chrysolina rufa ssp.squalidaChrysolina marcasitica, Chrysolina cuprina,
Chrysolina lichenis, Oreina virgulata, Oreina bidata, Hydrotassa marginella,
Chrysomela collaris, Gonioctena quinquepunctata, ni@ctena interposita,
Gonioctena intermedia(Chrysomelinae), Galerucella tenella (Galerucinae),
Longitarsus rubellus, Longitarsus languidus, Assti@ femorata, Sphaeroderma
rubidum, Dibolia criptocephala, Dibolia chrysocepha Psylliodes subaenea
(Halticinae), Cassida stigmatica(Cassidinae), so that as endemical ones:
Sclerophaedon carpathicusand Sclerophaedon carniolicus(sin Phaedon
transsylvanicus The presence of these species arises the véltle @one as a
protective and conservative area .
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Table 1.

List of the leaf beetle species from the area Bista Bargaului-Colibi ta- Piatra
Fantanele a part of the Nature 2000, “Cusma” Site

Nr. Subfamily/ species Date| Nr. | Rel. Place of capture/
Crt. Ind. | ab. % | habitat
I. DonaciinaeKirby, 1837
1 Donacia (Donacia) aquatica 30.07| 1 0,19 -qul Zanelor, hyg.
(Linnaeis, 1758) herbs
2 Plateumaris (Juliusiana) affinis 26.06 | 18 3,49 -Piatra Fantanele,
(Kunze, 1818) hyg. herbs
3 Plateumaris (Juliusiana) consimilis | 26.06 | 8 1,55 -Piatra Fantanele,
(Schrank, 1781) mezo-hyg. veg.
31.07 |1 0,19 -Mita, Toader’s
valley, hyg. veg.
Il. Orsodacninae Thomson, 1859
4 Orsodacne ceragLinnaeus, 1758) 26.06 1 0,19 -Piatra Fantanele,
mezo-hyg. veg.
Ill. Criocrinae Latreille, 1807
5 Oulema (Haspidolema) erichsoni 24.05| 1 0,19 Soimului de sus,
(Suffrian, 1841) valley, association
with Coryllus
6 Oulema (Oulema) melanopus 3004 | 1 0,19 -Colibita, mez. lawn
(Linnaeus, 1758)
IV. Clytrinae Kirby, 1837
7 Labidostomis longimané.innaeus, 26.06 | 1 0,19 -Piatra Fantanele,
1761) mez. mountain lawn
30.07 | 1 0,19 -Colibita, S. of lake
mez. lawn
8 Smaragdina auritgLinnaeus, 1761) 220% 1 0,19 -Coltdiriver
meadow orBalixsp.
V. Cryptocephalinae Gyllenhal, 1813
9 Cryptocephalus (Cryptocephalus) 04.05| 1 0,19 -Bistra Barduului,
quinquepunctatugScopoli, 1763) river meadow herbs
10 Cryptocephalus (Cryptocephalus) 26.06 | 50 9,69 -Piatra Fantanele,
hypochoeridigLinnaeus, 1758) mez. lawn
29.07 | 7 1,35 -Piatra Fantanele,
mez. lawn
30.07 | 2 0,38 -Taul Zanelor, hyg.
herbs
30.07 | 12 2,32 -Colibita, S of lake,
mez. lawn
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Table 1. (continued)

Nr. Subfamily/ species Date| Nr. | Rel. Place of capture/
Crt. Ind. | ab. % | habitat
11 Cryptocephalus (Cryptocephalus) 26.06 | 8 1,55 -Piatra Fantanele,
sericeugLinnaeus, 1758) mez. lawn
29.07 | 2 0,38 - Piatra Fantanele,
mez. lawn
30.07 | 3 0,58 - Colibita, S of lake,
mez. lawn
30.07 | 3 0,58 -PopasuBoimului,
mez. lawn
30.07 | 1 0,19 -Colibita, mez. lawn
12 Cryptocephalus (Cryptocephalus) 26.06 | 5 0,96 -Piatra Fantanele,
bipunctatugLinnaeus, 1758) mez. lawn
29.07 | 1 0,19 -Piatra Fantanele,
mez. lawn
30.07 | 1 0,19 - Colibita, S of lake,
mez. lawn
13 Cryptocephalus (Cryptocephalus) 26.06 | 1 0,19 -Piatra Fantanele,
moraei(Linnaeus, 1758) mez. lawn
30.07 | 5 0,96 - Colibita, S of lake,
mez. lawn
14 Cryptocephalus (Cryptocephalus) 26.06 | 1 0,19 -Piatra Fantanele,
biguttatus(Scopoli, 1763) mez. lawn
15 Cryptocphalus (Burlinius) bilineatus | 22.05 | 1 0,19 - Soimului de sus
(Linnaeus, 1767) valley hyg. veg.
30.07 | 2 0,38 - Colibita, S of lake,
mez. lawn
VI. Chrysomelinae Latreille, 1802
16 Leptinotarsa decemlineat&ay, 1824)| 24.06 1 0,19 - Soimului de sus
valley hyg. veg.
26.06 | 1 0,19 -Piatra Fantanele,
mez. lawn
17 Chrysolina (Sphaerochrysolina) rufa | 01.05 | 6 1,16 - Soimului de sus
(Duftschmid, 182psqualida(Suffrian, valley hyg. veg.
1851) 240519 | 3,68 - Soimului de sus
valley hyg. veg.
22.05]| 2 0,38 - Soimului de sus,
valley, Barber trap
22.05| 3 0,58 -Popasuloimului,
river meadow herbs
22051 0,19 -PopasuBoimului,

beech forest, Barber
trap
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Table 1. (continued)

Nr. | Subfamily/ species Date| Nr.| Rel. Place of capture/
Crt. Ind. | ab. % | habitat
18 Chrysolina (Sphaeromela ) varians 0105 | 1 0,19 - Soimului de sus valley
(Schaller, 1783) hyg. veg.
2405 | 2 0,38 - Soimului de sus valley
hyg. veg.
25.06 | 1 0,19 -Colibita, mez. lawn
Barber trap
2406 | 2 0,38 -Taul Zanelor, hyg. veg.
-Piatra Fantanele, mezg
26.06 | 1 0,19 hyg. veg.
-Taul Zanelor, hyg. veg.
3007 | 1 0,19
31.07 | 1 0,19 -Mita, Toader's, valley,
hyg. veg.
30.07 | 2 0,38 -Colibita, mez. lawn
19 Chrysolina (Ovostoma) olivie(Bedel, 0405 | 1 0,19 -Bistrita Bargului, river
1892) meadow herbs
2405 | 1 0,19 - Soimului de sus valley
hyg. veg.
2406 | 1 0,19 -Colibita, mez. lawn
20 Chrysolina (Menthastriella) herbacea | 24.05 | 1 0.19 - Soimului de sus valley
(Duftschmid, 1825) association with
Coryllus
24.06 | 10 1,93 - Soimului de sus valley
hyg. veg.
21 Chrysolina (Cyrtochrysolina) marcasitica 28.05 | 2 0.38 Soimului de sus valley
(Germar,1824) Barber trap
22 Chrysolina (Hypericia) cuprina 30.07 | 1 0,19 - Stegea valley, broad
(Duftschmid 1825) leaved trees and bushes
23 Chrysolina (Chrysolina) staphylea 2205 | 2 0.38 -Popassbimului, river
(Linnaeus, 1758) meadow herbs
24 Chrysolina (Heliostola) licheniichter, | 22.05 | 1 0,19 Soimului de sus valley
1820) Barber trap
25 Oreina (Allorina) caerulegOlivier, 1790) | 01.05| 1 0,19 -Soimului de sus valley
hyg. veg.
2405 | 12 2,32 -Soimului de sus valley
hyg. veg.
25.06 | 3 0,58 -Colibita, mez. hay-land
- Piatra Fantanele, mez
26.06 | 26 5,03 clearing
- Piatra Fantanele, mez
2907 | 1 0,19 clearing
26 Oreina (Virgulatorina) virgulatgGermar, | 24.05 | 2 0.38 Soimului de sus valley,

1824)

hyg. veg.
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Table 1. (continued)

Nr. | Subfamily/ species Date | Nr.| Rel. Place of capture/

Crt. Ind. | ab.% | habitat

27 Oreina (Intricatorina) intricata(Germar, | 04.05 | 1 0,19 -Bistrita Bargului, river

1824) meadow herbs
2305 | 1 0,19 -Bistrita Bargului,
herbsSalixsp.
2405 | 3 0,58 - Soimului de sus valley,
hyg. veg.
25.06 | 3 0,58 -Colibita, mez. hay-land
- Piatra Fantanele, mez|
29.07 | 6 1,16 lawn
- Colibita, S de lac, mez
30.07 | 7 1,35 hay-land
28 Oreina (Allorina) bidentatdontems, 2406 | 6 1,16 Soimului de sus valley,
1981 hyg. veg.
29 Gastrophysa viridulgDe Geer, 1775) 24.06 12 2,32 -Taul Zanelor, herbs
with Rumex crispus
26.06 | 1 0,19 - Piatra Fantanele, mez|
lawn
30.07 | 12 2,32 -Taul Zanelor, herbs
with Rumex crispus

30 Sclerophaedon carpathicif8eise, 1875 26.06/ 64 12,4 - Piatra Fantanele, on
Calthasp.,in pure
spruce forest

31.07 | 4 0,77 -Mita, Toader’s valley,
hyg. veg.

31 Sclerophaedon carniolic&ermar 1824), 30.07 1 0,19 -Stegea valley, on
Calthasp. in broad-
leaved trees and bushe

32 Hydrotassa marginell@Linnaeus, 1758) 24.06 1 0,19 -Taul Zanelor, on
submersible veg.

31.07 | 2 0,38 -Mita, Toader’s valley,
submersible veg.

33 Plagiodera versicolora (Laicharting, 1781)  24/085 6,78 -Colibia, onSalixsp.

34 Linaeidea (Linaeidea) aenéginnaeus, | 23.05 | 4 0,77 -Colibita, onSalix

1758) 24.05 | 11 2,13 - Soimului de sus valley,
hyg. veg.
22.06 | 3 0,58 - Soimului de sus valley,
hyg. veg.
28.07 | 2 0,38 -Mita, alluvial forst with
SalixandAlnuson
Dalbidan valley
35 Chrysomela (Pachylina) datis 2305 | 1 0,19 -Colilg, onSalix
(Linnaeus, 1758) capraea
36 Chrysomela (Chrysomela) populi 29.07 | 1 0,19 -Piatra Fantanele, on
Linnaeus, 1758 Populus tremula
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Table 1. (continued)

Nr. | Subfamily/ species Date | Nr.| Rel. Place of capture/
Crt. Ind. | ab.% | habitat
37 Gonioctena (Goniomena) quinquepunctata24.05 | 1 0,19 Soimului de sus,
(Fabricius, 1787) valley, hyg. herbs and
bushes
38 Gonioctena(Goniomena)interpos{feranz | 30.07 | 1 0,19 -Popasul Soimului,
et Palmen 1950) beech forest
39 Gonioctena (Goniomena) intermedia 3007 | 1 0,19 Popasul Soimului
(Helliesen, 1913) beech forest
40 Phratora (Phratora) tibialigSuffrian, 1851)| 24.05 1 0,19 | Seimului de sus,
valley onSalix sp
41 Phratora (Phratora) vitellinagLinnaeus, 2406 | 1 0,19 Soimului de sus,
1758) valley onSalix sp.
42 Phratora (Chaeroceta) vulgatissima 2305 | 4 0,77 -Colilpg, onSalix sp.
(Linnaeus, 1758)
43 Timarcha (Metallotimarcha) metallica 2205 | 2 0,38 Soimului de sus,
(Laicharting, 1781) valley, Barber traps
44 Timarcha (Timarchostoma) goettingensis| 25.06 | 1 0,19 -Bistra Bargului,
(Linnaeus, 1758) alluvial forest with
SalixandAlnus
VII. Galerucinae Latreille, 1802
45 Galerucella (Neogalerucella) tenella 26.06 | 1 0,19 - Piatra Fantanele,
(Linnaeus, 1761) mez. lawn
46 Lochmaea capreag.innaeus, 1758) 04.08 5 0,96 -Bistrita Bargului, on
Salix sp.
2305 |1 0,19 -Bistrita Bargului, on
Salix sp
2405 | 14 | 2,71 -ValeaSoimului de
sus, orSalix sp
a7 Galeruca (Galeruca) tanacdfiinnaeus, 24.06 | 2 0,38 - Soimului de sus,
1758) valley, hyg. veg.
28.07 | 2 0,38 -Mita, hyg. veg. on
Dalbidan valley
48 Luperus flavipegLinnaeus, 1767) 3007 1 0,19 - Piatra Fantanele,

mez. lawn
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Table 1. (continued)

Nr. | Subfamily/ species Date | Nr.| Rel. Place of capture/
Crt. Ind. | ab.% | habitat
VIIl. Halticinae Newman 1834
49 Longitarsus (Longitarsus) rubellus 3007 | 1 0,19 - Colia, S. of the lake,
(Foudras, 1860) mez. lawn
50 Longitarsus (Longitarsus) brunnaeus | 25.06 | 1 0,19 -Popassibimului, river
(Duftschmid, 1825) meadow
51 Longitarsus (Longitarsus) tabidus 3004 | 1 0,19 -Colit, mezo-hyg.lawn
(Foudras, 1860)
52 Longitarsus (Longitarsus) languidus 3007 | 1 0,19 -Popasbimului, river
(Kutschera, 1863) meadow
53 Longitarsus (Longitarsus) nugrofasciatiis22.05 | 1 0,19 Soimului de sus, valley,
(Goeze, 1777) Barber traps
54 Altica oleracea (Linnaeus, 1758) 24.051 0,19 - Soimului de sus, valley,
mez. veg.
2406 | 1 0,19 -Taul Zanelor, on herbs
- Piatra Fantanele, mez.
26.06 | 1 0,19 lawn
55 Batophila fallaX\Weise, 1888 22058 2 0,38 Seimului de sus, valley,
Barber traps
56 Asiorestia femoratéGyllenhal, 1813) 24.06 1 0,19 -Taul Zanelor, hyg. veg.
Mita, Toader's,valley hyg
3107 | 1 0,19 veg.
57 Crepidodera auratg§Marsham, 1802) 23.08 9 1,74 -Bistrita Bargului, on
Salix sp
2405 | 1 0,19 - Soimului de sus, valley
on Salix sp.
2406 | 2 0,38 -Colibita, onSalix caprea
58 Sphaeroderma rubiduf®raells, 1858) 30.07 1 0,19 -Caldimez. lawn
59 Dibolia (Dibolia) cryptocephaldKoch, | 26.06 | 1 0,19 -Popasbimului, river
1803) meadow
60 Dibolia (Dibolia) crysocephaldKoch, 26.06 | 2 0,38 - Piatra Fantanele, mez
1803) lawn
61 Psylliodes (Psylliodes) naffrabricius, 25.06 | 1 0,19 -Popasul Soimului , bee
1792) forest
62 Psylliodes (Psylliodes) subaenea 2506 | 1 0,19 -Popasul Soimului beeg
Kutschera, 1864 forest
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Table 1. (continued)

Nr. | Subfamily/ species Date| Nr.| Rel. Place of capture/
Crt. Ind. | ab. % | habitat
IX. CassidinaeGyllenhal, 1813
63 Cassida (Odontionycha) viridis 04.05 | 5 0,96 -Bistrita Bargiului
Linnaeus, 1758 alluvial forest with
SalixandAlnus
24.05| 14 2,71 - Soimului de sus,
valley, hyg. veg.
24.05 | 3 0,58 - Soimului de sus,
valley, association
with Coryllus .
24.06 | 4 0,77 - Soimului de sus,

valley, hyg. veg.
24.06 | 2 0,38 -Taul Zanelor, on
herbs

28.07| 1 0,19 -Mita, hyg. veg. on
Dalbidan valley
64 Cassida (Cassida) rubigino<a.F. 2406 | 1 0,19 -Taul Zanelor, on
Muller, 1776 herbs

29.07 | 1 0,19 -PopasuBoimului,
alluvial forest with
SalixandAlnus,
Barber traps

65 Cassida (Cassida) stigmatiGuffrian, | 26.06 | 1 0,19 - Piatra Fantanele,
1844 mezo-hyg. veg.
66 Cassida (Cassida) vibekinnaeus, 2405 | 1 0,19 -Popasfibimului,
1767 alluvial forest with
SalixandAlnus
67 Cassida (Cassida) pannonica 23.05| 1 0,19 -Colibita, grazed lawn
Suffrian, 1849 -Piatra Fantanele,
26.06 | 1 0,19 grazed lawn
68 Cassida (Cassida) prasiridiger, 29.07| 1 0,19 -Colilba, mez.lawn,
1789 Barber trap

Abbreviations: Nr. Crt.= current number; Nr. Ind.= number of imbluals; Rel. ab.= relative
abundance; hyg.= hygrophilous; mezo-hyg.=mezzopfgious; veg.= vegetation; mez.=
mezophilous; S.= South; sp.= species

Reffering to the distribution of the registered@ee on subfamilies (Fig. 1.),
the Chrysomelinae subfamily have had the greatesbar of species, indicating the
mezophilous to mezzo-hygrophilous character ofitgrity of the habitats existing in
the investigated area. Also great number of specssregistered in Halticinae and
Cryptocephalinae subfamilies, indicating the preesicsome mezophilous or mezzo-
xerophilous habitats, areas preffered by the ngjofi the species of these groups.
Concerning the gnera, the best representeddigssolinagenus (Fig. 2.) with a large
variety of sub-genera (see also Table 1.), followgdryptocephalus, Cassidand

39



A. CRISAN

Longitarsus showing the presence both of mezzo-hygrophilodsnaezzo-xerophilous
habitats, as well as typical mezophilous ones. hapo is the fact that, over the
presence of some common genera, also rare on#sefaountry’s fauna are present,
like Hydrotassa, Sclerophaedon, Sphaeroderma, Dibdligs fact accentuate the eco-
protective value of the researched zone.

30—

25—

20—

159 =

10

Donaciinae
Orsodacninae
Criocerinae
Clytrinae
Chrysomelinae
Galerucinae
Halticinae
Cassidinae

Cryptocephalinae

Fig. 1. The distribution on subfamilies and number of geof the leaf-beetles
registered in the area BisaiBardului-Colibita- Piatra Fantanele.

Reffering to the leaf-beetle biodiversity in diffet habitats of the studied
area, (Fig. 3.) we registered a spread of the epamn habitats in accord with the
different ecological demands of each leaf -betlecEs or group. Having in mind the
ecological characteristics of the habitats existimghe area, as we expected, the
greatest number of leaf —beetle species was regisiie the herbous vegetation along
the Soimului de Sus valley (see column”d” in Fig, &here the plant biodiversity was
also great, like in the mezophilous lawn from tli&r® Fantanele zone (column ,p”,
Fig. 3.).Other types of habitats are also imporanecological refuges for different
rare or endemic species, even the number of spleeiesregistered was not so great.
So was for example the case of the hygrophilougtedign in the spruce forest in
Piatra Fantanele area (column “n” Fig. 3.), whieerire endemic specigslerophaedon
carpathicusfound the best life conditions.
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Fig. 2. The distribution on genera and number of spediéisedeaf-beetles
registered in the area Bis&riBardiului-Colibita- Piatra Fantanele
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10+

Fig. 3. The distribution of th number of leaf beetle specin habitats in the area BistBargului -
Colibita- Piatra Fantanele-(Bistrita Bardiului, river meadow herb®:- Popasuf§oimului,
mezophilous lawng- Stegea valley, clearing in a mixed forestSoimului de Sus valley,

hygrophilous herbg-Soimului de Sus valley, mezophilous association ®tinyllus f —
Soimului de Sus valley,mezophilous vegetatgprSoimului de Sus valley, dBalix sp; h — Colibia,
mezophilous lawni;— Colibia, onSalix capreg j — Colibia, South of the lake, mezophilous lawn;

k — Taul Zanelor, mezo-hygrofilous vegetatidr;Toader’s valley, hygrophilous vegetatiom;

—Dalbidan valley, mezo-hygrofilous herlrs- Piatra Fantanele, @althasp.,in pure spruce forest;

o- Piatra Fantanele, mezo-hygrophilous vegetgtioRjatra Fantanele, mezophilous lawn).
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We estimate that the researched area on the wboltitute a good eco-
protective zone, fact illustrated also by the pneseof a few number of species in only
2-3 types of habitats, following the spread of pgh@nt species, these constituting
the single food source for this insect group. Ottedritat factors as the altitude, the
humidity, the temperature and luminosity mast Besainto consideration in the
analyses of leaf-beetle distribution in the habitat
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PLATFORM INITIATION, CLUTCH INITIATION AND CLUTCH
SIZE IN COLONIAL GREAT CRESTED GREBES
PODICEPS CRISTATUS

ANDRE KONTER?

SUMMARY. Data of platform initiation, clutch initiation andlutch size of
colonial Great Crested GrebBediceps cristatus were collected over a period of
four years and analyzed with respect to seasontdrpa and possible differences
between experienced birds and first-time breedexgaordinary large (above 5
eggs) and small (below 3 eggs) clutch sizes weatyaed separately and possible
cases of conspecific brood parasitism were docusdemtverage full clutch sizes
of Great Crested Grebes were seasonally decreasth@ was concluded that this
should be the norm. The seasonal decline in finat nentent was triggered by
seasonally increasing numbers of small clutchesrapdrallel decreasing numbers of
exceptionally large clutches. Also, parasitic egception increased average clutch
size more in early than in later clutches. Broothpitism was a major component
in exceptionally large clutches. At least for expeced birds, the not parasitized
clutch size should be comprised of 3 to 5 eggdei®ifices in nesting density inside
the colony could possibly explain part of the paiasgg laying. Adverse weather
conditions leading to the destruction of part & fhatforms were found to play an
important role, too. The breeding parameters aatagti with small clutches
pointed at a high likelihood that these could haviginated from inexperienced
females that could have laid later in the seasdnpanduced fewer eggs.

Keywords: brood parasitism, clumping of nests, clutch ititia, clutch size,
colonial breeding, experience, platform initiati®gdiceps cristatus.

Introduction

Clutch size in the Great Crested GrePedjceps cristatus) is variable and
ranges from 1-2 to 8-9 eggs (Dittberner 1996, Eild004, llicev and Flint 1985,
Vlug 1983), but more commonly is comprised betw8eand 5 (Dittberner 1996,
llicev and Flint 1985, Konter 2001, Melde 1973, 8ions 1989). Different studies
on the subject found seasonally decreasing clutets,sindependently from whether
the grebes nested solitarily or colonially (Blinewval. 1981, Fjeldsa 2004, Goc
1986, Henriksen 1992, Ulenaers and Dhondt 1991&. Mbst commonly accepted
explanation for this phenomenon is that experiengesbes breed earlier in the
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season and produce on average larger-sized clufthiesnexperienced grebes that
initiate their egg laying later (Bukacinskaal. 1993, Goc 1986, Henriksen 1992,
Lammi 1985in Ulenaers and Dhondt 1991).

According to Fjeldsa (2004), in grebes eggs caasicnally be laid in foreign
nests. While he expects this brood parasitism toelsively common in the least
hostile species, it might be rare in territoriaeGps even if these form colonies.
Moskal and Marsalek (1986) and Viug (1983) howeaegort of conspecific brood
parasitism in the Great Crested Grebe and Henrigd®96) found 8% of the nests in
his study to contain parasitic eggs. Grebes sedme tmable to differentiate between
their own eggs and those of conspecifics. Everetbases where Red-necked Grebes
(P. grisegena) raised chicks of Great Crested Grebes are knoviung(¥998) and
underline the difficulties grebes may have with eggpgnition.

To test the seasonal evolution in clutch sizegedkffit nesting parameters on
colonial Great Crested Grebes on the Dutch IJsselmere collected over four
breeding seasons. The study tried to respond tdolleving questions: Can the
principle of seasonally decreasing clutch sizes doafirmed for the colony
investigated? To what extent does parasitic eggdagnpact clutch sizes found and to
what extent could brood parasitism be related stimgedensity? How do exceptionally
large (over 5 eggs) or exceptionally small (1-2s¢dgll clutches fit into the picture?
What qualities could be attributed to individuaklge pairs that laid full clutches
outside the common range (3-5 eggs) of egg nunitietise species?

Study Area and Methods

Recording of nesting data of the Great Crested Grebes took place at the
Compagnieshaven of Enkhuizen, a yachting harbaatdd in the western part of the
Dutch Lake 1Jssel or 1Jsselmeer in spring from 2@023006. The harbour held three
groups of nesting pairs qualified as colonies egénse of Goc (1986) who arbitrarily
retained an average distance criterion of 10 ness between nest platforms to call a
Great Crested Grebe concentration a colony. Thengoinvestigated was the
Footbridge colony that was observed without distnde to the grebes from the
elevated footbridge just in front of the nestingaarThe colony was subdivided into 3
vegetated zones separated called Reed |, Reeddlirdzhes of ReeBhragmites
augtralis) and the Bulrush zone covered wikippha latifolia. The three zones were
separated by stretches clear of vegetation in lestwén addition, Reed Il was
generally wider and denser than Reed I. In eachgm for each observation period
consisting generally of 3 days over a weekendpliigorms present were recorded on
a 1:100-map of the area. The chronology of eadfopta and the progress in nesting
were noted. Generally, 2-3 observers were presiémtsivort interruptions from 14.00
to 19.00 hr on Fridays, 06.30 to 19.00 hr on Saisdand 06.30 to 12.00 hr on
Sundays. The nest contents were recorded eachatiniecubating grebe stood up.
Only first clutches, no replacement or second bigcare included in this study. For a
complete description of the area and the methedsenter 2005 and 2007.
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For all 4 years, seasonal changes in clutch siees analyzed with respect to
the dates of platform initiation and clutch initbet. Clutch sizes were also grouped
with respect to their degree of clumping. Clumpofgnests was expressed by the
number of neighbouring platforms within 3 m (Kon@®05). The measure of clumping
retained was taken at the moment when the maximemsity for the colony was
reached, independently from clutch initiation datésthe different nests. It was
considered that even if clutch initiation was earhen the degree of clumping was less,
the pressure from not yet settled grebes was piopalto later degrees of clumping.

Full clutches were classified into 3 categoriesesgling on the date of
clutch initiation: first egg laid before 11 Aprftom 11-20 April and after 20 April.
During the night from 8 to 9 April 2005, a stormstteyed most of the existing
platforms, whether containing eggs or not. Theefaalated data were analyzed
separately. Full clutch sizes were also classifi¢ol 4 categories depending on the
date of platform initiation: start of building in&ich, 1-10 April, 11-20 April, and
after 20 April. Only nests in the Reed zones of¢bny were considered as the
numbers of nests in the Bulrush zone were too dichin each year (between 17
and 23), and therefore did not warrant analysithéf data were distributed into
different time or clumping categories.

Full clutches of below 3 and above 5 eggs wereidered to be of abnormal
size. They were therefore identified and analyzgmhsately. The breeding parameters
of their owners (settlement date, clutch initiataate, time from settlement to clutch
initiation) were compared to the average figuredte colony as a whole.

While in 2003 and 2004, the content of each nestneeorded mostly only
once per observation weekend, in 2005 and 2006coestnts were recorded up to
3 times per observation weekend. In order to detecmalies in the laying patterns
of the grebes pointing to possible brood parasitisimcused on the 2005 and 2006
data of nest contents. The egg-laying intervalhia Great Crested Grebe ranges
from 1-2 days, but more often occurs every other @geldsa, 2004; Henriksen,
1995, Onno, 1966; Simmons, 1974). Nests were &lkedsas parasitized if an
average laying interval of less than 24 hours weigaled in a clutch or if the
addition of late eggs occurred more than 48 hoftes Eying of the previous egg.
Satistical Analyses. | used a one-way ANOVA to test for differences lintch size
among nesting-season periods (platform initiatiod alutch initiation) and nest-
clumping classes. Significant ANOVA resul8 € 0.05) were followed by Tukey
post hoc tests for pair wise comparisons. ANOVA and Tukests were performed
using the VassarStats web site for statistical aotapon
(http://faculty.vassar.edu/lowry/VassarStats.htrl).means are given + SD.
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Results
Seasonal Changesin Clutch Sze

Except for Reed | in 2003, the average clutch sfagests inside the Reeds
showed a seasonal decrease in relation to theoflatieitch initiation. While the
decrease was not significant for Reed | in moghefyears, it was significant for
Reed Il in all years. Aggregated figures for alaggedisplayed significant declines
for Reed | (P<0.05) and even highly significant loess for Reed Il (P<0.0001)
and for both Reed parts combined (P<0.0001). FedReand for all Reeds, the
pair wise comparisons of the values between th@dgerusing the Tukey test

proved significant decreases, too (Table 1).
Table 1.

Average full clutch size of grebe nests in the Regdh relation to the date of clutch
initiation (in parentheses number of clutches; for2005, clutches still incomplete and
destroyed by the storm on 8 April were not considexd).

Date of firstegg Before 11~ 11-20 April  After 20 Aprii  One-way ANOVA Tukey test
April
Mean + SD Mean + SD Mean+SD F- df P Periods that differ (P)

value
2003 Reedl 392+0.79(1358+108(12B3.82+040(11) 05 2,32 060

Reed Il 4.33x050(9) 3.77+0.95 (2250 0.62 (18)3.4 2,46 004 1-3(<0.05)
Total 4.10+0.70 (213.71 £ 1.00 (34)3.62 £ 0.56 (29)2.4 2,81 0.10
2004 Reed| 4.25+0.50(4) 4.25+0.45 (129 +0.70 (11)0.3 2,24 078
Reedll 4.33+058(3) 4.14+0.56 (22)50 + 0.89 (16)4.3 2,38 0.02
Total 429+0.49 (7) 4.18+0.52(38)74 £0.86 (27)3.8 2,65 003
2005 Reed| 4.87+0.83(8) 3.82+0.40 (1380 +1.13 (10)4.7 2,26 002 1-2,1-3(<0.05)
Reed |l  5.46+1.45(133.95+0.51 (203.58 £0.90 (12)14.0 2,42  0.0001-2, 1-3 (<0.01)
Total 5.24 +1.26 (213.90 £ 0.47 (31)3.68 +0.99 (22)18.7 2,71  0.0001-2, 1-3 (<0.01)
2006 Reed|l 4.38%0.74(8) 4.00+0.82(4) 3.90+QE) 1.1 2,19 034
Reed Il  4.69+0.79 (16}.44 +1.10 (183.67 £ 0.72 (15)5.4 2,46 0,008 1-3(<0.01), 2-3 (<0.05)
Total 458 +0.78 (24%.36 + 1.05 (22)3.76 + 0.66 (25)6.4 2,68 0.003 1-3(<0.01), 2-3 (<0.05)
Al Reedl 4.3120.82(328.90%0.75(39)3.90 £ 0.73 (42)3.3 2,110 0.04
years Reed |l 4.83+1.07 (41)%.06+0.84 (82)3.56 +0.76 (61)26.1 2,181 0.0001-2, 1-3, 2-3 (<0.01)

Total  460+1.00 (73401 + 08370 =+ 07(246 2,294 00001-2, 1-3 (<0.01), B
(121) (103) (<0.05)

Seasonal variation of clutch sizes in relation be start of platform
building exhibited a less clear trend although aegal tendency towards smaller
clutches for platforms started later appeared. rigaléach year separately, the
declines were only significant for Reed Il (P<0.@&)d for all Reeds (P<0.01) in
2005. For all years combined, early platforms imé&R# and in all Reeds contained
significantly bigger clutches than platforms built-20 April or after 20 April
(P<0.001; Table 2).
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Table 2.

Average full clutch size of grebe nests in the Regdh relation to the date of platform
initiation (in parentheses number of clutches).

Date of In March 1-10 April 11-20 April After 20 April One- way ANOVA Tukey test
platform Mean + SD Mean + SD Mean + SD Mean+SD F- df P Periods that
start value differ (P)

2003 Reedl 3.72+0.75(18) 388:125(8) 3.75x0B0 360:t055() 01 331 095
Reedll 400+075(26) 391+0.83(11) 338618) 329+076(7) 22 348 010
Total  3.89+0.75(44) 3.89+099(19) 350+QXE) 342+067(12L6 383 0.19
2004 Reed| 438:074(8) 4.20:042(10) 40080(6 400x081(4) 0.7 3,24 057
Reedll 417+058(12) 386+038(7) 370¥@M) 375+050(4) 14 3,29 026
Total  425+0.64(20) 406+043(17) 381+QE) 388+064(8) 20 3,57 012
2005 Reedl 423+101(13) 400058(7) 340%(534 367+058(3) 10 3,24 041
Reedll 490+134(21) 433+089(12) 36@7() 375+046(8) 40 3,46 0013 1-3(<0.05)
Total  465+125(34) 421+079(19) 357+{DY 373+047 (1146 3,74 0005 1-3(<0.05)
2006 Reedl 411:093(9) 420:084(5 429:(89 300:0(2) 15 3,19 024
Reedll 459+079(17) 422+094(18) 39139(11) 4.00+0(2) 12 3,44 034
Total  4.42+0.86(26) 4.22+090(23) 406+{1H 350+058(4) 14 3,67 024
Al Reed| 404087 (48) 407+078(30) 39156G2) 364:063(14L1 3,110 036
years Reedll 441+100(76) 4.12+084(48) 36899(38) 362+059(214 3,179 0.00011-3, 1-4 (<0.01)

Total 427 + 09¢410+081(78) 3.77+091(60) 3.63+060(35 3,293 0.00011-3, 2-4 (<0.05),
(124) 1-4 (<0.01)

When combining both criteria to analyze clutch size relation to the
dates of platform and clutch initiation (years 2@®6, Table 3), the results
revealed again seasonal declines in each categovwever, early settlers in March
2005 that rather quickly laid their first egg cauicted this trend. Due to
unfavourable weather conditions, the early settierslarch 2006 all had to wait
for an extended period of time before initiatingittclutches.

Data in Table 3 suggests that early settlers inchlatid not necessarily
quickly lay their first egg and that even waitingr fover 20 days before clutch
initiation was not exceptional among first settldbaita of 2005 were biased by a
storm that destroyed nearly all platforms in eahlyril. Thus, March-platforms
having received no egg when blown away were ndudtexd in the statistics. In all
years, some of the March-platforms experienced theich initiation over 30 days
after platform initiation while at the same timersm of the April-settlers laid their
first egg within a few days.

49



A. KONTER

Table 3.

Average full clutch size in the Reeds in relationa the date of platform initiation and
the time span from platform initiation to clutch initiation in 2005 and 2006 (in
parentheses number of clutches).

Date of platform In March 1-10 April 11-20 April After 20 April
initiation 2005 2006 2005 2006 2005 2006 2005 2006
Time span <6days 3.67(3) -- 425(8) 4.38(8) 4.00(12) 4.20(10) 3.71(7) 3.50(2)

SD 1.15 0.89 0.74 0.80 1.32 0.49 0.71
6-10days 4.20 (10) 4.83(6) 3.86(7) 4.33(9) 3.67(3) 4.20(5 350(2) --
SD 1.03 0.983 0.69 1.22 0.58 0.48 0.71 -—-
>10days 4.95(19) 4.30(20) 4.00(3) 3.75(4) 267(3) 350@) -
SD 1.47 0.801 0 0.50 1.53 0.58 - -

Nesting Density and Clutch Sze

Nesting density was measured by the degree of éhgnfhumber of
neighbouring nests within 3 m) and clutches wermped accordingly (Table 4).
In both Reed zones, nests clumped at degree @hedderage the largest clutches
in 2003, 2004 and 2005, but not in 2006. In 200&5tH most heavily clumped
contained the largest clutches and in nests clunapettgrees 0 or 1-2, markedly
smaller average clutches are observed (Figure 1).

4.60

4.40

4.20 ~

4.00 ~

3.80 -

3.60 -

3.40

0 1-2 3-4 >4
degree of clumping

- -k -2003 —m -2004 —e— 2005 —O—2006

Fig. 1. Average clutch size in relation to degree of &snping
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Inside the Bulrush zone, comparisons were difficdie to the limited
amount of data and the generally lower nesting ilerend the results have to be
considered with care. In all years, non-clumpedsbsld more eggs than nests
clumped at degrees 1-2. In 2003 and 2005, highgreds of clumping resulted in
increasing average clutch sizes. In 2006, a gradealine of clutch size with
increasing degrees of clumping was noted, andtteigl was exactly opposite to
the evolution inside the Reeds in the same year.

The pattern of clumping for the colony as a whokswgimilar to that for
the Reeds, with no uniform pattern for the foursygeriod of this study. One-way
ANOVA testing of the evolution of clutch size inlaton to the degree of clumping
performed for the colony as a whole neverthelessaat significant differences in
clutch size for 2006 (P<0.005) and for all yeambmed (P<0.05; Table 4).

Table 4.

Average full clutch size in the grebe colony in ration to nest clumping (in
parentheses number of clutches).

Section  Number of 2003 2004 2005 2006 All years

clumped nests Mean+SD Mean+SD Mean+SD Mean+SD Mean +SD

Reed | &Il 0 4.00+0 (2) 433+052(6) 4.408®(5) 380+045(5) 4.17+0.62(18)
1-2 369+1.03(13) 4.06+0.68(16) 4.14+@) 3.70+0.48 (10) 3.95+0.76 (61)
34 371+0.92(34) 3.86+0.85(21) 421+128 4.27+0.88(22) 3.99+0.99 (105)
>4 3.89+0.69(38) 4.07+0.65(29) 4.20+128)( 4.42+0.98(38) 4.15+0.96 (130)

Bulrush 0 4.00+0 (1) 433+058(3) 360+0®8 367+058(3) 3.83+0.72(12)
1-2 3.40+0.84(10) 356+053(9) 3.44+191(3.55+0.69(11) 3.49+0.76 (39)
34 400+063(11) - 4.00+0 (1) 3.00+0(1) 3.92+0.67(13)
>4

Colony 0 4.00+0 (3) 433+050(9) 4.00+0%9@)( 3.75+0.46(8) 4.03+0.67 (30)
1-2 357+0.94(23) 3.88+0.67(25) 3.94+(®H 3.62+0.59 (21) 3.77+0.79 (109)
34 378+0.88(45) 3.86+0.85(21) 4.21+129) 4.22+0.88(23) 3.98+0.96 (118)
>4 3.89+0.69(38) 4.07+0.65(29) 4.20+128)( 4.42+0.98(38) 4.15+0.96 (130)

One-way F-value 0.8 13 04 4.7 33

ANOVA  df 3,105 3,80 3,91 3,86 3,374
P 0.47 0.28 0.75 0.005 0.019

Tukey test  Periods that 2-4 (<0.05)
differ (P)

Exceptionally Small Clutches

Inside the Reeds, full clutches with a maximum @&g®s summed up to a
total of 10 in all 4 years (Table 5). With resptecthe average clutch initiation date
inside the Reeds for the colony as a whole (thatvsl little variation over the 4
years and was 16 April £1day), 6 pairs initiateditttlutches later, 1 on the mean
date and 3 earlier. The average numbers of wadag from platform to clutch
initiation inside the Reeds for all years combinggle 17 days for March platforms, 10
days for first decade of April platforms, 6 days $econd decade of April platforms
and 5 days for later platforms. From the 6 late Iselatches, 2 platforms were
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started in March and waited 28-33 days before vaugia first egg. One platform
was started in the first decade of April and cluichiiation was 21 days later.
Three platforms appeared in the second decade of &pd waited 2, 7, and 15
days before egg laying started. The nest with blindiation on the average date
appeared in early April and held its first egg Eysllater. For the 3 early clutches,
the platforms appeared in March' dnd 2° decade of April and egg laying started
respectively 20 days, 20 days and 5days later.

Nine of the 10 nests with small clutches were clachpith at least 3 other
nests (Table 5). The last nest, already built towanid-March in 2003, held 2
eggs and was not clumped. It was located withiherapoor stands of Reed and
had the nearest neighbour at 3.65 m. Clutch imtiabccurred a bit more than one
month after platform initiation.

Table 5.

Total number of full clutches with one or two egggsmall clutches) versus number
with more than five eggs (large clutches) in relatin to nest clumping 2003-2006.

Reeds Bulrush
Number of clumped nests Number of

clumped nests
0 0 0 0 0 5 6 7 8 0 1 2 >3

Small-large 1-1 0-0 01 6-2 0-2 11 0-6 1-2 1-2 1-0 20 2-0 0-0
clutches
Total clutches 16 16 34 42 35 29 35 19 11 18 22 41 66

% that are small 6.7 O 0 143 O 34 0 5.3 9.1 56 91 49 O
clutches
% that are large 6.7 O 29 438 57 34 171 105 182 / / / /
clutches

In total 5 small clutches were counted in the Bstrzone (Table 5). The
average clutch initiation dates were quite variabler the 4 years and they were
25 April 2003, 25 April 2004, 16 April 2005 and ¥pril 2006. The average
numbers of waiting days from platform to clutchtimtion inside the Bulrush for
all years combined were 21 days for March platforirisdays for first decade of
April platforms, 5 days for second decade of Apidtforms and 4 days for later
platforms. With respect to these dates, 2 smaitbks were initiated later and 3 on
the average dates. For the 2 late clutches, thfoptes were started in March and
in the third decade of April and they waited for &id 6 days before holding an
egg. For the 3 others, 2 platforms appeared in Mard needed 26 and 39 days
before egg laying was started, the other was buthe second decade of April and
received a first egg within 2 days. The five sntdlitches were recorded in nests
clumped at degrees 0 (n=1), 1 (n=2) or 2 (n=2).
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Clutch initiation dates of all small clutches fellice into the first decade
of April, 5 times into the second and 8 times ittte third. Thus, the number of
small clutches goes seasonally increasing (Table 6)

Table 6.
Summary of characteristics associated with small atches in the Reeds
and in the Bulrush.

Clutch initiation with respect to average date forthe colony
Earlier On the average date Later
Platform 3 — 4 —— 8 T
Initiation Waiting time from Waiting time from Waiting time from
(D=decade) pl_a_tfo_rm to clutch _plg_tfo_rm to clutch _plg_tfo_rm to clutch
initiation Initiation initiation
Below Above Below Above Below Above
average average average average average average
March 1 2 3
1D April 1 1 1
2D April 1 1 1 2
3D April 1
Total 1 2 1 3 1 7

Exceptionally Large Clutches

All 17 full clutches with more than 5 eggs werdall@ the Reed zones and
none of them was recorded in 2003 (Table 5). 1&e$e clutches were started
prior to the average laying date for the ReedspflilBem more than 5 days earlier,
the other 3 just 1 or 2 days earlier. Thd" Tlutch was initiated on the average
date. 10 of the really early large clutches knepladform initiation in March and
they waited for 4, 6, 11, 12, 12, 17, 18, 20, 28 28 days before receiving a first
egg. 2 platforms appeared during the first decddapeil and waited for 6 days
each before initiating a clutch and one platformsvegarted during the second
decade of April to hold an egg 3 days later. Fer3ftlutches initiated just prior to
the average date, one platform appeared in Marchreceived an egg after 26
days, the remaining 2 were initiated in the firatade of April and held an egg 5
and 10 days later. The only clutch started on teyage day knew its platform
initiation during the second decade of April andwch initiation 4 days later.

15 of the 17 clutches (88%) occurred in nests ckanpith at least 3 other
nests and 10 (59%) in nests clumped with at leaastiditional nests. One nest
holding a full clutch of 6 eggs was located in aroa& part of Reed I. It was
clumped with 2 other nests and had its nearesthheigr at 2.3 m. The platform
started on 25 March 2005 received its first egdpohpril. The last platform was
located at the beginning of Reed Il where the samidvegetation were much
spaced and therefore prohibited having very clasghbours. It was started on 20
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March 2005 and received its first egg on 15 Amdme days after the storm. The
next nest was at a distance of 3.9 m. Nesting petens associated with large
clutches are summarized in Table 7.

Table 7.
Summary of characteristics associated with large gtches in the Reeds
and in the Bulrush.

Clutch initiation with respect to average date forthe colony
Earlier On the average date
Platform 13 — - 4 — -
Initiation Waiting time from platform to clutch | Waiting time from platform to clutch
(D=decade) initiation initiation
Below On Above Below On Above
average average average average average average
March 5 1 4 1
1D April 2 1 1
2D April 1 1
Total 6 3 4 2 1 1

* including 3 clutches laid 1-2 days prior to the average date

Nests with Possible Parasitic Eggs

To test the hypothesis that large-sized clutchegmage been laid by more
than one female, data collected in 2005 and 200& vamalyzed with respect
irregular laying patterns (laying interval < 24 h>48 h) to detect possible cases
of brood parasitism.

In 2005, a Storm Night of 8-9 April reduced mosttloé platforms, whether
containing eggs or not, to floating heaps (Kor280Q7). 7 pairs (6 inside the Reeds and
one inside the Bulrush) salvaged at least one eddtereafter 6 of them exhibited an
irregular egg laying pattern receiving in total mimum of 10 parasitic eggs (9 inside
the Reeds, 1 one inside the Bulrush). Two clutciéseggs and one clutch of 4 eggs
inside the Reeds were completely destroyed dutireg storm. The replacement
clutches initiated shortly afterwards were parzeiti 5 times. One additional clutch
started immediately after the storm received 2 eggfslaid by the owners. In
summary, 9 Reed and 1 Bulrush nests containeeé anith 16 and 1 parasitic eggs.

5 Reed clutches initiated in the second decadepdf ik 2005 were subject to
parasitism and received in total 7 eggs afteriadginterruption of 3 days and longer.

In 2006, 7 early clutches in the Reed zone receeasth one egg after a
prolonged laying interruption (3-15 days). In thelfBsh section, 2 early nests also
received each one late egg. 3 Reed clutchesdditiatthe second decade of April were
subject to late parasitism and received a totdl efigs after laying interruptions of
6-13 days.
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Deducting detected egg parasitism from clutch sipesan values were
reduced by 0.43 to 4.81 eggs in early April 2008 by 0.45 to 3.45 eggs in mid-
April 2005. In 2006 the respective decreases wk8e29 and 0.39 to 4.29 and 4.05
eggs. It is also noteworthy that in 2005 for 6 ¢éadutches out of 9, parasitic egg
reception was proved whereas in 2006 this wasdbke for 5 out of 7. From the 17
large clutches in total, 11 were initiated in thrstfdecade of April, 6 in the second
and none in the third.

Discussion

The asynchronous platform and clutch initiationGseat Crested Grebes
revealed in this study appears to be rather commam in colonial nesting of the
species (Berthoud, 1963; Blinat al., 1981; Henriksen, 1992; Koshelev, 1977;
Koshelev and Chernichko, 1985; Legtsal., 1969; Van 1Jzendoorn, 1967). At least
for the Netherlands, the asynchronies could beelarsiggered by the migratory
behaviour of the grebes and their arrival at theting grounds in distinct periods
whereby late birds are migrants and may be morgesutp extended pre-laying
periods, depending on their body conditions upama(Ulenaers and Dhondt 1991).

Concerning clutch size evolution, | found only 2idés that observed
seasonal increases of mean clutch sizes. Bukaciska(1993) differentiated between
colonial and non-colonial grebes on the same lakhile seasonal clutch size
increased by 0.4 eggs in colonial birds, it demdirby +0.7 eggs in non-colonial
birds. Including all nests in a single calculatiomwever resulted in a slight seasonal
decline of £0.15 eggs. Leys et al. (1969) studirelGreat Crested Grebes at a site
directly adjacent to Lake lJssel and found clutitess first to increase and to
decrease later. The habitat originated only towtresnid-1960s and therefore could
not receive from the start grebes returning toeeding site known from previous
years. It recorded extraordinarily high losseslofcbes and platforms (152 nests out
of 263 were destroyed in 1967), mostly due to waatéon. Direct food availability
was poor and the adults were forced to fly to tharhy IJsselmeer to feed. This
suggests that the habitat was problematic, esheaally in the season, and it
should therefore have been avoided to a large elteaxperienced grebes or more
generally by grebes physically in condition to Igett better sites. We conclude
that under normal conditions, average full clutites of Great Crested Grebes
should decrease seasonally.

Ulenaers and Dhondt (1991) explained the decreafsasst contents not
by age differences of the grebes, but by differsrinebody conditions of locally
wintering and late arriving grebes: females in geamhdition immediately start
laying, otherwise they wait and possibly lay smiatlatches. This study found that the
seasonal decline in final nest content was not dnlygered by seasonally
increasing numbers of small clutches (1 or 2 edgg$arallel, numbers of exceptionally
large clutches (over 5 eggs) decreased seasofally.parasitic egg reception increased
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average clutch size more in early than in latetcbles and potential parasitism was
not detected in any late clutch. It seems alsor dleat early clutches were more
prone to the reception of foreign eggs simply bsedhey existed early when settlement
pressure built up. Brood parasitism was proved9% ®f the exceptionally large
clutches laid in 2005 and 2006 and it could noekeuded in the remaining 31%.
Parasitic egg laying was thus a major componergxinaordinary large clutches
which in turn contributed to high average clutchesi This is in agreement with
Vlug (1983) who found the modal clutch of Greatsied Grebes in the Netherlands to
hold four eggs and clutches of seven and more aggdaid most times by two
females. Blinowet al. (1981) and Goc (1986) support this thesis. O#inguments

in favour of the limitation in normal clutch sizeeathe maximum numbers of
fledglings of 3 to 4 in the species and the findirtg Lyon and Everding (1996)
predicting that a non-parasitized full clutch ofr&h Grebes. nigricoallis holds 3

or 4 eggs and never exceeds 4 eggs while, simiarGreat Crested Grebes, larger
clutches occur. We conclude that, at least for e&peed Great Crested Grebes, a
not parasitized clutch should range between 3 asgys.

Lyon and Everding (1996) found nest density touefice brood parasitism
in the Eared Grebe; high levels of aggressionadl& dense nesting may provide
more opportunities for a parasitic female to sneato a momentarily undefended
nest. We then could expect more parasitic eggeser nesting parts of a colony
and therefore generally increasing clutch sizes witreased clumping. This was
indeed the case in the colony investigated he2906 and for all years combined,
but the pattern for the 4 years taken separately med uniform. Nesting density
might therefore only be one out of several factffecting brood parasitism and
may not play a predominant role. Considering ondyraordinary large clutches
(that had a good chance of having been parasitizeel)found no homogenous
attributes other than generally early platform ahakch initiation (prior to the
mean dates for the colony). It appeared howevdratiaerse weather conditions
leading to the destruction of a more or less ingrpart of the platforms might
push brood parasitism at least momentarily to higheels. At Lake Braband,
Henriksen (1996) found that 30% of the females tlosir clutch before completion
through nest destruction and he expected platfosm o be responsible for a more
or less important part of parasitic egg laying.

Vlug (1998) argued that fierce nest defence by ralogrebes is possibly
an attempt to prevent brood parasitism on theitsndehavioural tactics so far
evolved to avoid parasitism may then still be ifisignt and would only limit the
degree of conspecific brood parasitism in the g®eci

Analyzing small clutches more in detail, we obsdntkat their platform
initiation dates were mostly late, their waitingndis until clutch initiation generally
above average (80%) and their start of egg layewyimed either on the average date
for the colony as a whole (27%) or later (53%).sThattern could of course be
explained by the differences in migratory decisiamsl in body conditions of the
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grebes. Other explanations are however possibie Eservation of a prime nesting
space coupled with delayed clutch initiation megm®longed exposure to
aggressiveness of neighbours and new settlers ighdehergetic costs for platform
defence. It is rather unlikely that grebes in paloysical conditions would then invest
in early site occupation. They would possibly bdtdveoff by first refiling their
energetic reserves outside the nesting habitabteerto the colony later. We may also
ask to what extent birds in poor physical condgiarould be able to defend a platform
in a highly competitive context. If we consideraddition that experienced grebes can
be expected not to unnecessarily prolong theirepasinside a stressful colony and to
initiate their clutches with minimal delay, habitaid weather conditions permitting,
early settlement coupled with delayed clutch itigia would better fit with birds
lacking experience. In line with the preceding, ¢/[2002 for the Red-necked Grebe)
speculated that young females lay later in theosgegm®ssibly also as a consequence of
delayed reproductive development of first-year wd of their lack of experience for
coping appropriately with high levels of intrasfieciaggression, and Goc (1986)
predicted that clutches of 3 and fewer eggs baioygung females.

In conclusion, Great Crested Grebe colonies areruomy composed of a
mix of birds from all age classes and seasonaltyedesing average clutch sizes are
the norm for the species. This evolution reliesooe hand on in time decreasing
numbers of extraordinary large clutches and orother on increasing numbers of
small clutches. Not parasitized full clutches axpeeted not to exceed 5 eggs,
otherwise they are laid by more than one femalenspecific brood parasitism
decreases gradually in time. The exceptionally kiclatches are initiated later,
possibly in their majority by inexperienced femalemder abnormal conditions,
deviations from these general patterns are possiadeitional research should
analyze to what extent younger birds could setfldyein the season and what
characteristics are then associated with theiimgst
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A MATHEMATICAL MODEL FOR AN EPIDEMIC
IN AN OPEN SOCIETY

MOHAMMAD REZA MOLAEI"

SUMMARY. In this paper a mathematical model for an infestidisease
in an open society is introduced. The parametetthisfmodel are time
dependent, and it is an extension of the susceptifectious and removed
(SIR) models. This model has this ability to deternithe speed of
recovery rate to protect the society from an epidem

Keywords: mortality rate, recovery rate, per capita birtlR &odel

Introduction

Theory of infectious disease epidemics is baseanathematical models
for the epidemics. Beside its applications in epidogy it brings many bright
mathematical results in dynamical systems (Baudah Barn, 2003, Earret al.,
2000, Korobeinikov and Maini, 2004). In the susdadpt infectious and removed
(SIR) model and its extensions, the society iseddoand its parameters such as per
capita birth and mortality rate are constant numbkr this paper we consider an
open society. It means a society in which individwenter it and leave it. Moreover
its parameters are time dependent. For examplénthenza infection in which
passengers have essential role in its infectiontlaisdnodel can apply for it. In the
next section we introduce this model and then vesvsihat it is an extension of the
previous models (Farkas, 2001). Moreover we firdavery rate as a function of
a time as a limitation for the speed of recoveryptotect the society from an
epidemic of a disease.

The model

We denote the number of individuals at titri®y x(t). St) is the number of
individuals who have no immunity to the infectioagent. We denote the number
of individuals who are infected at tinteand can transmit the infection to the
susceptible individuals bit). R(t) is the number of individuals who are immune to

! Department of Mathematics, University of Kerman (Shahid Bahonar), 76169-14111, Kerman, Iran.
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the infection and their contacts to the others havany effect to the transmission.
We denote the number of offspring and dead peopkime t by B(t) and D(t)
respectively b(t) andd(t) are the per capita birth and the mortality ratéirae t
respectively. In fact if we choose a discrete sriale 7 as a unit time, then the
per capita birth and the mortality rate at tihecan be approximated by
B(t+7) - B(t) and D(t+7)—-D(t)

X(t) X(t)
g(t) is the rate of those who leave the society at tirffeg(t) = 1-d(t) and if there is
no any infection themx(t)g(t) is the number of those survive at timheand
x(t)g(t)e(t) is the number of those who leave the societynag ti x(t)g(t)e(t)b(t) is
the number of those who are born at tinty the people who leave the society and
take their offspring with themselves.

We denote the rate of those who enter the soatetiynet by c(t), and we
denote their per capita birth ig). If there is no any infection thex(t)c(t)f(t) is the
number of those who are born by the individuals whter the society.

An average member of the population at tinmeakes contact to transmit infection
is denoted byS(t)x(t).

For tOR, and small positive number we defineh(t) and a(t) by
R(t +7) - R(t) and [(t+7)=1(t)
X(t) X(t)

with t <u(r) <t+7 we can find the following approximations:

respectively.

respectively. By choosing a functiam(7)

S(+1) = S() [ DD ) 0)eu)b(u) -~ SOV
T T T

X(t) c(u) f (u) —c(®) f (1), bOx(®u(t) _ SOSO! Ou) _ dO)S(Hu(7)
T T T T
and
t+7)—-1(1) ; AOSHIu(D) _ d®)! u(@) _ a®I Ou(@)
T T T T '
Moreover,

X(t+ ? —x(t) X(t) b(u) ; b(t) _ X(t) g(u)e(u)b(u)r— s(t)e(t)b(t)

£ x(1) c(u) f (U)T— c® F (1) , bOxA)u(@) _ @-ht)a(®)! t)u(@) _ dO)xQu)

T T T
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So, by tendingr to zero we deduce the following system:

S(t) = A1) - SO (1) - d () SH)]
1(t) = ABOSHIH) -dIB) -a®I®O] ()
X(t) = An)x(®) - A= h®)a®)! ) - dE)x)]

whereA = U(O) is a constant in the interval (0,1].

7(t) =b(t) — g(t)e(t)b(t) - g(t)e(t) b(t) + c(t) f (t) +c(t)  (t) +b(t),
andS(t) + I (t) + R(t) = x(t).
Discussion on the compatibility of the model and its applied results
In the system(*) if we put e(t) = f(t) = c(t) =b(t) =0, b(t) = d(t),
and A =1, then we conclude the system:
S(t) = -B1)S)! (t)
1(t) = BO)SE) (t) - (d(t) + a )] ()
X(t) = == ht)a(t)! (t)

When S(t), d(t) and a(t) are constant functions arfa{t) =1 then the

above system reduce to the following SIR model K&y 2001, Kermack and
McKendrick, 1927):

S(t) = -Bs(t)! (t)
() = A1 (1) - (d +a)l (1)
X(t) =0
Let A=1et)=f(t) =c(t) =0, and letb(t) and d(t) be two constant

functions. Then we conclude the following genestlian of the SIR model with
the vital dynamics (Brauer, 2008, Hethcote, 1976):
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S(t) = bx(t) - BOSH)1 (t) - d(t)S()
L(t) = BRSO (1) - d®)! (1) —a®)! ()
X(t) = bx(t) = @~ h(©)a(®)! (t) - d()x(t)

In fact whena (t), S(t) andd(t) are constant functions then we deduce the

usual SIR model with the vital dynamics.
d(®) +a()
B()

constant such as If we putS(t) in the equation

S(t) = Al(t)x() - Bt)SH)! (t) - d(t)S(t)]
then we can find the following relation betwedt) andd(t):
x(t) = (O +a®)BO - FOER) +a)
AB (1)
d*(t) , dta(t)
AT ate ey

The equation:

X(t) = An(t)X(t) - @~ h©)a )l () - d(t)x(1)]
determines the recovery rdté) by:
(o) =1+ O, XOE® ~7(0)

a(t)Ac ca(t) '

So by this recovery rate we can sure that there@iany epidemic of the
d(®) +a(t)

In the system(*) if S(t) = then i(t) =0. So I(t) is a

disease. Moreover i5(t) < then | (t) <0 and there is no epidemic,

d(t) +a(t)

but if S(t) > then there is an epidemic of the disease.

Conclusion

In this paper we try to introduce a new mathemhticadel which can
apply for the diseases which are carried by passesych agfluenza. The recovery
rate is the main biological result of this modeheTconsideration of this model
from the mathematical viewpoint is also a topicfiather research.
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Two topics for further research are:
1. What are the limit sets for infectious diseasstem?

2. Has the system any periodic orbit?
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ON THE CONDITIONSFOR WHICH THE Atm PROTEIN CAN
SWITCH OFF THE DNA DAMAGE SIGNAL IN A p53 MODEL

OMID RABIEIMOTLAGH! and ZAHRA AFSHARNEZHAD?

SUMMARY. In this paper, we consider a recently developegl podel
which simulates interactions between the proteli® pldm2, Atm and DNA
damage signal. We apply analytic methods to an#vigiquestion: how can
the Atm protein contribute positively in DNA hedirprocess? Indeed, we
determine regions of parameters into which the Atotein can switch off
damage signals, or conversely, it can lead DNAgerenanent damage.

Keywords: DNA healing; Mdm2 protein; Atm protein

Introduction

Today, it is probably well known that one of theykelayers in cancer
development is p53, a tumor suppressor. The p5®ipres a transcription factor
encoded by a gene whose disruption is associatachpproximately 50 to 55 percent
of human cancers. The p53 protein acts as a chietkipothe cell cycle, either
preventing or initiating programmed cell death (apsis) (Cohenet al., 2008).
Regarding to the recent experimental observatibimdogists consider three major
functions for the p53 protein, as, it arrests theaycle, thereby giving the cell time to
correct any DNA damage, activates transcriptiorgefie indirectly responsible of
DNA repair and can be cause of apoptosis (Chichaeetal., 2007; Vogelsteimt al.,
2000). We know that p53 regulates itself throughriteraction with an intermediate
protein which is called Mdm2 (Harris and LevineP3D A recent elementary model
which is motivated biologically, formulates thigeraction as below

X=a, +0’1an(k1 + Xn) “hXYT)oX

y=a,+ax l(k, +x*) - py,
where X(t) and y(t) are dimensionless and stand respectively for [(i35and
[Mdm2] (t) , [2]. In the first equation abovey, shows the production rate of p53,

(1)

the second therm with coefficierst; exists due to positive feedback of p53 on
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itself and it is described with a Hill coefficientt] N which determines the degree
of cooperativity of the ligand of p53 binding teetenzyme or receptor (Hill, 1910).
The third term represents the active process afuitimation of p53 by Mdm2 and
the fourth term represents the degradation of piBependently of Mdma2.

Similarly, in the second equation abov®, shows the production rate of Mdm2,
and second term with coefficient, represents the activation of Mdm2 by p53

with Hill coefficient 4, and the third term represents the degradatioidr?2
(Chicharmanet al., 2007; Vogelsteirt al., 2000; McLure and Lee, 1998).

Another factor in the cell cycle process which aats a damage sensor,
signaling presence of DNA damage, is the Atm pro{@aninet al., 1998: Kurz
and Lees-Miller, 2004), The Atm-p protein, a phasptated form of Atm,
associates in the cell cycle process by controlingduction rate of p53. This is
the motivation for improving the modé¢l) by the new model

X=z+0,X"I(K +X") = Xy = X
y=a, +ax'I(k, +x*) - py,
where z(t) denotes [Atm-p{t) . Experimental observations show that amount of
Atm and Atm-p holds for the conservative equatiéni] (t) +[Atm-p] (t) = &,
for a positive real constany/. Also, they are in a reaction for which the

phosphorylated form Atm-p promotes further phospladion of Atm, hence, once
a small amount of Atm-p is produced, it leads taHer increase in Atm-p, until all
the Atm is converted into its phosphorylated fofirhis should occur only when a
significant DAN damage occurs. So, this processasdelled by the equation

z=a, Z(1 = 2)(Kg + 1= 2) = 0 Z ((Kog +W)(Kys +2)).
Here, w(t) =[Dmg](t) denotes the DNA damage signal, representing amaofunt
DNA damages, angl — z(t) = ¢ —[Atm-p] (t) denotes amount of the Atm protein [2].
The first term of the above equation, with coeffitiar;; shows phosphorylation rate of

)

the Atm protein and the second term, with coeffitia,, shows dephosphorylation
rate of the Atm protein. The parametgr controls dependence of phosphorylation

rate of the Atm protein to amount of Atm. Similarthe parameter&,, and k,,

control dependence of dephosphorylation rate ofAtra protein to amount of
Atm-p and damage signal.

In order to complete the chain of this interactifamally, we have to take in
account that DNA is repaired by combined actionstofi-p and p53 which can be
modelled as below .

W= —a,Wzx.
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Although, all of the equations mentioned aboveirgtreduced in [2] separately, but as
long as we know, the co-effects of these equatiemse not considered as a unit
system. However, these equations have been stselEttately, where the results for
bifurcation diagrams and stability of the systerasdal on numerical solutions show a
control system responding to DNA damage signahdyding p53 oscillations, correct
the damage, and finally shut off the oscillatiofgspn, 2006: Benodt al., 2000).This
convinces us to introduce the model below simugaititeractions between p53, Atm,
Mdm2 and damage signal by the four dimensional ODE

x=z+a X" I(k +X") = Xy = Y, X

y=a, +0'3X4/(k2 + X4) A
(3
2= a0y 2(U - 2) (ks + 1= 2) = a2 ((Kyg +W)(Kys +2))

W= —a WZX.

We believe that the model (3) has enough motivatierause the numerical
plots of its equations show a control system redjmanto DNA damage signal by
inducing p53 oscillations, correct the damage, famally shut off the oscillations
[2]. This is in spirit of Ciliberto, Novak and Tys@2005).

In this paper, for the first time, we considerthl equations of (3) together
and apply mathematical methods to indicate belaWwecasted by the model for the
Atm protein and the DNA damage signal. First, wéingeconcept of compatible
solution which means that the solution of (3) @dajically motivated. Also, we show
that all compatible solutions are entrapped inggoreand they are attracted by certain
invariant manifolds. Then, we show that the DNA dgm signal is affected by
dephosphorylation rate of the Atm protein and directly in interaction with the p53
protein. This is the key point in DNA healing preseespecially where, the DNA
damage signal converges to zero. This can be ieterpbiologically that DNA will be
finally repaired from damages. Therefore, we irigast regions for parameters into
which the Atm protein switches off damage signatamversely leads the DNA to a
permanent damage. We also see that the healingggsranay depend on initial
amounts of the proteins. The results and analygthaus of the paper help us to
understand the way that parameters control thecgele process and let the Atm
protein contribute positively in DNA healing proses

Compatible solutions and invariant manifolds

Since variables in equation (3) stand for amourthefproteins or biological
components, so, solutions of (3) taking negativielashave no biological sense.
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Especially they can not have negative initial valdenerefore, for verifying validity of
the model, we have to consider solutions beginfrimigy positive initial values and
we show that their positive trajectories remain nmgative. Furthermore, we
assume that amount of the p53 protein and the Mgirafin is initially nonzero,
however, because of biological facts, amount of[ften-p] protein or the DNA
damage signal may be initially zero.

Definition 1: A solution of (3) with the initial values x(0)=x,>0,
y(0)=y,>0, 0<2(0)=12z,< u, Ww(0)=w, =0 iscalled a compatible solution.
It will be shown later that positive trajectoriesammpatible solutions remain non
negative, so they have such adequacy to be cadlegbatible. It is easy to check
that the sets (manifoldsN = R*x{0} and N, =Rx{0} x{w}, wOR, are
invariant for (3), that is, any solution of (3) whiintersectsN ( or N, ), is

contained inN (in N,,). A solution which is contained iiN,,, for somewU R,

implies that the Atm-p is constantly zero. Simyard solution which is contained
in N, implies that amount of damage signal is permdyemtro. Although, these
invariant sets may be theorically important, bug are interested to situations
which damage signal and the Atm-p protein coexisiukaneously. This is why
we do not study these invariant sets here. Whaem#hkese sets interesting for us
is that each of them can be the-limit set for some compatible solutions.
Therefore, interaction between the DNA damage s$igmal other proteins is

bifurcated when thex -limit set of a compatible solution changes frddf1to N,

or conversely fromN,, to N . This change ot -limit set is biologically important

because, as we will see later, it can be intergrateswitching from DNA healing
process to DNA permanent damage, or conversely PNA permanent damage
to DNA healing process. This is the reason foroeticing bifurcation diagram of
the DNA damage signal by change @flimit set of compatible solutions. This is
summarized in the theorem below

Theorem 2: Suppose that A\ = (4 + ki) ~Kigkyg . U = kig (1 ig + ko)
and define
A = (IU+ kls)aZS _/'Ikod k23a131 Q = O,ZS\/U/(als(U _\/U)(\/U - kls))_ kOd

(1) For A <0, change of sign of A makes a bifurcation for the DNA
damage signal. Indeed, for A <0, compatible solutions converge to N and for
A >0, compatible solutions convergeto N, , for some Wl R.

(2) For A >0, change of sign of Q makes a bifurcation for the DNA
damage signal. Indeed, for Q <0, some compatible solutions convergeto N and
for Q> 0, all compatible solutions convergeto N, , for some wR.
The proof of the theorem will be done through a Fewmas. The theorem shows that
the bifurcation occurs with respect to the pararsete,, i =1,2 andk,,, j =0,1,2;
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however, the parametersr.., i=1,2, which control phosphorylation and

IS’
dephosphorylation rate of the Atm protein, are moielogically important.
Meanwhile, because the total amount of the Atmginoand its phosphorylated

form, Atm-p, is assumed to be constantly so we can consideh = A(k, k)
and solve the equatioh =0 with respect tok,, and findk,, = p(u + Kk )/K.

This is a curve in plane ok, i =1,2, which acts like a switch between two

bifurcation diagrams, that is, down of the curvie tbifurcation diagram is
determined byQ =0, so we call itQ region, and in above of it, the bifurcation
diagram is determined bf = 0, so we call itA region. (see figure 1). By putting

A= p+ky, B=figky, A =AU, B =k, (U -VU)WU k),

the equationdd =0 and Q =0 are reformulated respectively by

Aa, -Ba,=0, Aa,—-Ba,=0, which are two lines in plane ofr,
I =1,2. Therefore we can show the bifurcation diagrarficase 2.

%

& reziom

3 region
k

2 3 [ G iy
g. 1. Typical plot for switch curve, hergt =1.

Ei

switch curve

A region

| |
|
; ;i
i Q:[] —F %

LY

Fig. 2. Typical bifurcation diagram. Since the space obpsaters has dimension upper
than 3, so we have to simplify it as above. Not the switch curve is in space qu,

i =1,2 and the bifurcation curves are in spacenyf, i =1,2.
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From the bifurcation diagram and theorem 2, we finat if the ratio of
phosphorylation and dephosphorylation rate of tie firotein i.e.a,/a,, in A

region is less than or equal &/B, then DNA is repaired from damages; however, if
a,la,, is greater thanA/B, then DNA contains a permanent damage. Similérly,
the ratio of phosphorylation and dephosphorylatiate of the Atm protein i.e.
a,Ja,, in Q region is less than or equal #/B", then DNA may repaired from
damages; however, ifrlsl a,, is greater tharA' /B’ , then DNA contains a permanent

damage. This explains that how parameters of tstersycan cause the Atm protein to
contribute positively in DNA healing process byrimsing phosphorylation rate of it,
and also, this explains the limitations which efast this process. This leads us to
abbreviate the theorem in a simple but biologicsdlgsible result as below

Summary 3: In the cell cycle process, if ratio of phosphorylation and

dephosphorylation rate of the Atm protein i.e. a,/a,, increases enough (such that
a,Ja,,=max A/B, A'/B'}) then the DNA damage signal converges to zero which
means biologically promotion in healing process, but if a,//a,, decreases (such that
a,Ja,, <min{ A/B, A'/B'}) then the DNA damage signal converges to a nonzero
constant which biologically means that DNA contains permanent damages.

Proof of thetheorem 2

The proof is done through a few lemmas. First, s look at phase space
vertically such that we see two dimensional plane and w. Then, any compatible

solution begins from the closure of the regid+= { (z,w )|0<z<u,w>0}.
Also, z axis isN and any point orw axis isN,,, WL R (see figure 3). Therefore
we have the next lemma

iy H

Fig. 3. Appropriate region for compatible solutions. Heve,look at the plane a and W
normally, so any point on th&/ axis is stands foN,, and thez axis is stands folN .
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Lemma 4: let p(t) = (X(t), y(t), z(t),w(t)) be a compatible solution and
consider the curve y(t) = (z(t),w(t)) in two dimensional plane of z and w. The
curve y(t) dose not intersect z-axis or it is contained in it. Smilarly, y(t) dose

not intersect w-axisor itisasingle point on it.
In the rest of this section we use notatigngnd y as they used in lemma

4. Moreover, we assume that initial amounts of Ali-p protein and the DNA
damage signal are nonzero, that is, the compasblation y(t) has initial

conditionsz(0) = z, >0 and w(0) =w, >0.

Lemma 5: Let T>0 and suppose that {)(t)O<t<T} O A. Then,
X(t)>0,y(t)>0foral O<t<T.

Proof: Suppose that there existg[J(0,T) such that for alltJ(0,t,),
X(t) >0 and X(t,) = 0. Then, x(t) must be non increasing function in a left intenfal
t,; specially we havex(t,) < 0. But, from the first equation of the modd) , we have
X(t,) = z(t,) > 0 which is a contradiction. This means that forG# t <T we have
X(t) > 0. Similarly, if for all t 1 (0,t,), y(t) >0 and y(t,) = 0 then y(t) must be
non increasing in a left interval ¢f ; specially we havey(t,) < 0. But, from the second
equation of the moddB) , we havey(t,) = a, + a,x*(t,)/(k, + x*(t,)) > 0 which is
a contradiction. This shows that for 8kt <T we havey(t)>0.

Now we study path of/ in A. The forth equation of the mod¢B) and
the lemma 5 imply thatv < O in region A; therefore,w(t) is a decreasing map in
A. In order to know behavior of(t) , we study the curvez =0. From the third
equation of the mod€(3) we have

z= Z[als(ﬂ— )k + 1= 2) = A,/ ((Kog +W)(Kys + Z))J =0.

h(z,w)

We can solve the equatidi(z,w) = 0 with respect tov and findw = g(z) , where
9(2) = ~kog + s (1 + ks = D) (a1 (1 =~ Z)(Kys + 2)).

It is easy to see thatlim,.+,d(z)=+c. Furthermore, for all
y () = (z(t),w(t)) O A with w(t) < g(z(t)) we have z(t) <0. Similarly, for all
y(t) = (z(t),w(t)) O A with w(t) > g(z(t)) we havez(t) >0. On the other hand,
from lemma 5, ify(t) O A, then x>0, hencew < 0. This shows that if the curve
y(t)JA is close enough to the lin@= 4, then z<0. Since y(t) dose not
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intersectsz or w axis, so we conclude that the cupét) which starts from a point in
A, is contained inA andw(t) is a decreasing map. Therefore next lemma is prove
Lemma 6: Suppose that J/(t) is defined on the interval [0,T). Then for
all td[0,T), y(t) isbounded and contained in A.
Lemma 7: The compatible solution y(t) is defined for all t=0 and it is

positively bounded.
Proof: Suppose that maximal positive interval of exiseefier y(t) is

[0,T), we makes a contradiction. T < +co, then lim,_+1 || y(t)||F +e, (Perko,
1991). From the lemma 6, (t) is bounded and contained A, so
lime.+7 [[(X(t), y(t)) |F +oo . From the lemma 5, for alkI[0,T) we have
X(t),y(t) >0. If x(t) is unbounded then there exits a sequefeet, - T
such thatx(t,) — +c and X(t,) =2 0. But, from the first equation of the model
(3), x(t,) - —o which is a contradiction. Hence(t) is bounded fott LJ[O,T) .
If y(t) is unbounded then there exits a sequeficeét, " T such that
y(t,) - +o and y(t,)=0. But, from the second equation of the mo¢8),
y(t,) - —o which is a contradiction. Hence fb£1[0,T), y(t) is bounded. This
shows thaty(t) is bounded and therefofle = +co . This completes the proof.
Through next lemmas, we will see that graphvof g(z) which is important
for determining behavior of(t) , controls the bifurcation parameters of theorem 2
i.e. A, A and Q. It divides A into three distinct regiomA”, top of the graph,
A", down of the graph an@(g), the graph itself.
A" ={(zw)OAw>g(2)}, A ={(z,w)0Aw<g(2)}.

Therefore, behavior of/ (t) in A is determined by knowing its behavior
in A" and A".

Remark: One more time, we must note that the phase spa¢8)ois a
four dimensional space, but here, we look at th&s vertically so that we see two
dimensional plane oz and w. Therefore results and theorem f@r-limit sets of
flows of two dimensional vector fields are not ddior y(t) in A. Because of this
fact, we have to prove following lemmas.

Lemma 8: Thecurve y(t) which starsin A" intersects G(g) or converges
to a intersection point of G(g) and z axis.
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Proof: Suppose thay(0)J A" and y/(t) dose not intersect&(g) . From

lemma 7,)/(t) is bounded and defined fér= 0. Since y(t) = (z(t),w(t)) O A",
so z(t) andw(t) are monotone functions, in fact(t) is increasing andv(t) is
decreasing. Letim,_ +. (Z(t), W(t)) = (z,,w,), then from the mean value theorem
we have

z(t +1) - z(t) = z(c,) = z(c)h(z(c,), W(cy)),

w(t +1)—w(t) = W(Cz) = _adW(Cz)Z(Cz)X(Cz),
where|c, —t|<1,i=1,2. We can let — +oo and obtain

0= tlirpw z(t+1)-z(t) = zh(z,w,),
0= lim W(t+1)—-w(t) = —adwlzltnrpw X(t). (4)

t > 4o

The first equation shows thath(z,w;)=0 which means that
(z,,w,) 0G(g). Now, we claim thatlim;_ . X(t) # 0, if not, one more time
applying of the mean value theorem yields

X(t +1) = x(t) = x(c) = z(c) + a,x" (c)/(k, + X"(c)) — y1x(c) y(c) ~ y,X(c),
where| c—t [<1. Since y(t) is bounded, so if — +oo we obtainO = z, which is a
contradiction. Therefore, from the second equatibr(3) we obtain thatw, =0,
hence (t) converges to a intersection point@®{g) and z axis. (see figure 4).

W Z=l w Z=l
A A

Fig. 4. Typical behavior of}/(t) .

Lemma 9: If the curve y(t) enters A~ then it converges to a intersection
point of G(g) and z axis, or it is converges to a point (O,w) on w axis with
w< g(0).
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Proof: Suppose that, >0 and y(t,) JA". From lemma 5 and lemma 7,
for all t >0 we havew< 0. Therefore, ) (t) dose not intersect&(g) for t>0.
This means thay/ is contained inA~ for all t >t,, hencez(t) and w(t) are
decreasing fott >t,. Suppose thalim; ... (z(t),w(t)) = (z,,w,) . Same argue as
lemma 8 shows that

zh(z, W) =0, -a,zw =0.
If z #0 then we haveh(z,w;)=0 and w, =0 which means that

(z,,w,) is a intersection point 06(g) and z axis. If z =0 then (O,w;) J A
is a point onw axis with w< g(0). This completes the proof.

Lemma 8 and 9 show that any cunvét) of a compatible solutionr(t) which
stars inA, converges to a intersection point@&(g) and z axis or converges to a point
on w axis with w< g(0). The case of convergence to a intersection pdifi(@)
and z axis is when the DNA damage signal is damped ro. Zdternatively, If y/ (t)

converges to a point on th& axis then it is the cause that the DNA damageakign
contains a permanent damage. Therefore the bifumcat the DNA damage signal is

controlled byG(g) as )/ (t) is entrapped bz(g) in A* and leaded to one of the cases.
The mapw = g(z) has two critical pointz, = £ +k;, — \/kls(,u + Kk +K,)
and z, = u+Kg +\/k15(,u+ ks +k,;) which are minimum and maximum point

respectively. It is easy to see that< u <z, and g(z) > 9(z,), furthermore,
g(2) is increasing forz, < z< z, and decreasing forJ[z,z,] . Hence, ifz, <0
then g(z) has no critical point inA and intersection o&5(g) and A is a increasing
curve, but if0< z < i, then z is the only critical point 0fg(z) in A. In the later
case, ifg(0),9(z) <O then intersection of5(g) and A is an increasing curves
which enters intoA from a point onw axis, but if g(z) <0 and g(0) >0 then
intersection ofG(g) and A enters intoA from a point onz axis and it contains two
curves which are decreasing and increasing regpictiThese show that the way
which G(g) intersectsA is controlled by sing ok, g(z) and g(0). These make
six caseqa), (b),...,(f) which are listed in table A and showed in figurédt & easy
to see thatz, <0 if and only if A<O and g(0)<0 if and only if A<O,
furthermoreg(z) = Q, where A, A and Q are bifurcation parameters introduced
by the theorem 2. Now, the lemmas 4 to 9 showhbhtavior ofj7 in each case of
table A is as it is shown in figure 6.
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If A <0 then change of sign A makes a bifurcation which is showed
through casega),(b) and (c) (see the table A and the figure 6). This proves pa

(1) of the theorem .

If A >0 then change of the sign d2 makes a bifurcation which is
showed through cas€s), (d),(€) and(f) (see the table A and the figure 6). This
proves part(2) of the theorem.

TableA: here as mentioned beforg(z), 0<z < u,
is the only local minimum value fog(z) .

z<0, g(0)>0 (a)
2,<0, 9(0)=0 (b)
9(z),9(0)<0 ()
z,>0, g(0)>0>g(z) (d)
z>0, g(0)>9(z)>0 €
z>0, g(0)>0=g(z) Y
A ¥ooa 0T P i
i i | ——2
(a) (b) (c)
z=lL
A
B —— 2

!
()

Fig. 5. According to the rows of table A, here we drawpalssible plots folG(Q) .

77



O. RABIEIMOTLAGH, Z. AFSHARNEZHAD

\\ \3
15“’;5) )\\

| z z e

)] {e)

Fig. 6. Certain behavior of/ (t) with respect to all possible plots f@{(g) . Here we can
see the effect o65(g) on the convergence ¢f. In fact, according to the what mentioned
after theorem 2G(g) acts like a controller on the DNA healing process

Dependence on initial values

The part(2) of the theorem 2 states that/K >0 and Q <0 then some
compatible solutions converges fd , this means that there may exist compatible
solutions converging td\,,, for somew[] R. This fact can be seen through the cases

(d) and(f) in the table A. This is biologically interestirtggcause, as it is shown in
the figure 6, in these cases, the model forecastagment damage for the DNA if the
compatible solutions have simultaneously initialv lamount of the DNA damage
signal and the Atm-p protein. But, the compatilaleitons which has initially enough
amount of the DNA damage signal, even if they haitially low amount of the Atm-p
protein, converge tdN . This may occurs because of the fact that, frarsétond term
of the third equation of the modé€B), dephosphorylation rate of Atm-p has inverse
relation with amount of the DNA damage signal. Efiere, low amount of the DNA
damage signal can not force the system to providegh Atm-p which is necessary
for DNA healing process. However, if a compatim&ison has enough initial amount
of the Atm-p, then it converges fd , hence DNA will be repaired from damages.
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THE INDUCEMENT OF CHLOROPHYLL FLUORESCENCE IN
STATE TRANSITIONSUNDER LOW TEMPERATURE IN THE
Mougeotia ALGA, STRAIN AICB 560

VICTOR BERCEA?, CRISTIAN COMAN! and NICOLAE DRAGOS?

SUMMARY. The alga was grown using Bold nutritive solutiomB{®) with
continuous air stirring and illumination with 48Bol.m2s?, at 22 C, during
exponential growth. Fhas decreased #tate 2 under preillumination and low
temperature, and mate 1, in the presence of DCMU and methylviologep, F
has been the same with the control valyedécreased in bothate 1 and2
which lead to a decrease of the variable fluorescemhe FF, and the
guantum yield decreased significantly in both redtates, highlighting the
photoinhibition of the closed reaction centers. Tdweitation pressure
decreased, and in the presence of DBIMB, it ine&sstate 1, which states
the growth of the closed [Qoroportion. g has increased igate 1 which
emphasizes the growth of the openedp@portion. The increase in the non-
photochemical dissipation of the excitation eneigycorrelated with the
excitation pressure. The inducement of chloroptildbrescence with
guenching analysis on a short period of timetate 1 and2 on whole cells
marks out the proportionality ratio with the ligi#rvesting antenna size.

Keywords: chlorophyll fluorescence; photochemical activithpposynthetic
inhibitors; state 1- state 2 transitions.

Introduction

Organisms with oxygenic photosynthesis have a pldjdetment mechanism
for redistribution of the absorbed light energywssn the two photosystems PS |
and PS Il. This mechanism, callgidte 1- state 2 transitions, is thought to be a short
term adaptation for eficient usage of light ena@rgymitation conditiongBonaventura
and Myers, 1969; Vallost al., 1991; Williams and Allen, 1987). The state traosi
involves a reversible redistribution of the liglarhestingantenna between PS | and
PS Il and optimizes the light energy used in phgttisesis through the cyclic
electron current (Canaagtial., 1984; Finazzet al.,2002; Weis, 1985).

! Institute of Biological Research, 48 Republicii Street, 400015/Cluj-Napoca, Romania
2 Faculty of Biology and Geology, Babes-Bolyai University, 5-7 Clinicilor Street, Cluj-Napoca,
Romania, E-meil: bercea. victor @yahoo.com. Research supported by CERES Program nr. 54/2006.
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In green plantstate 1 andstate 2 are induced by exposing the leaves at light
1 far-red which exceeds 715 nm and light 2 betw@®-600 nm. Instate 2 are
generated both the phosphorylation and decouplingHC 1l from the PS I
(Canaaniet al., 1984). LHC II, dissociated from PS Il, migrate tras stromatic
lamellas rich in PS | and couple with PS | due émformational changes which
appear in the protein after phosphorylatidlilssonet al., 1997).

Sate 1 transition involves dephosphorylation and dissagieof LHC 1l from
PS | and their migration to grana lamellas ricR# 1. The migration of LHC Il to PS
| by lateral diffusion ¢tate 1- gtate 2 transitions) is produced after phosphorylation of
LHC Il by a protein kinase bound to the thylakoig@mbrane and activated by the
reduction of plastoquinone (PQ) through PS Il beosecondary metabolic processes.
In oxidative conditions, the kinase is inactivatetbugh oxidation of PQHby PS |
and the LHC Il are dephosphorylated by a phosphatete 2- state 1 transitions)
bound to thylakoids and permanently active ( AllE®92; Finazzet al., 2001a; Forti
and Caldiroli, 2005). After dephosphorylation, LH@eturns to PS IlI.

The cytochromédsf complexes play a key role in sending the redorasig
from plastoquinol to kinase (Wollman, 2001). Thetfstep of signal transmition is the
binding of PQH to @ place in the cytochromiasf complexegVeneret al., 1997).
Conformational changes are produced in the lumeheotomplexe’s Rieske subunit
after binding of PQklto @, playing an essential role in the LHC Il kinasévation
(Finazziet al., 2001 b). The activation signal generated on thechahside of the
thylakoids where Qis located needs to be transmitted through tragydailmembrane
because the active domain of the kinase is locatéle stromatic side of the membrane.
In this way, the chlorophyll molecules can suppldigect way for transmitting the
signal for quinol binding to Qplace to a marginal region of the complex, whaee t
kinase is supposed to be located. The region wtherehlorophyll ring is exposed
towards the lipidic phase is located near the preposed as kinase- cytochroiné
binding sitqZito et al., 1999). In the state transitions LHC Il complexes@ase the PS
| performance and can represent a shifting meamabetween the liniar and cyclic
electron current around the Pallon et al., 1991).

According Finazzet al. (2001a)state 1 is induced by incubating the cells in
dark with continuous agitation, asthte 2 is obtained by dark incubation in anaerobic
conditions through argon pumping. Incubating tlgaalin conditions which promote
state 2 — anaerobic or aerobic conditions and FCCP — gémem electron source
passing through the cytochrofné. Reactivation of the liniar electron current bedwe
PS Il and PS | needs switching fraate 2 to state 1, indicated by the concomitent
growth of the fluorescence productionF

In this paper we studied the photochemical activitilougectia filaments
during state transitions under the effect of lomperature in chemically induced
anaerobic conditions and in the presence of ceptaitiosynthetic inhibitors.
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Materials and methods

The green alg&lougeotia sp. (AICB 560) is originated from the Culture
Collection of Algae of the Institute of Biologic&tesearch, Cluj-Napoca (AICB)
(Draga et al., 1997). The alga was grown using Bold (BBM) nutgtigolution
under continuous air stirring and illumination wiB5pumol.m?.s*, at 22 C, during
exponential growth.

Treatment with light, low temperature and inhibitors. The inducement of the
chlorophyll fluorescence with quenching analysisbart term was recorded state
1 and2 by using light 1 and 2 after applying this workip@tocol:

- measurement light — 650 nm

- working manner: saturation pulse

« Vi actinic light excitation at 4112mol.m%s® PAR (665 nm) for 10
seconds (for PS Il excitation)state 2

« V, low temperature treatment’(@ 2C) for 30 minutes followed by actinic
light excitation at 411mol.m2s® PAR (665 nm) for 10 secondstate 2

« V3 low temperature treatment®(@ 2C) for 30 minutes in the presence of
FCCP followed by actinic light excitation at 41jgol.mi’.s* PAR (665 nm) for 10
seconds state 2

* V. low temperature treatment®@ 2C) for 30 minutes in the presence of
FCCP and iodoacetamide followed by actinic lightitation at 4112umol.m?s*
PAR (665 nm) for 10 secondstate 2

e Vs low temperature treatment®@ 2C) for 30 minutes in the presence of
FCCP, DCMU and methylviologen followed by far-réght excitation (730 nm) for
10 seconds state 1

* Ve low temperature treatment®(@ 2C) for 30 minutes in the presence of
FCCP, DBMIB and methylviologen followed by far-riight excitation (730 nm) for
10 seconds dtate 1.

Chlorophyll fluorescence analysis. The chlorophyll fluorescence was
measured using a PAM-210 fluorometer accordingdor&beret al. (1986). The
fluorescence parameters and quenching analysispedsrmed by applying the
saturation pulse method. The quantum yield of ti@qrhemical energy conversion
was calculated according to the equation YieldF# ,, and the ratio #F, (F/Frm =
Fr-Fo/Fm) which gives information on the photochemical quanyield of closed PS
Il reaction centers.

Results and discussion

During fluorescence measurement at room temperatuedgaevhole cells,
the fluorescence emission is reversed proportipndth the photochemical yield of
PS Il and is proportional with the light capturéeamma’s size. It is possible to see the
changes in the antenna’s size if the PS II's phanustry is inhibited using DCMU
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(Finazziet al., 2001b). The 650 nm light excites mainly the PShbtpsystem inducing a
increased sensitivity of PS |, and the far-red tligikcites the PS |, inducing a
increased sensitivity of PS(Wollman, 2001).

FCCP (carbonyl cyanide p-trifluoromethoxy-phenyltaabne) is a
decoupling agent which causes the transitiogdte 2 by decreasing the ATP and
the membrane potential. lodoacetamide inhibits dh#vity of Rubisco enzyme
(Calvin cycle), and DCMU [3-(3,4-diclorofenil)-1dimetilurea] inhibits the
reduction of @ from PS Il so that the plastoquinone is oxidatgdidht.

The minimal fluorescence {fFhas decreased Btate 2 in the presence of
preillumination with intense light associated tavlteemperature, more significantly
in the anaerobiosis variants J\fig. 1). In state 1, favorable to the photochemical
activity of PS I, in the presence of DCMU inhibitehich affects the linear electron
transport and the methylviologen which is the iaitif acceptor of electrons from PS
I, the K fluorescence has increased reaching the conthat \(&:). This proves that
in the presence of methylviologen, DCMU inhibitooed not produce negative
effects over the electron transport chaighécame almost equal t@.Ftate 2- state
1 transitions is stimulated by oxygen and electraceptors of PS | such as
methylviologen. The oxygen is an electron acceatting on the reducing side of PS
| — the transfer of electrons to, @ done by the Mehler reaction which is involved
state 2- state 1 transitions. The increase of, i state 1 transition shows an increase
of LHC Il antenna. Methylviologen is an acceptor fiee electrons from PS | being
reoxidated through £and produces Owhich is used in the Mehler reactions. When
the oxidation of Q does not take place, the elctrons are blockedfan&S Il does
not pump electrons in the electron transport chaiinstate 2, and k is equal to F.
Methylviologen accelerates the electron transparatds Q(Forti and Caldiroli, 2005).

The maximal fluorescence {fFhas decreased significantly bothdate 1
anddate 2. Is notable the almost equal values gaRd F, in thedtate 1 of photosystems
(Vs) (fig. 1). The decline in the,fhas lead to an decrease of the variable fluorescen
(). The results are contradictory. Thus, methyhgelo is used as a base for the
linear electron transport and produces thedifinish, and DBMIB in the presence
of methylviologen contributes to thg, Fecovery(Gilmore and Yamamoto, 1991). In
the preilluminated cells the inhibiting effect oBBIIB over the electron transport is
increasing. DBMIB inhibits the kinase activation time presence of light because
reacts with cytochrombsf and acts like a fluorescence quencher by bindintgpe
Qs place in PS Il where DCMU also bonds.date 2 in dark, DBMIB does not
inhibit the kinase activation — there is an incegbkevel of LHC Il phosphorylation,
and whergtate 2 has been reached under illumination, DBMIB inlsititlie LHC Il
phosphorylation.

The results obtained regarding the evolution of imak and variable
fluorescence emphasizes the appearance of phoitohin the electron transport chain
which is induced by low temperature in associatigth intense light. Photochemical
activity carries on in ,down regulation” conditians
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Fig. 1. Evolution of minimal, maximal and variable flusoence in the conditions of
photosystemsitate 1 and2. M= control; \4-V (see material and method)

The photochemical efficiency ({f,) as well as the quantum yietd the
photosynthetic electrons transport chain have dsert significantly in both redox
states of the photosystems, highlighting the phaibition of the closed reaction
centers (fig. 2). Irstate 1 in the presence of DBMIB inhibitor it was recordedlight
recovery of the photochemical activity, althoughNJB inhibits the linear electron
flow (Joétet al., 2002). This recovery is assigned to the cyclictedeccurrent around
PS I. The close numeric values for photochemida&a@éncy and quantum yield in
all variants emphasized the lack of energized statee thylakoidal membrane. In
the state transitions, a decrease in the photoca¢efficiency and quantum yield is
due greatly to inhibitor effects of low temperature

Low light exposure produces reversible decreagghofochemical efficiency
because photoinhibition appears. The extent ofptiwoinhibition depends on the
capacity of energy usage in photochemical reactoms thermal dissipation, processes
which are used for decreasing the excitation enfingthe purpose of decreasing the
photosystem’s vulnerability to photoinhibitigikiornyeyevet al., 2002). The lack of
balance between synthesis and degradation; gir@tein produces an inhibition of
the PS lIs’ electrons transport during photoinidbi{Briantaiset al., 1988).
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Fig. 2. Evolution of photochemical efficiency () and quantum yield
in redoxstates 1 and2.

The photochemical activity of photosystem Il diate 2 unreeled under a
decreased excitation pressure reported to theat@ample (fig. 3). Irstate 1 in the
presence of DBIMB the excitation pressure has asad significantly, stating an
increase in the proportion of closed (reduced)'@). Functionally, a growth in the
excitation pressure is translated in an increasgplgption of primary acceptorsa@
the reduced state, an increased concentration akaméhin and a decreased
antennary proteins LHC Il. The state transitioressdasignated by the changes in the
redox state of the plastoquinone pool, namely ¢deiced PQ leads &ate 2 as the
core of oxidized PQ leads #tate 1. The state transitions are accompanied by changes
in the phosphorylation of LHC Il which suggeststthBIC II-kinase might be itself
or be associated with a plastoquinol-binding prot&wo protein complexes display
quinone/quinol-binding sites in the membrane-embddghotosynthetic electron
transport chain: PS Il and the cytochrobgecomplex(Wollman, 2001) The state
1 favourises the cyclic phosphorylation around R&d cytochromdsf helping the
ATP production, and thetate 2 favourises the lineary phosphorylation, producing
NADPH for CQ fixation.

The state transitions are controlled by the neetT#: the cells addapted to
dark are irstate 2 when the ATP concentration is reduced, and thsipg$ostate 1
shows a restoration in the ATP cont@éfinazziet al., 2001b). The light dependent
electron transport from water to monodehydroasderisacoupled to ATP formation
with a ratio ATP/Q = 2(Forti and Elli, 1995). The cyclic electron trangparound
PS | prevents photoinhibition in stress condititysmaintaining a low pH in the
thylacoid lumen which allows the dissipation of theitation energy exce@deber
and Walker, 1992).
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Fig. 3. Evolution of excitation pressure in photosystegste 1 and2.

In conditions which reduce the light energy conigumpin photochemistry
and thermic dissipation, the chlorophyll fluoreszeimcreases, while an increase in
the excitation energy usage leads to fluorescenerafpingKornyeyevet al., 2002).
The non-radiative dissipation of excitation enefgythe photosystems’ antenna
decreasesgrand F;, proportionally, and dissipation from reaction egatreduces the
Frnonly (Gilmore and Yamamoto, 1991). The fluorescence dguielg associated to
photoinhibition is not correlated directly to dedmiion of PS Il reaction centers
(Briantaiset al., 1988).
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Fig. 4. Evolution of the photochemicaldgand non-photochemicédy)
coefficients in photosystemstate 1 and2.
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The photochemical coefficient §as maintained at high values state 2,
overcoming the control value which states an irszana the proportion of open,Q
(fig. 4). Functionally, the excitation energy haseh effectively converted to
photochemistry and has been correlated to the buenof chlorophyll fluorescence.
In state 1, in the presence of DCMU inhibitorp fpas reached its maximum value,
leading to a reach of the maximum level of photaaical energy conversion. Along
with methylviologen, DCMU does not inhibit the dlen flow between the two
photosystems. In the presence of DBMIB, the lingansport of photosynthetic
electrons has been inhibitedsfMeading to a decrease in the openp@portion and
to an increase in the non-photochemical dissipatibnthe excitation energy,
respectively to an increase of the non-photochdnsimefficient g, which corelates
to the excitation pressure (Fig. 4).

Conclusions

1. The inducement of chlorophyll fluorescence wjtlenching analysis on a
short period of time istate 1 and2 on algae whole cells marks out the proportionality
ratio with the light harvesting antenna’s size. Tiiaimal fluorescence has decreased
in state 2 in the presence of preillumination with intenggtiand in association with
low temperature or in anaerobiosis conditions, &l state 1 in the presence of
DCMU and methylviologen §has equaled the control values. In the presence of
methylviologen, DCMU does not inhibit the electriansport chain, andyFhas
become almost equal tg,FThe maximal fluorescence has decreased in dbatin 1
and 2, which lead to a decrease of the variable flueese. The photochemical
efficiency as wel as the quantum yield were reducdmbth redox states, emphasizing
the inhibition of the closed reaction centers.

2. The photochemical activity igtate 2 carried on under a low excitation
pressure, and igate 1 in the presence of DBIMB the excitation pressudased
which states a growth in the closed (reduced) ppoportion, respectively, the
decrease of LHC Il antenna proteifSste 1 favourises cyclic phosporilation around
PS I and cytochrombsf, helping the ATP production, argthte 2 favourises linear
phosporilation, producing NADPH for G@ixation. The photochemical coefficient
values have increasedstate 2 which states an increase of the openggm@portion.
Functionally, the excitation energy was effectivegnverted to photochemistry and
was correlated with a decrease in the chloroplytiréscence. In the presence of
DBMIB, the linear transport of photosynthetic eteats was inhibited, leading to a
decrease of the opened Qroportion and to an increase of the non-photodtedm
dissipation of the excitation energy, respectivelp growth of the non-photochemical
coefficient which is correlated to the excitatioresyy.

3. The results obtained reveal the photoinhibititate at the level of the
electron transport chain which is induced by lomperature in association with
intense light. The photochemical activity unreateslown regulation conditions. The
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Mehler reaction and the cyclic electron currentuach PS | can contribute to the
increase of ATP/NADPH ratio. Maintaining the electrflow in thylakoids in the
presence of an enough quantity of NADE an electron acceptor is essential to the
protection of chloroplasts against photooxidatitress, process in which participate
the cyclic electron current and the water-watetecgcound PS |.
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MODIFICATION OF THE BONE MINERAL DENSITY, T-SCORE
AND Z-SCORE VALUES ACCORDING TO AGE AND ANATOMIC
REGION IN OSTEOPOROSIS CASES

RODICA TOROK-OANCE *, VIRGILIU NICULESCU ?and
MARIOARA NICOLETA FILIMON 2

SUMMARY. The bone resistance largely depends on the bonerahin
density. Osteoporosis is a disease in which the besistance is affected, and
establishing a diagnostic of certainty can be aeltidy determining the bone
mineral density. The present paper is based oarthlysis of the results of
the osteodensitometric investigation conducted@initients who had been
diagnosed with primary or secondary osteoporodig ifivestigation took
into account the hip bone and the vertebral coluamd the following
parameters have been analyzed: bone mineral cobterg mineral density,
T-score and Z-score. We analyzed the evolutiometibne mineral density
with increasing age, the existence of a conneti@ween the bone mineral
density determined at the vertebral column anchathip, the connection
between the T- and Z-score and age at the populatidook into account, as
well as the existence and the type of discordanagdiagnosis for the two
points of determination.

We found out that there is a decrease in the bdnerai density
above the age of 40; concerning the T-score, tisegi@ obvious decrease
tendency with ageing, both at the vertebral colama at the hip, while in
the case of the Z-score, the tendency is that @easing with age. The
most frequent discordance in diagnosis found in plogulation we
analyzed is the minor one. The axial skeleton ip@nderantly affected.

Keywords: age, bone mineral density, osteoporosis, T-s@eeeore

Introduction

The bone mineral density represents the decisemegit of bone resistance,
explaining for the most part its variability. Therie density expresses the bone quantity
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per unit of surface (g/chor per volume unit (g/chh The planimetric estimation of a
bone mineral density is realized by using the doatgy X-ray absorptiometry.

The analysis of the bone mineral density is esslefar the osteoporosis
diagnostic of certainty. Osteoporosis is the madent bone diseagé/ernerand
Vered, 2000) which affects millions of people arduhe world, and its prevalence
is increasing as a result of population ageind. 994, the World Health Organization
defined osteoporosis as a disease characterizedethyced bone mass and
deterioration of the bone micro architecture, wéthresulting increase in bone
fragility and an increased risk of fracture.

Given the fact that the microarchitectural detation cannot be directly
measured, the World Health Organization has recamlet that the osteoporosis
diagnosis should be done by measuring the boneratidensity with the help of
the dual energy X-ray absorptiometry. The bone naingensity (BMD) values can
be quantified in g/cfor can be converted into T-score and Z-score entisply.
Thus, in what concerns the reduction in bone mé#ss, following diagnostic
categories have been established: normal BMD, sporeding to a T-score with a
standard deviation of -1 or greater, osteopenieesponding to a T-score with a
standard deviation between -1 and -2.5, and ostesispcorresponding to a T-score
with a standard deviation of -2.5 or below.

In the last fifteen years, a major progress hambeade in understanding,
preventing and treating osteoporosis. This progeeagesult of the new technologies,
which allowed for accurately measuring the boneenaindensity and for introducing
efficient treatments, which reduced the incidenfcesteoporotic fractures.

Oftenly osteoporosis goes undiagnosed and urtrghtefact that, frequently,
this disease does not manifest itself clinicallil@bone fracture occurs contributes to
this situation. The identification of those indivals with an increased risk and the
carrying out of a prevention treatment are extrgrimportant, because they can lead
to a decrease in morbidity and mortality.

The purpose of this paper is to analyze the nuadiéin of the bone mineral
density and of the T-score and Z-score accordingage and region of BMD
determination. The significance of this analyssides in the fact that the appearance
of this disease is directly connected with the elese of the bone mineral density.

Materials and methods

The present paper is based on the analysis of réiselts of the
osteodensitometric investigation conducted on 3fkepts who had been diagnosed
with primary or secondary osteoporosiBalfle 1). The osteodensitometry was
performed at the Tirgpara Clinical Hospital no. 1, with the help of alétfic QDR
apparatus, Delphi W model. The investigation wasopmed at the hip bone and
at the vertebral column, and the following paramseteave been analyzed:. bone
mineral content, bone mineral density, T-score Zisdore.
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Table 1.
Types of osteoporosis, age and sex distribution o$teoporosis in 361 patients.
Parameter Number of patients
Male | Female| Total

Type of Idiopathic juvenile osteoporosis 1 2 3

osteoporosis | Postmenopausal osteoporosis Q 246 246
Senile osteoporosis 4 72| 76

Secondary osteoporosis 15 21 36

Age group <40 2 11 13
40 - 44 1 12 13

45 - 49 2 28 30

50 - 54 0 67 67

55 -59 5 62 67

60 - 64 2 35 37

65 - 69 3 56 59

70-74 2 41 43

75-79 2 26 28
>80 0 4 4

The T-score is calculated on the basis of the wiffee between the
patient’s bone mineral density and the average boneral density of a healthy adult
population (of the same sex and race), relatechéostandard deviation of that
population. The Z-score is calculated on the basithe difference between the
patient's bone mineral density and the average bommeral density of a
population of the same age, related to the staraiarihtion of that population.

A patient’'s Z-score indicates the number of stathdkeviations which are
below or above the mean value of the same age nmergo Z-score value of 0
means that the patient's bone mineral density déscwith the bone mineral
density mean value for the respective age. A Zesealue of -1, for example, shows
that the patient's bone mineral density is loweanththe mean value for the
respective age, being 1 standard deviation belewrtban value.

The T-score indicates the number of standard temm which are below
the mean value of the bone mineral density of ycaohgts (25-45 years old). A T-
score value of 0 shows that the patient’s bone rairgensity corresponds to the
mean value found in the case of young adults (Curgsst al.,2002).

The individual data have been introduced in regetables and quantified.
For processing the data and for the graphs, we Eseel and GraphPad InStat 3.05
programs. In the statistical tests, we used thvidhg interpretation of the p-
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values (Marzillier, 1990): p < 0.05 = significapt< 0.01 = highly significant, p <
0.001 = extremely significant and p > 0.05 = nongigant.
Results and discussion

Modification of bone mineral density with age ahketletal region

Since osteoporosis is directly connected with deerease of bone mineral
density, we analyzed the evolution of the bone naingensity with increasing age,
at the patients who have been diagnosed with ostesis. We calculated the mean
value of the bone mineral density for each agemrdée observedg. 1.A) that the
bone mineral density decreases with age, bothhideterminations performed at
the vertebral column, and for those performed at hip bone. We noticed a
beginning of the decrease in the bone mineral temrdter the age of 40. Our
results correspond to what has been observed ér sthdies, namely the fact that
bone reduction starts after the age of 40 (CemeiEasman, 1997).

Although the reduction of the bone mineral den&itth at the vertebral
column and at the hip bone is obvious, we obsetivat] between the age of 50 and
65, the decrease is more significant at the veatedmlumn, while after the age of
65 the decrease at the hip bone surpasses tinat atittebral column.

It is well known that in the first 5-10 years aftthe installation of
menopause, the reduction of the spongy bone tisspeedominant (25-30%), as
opposed to the compact bone tissue, which undeaoesuction of 10-25% in this
period (Pajouhkt al.,2004).This reflects in the greater decrease of the badnerai
density at the vertebral column, because the spbogge tissue is dominant here,
with only a thin covering of compact bone. There @so studies (Arlatt al.,1997)
that show that, after the age of 75, a massive beshgction takes place in most parts
of the skeleton. We noticed the same thing in vdoaicerns the vertebral column
and the hip bone: a massive decrease occurs hrthmste regions, after the age of 70.

We analyzed the connection between the mean wdltiee bone mineral
density at the vertebral column and the mean atgrdmed for each of the age
groups in discussion. The calculated correlatiootignt has a negative value (R =
-0.8193, while R= 0.6713), which demonstrates the fact that themni inverted
connection between these two parameters: an irecrgaghe age leads to a
decrease of the bone mineral density. Since theevall the correlation quotient is
high, the connection is tight and very significgmt0.0038) Fig. 1.B).

We performed the same analysis for the mean waliube bone mineral
density at the hip bone and the mean age for egehgeoup. In this case, the
correlation quotient is -0.853 {R 0.7276), the connection is inverted as well, even
tighter than in the case of the vertebral colummg aery significant, the p-value
being smaller than in the previous case (p=0.00dig) 1.C).

Modification of T and Z- score values with age akdletal region

We also analyzed, for all patients, the existemica connection between
the bone mineral density determined at the vetteblamn and that determined at the
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hip bone. Our resultd-{g. 2) show there is a direct, but not very tight coniwec
between the bone mineral density at the vertelmlainen and at the hip bone, the
value of the R correlation quotient being 0.45214®.2044, p=0.6786).
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Fig. 1. A.Evolution of bone mineral density (BMD) with age; Bhe regression between
age and BMD mean values, as determined at thebvatteolumn; C. The regression
between age and BMD mean values, as determinée aifg bone.

Since the T-score is calculated by taking into aotahe absolute value of
the bone mineral density, the correlations betwegions are similar, even if they
are made in accordance with the bone mineral de¢isg. 1), or with the T-score.

By realizing the regressions between the patiesg and the T- and Z-
scores at the vertebral column and hip bone, wengdite that the correlation
guotient does not show a tight connection in nonthese cases. Nevertheless, in
the case of the regression between age and theré-gdg. 3) there is, for the T-
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score values, an obvious decrease tendency wittedsing age, both at the
vertebral column and at the hip bone, which is test with the decrease in the
bone mineral density that comes with agigl( 1.A).
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Fig. 2. The regression between the BMD determined at thédig and the BMD
determined at the vertebral column in all casesofding to the values of the correlation
guotient there is a not very tight connection betvthe bone mineral density

determined at the hip and at the vertebral column.

On the other hand, the Z-score, which also takesaiccount the patient’s age,
has a tendency of increasing with age, both ircise of the vertebral column, and in
that of the hip boneHg. 4). This also explains the correlation quotient'sager
values, as compared with the previous situationsTim what concerns the regression
between the Z-score and age, we noticed that ggairex 27.26% of the Z-score
variability at the vertebral column R 0.2726, p<0.0001) and 7.01% of the Z-score
variability at the hip bone @0.0701, p<0.0001). The situations in which thec@rs
has very low values at some patients contribute tdecrease of the correlation
guotient’s value and is motivated by the fact thathave included, in our research, the
secondary osteoporoses as wélhrahamsenet al., (1997) have found the same
evolutions of the T- and Z-scores at the vertetwiimn and hip bone.

The literature (Maghraouwt al.,2007) has shown the fact that, although
there is a correlation between the bone minerasitdeas determined in different
anatomic regions, a certain discordance in diagnosiween them can be found as
well. Our results reflect the same thing: the féett the connection between the
bone mineral density as determined at the levéheftwo anatomic regions under
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discussion is not very tight leads, in some cateedjfferent diagnostic categories

for these regions.
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Fig. 3. The relation between the T-score and age: A, vateotumn; B, hip.
In both cases, at the vertebral column and atithelere is a decrease tendency of the T-
score with increasing age. This is related to #ut that the calculation of the T-score takes
into account the bone mineral density of a headithyit population.

Taking into account the T-score values at thel lef/¢he two determination
regions, the vertebral column and the hip, the@fdglg situations can occur in the case
of the patients who have been diagnosed with ostesig: vertebral osteoporosis — hip
osteoporosis, vertebral osteoporosis — hip ostéapegertebral osteoporosis — normal
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values at the hip, vertebral osteopenia — hip pstesis. Theoretically speaking, there
is also the possibility of having normal valueshat vertebral column and osteoporosis
at the hip, but we haven't encountered this sibndti the set we analyzed.
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Fig. 4. The relation between the Z-score and age in theg/zedilset:
A, vertebral column; B, hip.
The Z-score has an increase tendency with increagjagboth at the vertebral column and
at the hip bone. This is related to the fact thatdalculation of the Z-score takes into
account the bone mineral density of a populatiothefsame age.

We noticed that the most numerous cases are tiosatebral osteoporosis
and hip osteopenia (56.94%). They are followed hxy ¢ases of both vertebral
osteoporosis and hip osteoporosis (29.17%), andliighose with normal values at
the hip and vertebral osteoporosis. The least mumsecases are those of hip
osteoporosis and vertebral osteopenia (4.44%)rase tof vertebral osteoporosis, with

98



MODIFICATIONS OF BONE PARAMETERS IN OSTEOPOROSIS

normal values at the hip bone (9.72%). Accordinthese valuesHg. 5) we noticed
that the axial skeleton is preponderantly affectédue fact that we included, in our
research, the secondary osteoporosis cases ctegrioithese results; the main part of
these causes (the excess of glucocorticoid hormaheshyperthyroidism, the
malabsorption syndrome, the rheumatoid polyarghritertain medication) have as a
result the initial damage at the vertebral coluMpdyyeriet al.,2005).

The existence of two different T-score categofieswo anatomic regions
of the same patient has been described in thatliter as discordance in diagnosis.
The discordance is minor if the diagnostic categorre adjacent (osteoporosis —
osteopenia, osteopenia — normal values). When thgndstic categories are
osteoporosis — normal values, the discordance jigsrma

There are multiple causes for the discordancdagrbsis. They can be of
a physiological nature, connected to the naturaptide reaction of the skeleton to
internal and external factors, of a physiopathalalghature, as a consequence of an
anatomical affection and connected to the preseamm@® composition of the
surrounding tissues, of technical nature, concernime equipment used for
determination or the faulty determinatidfoayyeriet al.,(2005)have researched this
discordance in diagnosis in osteoporosis. Mosthef patients included in their
research (58.3%) had the same T-score categotiesbihe vertebral column and at
the hip bone, a minor discordance in diagnosis &rauntered in 38.9% of the
cases, while a major discordance was found in @M% of the cases.

9.72% 4.44%

29.17%

56.94%

E vertebral osteoporosis - hip osteoporosis

[] vertebral osteoporosis - hip osteopenia
vertebral osteoporosis - normal values at the hip

[__] vertebral osteopenia - hip osteoporosis

Fig. 5. Diagnostic categories at the vertebral column andeahip. According to the T-
score determined for each patient both at the lmexteolumn and at the hip bone we
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noticed four different situations. The most frequeas the situation of vertebral
osteoporosis associated with hip osteopenia. Icasks
there was affected the vertebral column.

There are multiple causes for the discordancdagrbsis. They can be of
a physiological nature, connected to the naturaptide reaction of the skeleton to
internal and external factors, of a physiopathalalghature, as a consequence of an
anatomical affection and connected to the presemd¢eomposition of the surrounding
tissues, of technical nature, concerning the eqeigrased for determination or the
faulty determinationMoayyeri et al., (2005) have researched this discordance in
diagnosis in osteoporosis. Most of the patienttugted in their research (58.3%)
had the same T-score categories both at the valtetlumn and at the hip bone, a
minor discordance in diagnosis was encountered8if% of the cases, while a
major discordance was found in only 2.7% of theesas

Our results are slightly different. The cases vattmajor discordance in
diagnosis are the rarest situation as well (9.72Z%is is followed by the situation
in which osteoporosis is diagnosed for both regitmesmost frequent being the minor
discordance in diagnosis (61.38%). According to bdand Francig2000), the
discordance is more frequent in the first yearpagtmenopause than in women
over 60 years old.

Conclusions

In the set of patients we analyzed, the decrebdedone mineral density
starts after the age of 40, both at the vertelwhlnen, and at the hip bone. This
decrease of the bone mineral density becomes ngnidicant after the age of 70,
in both determination regions.

There is an inverted connection, tight and vegyiicant (p=0.0038), between
the bone mineral density determined at the verdteblamn and age. Likewise, there is
an inverted connection, tight and very significddtween the bone mineral density
determined at the hip bone and age (p=0.0017}dheection being even tighter than
in the previous case (p=0.0017).

We also noticed the existence of a direct and vepy tight connection
between the bone mineral density determined atatiebral column and, respectively,
at the hip bone; the R correlation quotient’s vas@4539 (R= 0.2044, p=0.6786).

There is also an obvious decrease tendency, wnitteasing age, of the T-
score values, both at the vertebral column, artteahip bone. On the other hand,
the Z-score, which also takes into account theepti age, shows an increase
tendency both at the vertebral column, and at ih&dne.

In the set of patients we analyzed, we noticedpraling to the T-score, that
the axial skeleton is preponderantly affected. Most frequent situations are those of
minor discordance of diagnosis between the twaregunder investigation, followed
by the cases of the unitary diagnosis. The leagunt was the major discordance of
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diagnosis. Also, there were no cases of T-sconmaloralues for the vertebral column
related to T-score values that could indicate psirsis at the hip.
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THE ELECTRICAL RESISTANCE OF ACUPUNCTURE SOURCE
POINTSASA RELEVANT FACTOR FOR INNER ORGAN STATUS

STEFAN-CLAUDIU MIRESCU"? LIDIA CIOBANU??3,
VASILE ANDREICA?®and CORINA-LUMINITA ROSIORU"

SUMMARY. The galvanic skin response (GSR), is the skesstance to
electrical current. Responsible for the variatidrnthe GSR are the sweat
glands, which react to nearly all stimuli. The aidn of the GSR has been
used for decades in biofeedback research, polydesth and even religion.
The purpose of the study is to review the behaofothe skin's electrical
resistance. The GSR was measured using a Whealsidge, of our own
manufacturing. The study was conducted on patigittsinternal diseases.
The initial resistance was recorded, then the GSR wecorded for one
minute. The subjects were asked a number of questmd data were
computer recorded. On the first minute of measunéntiee GSR followed a
linear pattern. The measurements revealedeerease of the electrical
resistance during the dialogue, especially when ghieject was asked
guestions with emotional content. There is a catigd between the GSR and
the relaxed state of the subject. The GSR is apramd efficient tool for
evaluating the subjects' state of mind. Furthezareh will be conducted to
indicate other uses of this measurement.

Keywords: galvanic skin response, acupuncture source peiestrodermal
response.

Introduction

Galvanic skin response (GSR), also known as eléetrmal response,
psychogalvanic reflex, or opposite of the skin ecamance, is a measure of the
electrical resistance of the skin. Most of the aedees at the moment investigate the
spontaneous fluctuations of the GSR accordingdcethotional state of the subject
(Jaggar and Robbins, 2001). These studies suggéS&das a reference method
for polygraph tests, biofeedback therapy or slgapea investigation. GSR has also
proven to be a valid method for neurological stadi€itzgerald and Folan-Curran,
2002).The purpose of the study is to test the relevafictkeoGSR measurements
in specific acupuncture points, called source (€gn- Yuan) points, for describing
inner organ health status.

! Faculty of Biology and Geology, Chair of ExperitiaéBiology “Babe-Bolyai” University, Cluj-Napoca
2 Faculty of Medicine, University of Medicine andaPhacy “luliu Hasieganu”, Cluj-Napoca
3"Octavian Fodor” Third Medical Clinic, Cluj-Napoca



S.-C. MIRESCU,. L. CIOBANU, V. ANDREICA, C.-L. RQIORU

M aterials and methods

Source points localizationAccording to the Chinese traditional medicine,
there are 12 meridians along the body, each cameémy to an organ or system
(Dumitrescu and Constantin, 1977). Each meridias itsasource (or Yuan) point
(Popa, 2000). All these points are located equallyhe hands and on the feet.

Many early researches tried to find out the morpgiglal and functional
substrate of acupuncture meridians and pointscedpethe source points (Jaggar
and Robinson, 2001). Histological sections and istegmethods did not prove to
be useful in identifying meridians. Electrical seglwere performed and revealed
that there were points on the body in which thetekal resistance was clearly
modified compared to the electrical resistanceshef nearby skin. These points
resembled the meridians from the Chinese traditioneridians. The electrical
resistance was found to be tenfold lower thanheroéxtra-meridian points. Electrical
potential measurements were also performed and nitratedthat the voltage was
slightly increased in these points. A low electrioasistance, corroborated with
higher electrical potential in these points led tégearchers to the conclusion that
these points are thenergetic batterieof the human body (Van der Valk and
Groen, 1952). Further researches were based oa toeslusions (Zimlichmaat
al., 2005; Lurieet al, 2007).

The instrumentation.A four arms Wheatstone bridge of our own
manufacturing was used for measurements (Fig.Thg. reference electrode was
taped on the back of the left hand and the 12 nmmeamnt electrodes were taped to
the corresponding source points (six on the hand sikR on the foot). For
commuting between the points, a 12 positions rosarigch was used. The bridge
was connected to a 6 V power source and the owpsitconnected to a precision
voltmeter. By adjusting the voltmeter to zero usihg potentiometer included in
the circuit, the electrical resistance between glectrodes was displayed. This
cycle was repeated 12 times for each patient.

The patientsThe study was performed on 17 patients with gastesological
and rheumatismal disorders. The measurements alap at approximately the same
hour of the day, because some studies suggedhthatupunctural response is time
dependant Steflea, 1986). Consent was obtained from each maged from
hospital's director.
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Reference electrode

Mensurement
electrode

Preciion

) voltmeter

S00KL2 potentrometer

Fig. 1. The Wheatstone bridge used in the measurementsc(@sad, 2000)

Results

Because of the low number of participants incluihethe study, a statistical
analysis could not be performed. The results argedbaon individual cases,
eliminating the redundancy of presenting one paitiiohl entity twice or more.

Testing the bridgeAfter the initial implement of the device, thedge was
tested to verify its precision. It is a well-knoviact that the electrical resistance of
the skin is modified by the subject's physical amehtal state. With two electrodes
connected to the finger 2 and 4 of the left hahd, dubject was asked to perform
some simple motor acts with the right hand, likekima the fist. Then, the subject
was asked to cough and to keep his eyes closetiOf@econds, followed by the
opening of the eyes.

At the beginning of the measurement, the electrigdistance was
increasing slightly, as the patient entered a eslsstate of mind. At the beginning of
the motor acts, the electrical resistance regitenme abrupt decrease, for a few
seconds. Likewise, when the subject opened his ejtes a few seconds of closure,
the electrical resistance slightly dropped (Fig. 2.
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Fig. 2. The variation of the electrical resistance duringiesimple motor acts. The Y axis
represents the voltage, which varies inversely vatlistance

With the same electrodes connected, the subjeetg wested for the
psycho galvanic reflex. They were asked a numbareoftral questions (e.qpo
you live in Cluj-Napoca at the momemt”Do you have a cat at homeégnd a number
of emotional content questions (ektave you ever witness a tragic auto accident?
or Do you get along well with your spou$e®n asking the emotional content
guestions, the decrease in electrical resistansesigaificantly greater than when
asking the neutral questions (Fig. 3.).

Precisely revealing the psycho galvanic reflex, tiraedge proved its
accuracy in measuring the electrical resistandbegkin.

Pathological measurement3.he main criterion for the patients to be
included in the study was to exhibit at most twieiinal pathologies. Patients with
more than two distinct pathologies could influentdee accuracy of the
determination. The investigated pathologies indlludiger steatosis, surgical organ
ablation, biliary diskinesia, rheumatismal disedmspatitis C and heart failure.

The data obtained from the measurements were gechpa the medical
documents, which were considered gold standardiémmosis.
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Fig. 3. The variation of the electrical resistance duringvegring neutral and emotional
questions answering. The Y axis represents thageltwhich varies inversely with
resistance.

The following are examples of measurements, quoreing to the pathologies
above mentioned:

Diagram of a patient with
colecistectomy
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0]
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N
@]

J\

Resistance (MQ)
N
[}

Fig. 4. Diagram of a patient with colecistectomy; legendhaf points:
1=bladder; 2=gall bladder; 3=liver; 4=kidney; 5=esmh; 6=stomach
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Diagramofa patient with steatosis
and biliary diskinesia
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Fig. 5. Diagram of a patient with steatosis and biliaryfissia; legend of the points:
1=bladder;2=gall bladder; 3=liver; 4=kidney; 5=spie6=stomach

Diagram of a patient with rheumatism

Fig. 6. Diagram of a patient with rheumatismal diseaséefttand;
legend of the points: 1=small intestine; 2=rheusmadl point;
3=large intestine; 4=lung; 5=pericardium; 6=heart
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Diagram of a patient with Hepatitis C
and hepatomegalia
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Fig. 7. Diagram of a patient with hepatitis C and hepatcaliag
legend of the points: 1=bladder; 2=gall bladdedj\&s;
4=kidney; 5=spleen; 6=stomach.

Diagram of a patient with heart failure
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Fig. 8. Diagram of a patient with heart failure; legendred points:
1=small intestine; 2=rheumatismal point; 3=largestine;
4=|lung; 5=pericardium; 6=heart

Discussions

As concluded from the testing of the device, tleteical resistance is a
very sensitive and precise measure of changesibdby. Somatic movement and
also emotional status are expressed in electsitance terms.
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In pathological terms, patients with inner orgésedses presented a modified
electrical resistance in the corresponding souaiet®. At some instance, a patient
who had undergone laparoscopic surgery for cotmtimtny, said that she electrocutes
herself when touching any metal object. At measerdpnthis patient expressed a
very low electrical resistance.

Further studies will be made to test differentrents’ performances in
providing clearer data and a more accurate diagnosi
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OXIDATIVE STRESS AND INFLAMMATION —
KEY PLAYERS IN TUMOR ANGIOGENESIS

MARIUS COSTEL ALUPEI *, RAMONA MARIA MAXIM * and
MANUELA BANCIU !

SUMMARY. Tumor angiogenesis has a crucial role in tumor ldgveent and
the metastasis. Initiation and angiogenesis dewadop is a result of the
interaction of two tumor-associated processesainfhation and oxidative stress.
Therefore, a better understanding of molecular meshes that play a key role in
tumor angiogenesis-associated inflammation and atixiel stress can offer
promising strategies for future anticancer thempie

Keywords: cancer, angiogenesis, oxidative stress, inflanonati

Introduction in tumor angiogenesis

Angiogenesis-formation of new blood vessels fromgxisting vasculature or
progenitors of endothelial cells, has a cruciakrol physiological events, like
embryogenesis and wound healing, as well as, imtgrowth and metastasis (Hall
and Ran, 2010). This process is regulated by ttatm between proangiogenic and
antiangiogenic factors (Rosen, 2002, Sato,2008) pfsence of excessive angiogenesis
is usually associated with pathology such as cai@remvther et al. 2001). Since 1971,
Judah Folkman has shown that the growth of the ttumegond a size of 2 mim
depends on the development of its own vasculalime.newly-formed blood vessels
ensure maintenance of tumor cellular viability f@aoring the efficient metabolic
exchange of oxygen, nutrients, and waste prodadtsnor tissue.

Tumor angiogenesis is two stage-process in tumagldpment. In the first
stage calleddngiogenic switch, tumor cells express an proangiogenic phenotype
via the activation of various oncogenes and/or trteof tumor supressor genes
in tumor cells (Banciu, 2008; Crowtheral., 2001; Gupta and Qin, 2003; Sato, 2003).
Several studies have been shown that hypoxia @tenpcause for the switch of
the balance between proangiogenic and antiangiodadiors favoring the release
of pro-angiogenic factors by tumor cells (Crowtleeal., 2001). A major role in
hypoxia response involves activation of hypoxiaugidle factor-1 (HIF)-1 (Sato,2003).

! Faculty of Biology and Geology, Babes-Bolyai University, 400006, Cluj-Napoca Romania.
*Both authors have equal contribution to thisreview
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HIF-1 is a transcription factor that induces furtlaetivation of various oncogenes
and/or mutation of tumor suppressor genes in tuoells, which collectively
activate the proangiogenic/proinflammatory genesicgding for vascular
endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF)
cyclooxygenase (COX)-2) (Crowthet al., 2001; Sato, 2003). Moreover, in tumor
cells, hypoxia induces production of excessive tireacoxygen species (ROS),
which in turn modulates HIF-1 and proangiogenidgirosynthesis.

The second angiogenic stage is caliefldmmatory angiogenesis”due to the
involvement of infiltrated inflammatory cells ovénsulated by microenvironmental
stress factors secreted by tumor cells (Crowthal., 2001; Guptat al., 1984; Albini
et al., 2005). In tumors, inflammatory cells such asnmalcages, T cells, neutrophils,
eosinophils, monocytes, mast cells fully particép@ the angiogenesis steps by
production of the majority of pro-angiogenic/prél@mmatory factors that stimulate
recruitment, proliferation, migration and activatiof the endothelial cells and
finally tumor blood vessel formation (Albiet al. 2005, Banciu, 2008; Naldini and
Carraro, 2005).

Consequently, oxidative stress and inflammatiommset® be central forces
in tumor angiogenesis. Therefore, this review \wiilefly summarize the current
findings related to the involvement of oxidativeess and inflammation in tumor
angiogenesis.

Oxidative stress in tumor development

The oxidative stress is a state of the cell charatd by excessive
production of reactive oxygen species (ROS) (Daymal., 2010).In cellular
metabolism there is equilibrium between productiédrROS and the antioxidant
mechanisms. Disturbance in the balance betweenawokicind antioxidant
mechanisms in the favor of the generation of ROIBlIe@ad to the major damaging
effects on the important cellular components- pnatenucleic acids and lipids
(Wienberget al., 2010). In healthy cells, the physiological levelf ROS are
maintained by non-enzymatic and enzymatic antioxidegents like glutathione,
thioredoxin, superoxide dismutase , catalase arakjglases (Wang and Yi, 2008).

ROS have a major contribution in initiation, proimatand progression of
tumor cell phenotypes. ROS-mediated DNA damagedsivk to play an important
role in initiation of carcinogenesis due to theiteraction with pyrimidines, purines
and chromatin proteins. As a result, tumor celigettgp an increased rate in DNA
base modifications, genomic instability and modifions in gene expression
(Fruehauf and Meyskens, 2007). Oxidative stressded by ROS is one of the
most important regulatory mechanisms involved ircinagenesis through induction
of nuclear or mitochondrial DNA mutations, and @tidn of intracellular proteins
and lipids structures (Tandenal., 2005)
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In tumor cells, ROS can be generated from a vaoéources, including
mitochondrial electron transport system, activibtéganthine oxidase, the cyotochrome
p450 and NADPH oxidase (Ushio-Fukai and Nakamu@®82 Nevertheless, in
tumors, ROS generation is a consequence of the conuimaracteristics of tumor
tissues such as ischemia, excessive glycolysigemusate neovascularization and
infiltration of inflammatory cells (Benz and YauP@3) These features enable
production of excessive levels of ROS, superoxid®res (Q) and hydrogen
peroxide (HO,) (Lopez-Lazaro, 2010).

Key playersin oxidative stress

For many years, oxidative stress has been shohawvmnegative influence on
cells, these studies being focused on the suppres$iROS. Cells have developed
antioxidant mechanisms, comprising of enzymatic &md molecular weight
compounds, in order to counteract oxidative steagbto detoxify the free oxygen
radicals. With great importance for these processesthe enzymesuperoxide
dismutase (SOD), which catalyses the dismutation of supelexradicals to
hydrogen peroxide, and botiatalase (CAT) andglutathione peroxidase (GPX)
which convert hydrogen peroxide to water (Gonzateal., 1984). The balance
between ROS and the antioxidant enzymatic actigityery important for cellular
homeostasis. Low levels of ROS are involved inuteil signalling and have an
crucial role in normal cell proliferation. In tumarells, there is a negative
correlation between tumor suppressor protein psB3SDD activity. In tumor cells
p53 is present in low amounts and SOD activithgeased with the production of
high levels of HO, that favor cell proliferation and a very high rafemutagenesis
(Chung-man Hcet al., 2001). Moreover, several studies suggested dleatated
H.O, levels promote the activation of the hypoxia intiefactor (HIF) pathway.
HIF is a family of transcription factors that ast@ellular oxygen sensors, initiating
an activation of the cellular response (Guzy antuSwacker, 2006).

One of the most important causes responsible foS Rf@neration is
hypoxia (Lopez-Lazaro, 200 Mlypoxiais also able to activate a signalling cascade
that leads to induction or repression of the trepson of a multitude of genes
implicated in angiogenesis, glucose metabolism @idsurvival/death (Brahimi-
Horn and Pouyssegur, 2007). The most important awedin response to low
oxygen availability is HIF-1. HIF-1 is a heterodimmmposed of HIFd, a subunit
tightly regulated by tissue oxygen levels and HpFakhich is constitutively
expressed (Rapisar@hal., 2009). Several studies have shown a high levellBfl
expression in tumors, together with other transionpfactors involved in modulation
of oxidative stress induced by increased hypoxithcugh a high amount of ROS
are generated in tumors, HIF-1 expression is magdaat a relatively constant
concentration (Guzy and Schumacker, 2006). This ifaexplained by various
intracellular regulatory mechanisms that involvéivation of oncogenes which are
important for initiation of Ras-Raf-ERK/(mitogentizated protein kinase) MAPK
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pathway involved for tumor cell proliferation (Demk2008). Although the secondary
effects of oncogenes are not fully understood, geces have a major contribution for
the increased accumulation of HIk-XBrahimi-Horn and Pouyssegur, 2007).
Mitochondrial ROS ensure HIFalstabilization by blocking the activity of prolyl
hydroxylase involved in mechanisms of recognitiohFHo for proteasomal
degradation (Denko, 2008).

Besides this positive effect exerted by ROS on HIBeveral studies have
been shown that ROS can decrease Hiffetels by signaling an increase in prolyl
hydroxylase activity (Denko, 2008, Qutub and PopeQ8).

I nvolvement of oxidative stressin tumor angiogenesis

Tumor angiogenesis — is a key process in tumorrpesipn (Milleret al.,
2009). Angiogenic mechanisms are activated by uargellular stress factors, such
as hypoxia, low pH, nutrient deprivation and ROScliBorn et al., 2007).
Endothelial cells are responsible for high ROS gatien, such as Pand HO,,
involved in different pathophysiological responsgle primary source of ROS in
endothelial cells is the activity of NADPH oxidase.low concentrations ROS can
act as signalling molecules that mediate endothedith proliferation and migration,
facilitating angiogenesis (Ushio-Fukai, 2006).

In tumor cells, oxidative stress increases theymtioh of angiogenic factors.
The hypoxic states present during tumor developmentrate a high amount of
ROS (Sihveet al., 2003). Hypoxia also activates HIF-1 expressioa,main regulator
of vascular endothelial growth factor (VEGF) andotfier pro-angiogenic proteins.
ROS is also responsible for activation of NF-kBtranscription factor capable to
upregulate HIF-1 (Xiat al., 2007). Moreover, ROS, in particularly®, have been
demonstrated to directly stimulate angiogenesisiimor cells and endothelial cells
by enhancing the production of VEGF (Milleral., 2009). Even more important, it
is widely known that KD, is increased in cancer cells due to the lack tdlase
activity (Chung-man Het al., 2001).

Inflammation — role in tumor angiogenesis

Since 1863, Virchow has shown the relation betwediammation and
cancer, suggesting that tumors tended to occuitest ef chronic inflammation.
Moreover, epidemiologic studies presented that rebranflammatory diseases are
frequently associated with increased risk of can¢Balkwill and Mantovani, 2001).
Chronic inflammation is involved in all stages af@nogenesis. Recent findings have
proven that the tumor development from inflammatiaight be a process driven by
inflammatory cells as well as a variety of medigtancluding cytokines, chemokines,
and enzymes, which altogether could create anninflatory microenvironment
(Coussens and Werb, 2004). After ,angiogenic sWitthumor cells, the inflammatory
cells infiltrating the tumor fully participate imé angiogenic process by recruitment,
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proliferation, migration and activation of the etiggial cells as well as by production
of the majority of proangiogenic factors: vascidadothelial growth factor (VEGF),
hepatocyte growth factor (HGF), matrix metallopircdse-2 (MMP2) and interleukin-
8 (IL-8) (Albini et al.,2005; Banciu, 2008; Balkwilit al., 2005; Naldini and Carraro,
2005; Zou, 2005). For that reason this step of agagiesis is also called tumor
inflammatory angiogenesis (Albini et al., 2005; Banciu, 2008; Naldini and
Carraro, 2005). Consequently, inflammation-depehdagiogenesis seems to be a
central force in tumor growth and expansion, a ephsupported by the observation
that the use of anti-inflammatory drugs leads tgi@genesis inhibition (Albinet

al., 2005; Banciu, 2008).

Key cell playersin tumor inflammation

The inflammatory microenvironment of neoplastisuiss include neutrophils,

T cells, neutrophils, eosinophils, monocytes thaitressed Tie-2 receptors, dendritic
cells, macrophages, and mast cells. All thesayqetls possess the capacity to produce
cytokines, cytotoxic mediators like ROS, serine eygteine proteases, metalloproteinases
(MMPs) and membrane perforating agents (Balkwidl dfantovani, 2001; Coussens
and Werb, 2002; Nakayanehal., 2004).

The innate immune cells contribute to cancer dgveént through direct and
indirect mechanisms. The direct mechanisms are: DatAage induced by generation
of ROS and regulation of intracellular pathwaysag#ivaition of transcription factors
such as NkeB and HIF-1. The indirect mechanisms include préonobf angiogenesis
and tissue remodeling by the production of growtiidrs, cytokines, chemokines and
matrix metalloproteinases; COX-2 upregulation; sapgion of antitumour adaptative
immune responses. The adaptive immune cells atgalmate to modulation of cancer
by direct and indirect mechanisms. The direct meishas comprise: inhibition of
tumor growth by antitumor cytotoxic-T-cell activignd inhibition of tumor growth by
cytokine-mediated lysis of tumour cells (de Visgteal., 2006).

Among the immune cell populations present in tutissue, tumor-associated
macrophages (TAM) seem most important in promotmgl coordinating tumor
growth (Banciuet al., 2008). TAM are a major component of tumor leykec
infiltrate, being recruited by chemokiniee. monocyte chemotactic protein (MCP).
Chronic inflammation induced by TAM represents arse ofr eactiveoxygenspecies
(ROS) which, depending of their level, could motkikhe immune system, and affect
cell proliferation, stimulating angiogenesis byiation of oxidative stress enzymes
responsible for stabilization of HIFeXFruehauf and Meyskens, 2007). ROS generated
in TAM but also in neutrophils via a plasma membréwund nicotinamide adenine
dinucleotide phosphate, reduced form (NADPH)-oxaddsliver a sublethal oxidative
stress to tumor cells. Tumor cells exposed to thddlexidative stress will have a
higher capacity of metastasis due to the redudidamour cell adhesion to basement
membrane components (Brown and Bicknell, 2008M are an important source of
pro-inflammatory cytokines and chemokines (TNF(tumor necrosis factor o),
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intedeukins IL-1, 6, 8, IL12p40, MCP-1, 3, #npnocytechemoattractanproteins
1, 3, 4 ) and pro-angiogenic factors (VEGF, bF@&; [insulin-like growth factor),
cellular adhesion molecules, metalloproteinases ietolved in all steps in tumor
angiogenesis. TAM also secrete anti-apoptotic preter tumor cell protection (FasL
- Fas ligand) (Allavenaet al., 2008; Banciuet al., 2006; Banciuet al., 2008,
Schoppmanret al., 2002). Besides protumoral functions of TAM désml above,
tumor macrophages have antitumoral functions sisctdigect cytotoxic effects on
tumor cells by inducing phagocytosis of debris anesenting tumor antigens to T
cells; indirect antitumoral effects by productiori anti-inflammatory (IL-2,
interferons and IL-12) and anti-angiogenic prot€indP-1 and 2 fissueinhibitor
of metalloproteinases 1, 2)) (Naldimt al., 2005; Banciwt al., 2008; van der Bigt
al., 2005). Furthermore macrophages were reporte@xert great protective
capacity against metastases outgrowth in melan@aaryg rats with tumor-infiltrating
macrophages than in the same experimental modilglepleted TAM (van der Bét
al., 2005).

Conclusions and perspectives

This review deals with tumor angiogenesis-assatiatecesses: inflammation
and oxidative stress. The two processes have hothgnd antitumor actions in
tumor development. A proper understanding of botfcfions offers promise for
identification of therapeutic targets for antiarggaic therapy of cancer.
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OBTAINING AND CHARACTERIZATION OF AN a-AMYLASE BY
A STRAIN OF BACILLUS SUBTILIS

MIHAIL DRAGAN-BULARDA?, RAHELA CARPAL
MIHAELA MISCA'and VICENTIU CALEAN!

SUMMARY. This paper presents the results of obtainiBgeillus subtilisstrain, by
UV irradiation, a strain that should produce alphaylase. We had in view the
increase of biomass on a mineral medium with yessact, to which soluble starch
2% was added, and we used therefore, an installatith fermentation pot. The
production of alpha-amylase was monitored, detangirthe maximum specific
increase rate, respectively the relation betweernirttrease of the cell mass and the
enzyme production. We had also in view to obtaiava enzymatic preparation and a
partial purified one, for which Kand V. Of reaction were determined. The enzyme
production proved to be closely correlated with giantity of biomass. The bacteria
culture reached constant production efficiencyrdfie lag phase. The raw enzymatic
preparation presented a slightly higher alpha-aseyketivity than the partial purified
one, probably because of the starch traces priesthigt raw enzymatic extract.

Keywords o-amylase Bacillus subtilis characterization, enzyme kinetics, fermentation,
purification

Introduction

Amylases are among the most important starch-ctingeenzymes, and
they can be derived from several sources. Howdaaterial and fungal amylases
have dominated applications in the industrial se(ticeweries, alcohol production,
bakeries, juice production from various fruits) €ascu, 1963; Pandely, 2003;
Dragan-Bularda and Samuel, 2008). Also, the amylolgtizymes find a wide
spectrum of applications in food industry for proton of glucose syrups, high
fructose corn syrups, maltose syrups, reductionvise€osity of sugar syrups,
reduction of haze formation in juices, and find aevrange of application in
baking, paper, textile and detergent industry (@inskrishnan et al., 2006). The
alpha-amylase hydrolyses thel.4 bonds within the amylose and amylopectin
chains (dextrinogenous amylases), resulting marfodextrins, some maltose and
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glucose from amylose, respectively, many maltodiextand limit dextrin (with
ramifications throughu-1.6 bonds), some maltose and glucose from amytimpec
(Baig et al, 1984; Bantet al,, 1987; Dan, 2000; Jurcoane, 2000; Malhoetral.,
2000; lorga and Campeanu, 2004agan-Bularda and Samuel, 2008).

The a-amylase produced by bacteria is a metalloenzyrtie high molecular
mass of about 50,000 Da, characterized by the nmesm its structure of some
inorganic ions, related to the polypeptide chaferieaet al,1988). These are €a
(1-3) ions for stabilizing the structure and 1-2*Zions that determine the dimer
formation of the enzymewfvw.resb.oryy Due to the fact that it is a protein, the
biosynthesis of the alpha-amylase takes placéasaoime level and is secreted by the
bacteria in the culture medium @@an-Bularda and Samuel, 2008).

In the last decades, more and more microorgangens used as potential
sources for various biotechnologies (Zarnea anditbwn1994). Bacteriak-amylase,
which are usually produced by bacteria belongirgacillusgenugNigam and Singh,
1995) are widely used in the starch-processingsimgidor the hydrolysis of starch
(Lonsane and Ramesh, 1990). There were tested tiomsdifor optimizing the
biosynthesis of some enzymatic complexes (proteasdase complex) by using
Bacillus subtilisstrains (Bahrim and Dan, 1994; Danal, 1994), respectively, there
was studied the influence of the input of aminoaai the biosynthesis of some
enzymes, among these also the alpha-amyla8aatius subtilisstrains, or the effect
of some water-soluble vitamins on the biosynthésicase of fermentation with
Bacillus subtilisstrains. In most cases the enzymatic processhibiied by high
substrate and product concentration and also ifistatif the enzyme repetitive or
prolonged use. Immobilization is an important teghe for continuous and repeated
use of enzymes in industrial application and aklguid separation of the enzyme
from the reaction medium. The general methods eyepldor immobilization are
entrapment, microencapsulation, copolymerizatioosszlinking, physical adsorption,
chemical attachment and covalent binding (Gangadietial, 2009).

Tests were conducted for immobilizing some miabliydrolases with
protease and amylase activity on collagen suppeedenccet al, 1994).a-amylase
produced byBacillus amyloliquefacien&TCC 23842was immobilized in calcium
alginates. Also, alginate beads have been suctigssfed for entrapment oi-
amylase oBacillus subtilisand effectively used for starch hydrolysis (Rajadap and
Krishnan, 2008). Immobilization is a very effectalternative in overcoming problem
of instability and repetitive use of enzymes. Bntnant method of immobilization is
advantageous over other methods that do not invdhemical modification of the
enzyme (Gangadharatnal, 2009).

It should be emphasized that the applicationo-@fmylase in different
industrial processes demands specific charactaristicluding thermostability,
particular pH activity profiles, pH stability andaéndependency, consequently,
demand for novel amylases is increasing worldwae,the variety of enzyme
applications is increasing in various industriatees (Pandelgt al, 2000). Industrially
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important enzymes have traditionally been produogdubmerged fermentation,
but in recent years slide-state fermentation pseEefiave been increasingly used
for the production of these enzymes. In fact, sebthte fermentation has gained
renewed interest from researches for the productidghese enzymes in view of its
economic and engineering advantages (Pandely, 1B@Xpensive agriculture and
agro-industrial residues are generally considenedbiest substrates for solid-state
fermentation and for enzyme production in the systéPandely, 2003).

Our research aims at obtaining a valuable straiBaxillus subtilisfor
producing alpha-amylase, using the UV-irradiatiechnhique. We have also tested
an enzymatic preparation of alpha-amylase undearddbry conditions, followed
by partial purification and enzyme kinetics studi¢slpha-amylase.

M aterials and methods

Microbiological analysesTheBacillus subtilisstrain with amylolytic capacity
was obtained by using a culture medium made ofitiugtragar to which soluble
starch was added to 0.5 %. There were used fouiaton several sources of
microorganisms (fertile soils, therapeutic mud, a&@gusediments, compost). There
were selected 5 bacterial strains with an intensgylalytic activity (that
hydrolysed all the starch from the solution). Thes¥e obtained pure cultures and
the specific affiliation a®acillus subtilisstrains was determined by microscopic,
physiological and biochemical test$e isolated strains were exposed to UV radiation
(250 nm), and then the amylolytic activity was edshgain, both from qualitative and
guantitative point of view (by the Somogy-Nelsortmoel) (Dgan-Bularda, 2000).

Fermentation studiesThere was used for fermentation a bubbling vessel
of 500 ml capacity. After the thermal sterilizatiaghe vessel opening was sealed
with a rubber plug, provided with a sampling tulse, as to keep the aseptic
condition of the vessel. The vessel was placed imater-bath with adjustable
temperature and connected to an adjustable-floypuainp. In order to prevent the
contamination of the culture medium, the air suppgs provided with a filtering
system with pores of 5, 2 andufin. The discharged air was bubbled into a disirrgcti
solution before its exhausting, in order to ensageptic conditions and to prevent
the release of culture microorganisms in the atinesg

Preparation of the culture mediunit had the following composition
(Atlas, 2004): soluble starch 2%, yeast extract %,3(NH,).SO; 0.3%, KHPO,
0.1 %, MgSQ. 7 H,0 0.02%, NaCl 0.1 %, CagLl2 H,O 0.008%. The medium was
sterilised at 11%C, for 30 minutes.

Preparation of inoculumThe Bacillus subtilisstrain, growth on a solid
medium with starch was inoculated on a liquid niwvei medium with starch. The
incubation was made at 8 for 24 hours. Then, there were introduced 15l
culture from the liquid medium into 100 ml of nditré medium. This mixture was
kept for 4 hours at 2€. Further on, it is added to the fermentation seghat
contains 385 ml nutritive medium. The inoculum waixed with the medium in
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the bubbling vessel. The water-bath was adjust&d’a and the inlet air-flow was
set at 1.5 L air/L medium/minute. The fermentatiwacess took 14 hours.

Analyses performedvieasuring the increase of biomasistook place at
the beginning of the fermentation and then everyr3@utes. The increase of the
cell mass was determined by measuring the abscelaré00 nm.

Monitoring thea-amylase productiorEvery 30 minutes, a small quantity of
culture medium(4 ml) was taken under aseptical conditions. Thimpe was
centrifugated for 5 minutes at 8000 rpm in ordesdparate the bacterial cells and the
supernatant was used for enzymatic tests. Theityuahtlry cell mass was determined
(after drying in the drying chamber at 205 for 48 hours). The Metais and Bieth
method (Popa, 1990) was used for determiningthmylase activity. The principle of
this method consists in using a starch solution whih be treated with an enzymatic
solution. The substrate remained unhydrolised wesed spectrophotometrically at
565 nm, after the reaction with iodine. There wsadua reaction mixture of enzymatic
solution + enzymatic substrate (starch solutio®da% buffer NaAHPO, 0.2 M — citric
acid 0.1 M, pH7). The incubation took place at saveemperatures (20-%0), for 5
minutes. The enzymatic reaction was stopped withl ®f 6% acetic acid solution.
lodine solution N/1500 was added, and the resulitinlgt complexe passed trough a
colorimetric analyse at 565 nm, towards distilleatev. In order to determine the initial
starch concentration in the reaction medium, theyratic reaction was stopped at
zero time. The amylase activity is indicated in Winm and is calculated as follows:

Enzymatic activity = OBRnywoi— ODsampieX 1.2 X 5 X 1/5 per Olnwo (Where
OD is optical density; 1.2 — quantity of starchpessed in mg, added to the reaction).

The above relation was multiplied by 5 in orded&termine the enzymatic
units in 1 ml of protein preparation, respectivbly 1/5 in order to determine the
activity during 1 minute.

Obtaining the raw extractAfter 14 hours, the content was centrifugated
for 15 minutes at 800 rpm. The supernatant waeci@t and filtered, getting the
raw extract (in total 220 ml).

Obtaining the partial purified preparatiorifo the raw extract there was
added cold acetone up to 80% (V/V) saturation. Weeked on ice bath. The
suspension was centrifuged for 30 minutes at 80@. rphe supernatant was
removed. The precipitation was redisolved in buffieosphate 0.1 mol/L.

Calculation of K, and V,ax In order to determine the reaction rate, there
were used 5 starch solutions of known concentratido each of these, there was
added 1 ml of enzymatic preparation. After homogation, there was taken 1 ml
of mixture, to which 0.2 ml iodine solution N/10Ggvadded and the adsorbance at
565 nm was measured. The rest of the sample wasduaded in a water bath at
30°C. After 1 minute there were added 0.4 ml iodinéutsan N/100 and the
adsorbance at 565 nm was measured. For calcuthtngtarch concentration in the
sample, there was used a standard curve with Geotnations of starch (0.333 — 2
mg/ml). The reaction rate was calculated as followes (Cinjiai-Ciina)/60.
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Results and discussion
1. The maximum specific increase rate

The maximum specific increase rate of Beacillus subtilisstrain used,
was determined by the relatid®/dt=ux

where x = quantity of biomass

t = time of growth

u = specific increase rate

By separating the variables and integration weinbta

Ln-xo/X = p(t-to)

Thus, by the graphic presentation of the valued_fory/x depending on
the time we obtained a line, with the slope indigathe specific increase rate. The
dependence between the optical density at 600 rihthrenquantity of biomass in
the sample is considered to be a linear one. Kngpwia quantity of biomass (0.15
mg) corresponding to an absorbance of 1.42, therbhsce of the samples at 600
nm was correlated with the quantity of biomass)gishe data in Table 1.

Table 1.

Data used for calculating the maximum specific increaserate

Time (h) Absorbance at 600 nm | Dry cell mass (mg) | Ln- X/

2 0.227 0.023979 0.024527
25 0.365 0.038556 0.499474
3 0.581 0.061373 0.964328
3.5 0.61 0.064437 1.013036
4 0.835 0.088204 1.327009
4.5 0.79 0.083451 1.2716]

5 1.235 0.130458 1.7184(03
5.5 1.452 0.15338 1.880274
6 1.58 0.166901 1.964757
6.5 1.828 0.193099 2.1105595
7 1.95 0.205986 2.175162

Based on the data in Table 1 we drawn the graphiéigure 1. We
calculated this way the slope of the line, whiclagually the maximum increase
rate {(1may). For theBacillus subtilisstrain, this value was @i,=0.504 R, which
is considered to be a normal value for a cell caltu
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Fig. 1. Calculation of the maximum increase rate

2. The relation between the increase of the cell magthe enzyme production

The Table 2 shows the data from measuring theaptensity (absorbance)
of the culture at 600 nm.

The data in Table 2 were used for determining thlation between
biomass and the enzymatic activity of the mediuee (Big. 2). One can observe
analysing the graphic, a correlation between tlwmaalation of cell mass and the
intensification of the enzymatic activity of thelttwe medium This dependence
indicates that the alpha-amylase is a prime metaebwith constitutive synthesis.
In such cases, the relation between the enzymeuptiod (P) and the biomass (x)
is described as follows:

1/dx- dP/dt = dP/dx1/x - dx/dt,

where

1/dx- dP/dt = ¢ is the specific rate for biomass product formingd a

dP/dx = Yy« is the efficiency coefficient,

while 1/x- dx/dt =p is the specific increase rate of biomass.

Making the substitution in the first relation, ésulted that g Y, Which represents.
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Table 2.

Data obtained during the fermentation, based on which, the enzymatic activity and
thedry cell mass wer e calculated

Time | Adsorbance Dry cell Enzyme production
(h) at 600 nm mass (mg) —
Control Absor bance of Activity
Absorbance at sample at 565nm (U/ml/min)
565nm
0 0.221 0.0233 0.725 0.715 0.01p5
0.5 0.21 0.0222 0.735 0.729 0.00P5
1 0.252 0.0266 0.714 0.707 0.01p3
1.5 0.183 0.0193 0.718 0.651 0.11p
2 0.227 0.024 0.702 0.682 0.0342
25 0.365 0.0386 0.712 0.703 0.01p1
3 0.581 0.0614 0.72 0.703 0.0285
35 0.61 0.0644 0.702 0.664 0.0642
4 0.835 0.0882 0.699 0.510 0.324
4.5 0.79 0.0835 0.71 0.482 0.385
5 1.235 0.1305 0.715 0.380 0.568
5.5 1.452 0.1534 0.72 0.327 0.65p
6 1.58 0.1669 0.716 0.346 0.62
6.5 1.828 0.1931 0.695 0.185 0.88
7 1.95 0.206 0.708 0.159 0.93
7.5 2.275 0.2403 0.721 0.252 0.78
8 2.105 0.2224 0.7 0.099 1.03
8.5 2.422 0.2558 0.698 0.047 1.12
9 2.125 0.2245 0.71 0.030 1.15
9.5 2.355 0.2488 0.695 0.046 1.12
10 2.42 0.2556 0.7 0.058 1.1
10.5 2.252 0.2379 0.703 0.158 0.93
11 2.158 0.228 0.695 0.145 0.95
11.5 1.852 0.1956 0.698 0.128 0.98
12 1.905 0.2012 0.71 0.089 1.05
12.5 1.937 0.2046 0.685 0.143 0.95
13 1.45 0.1532 0.698 0.134 0.97
135 1.35 0.1426 0.685 0.211 0.83
14 1.42 0.15 0.693 0.144 0.95

The specific product forming rate and the efficiercoefficient can be
calculated and these offer information on the igfficy of the fermentation process.
Thus, at the end of the fermentation, based onlitened data, it resulted that:

Op= 1/0.15- (0.95-0.0165) / 1460, so g=7.4 U enzyme/g biomass/min

The efficiency coefficient was calculated using $ame data, and we obtained

Ypx=(0.95-0.0165) / (0.15-0.233), so Yp/x=7370 U aneyg biomass.
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These data indicate that the enzyme production tki§ case, a poor one.
The Fig. 2 presents the enzyme production relaigte biomass, and the relation
proved to be a constant one, after e phase. This result indicates also that the
enzyme production is constitutive.

25 - - 25

Absorbance at 600 r
on
Enzymatic activity (U/ml/mir

0 2 4 6 8 10 12 14 16
Time (h)

Fig. 2. Relation between the increase of biomass (cireled)the enzymatic activity
(squares) of thBacillusstrain.

Using the values obtained fop gnd Y,x we calculated the value of the
biomass increase rate, and it resulted fihat7.4/7370 60, sa = 0.0602 H. This
increase rate is a relatively poor one, probablyabse of the low oxygen supply,
which proved to be a limitative factor.

3. Obtaining the raw and the purified enzymatic pregtam

The data we obtained in this respect are showalife3, respectively in Fig. 3.

It was observed that the activity of alpha-amylaseillated depending on
the temperature at which the enzymatic activitjktptace, with a maximum value
at 40C, and a decrease of the values after this tempetgirobably because of the
inactivation or thermal distortion of the alpha yd@se. We also observed that the
raw extract had a higher enzymatic activity thanghrified preparation (see Fig.3).
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Enzymatic activity of the raw enzymatic preparation and of the purified

enzyme prepar ation

Table 3.

Fig. 3. Evolution of the alpha-amylase activity.

Tempoer ature | Raw extract Purified preparation
°C) oD oD Activity oD oD Activity
Control Sample Control Sample
20 0.56 0.215 0.7392857 0.385 0.178 0.645[95
30 0.565 0.16 0.860177, 0.379 0.16 0.693404
40 0.558 0.11 0.96344009 0.382 0.132 0.78584
50 0.56 0.122 0.938571¢4 0.372 0.133 0.754839
60 0.58 0.132 0.9268966 0.378 0.156 0.704)762
—*— raw
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This phenomenon can be explained by an incompleteiptation of the
alpha-amylase in the raw extract and on the othedtby the presence of starch
rests in the raw extract, which influenced the expent. Analysing the figure, we
observe also that the enzymatic activity of thehef raw extract seems to remain
approximatively at the same value, between 40 &/@.6
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4. Determining the enzymatic kinetics

There was determined the Michaelis-Menten constadt\,., of reaction.
The data used for calculating,kand Vi,ax are indicated in Table 4.

Table4.
Calculating Ky, and V in the case of Bac.subtilis alpha-amylase
No. (Li];/ IZ!]EIS;] Adsor bance Concentration vV (mgls) LIV (simg)
)| M e T Fina | mital | Fina
1 0.2 5 0.023 0.021 0.214| 0.188 | 0.000433 2307.692
2 0.4 2.5 0.044 0.039 0.398| 0.356 | 0.0007 1428.571
3 0.6 1.66 0.066 0.058 0.599| 0.522 | 0.001283 779.2208
4 0.8 1.25 0.089 0.082 0.802| 0.738 | 0.001067 937.5
5 1 1 0.106 0.092 0.955| 0.832 | 0.00205 487.8049
2500 -
= y o= 428% + 210.
lg,zuuu :

1300 -

1000 4

500 4

T T T T T T T ]

-2 -1 8] 1 2 3 4 =1 B
15T folk e}

Fig. 5. The calculation of K and V.. by Lineweaver-Burk method.

The Fig.5 shows the calculation of,kand \j,.x by the Lineweaver-Burk
method. Thus, 1/¥x = 210.9, so thati W»=0.0047 mg/s, respectively 0.284
mg/min, while

Kn/Vmax= 428
Kmn=428 X Vjnax SO that kK, =2.011 mg/ml
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The values obtained for,¥ suggest that the preparation of alpha-amylase
hydrolised the starch with a lower speed, probéklyause of an excessive dilution
during the resuspension in buffer solution, andabee of an inactivation arosen
during handling and storage, on the other hanthémmean time, the value for,K
indicates a lower affinity of the enzyme for thédswate, which can be explained
by the variations as shape and structure of theaadmylase substrate.

Conclusions

1. The amylolytic activity of @acillus subtilisstrain was tested, and it proved to
have a quite important amylolytic capacity. Theyene production takes place
constitutively, parallel to the biomass increaske Dacteria culture reached a
constant production efficiency after tleg phase, confirming that the enzyme
production is not correlated with the culture age.

2. The enzyme production proved to be closely relatita the cell mass quantity.
The biomass quantity was relatively lower, probdiggause of a poor aeration, as
the oxygen dissolved in the medium has a limitaitiNience.

3. The enzymatic preparation obtained after partiaifijgation showed a slightly
lower enzymatic activity than the raw extract, |yabiecause of the starch rests
in the raw extract, due to its low solubility.

4. The kinetic analyse indicated a relatively highueabf the Michaelis-Menten
constant, this fact shoving a lower affinity of thazyme for the substrate,
probably because of the wide dimension range obtistrate. The maximum
rate was relatively low, possibly because of thefijgation method, whose
efficiency was not good enough.
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MICROBIOLOGICAL AND ENZYMOLOGICAL STUDY ON
SEDIMENTSAND WATER OF THE RIVER SOMESUL MIC
UPSTREAM THE GILAU (CLUJ COUNTY) TREATMENT PLANT
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CORINA MURESAN? and ANCUTA CRISTINA FARKAS?

SUMMARY. Seasonal analyses were carried out on the watars 5r sampling
sites situated on the SognkMic river, upstream the water treatment planGitiu.
The total coliform germs and the faecal coliformsrevanalysed. The presence in
water of the two bacterial groups was detectedat essampling site, in each season,
with higher values in autumn, and lower in wingipositive correlation with good
statistical significance (p<0.01) was registeretivben the two groups of coliforms.
In order to differentiate the genera of colifornishiochemical tests have been
carried out on the water sampled in autumn at 2hsitB, where the highest number of
coliforms had been registered: indole productioethyl red test, Voges-Proskauer
test, citrate utilization, malonate utilizationearhydrolysis and $$ production on the
TSI medium. On the base of the results obtained fren¥ biochemical tests, four
bacterial genera have been identifi€kcherichia, KlebsiellaEnterobacterand
Citrobacter The three enzymatic activities studied in sedisgrhosphatase, catalase
and potential dehydrogenase) gave values of enayrimaticators of sediment
quality slightly lower than those registered byesthesearchers five years earlier.

Keywords: Soma river, coliform germs, faecal coliforms, enzymatixtivity

Introduction

The water quality is always an actual and serigablpm of mankind. The
microbiological pollution of water is even a moregsing matter when it affects
rivers used as sources of drinking water for lgpgeulations. In order to avoid
contamination of people with pathogenic microorgars, many studies aim at
identification in natural waters of so call@&ddicator organisms. According to
Bitton (2005), the main criteria for an ideal iratior organism would be the following:

! Babg-Bolyai University, Faculty of Biology and Geolo@epartment of Experimental Biology,
Kogilniceanu street, No.1, 400084 Cluj-Napoca, Romania

2 Water Company Som&A, 22 Decembrie 1989 street, N0.79, 400604 Cipipisa, Water Treatment
Plant Gikiu, Romania
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- it should be a member of the intestinal micrabioftwarm-blooded animals;

- it should be present when pathogens are presehgibsent in uncontaminated
samples;

- it should be present in greater numbers thapé#tieogen;

- it should be at least equally resistant as thtequgen to environmental
factors and to disinfection in water and wastewatsatment plants;

- it should not multiply in the environment;

- it should be detectable by means of easy, rapidljnexpensive methods;

- the indicator organism should be non pathogenic.

The group of coliform bacteria fulfils these criteand was adopted as an
indicator of faecal contamination of drinking waser early as the beginning of last
century. These indicators are useful for deterngiritme quality of potable water,
shellfish harvesting waters, and recreational vsatier water treatment plants, total
coliforms are one of the best indicators of treathafficiency of the plant.

The total coliforms belong to the family Enterobacteriaceae, order
Enterobacteriales, class Gammaproteobacteria, phgkill — Proteobacteria (Garrity,
2005). The total coliforms include the aerobic &xlltative anaerobic, non-spore-
forming, Gram-negative, rod-shaped bacteria thatdat lactose with gas production
within 48 hours at 35°C. The group includes fouactkrial generaEscherichia,
Klebsiella, Enterobacter and Citrobacter

Faecal coliforms are thermotolerant bacteria that include all ootifs that
can ferment lactose at 44.5°C. The presence oélfaetiforms indicates the presence
of faecal material from warm-blooded animals. Faeoliforms display a survival
pattern similar to that of bacterial pathogens, thely are not reliable with regard
to contamination of aquatic environments with vesisind protozoans.

Grimeset al. (1984) study the microbiological effects causedhsy dump
of used water in the coastline waters of PuertaRiesulting in the increase in
number of faecal indicator bacteria and in watedlupon with pathogen
microorganisms. Gerba and Speed (1997) show tleetefbf pollution indicator
bacteria living in a small tropical river and thirpact on the quality of water used
for leisure activities. A surface water with faepallution is recorded by Ventet
al. (1997) in South Africa.

Noble et al (2003a) compare the bacterial indicators (totdifarms, faecal
and enterococci) of water quality for ocean watseduin leisure activities. Same
year, Nobleet al (2003b) make another comparison of measuremetiiod® for
bacterial indicators of water quality in oceanidevdrom seashore zone.

Many studies were also carried out in our courinysuing the same task,
especially on the water of the Mgnéver (Millea et al, 1993; Papp and Fodorpataki,
2002; Muntearet al, 2008). The present study aimed to detect theepoesin the
Somaul Mic river water of microorganisms used as fagualution indicators. We
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also aimed to appreciate the level of the enzynaatiiwity in sediments of the same
river, at the same 5 sampling sites situated upstttie Gidu treatment plant.
Materialsand methods

The microbiological analyses pursued the presehceliform germs in water
of the Some river before it reached the treatment plant iri@GilThe analyses were
carried out seasonally, in 2007, on water sampéed five sites, as follows:

P1 - Somgul Cald, 300 m upstream the filtration stationa@ijl

P2 — Somgul Rece, 500 m upstream the filtration statioraGil

P3 — the confluence of the rivers SguieCald and Somll Rece;

P4 — left side of the Gilau dam reservoir;

P5 —right side of the Gilau dam reservaoir.

We determined the total and faecal (thermotolejaotdiform bacteria,
according to the STAS 3001-91. In order to diff¢iae the genera of coliforms,
seven biochemical tests have been carried outeowdter sampled in autumn, at the
P2 site, where the highest number of coliformslteeh registered: indole production,
methyl red test, Voges-Proskauer test, citratézatibn (the four IMVIC tests),
malate utilization, urea hydrolysis on Christensegdium and KS production on
TSI medium (Digan-Bularda, 2000, Atlas, 2004, Garrity, 2005).

We also analysed the enzymatic potential of sedisnahthe same five
sampling sites in autumn. The following three enatimactivities were studied:
phosphatase (Kramer and Erdei, 1959), catalasep@fgpl913) and potential
dehydrogenase (Casidtal, 1964).

Results and Discussion

Fig. 1 presents the seasonal variation of the nuwofitetal coliform germs in
the 5 sampling sites. High values of the numbeotai coliform germs (calculated
by McCrady matrix) have been noticed in most of ¢hses. The number of total
coliform germs was lower in winter and sometimesspring, and higher in
summer and autumn. The highest value (35000 ggrma4 registered in P2, in
autumn, and the lowest one (54 germs/l) in P1,iimex.

A similar situation can be noticed in the caseheffaecal coliforms (fig. 2).
The number of faecal coliforms was lower, generbilyan order of magnitude as
compared to the total coliforms. The higest va&#0(Q germs/l) was also registered in
autumn in P2. A positive correlation (r = +0,983jhwa good statistical significance
(p<0.01) was established between the humber dfcmliforms and faecal coliforms.

The results of the seven biochemical tests caroedl in order to
differentiate the genera of the coliforms presarthe water sampled in the autumn
of 2007, at the P2 site, where the highest numbeoliforms had been registered
are presented in tab. 1.
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Fig. 1. The number of total coliforms (logarithmic expresgi

One can notice that: strain 1 (S1) gave positiailte only for indole
production and methyl red test; strain 2 (S2) wasitire for methyl red test, citrate
utilization and urea hydrolysis; strain 3 (S3) vpasitive for Voges-Proskauer test,
citrate and malonate utilization, and for urea biydis; strain 4 (S4) was positive for
six tests and negative only for the Voges-Proskestr According to these results, we
assume that the four analysed strains belong tofdi@wing bacterial genera:
Escherichia(S1) Klebsiella(S2),Enterobacte(S3) andCitrobacter(S4).

We notice the efficiency of the water treatmennpia Gilau. The applied
treatment methods assure the complete eliminatforoliforms in water, as the
regular analyses at the treatment plant demonstBatewe also notice the high
negative potential of the permanently increasinminer of habitations built along
the river upstream the water treatment plant. Tikention must be watchful and
permanent, taking into account that the coliformes discharged daily in numbers
of billions by each human or animal being, in thigieces. And what is more
important, the presence of coliforms indicatesgbssible presence in water of the
pathogenic enteric bacteria.
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Fig. 2. The number of faecal coliforms (logarithmic express

Tablel.
Results of the biochemical testsfor differentiation of the coliform species.
Test Bacterial strain tested

Sl S2 S3 S4
Indole production + - - +
Methyl red test + + - +
Voges-Proskauer test - - + -
Citrate utilization - + + +
Malonate utilization - - + +
Urea hydrolysis - + + +
H,S production on TSI medium - - - +
Genus to whom belong the strain&scherichia| Klebsiella| Enterobacter| Citrobacter

The three enzymatic activities studied in autumvehiaeen detected in all
the sediments analysed. On the base of the absalutes of each enzymatic activity,
the enzymatic indicator of sediment quality (EIS&)s calculated, according with
Munteanet al. (1996). The values of the EISQ follow an incregsiarve along the
five sampling sites: the lowest value (EISQ = 0)1BOP1 and the highest value
(EISQ = 0.286) in P5 (fig. 2). We mention that thsnimal theoretical value of the
EISQ is 0, and the maximal one is 1.
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Fig. 3. Enzymatic activity in sediments. EISQ = enzymatuti¢gator of sediment quality.

The highest individual values have been registassfbllow:

- phosphatase activity (4.5 mg phenol/g dry matseliment) in P5;

- catalase activity (28.98 splitted®b/g dry matter sediment) in P3;

- potential dehydrogenase activity (1.408 mg foranég dry matter sediment)
in P4.

The values of the phosphatase activity are sigmifly lower than those
registered in the same dam sediments by Gipe@®n and Cigan-Bularda (2007).
The catalase and the potential dehydrogenase tastigroved to be higher than
those obtained by the same authors. The EISQslaedduby the cited authors are
higher than ours, because of the very high levéh@fphosphatase activity.
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Positive correlations were calculated between lineetenzymatic activities,
but only the correlation between the phosphatateitgcand the catalase activity
(r = +0.917) has statistical significance (p<0.@ightly negative correlations without
any statistical significance were established betwdhe enzymatic activities and
the total and faecal coliforms.

Conclusions

The presence of the total and faecal coliformsnegistered in each season in
the water samples in all the five sampling sitdseilf number was lower in winter
and sometimes in spring, and higher in summer apéaally in autumn. The
number of total coliforms was generally higher hy arder of magnitude as
compared to the faecal coliforms. Positive correfatwith good statistical
significance was noticed between the two bactgralips.

Based on the results of the 7 biochemical testdo{@production, methyl
red test, Voges-Proskauer test, citrate utilizatinalonate utilization, urea hydrolysis
on the Christensen medium angS-roduction on the TSI medium) four bacterial
genera have been identified in the water samplediinamn:Escherichia, Klebsiella,
EnterobactelandCitrobacter

The three enzymatic activities studied (phosphatzsalase and potential
dehydrogenase) were present in all the analysedmseats. The enzymatic
indicators of sediment quality have all values uriig, lower than those registered
by other researchers five years earlier.
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