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Abstract. The suggested work presents the first application of the lichen-bags technitpeecity of
Plovdiv (Bulgaria). Plovdiv was pointed as one of the most polluted cities ip&fwo 2008 by National
Institute of Statistics of Italy (ISTAT, 2011). The study was caraedto estimate the air quality in the
areas with high traffic activity, industrial and suburban zones by nwdithens. For this purpose, the
concentrations of 21 chemical elements (Al, As, Ca, Cd, Cr, Cd:&€WHg, K, Mg, Mn, Na, Ni, P, Pb, S,
Sr, U, V and Zn) were investigated usifgeudevernia furfurace@..) Zopf. samples in bags, which were
exposed at 4 different sites in the city of Plovdiv. The elementsM¥ia,Cu, Zn and Sr increased
significantly their concentrations in the lichen-bags, whereas K, S drit€eased theiis comparison
with the unexposed lichenized fungi. Highest values of RAF (relativaradation factor) were found for
Na (3.49), Zn (2.92) and Cu (3.33).

Keywords: atmospheric pollution, urbanization, active biomonitoring, lichen-bags, Rseudia
furfuracea

Introduction

Since the beginning of the twentieth century, air pollution has worsened as a
consequence of urbanization and industrialization, together with the rapid growth of the
motorized transportation and population. Of the main components of air pollution, an
important group to be considered is that of heavy metals, mostly associated with
airborne particulate matter. This is particularly true in city centers, where vehicle
engines, as well as the heating systems inside buildings, represent the most important
sources of air pollution (Sawidis et al., 1995; Monaci et al., 2000).

Lichens are widely used in biomonitoring studies af pollution, either as
bioindicators of air quality or as bioaccumulatofsatmospheric deposition (Conti
and Geccheti, 2001; Sczepaniak and Bizuik, 20031s@emn-Duman et al., 2012).
These organisms can be easily sampled, are lowst) aad allow wide areas to be
monitored. Moreover, lichens do not have root ayster waxy cuticles, and thus
they are strongly dependent on wet and dry deposiftor their mineral nutrients
(Bermudez et al.,, 2009). Unlike many other plantseyt lack variability in
morphology throughout the growing season, thus threy used for biomonitoring
purposes in many ways (Giordano et al., 2005).

Some lichen species were successfully applied from many years for assessing the
atmospheric deposition of heavy metals and toxic elements in background and polluted
areas. Lichens naturally occur in many terrestrial ecosystems, but the anthropogenic
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factors can be responsible for their lack in urban areas. In such cases, the passive
biomonitoring is not useful and the active biomonitoring comes to replace it. One of the
techniques is exposing bags containing lichen in the polluted area to measure
concentrations of contaminants affecting the samples (Adamo et al., 2003; Giordano et
al., 2005; Yildiz et al., 2008).

This technique has a lot of advantages: well-defined exposure time, known original
concentration of elements in the biomonitor, flexibility both in site selection and in
number of stations that can be chosen. The major limitations of the method are in the
unknown collection efficiency for different contaminants in different biomonitors and,
therefore, the impossibility to standardize the exposure time for the exact species in
bags and/or for urban, industrial or other source of pollution.

The suggested work shows the first application of thesfiebags technique in the
city of Plovdiv (Bulgaria). Furthermore, Plovdiv wasipted as one of the most
polluted cities in Europe for 2008 by National Insetwf Statistics of Italy (ISTAT,
2011). The study was carried out to estimate thegaality in the areas with high
traffic activity, industrial and suburban zones by means of licheosttis purpose,
the concentrations d?1 chemical elements (Al, As, Ca, Cd, Cr, Co, Cu, Fe, Hg, K,
Mg, Mn, Na, Ni, P, Pb, S, Sr, U, V and Zn) were investigatethg Pseudevernia
furfuracea(L.) Zopf. samples in bags, which were exposed at £riftt sites in the
city of Plovdiv.

Materials and methods
Study area and sampling sites

B3ORYGLY f 1 f tlargedt aNyKalfter\the Fe&@aGSofia with a
population of over 338 000 inhabitants (NSI, 201tl)s situated in Southern Bulgaria
on the two banks of the Maritsa River. Air quality in Plovdiv is quite worsened due to
the motor vehicle emissions and residential heating, than the industrial sector, which has
aminor impact (Atanassov et al., 2006; RIOSV, 2010

For the main purpose of our study, four s{fderthen, Eastern, Western and Central)
were selected on the basis of the type of anthropogenic inipgctl).

The NorthernVLWH 1 7 %o S (s locatedin theSity outskirts and
was chosen because it is close to an industrial nonresidential area (Northern industrial
zone in the city of Plovdiv) where there are a fossil fuel power plant, cosmetic and glass
factories, as well as other small-point sources of contaminants.

The Eastern'VLWH 1 7 %o S (slocatedh Q WKH 37UDNL\D" VXE:
which is characterized lyhigh traffic and moderate household pressure.

The WesterrsiWH 1 2 %o S ( Z %o S ZDV FKRVHQ LQ
suburb, which is subjected to a moderate anthropogenic impact.

7KH &HQWUDO VLWH 1 7 iSdecate§in the niain%enter $f the
city of Plovdiv, along one of the major streets (Ruski Boulevard) with a very intensive
daily traffic.

Experimental set up

Pseudevernia furfuracedél.) Zopf. was applied as a suitable biomonitor of air
pollution. Lichen material was collected from the Vitosha Natural Park, Bulgaria
f <1 f <+ ( DOWLIMAPE BR010. Samples were cleaned from bark
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particles and air-dried in the laboratory. The unwashed material (3 g) was placed in

Q\ORQ PHVK ) F P -bBgQ GGom edoh sitk Wé&e prepared. A novel
hanging systemHig. 2) at the same height from the ground (approximately 6-7 m) was

used in the four studied sites in the city of Plovdiv (north, east, central and west part).
Lichen-bags were exposed to the ambient air from May to October 2010.
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Figure 2. The novel hanging system with lichen-bags
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At the beginning of the experiment and every week during the study, respectively
each lichen-bag was carefully moistened with drops of distilled waitgnehs, which
were exposed for one, three and five months, respectively were coledtedend of
each period and stored in clean, labeled polyethylene bags until chemical analysis.

Analytical procedures

Approximately 1 g ground plant material was treated with 5 ml 65% HNf@rck)
for 24 h at room temperature. The wet-ashed procedure was carried oug with
Microwave Digestion System CEM MDS 81D. Samples were treated for 5 min at
maximum power (600W) in closed vessels. After cooling, the vessels were opened and
2 ml HNG; and 3 ml 30% KD, were added and left to react for 1 hour. The vessels of
the Microwave Digestion System were closed and treated for 10 min at 600W once
again for full digestion of the organic matter. The filtrate was diluted with double
distilled water up to 50 ml.

All samples, blanks and standards were spiked with internal stand&@eds50 ppb
and Rh 5 ppb final concentration in the solutions. Calibration standards Multy VI
(Merck) were freshly prepared from 1 to 1000 ppb in 0.05 volume % HNQ.).
Monostandard of Hg 100 ppt was also used in the calibration. Signals of suitable isotops
for the tested elements were measured twice in both medékhout and with helium
gas collision cell.

Concentrations of 22 macro- and microelements were analyzed by FAAS (Zn, Fe, K,
Mg, Mn, Na, Cu, Ca) using Atomic Absorption Spectrometer PERKIN-ELMER 4000
and ICP-MS method (Al, S, P, Cr, V, Co, Ni, As, Sr, Mo, Cd, Hg, Pb, U) with
instrument Agilent 7700 (2009).

Statistical analysis

Data analyses using STATISTICA 7.0. for Windows (StatSoft Inc., 2004) were
conducted. One-way ANOVA was applied in order to determine the significant
differences (p < 0.05) occurring between the element concentrations in the lichen bags
from the four studied sites and the unexposed sample.

Results and discussion

Element concentrations in the transplant material of the lichen biomonitor before and
after exposure could be compared to track the anthropogenic load inRigne3)
Macroelements K (up to 4 times), P and S decreased their concentrations by extending
the exposure periodp<0.05) in comparison with the unexpos&seudevernia
furfuracea Loss of K in moss-bags after exposure has been observed in Sofia by
Culicov and Yurukova (2006) and in many other studies (Yuralowd Ganeva, 1997;
Adamo et al., 2003; Culicov et al., 2005), but no additional data in respect to loss of
macroelements in lichen-bags were found in the literature.

Elements As, Cd, Hg and U had insignificantly higher concentrations in the
unexposedPseudevernia furfuracean comparison with the exposed samplds.
possible reason for this result could be the higher content of these elements in the
background area for the material in Vitosha Mountain as similar results were reported
for the mossSphagnum girgensohnicollected in the same region (Yurukova et al.,
2013). Furthermore, an interesting result for this group of elements (As, Cd, Hg, U) was
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the dynamics during the three exposure periods: an insignificant decrease of the
concentrations between the control (unexposed sample) and exposed lichen after 30
days period (for Hg = till 90 day), then an increase to 150 day of exposure.
Theseelements are connected with burning processes of the fuels, which during the
summer were not so heavy as in the winter. Thus a possible explanation for this result
could be the emissions emanated from the non-ferrous metallurgy plant, located nearby
the city of Plovdiv (to the South direction), as well as the predominant wind from south
to north during the period of exposure. This suggestion is supported by the highest
concentrations of As, Cd, Hg and U, found in the lichen-bags from the Southern site.

Time-depending differences in the element concentrations of lichen-bags
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Figure 3. Element concentrations in Pseudevernia furfuracea bags after 30, 90 and 150 days of
exposure in the city of Plovdiv

Overall, the reasons for these dynamics in the elements concentrations could be
explained by the hypotheses of Sanita di Toppi and Gabrielli (1999). According to
them, the Cd ions are transported into the cell vacuole of phytochelatins aratethey
accumulated until the ionic binding to the cell wall is less effective. Metal ions are able
to bind to the negative charges on the pectin compounds (e.g., galacturonic acid) from
the wall by the dynamic conversion process (passive ion exchange). Moreover, the
authors state that the dead plant tissue showed a higher cation exchange capacity
compared with the live cells, probably due to the destruction of the membrane, allowing
the cations to bind more protein regions than in the normal state. On the other hand,
some abiotic factors, such as rainfall, can dissolve and wash out the associated cell-wall
elements more easily than in the vacuole.

Elements Al, Cu, Ni and Zn significantly increased their content in lichen-bags with
extending the exposure period (p<0.05). These data correspond with the finding of
many authors that usd®seudevernia furfurace@Basile et al., 2008) and other lichens
(Sujetoviene and Sliumpaite, 2013) in urban areas. Element concentrations, which we
measured in the lichen-bags from Plovdiv in the present study were higher compared to
the results of Basile et al. (2008) from Italy (Cd 1.5 times, Cu 4 times, Mn 1.5 times, PDb,
2 times and Zn 9 times). was quite higher when compared to the data from lItaly.
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Relative accumulation factors (RAF) were calculated for all elements as follows: the
lichen-bags mean content of each element after 150 days of exjjGsgeey in all
studied sites was divided by the content of each element before ex(OsuRse)-

RAF = Cexposeécunexposed

The values of RAF are givenirable 1 Highest values were found for Na (3.49), Zn
(2.92) and Cu (3.33). Culicov and Yurukova (2006) reported similar RAF for Na in
lichen-bags from Sofia.

Table 1.Relative accumulation factors (RAF) of the analyzed elements in Pseudevernia
furfuracea bags after 150 days of exposure in Plovdiv

Mean content in lichen{ Content in unexposed
Element bags after 150 days off samplePseudevernia RAF
exposure, mg Ky furfuracea mg kg*
Al 633 364 1.74
As 0.55 2.0 -0.275
Ca 3535.5 2761 1.28
Cd 0.425 1.03 -0.41
Cr 1.8 1.4 1.29
Co 0.32 0.23 1.40
Cu 18.9 8.1 2.33
Fe 686.75 573 1.20
Hg 0.27 0.34 -0.79
K 1020 3114 -0.33
Mg 595.25 417 1.43
Mn 47.75 38 1.26
Na 258 74 3.49
Ni 1.675 1.3 1.29
P 407.5 740 -0.55
Pb 37 32 1.16
S 984 1547 -0.64
Sr 6.3 5 1.26
U 0.06 0.05 1.2
V 2.35 2.2 1.07
Zn 215.75 74 2.92

Bioaccumulation capability of lichens was determined by their significant cation
exchange capacity, which is due to the negatively charged cell wall bases (rmiostly a
carboxyl groups), which may also be connected via ionic bonds with the dissolved
cations. Elements can be detained and particles can be suspended in the intercellular
spaces or on uneven surfaces (Freitas, 1994). Many factors determine the volume and
speed of the processes of uptake and release of various eleméalens, such as
chemical characteristics of the element, chemical composition and size of the particles
associated with the element, and impact of toxic substances contained in thexarganis

In the present study 40 positive and 21 negative correlations were proved for the
analyzed elements (p<0.05). Strongest positive one was found for P, S and K; followed
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by the correlation between Na, Ca, Mg, Mn, Ni, Sr Cd apddJwell as Al, V, Pb, Cr
and Fe. Negative relationships existed between the macroelements and the group of
heavy metals.
Site-depending differences are presentdeéign4. Mean concentrations of K, Ca, S, P,
Fe and Mg proved insignificant differences in the lichen-bagesed in the studied sites.

Site-depending differences in the element concentrations of lichen-bags
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Figure 4. Element concentrations in Pseudevernia furfuracea bags after 150 days of exposure
in four selected sites in the city of Plovdiv

A tendency to enlarge the number of maximal values of the elements (P, Pb, V, Cr,
Hg, Fe) by approaching the central part of Plovdiv was found. The Eastern zone was
characterized with highest concentrations ofdg, S, Mg, Na, Zn, Mn, Sr, Ni, Cd and
U. However, none of the elements had highest concentrations in the Western site. In
addition, the applied cluster analysis showed a close relationship between the Northern
and Western sites, connected then with the Central zone but quite separated from the
Eastern siteHig. 5).

o 20 <0 o0 &0 100 120 140 180

Figureb. Cluster analysis of the studied sites in the city of Plovdiv based on element content in
Pseudevernia furfuracea bags after 150 days of exposure
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Conclusions

In general, in the present study it was attempted to describe and assess the
atmospheric pollution levels in the city of Plovdiv using lichen-bags technique for three
periods. Na, Mn, Cu, Zn and Sr increased significantly their concentrations in the
lichen-bags, whereas K, S and Cd decreased timeasmparison with the unexposed
lichenized fungi. Highest concentrations of 11 elements were measurdde
collectors, which were exposed in the Eastern site of the urban area, probably due to
non-ferrous complex nearby.

Pearson's analysis showed a strong positive correlation lmetiaeenacronutrients P,

S and K, followed by the correlation between Na, Ca, Mg, Mi, Sr, Cd and U, and
lastly between Al, V, Pb, Cr arieg which mainly indicates the vehicle emissions impact.

We can conclude that this study confirms that the sp@desdevernia furfuracea
an efficient element accumulator in lichen-bags exposed in urban areas. Moreover, the
results from this preliminary study can be successfully used in future comparative
analyses for the atmospheric pollution and risk assessment in similar urban areas.
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DO WEATHER AND MOON HAVE ANY INFLUENCE O N
SPOTLIGHTING MAMMALS? THE CASE OF HARE IN UPLAND
ECOSYSTEM
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Abstract. Nocturnal spotlight survey is a common census technique for mamynral speciesThe
influence of abiotic factors may be essential for the appropriate delsgmsuses, however this method
has not been examined sufficiently in relatiorabiotic factors such as weather conditions and the moon
We tested their influence for a commonly counted species, the bremer{lepus europaeysSpotlight
surveys were conducted at certain night time and transects in three Waligrranean areas, at
different times of the yeadifferent moon phases and under a variety of weather conditidimsl speed
and direction had an influence on hare counts with stronger wasddéted in fewer juvenile hares being
observed, and more hares were counted when wind was blowingHeohare towards the vehicle. No
significant effects were found from the other factors probably tdu¢he intense relief and thick
vegetation of the studied areas.

Keywords: activity, abundance, census method, lagomorphs, mammals.

Introduction

Spotlighting (spotlight count or night lightingy widely used to survey mammals dgrin
night (Scott et al., 2005; Sunde and Jessen, 20h®).is a favored method of estimating
abundance due to its efficiency, repeatability mmchecessity for animals capture (Langbein
et al., 1999). However, numerous studies have shownsthatral factors can affect the
spotlight counts of mammals. These include the alfénactivity patterns and behaviour
(Brown and Peinke, 2007), visibility (Parkes, 208hrnes and Tapper, 1985), relief and
amount of vegetation cover (Ralls and Eberhard?;1Rangbein et al., 1999; Tizzani et al.,
2013), observer experience (Sunde and Jessen, 20E3df night and moonlight (Langbein
et al., 1999; Scott et al., 2005) and weather ¢iondi(Langbein et al., 1999).

Spotlighting is a very common survey method for lagom®(e W UeDaX,%2008; Tizzani
et al., 2013) and studies reveal sources of vamiati counts due to weather conditions and
moon phase. Newman (1959) found that the numbepottdntails Sylvilagus floridanus
observed during early morning or late afternoomis@i® counts was higher with increasing
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snow cover, frost, rain preceding the count, armtedsing temperature and wind speed. In
contrast significantly fewer brown hares were sgiatitd when the temperature fell below

f& LQ % U hed/and Qappr[1885). Heydon et al. (2000) foordfluence of rain or
visibility on brown hares counted in Britain. Fafen and Whyte (1979) refer that cottontail
spotlight counts tended to be higher when rain faling during the count and lower when
moon illumination was increasing. Wind direction laégb an influence, but no other weather
factor affected their counttn an arid region of Jordan, moonlight had a vagédct on
spotlight counts of cape hareepus capensisbut with similar densities during full and no
moon (Scott et al., 2005).

The above results seem to be contradictory for dacters and inconclusive for some
others; one explanation may be the differencesbiatia and biotic conditions between
geographical areas and differences between lagbnspgries behaviouFherefore, there is
currently a difficulty in designing a study thakéa weather and moonlight effects into
account; consequently, their influensgenerally overlooked in hare spotlight couris/ U D X %o
et al., 2008; Sunde and Jessen, 2013)pland and shrubland ecosystems in particular we
are unaware of any studies concerning the influehediotic factoron spotlighting brown
hares Thus the objective of this study was to determine theuerfce of moonlight and
weather conditions on the number of brown hareastedialong spotlight transects

Materials and Methods
Study area

The study was part of a larger research project on the influence of wildfires on brown
hare that was carried out in the Kassandra Peninsula of Chalkidiki Prefecture,
Macedonia, northern Hellakif. 1).

N

Figure 1. Location of the study area. The dashed black line indicates the moderately
burned area and the solid black line denotes the intensely burned area. The solid white
line shows the transect within the unburned area, and the dashed white line shows the

two transects within the burned areas

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 925-933.
KWWS ZZZ DORNL KX ” ,661 3UL@QOMQH,661
DOI: 10.15666/aeer/1304_925933
a $/g., .IW %XGDSHVW +XQJDU\



Sokos et al.: Weather, moon and hares
-927-

The Kassandra Peninsula has altitudes ranging 8B0A2 above sea level, and the

climate is Mediterranean with hot and dry summengd winters, and moderately

rainy autumns and springs. Mean annual precipitat®o 581 mm and the mean
DQQXDO DLU WHPSHUDWXUH W HG@VH K ODHIGALADIS I/ \K Bl ¥
some positions.

The study area is covered mainly by forest vegetatibrAleppo pine Pinus
halepensis and broadleaved shrub®yercus cocciferaPistacia lentiscusPhillyrea
medig Cistus incanug while there are also scattered agricultural fields, mainly
comprising olive groves, cereal and few vetch crops. Wildfire occurred in Kassandra on

DQG EXUQW DQ DOheHuDody Iplants régenirated quickly after
wildfire and shrubs resprouts reached the height of about half a meter in the first year
after the wildfire.

The spotlight transects stretch along the ridge of the peninsula and the unsurfaced
forest roads. The transects had a total length of 22 km: 8.5 km passing through
unburned areas, 9.5 km through moderately burned areas, and 4 km passing through
intensely burned areakig. 1).

Spotlight counts

Hares were spotlighted in the study area at different times of the year, under different
weather conditions and moon phases, but along the same transects and at the same time
of night and all transects were surveyed each night. To avoid observer bias, almost the
same crew undertook surveys in each visit. Hares were counted from a 4-wheel truck
traveling at about 15-20 km/h on forest roads. The crew consisted of the driver and two
observerseachone holding two million candle spotlights which were usetigiat up
both sides of the road. Surveys began two hours after sunset (Verheyden, 1991;
Langbein et al., 1999). Visits were postponed during intensive rains and in thick mist.
About one visit was carried out each month in spring and summer and two visits in
autumn and winter. The survey lasted for two years during the first and second year
after wildfire, and the total number of visits was 30.

Additionally, as most of the hares were seen initially or were approached later at
distance of less than 30 meters, it could be distinguished which hares weighed more
than 3 kg (developed hares) and which less than 2.5 kg (juvenile hares), that is younger
than three months old (Bray et al., 2002). Those which could not be seen well or
appeared intermediate in weight were not categorized.

Weather conditions and moon phase

According to the literature concerning influences on spotlight counts, we selected
nine explanatory variable¢ R GHVFULEH WKH Y ODableD)ENthgidaENUH FR X Q\
visit, wind level and cloud cover were recorded. Available climatic data for the study
area on each visit day were obtained from the nearest climatic station of the National
Observatory of Athens_(http://penteli.meteo.gr/meteose&arémécipitation values of
the visit day and two days before, the mean air temperature, wind speed and direction
were taken into consideration in all analys€able ). Moonlight illumination values
for each day were obtained from the US Naval Observatory
(http://aa.usno.navy.mil/data/docs/MoonFraction.htnThe level of moonlight was
adjusted by multiplying illumination of the moon and cloud cover according to Brown
and Peinke (2007). Cloud cover was categorized as 1=no cloud cover, 0.5=intermediate,
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0.1=complete cloud cover. We used 0.1 instead of zero for complete cloud cover,
because the darkest of the nights with a full-mo@s lbrighter than any new moon
nights,asthe moonlight penetrated the clouds (Griffin et al., 2005).

Table 1.Weather and moon variables and their values during the counts

Variable Meaning Type OHDQ “ Min. Max.

Moon Degree of moon appearance during the visit Scale 042“0.07 0 1

Clouds Degree of cloud cover during the visit Ordinal 12 0.1 1

Moonlight Interaction of moon and clouds during the visit Scale 0.28“0.06 0 1

Temperature Mean temperature on the day of the visft& Scde 134155 0 33.8

Rainl Precipitation during the day of visit (mm) Scale 0.30.16 0 4

Rain2 Precipitation during the day of visit and one day befor Scale 2111.03 0 23.6
(mm)

Rain3 Precipitation during the day of visit and two days befc Scale 3.79“1.25 0 23.6
(mm)

Windspeed Mean wind speed on the day of the visit (km/h) Scale 8.1°091 1 22.7

Windir Direction of wind on the day of the visit Circular east -

®median

®the mode value of wind direction

Statistical analysis

The hares observed during each visit were diviagwad two categories, each one
consisting of three dependent variables. The fkRd@ WHJIRU\ ZDV UHOHYDQW W
age. It included theY D U L D E Qvith ¥ juYenile hares, the variabfeG H With
the developed hares, and the variaBl&/ R With @he sum of counted hares. The
second category was relevant to the study are® LQFOXGHG WKH YDULDEOF
with the observed hares/visit in the intensely Iedrnareas, the variable
dmodBurned ZLWK WKH REYV Hid thel @odeatalid Muriveld \atesg, and the
Y D UL Ditb® H @Gith 'the observed hares/visit in the unburned sard&le also
XVHG DQ DGGLWLRQDO YDULDEWHKH 3WXPW Rol X ULAOHNGY X U R HFE
dmodBurned YDULDEOHYV
As shown inTable 1 our aim was to examine the influence of severescane
ordinal and one circular variable to the dependemtables. Circular variables have
a special statistical analysis not suitable for thealdypes of variables, and for this
reasonwe transformed Windiinto two variables sinWindir and cosWindir. That is,
we followed the transformation suggested by Jammatka and Lund (2006) by
computing the sine and cosine of the wind anguleasarement in order to use it in
the typical statistical analysis of weather and mdata.
Firstly, descriptive statistal methods were used to analyze the data. We computed
mean values, standard errors and median values ofatiables. We then used the
nonparametric Sign test. This test is robust to normahty momogeneity of variance
and makes no assumptions about the original distribsitod the variables (Gray and
Kinnear, 2012). The test was used to examine if theas a statistical significant
trend in hare counts due to hare abundance changestterdactors
When a statistical significant difference was confirmed, we removed the trend from
the series of observations. This is a common procedure in time series analysis (Box et
al., 2008). To determine the real influence of the weather and moon variables on the
hare population, one has to remove any existing population trend. In the time series
[y, }2,, the trend can be removed if we create a new time deri¥§; using the
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equation (Chatfield, 2004)x.=1y. —y.—1. We used the Kendall tau-b correlation

coefficient to relate the new series with the weather and moon variables. The analysis
was performed using the statistical software IBM SPSS 20.0 and the significance level
was set to P<0.05 and tending towards significance at P<0.1.

Results

A total of 30 visits to the study area identified 104 hares in a total distance of 660
km. During the counts, the moon was usually below crescent, but in four ivigits
around full moon and cloud cover was absdiatb(e ). Mean ddy temperature varied
from zero inwinter to 33.8f & L Q V X P P hvds nd Krndwfddl and rainfall was low
on the day of the count, although for the period of two days before the visit, rainfall
>10mm was recorded in five visits. A light breeze blew during most countsawith
maximum speed of 22.7 km/h (tree branches move).

The Sign test confirms that there is an increasing trend of observed hares in the
second year after the wildfire in the intensely burned and the moderately burned areas of
the study area (P = 0.016 and=R0.004 respectively). The unburned areas show no
trend (P = 1.0). Therefore, the procedure of differencing was applied in order to
eliminate the trendsAn example inFig. 2 shows the result of differencing the trended
series. The left Figure shows the initial total count of hares, where a trend is confirmed,
and the right Figure shows the detrended series.

Rilig|

total
5
i
dtotal

i P o e P Ve P, H e e Rt ] ol ), 7 P T T T T T T T T T T I T T T T T T T T T T T T T T T T T 17
12345678 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 123456 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Figure 2. Initial (left) and detrended series (right) of hare counts during the 30 visits
(total of counts from the three transects)

The detrended series were checked for their biteagarrelations with the weather
and moon variablesTable 2 shows that significance at the 10% level was found
between wind speed and the counts of juvenile hateswiag a negative linear
correlation. This means that stronger winds resuiibe@ewer juvenile hares being
observed Kig. 3). This relationship is marked in bold fable 2 Another marked
relationship, the one between intensively burnedsend the sine of Wind Direction
(sinwWD), indicates that east winds are coincided waih increased number of
recorded hares.
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Table 2. .HQ G D Glf YorMddioh coefficient of counted hares and weather and moon
variables. The bold numbers mark significant relationships at the P<0.1 significance level

Variable moon  clouds illumin temp rainl rain2 rain3 windspeed sinWD cosWD

juv 0.163 0.087 0.106 0.124 -0.136 -0.046 -0.044 -0.267 0.057 0.109

P 0.252 0597 0.453 0.378 0.404 0.772 0.775 0.058 0.705 0.474
dev -0.048 -0.024 0.005 -0.010 -0.151 0.092 0.045 0.205 -0.071 0.009

p 0.727 0.880 0971 0.942 0.344 0.555 0.765 0.138 0.636 0.951
total -0.115 -0.063 -0.144 0.026 -0.161 -0.158 -0.00€ 0.026 0.202 0.032

P 0.403 0.690 0.295 0.849 0.306 0.310 0.967 0.849 0.172 0.831
intBurned  -0.194 -0.012 -0.215 -0.041 0.102 -0.158 0.127 0.163 0.300 0.047
P 0.184 0943 0.141 0.775 0.544 0.340 0.420 0.261 0.057 0.765
modBurned -0.115 -0.080 -0.085 0.057 -0.110 -0.214 -0.02% -0.076 -0.093 -0.205
P 0.415 0.618 0.547 0.684 0492 0.178 0.881 0.587 0.539 0.174
totBurned  -0.153 -0.050 -0.166 0.035 -0.048 -0.206 0.067 0.013 -0.019 -0.188
P 0.274 0.754 0.234 0.803 0.765 0.191 0.658 0.924 0.897 0.210
unburn 0.097 0.119 0.074 -0.019 -0.186 0.148 0.052 -0.036 0.131 0.197
P 0.504 0474 0.607 0.894 0.263 0.364 0.740 0.804 0.395 0.202

juv: juvenile hares, dev: developed hares, total: sum of juvenile ewelagped hares, intBurned: total hares in the
intensely burned areas, modBurned : total hares in the moderately breagdumburned: total hares in the unburned
areas, totBurned: sum of intBurned and modBurned

8 *
1 v =-0.1095x + 2.2961
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Figure 3. Total number of juvenile hares which were counted from the three transects
in each visit in relation with wind speed

Discussion

Analyses on spotlight counts showed that wind speed and wind direction influenced
counted hares in some cases. Similarly, Newman (1959) found that the number of
cottontails observed during roadside counts was higher with decreasing wind speed.
Wind causes the moving of vegetation and thus the ability of observer to detect the
hares and especially the smaller juveniles appears to be decreased. Moreover the
movable of vegetation may cause fear to juveniles and thus the decreasing of their
movements. High speed winds have been associated with decreased activity in
lagomorphs (Lechleitner, 1958; Smith, 1990; Villafuerte et al., 1993).

From the other side, the movement and the noise by the \anahbregetation
apparently make the detection of the approaching vehicle maculdifér hares and thus
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hares may stay nearer to the road and thereby the propabitie counted is increased
Perhaps this is why a positive relationship was fountpath not significant, between
the intensity of the wind and the recorded developedshareich as more experienced
than juveniles may know that should go away when ascapproaching and this was
observed during this study. Other studies have also fdwatdthie distance at which
mammal move away from an approaching human is negatively atedelith wind
speed (Karlsson et al., 200Mloreover, wind direction was also significandgsociated
with hares counted in intensely burned area, which tetadietrease when the wind was
blowing from the east direction, this means from the hareehicle Fig. 1). The east
wind appears to take away the noise under the circumstaheetensely burned area
with a straighter west-east road than in other areas.

Analyses on spotlight counts indicated that no other weather or moon variable had an
impact on the counted hares. Precipitation variatias nelatively small and rainfall in
the day of visit was below 2.5mm, under these conditions none important influence of
rains was detected. These conditions provided us the opportunity to better examine the
influences of temperature and moonlight. However, none appeared to have any effect on
hare counts.

In our study area the steeply upland area and the thick vegetation do not permit the
observation of hareat long distances as in open areas, thus in upland landscapes, such
as the Kassandra Peninsula, the counting of hares seems to depend more on
randomness: that is if a hare is close to the road at the tincarthasgs Nevertheless,
in flat landscapes hares can be obsentegteaer distances. In this cas¢/ KH REVHUYHU {\
ability and hare§ behaviour may hava higher importance for the detection, and may
be more influenced by weather and moon. This may explain iviBritain it was
proved that temperature reduced brown hare activity, with significantly fewer hares
spotlighted when the temperature fell underf & %eB &hQ Tapper, 1985). For other
lagomorph species, Newman (1959) found that the number of cottontails counted
increased with the decrease of temperature, and Rogowitz (1997) found that temperature
had no significant effect on movements of white-tailed jackrabb&sys townseng.

Many nocturnal mammals react to increasing moonlight by restricting the
movements and the use of open areas to avoid detection by predators (Kolb, 1992;
Beier, 2006). In Ireland, moonlight negatively affected cewdtIrish hare epus
timidus hibernicusduring winter in areas where the vegetation is usually short (Reid et
al., 2007). The same was found for white-tailed jackrabbit that redtgcestivity
during periods of greater moonlight in grasslands (Rogowitz, 1997).

In our forested study area, the vegetation, even in burned aréas months
following the wildfire, provided adequate cover for hare, a fact that may decrease the
detection probability by predators and the moonlight influence. A similar case may be
that of snowshoe harekgpus americangsvhich are less active in open areas during
nights with increased moonlight in winter (Gilbert and Boutin, 1991; Griffin et al.,
2005), but this was not found in the snow-free season when the vegetation cover and
hiding opportunities we higher (Griffin et al., 2005). In contrast, black-tailed
jackrabbits in northern Utah were more active when moonlight was more intensive
during fall, winter and spring. During summer moonlight did not appear to influence
jackrabbit activity (Smith, 1990).

In conclusion, only wind speed and direction had an influence on hare counts tending
towards significanceThus, the researcher should expect to see fewer juvenile hares in
windy days, something that would not apply to developed hares. Yet if the wind is
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blowing from the hares towards vehicle the researcher is ltkebpount more hares.
Temperature and moon did not influence spotlight counts. Precipitation also had no
effect possibly due to its low variability in this study. In a future study, will be atoeed
test the method in relation to weather and moon in different ecotopes, especially
concerning relief and vegetation structure.
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Abstract. Multi-temporal land cover changes in the Bonsa catchment of thebfamkdasin in Ghana
were determined using four satellite images fro®86 1991, 2002 and 2011. The results indicate that
evergreen forest is the largest class occupying an area of 68% in62986 1991, 50% in 2002 and
51% in 2011 and during the past 26 years, the largest land coverectasgbeen the conversion of
evergreen and secondary forests to shrubs/farms, mining areasettiesnents. During this period,
mining areas increased over two-fold, while settlements and staus/increased more than three and
four-fold, respectively. This resulted in increasing annual deforestatioofrt83% between 1986 and
1991, 0.70% between 1991 and 2002 ard Between 2002 and 2011. The results suggests that the
drivers of the land cover changes in the Bonsa catchment, are lwathaled global and include,
international trade, local population growth, agriculture extensification evahization. e identified
land cover changes have the potential to impact negatively on theldgidal regimes of the Bonsa
River and the local communities by leading to flooding, soil erosiorttandiltation and pollution of the
river during peak seasons and the scarcity of water duringedgorsTherefore, the maps and statistics
generated can be applied to assess the impacts of the land use chang&scahhy@rology and provide

a better basis for future land use planning. Through these fintlieggnportanceof multi-temporal
analysis of satellite imagery for planning in data poor regions is igbli.

Keywords: Bonsa catchment, Ghana, hydrological regintasd cover change, multi-temporal analysis

Introduction

Land cover/land use changes occur by the alteration of the natural landscape through
both anthropogenic activities and natural processes (Cagipal., 2004 Hu et al,
2005). Natural causes include volcanoes, storm surges, floods, droughts, earthquakes
and wildfires, while anthropogenic land cover/land use changes are influenced mainly
by socio-economic drivers such as population growth, rural-urban migration,
immigration, urbanization, government policy and economic development (Lahbin
al., 2003 Cohen, 2004D'Orgeval and Polcher, 2008). These changes in land use, in
turn impact the hydrological responses of a catchment by altering the partitioning of
precipitation into different components of the hydrological cycle, such as interception,
infiltration, runoff, evapotranspiration and groundwater recharge rate (@bshh
2003 D'Orgeval and Polcher, 2008), as well as influencing water quality (Rogers,
1994 Randolph, 2012). To predict and manage the impacts of land cover/land use
changes on hydrology, it is imperative to understand the land cover/land use change
processes, the rates and possible causes of the changes. Satellite sensors, with their wide
spatial and synoptic coverage over large areas,provide spatially continuous and
consistent data, which can be analysed to derive land cover maps and change statistics
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(Foody, 2002), required for effective land use planning and water resources
management in a catchment. Such land cover maps and change statistics can be derived
through the process of change detection and land cover mappingetSdn@001).

Land cover/land use change detection is the prodesategorizing differences in
the state of the land cover by mapping it at diffetenes over a period (Lambin and
Ehrlich, 1997) The analysi®f satellite images to detect land cover/land use changes
is, based on the assumption that the recorded eleagrwetia radiation, which is the
basis of categorizing land covers, is altered aslahd cover/land use of the same
geographic area changes (Lambin and Ehrlich, 19duelgasimet al., 1999).
Change detection techniques can be categorized as ratgeliransformation,
classification and visual analysis techniques (Copgtiral., 2004) Algebraic based
methods include image differencing, image regressiomage ratioing, normalised
difference vegetation index (NDVI) differencing andange vector analysis (CVA)
(Braimoh and Vlek, 2004Coppin et al., 2004), while those in the transformation
category include multdate Principal Component Analysis (PCA), Kauth-Thomas
(KT) and Chi-square transformations (Copptral., 2004). The classification methods
consist of post-classification comparison, multi-delessification, spectralemporal
combined analysis and unsupervised change detec@iopp(net al., 2004 Braimoh
and Vlek, 2005) Algebraic and transformation methods are suitable ftedating
continuous changes, while classification methods fieetese for categorical changes
(Abuelgasimet al., 1999), but depend on the accurate geometrictnags and
classification of individual images (Coppat al., 2004)Continuous changes refer to
changes in the concentration or amount of an attripaige biomass and the leaf area
index of a forest), while categorical changes arectirerersion of one land cover type
to another (e.g. evergreen forest to a mining aMigual analysis techniquesy et
al., 2004) are primarily based on the visual intetation of aerial photographs and
high resolution images.

Image classification techniques, using either unsupervised or supervised
classification Campbell, 2002 Foody, 2002 Richards and Jia, 2006) can be used to
implement the post-classification comparison methods. However, supervised
classification systems have found a wider usage, because it is possible to create specific
thematic classes (Campbell, 2002) with respect to the objectives of a study. Supervised
classification systems can be grouped as either parametric or non-parametric methods.
The parametric methods include maximum likelihood classification (MLC) (Campbell,
2002 Richards and Jia, 2006), fuzzy-set classifiers (Suresh Babu and Viswanath,
2009 Stavrakoudiset al., 2011), sub-pixel classifiers (Verhoeye and De Wulf, 2002
Frazier and Wang, 2011), spectral mixture analysis (Niehal., 2010Youngentobet
al., 2011) and object-oriented classifiers (Geneletti and Gorte; PfiBand Rapoza,
2008). The non-parametric methods include artificial neural networks (ANN) (Atkinson
and Tatnall, 1997Abuelgasimet al., 1999 Laurin et al., 2013), decision tree and
support vector machise(Huang et al., 2002). In terms of image classification
accuracies, literature shows that the ANN and the MLC algorithms perform better than
the other methods (Atkinson and Tatnall, 1,98Buelgasimet al., 1999 Laurin et al,

2013). Nevertheless, the application of the statistically-based MLC algorithm is more
common, as it is widely accessible in much remote sensing software and it is considered
easier to implement, compared to ANN (Richards and Jia,;2006nd Weng, 2007).

When applying methods of land cover change detection, the advantages vary,

depending on the techniques employed and the nature of the change under investigation.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 935-955.
KWWS 7ZZZ DORNL KX ” ,661 3UL@QOVLQH,661
DOI: 10.15666/aeer/1304_935955
a $/g., .IW %XGDSHVW +XQJDU\



Aduabh et al.:Analysis of land cover changes
-937 -

According to Coppiret al. (2004) among others, complementary use of more than one
technique has the potential to generate the best results. Nonetheless, available literature
indicates that post-classification comparison techniques are preferred by many
researchers (Braimoh and Vlek, 2084luah and Aabeyir, 201Xumi-Boatenget al.,
2012 Wasigeet al., 2013). It is advantageous to use post-classification comparison
methods because individual images are classified separately, which minimizes the
requirement to conduct absolute radiometric corrections and the techniques also produce
change matrices (Coppet al., 2004), which are needed to identify change trajectories
The methods are also simple and accessible in a variety of software and can be used to
detect categorical land cover changes.

Previuos studies (Kusimi, 2008chueleret al., 2011 Kumi-Boatenget al., 2012)
within the Ankobra River basin of the Western region of Ghana indicates that there is
extensive deforestation, as a result of increasing urbanisation, mining and farming. Even
though these studies analysed land cover changes for the Wassa West District within the
Ankobra River basin (Kusimi, 200&chueleret al., 2011 Kumi-Boatenget al., 2012)
none covered the entire Bonsa sub-catchment nor applied the results of the studies to
project potential future land use changes, as well as assessing the impacts of the land
use changes on catchment hydrology. As a first stage in projecting potential future land
use changes and assesing their impacts on Bonsa catchment hydrology, a more recent
and multi-temporal land cover information for the entire catchment is neddetiis
study, the post-classification comparison and the MLC methods were selected to map
and to detet the multi-temporal land cover changes in the Bonsa sub-catchment of the
Ankobra River basin in Ghana, West Africa, over a period of 26 years (i.e 1986 to
2011). The study seeks to determine the rates of change in the land cover types, the
transitions between different land cover types and to elicit an understanding of the
possible drivers of the land cover changes and their impacts on the environment.

Methodology
Description of Study Area

The Bonsa catchment, a sub-catchment of the Ankobra Riv&n lia Ghana, West

Africa (Figure 1), is located between longitudes e DQG f e :HVW DQG ODYV
f DQG f + 1 Rihddles Eh@ Btets¥¢tion of four administratilistricts,

namely: Twifo Heman Lower Denkyira to the northrkdea Nsu@m and the Prestea-

Huni Valley to the west and Mpohor Wassa East toghst The catchment has a

generally low relief, with the elevations ranging beén 30 and 340 m above mean

sea level and it drains an arel1@82km?. The rainfall regime is bimodal, with the

peak season between February and July and the m@ason between August and

November. The rainfall ranges betwe&®78 mm and 1982nm per annum and the

annual average minimum and maximum temperatures 2#¢é &and 327 &

respectively. Predominant land cover consists of thegkrgreen and secondary

forests, with scattered shrubs and farm§ KH EDVLQYV JHRORJ\ LV FKDU

Birimian and Tarkwaian rock systems (Akabzema al., 2009), while the soil is

composed mostly of Ferric Acrisols, according the droand Agricultural

2UJDQLVDWLRQVY )$2 VRLO F (oiz2st\okydols DDiMoR® and\VWHP L

Dedzoe, 2010), according to the Ghana soil classibicasystem. Major economic

activities in the catchment include open-pit gold mgnirubber cultivation and small-

scale cocoa and food crop production
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Figure 1. Map of Bonsa catchment, a sub-catchment of the Ankobra River basin in Ghana, West
Africa

Data Acquisition
Data used for the study included two digital topographaps obtained from the
Survey of Ghana (SOG). Gh RI WKH PDSV LV SDUWORbteNMKH 62*TV
topographic maps produced in 1974 for the whole agumthile the other is &:5 000
topographic and detail map (produced in 2003) cogemnly the urban area of
Tarkwa. Four satellite images covering the period 1986 to 2011 veése acquired
from the United States Geological Survey (USGS) dmdEuropean Space Agency
(ESA) (Table 1.

Table 1.Satellite images used for the study

Sensor No. bands Path/row  No. scenes Spatial Acquisition Source
orbit/frame resolution (m) date
Landsat TM/ETM+ 7,8 194/056 3 30, 60 12/1986, USGS
01/1991,
01/2002
ALOS AVNIR-2 4 26495/3490, 2 10 01/2011  ESA category 1 propos
26495/3500 (Third party mission
data)

In selecting the satellite images, near-anniversary image acquisition dates were selected
to minimize seasonal vegetation differences. Fieldwork was conducted between July
and August 2013 to collect ground truth data for image dleason. The field data
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collection was based on an unsupervised classified map of the 2011 satellite images. |
order to obtain information on the land cover for the historical images, the local
knowledge of the author and that of some inhabitants of the sites visited, was applied, as
well as the SOG topographic map for 2003.

Image Pre-processing

Errorsin mapping land cover/land use changes can be reduced by performing image
pre-processing before classification and change detection methods are applied. There
are two main types of image pre-processing: geometric and radiometric corrections
(Campbell, 2002 Narumalaniet al., 2002 Richards and Jia, 2006). The geometric
distortions resulting from sensor and platform errors, as well as the rotation of the Earth
in relation to the sensor, are corrected by image registration. Geometric correction
converts the satellite image geometry to real world coordinate and projection systems
(Narumalaniet al., 2002 Lu and Weng, 2007), to enable the comparison of two or
more images, the extraction of information for use in a Geographic Information System
(GIS) and to overlay images with maps from different sources. Radiometric correction,
on the other hand, corrects for the effects of the atmosphere on satellite images
(Campbell, 2002). The objective of radiometric correction in change detection is to
ensure that available images are compared on the basis of similar radiomegitigsop
(Coppinet al., 2004). Image pre-processing in this study consisted of only geometric
correction. All the images had been geo-referenced to the UTM WGS84 Zone 30 North
projection by the data suppliers, but they did not match with the geo-referenced
topographic map of the study area. Hence each of the images was geometrically
corrected, using the study area topographic map as a reference. The high resolution
Advanced Visible and Near Infrared Radiometer Type 2 images of the Advanced Land
Observation Satetk system (ALOS AVNIR-2) were first geometrically corrected after
which the rest of the images were co-registered to them. Haze removal was not
executed, because available algorithms distorted the images and reduced their quality.
However, haze was not considered problematic since the change detection technique
adopted was post-classification comparison, which relies on classified individual
images. As the Bonsa catchment was the area of interest for the study, images were
clipped, based on the catchment boundiigure 1).

Image Classification and Accuracy Assessment

Image classification was conducted by generating spectral signatures, using training
samples created for each satellite image. The training samples were created by
randomly selecting 70% of the sample class data for each satellite image. Six thematic
classes were seled to represent the land cover of the Bonsa catchment, using the
86*6V ODQG FRYHU FODVVLILFD WdneeQ, 2060K HireHlasRed /D Q GV
used are secondary forests, water, evergreen forests, settlements, shrubs/farms and
mining areas [able 2. After creating the spectral signatures, the separability of the
thematic classes was checked using the Jefferies-Mafusiddrices (Richards and Jia,

2006), and finally, the MLC algorithm was used to classify all the images using th
generated spectral signatures. Since the ALOS AVNIR-2 imemesed only 92% of

the Bonsa @tchment, a strip of a 2009 SLC-off Landsat image was used to map the
remaining Figure 1) and it was merged with the land cover data from ALOS AVRIR-
images to produce land cover data for 20Livas observed frora field visit that the
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study area not covered by the 2011 images was part of a protected forest reserve
(evergreen forest area as at January 2014). Hence in the absence of a current satellite
image for the areat, was reasonable to map its land cover using the 2009 image, which
depicts the area as evergreen forest.

Table 2.Land cover classification Nomenclature

Land cover Description Photo
Water water courses,
ponds/flooded
mine pits and rivers

Shrubs/farms short tree species

and non-tree vegetation
such as herbs, grasses
and farms (cocoa, palm, plantain,
cassava, maize), recently
cleared forests

Evergreen forest tall trees including
indigenous species

and mature rubber
located mostly in

forest reserves

and plantation farms
Secondary forest degraded/re-growth
forest and tree crops
(cocoa, palm) and rubber
with open canopy

Settlement urban areas, villages,
paved/unpaved roads,
car/lorry parks,

bare lands, playing fields

Mining areas areas where open
cast/surface mining

has taken place and mining
infrastructure (roads, factories,
workshops, houses)

To evaluate the performance of the classification algorithm, accuracies of the land
cover/land use maps were assessed by using 30% of the sample class data generated for
each satellite image. The accuracy assessment was conducted by creating confusion
matrices between the land cover maps and the test data and calculating the overall
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accuracy, user accuracy, producer accuracy and the kappa statistic (Congaltan, 1991)
The kappa statistic was based on the formula provided by Congalton (498th@xwn
in Equation (1).

T T
Ny X~ Ly (¥ X4 g)
NZ-Xi_) (x4 *24)

(Eq.1)

Where K is the kappa statistic, N is the total number of observations in the matrix, r is
the number of rowsx is the number of observations in rovand column ix,; and .
are the marginal totals of romand column, respectively.

Change Detection

Land cover/land use change was detected using the lpssification comparison
method The land cover maps for 1986, 1991, 2002 and 2011, ajedeafter image
classification were reclassified and combined to form ipialbi-temporal land cover
change maps for the period9861991, 1991-2002 and0022011 using GIS spatial
analysis The areas and proportions of change from one thematic classtteer (change
matrix) between the periods and the annual rates of the chawgee computed to
explain the magnitudes and directions of the land ctrasitions within the three
periods. Finally, the overall deforestation rates were détedyby merging evergreen
and secondary forest classes in each period and caiguta¢ proportion of changes per
year, between the three periods, using the Food and A DO 2UJDQLVDWLRQ T\
definition of forests (FAO, 2010). The change detectiothia study is based on the
assumption that land cover classes between 1986 and 201hedries same.

Results

The land cover/land use maps generated from image classifidat 1986, 1991,
2002 and 2011 are presentedigure 2 while the land cover proportions are shown in
Table 3 The classification accuracies of the maps ranged betaveeverall accuracy of
9%, 80%, 88% and 78%, while the Kappa statistic was, 8%, 86% and 78 for the
1986, 1991, 2002 and the 2011 images, respectively. Theakagtistics achieved in the
land cover mapping are acceptable, according to thengibii Landis and Koch (1977)
and they are comparable to results of previous studies sathe study region (Kusimi
2008 Schueleret al., 2011 Kumi-Boateng et al., 2012) and similar fragmeat
landscapes in West Africa (Braimoh and Vlek, 2QGfurinet al., 2013). In Appendix A,
the confusion matrices, showing how the accuracies were celtdae presented.

Figure 2 and Table 3show that the Bonsa catchment is covered by five broat lan
cover classes: evergreen forest, secondary forest, shroiss/fanining areas and
settlements. The percentage of the water class, which is mainlyomatained in tailings
dams, is less than 0.2% of the study a@eerall, the areal coverage of evergreen forest
and secondary forest have reduced between 1986 and \20ild,mining areas and
settlements have increased substantially. Evergreen fohestdominant land cover,
occupied 68% of the catchment area in 1986, reduced to 629991, decreased
substantially again between 1991 and 2002 (50%), aftechwih remained relatively
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constant (51% for 2011). The results for the secondargtfatass, however, were not
consistentThe area under secondary forest increased from 27% in 1$384o0n 1991,

35% in 2002 and decreased again to 19% in 20abl¢ 3. For the shrubs/farms class,

the area increased consistently between 1986 and 2011986 the area under
shrubs/farms was 5% and it increased to 6% in 199dhled in 2002 and more than
quadrupled in 201Tfable 3. For the non-vegetative classes, the areal coverage increased
substantially between 1986 and 2011. Settlement areas increased326m(8.8 krf) in

1986 to 0.84% (12.4 kinin 1991 and remained almost the same for 2002inbrgased
again in 2011 by 1.5% (22.4 Knwhile mining areas increased from 0.49% (7.2)km

1986 to 1.63% (24.2 kijnin 2011 Table 3.

Land cover

Secondary forest
Water
I Evergreen forest
Il Settiement
Shrubs/farms
B Mining areas

=me— Kilometers
0510 20

Figure 2. Land cover maps of 1986, 1991, 2002 and 2011

Table 3.Proportion of land cover between 1986 and 2011

1986 1991 2002 2011
Land cover area (Knf) %  area (Knf) %  area (Knf) % area (Knf) %
Secondary forest 393.8 26.6 457.3 30.8 523.7 35.3 280.3
Water 0.9 0.1 0.2 0.0 1.9 0.1 14 (
Evergreen forest 1003.2 67.7 916.5 61.8 744.0 50.2 754.6
Settlement 4.8 0.3 12.4 0.8 12.6 0.8 22.4
Shrubs/farms 72.4 4.9 90.0 6.1 180.1 12.1 399.4
Mining areas 7.2 0.5 5.9 0.4 20.1 1.4 24.2
Total 1482.3 100.0 1482.3 100.0 1482.3 100.0 1482.3 1
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The change matrices and the annualized rates of ch&mg&d86, 1991, 2002 and
2011 land cover/land use are presentedable 4 and Figure 3 respectively. The
change matrix illustrates the change in proportiond cover from the initial year
to the final year. The diagonal elements in the gkeamatrix indicate areas of no
change, while the off-diagonals show changes from tases ¢o the other. Therefore,
the sum of the diagonal elements represents the acgal of land cover that did not
change. The annualized rate of change shows therpageeof change in land cover
area in a period divided by the number of yearsvben the initial and the final year.
Table 4illustrates that étween 1986 and 19975% (1110km?) of the land cover did
not change, compared to 67% (9287 between 1991 and 2002 and 63983 km?)
between 2002 and 2011.

Table 4.Land cover/land use change matrices (%)
(a) 1986-1991

From 1986
Secondary Water  Evergreen Settlement Shrubs/ Mi
Land cover
forest forest farms area
Secondary
forest 16.9 0.0 11.7 0.0 2.1 0.1
Water 0.0 0.0 0.0 0.0 0.0 0.0
Evergreen
To 1991 forest 6.1 0.0 55.4 0.0 0.3 0.0
Settlement 0.3 0.0 0.1 0.2 0.2 0.C
Shrubs/farms 3.2 0.0 0.5 0.1 2.2 0.1
Mining areas 0.1 0.0 0.0 0.0 0.1 0.2
(b) 1991-2002
From 1991
Secondary Water  Evergreen Settlement Shrubs/ Mi
Land cover
forest forest farms area:
Secondary
forest 19.1 0.0 13.5 0.2 2.5 0.0
Water 0.1 0.0 0.0 0.0 0.0 0.0
Evergreen
To 2002 forest 4.9 0.0 45.1 0.0 0.2 0.0
Settlement 0.2 0.0 0.0 0.3 0.4 0.C
Shrubs/farms 6.1 0.0 2.9 0.3 2.6 0.2
Mining areas 0.5 0.0 0.2 0.1 0.4 0.2
(c) 2002-2011
From 2002
Secondary Water  Evergreen Settlement Shrubs/ Mi
Land cover
forest forest farms area:
Secondary
forest 12.9 0.0 3.5 0.0 2.4 0.1
Water 0.0 0.0 0.0 0.0 0.0 0.1
Evergreen
To 2011 forest 6.5 0.0 42.2 0.0 2.0 0.2
Settlement 0.1 0.0 0.0 0.6 0.8 0.C
Shrubs/farms 15.7 0.0 4.5 0.1 6.4 0.2
Mining areas 0.2 0.1 0.1 0.0 0.5 0.8
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Figure 3. Annual rate of land cover changes

Table 4further shows that transition from evergreen fortessecondary forest
was higher between 1986 to 1991 (11.7%) and betw88d and 2002 (13%) than
between 2002 and 2011 (%% while transition from secondary forest® t
shrubs/farms was higher (16%) between 2002 and 2044 the other periods: i.e
3% between 1986 and 1991 and 6% between 1991 a®@. AZhe transition from
evergreen to secondary forest occurred with an dnrata of reduction of 1.2%
between 1986 and 1991 and 1.1% between 1991 an2, 20@ during the period
20022011, the transition to secondary forest stopgedufe 3). During the period
20022011, transition from secondary forest to shrubeis occurred, with the
highest annual rate (1.8%) of reduction in secopndarest confirming an overall
reduction in secondary foreskigure 3. Using ) $ 2 § definition of forests (FAO,
2010, the evergreen and secondary forest ar@ablé 3 were merged into one
class. Therefore, annual deforestation in the Baagahment, defined as the overall
conversion of forest areas to other land cover syper year, ranged from 0.3%

between 1986 and 1991, 0.7% between 1991 and 2002 % between 2002 and
201)Table 5.

Table 5.Annual deforestation rates for Bonsa catchment

Period change inarea % change (total change) % chanyea(k
1986-1991 -23.3 -1.7 -0,
1991-2002 -106.0 -7.7 -0
2002-2011 -232.8 -18.4 -2
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Table 4also demonstrates that forest recovery in the Bonsa catchment occurred from
the re-growth of shrubs/farms and secondary forests. fEhgrowth from secondary
forest to evergreen forest was similar for all the periods: i.e 6% between 1986 and 1991,
5% between 1991 and 2002 and 7% between 2002 and R¥drowth from
shrubs/farms to secondary forest was also similar for the three period% betReen
1986 and 1991,% between 1991 and 2002 and 2% between 2002 and 2011. However,
the re-growth between 2002 and 2011 is marginally higher than the other two periods.

Discussion
Land Cover and the Drivers of Changes

The results of the study indicate that deforestatiorthe Bonsa catchment is
widespread, confirming the previous land cover stogyKusimi (2008). The present
study shows that between 1986 and 2011, evergreestfarel secondary forest
reduced by 25% and 28%, respectively, while miningaa increased over two-fold
and settlements and shrubs/farms increased more these and four-fold,
respectively Table 3. The increasing deforestation rate (0.3% per yetwdsn 1986
and 1991, 0.7% per year between 1991 and 2002 ande2%ear between 2002 and
2011), recorded in this studyTdble 5, is consistent with the 2% per year
deforestation rate for Ghana, estimated by the FATLQ® which is also consistent
with trends in deforestation in Africa between 19@d 2000 (1.1 million ha) and
between 2000 and 2005 (2.7 million ha) (FAO and JR@2R0The results further
show that, although the deforestation rate has beeerasiciy with time, more than
50% of the land cover in the Bonsa catchment remaimetianged between 1986 and
2011. Evergreen forest represented the largest stddds (55% between 1986 and
1991, 45% between 1991 and 2002 and 42% betwee2 20d 2011), while
secondary forest and shrubs/farm were the most fragpdeclassesT@able 4. The
recorded land cover changes indicate that some areia$ were originally covered
by either evergreen forests or secondary forests haea converted to other cover
types, and the recovery of the original vegetatiofo(estation) during the three
periods is small, compared to the overall deforestation.

The land cover/use changes in the Bonsa catchment can be attributed to
anthropogenic drivers, which can be grouped into two broad categories, namely global
and local factors. The global factors include globalization of agriculture, urbanization,
international trade regimes and global politics, while the local factors include
population growth, urbanization, immigration, economic development and govdrnmen
policy (Sage, 1994Barbier, 2000 Meyfroidt et al., 2013). The recorded deforestation
in the Bonsa catchment was influenced by local population growth (Ghana Statistical
Service, 2005 Kusimi, 2008 Ghana Statistical Service, 2013), agricultural
extensification (Kusimi, 20Q8Sutton and Kpentey, 2012), timber logging (Asante,
2005 Kusimi, 2008) and increased surface mining activities (Akabzaa and Darimani,
2001) since 1986, when the implementation of the structural adjustment programme of
WKH :RUOG %DQN OLEH U D(Bdrhjier G2008) aqDrftréastd RRIBP \
direct investment in the mining, timber and agricultural industries. Kusimi (2008)
provided a discussion on how these driving forces have influenced land use changes
within and around the Bonsa catchment.

In addition, population growth and per capita income are the two main drivers of
settlement expansion (Sage, 1994). As the number of people in a community increases,
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there is the need to provide social infrastructure in transportation, housing, sanitation,
health, education and recreation, which are mostly built on agricultural or forested
ODQGVY +HQFH LQFUHDVHV LQ D FRXQWU\YV *URVV 'RPH\
higher per capita incomes, coupled with higher population growth rates, can lead to
higher urbanization rates. In the Western region of Ghana, where the Bonsa catchment
is located, the total urban population increased from 22.6% in 1984 to 42.4% in 2010
(Ghana Statistical Service, 2013) and correlates well with the expansion of settlements,
recorded in this study, andV QRW VXUSULVLQJ FRQVLGHULQJ WK
increased from $8 billion in 1984 to $32 billion in 2010 (Kwakye, 2012). Therefore, for
settlements, especially in the Tarkwa urban area, three main drivers namely (i)
population growth (both natural growth and immigration), (ii) increase in per capita
income and (iii) increases in mining activities, jointly influenced its expansion.
According to Kusimi (2008) mining influenced population growth and urbanization by
attracting people from other towns and cities in search of mining-based jobs The
expansion of settlements, puts further pressure on the surrounding rural areas to produce
more food to feed urban dwellers and more cash crops to pay for the importation of
foreign products, which are associated with urban populations (Sage, 1994). The
increased demand from urban settlements further causes the conversion of more
forested lands into food and cash crop farms, thereby increasing the rates of
deforestation. International trade and rising per capita incomes of the developed world
and the ermerging markets, also reinforces deforestation in the developing world
through higher demands for natural resources and commodities (SageVE9abidt
et al., 2013). This phenomenon, which results in volatility in prices of commaodities such
as, cocoa, rubber and gold, has also influenced deforestation in the Bonsa catchment.
Despite the increasing deforestation rate, the results of the study also indicate that
concurrent vegetation regeation is taking place in the Bonsa catchment. Vegetation
regeneration occurred mainly because of programmes implemented by the Forestry
Commission of Ghana, as well as some mining companies, maturing of rubber trees and
the restrictions placed on the timber industry; banning exportation of round logs (Sutton
and Kpentey, 2012) and the criminalization of chainsaw operations. The Forestry
Commission of Ghana embarked on reforestation programmes in 2000 to reforest about
4000 knt of degraded forests, at a rate of 200°%kear (FAO, 2010), but had only
replaced 25 kfdyear by 2012 (Sutton and Kpentey, 2012). Mining companies in the
Bonsa catchment have also carried out limited reforestation programmes in mined out
areas (Tetteh, 2010). However, the results of this study show that, compared to
deforestation, vegetation regeneration is less significant in the Bonsa catchment.
Anthropogenic land cover changes are caused by both proximate and global drivers,
while the impacts are largely felt at the local scale. Therefore, in addition to mapping
and identifying the drivers of the changes, there is also the need to identify the potential
impacts of any changes in land use, in order to plan and manage land use effectively.
Thus, the remainder of the discussion is focused on identifying the potential impacts of
land cover/land use changes and discussing the need for further research.

Potential Impacts of the Land Cover Changes

The impactsof land cover changes can have substantial socioeacian
environmental and health impacts on communitiegeeislly in poor countries. The
impacts include change in hydrological regimesuoedl biodiversity, reduced soil
organic carbon leading to poor fertility, pollutiaf surface and groundwater and
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changes in the albedo and the microclimate (Meyer arurner I, 1994) and the
invasion by alien species. Other impacts includéseion of atmospheric trace gases
(Penner, 1994), which contribute to climate chandegpacts on hydrology and
water resources are one of the most significantactgpof land cover changes. Land
cover changes have impacts on water flows througinges in the partitioning of
rainfall into the components of the hydrologicatkey (Costaet al., 2003 D'Orgeval
and Polcher, 2008).and cover changes that increases imperviousnesh as
surface mining and urbanization for example, redudgdtration and increase the
velocity and volumes of runoff, which can lead tmofds, soil erosion and
sedimentation, and pollution of rivers. Reducedltiation can also lead to less
groundwater recharge and less baseflows and drgingvers, during low flow
periods (Rogers, 199Randolph, 2012). Therefore, in the long-term, apydation
size and water use in the Bonsa catchment incre#dsesd cover changes are not
controlled, deforestation and urbanization, couldtHer lead to scarcity of water
(Rogers, 1994).

Additionally, conversion of more forested landsagriculture canincrease soil
erosion and loss of soil fertility, thereby makingnore difficult to produce enough
food and cash crops to meet the demands of theiggowopulation in Bonsa
catchment. Land degradation and the loss of sotilifgrhas the potential to
reinforce more land cover changes through the exfieasion of agriculture
(Barbier, 2000). Since agriculture in the Bonsackatent is of the low-input type,
the only means to increase production will be wreéase the area under cultivation,
which can further cause changes in land cover. &aision, as well as the use of
fertilizers and other chemicals, can also causéupoh of water bodies, destroy
aquatic habitats and reduce aquatic biodiversityrdfper agricultural practices are
not adopted. The removal of forests, also lead®ge of indigenous plant species,
the destruction of animal habitats and reductionbiodiversity of the forest
ecosystem. Planting rubber trees and other norvanatée species for example, can
reduce groundwater recharge and baseflows signifigabecause exotic plants
consume more water than the native species.

Apart from deforestation and soil erosion, miningtiaties in the Bonsa
catchment have the potential to cause heavy methitpn of the water sources and
increases in respiratory diseases, caused by alistipn, resulting from blasting of
rocks and movement of heavy duty mining equipmekitabzaaet al. (2009)
concluded that heavy metals, such as mercury, copp@mickel of concentrations
above World Health Organisation (WHO) maximum alédole limits for drinking
water, have been released into streams and grouedesstems by mines within the
Ankobra basin. Similarly, Armatet al. (2012), concluded that the pH, COD and
turbidity levels of groundwater in the Tarkwa minagea are above WHO standards.
Further, between 1998 and 2006, eigth (8) spillafesynanide were reported in the
Tarkwa area (Tsuma, 2009). Impacts of both urbaiozaand surface mining also
include changes in land surface albedo and theadlionate, which can create urban
heat islands (UHI). UHI can cause skin cancer, a$ ageresult in incresad energy
consumption of buildings. UHI is a phenomenon tlesutts in higher temperatures
in urban areas than the surrounding rural areasséie 2000), which is due to the
presence of less vegetation/heat absorbing surfaagban/bare land areas.

According to Klocking and Haberlandt (2002), itdéficult to draw generalised
guantitative conclusions about impacts of land cse changes, without a specific
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local study. For example, Malet al. (2005)Boulainet al. (2009) and Warburtast
al. (2012) among others, showed that the hydroldgieaponses to land cover
changes, depend on the scale of the changes,ntietwver type, the climate and the
location of the changes within a chment. It is therefore imperative that locally
relevant studies, consistent with the objectiveplahning and development, within
a specific basin, are undertaken.

Further Research

The population of people living in urban areas acbuhe world is expected to
grow from 3.15 billion in 2008 to 7.2 billion by 80 (Randolph, 2012). The
population pressure will make it difficult to praM services to people living in
urban areas and many people in the developing waild not have access to
portable water, sanitation and safe living enviremis, as urbanization increases. It
is estimated that half of the people living in theveloping world lack access to
these services already (Randolph, 2012). The isangarate of deforestation in
Africa (FAO and JRC, 2012) for example, will hamegative impacts on the
livelihoods of people, who primarily depend on thatural resources for their
development, while the goods and services provimethe natural environment will
be reduced. The need to therefore plan and mareagk use and water resources
effectively in Africa and the rest of the develogiworld cannot be overemphasized

In addition to the current land cover/land use ¢ in the near future, the
population of the Bonsa catchment in Ghana, is ebgueto grow at an average of
2% per annum (Ghana Statistical Service, 2005), inginactivities will be
intensified, as more mining leases are approvaduie 4). Urbanization will also
increase, aa result of both natural population increase and igration to mining
towns, and deforestation will increaséherefore, in order to carryout effective land
use planning, the impacts of both the current dmal gotential future land cover
changes need to be quantified. Unfortunately, féwdies of this type have been
carried out and of these studies, all focus on ietp@f surface mining on either
groundwater pollution or surface water pollutionofkatsi, 2003 Akabzaaet al,
2009 Armah et al., 2012) and airborne particulate matter pollution (Bansall a
Amegbey, 2012). Although previous studies have medppand cover changes
between 1986 and 2002 of different sections of ¢théechment (Kusimi, 2008
Schueleret al., 2011 Kumi-Boatenget al., 2012), none assessed the impacts on the
environment. The land cover change impacts on ylgedhogical flows, biodiversity
and soil fertility are not known. Quantifying thesmpacts will provide the
necessary information to protect life and propempyotect the environment and
ensure sustainable utilization of the natural resesl of the catchment. In evaluating
the impacts, the derived land cover informationwa$l as projected changes in the
land cover, will be key variables.The potentialvers, identified in this study, will
be vital in projecting future changes in the laraver. Therefore, further research
will need to focus on modelling future changeshe tand cover and quantification
of the impacts of both historical and potentialuhgt changes in land cover on
hydrology of Bonsa catchment. Additionally, futuesearch will need to assess the
impacts of climate change and land cover changesglyoi
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Figure 4. Land cover (2011) and approved mining leases and prospecting lincenses in the
Bonsa catchment. Source : documents from mining companies (Boatk@007 Gold Fields
Limited, 2012b, aCastle Peak Mining Ltd, 2013).

Conclusion

Land cover mapping and change detection for the Bonsa catchment was executed
successfully with Kappa statistics ranging between 72 and 87%, using the maximum
likelihood classification algorithm. The study has generated multi-temporal land cover
data from 1986 to 2011, which shows that the Bonsa catchment is predominantly
covered by forests, which are currently reducing at the rate of 2% per year, implying
that the ongoing re-afforestation programmes undertaken by stakeholders in the
catchment is occurring at a lower rate, compared to the deforestation. The study further
indicates that the potential drivers of the land cover changes are both local and global,
which include international trade, local population growth, agriculture extensification
and urbanization. The study highlights the value of a multi-temporal land cover
mapping approach to provide data to guide effective land use planning and water
resources management, especially in data poor regions.
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APPENDIX

Appendix A. Confusion Matrices
Appendix Al(a).Confusion Matrix for 1986 land cover map

Reference Data (No. of points)

Land cover Secondajy Water| Evergrepn Settlement Shrubs/ Mieiag a Total
forest forest farms
Secondary 32 0 1 0 0 0 33
forest
1986 Water 0 29 0 0 0 0 29
Land cover | Evergreen forgst 2 0 52 0 0 0 54
map Settlement 0 0 0 35 2 8 45
Shrubs/farms 1 0 0 1 33 2 37
Mining area 2 0 0 4 1 27 34
Total 37 29 53 40 36 37 232
Overall accuracy = kappa= 87.49%

208/232 *100% = 89.66%

Land cover Producer's accuracy (%) User's accuracy (%)
Secondary forest 32/37=86.49 32/33= 96.97

Water 29/29= 100.00 29/29= 100.00
Evergreen forest 52/53=98.11 52/54= 96.30
Settlement 35/40= 87.50 35/45= 77.78
Shrubs/farms 33/36= 91.67 33/37= 89.19

Mining area 27/137= 72.97 27/137= 79.41
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Appendix A 1(b)Confusion Matrix for 1991 land cover map

Reference Data (No. of points)

Land cover Secondary Water| Evergregn Settlement Shrubs/ Migiag aTotal
forest forest farms
Secondary 26 0 2 0 0 0 28
forest
1991 |Water 0 27 0 0 0 1 28
Land covell Evergreen forgst 3 3 62 0 0 0 68
map | Settlement 0 0 0 57 4 2 63
Shrubs/farms 17 0 0 0 26 0 43
Mining area 0 4 0 24 0 48 76
Total 46 34 64 81 30 51 306
Overall accuracy = kappa =76.09%

246/306*100%= 80.39%

Land cover Producer's accuracy (%) User's accuracy (%)
Secondary forest 26/46=56.52 26/28= 92.86
Water 27/34= 79.41 27/28= 96.43
Evergreen forest 62/64=96.88 62/68= 91.18
Settlement 57/81= 70.37 57/63= 90.48
Shrubs/farms 26/30= 86.67 26/43= 60.47
Mining area 48/51= 94.12 48/76= 63.16

Appendix A 1(c)Confusion Matrix for 2002 land cover map

Reference Data (No. of points)

Land cover Secondary | Water | Evergreer Settlement Shrubs/  Miagg aTotal
forest forest farms
Secondary 64 0 1 0 0 0 65
forest
2002 Water 0 51 0 0 0 0 51
Land cover | Evergreen forgst 11 1 61 0 0 0 73
map Settlement 0 0 0 70 1 6 77
Shrubs/farms 19 0 0 0 46 0 65
Mining area 0 3 0 2 5 73 83
Total 94 55 62 72 52 79 414
Overal accuracy = kappa = 85.76%

365/414*100% = 88.16%

Land cover Producer's accuracy (¢ User's accuracy (%)
Secondary forest 64/94= 68.09 64/65=  98.46
Water 51/55= 92.73 51/51= 100.00
Evergreen forest 61/62= 98.39 61/73= 83.56
Settlement 70/72= 97.22 70/77= 90.91
Shrubs/farms 46/52= 88.46 46/65=  70.77
Mining area 73/79= 92.41 73/83= 87.95
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Appendix A 1(d)Confusion Matrix for 2011 land cover map

Reference Data (No. of points)

2011
Land cover
map

Land cover Secondary Water| Evergreen Settlement Shribs/ Miriag aTotal
forest forest farms

Secondary 44 0 0 0 2 0 46

forest

Water 0 36 0 4 0 0 40
Evergreen forest 6 0 34 0 12 0 52
Settlement 0 1 2 36 1 6 46

Shrubs/farms 26 0 1 0 67 0 94

Mining area 0 9 0 7 0 50 66

Total 76 46 37 47 82 56 344

Overall accuracy =
267/344 *100% = 77.62 %

Land cover

Water

Secondary forest

Evergreen forest

Settlement
Shrubs/farms
Mining area

kappa = 72.84%

Producer's accuracy (¢

44]77=
36/46=
34/37=
36/47=
67/82=
50/56=

57.89
78.26
91.89
76.60
81.71
89.29

User's accuracy (%)

44/46=
36/40=
34/52=
36/46=
67/94=
50/66=
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Abstract. Aircraft wildlife collisions are a global safety anddimcial problem for the aviation industry
ZLWK ELUGY EHLQJ WKH PDLQ FROQEMURQVQDWDPDPLELDYVRWEROCPDLQ
reported to be with insectivorous birds. Phototaxis wastified as a major attractant to insectivorous
birds, which feed on the arthropods attracted to airpodnagnd terminal lights. This study considered
the effect of light as an attraction at the rurally sg#daHosea Kutako International and urban Eros
airports. It further investigated the attractivenessgtfticolour (or wavelength) on arthropod abundance,
biomass and diversity. The study found that phototaxisangagnificant factor at Hosea Kutako only, and
that white light was the main attractant for arthropopsc#ically for large moths (Order Lepidoptera),
while yellow and orange light attracted significantlysl@sthropods. The study indicates a high likelihood
that the Hosea Kutako apron lights (white) are an impbrasnactant for arthropods, and therefore
indirectly insectivorous birds, which can be reduced by reglabem with orange or yellow filters.
Keywords: airport, arthropods, bird strike, phototaxis

Introduction
Aircraft-wildlife collisions (AWCSs) are a global concerfihorpe (2003) reported 42

IDWDO DFFLGHQWYV KXPDQ GHDWKW KMHQ RatiadE&H VWL R\ H
sector as a result of AWCs between 1912 and 2002, while Dolbeér(2012) cited
KXPDQ GHDWKYV DQG GHVWUR\HG ADLAELBDYNIW AR @PHW R

airports, Hosea Kutako International and Eros (domestigd, AWC incidents wexr
recorded between 2006 and 2010 (Hauptfleisch et al., 2013). Only twossertidents
were recorded in Namibia in the last five years. Damage fhese incidents amounted
to damages of over US$ 2.5 million (Hauptfleisch and Avanant, 20h2)number b
bird collisions in Namibia seems to fluctuate from betweenarrigvo collisions to 25
collisions per year per airport (Hauptfleisch et al., 2018)s Ts probably not a true
version of the number of collisions, as reports osd¢heacidents are not always filed,
especially when there is little or no damage to the dir@auptfleisch et al., 2013).
Airports are described as complex habitats (Soldatini,e2@10) and provide niches
and ecosystem services such as primary food supply (gvaesgtation, insects, small
mammals and carrion), water, shelter and nesting sitedyiSg ecosystem components
that provide these services should consequently be usefuhirport wildlife
management. At airports arthropods provide ecosystentesrand food for birds and
other wildlife (Bernhardt et al., 2010), were found to be atxhtd the heat of runways
and taxiways (Pennell, 2007), and use airport grasslands as r@utghbach-Brohl et
al., 2010). Reductions in arthropod numbers at airporexpected to reduce risk of
AWCs (Buckley and McCarthy, 1994; Bernhardt et 2010; Steele and Renner, 2010;
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Washburn et al 2011) The possible influence of arthropods on bird strisas
therefore not be ignored.

Different methods to discourage birds from using airpamduding killing them,
have proved to have little effect on the numbers ofsb{feroneman, 2000). It was
however found that the management and manipulatiorradifog opportunities to birds
could be an effective strategy (Blackwell et al., 2013). Halitanagement efforts,
such as alteration of plant communities are an integeat of wildlife hazard
management programs to reduce the risk of wildlife strédéesiajor airports globally
(Washburn, 2011). Thus a more holistic approach which inclugissarch into the
ecosystem services provided to birds at the airports islusefu

During the period 2006 to 2010, fifteen bird species were respoifsildierd strike
incidents at Hosea Kutako and Eros Airports Namilifithose, 14 (92%) all except
White-backed Vulture Gyps africanus)are described to rely on arthropods as a food
source. The attractiveness of light to arthropods is Iwikeown (Weiss et al., 1941,
Van Tets et al., 1969; Ashfaqg et al., 2005; Blanco and U Q i,Q2G0d;] Fox et Ia
2006) and the effect of this phenomenon on attracting birdise airports formed the
motivation for this study. For safety and securitas@ns the International Civil
Aviation Organisation (ICAO, 2004) requires that lights at aiigpdre positioned in
such a way that all aircraft on the apron are cleadiple at all times (ICAO 2004).
Only white, yellow or orange light will suffice, as othelawas like red and blue are too
dark and are used for signalling (ICAO, 2004). According to Askfaal]. (2005) white
light attracts more arthropods than yellow light, while rgghtli few or no arthropods.
Arthropods are photosensitive and are thus either attract@ghtaphoto-positive) or
repelled by it (photo-negative) (Shockley Cruz and Lindr#€]11), while natural
environmental factors like humidity and temperature and sudingriand management
may play a role in the behaviour of arthropods and thiliseimce their numbers at any
given time (Jonas et al., 2002; Blanco and Hernandez, 2006)affitaction to light,
however, can cause arthropods to become easy medisrd® as they become
disorientated, collide into the light or congregate adoilinBirds have been found to
UHDGLO\ PDNH XVH RI WKHVH 9 LD.GI1HD@H @pEHG HOMI VWD
Variations in intensity and spectral composition of mitf lighting have also been
found to affect its attractiveness to arthropods (Vamdevelde etal 2011). For
example certain beetles (Order Coleoptera), crickets (@dhoptera), bees and desert
ants (Order Hymenoptera) have been found to use thepligérisation patterns during
dispersal and migration, while many nocturnal arthropods aditracted to artificial
VRXUFHV RI SRODULVH®®®YLIKW +RUYIWK HW DO

This study used field experiments to determine the extent tohwlght attracts
insects, and also investigated whether light colour (wagéh® and surrounding land
use plays a role in attractiveness to light to arthroplbdisther attempts to relate these
results to the risk of aircraft-bird collision risk aetbtudy airports.

Materials and methods

7KH VWXG\ DUHD LV LQ WKH FHQWDD D Q@ KIURQD QIGWHRII \1\D
VLWHYV ZHUH HVWDEOLVKHG L DWRHARWHMQIWWEREGH QWH U C
DQG ODWLW XG HO knfi east of Wisdhoek, ii) a neighbouring game and cattle
IDUP /RQJLWXGH f ( D Q GupebwémawX @rd iii) Eros 6
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$LUSRUW ORQJLWXGH f ( Dvaitién theD SMHuvlisX @ H f
'LQGKRHN 1DPLELDYV FDSLWDO FLW\

Light traps were located at the three study sites fan8ecutive nights (during April
2013). Each light trap consisted of a clear plastic tsawell as a light source. Controls
consisted of the same without a light source. Monoletigyglycol was used to kill and
preserve arthropods that fell into the light traps.

The light traps were set up in a grid pattern with randeatinents (white, yellow,
orange or no light), 50 metres apart. Light Emitting Diod4=D lights) were used as
it does not produce heat, a factor which can influencatthaction of arthropods (Fox
et al., 2006). The lights were switched on at dusk and switclfedt alawn the
following morning.

Arthropods collected from each trap were identifi@ULHG IR U KaguVv DW f
weighed. Individuals were identified to Order level to deteenorder richness and
diversity using the Shannon Information Index (Manly, 2001)h&sQrder Lepidoptera
were most abundant and a major prey component of imeemtis birds (Van
Langevelde et al., 2011;Washburn et al., 2019, assistance and expertise of the
National Museum was called upon to identify Order Lepidopter&amily level. A
species of the order Hymenopternéplolepis custodiensPugnacious antyhich is
diurnal (Picker, et al., 2004)were trapped in abundance in the control (especially at
Eros airport) It was clear that this species was not attracted to (lmgbg diurnal) and
was probably attracted to the moisture in the light traps@pai observation, 13 April
2013). Hymenoptera was subsequently removed from further anallyap success was
calculated as the mean number of individuals trapped petr ongi 6 nights. Biomass
was calculated as dry mass per order per light trap.

Normality of data was determined with the Shapiro-Wilk'sast. As the data was
not normally distributed, a standard nonparametric tesisial - Wallis for multiple
analysis of variance), was used to compare land use dndcltidpur. All data were
VWDWLVWLFDOO\ DQDO\VHG ifowX Vér§oh B®WIRabaVMELFD S IR
2011). A statistically significant level of 95% (p<0.05), waserbed for all tests.

Results

A total of 3 878 arthropods were trapped. 2 760 (71.17%) were eullattthe farm
(Oupembamewa), 283 (7.29%) were collected at Eros Airport and 835 (21vE3%
collected at Hosea KutakoTdble 1. Significantly higher trap success and order
richness (H =36.44, p < 0.01) were found at the farm comparedot dd Hosea
Kutako Airports.

When combining the three study sites a total of 2 066 (53.27¥popods were
trapped in light traps with white light, 737 (19%) were trappdadjin traps with orange
light, 957 (24.67%) were trapped in light traps with yellow lighd 448 (3.04%) were
trapped in the control. Significantly higher arthropodmbers were found in traps
bearing white light (H=30.39, p < 0.01) when compared to the aamaps and traps
fitted with yellow and orange lights.

Overall, white light showed a significantly higher trap sucdess51.63, p < 0.05)
than orange light (H=46.79, p < 0.05), yellow light (H=44.15, p.85) and the control
(H=5.24, p < 0.05Kig. 1a) (Table J. Although less arthropods were caught at orange
light traps than yellow, this difference was not significa&ignificantly less arthropods
were captured at the control compared to all light colours.
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Table 1 Abundance (number of individuals trapped), biomass, order richness and diversity
of arthropods at light traps in three land use areas (W = white light, O = oragbg ¥ =
yellow light, C = control / no light).

Hosea Kutako Airport Eros Airport Oupembamewa Farm
Orders W 0] Y C W O Y C W O Y C
Class-
Arachnida
Araneae 40 22 30 3 14 5 14 2 96 109 92 1
Acari 3 5 4 1 1 0 0 0 1 0 1 0
Amblypygi 0 1 2 0 0 0 0 0 0 0 0 0
Solpugida 1 0 0 0 0 0 0 0 0 0 1 0
Class-
Entognatha

Collembola 30 40 13
Class-Insecta

[N
©
w
o
o
[EEN
(o2}
[ERN
(o2}
N
(2}
N

Lepidoptera 156 22 18 1 30 6 7 1 856 140 268 2
Hemiptera 124 41 29 9 59 2 14 10 177 115 123 6
Orthoptera 6 4 5 3 6 2 2 5 10 8 10 5
Coleoptera 32 17 16 2 4 4 3 8 34 30 29 1
Diptera 77 11 10 8 27 5 10 4 178 87 72 9
Phasmatodea| O 0 0 0 0 0 0 0 0 1 0 0
Blattodea 4 7 4 2 7 1 2 2 0 1 0 0
Isoptera 0 0 0 0 0 1 1 0 0 1 1 0
Mantodea 2 0 0 0 3 0 1 0 53 22 43 0
Plecoptera 0 0 0 0 0 0 0 0 0 0 1 0
Thysanoptera 1 2 6 16 0 0 0 0 0 4 4 5
Psocoptera 3 0 0 0 0 0 0 0 5 2 3 1
Neuroptera 1 0 0 0 0 0 0 0 0 0 0 0
Total n 480 172 127 46 160 29 62 32 1426 536 673 34
Order 14 11 10 10| 10 9 10 7 | 10 13 14 9
richness

Shannon 1.77 193 186 192\ 1.74 119 194 139| 1.2 173 1.74 1.92
diversity

(Orders)

Biomass (g) | 21.95 32.34 35.18 4.55| 1745 11.1 854 41| 6.92 13.02 9.03 4.13

Although the difference between white light and other ligaps was significant at
all three study sites, Hosea Kutakieig. 1b) and the farm Kig. 1d) site showed a
greater difference than at Erdsd. 1¢) (Table ).

Arthropod biomass was highest at Hosea Kutako and lowesteatarm. Total
arthropod biomass at Hosea Kutako was 94.02 g (49.09%), at E&¥%& $§29.38%)
and Farm Oupembamewa 41.23 g (21.52%). Overall order richness wag higtines
farm Oupembamewa, followed by Hosea Kutako and Eros Airportslighe colour
order richness was highest at the rural study sites, Hésdako (14) and
Oupembamewa (14), order richness was highest at the fariyelfiow light and at
Hosea Kutako for white light. Overall order diversity washiest at Eros for yellow
light (Shannon 1.94) as well as lowest at Eros for oragie (Shannon 1.19). Highest
order diversity at Hosea Kutako was found at orange ligtar{8on 1.93) and lowest at
white light (Shannon 1.77)traps, while at Oupembamewa order dyeras highesat
the control (Shannon 1.92) and lowastvhite light (Shannon 1.2)able ).

Individuals of the order Lepidoptera were most abundant at 1838786%)
individuals Fig. 2), of the families Lymantriidae, Limacodidae, Noctuidae and
Geometridae. Hemiptera were second most abundant at 709 (18.2&%6luals,
followed by orders Diptera, Araneae, Coleoptera, Collembd¥lantodea and
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Orthoptera. Significantly greater abundance of Lepidopteraattescted to white light
than to any either orange or yellow light. (H=85.32, p < Q) 2).
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Figure 1. Trap success per light colour at a) All light traps, b) Hosea Kutako AirppEros
Airport, and d) Farm site (mean, whiskers = 95% confidence interval).
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Figure 2. Trap success of Order Lepidoptera per light colour.
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Discussion

This study confirmed other findings (Weiss, 1946; Prokopy@wens, 1983; Frank,
1988; Stavenga, 2002; Ashfaq et al., 2005; Cloyd et al., 2007etFalx 2007; Buschke
and Seaman, 2011; Shockley Cruz and Lindner, 2011; van Ldage2811) that white
light is a major attractant to arthropods. When considerimg) Use, the effect of light as
attractant was reduced by increased ambient light solBe@® in an urban setting, Eros
Airport is surrounded by artificial light sources, while Hos€atako Airport is
surrounded by farming and conservation areas with miniméitiitlight. The results
indicate a clear increase in attractiveness of alltiGpdarly white) light sources to
arthropods with decreased surrounding light sources, makiagsignificant factor at
airports situated rurally (e.g. many parts of Africa) (Hdejsith, 2014). This factor is
already in use to reduce the nuisance of nocturnal ingettts tourism (Rogoe Albello et
al., 2007) and other industries (Chartered Institute of Enwviemital Health, 2009), while
only one other study (Frank, 1988) of this phenomenon airport could be found.

Birds most commonly involved in collisions with aircraft lddsea Kutako Airport
are Crowned LapwingManellus coronatys(16%) and Helmeted GuineafowNligmida
meleagris)(9%) (Hauptfleisch et al., 201,3poth insectivorous (Hockey et al., 2005)
Crowned Lapwing VYanellus coronatyswere responsible for two thirds of collisions at
Eros Airport (Hauptfleisch et al., 2013). Stomach and cropecbrtnalyses at the two
study airports during 2010-2012 revealed arthropods as a majar $oarce
(Hauptfleisch, 2011).

Of the family Geometridae, moths with larger body masgetawing dimensions
and larger eyes have been found to be attracted to lighindwd by smaller
wavelengths (white spectrum) (Van Langevelde et al., 2011) iadirdnfirmed by this
study. According to Prokopy and Owens (2011) and Qiu and Arikawa (20k$)ble
reason for this is that moths have compound eyes vdrielsensitive to wavelengths
ranging from UV-light to red light. Moths are an BRUWDQW SDUW RI1 PDQ\
(Van Langevelde et al., 2011; Washburn et al., 2011) with dxhas found to feed
their young large moth species of the families Cossi@pdingidae, Noctuidae and
Geometrida (Van Langevelde et al., 2011) as a result nfriiative lack of exoskeletal
and mandibular protection.

The presence of predatory arthropods, of the orders Hemifiamily, Reduviidae
and Nepidae), Mantodea (family Hymenopdidae, MantidaeEamplusidae), Coleoptera
(family Carabidae and Dytiscida (Table J), indicates that not all arthropods were
attracted to the light source. Predators were likely adtdacd the abundance of
photophilic insects, as found with other studies (Bruce-Whig &hardlow, 2011;
Davies et al., 2012.; Meyer, 2012; Wang et al., 2014).

Biomass was found not to be a reliable measure of attraesisess a result of the
substantial variance in the dry mass of different eapbd species. For example,
arthropods from the Order Coleoptera, family Scarabaewaes caught in some of the
light traps, varying in size from 6-50 mm (Scholtz andriidl996) with a mass of up to
88 g while individuals of the order Lepidoptera would weigh very lifter drying, even
though individuals vary in wingspan size from 3mm-180mm (Szlawitd Holm, 1996).

The study suggests that arthropod abundance at Hosea lairjadad is an important
factor which can be reduced by filtering the airport aprghtdi (white) with yellow or
orange filters, provided the primary security functionhaf lights are not compromised.
This factor is however not significant at the urbansEaoport. An up-scaled study is
underway to determine arthropod abundance at the apras tiggmselves.
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'"\QRZVND HW DO $ VXFFHWEWUY R | L\GPUWHAD DOH NLHD | ¥
LQ ZDWHU LV PRVW RIWHQ DVVBRLEDWIGR LI GSDREXNPX U
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PXOWLSOLFDWLRQ DQG ZDV UHGHKEFH® EW DSOS 0R QA PX\® W
XQGHU ODERUDWRU\ FRQGLW LRLYIK H MW DIDFON WYH WA HZD W VWL
IRU DFLGLF DQG DONDOLQH SKRVSKOWDQIE DRWHKU EWIKE
H[SHULPHQW QPRO $ VOLJKWONWERWHIG DRWL
SKRVSKRK\GURODVH DQG HVWHUDVHHVSHRWZPRMHOQD QG
QPRO DQG QPRO DV ZHOOQIIBVFI\R/W BHXH L QUHR PY D O L Q-
DQG QPRO 7KH RWKHU HQJ\PHYD OHNRQWWILFROAW K GWIXF

QPRI EOH

'LVFXVVLRQ

6LPLODU WR DOO OLYLQJ RUJDQWIPY EDRQIRJQFHDG ZPWL
PHWDEROLF SURFHVVHV .DUFK ZDWBROOPONLAVJIRW LY,
LPSDFW WKH FRQGLWLRQ DQG O MVWDHVY D IDM\GRD W K B QRIHHO K
UDWH RI ELRORJLFDO SURFHVVHM GHVWURYVHPKHFBNB®
HOLPLQDWH WKH HQWLUH SRSXODRMIRGH DKH DFR/GG XIF WF
TXHVWLRQ Rl WKH GHJUHH WR ZKLPIGZOWHG MWRK DEE KD.C
HQYLURQPHQW DQG ZKHWKHU WK \DD/P B RWSHHE WH. 1 ON 8 D W
LQ PHGLFDO P\FRORJ\ DUH FDSDE®H ZRWKV XGIYMLNUBQV
SK\WLFRFKHPLFDO SDUDPHWHUV
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7TDEOKQ]\PDWLF DFWLYLW\ RI IXQJL WHYWIB® ERQRIUH FRIGVDRMO-OH & IODEROBMW R U\ FRQGLWLRC

(FRSK\WVLRORJ\ RDWIHUMNMIXQJL IURP GLIIHUHQW Z

%LHGXQNLHZLF]
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%LHGXQNLHZLF] (FRSK\WWLRORIJH@WPAFWRIXQJL IURP GLIIHU

7KH K\GURVSKHUH LV WKH ELJJHMP KBVROHURVUVRIS KRS}
VSHFLHV WKRXJKW WR EH SDWKRVHQYRLDVHZRDNMKR WKRO
WRJHWKHU ZLWK VXUIDFH IORZV FEWWPK @UFDSPX \DHZD JM
HQ]\PDWLF DFWLYLW\ DUH YHU\ QP\SHRW \K D QWX DQV PR FIR ORI\
7KHVH IHDWXUHV DOORZ D GHWHYPLIQDWRLEBFRIP MW K YOS
HFRSK\WLRORJLFDO UHODWLRQV ZLWIKV RRNKHQ GRLIFH @ R D
LPSRUWDQFH LQ D GHVFULSWLR® RIQDTWBHW LIK GIFWR VR\QW B L
HQWLUH PLFURELRORJLFDO ORRS '\QRZVND DQG %LHGXQI

3RWHQWLDO SDWKRJHQV PD\ DRVA BQ® HX ARK/HD @ IPMIR B U
RI DV\PSWRPDWLF FDUULHUV %LHGWQNLKZLERVWIV BB®
HVVHQWLDO IRU WKH VXUYLYDODRHIXQJD RP BRIV E R ARYVD
E\ FDXVLQJ LQIHFWLRQV $ VWURDRIFR SMWDKEKO E Bl @& ZFHHHO®D \
OD\HUV RI DQ DGKHULQJ IXQJIJXKLWKHQ BHIWBBROVF JRAIPVY:
PRUH VWURQJO\ ZKLFK LV LPSRUWOIQMW | XQJW KH PRONSHK LF
REVHUYHG&DQ RSPBFLHY SOD\V DQ LPSRUWDLQW WROQW LQ
HQYLURQPHQWY 7ZR IRUPV PD\ REFXLYH PRAHD HDMO\RRWR
ZKLFK LV WKRXJKW WR EH PRUH SPWKRWKQWF LD GG LOP DHOD E
D KLJK FDSDFLW\ IRU PXOWLSOQFDWUPQWDRB®HWYMGRPH D
8QGHU PLFURDHURSKLOLF FRQGLWGRDVE OBDYDWRNWSRIIRIU Hi
WUDQVIRUPV LQWR D SVHXGRP\EWOKDW ERHP \8RRXNIKWHW
WKH DERYH PHQWLRQHG IRUPV HY YILVURQPWN B ® | URRPWKKHC
OLWKR RU DHURVSKHUH RU |IQRRXWEB VP XBRYV B PHBNMP ERDU
EHHQ REVHUYHG WKDW ERWK GHEHIOR YPHPGWB® IRR P \G DI
HFRV\WWHPV )XUWKHUPRUH WEKBXD GW HVBH\D\PK W R PHOHADLIAW

%LHGXQNLHZLF] DQG LQ GLVHDVHG SAHDOUQMRRON E&LH
H[FOXGHG ZKLFK PD\ UHVXOW LRVW & HIRW RIAFRXUHIHQERQ DE
%LHGXQNLHZLF%HWGXQNLHZLF]Y%WGX®MNLHZLF] "KH

DVVHVVLQJ WKH SXULW\ RI ZDW HWY¥ H RS W\KHQ B HE B WIKKLQQIL
VLIQLILFDQW HSLGHPLRORJLFDO ULVN

$OWKRXJK WR GDWH QR FDVHV \RLHAXQDIOU RQIHFQW RKD Y
GRFXPHQWHG VXFK D VLWXDWLRQ BROQRW GHVEBDXKH
HFRSK\WLRORJLFDO IOH[LELOLWALFBWHYA RWVH SUHIUV IR QA \L\
IXQJDO JURZWK DFURVV D ZLGH UDKZHFR D QG RMEUD W X U H
<HDVWYV IURP FROG HQYLURQPHQW\GHW®RRAVSWIPKURG RHOA
UDSLG DQG DEXQGDQW JURZWK DVDIDVGBW R [ KIRIXW H@\F X E D &
7& KXPDQ ERG\ WHPSHUDWXUH %L HGKIQN GHHZPLRFQ VDAED ¥
WKH UDSLG DFFOLPDWL]DWLR®@ RRQE&HWHRIZQJEZKLRKQHZ M
RI WKHLU KLJK DGDSWLYH FDSDFLW\

<HDVWV DQG \HDVW OLNH IXQJL DRHXQBUDAKELFE& DV HH 3
DFWLYH LQ WUDQVIRUPLQJ DQ RF¥XBLHG HFROR X\ED® @\
DFWLYLW\ LV D UHOLDEOH LQGLFDWRDVRDFRWQTX®IULQJ Q,
FRQMXQFWLRQ ZLWK OLYDELOLVD\ DXQ@WNVWXKGILEDRZWK WD K
GHVFULEHV WKH DGDSWLYH FDSDRLWEKD QRIL QQ GLYY.IGXD®F
"\QRZVND DQG %LHGXQNLHZLF] R DGBRSW PR QMY FIRIX®
E\ LQFUHDVLQJ WKH JURZWK UDWHXRBIR EWRRDLNKNP  DRUEP DW
SURGXFWLRQ RI D YDULHW\ RI KWG®@\R DR R E WMQ VP HAK H. §
SHQHWUDWH LQWR RUJDQ RQWKPKHFARDOVPR B ERIDDR W W H
DQ LQIHFWLRQ JDWH 3UHYLRXV BBUVRQDOGHPR KRG WHM W\H
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%LHGXQNLHZLF] (FRSK\WWLRORIJH@WPAFWRIXQJL IURP GLIIHU

KLJK SURGXFWLRQ RI WKH VDPH JURLXSNURIQMWQWPIHN LRIREZ
ZKLFK KDG EHHQ FXOWXUHG RQ VWRQG DAV 8 H\E HDX V. QQW K
PHGLD ZLWK GLITHUHQW W\SHWBE QL CK BK HH ZB® HRRU KDG
DFWLYLW\ ZDV UHFRUGHG 7KLV WQIGREPWRHX QUK HVBHR & JV
FDSDFLW\ WR FURVV SURWHFWLYH KDUK LHUWHD QRS WS UR
HQ]\PH SURGXFWLRQ LV RI VSHEVDRI $iDWHRRIBQE E R\ VRK H
IXQJL ZKLFK LQFOXGHV PRVW SRYWHD WL BQ]SPHWKRDMWRN R
DV DFLGLF DQG DONDOLQH SKRVSOKBW®W IL\HW HH & USHMA/DAD \
SDUWLFXODUO\ LPSRUWDQW VLQFWKWMKH S5 LPDK HIOQ IDVOL [FW @
HQDEOLQJ LQYDVLRQ DQG SHQHWUWXBIWLEBQ RO DXNWLIYHGON K J
RI HYWHUDVH FODVVLILHG L® WRSRUWMNRXSWR L@ MBOH H VU
LQIHFWLRQ %RUVW DQG )OXNMHR UXNKRKDOBWUDIBOW DO
BWXGLHV RI GLIIHUHQW SK\VLRIORIQBEWGI G-DSRPLWKHVD
HQYLURQPHQW DOORZ GHWHUPLQLQY UKE® KHIL ®H PLRIOR J
WKUHDW WR ZDWHU XVHUV 2Q DVEHIVVXXODEHPBY PR HARMWDNA
RWKHU PLFURRUJDQLVPV LQ GLIIRSISEWWEKIQRYRJILBSDO DW
SDWKRJHQLF IRUPV &RQGLWLROQV PLF KXIXDQ LRW R KRFAHQR
PXOWLSO\ DQG LQ H[WUHPH WMXNKBWLRED W RWFD % ¥ 1§ HPWFRDM
7KH YDULDELOLW)\ RI IXQJDO HFQSKRVWRKGIRHQ Y QUWR K HWD
EHVW VXUYLYDO VWUDWHJI\ '\QRZWNRQV FDURDHGVRXW RVE
ODERUDWRULHY KDYH EHHQ OLPYLUYLY DR UDQV H YR OXIDRWILE
FXOWXUHY LQ VWHULOH G LVWLIDOMHEO DIDWY H U +DLIMKX QY K K HP
DO 7KHVH REVHUYDWLRQV FRRGYXFWHYEH DOHG D 7&XNI
UDWH RI PLFURIXQJL DW 7 K W MDWFHL E VL @ K\DRWH  ZSHUHY H
&DQGLGD DOELFDQV & JXLOQ&HNPRIRFRU GLQVUUR B L+DOW
GH &DSULOHV HW DO GHPR QWNR DN\WUHXX S MR LYDO OD
\HD WYV JXLOOL DQER YRS &F MDDEL MKV PRVW FRPPRQO\ GH'
SDWKRJHQ VXUYLYHG IRU RQO\ SDEOH RRIKYWWHUQJIBH
WKHUH ZDV OLYDELOLW\ Rl WKW LQDO®GQED U & HDAIXY
XQGHU VWDUYDWLRQ LQ GLIIHUHODZDWSHY QU LZDNLIQU DY
SUHFLSLWDWLRQ ZDWHU LQ HDGKYDEWMIUNWYIH/ DHERGS
DSSUR[LPDWHO\ RQH PRQWK &KDLHE HW DO
8QGHU FRQGLWLRQV VLPXODWLQD S/DKH W)\DRV XRILIFQ) R QLI
DQ LQFUHDVHG JURZWK UDWH RIGEERIPOVNXGRE\BIQODK POZ
REVHUYHG 7KLV LQGLFDWHY DQ HiZVN® EW\G UDSHD\E L WQ P
OLYLQJ RUJDQLVPV B6WDQGDUG FXOMXRHWHPSE UIWW K H \
f& DQG 7& DQG RQ PHGLD DV VXJJWWWHG DQORERGRW
JURVV IHDWXUHV Rl JURZQ FRORMWHWDODWRRBDN BHWERPXQ]
PLFURFXOWXUHV RQ 1LFNHUVRQY\O DRPWS KQ KRIAIF® G KB Pk
BKRUWHU GLVWDQFHV WKDQ VWHK\RAHH R VEODD\OW R ¥ SIRU HY EX
RQ SVHXGRK\SKDH LQGLFDWH DQ QQ FELIRIPVNG 1SD R & XFEMWYR
SURGXFWLRQ RI LQWHUFDODU\ D QICE IO/ MG DBV LIKXE PV RR/
WKH ZKROH UDQJH RI WHPSHUDWXHMVRERXOH H/GHD P DD @
RI LQFXEDWLRQ DW f& f& 7KLWLRGYFIRWHW KB YRRV
&DQGLGD DN\KILLWDADPW FDSDEOH RI FKODP\GRVSRUH SURGX]|
3KRWRSHULRG LV DQRWKHU IDFWRKHLP$DE®/DQLBO HO DY M
ODFNV ORQJ WHUP VWXGLHV RQ WRUW SJKHOHRMHIR Q QD B F
P\FRORJ\ '"\QRZVND E 7KHUH RDBSDFEQORUEBRDWE RQ
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%LHGXQNLHZLF] (FRSK\WWLRORIJH@WPAFWRIXQJL IURP GLIIHU

GXUDWLRQ RQ SK\WRSDWKRJHQLFKPWKUHR IXNRZIW KQR F FDU K|
“HU]\

7KH GLIITHUHQW FXOWXUH YD WKHDSWHWYWEYW TXGH DCRFS:
VHOHFW KDELWDWYV LQ ZKLFK DWSWHYWQRE RKRXQSEL ERK
FRQGLWLRQV DUJXDEO\ LQFOXGH ZHDW HUXF KZ LW/K ZIDQNFRJBH DL
ZDUP -DFX]]L RU WDS ZDWHU 7KHADPDRDFLRLW\LYRQ JSRIZE\
PXOWLSOLFDWLRQ DQG IRUPDW LR ®PRD &HIOLG Ka-HJY WOIRSHG L
SURYLGHV D EDVLV IR & DIQEFRVISGEALHIV VIO W BBVHG ELRLC
ZDUP DTXDWLF HFRV\VWHPV $0WKROQIXWRIQN VHKARWYE QK
UHFRUGHG XQGHU ODERUDWRU\ ARYGURQRB YW RLW KV GR'
GHWHUPLQH LQ ZKLFK W\SHV R| YDR/GRIJLEQOLIHEWRUE VD
W\SLFDO RI SRWHQWLDO SDWKRJHQV

7KH HFRSK\WLRORJLFDO IHDW X\PBHW LFXDRMALISYOLLVF D WFIDRS@ F
SVHXGRP\FHOLXP IRUPDWLRQ VHOMKEIWA G URURDXQPIL WHR
FRQVLGHUHG WR EH SDWKRJHQ LB PD6WRIGY WHMRU/HHD SULIR\DHD
GLVTXDOLILHVY WKHP IURP SXEOLF KNH UBPNEGW RLQVWZIOH/ |
WKDW UHJXODU P\FRORJLFDO PRQ@LWRURPLQV KRG ZEIHW
HVSHFLDOO\ LQ D ZDUP -DFX]]L DQG I® UG URRQ\.\Y D QW
P\FRORJLFDO VWXGLHV RI EDWK\DGXIUNI) X VH FEFRHSH B X 8 HVY
EH SURYLGHG ,Q WKLV FRQWH [WD WIDRADH Ur R ¥ HLY F/UWL WRIQRII H |
H[FOXGH WKH UROH RI ZDWHU SIDW B RRKHDEL WD Y¥F HR G FSRH/G
WKH W\SH DQG YROXPH DV ZHOQ FD Y DWKMH D Y EXCPIHELROAMNY
VSHFLHV PD\ ILQG IDYRUDEOH WURBRKFGDQBFW®RZWKHFR
UDWH RI PHWDEROLF SURFHVVHYV

$FQRZOHGIHRIMQWW XG\ ZDV FRQGXFWHG ZLWKLQ WKH IUDPHZRUN RI

5()(5(1&(6

> @WLHGXQNLHZLF] $ )XQJL LQ WKHD ORRDWWRO\ RIS MEKH
VHOHFWHG UHVRUW ,Q *DWHEDARY-LURG P H QM QURIW\LN DRIIF W
SUHGLFWLRQ 7KH ZRUN Rl WKH &RPPLOQMW 6HLRIQ FFHR ORB L HD.
SDUW , %\GJRV]F] ,Q 3ROLVK

> @%LHGXQNLHZLF] $ OLFURIXQJLLE! HQQULLFRGP®Q \WDX
PRQLWRULQJ + DQ HSLGHPLRORJLFDGDWREKD WD W X B R ORQD!

,Q 3ROLVK
> @%LHGXQNLHZLF] $ BHOHFWHG PLFDRIRQVLLSORWWMNKC

DVVHVVPHQW Rl ZDWHUV SXULW\ LGU\BR@D@GB7, FAPPYQRWD
BURGXFWLRQ RI FOHDQ ZDWHU FKDBREHYXHM@ QG LQQRYDW
> @%LHGXQNLHZLF] $ <HDVW OLNH $XWDLOLNRORIWHG LQ

> @%LHGXQNLHZLF] $ '\QRZVND 0 (MG\V (GSHREKDUWHZNWNDL
RI \HDVW OLNH IXQJL LQ VRPH BKWL RSKREGRIDRBY LQ 20V]W

> @WLHGXQNLHZLF] $ (MG\V ( \HBYROEB VNBVI¥XQILU SHRUVWH
SDWKRJHQLF WR KXPDQ $HURELRORJLD
> @WLHGXQNLHZLF] $ B6FKXO] a ) XOD JLLQ RW DABK H DIMIKLX i

SRWHQWLDO HWLRORJLFDO IDFWRW /RNBKPMNRBRK\SKRP\FRVH
> @%LHGXQNLHZLF] $ 6LOLFNL $ .OD]XUNtHEZVR ©DSBaARDLIA]
VHOHFWHG EDWK RI 6]FJHFLQ /LPQRORJLFDO 5HYLHZ
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%LHGXQNLHZLF] (FRSK\WWLRORIJH@WPAFWRIXQJL IURP GLIIHU

@%LHGXQNLHZLF] =LRPHN $ '\QRZVND & 6XO O L&D®GHEDDGX
D QHZ VSHFLHV LQ WKH KXPD Q) WHROSRILFWRU\ VA\VW HP  $FW
@6LV + )U FIHN . 0 GUHOD .XGHO\FRORRBHINO 'TXDOLW\ RI
ZLWKLQ PXQLFLSDO ODQGILOO DQG I0Q &KMPLVWUURXQG L
(QJLQHHULQJ

@RUVW $ )OXLW & +LJK OHYHPURW KEGEBR QIWQAGEL €
DOELFDQV LVRODWHG LQ UHVSLOHIBWRDO LOQIFHFRELR@\R J% -R}

@ KDLHE . .RXLGKL % =PDQWDWRXI| GDKGRXDEWDUY WMD)
VXUYLYDO RI &DQGLGD DOELFDQWVLQ#+ YIRXILRXDO ZRMW BolD V |
OLFURELRORJ\

@ LHUHFK 0 6]F]\SL VND $ :UYyEHOOHWKMR@D RD ODERUDY
GLDJQRVLV RI IXQJDO LQIHFWLRQ LAUDIOHFBPYERX VL@ HPEW L

FRQVXPLQJ UHVWRUDWLRQV PRYLQJ ,, BURWHW\NDQ 6 WRPL
3ROLVK
@H +RRJ * 6 *XDUUR - *HQH - BPWRBVUBIVFOLQLFDO 1IX

&HQWUDDOEXUHDX YRRU 6FKLPPHQFXQWXWIH V5 HYXQL YESDULQV L
@HRUXNKNDU 6 & 6DLQL 6 ODWKBEWRU FRQWYLEXOHQ
SDWKRJHQLFLW\ RI &DQGLGD W U RLSHELIFDION WV SRELIOW YV D, QWH/LH
-RXUQDO RI OLFURELRORJ\ GRL KWWS G[ GRL RUJ

@\QRZVND 0 %LHGXQNLHZLF] $ ROVFURQX QILHB VHELRL
+ DQG '\QRZVND 0 HGV %LRORJLFDHHWKRGW BRGIQY L
$TXDWLF HFRV\WWHPV OHWKRGRORJLFDO,PDIROM.YKODQWLYV

@\QRZVND 0 &XUUHQW YLHZV RQ WWKRRRPQIRWLILQ D
%DUDQ ( HG O\FRORJ\ ZKDWDY QHZ" &RUIRDANVK :URFA
@\QRZVND 0 D ,PSRUWDQFH RY DIOD\DW LORLQ HR Il YZQ IV HLIUQ S\
,Q OLFURELRORJLFDO LQGLFDWRUV BORMHWVHG, 3 X UIOW L URY
ORQLW /LEU :DUV]DZD ,Q 3ROLVK

@\QRZVND 0 E 7KH UDWH RI JURZREKL®| &DQGRGD DC
&DQGLGD VWHOODWRLGHD ODUWKID KXWP DRQUNV S LUDWRQDW

'LDGRPR FL 3DUD]\WRORJLF]QH + ,Q 3ROLVK

@\QRZVND 0 <HDVW DQG \HDVW OLNMGL¥QWRDV BDW

DTXDWLF HFRV\VWHPV 6WXGLD LQBWREUYRA\ :63 20V]W\Q
@\QRZVND 0 %LHGXQNLHZLF] $ (MGDVW(+ /LNH3MQKRIHQY
%LR + ,QGLFDWRU 3URSHUWLHV D RWXCGKL HRXGXEIO RI (QYL
@\QRZVND 0 %LHGXQNLHZLF] $ 6XRMKIFURIYWNRQ (RI \HD V3V
IXQJL LQ UHVSLUDWRU\ VI\VWHP ®MPHD V HSF WX EHER R Q RIVAY

@\QRZVND 0 %LHGXQNLHZLF] =LRPHN & SKLWLRQRJILEDO
GLIIHUHQWLDWLRQ RI \HDVW O HFRVXQWIHPYRP GFIRKHNG BR®R O
+\GURELRORJ\

@\QRZVND 0 OHLVVQHU : 3DF\VN®D $QDV SODDMDOD KR BKKF
DV D SRWHQWLDO LQ WKH HSLGHW®LRO R UIRFD @DRKHDUW QJ VAR
%XOOHWLQ RI WKH 9HWHULQDU\ ,QVWLWXWH LQ 3XODZ\
@MG\V ( BXUYLYDO RI IXQJL RHWXK HQJMIOH ZRUMNG IODIF
WKH P\FRORJLFDO ODERUDWRU\ XQLYHUYQVWBROLOHKG\F\QD 3U
@DUWXQJ 'H &DSULOHV & O0ODWD WHVBIUY®MARHRI DX QJL L

&DVWHOODQL \HDUV  0\FRSDWKRORJLD
@RZDUG ' + 3DWKRJHQLF IXQJLODQFKDOPDHINNBQ G, DB L
1HZ <RUN
@HU]J\ 0 ,QIOXHQFH RI DOW HU@PIHLLIQ $ KD R HH ILDLRAF
FKU\WDQWKHPXP FXOWLYDUV JURZE QUDLEOHIX S BRYRP\WR UR®

,Q 3ROLVK

$33/,(" (&2/2*< $1' (19,5210(17$/ 5(6($5&+

KWWS ZZZ'DOB&KNL KX 3U L6BW 2Q0LQH
‘2, DHHU B

o $/g., .IW %XGDSHVW +XQJDU\



%LHGXQNLHZLF] (FRSK\WWLRORIJH@WPAFWRIXQJL IURP GLIIHU

@DUFK & 'DWHU DQG IXQJL (QYLURQPHQWD
KWWSV ZZZ HPODE FRP V VDPSOLQJ HQY UHSRUW KW
@LJLHZLF] % 7KH XVH Rl IXQJV WRVDMMEWM BIKW HREO B
JURXQGZDWHU EDVLQ 6XSUD O +QBIRIOLWEKWLRQ WKHVLV ¢
@XUW]PDQQ & 3 )HOO - : 7KH \HDWKVWG$ 7DQRE@RPHE
$PVWHUGDP

@XUW]PDQQ & 3 )HOO -: %RHNKKSRWW[RQRPLF VW MG\HDW W

(OVHYLHU * 7RN\R
@RGGHU - .UHJHU YDQ 5LM 1 -: QRPLFKMWXGVWV1RUWI

+ROODQG 3XEOLVKLQJ &RPSDQ\ $PVWHUGDP

@DUYHHQ 6 /DQMHZDU 6 6KDUPRMRODWDRWQWRI BXQJL IUR

VXUIDFH ZDWHU RI ULYHU -RXUQDO RI ([SHULPHQWDO 6FL

@DVWL 6 $OL $VVDGL 0 ,UBGVKDKLUDVL 6DIIBRXUEDEDH
$VVHVVPHQW RI OLFURELDO &RQVW¥DPLQ@RWGRYLRQGR

3XEOLF 6ZLPPLQJ 3RROV LQ .DVKDQRJUDLFUREXRGRVKDSXU

@FKDOOHU 0 %RUHOOL & .RUWEQGUROAWLFXHERB]\PHV D
YLUXOHQFH IDFWRUV RI &DQGLGD DOELFDQV  O0\FRVHV
@KHDUHU & $ 'HVFDOV ( .RKOPBDHWYD®RRYIRKOPRBTHAIHWYV
3RUWHU ' 5DMD + $ 6FKPLW - 39RJEWPDWMRQG HXQJIDO
ELRGLYHUVLW\ LQ DTXDWLF KDRIQVDWY  %LRGLYHUVLW\ &F
@RJHO & B5RJHUVRQ $ 6FKDWJ 6 JBRBDFK + 7B30MPDO !
RI \HDVWV LQ EHDFK DW WKUHH BDWKDQH & HBMHVKHW ER 6R
+

@XU]JEDFKHU & 0 %IUORFKHU ) *URWQDDWH +HFRV\VWHRJX
$TXDWLF OLFURELDO (FRORJ\
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Abstract. We measured )D emissions from a sugarcane field planted in sp2dyl in Okinawa, and
examined the variations during the summer growing period (13 July to 4u&t). Then we performed
simulations with theDeNitrification and DeComposition DNDC) and Agricultural Production Systems
Simulator (APSIM) models to estimate®l emissions and compared the results with the observed data
from the field experiment. The results skamlthat (i) nitrification was the dominant process affecting
N,O emissions and nifier denitrification occurred under high soil moisture conditions after rairgfill
there was large spatial dispersion ofCNemissions even in the same field, and it was necessary to
consider this dispersion to estimate totgDNemissions from the field; (iii) the emission factor of th©N
emissions might be larger than that used by the National Greenhosdev@atory of Japan; (iv) the
DNDC model overestimated, and the APSIM model underestimated, the obsg®/etniésions; and (v)
simulation of NO emissions associated with nitrification by the DNDC model mighimproved by
modifying coefficients in the equation used to calculai® Nroduction during nitrification.

Keywords: nitrous oxide, nitrification, denitrification, global warming

Introduction

Global warming is one of the most serious problems facing the world today. The
increased heat is trapped in the atmosphere by high concentrations of greenhouse gases
(mainly CO,, N>O, and NH), which reflect the sun's rays back down to the earth (IPCC,
2006; Murray et al., 2005). According to the IPCC (20B3)uman influence on the
climate system is evident in most regions of the planet. For instance, the combustion of
fossil fuels for energy (coal, oil, etc.) produces;@missions, which have accumulated
in the atmosphere. Therefore, substantial reductions of greenhouse gas emissions are
essential to mitigate global warming.

The use of biofuels as an alternative to fossil fuels can reduce greenhouse gas
emissions. Sources of biofuels include crops such as corn or sugarcane. Although
combustion of biofuels releases carbon into the atmosphere ash€€ke emissions are
considered carbon neutral because the carbon is continuously recycled by the emerging
plants (Bengston, 2013). Consequently, biofuel use would help to reduce the
accumulation of£O, emissions from the energy sector in the atmosphere. Crutzen et al.
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(2008) has argued, however, that eve@@, emissios are reduced by using biofuels,
total greenhouse gas emissions might not be reduced because nitrous eXipes (N
emitted during cultivation of these crops .

N2O is a powerful greenhouse gas that has been calculated to have 300 times the
global warming potential of COover a 100-year period (Reilly et al., 2003).
Agricultural soils are the major source of anthropogeni®© missions (Bouwman,
1996; Akiyama et al., 2000; Smith et al., 2002; Forster et al., 2007). According to the
National Greenhouse Gas Inventory Report of Japan (hereafter, NIR; NGGI, 2012),
about 25% of the PO emissions from agricultural soils is due to the use of fertilizers.
Emission factors (EFs) for A emissions due to the application of chemical and
organic fertilizers have been calculated. Akiyama et al. (2006) compared EFgOfor N
from agricultural soils in Japan used for various crops and reported ttf theteais
relatively high (2.9%) and that for rice (0.31%) is relatively low than the EFs for other
crops. However, Nonaka (2007) reported that the amounts of nitrogen fertilizers applied
to crops have been increasing from year tar.y8uch increases are expected to directly
influence NO EFs.

Sugarcanea typical crop in tropical and subtropical regions, is one of the most
demanding crops in terms of fertilizer use (FAO, 2003; Shanthi et al.,, 2013).
Miyakojima in Okinawa Prefecture is one of 13 localities selected by the Regional
Revitalization Bureau of Japan as an Eco-Model City (RRB, 2013), and the Eco-Model
City Project has promoted the use of sugarcane as the raw material for bioethanol for
fuel (Kawai et al.,, 2011)In the bioethanol production process, however, the project
considers only th€0, balancejt does not take into account the total greenhouse gas
balance or RO emissions from sugarcane fields. Direct measurements can beoused t
characterize PbD emissions during sugarcane cultivation, but from planting to harvest
the sugarcane cultivation period is a year to a year and a half long. Thus, much time is
required to obtain enough experimental field results to character@e elissions
during sugarcane production. Therefore, having a properly validated model that can
accurately simulate XD emissions from the sugarcane fields of Okinawa is important.

The aim of this study was first to measurgONemissions from a sugarcane field in
Okinawa, and then to conduct simulations gfONemissions with two models: the
Denitrification and DecompositionDNDC) and the Agricultural Production Systems
Simulator (APSIM) models. We then compared the model estimations with the
observed results and examined considerations important for accurate estimati@n of N
emissions from sugarcane fields in Okinawa \ligse models.

Materials and methods

This study consisted of two parts. The first part was a field experiment for the
collection of NO emissions data, and in the second part, simulationgs@feiissions
were carried out with the DNDC and APSIM malel

Field experiment and measurement oL@ emissions

The field experiment was carried ouat a sugarcane field at the University of the
Ryukyus, Okinawa Island; D SD Q , [ 1 < (Meteorological data collected
from 1981 to 2010 at the Naha weather station of the Japan Meteorological Agency (10
km southwest of the study site) show that the research site receives an average rainfall
of 2000 mm. The mean annual humidity is 79%, and the average annual temperature is
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f.&anuary is the coldest month (average temperature,)4.&8nd July is the
warmest month (26.7 &

The experimental work was conducted in a lysimeter (3.6 &al m) filled with
Shimajiri-maji (dark red calcareous soil: USDA soil taxonomy), a local soil in Okinawa.
The Japanessugarcane cultivar NORIN-8 (Okinawa Prefectural Agricultural Research
Center; Itoman, Okinawa, Japan) was grown. Seeds were sown and geatmnminuits
and then the seedlings were transplanted to two ridges in the lysimeter. The distance
between plants was 0.25 m, anc tistance between the two ridges was 125
Ammonium sulfide (NH),S fertilizer (0.083 kg-N, equivalent to 14@-N ha®), was
applied in two doses. The sugarcane cultivation schedule is shavablm 1

Table 1.Schedule of sugarcane cultivation angDNneasurement

Date (dd/mml/yyyy) Transplanting Fertilization dose  N,O measurement Harvest

13/05/2011 X

10/07/2011 110 kg-N ha
12/07/2011

04/08/2011

25/08/2011 110 kg-N h&
28/02/2012 X

X f

Two PVC cylinders (15 cm high, 10m inner diameter) were installed, one an
ridge and the other between the ridges, on 10 Fidy 0).

Figure 1. Installation of chambers in the lysimeter. Chambers were placed in two different
locations: (a) on ridge; (b) between ridges.
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The tops of the cylinders were covered to isolate the air inside the cylinder from the
atmosphere, and the airflow was controlled by solenoid valves at defined time intervals.
N.O fluxes were measured by the closed-chamber method, by connecting the closed
cylinders to a Thermo Scientific Model 46i Nitrous Oxide Analyzer (Thermo Fisher
Scientific, Waltham, MA, USA), which measures ambiepg©Noncentrations by non-
dispersive infrared spectrometry,®lemissions were measured for 30 min every hour,
followed by 30 min of ventilation to the atmosphere, alternately in the two cylinders.
This procedure was repeated continuously from 13 July to 4 August 2011.

The change in the &0 concentration, expressed as ppm Tnimas calculated by
linear regression using data from the last 7 min of each measurement periogOrhe N
flux was then calculated by using the ideal gas law as follows:

(Eq. 1)

where q is the NO flux (—d P? K), N is molecular weight,P is standard
atmospheric pressure (1013R9), V is the total volume of the closed chamber system
(L); Ris the gas constarR4L mol'* K '), T is the soil temperature inside the cylinders,
ais the change in the gas concentration per minute (pjpril), andA is the area of soil
surface within the cylindgm?).

Simulation of NbO emissions with the DNDC and APSIM models
DNDC

DNDC (version 9.%is a process-oriented model consisting of four sub-models: soil,
climate, crop, and decomposition and denitrification (Ri et al., 2003; Vogeler et al.,
2013). Three sets of data are input: (i) climatic conditions (temperature, precipitation,
wind speed, irradiation)ii) soil parameters (texture, organic matter content), and (iii)
farming parameters (crop, fertilization, managemewt).generic agro-ecosystem
modelling framework is used to predict carbon and nitrogen cycling from the input
parameters. Model output consists of daily water balance, carbon balance, nitrogen
balance, and crop yield. This study focused exclusively g0 Bmissions, and we
calculated the total nitrogen flux by summing the calculated daily fluxes of each
simulated year.

APSIM

The APSIM isa modelling framework developed to simulate biological and physical
processes of cropping systems in response to climate and management (Keating et al.,
2003 Delve and Probert, 1998 We used version 7.6, which consists of three
components: (i) a set of management modules that allow the user to specify the initial
characteristics of the simulation, including data entry options, as well as the format of
the output data; (ii) a set of biophysical modules to simulate the biological and physical
processes of the selected farming system; and (iii) the simulation engine, which drives
the whole simulation process and facilitates communication among the modules. In
addition to the modular framework, APSIM provides generic simulations tested for
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several cropping systems in temperate and tropical regions, including a strong
framework for simulating sugarcane csop

Data and parameters used for simulation gONemissions

Both simulations were conducted for the period frdmJanuary 2011 td31
December2012. The cultivation schedule shown ifable 1was also used in the
model simulations Climate data used were those observed at Naha evestttion of
the Japan Meteorological Agency. The soil and cro@rpaters used in each model
are shown inrable 2

Table 2.Input parameters for the DNDC and APSIM models

Soll
DNDC APSIM
Bulk density [g cnf] 1.325
Saturated soil moisture contdnm® m?| 0.504
Moisture content at field capacign® m] 0.473
Moisture content at the first wilting poifrn® m3] 0.361
Moisture content at the permanent wilting pdinf m?] - 0.282
Cray function [%] 0.40 -
Soil organic carbon [kg-C K§ 0.012 -
Crop
DNDC APSIM

Maximum biomass production [kg-C figr]

Grain 267.0

Leaf 2136.0

Stem 20025.0 Sugarcane cultivat

Root 4272.0 =>nco376
Annual nitrogen demand [kg-N Fayr®] 400.5
Thermal degree days for maturity [&] 12000.0
Water demand [gvater g drymattef] 350.0
Nitrogen fixation index [crop-N N-from-safl] 1.3

2 APSIM does not allow users to set crop parameters, betittiear can be chosen from a list.

Results and discussion
Measurement of NO emissions in the field

N.O emissions were clearly detected in the chamber on the ridge during the
observation periodHig. 2). Fluxes were relatively larger in the daytime than in the
nighttime; and we inferred that they varied synchronously with air temperature changes.
N>O emissions increased from 13 July, when rainfall occurred occasionally, and
emissions were highest on 20 July; thereafter, the emissions decreased gradually. We
assumed that the decrease yONemissions was due to a decrease in the ammonium
content of the soil caused by nitrification. Morimoto et al. (2008) also reported that, in
an experiment conducted at a lettuce far® Mmissions were highest soon after the
application of fertilizer and then gradually decreased, and they concluded that
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nitrification was the dominant process affectingONemissions during tlireexperiment.
Likewise, Watanabe et al. (2000) reported that the main process affecibg N
emissions from a maize field in northeastern Thailand was nitrification. Wrage et al.
(2001) showed convincingly that nitrifier denitrification, the process by which ammonia
(NHs) is first oxidized to nitrite (N®@') and then théNO,' is reduced to nitric oxide
(NO), nitrous oxide (BO), and molecular nitrogen ¢N contributes to B{O emissions.
Subsequently, Kool et al. (2011) showed that nitrifier denitrification is a significant
cause of MO emissions from soil under high soil moisture conditions. On the basis of
these previous results, we concluded that nitrification was the dominant process
responsible for D emissions in our sugarcane field, and that nitrifer denitrification
occurred under high soil moisture conditions after rainfall in our experiment.

In contrast, NO emissions measured between ridges were mostly zero during the
observation perigdN,O emissions were detected between ridges only aftamfall
(Fig. 2). Because the fertilizer was applied only on the ridges, there was little nitrogen
from the fertilizer between the ridges. Therefore, we inferred th& B&missions
occurred between the ridges only after rainfall had washed nitrogen (as ammonium)
from the ridges.
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Figure 2. Field measurement results: @nridge and between-ridge N20 emissions; (b)
precipitation.

These results show that there was large spatial difference in emissions even in the
same field. Therefore, to estimate totalONemissions from the field, it was necessary
to take dispersion into account. Therefore aalculatedEFs (i.e., the percentage of
nitrogen in the MO emissions attributable to the added nitrogen in fertilizer) for three
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cases. Because ;@ emissions from between the ridges were mostly zero, we
considered the D emissions from the field without fertilizer to be zero. We then
calculated NO emissions for three different cases: Case 1, ridge widthcm; Case 2,

ridge width = 20cm; and Case 3, the average of on-ridge and between-ridge emissions.
The EFs calculated for the chamber placed on-ridge, for the chamber placed between-
ridge and for the Casesfl are shown infable 3.The NIR EF for upland fields is
0.62% (NGGI, 2012). The calculated between-ridge and Case 1 EFs were lower than
the NGGI value of 0.62%. Because the diameter of the chamber in our experiment was
10 cm, we assumed that Case 1 represented the minimum width of the fertilized area.
Therefore, we inferred that the actual width of the fertilized area might be close to or
wider than the Case 2 width and that the adikfor this sugarcane field was larger
than the NIR value.

Table 3.Value of the EF of each case

Emission factor On-ridge Between-ridge Case l Case 2 Case 3

EF (%) 4.43 0.065 0.481 0.897 2.25

Comparison of the DNDC and APSIM model estimations with the experimental
results

We show the observed,@ emissions data and the values calculated by the DNDC
and APSIM models ifrigure 3

Figure 3. Comparison of observed N20O emissions with values calculated by the DNDC and
APSIM models.

Because the output of both models is given on a dailg,bas calculated the total daily

N>O emissions from the measured data and then compared the simulated emissions with
the observed values. Considering the spatial dispersion mentioned above, we compared
the simulation results with the,® emissions of Casesl as well as with the observed
on-ridge and between-ridge emissions.The observed data collected from 13 July to 4

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 981-992.
http://ww.aloki.hu” ISSN 1589 1623 (Print) ISSN1785 0037 (Online)
DOI: 10.15666/aeer/1304_981992
o $/g., .IW %XGDSHVW +XQJDU\



Bellido et al.: Simulation of PO emissions from a sugarcane field in Okinawa, Japan
-988 -

August were compared against the simulation for the period from 10 July to 19 August.
The pattern of BD emissions simulated by the DNDC model was similar to that of the
field data, although a time lag was slightly detected in the simulation. In contrast, the
N2O emissions simulated by APSIM were smaller than the observed emissions, and the
emissions peak assimulated soon after the 10 July fertilizer application.

Total NbO emissions for on-ridge chamber, between-ridge chamber, and for each of
the three cases (Case 1, ridge width = 10 cm; Case 2, ridge width = 20 cm; and Case 3,
the average of on-ridge and between-ridge emissions) were then calculated from the
sum of each PD emission, separatelly, during 23 days (from 13 July to 4 August).
Similarly, total NO emissions simulated by two models over the same time period, are
shown inTable 4

Table 4.Total measured and simulatedONemissions

N,O emission On-ridge  Between-ridge Casel Case2 Case3 DNDC APSIM

Total (kg) 4655.3 68.7 550.5 897.5 22495 3778.6 246.0

The emissions simulated by DNDC were between the Gas®l on-ridge values.
We considered that the most realistigONemissions value was probably close to the
Case2 value or between the Ca8and Case 3 values. Therefore, we thought that the
DNDC model overestimated actual,® emissions. In contrast, the emissions
simulated by APSIM were smaller than the Case 1 soms. Thus, we consickat
that APSIM underestimated,® emissions. Vogeler et al. (2011) showed tha® N
emissions simulated by the DNDC model from a urinetpan a pasture were larger
than the emissions simulated by the APSIM model. Corisgléhat NO emissions
from agricultural soils are influenced by many fastoincludingsal moisture, soil
temperature, and inorganic nitrogen and organic carlortents (Akiyama et. al.
2010), it is clear that the DNDC and APSIM models mestvalidated to determine
the most appropriate model for simulatingONemissions from sugarcane fields in
Okinawa Prefecture.

Characteristics of the DNDC and APSIM models in the simulation giONemissions

We showed above that the DNDC model overestimated and the APSIM model
underestimated XD emissions. Next, we examined the characteristics of the two
models in the simulation of & emissions, focusing on nitrification and denitrification
processes. Daily changes in the nitrification and denitrification rates calculated by the
DNDC and APSIM models are shownkigure 4

Comparison of the ranges of the nitrification and denitrification rates confirmed that
in the simulation results of both models the nitrification rate was larger than the
denitrification rate. Moreover, in both models, the denitrification rate was influenced by
precipitation events. Soardifferences in the nitrification rate were detected in the two
models, however. In the APSIM model, the nitrification rate was highest soon after the
fertilization, whereas in the DNDC model nitrification rate peaks occurred after rainfall
events. This difference reflects that fact that the nitrification equation in the DNDC
model takes into account the effect of soil moisture, whereas that in the APSIM model
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does not. MO production during nitrifications simulated in the two models by using
the following equations:

(Eq. 2)

(Eq. 3)

where NOy; is the NO production during nitrificationR,; is the nitrification rate (kg

ha® d¥); Wips Is the water-filled pore space (%) is the soil temperaturef(g& andky;
is a coefficient for estimation of & production.
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Figure 4. Daily changes of the (a) nitrification rate and (b) denitrification rate calculated by
the DNDC and APSIM models.

The DNDC model also takes into account the fraction gfONemitted to the
atmosphere. As a result, in the simulation, nitrification rate peaks and rainfall events are
synchronous with each other and witfONemissions.

In the APSIM modelwe used 0.002 as the default valuekgf following Li et al.
(2007). However, this value may be soil-specifiz,aslarger value might have been

a more appropriate value in our study. In future stadidifferentk, values should
be evaluated.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 981-992.
http://www.aloki.hu” ISSN 1589 1623 (Print) ISSN1785 0037 (Online)
DOI: 10.15666/aeer/1304_981992
o $/g., .IW  %XGDSHVW +XQJDU\



Bellido et al.: Simulation of PO emissions from a sugarcane field in Okinawa, Japan
-990 -

Our results suggest that the simulation g©DNemissions associated with nitrification
by the DNDC model might be improved by modifying the coefficients in Eq. (2) such
that total simulated YD emissions agreed with the total observe® Emissions.

Conclusions

We measured YD emissions from a sugarcane field in Okinawa Prefecture to
examine the characteristics ob@M emissions in the field. Then, we simulategON
emissions using the DNDC and APSIM models and compared the results with the
observed data in order to examine the applicability of the two models.

From the results of this study, we concluded as follows:

1) Nitrification was the dominant process affectingONemissions, and nitrifer
denitrification occurred under high soil moisture conditions after rainfall.

2) There were large spatial variations agfONemissions even in the same field, so
it was necessary to consider dispersion to estimat énissions from the
field.

3) The emission factor for &0 emissions from this field might be larger than the
emission factor for upland fields proposed by the NIR.

4) The DNDC model overestimated the observe® Mmissions and the APSIM
model underestimated them.

5) It might be possible to improve simulations ofNemissios associated with
nitrification by the DNDC model by modifying the coefficients in the equation
used to calculate 4D production during nitrification.
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,OLD 6WDWH 8QLYHUVLW\ ,QVWLWXWHHRRWIRDDQ\ %RWDQ
SKRQH PRE

FRUUHVSRQGLQJ DXWKRU
H PDLO JEDGULG]H#\DKRR FRP

5HFHLYBBW DFPH-DWHG

$EVW USDRFPVE L GIHIGIFW Rl SUH VRZLQJ WUHDWPHQWUDL\W®JISELEGDSRE W
VROXWLRQ RQ DQWLR[LGDQWUVWMFIKP RMH ¥ MR BWPAKSHKRAKRRW — +

GXUXP ZKHPDFKDN (W OHQ + PDFKD ZKHDW HQ GG PUF GRUFAVH RASH.FL HYL
DQG WKUHH YDWBHWIERXRRI TBGLISBUVLFXP YDU VWUDPLQHXP 7 St
IXOLJL @RRXGXPHUVLFXP YDU ZKXWIHILERVKY DQG UKOGVGENBQ MWXHAWM GY
7KH FRPELQDWLRQ RI WZR VW UH RV MWK HQHEXIFPBW KB & \V W HPX G-IDW/LDFO D

FDXVHG LQFUHDVH RI SKHQROLF VXEWKNFRRBBY QPR @ VOO VLYV L QD@KED
VSHFLHV ,PSDFW Rl ERWK VWUHYQNVLRQGEHBDNY ®R IFRQMKDQ IK RD WU R/

ZKLWH DQG UHG YDULHWLHV RRGWNRWZRLGH R\YHLBWVWGVBHEGLWKHG
VWUHVVHV GLPLQLVKHG WKH DERWYHL W\ RIHW KH) SIHDAYHHIFWR.IY B CDO/ FARH \
WKH GXUXP ZKHDW 1RUPDO WHDRLE DWLRE KD UNHIHW RW DR® FNFHO M H
WKHLU UHVLVWDQFH WR WKH DSSOLHG VWUHVVHV

.H\ZRUGBY LUUDGLDWLRQ RI VHHGV DUR/JLIGBQMOV DEKEBDBMHFLSLWDWLF

,QWURGXFWLRQ

8QGHU QDWXUDO FRQGLWLRQV S OBQYWVDDUMWMXD/O OD
VLPXOWDQHRXVO\ $FFRUGLQJ WR/ SRQYWN WILR DWHK IR QAR MEK
HITHFW RI VHYHUDO VWUHYVV® WR/Q G KH UM PBR PD EWR UVHD
&UDXIXUG DQG 3HDFRFN -LDQJ DQG +XDRAIDQWYV 3Q
UHVLVWDQFH WR VLPXOWDQHRXVLMIIRIF\DRMW GEXIGILW QW
VHOHFWLRQ 7KLV SUREOHP LV YHUWYV SRGR DO UD BRRGND \W |
PROHFXODU PHFKDQLVPV UHVSRGRIPEQIYHRUHSIGIFQWRD GD E
VWUHVVRUV 5L]KVN\ HW DO

ORVWO\ GDWD RQ VLPXOWDQHRXV LQPSKHOQRMK U RBQR
DJULFXOWXUDO SODQWY DUH JLYW@RIFQ OLWHULDMXUBQ G

+XDQJ , W LV HVWDEOLVKHG WKBWWWKHYV WR PMELVR
FRPSDUDWLYHO\ QHIJDWLYHO\ LQIGRHQMH VWXDDQMD F K RZIW
VHSDUDWHO\ -DJWDS HW DO QR OIPE M DDRGLDW LR

DQG DFLG SUHFLSLWDWLRQV $5FWRHYVDRZKQEFKWKRMNH. |DE
LQIOXHQFH SODQW (IIHFW RHSHNPKWROWREVELMWUHGWRS
ZDV LQYHVWLIJDWHG E\ D QXPEHULWRIQWRF GHDOWDL R '@ W K H FER:
LQIOXHQFH RI 89 DQG $5 RQ SODQWYV

7KH FRPELQHG HIIHFW RI SUH VRZA QJF MQU HBW PHIGON R
DQWLR[LGDQW V\VWHP RI VRPH ZKIHDW KH HEIYHN KIRW NE H |
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

SXUSRVH Rl WKH LQYHVWLIJDWLRQR@®WRI WKR BQWD R DLLG/IKC(
RI SODQWYV RQ WKH VXFFHVVIQrISOLWP\WDFXOR U WRRZVWKH \HM
VWUHVVRU 89 LUUDGLDWLRQ W\R DPXJ®IW HVR RS CILEWQW R &
VWUHVV DFLG SUHFLSLWDWLR®QW UHWWR WHHWLHDAOD BRP § B H B
‘H VXSSRVHG WKDW FRPELQDWLRQ RISBW DWURGV DR\DL\RIQD
SRVLWLYH LQIOXHQFH RQ SK\VLRORRLFHOD QYG FRIQRAKFHPHI
VWUHVV UHVLVWDQFH ,Q FDRXORI BHRW.HBNNG UGW RODWAF R
RSWLPL]DWLRQ RI DJULFXOWXUH

SHYLHZ RI OLWHUDWXUH

*HQHUDOO\ LW LV NQRZQ WKDW HW IRXPOMH RQ RQ\UHWD
R[\JHQ VSHFLHV 526 LQ SODQW RKHWUWURWYKN WHKH VRMIF
GLIIHUHQW VWUHVVRUV VHHPINWRVEHOVLPLOBKHRQS D/ \B
$OWKRXJK LQYHVWLIDWLRQV KRXW JHYH\D Q8 UBVSRYD W
IRUPHG DV D UHVXOW RI LQNO X8 GRHD RIL GRENMLWH @ WWMWMAH/
$FFRUGLQJ WR WKHVH GDWD ZH P XS DWOS/ER WHV WHKDW | D
XQLTXH LQ SODQW DQG LV UHDOL]BW IR GORIMLFX QIKH BR
7KXV FRPELQHG HIIHFW Rl WZR RQGKEUHGVY WHWWEN RIUHN YR
SODQW OLWWOHU OR UHR Y HDW WDK R QH VUNH\FS ROQ WHAWO F
%DUFHOR DQG 3RVFKHQULHGHU H[DPSQOMH\O IRQHWVBOMXIUH WL
DQWDJRQLVWLF UHODWLRQV E HINAH HQN WHAHY HVH V SIRGW H U
6DQGHUPDQQ

7KXV WKH DSSURSULDWH UHVSRQGVRVFQREGOIBWIRG SOE
GLIIHUHQW VWUHVV IDFWRUV VYRIRK IZRX MGV | WK HH D BR HR |
FRPSHQVDWH WKH DQWDJRQLVWLRDWEREOWY Rl VWUHVV II

89 LUUDGLDWLRQ LV RQH RI WXHGXWIUMN WHVH DAKW O ANQ
NQRZQ WKDW KLJK GRVHV RI 89 %YBQG L8| & XLHUQMHS 5 DW QR
DQG GHYHORSPHQW SKRWRV\QW KSBV LV UDEGE CRWLKRHIU WAL ML
IRUPDWLRQ RI 526 DQG R[LGDWLYH D/EADUWHHWIIHEKLFRQ
PDFURPROHFXOHV DQG PDVREPIGHWR KR FB O-ONGBHIO W K

3UDGHGRYD HWKM®ILQHU HWKRXJK ORZ GRVHV RI 89 ¢
89 & PD\ LQFUHDVH WKH VWUHQW D BISFVKL F R QWH. BFHW VR DR/W
WKH HQ]\PDWLF DQG QRQ HQJ\PDR\OLF \WMIBQVH V\VVDMPAW R
7RGRURYD 5DL HW DO

$ QXPEHU RI LQYHVWLIJDWLRQV GHIDWRZL®X WUWKHID B/PHLOA
VHHGV ZLWK GLIITHUHQW W\SHRR) HPHRRON WRRIDE QHWBLOF LLUUULL
RQ \LHOG DPRXQW DQG TXDOLW)\ IIBIOYR W QG IS\UHRIWWHHRAV LERH
WUHDWPHQW RI VHHGV ZLWK BRKRRLYADDM QW EQWWK BERBOR
HFRQRPLFDOO\ 'XEURY *KDOORNFIDQGQ@PPDQRYD 'HOL
$ODGMDGML\DQ

,Q RXU HDUO\ IHUS PG RDMVERPY YHIHWDEOH VHHGV ZLWK
89 DIIHFWHG WKH PHWDEROLVP \RH SEH QW VDRIGY ADRBHEG DU
RI VWUHVV DGDSWLYH PHFKDQLVIPW RE\DQWILRX O®MALWPY WX
7KH UHVXOWYV GHSHQGHG RQ LEWDG DG LW @ HL QWD RILVD\Q
V\VWHFEKDUDYD HW DO

SHFHQWO\ DFLGLF SUHFLSLW DRMRIR GHRFHEG BRHQ R KDK/
QDWXUDO VWUHVVRUV HQGD QJHUH EL RWKSH HHUFHR O R LFDLAV
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

HITRUWV RI WKH LQWHUQDW IQR R D @ KHR FHRXYQIWR\Q FDH-Q W LV IMFLL
VLIQLILFDQW HFRGRJILFRDQ SWWEDBP 'XNKRYVNL\ H\
&KXSDNKLQD DQG ODVOHQQLNRY K 1% FIRGJLFD B/ R BL B L WD
UDGLFDOV DQG DFWLYH R[\JHQ VOBFOHWLGH QK WWHKIHIRX WV |
DIJDLQVW GLIITHUHQW H®YI]ORDIRHQW DIX QQ R WRLUWVX HW DO

$FFRUGLQJ WR RXU SUHYLRXV REGHIUNDMWQWQWSMSEUIBDVLR D
ZLWK VLPXODWHG DFLG SUHFLSLWDWHRQNQ SWKH DRBOI W I
FKDUDFWHULVWLFV Rl WKH HOPPBQG VL QIPDQW EDN IGWD WK
VWLPXODWLYH HIIHFW 7KRXJK TUXDYOH D@QKEG GAHITHIIGIWGZ R Q
VSHFLHV &KNKXELDQLVKYLOL HW DO 5DSDYD HW DO

ODWHULDOV DQG PHWKRGV
30DQW PDWHULDO

JROORZLQJ VSHFLHV RI ZKHDW ZQWHUVHZ&HRWNHEXPRU W
DHVWLNYXRFRIW ZKHDW DV ZLGHO\ FXORN LAKHDRESX DRI SRS
'"HVW + GXUXP ZKHDW YDOXDEOH USWFKLRAHD/FRIN KILCWK QXW
OHQ + PDFKD ZKHDW HQGHPLF RLPWRWUSHBLHSWUWQG Z\LS
ZKHDWV +* WKUHH FDUWHKWYHANRERDUWKOLFXP YDU VWUDP
FDUWKOLFXP YDWQAKEODUWKO/LXKP YDUIZKLWKHE LEOPRWXP QG
GLND UHVSHFWLYHO\ HQGHPLEWD\R UHFRHLYIHDG | &R GWHKIHWOIL
RI JHQHWLF UHVRXUFHV RI WE&W DWW XW HUR/ILWR W BIR U R|

89 LUUDGLDWLRQ DQG DFLG VSUD\LQJ RI WKH H[SHULPHQ\

'U\ VHHGV RI H[SHULPHQWDO S ODXW V SHFWH X B UDIGED W
GXULQJ K IURP DQ DUWLILFLDO VRRK D VODIPBXDIWHG BW
IURP VHHGY 7KH LOQWHQVLW)\ RUWK DDEO3D WL R QRPBIW AHD 83
86$ DQG H[SRVXUH ZDV P: PPDFPG P:IRRM $ % DQG &
VHFWLRQV RI 89 VSHFWUXP UHZISWFW RZHG R,Q WDKGL BI\SHHW
SORW RI WKH ,QVWLWXWH RI\%RMROQ\LB | X@LE®H BW DMG 8 OR
30DQWV ZHUH VRZHG LQ URZVW 7RBIOM URQ@ |IRY LHUDJAKG Y D W!
LUUDGLDWLRQ DFLG VSUD\HG Y DHW LEDARNFW \Z H UKIH VW W X W W &
ZHUH VSUD\HG ZLWK D ZDWHU XBDK\D QRQQR WD LFFL DAEX GN R
VLQFH WKH VWHP ULVLQJ SKDVHD®SV R\ =D3TRN WEDO®® W R

YHIHWDWLRQ = E\ =DGRN VFDOH VSWURBWHD® Q\L W K SAJIDAWQ
ZDWHU VHUYHG DV FRQWUROVOWRUYBDF K NX\F HVGZWESHFRE
IORZHULQJ SKDVH = E\ =DGRN UBDMWHV SR QML QB HOND VMU

DQDO\VLV ZDV SLFNHG UDQGRP QWD ORVH B OZH WHK PHDHG HY DLQL
ELRORJLFDO UHSOLFDWHV

$QWLR[LGDQW HQJ\PH DVVD\

$FWLYLW\ RI SHUR[LGDVH ZDV GHW HALQYH G X B 5 Bl F RIQJH
2SWLFDO GHQVLW)\ RI JXDLDFROH R[EGYHITHSUWR & XEIWV DI
RYHU D SHULRG Rl PLQ (UPDNR Y HQVLIOFR QG LW HR/QAD® X
RQH JUDP RI IUHVK ZHLJKW
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&DWDODVHEDDFWHBDNVWUHG JDVRPHWULFDOO\ HOWXHGYROXP
DIWHU D@QGLQJ WR ZDWHU H[WUDFW Rl H[SHBLEHQ@WDO
3OHVKNRY

$QWKRF\DQLQV

2QH J RI IUHVK OHDYHV ZDV SODHRHEKDQ@ WOPDRBI POBRR
+&/ IRU K 7KH HIWLQFWLRQ RY WHBVXKEWOB LW G HQPUDE WV
HW DO

$VFRUELF DFLG

$ WLWUDWLRQ PHWKRG ZDV XVBEGRRRELHDYKXIUGH WHH FR
OHDI PDWHULDO ZDV PDVKHG LQ RO RI POKRAURFKOR
PHWDSKRVSKRULF DFLG DQG ILEWAHDUWHOGGEEB MR RI MK
GLVWLOOHG ZDWHU DQG WLWUDWHIKGORUWKHDROLQ G RSKGE
(UPDNRY HW DO

3UROLQH

J RI GU\ OHDYHV ZHUH PDVKHGLEQDFPG BQG WOOOSHKRM ¢
RI WKH ILOWUDWH ZDV DGGHG WRRI| R6HRD PHWGE FQR O KGG $L\
H[SRVLWLRQ RQ D ZDWHU EDW R GABKIHG HZIMAKD FVP 2 RV WRROX|
GLYLGHG LQ D VHSDUDWLQJ IXQQHOZDASWHPN®UGIEQ R QWE
VSHFWURSKRWRPHWHU DW QP %DWHV HW DO

7TRWDO SKHQROV

$ J RI IUHVK OHDYHV ZDV ERLOHSGIWEU FHYWKD QIR ODN
WKH VXSHUQDWDQW ZDV VDYHG D @G LQHVLGXWHYD KR @ HIQ
ERLOHG IRU PLQ 2EWDLQHG H[WSHUFO\D WD\ W CEHG HY D 3
7KH VHGLPHQW ZDV GLVVROYHG ILWKGIL VW E B DWHHEG Z\DRACHUN
DGGHG ZLWK WKH )ROLQ &LRFDOWZDXY PHHIDMMQUIH D @G R S WG
7KH FKORURJHQLF DFLG VHUYHG DV FRQWURO )HUUDULYV

7TRWDO SURWHLQ DVVD\
&RQWHQW RI SURWHLQV ZDV GHWHUPLQHG DIWHU /RZU\

6ROXEOH FDUERK\GUDWHYV

$QWKURQH UHDJHQW ZDV XVHG IRVRGMN®W®IN PRI R K WEK
7XUNLQD DQG 6RNRORYD 7R DOPZDR/ DD&OHARKRMHDI F
IRU H[WUDFWLRQ IROG H[WURFWLKRH) R EAKB L QHRGV BIQWDIF
HYDSRUDWHG RQ D ZDWHU EDWKODAG BRWWHRIOYHRG LQPO R
WHVWHG ZDWHU H[WUDFW ZDV DG&HBWRG R QDDQ MKW R Q H D
PLQ $IWHU WKLV SURFHGXUH W KH Q\CH ZWWAHUE IED W K DHD G (¢
ODWHU WKH RSWLFDO GHQVLW\ RIDWKH VEBPXIMVRK |

VSHFWURSKRWRPHWHU 63(&2/ .$5/ =(,66 *HUPDQ\
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6WDWLVWLFDO DQDO\VLV

2QH ZD\ $129% DQG 7XNH\TV PXOWLSH HK VARG SWR L WRIY V
GLIIHUHQFHV EHWZHHQ WKH PHIB3®W | RLUOPMH G DOMAQID WW R §
VRIWZDUH 6LJPD 30RW

SHVXOWYV
&DWDODVH DQG SHUR[LGDVH

+LJK DFWLYLW\ Rl SHUR[LGDVHWZRKHBPKD DPRQH UWKW L
VSHFUHXUH6HHG LUUDGLDWLRQ FDXVHG BLWLQIQVRHDPY RV
Rl PDFKD ZKHDW DQG GXUXP ZKHDWYVZBEWL YIQVV R/IMW EIK H
LQFUHDVHG 89 LUUDGLDWLRQ DSSHDUHGDWR B WMYLLRK\OLL
OHDYHV RI VSULQJ ZKHDWYV DV JZHOR®H G HALW K KLWHK SHNR
DFWLYLW\ LQ FRQWURO YDUWKQ89VIR,WUIKGLQRMLRDVR G\ K
DFWLYLW\ LQ DOO YDULHWLHV RI GLND S

JLIXURPELQHG HIIHFW RI VHHG 89 WUH D VRRH® WHDIDEWD F L&/ \VE

SHUR[LGDVH LQ OHDYHV RI ZKHDW VGHE@ L HS/ 7TULVGXRXAP PDFK
"HV I S 7 DHVWLYXP/ & SHUVLFXP YDU VWUDPLQHXP
7 SHUVLFXP YDU IXOLIJLQRVYXEHKMKXNXEB YDU UXELJLQR

S

(IHIHFW Rl ERWK VWUHVVRUV KDR[V®DYKNODW G DOFHWL ¥
H[SHULPHQWDO VSHFLHV 7KLVWWKLIPHM IMWIEB XD RV VRHM @ DLW U

2EVHUYDWLRQV KDYH UHYHDOHG WRDW WHW D/GIIBV B OIDRA
VLPLOIDXUH %RWK WUHDWPHQWY + VHHG SUHQGRIZEDRG LU
VSUD\LQJ RI SODQWYV GHYHORSHG VW PPWG® B WLHIG IF® MDY
DFWLYLW\ LQ OHDYHV RI H[SHULPHAW.RQ 80 BOQWNQ G7 KRF
VSUD\LQJ DSSHDUHG WR KDYH PRUH \DF¥MPXYQEBW L YWHK DIQ| H
VHHG 89 WUHDWPHQW
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JLIXUH&RPELQHG HIIHFW RI VHHG 89 W UH B VRRH Y WHDDRBWD 1L GV V

FDWDODVH LQ OHDYHV RI ZKHDW VOGHF L HV 7TTLVEXRXFP PDFKL
"HV I S 7 DHVWLYXP/ & SHUVLFXP YDU VWUDPLQHXP
7 SHUVLFXP YDU IXOLIJLQRVXEHKMKXNXEB YDU UXELJLQR

S

$VFRUELF DFLG

([SHULPHQWDO UHVXOWYV GHPR @WW\IDD WSH E HRWH B Q | VESUHH
UHDFWLRQV WR RQH DQG WKH VPREWMNWUBYDRWY DPRQJ W

'LWK KLJK FRQWHQW RI OHDI| ® \ERFROFED VGIGZHHE EDVUWHW.
JLIXUHBHHG LUUDGLDWLRQ KDV FKDQJMBVIMPRX QW DRI WWK E
GLIIHUHQW OHYHOV &RQWHQW®W @HDWHR URALFDFKIDG ZIKGMDWH
ZKHDW DQG UHG GLND EXW GHFDEOVHEDEQ OHBDNH&RPIEVF
RI WZR VWUHVVRUV VHHG LUUD G LDODIROVD®RHEY MOBBH® J L
LUUDGLDWHG VHHGV LQKLELWHG \DOWHMRLHBL F HDFFH SWV VOKAHK
ZKHDW ,Q WKH ODVW LQ FRQWIDW\PHQWURQMB RI WKF
ORUHRYHU LQ LUUDGLDWHG DOQ® VWO WHY FRQDH QW LRV KV B
GLPLQLVKHG ZLWK KLJKHU H[QYWQW WKDQ LQ LUUDGLDWHC

3UROLQH

+LJK FRQWHQW RI SUROLQH ZDVQWWWDZOPWEKG LY VSH
GXUXP 7 DH3WH.YRELQJ LUUDGLDWLRQ RW¥XHHG\E\G\WMB QR E
LQ OHDYHV RI DOO H[SHULPHQW|[F6 SS/PIDEQW M 6 PDB KD Z KH D
OHDYHV ZLWK DFLG DSSHDUHG WR RHWRQW GESDOOVVS
VSHFLHVY FRPSDUHG ZLWK FRQWURE DQ & LQW B G L\DSMHG HW
RI SUROLQH WRRN SODFH FRPSIIUK® ZIKMP W UDPGE IGDWNE
PDGH H[FHSWLRQ KHUH WKH LQ GAKLDBIVLQRZRIW WKBIOQ W G F
SUROLQH H[FHHGHG WKH FRQWURO
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

JLIXURPELQHG HIIHFW RI VHHG 89 WUHD\KPHQKH DFR® W FIQGV VRE
DVFRUELF DFLG LQ OHDYHV RI ZKHDW \0SQF LISV TTULWLFXP
GXUXP 'HVI S 7 DHVWLYXP / § SHUVLFXP YDU VWUDPLQH
7 SHUVLFXP YDU IXOLJLQRWNXPHURXRXPSYDU UXELJLC

=KXN S

JLIXURPELQHG HIIHFW RI VHHG 89 WUHD\KPHQKH DFR® W FIQGV VRE
SUROLQH LQ OHDYHV RI ZKHDW VSHBLHY 7UZWGKXX P DHKD 'H
S 7 DHVWLYXP / S SHUVLFXP YDU VWUDPLQ@HXP =KXN
SHUVLFXP YDU IXOLJLQRVXP =XKW LBXP YDU UXELJLQRVXP =K
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

6ROXEOH SKHQROV

,QYHVWLIJDWLRQ RI WKH FRQW O\ ORIG VR R M EIOIH] KS KIH W F
DFFXPXODWLRQ RI WKHVH VXEVWDIQIFMN DQ GP ERKIF NZ KH
&RPSDUDWLYHO\ ORZ ZDV WKLV LRQDHJ)XLH Y%RIWKZ WHHDAME D
LUUDGLDWLRQ DQG VSUD\LQJ ZLWEHD¥WGE& PSXUOHFW § Y W D RV R/C
RI SKHQROV LQ OHDYHV RI DO ®H S/KIGH HGWSHF RH W WOLRPUXHD
KLJKHU LQ ZLQWHU ZKHDWYV FREBMDHG ZLWK YI
&RPELQDWLRQ RI WZR VWUHVVHNQRI PR WH WP X\D B DVQ. Y
LUUDG )IDMURIGKH SHUFHQWDJH RI WKH LQFAWYHRHEDNVRIFRSIKF
GRXEOH VWUHVV YDULHG EHWZHHQ

JLIXUH&RPELQHG HIIHFW Rl VHHG 89 WUHD\RBH®QKH DFQR® I FIIQGV VR
VROXEOH SKHQROV LQ OHDYHV RI ZKHMWQ/SISFLHV 7 7ULWLF}
GXUXP 'HVI S 7 DHVWLYXP / § SHUVLFXP YDU VWUDPLQH
7 SHUVLFXP YDU IXOLJLQRVSPWEKIXAXP SYDU UXELJLQR

S

$QWKRF\DQLQV

$FFRUGLQJ WR REWDLQHG UHVXOWRQKLFR R Q RVGI Q'\B URLI
ZDV PHQWLRQHG LQ OHDYHV RI GXUMNWLZKHRW @OLQ® E@D R
VSHFLHVY GDWD ZHUH DOLNH 3UH MWQKLEWWHGWD QW KRIF\Q
VIQWKHVLY LQ OHDYHV RI PDFKH GKMD W6 WURRW JHKHDDW DD
LQ FDVH RI VSUD\LQJ WKHVH YISH®ELH VQ Z& WWKX B FZIGH B R/O & ¢
EODFN DQG UHG YDULHWLHV RIDO N IQFRQW ZDWK &F MGU
VWLPXODWHG WKH SURFHVV R LIF DXDXYGD/W ZR Q XR K D Q/\K K Rl
GRXEOH VWUHVVHG 89 WUHDWHG DNFLERVPSDDH{G ZINWDK LD
WUHDWHG RQHV EXW SUHYDLOHG WKH FRQWURO YDULDQ!
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

JLIXURPELQHG HIIHFW RI VHHG 89 WUHD\KPHQKH DFR® W FIQGV VRE
DQWKRF\DQLQV LQ OHDYHV Rl ZKHDWOWRHFSHV TULWLFXP |
GXUXP 'HVI S 7 DHVWLYXP/ S SHUVLFXP YDU VWUDPLQHX
7 SHUVLFXP YDU IXOLJLQRVSHEKKRNXPSYDU UXELJLQR)

S

7TRWDO SURWHLQV

ODFKD ZKHDW DQG GXUXP ZKHDW DSSKDIKH® HVR OKRY F
SURWHLQV )LQXOHBYHVWUHDWPHQW ZLWK 89 GRWDQLVKHG
SURWHLQV LQ WKH QDPHG VSHEWHKWHV,ILWW R G BD\W WRIQ QAW L)
DQG DOO YDULHWLHV RI VSULMYR B KHDQ¥ U HS\DHFGV FRR QBRMQKY
LQ OHDYHV RI PDFKD ZKHDW VR IDW ZKW DMV DRIGGZ K DW H KDL
VSHFLHVY FRQWHQW RI SURWHLQV GLPLQLVKHG

6ROXEOH FDUERK\GUDWHYV

$PRQJ WKH WHVWHG ZKHDWYV PDFKLHAKHDW RD QG5L NLIK LA
GLVWLQJIXLVKHG ZLWK KLJK FRQWHOMD YR IVVRFOBEOH FDUL
WUHDWPHQW RI VHHGY DQG LPSOFW RIHWAR DWBUHBVYW G F
VXSSUHVVLQJ IRU VROXEOH FDU HRK\HRLIDVWDY W\WHV & RXED
GLG 7KH VKDUS GHFUHDVH RI WKHVWREGXEFKOHR QDB UWR R\W
PHOQWLRQHG LQ WKRVH VSHFLHV ZAKWIKK FARALQUMHGWV WR L QM
VXEVWDQFHY LQ OHDYHV PDFKD ZKNBWFVKYW®\ GLND

'LVFXVVLRQ

3UH VRZLQJ WUHDWPHQW RI VHBGHVZWWHK 6RUPDQW LDMNW
HIWUD HQHUJ\ ZKLFK LV VWUWWWRBYFW&EHEXYURH WRIGWL
FKDQJHV LQ FHOO PHPEUDQH SHWPHDELGSUWYVXPE@E OH OIHF
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

GLYHUVH PHWDEROLF UHVSRQVMMR[QBEDQM\Y J7ELRV\IQW RH
PXVW EH UHIOHFWHG RQ IXUWKHU P®MYHRIR FAH Q®D KW LS
PHFKDQLVPV WR XQIDYRUDEOH HQYLURQPHQWDO FRQGLW

JLIXURPELQHG HIIHFW RI VHHG 89 WUHD\KPHQKH DFR® W FIQGV VRE
WRWDO SURWHLQV LQ OHDYHV Rl ZKHWMWHEBHBSLHV7 7ULWLF.
GXUXP 'HVI S 7 DHVWLYXP/ S SHUVLFXP YDU VWUDPLQH
7 SHUVLFXP YDU IXOLJLQRWNXPHURXRXPSYDU UXELJLC

=KXN S

JLIXURPELQHG HIIHFW RI VHHG 89 WUHD\KPHQKH DFR® W FIQGV VR
VROXEOH FDUERK\GUDWHY LQ OHDYHVHN ZHW DWQ/SBFLHV 7
7 GXUXP 'HVI S 7 DHVWLYXP/ S SHUVLFXP YDU VWUDPLQH

7 SHUVLFXP YDU IXOLJLQRWNXPHURXRXPSYDU UXELJLC

=K XN S
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

W LV HVYWDEOLVKHG WKDW WK B VFRQAHQW 0 DWURWZ RW 5R
GLIIHUHQW JHQHV DQG VLJQD S RQWWMPW R RRQWHM/O ODQ W
JR\HU DQG 1RFWRU (Y LG HH@W CP\ X8/ONWKDHYCHV WP W Q RUX
VXFK W\SH RI VLIJQDOLQJ V\VW HPXO D@ VR @D V EHR/ LGMWR
FOHDUO\ LQIOXHQFHG SODQWTV YUIMRIEO DSWREHWPHUYJERE
SDUWLFXODU OHDYHV RI SODMMG/VHRBVYJHGU H R WKHGL L
SKDVH ZKLOH WKH HIIHFW RIQW WD\GW B ® VR\QL BQ IMKH HDYQ\G

&DWDODVH DQG SHUR[LGDVH

(Q]\PH FDWDODVH &%$7 (& RPRAXPXQ® W W W HE SRHILV
IRU GHVWUXFWLRQ Rl K\GURJHQ SOV RYKGH Q XPEHYI RIAWW k
RUJDQHOOHVY LQFUHDVHV LQ WWHURMKMOL @ KGLH/WIRJ DR W QR O
SHUR[LGH GLIIXVHG LQ SHUR[LVAG®HOIWRW RMUIKHU SDUWV |

$FFRUGLQJ WR WKH FODVVLFDO Y)MHVZLRQ BWURRLSDRW I
RUJDQLVP IURP GDPDJLQJ HIIHFW R| SHDRHL D HE LIHUFRX S ¥
HQJ]\PHV PHW HYHU\ZKHUH LQ WKMNAKOO DXQF WXR QL awml
PHWDEROLVP 3DVVDUGL HW DQHXWUDOQQ]HDWKH AKX G D B J M
IRUPHG GXULQJ VWUHVV DQG WDNH S0® @WWW RHXSDWR W
HQYLURQPHQWDO FRQGLWLRQV SHERDGWYVHYURIZMIIK WD (
GHYHORSPHQW UHJXODWH FRQWWQW FRIVD X[W® V $0)EAJ ISK W
&HYDKLU HW DO *UDVNRYD HWOMOSHURI[LGRWHR YWD N
IRUPDWLRQ RI 526 ZKLFK SOD\ DEIRRWYAFWWYHVVROHDRQ
VLIQDOLQJ IXQFWLRQ LQ FDVHLRI VRWHYDWURQVRIVV\WDEV
PHFKDQLVPV RI SODQWYV OLND HW DO

,QFUHDVHG DFWLYLW\ Rl FDQ\ ®RMHR XQ VI W H G DS DWW
SURYHV WKH IDFW WKDW W KH \DLHWQ Y DWQR Y R/ID NBIW DSACDW
GLIIHUHQW DPRQJ WKHP UDGHRWIL® Q VW U,H\ZHHYX $FR QI& IV
WUHDWPHQW RI VHHGV FDXVHG LIQQ RIHVOR/E KIRRDGULLRDQ DRYIGU H
LQFUHDVHG WKH FRQWHQW R D%250DY I ORQ Y H B AW DYOL\MLR
ZRXOG EH D ORULKFD® UHVXOW

,Q FDVH RI SHUR[LGDVH H[SHU LGIH QHAUDIX WHI YoX QWKWH Z H U F
RSLQLRQ RI VFLHQWLVWY GHFUBDQW R HDHUHR/[ LROD VEH DFFDN
WKH ORZ HQHUJHWLF SRWHQWQB ® RW PHMWDIER®D RA WK Bl FMQ
UHVXOW RI HVVHQWLDO VKLIWW KIHQ UMNAS DERW LR Q LD\ VSADH
DGDSWDWLRQ RI WKH SODQW DLYG 6HUNHQMKUIRQ DRJGF BB 0J

7XFLF HW DO $FFRUGLQJOGI\G ZK WPIDG L\DXBISRY HF KA
WKH PHWDEROLF SURFHVVHV RI PDWFBRW KZAKH BW | IHQG @GW UXLU
E\ GLPLQLVKLQJ WKH DFWLYLW\VWWN WSHFHBY\PEKHWUKD QQLFQ
SHUR[LGDVH DFWLYLW\ WRRN SOPIFSHWUR]{LGDRM IR W LSYRLIWD
ZKHDW DQG GXUXP ZKHDW PD\ EH NRIQWILLGHL HGWIRV LRRIMDS:
WKDQ RWKHU VSHFLHYV

6SD\LQJ Rl LUUDGLDWHG SODQWOHBLI/ K \FHLLG) ISVUW ERE SHIWH
89 LUUDGLDWLRQ DQG FDXVHIBVH UQ KHDDPRW RYDHYSRQLRH
YLIXUH

6SUD\LQJ ZLWK DFLG DSSHDUHG WR EHOWON LSFEX\OLDYW WY HR I |
HQ]\PH LQFUHDVHG LQ OHDMHYX WRH 3GV XPHD\EWO M GF R 8 HEQBW
WZR VWUHVVHV IXOO\ DFWLY DA H VI MWKH FMB|NFELR WV F G/HPWR @)
DGDSWLYLW\ Rl WKHLU HQ]J\PDWLF V\VWHPYV
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

W PXVW EH PHQWLRQHG WKDW LUNDGAW W IFR F RREL Q A GG
LQ VRPH FDVHV GLIIHU IURP RXREWDUQHB[Z HW KPBIQWID OF&

.DFKDUDYD ,Q SDUWLFXODU VBEIDDGLQR CRIWLHRIY HY K:
DFWLYLW\ Rl FDWDODVH LQ UHG GL®DUHIQ®G QB BEDRNLE
.DFKDUDYD 'H PD\ VXSSRVH WIGDW ZBWK VBY HRODWP F

VWLPXODWLYH HIIHFW RQ WKHYFHUBRWHLWR[DRGDOWLMDMP RV
DFLG VWUHVV

W PXVW EH PHQWLRQHG WKDW LQ ¥3A VGHH VRR [VED QILLIR €
HQ]\PDWLF DQWLR[LGDWLYH V\VWHBURWBRWLPE Ol WR H!
FRQGLWLRQHG E\ D QXPEHU R |FR® WK H KDMW AW LAK\ WKG
PROHFXODU DQWLR[LGDQW VXEVWDQRMHKR FDWGARUVE L FH WOFF
SURWHFWLRQ Rl FHOO PHWDEROMNKPQDRIPN5R® KDV DSSHDL

$VFRUELF DFLG

/| DVFRUELF DFLG RU YLWDPLQ &RW I QQ BOPOWIQDQ BHD
)WV DQWLR[LGDWLYH DFWLYLWQ & VOLSK OIS\ B VL @ WSLO-DWQMW W
WR JUHDW QXPEHU RI UHFHQW L QXYQ-PWWLIRIQ WMIR'QIYPE V& G\H
DFWLYH SDUW LQ SODQW SURWHY¥WHR QKIBI.DDYL\ QR/WAWV B Q V L W/F
WHPSHUDWXUH 89 % UDGLDW LIRWHVIS\R B G LEQ JD FAVQH \D WA_KROY
1IHXPDQQ 9ZLRNR HW DO GORUHRFWO\ WKRMED
526 DQG SOD\V D UROH RI VHFR®GHW LRI W\FRJHGPIQ RV[ LLG
IRUP RI . WRFRSKHURO DQG VRPHRFDWRWHQRRW W HUR/F W\K

$W WKH VDPH WLPH DVFRWPDOLF\ HFLGPHWY D$ER L DIFRAGR
'H 7XOOLR 7KH UHVSRQVH RILD/BRUXQPWHRGGEWR WR
FKDLQ RI VXFFHVVLYH ELRFKHPLFD® WRHD RW L RQK/L EALRWPLR,
HQJ\PDWLF UHDFWLRQV V\QWKHVQV RRQ&WIMKNUUB VKRG
VXEVWDQFHV .KDQ HW DO FR\W BMKHDFR G F$IWDNWWDR \U V/F
RI RWKHU DQWLR[LGDQWYV LQ S CDIMLRIWG D@ WAHADIEGDG W

7KXV WKH FRQWHQW RI YLWDFL®\&WRHORMDLY} L POLF
IRU VWUHVVY UHVLVWDQFH DQG DGDSWDWLRQ

/ILWHUDU\ GDWD H[LVW RQ DVFR UED WK DRRQWVF HXQWCUHIUWV |
FRQGLWLRQV =HQJLQ DQG OXQ]XURJORQND HWMRJLGIQ HW I
$FFRUGLQJ WR RXU H[SHULPHQWDO \8DWRH LIWQ FPWDH D & H
PDLQWHQDQFH RI DVFRUEDWGIVBVWR PBCWIUR® 8PHY BIG LIDAQV |
VSHFLHV PDFKD ZKHDW GXUXP ZKHDGWNPODLNMNLRGGFDMWG
WKHLU UHVLVWDQFH WR WK MY¥MHG GRVHV Rl UDGLDWLRQ

2XU HDUO\ H[SHULPHQWY RQ WKB UQICXH @PH GR.I | ¥ URXQ
VSHFLHY GHPRQVWUDWH WKDW LIDQ\LRRVWLWEKS DEFLBH QROX
VWLPXODWHG VI\QWKHVLV Rl DQFRREMFFDFHY RS SORMLYHY H
REVHUYHG &KNKXELDQLVKYLOL HW DO

6SUD\LQJ OHDYHV RI H[SHULPHQIDIVOUSIYBI QW N CZ MWKKI IV Q¢
HITHFW ZLWK 89 UDGLDWLRQ VWRQWYV ZIHY NV R D WHKIIE AKSHHIFW F
DQG UHG YDULHWLHV RI GLND D@V BERYHVRMOLFHN |1 HBOW RO\
7KXV DFLG VWUHVV GLPLQLYVK® ® HRQANWH R WVWHNOWHE® (SEOLIF

2Q0\ LQ GXUXP ZKHDW FRPELQDWURQER I VWZR X\ODWH W\
DVFRUEDWH VI\QWKHVLV EXWD®EWFRY\H[E B UDLPRXQW VOV VB ¥
E\ DVFRUEDWH FRQWHQW ZRXOG QRW EH UHDVRQDEOH
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

3UROLQH

JURP OLWHUDU\ GDWD LW LV NQO\RZ @ MLRVW § WRIGIVYHDYUR
UHJXODWLRQ RI ZDWHU UHWHQWLRQ %® WLIGHH ¥ HOW® S0 B (
SURWHLQV VWDELOL]JHU $QMXP HW+DODWLR MIQ\SKWHHE K O D\
DQG 6DUDGKL SHFHQWO\ DS PR O WL LW HUWDIOHNAQ B\G D
SODQWY DQG VLIJQDO WUDQVGXFMWRICR R DR/l BHIRQ HVW B BEX
FKORURSODVWY SUHVXPDEO\ VXS SEFOUWMY VW B E LGV D MSLIRVD
HIWUD HQHUJ\ DQG UHWDLQV FHO ®HORRH RV WR\GLYO DORLLF
UHVSRQVHV WR ELRWLF RU DERFOWLR | VRAHWHD/ERIYL B WRLO RO
UHJXODWHVY WKH PHWDEROLF SXO®DIDEQHIS UHVYNVEW QORI W
SODQWYTV JURZWK DQG OHXYGGRBRXQM 6]DEDGRV

$FFRUGLQJ WR OLWHUDU\ GDWD DBREREWGRX QHGHIR M
FRQGLWLRQV LQ GLIIHUHQW S/OR Q/WV\J HFK/L W H\WL WK Bl QLFQHG L6
6DYRXUH .DXU HW DO 'LP LRQQ VKILLODIGR D WHRSOY D
RI WKH WHVWHG SODQWYV LQ RXURH V8KHK LSPUHQON D HP B\X B W]
WR WKH DSSOLHG GRYHWXRH89 LUUDGLDWLRQ

W LV NQRZQ WKDW WKH UH G XF B\ YDH UHNWVLOY\D GRH Q TIVV RUX 7 I
RI SUROLQH ZKLFK SURPRWHV RWEBPKRQGUSRRNYSE& R QOVX
$73 WR UHFRYHU VWUHVV LQGXFHHOXNRLRQ\ +FLWR AKR QO
WKH PDLQ IXQFWLRQLQJ RUJDQH® &RH \D @0 &R HFQHNG \EH HG \
LQ SUH VRZLQJ WUHDWPHQW H[SHNWRR QWM H[$H WIRFZH QW G
PXVW KDYH VZLWFKHG RQ WKH V\8UHVXPIUEFON HFEMNLK HW
DVVLVWDQFH Rl SUROLQH ZKLFKRERRKQGUGB | HIEG DAUKH W\D |
WKH UHDVRQ RI SUROLQH GHFOLQH LQ 89 WUHDWHG YDUL

&RPELQDWLRQ RI WZR VWUHVVHV ®/HHW VIHD \ O FIDY ®lVH
H[SHULPHQWDIX SIO®IUMYLQJ ZLWK DFLG VROXWLRQ VWLPX
LQ GXUXP DQG VRIW ZKHDWV $SSDDHIQAV QW UHJG/HD GVE K W |
ZHUH DFWLYDWHG WKRVH JHQHRO ZGH K @W KHDAMLWR FLDW H C

S5HVXOWYV RI RXU HDUO\ H[SHULPWQSOD Q@ \D FR Q FHS P B ULH;
WKH JUHDW LQIOXHQFH RI 89 SOHSVURKBEWWHWYWR | RW K/HH HEG\
SODQWY ,Q SDUWLFXODU VSUD\V@DXRWVLRIPD DA W LADWWKH S
VIQWKHVLYV LQ DOO WKUHH YIWLHWLHV$BEBUNDRW.M\F WDKHD
89 WUHDWPHQW RQ SUROLQH VRQMIVHNQV LLYH W\M K D/\W G/ SO D
ZLWK WKH VDPH DFLGLW\ S+ KHROXNWERCQRFRXO 0 GLRW [FR

6ROXEOH SKHQROV

3KHQROV DUH WKH PRVW DFWLY®DWQHFRQRDUD QRHLVRIPIEC
SURSHUWLHVY PRVW RI WKHP SUHYDRW® VD WKDWE LRI D/XLRX
WRFLSKHURO +HUQDQGH] HW DWKH 526 3KIHIDR OWK H\H R B/Q
GDPDJH WKH FHOO /RYGDO HW D®KHQRO $FOWKIBDWLIRQJIR
WDNHV SODFH XQGHU VWUHVV FRQGUWKWLEQQWHLQIW L RUF BK
VXEVWDQFHV XQGHU GLIIHUHQW EHRIQLAH\RWDBELRWHE V-
6KLUOH\

$FWLYDWLRQ RI WKH VIQWKHVLW BB ¥MHQR/OLE QV DE\ON I
VSHFLHV Rl ZKHDW PD\ EH UHJDUGKM®D QNHDRF RADK HU P [5\W UR
SODQWY WR WKH DSSO)HXUWGRVKN ®IUHD\GLDMA\RURW HFV
SKHQLOSURSDQRLG SDWKZD\ RI VI\QUSWKILY BRQG KHDJRUNE
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

6SUD\LQJ OHDYHV ZLWK DFLGHVIRIGYWWR R Q UKD\G LYW UF
LOQWHQVLILHG WKH VIQWKHVLWR V®KIEQROLEWXEVWDQFHYV
2EWDLQHG UHVXOWV VXSSRUW WKHWILRKD R IZ KSLKRHKQ RIS
PHWDEROLVPV LQ ZKHDWV XQGHWLYWWHRY RRQGQWKRIYY\
HQJ\PHV ZKLFK VXSSRUW FRQYHUWLB®RRMRWKHWKH VR B UL
QHFHVVDU\ IRU SKHQROLFV V\QWKHYVEWRRQHYV &KXPDFKHQ
,Q HDUO\ DFLG VSUD\LQJ H[SHRM PRIQIMAL GV RID WWKIHP X ODW
SKHQROLF VXEVWDQFHV LQ YDUKH®LHYFRDGRXD KWVDBHH
7KXV LQ FDVH RI SKHQROLF VXENWIQFMWUAKN RER/P B
VIQHUJLVP DQG LQFUHDVH VWUHHWIMIKNHBNLVWDQFH RI VWXG

$QWKRF\DQLQV

7KH\ EHORQJ WR WKH JURXS RI SHKO®IWHRX RDGE Y O Y KIQF X [OF
DQG SRVVHVV VWURQJ DQWLR[LGDQWQHRSHUWLHRH .D}I
DQWLR[LGDQW SURSHUWLHV RI DQWNEBRWWLRN HIHF WM
EHORQJLQJ WR K\GUR[\O JURXSV RUXQGURIND®OWRPV WF
$QWKRF\DQLQV DUH DEOH WR MW®RDQ HP HD\Y DBIOFWR @M B B UAM Q.C
SURFHVV 7LWD $FF X P X O DWUR®MH RS UCHYW IQRVP DVQR QV/K |
FRQWDFW ZLWK WKH VLWHV IRUW 26 QRUIRDWH RRQ D, QWKSRLF B
XQGHU PHWDO RU RWKHU W\SH B! YRVBLKVI DG KIDVQEHHQ H"

$V LW LV NQRZQ DVFRUELF DFLBQLW MWK HZ KRFKD X B BR
DQWKRF\DQLQAD WOQW KHAKIRIXJK DFFRUGLQJ WR RXU H[SHL
WKH HYLGHQW UHODWLRQ EHWRIHHH Q QWK M\ ©R/G\WM M QW RR | DOV
ZDV QRW UHYHDOHG ,QFUHDVH 0QDDV FRRULEFW @ HF R QWK @ W
RI DQWKRF\DQLQV V\QWKHVLV (BUGWQMN\O\RIWKWMUWSNFIU
VWUDWHJI\ DUH EHLQJ UHYHDOHG KHUH WRR

3UH VRZLQJ 89 WUHDWPHQW RI VHGG W \KQDWK B ¥ WL YLEDWRR
WHVWHG VSHFLHV H[FHSWLRQV KHDUMJIRD AKX H KDPW D Q (
HITHFW ZDV REVHUYHG LQ FDVHs RALGZRXE®H WRQWUROFR
7KXV WKH SKODYRQRLG SDWKZD\LRDWWG®& H\QV V8 KR WH FAS |
WRIJHWKHU ZLWK WKH SKHQLOSURS DR IDGS BOWWIKEZLDO L WL\
XQIDYRUDEOH FRQGLWLRQV

7TRWDO SURWHLQV

SHFHQWO\ ELRDFWLYH SHSWLGHDUURRVHIR]R[ED SWLRWKH GO
DV VR\ SURWHLQ FDVHLQ ZKH\| XWRVOQHKQ Y K HEHHQL ¥ KIRQ!
SRVVHVV DQWLR[LGDWLYH DFWQMGWKH DA\ /K RIFW [SQ RW H L
VIQWKHVL]HG LQ SODQW 7KLV LXENWBQFH\D Ol RIUDAPHHG RU QS
GXULQJ GLIIHUHQW VWUHVVHV KR ORHWKHDW VG OR® LKW
7LPSHULR HW DO .RFKKDU DQG QRFRBKBWHFW RBKE
SURWHLQV IURP VWUHVV GDPDJH

$FFRUGLQJ WR OLWHUDU\ GDWD QW KB VAR QW8 QWHE H @\R W
LQFUHDVHV LQ VWUHVV WROHU DIWKD QG DD SWWHRG HID D@

.RVDNLYVND HWMIDO HW DO 7KXV LQFUHDVH
DPRXQW LQ OHDYHV RI GLND YDWLSMLEPHQQY®E PRIW @&HE
PRUH DGDSWLYLW\ Rl WKHVH SOD @WG FERRISTPU BYXSHBIW K P

,Q WKH ODVW RQHV WKH LQGH[ GHFUHDVHG
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

BWLPXODWLRQ RI SURWHLQV V\Q@¥KBVYSUDQLPD FKD\ ZEKH
UHVXOW RI DFWLYDWLRQ RI QBU NBRIEMJI SSURMOHNL DV VU € WIKVAW

6ROXEOH FDUERK\GUDWHYV

7KRXJK WKH VROXEOH FDUERK\GURWHFNF DWW &RH OER2W H C
IRUPDWLRQ WKH\ SOD\ LPSRIDMWD.@W DROHQQ W® AU H DYHHX
PD\ FDXVH LOQWHQVLILFDWLRQ ROWRER SKRVEKDMWH E\POKI
LV D VLIQLILFDQW LQWHUPHGMDKNYR GGH R GPCAW & R DN IF RHVE [T
W ZDV GHPRQVWUDWHG WKDW WQF R RAH NVSW AIGHRWU R D \SH®
JOXFRVH DQG VXFURVH DV ZHOO WLKRXPKFKRBLYPYVRDWH
FRQILUPHG &RXHH HW DO 9D Q \GHSE RYE HVIXQ® IMXFQ
PD\ SURWHFW PHPEUDQH DJDLQVW GURXUR® PMIQERPREG
FDUERK\GUDWHV LQ UHVSRQVH XWRSBUWHWURD\W SODOWYVHK
GHPRQVWUDWHG LQ D QXPEHU RI ZRUQ \D Q3 BIGRVRY® DO
1D\HU DQG 5H]D *HQHUD O OW KN PLHW B EWR O EVR. VRKIH @ F
FDUERK\GUDWHV XQGHU VWUHVW FIR@Q® [FR PBQ \/ VIHW DU 18 D@ B\
FDWDEROLVP DQG VIQWKHVLV VLPXOWDQHRXVO\ +LODO H

,Q DOO H[SHULPHQWDO YDWBQ@WQ® ILDZKBBWD \ER®E KD QGU
ZLWK DFLG DPRXQW RI VROXEOWHPNHERKNZKD WK W D\Q OH
EH H[SODLQHG E\ WKH LQW H QY L DLFAD MWLLR/DL R Q VRK HFLDUN D 9D
VHUYH DV FRQILUPDWLRQ WR LWHWPNLGHW HV R DX BOHQFL
VIQWKHVLY Rl SKHQROLF FRPSRXQAW KV DQFE LW KHHQ G LYHKIHI
VIQWKHVLY KDV EHHQ GHPRQVWUDWHG +LODO HW DO

,Q RXU HDUO\ H[SHULPHQWYV DUWWXV HFL D& WLALBW &R 8 FR
VIQWKHVLV RI VROXEOH FDUERK\GIWDWEYV LQ ZKHBIW XPIDE
LOQKLELWRU\ HIIHFW Rl WKH 8R NUUQGILFWQRQ \RRDWHNG VY
DFLG VROXWLRQ FRXOG QRW GHFRQEW UDW HR W KRIEWIDH D\
GRXEOH VWUHVV

6XPPDUL]LQJ LW PD\ EH FRQFOXGHG

7KH SURWHFWLYH V\VWHP R® KMDWUBOD VHQ LD OWH V UWAXGD €

$FFRUGLQJ WR SHUR[LGDVH DFWLY LWD\PBH KM ZXWH®MG DOY

PRUH VHQVLWLYH WR 89 VWUHVV FRPSDUHG ZLWK RWKF

7KH FRPELQDWLRQ RI WZR VWUHRMWIKHL QKPBG®/ LK OQ VWA
WHVWHG VSHFLHY DQG DGDSWLYHWY HV WHKHEGDRMRQH D XN\CH

,QFUHDVH RU WKH VDPH OHWHQW IL Y KUHH DYK Q VIE LW RD WILKGH
RI 89 LQ VRPH VWXGLHG VSHFLHV ERDAAND DZKG W G GYXDUXL
RI GLND PD\ LQGLFDWH WR WRKRMLWHYWYYV ERKEDEGBWILR QU
VWUHVVHY GLPLQLVKHG WKH DFWEYGWX\RWW R H @ UWORVDH A
WHVWHG SODQWV H[FHSW WKH GXVWR ZXXWH D68 S HQ WHIGH
VWLPXODWLYH IRU DVFRUEDWHHRR QWW QYW WDHN\GV SNURIQ' X B D

7KH SURWHFWLYH SUROLQH VRVWHR RH WK B WLW\LWH GV RS
LUUDGLDWLRQ DQG 89 DFLG VSUMDMEQY FIXWHNGY D & MG/ IV
JHQHV DVVRFLDWHG ZLWK SUROLQRIW\@WHKBWLW WQ SG0U
LQFUHDVH Rl WKHLU UHVLVWDQFH WR GRXEOH VWUHVYV
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

$FWLYDWLRQ RI WKH V\QW K IQVU W VRSIRRKHQ W @ L B S\SYOE\F\E D
DOO WHVWHG SODQWV PD\ EH UHIIDW GMHE LYW DQFR QD QE
SURWHFWLRQ DJDLQVW VWUHVV HRK WAWH VS R WEHYIVR S

,QFUHDVH RI DQWKRF\DQLQVGV/LQWEBYDW LRQUB ¥ S RIQMD
VSUD\LQJ WUHDWPHQWY LQ PRVWQWRIVWWGHVSHSWR W HL
SKODYRQRLG SDWKZD\ DFWLYDWLRQ DV ZHOO

*DLQ Rl WRWDO SURWHLQ FRQW HXIW O ¢ DJHMB/RIQHAH DADRS 8
PD\ VHUYH DV LQGLFDWLRQ WRSMEULHVW ZRS$ODEDGLWW RF
VWUHVV FDXVHG VWLPXODW LR @ KH DSV RIKH.EQ WP OQWEKH O LL)
ZLWK WKH DFWLYDWLRQ RI VWUHVVY SURWHFWLYH VKRFN

'HFUHDVH RI VROXEOH FDUERK\BW B @& H\D F RIAWHD \R | L\Y K
VSHFLHV PD\ FDXVHG E\ WKH IM®WHRWLIRGDWDR® GO VOIHI
DOVR LQGLFDWHV WR LW O0RW HPEDYXHWD VIR GOBMH LRD U DR
VIQWKHVLV Rl SKHQROLF VX EWAMBIQF HVX FIWR WHK HD Q& O/D §
OLJQLQ DQG SKHQROLF VXEVWDQFHV KDV EHHQ GHPRQV

7KXV Ll ZH GLVFXVV DERXW VWWHKWVDPR®OWD @F HD RW LS
SDUDPHWHUV RI WKH DQWLR[QEB RW W KHNVHWF X G HIO® \Z K ¥ B A
89 DQG DFLG VWUHVVHV PD\ EH VXSHRWHGK FFRULG\LIQMIL W
SUH VRZLQJ WUHDWPHQW ZLWK 89 @& PRGN ZRWBHIW PIRKX
SDUDPHWHUV ZHUH DFWLYDW HXQ BHUUWWB NQWEGHD W F R QN\D
VHHP WR EH OHVV VHQVLWLYH GWRUWGEG HD @GP EOWDWN HAWD/U Lk
LQGLFHYV ZHUH DFWLYDWHG

BHQVLWLYLW\ RI PDFKD ZKHDW W RLGR FBRLOHG/ H\D | OK P
VLPLODU WR UDGLDWLRQ VWWHBDV QRW OFR L QQRIDKHVWLF S A |
EODFN YDULHWLHV RI GLND ZH U HIRXHUQ \BIDADYH WHRJ \G RZX
DFWLYDWHG ZKLOH LQ GXUXP QHUBD@F HQLGR QMDRADHG VY|
ZHUH DFWLYDWHG

)LQDOO\ ZH FDQ VD\ WKDW QRUFDPOW HUPE JDWLR KBU Y
DOO WHVWHG ZKHDW VSHFLHW DRSLSOMN HAGR WA S H Y UR U M WLUVHAVT

5(0)(5(1&(6

> @$ODGMDGML\DQ $ 7KH XVH RI1JBRWLEFD U WL ORGA. R K
%X0OJDULD - &HQWUDO (XURSHDQ $JULFXOWXUH

> @$0LD 6DUDGKL 3 3 6XSSUHVVMRODD RV 8RWW FEKRW GULVD
SULPH FDXVH EHKLQG VWUHVV LQGXFKHP S%WRRIIQN BAWXP
&RPPXQ

> @$SOL$SKPDG 0 %DVKD 6 0 ( |RHDF V\F AR SZROW. ML R/QV URMIV VS
OHDYHV  3HDQXW B6FLHQFH

> @$SQGUHHYD 9 $ (Q]\PH SHURI[IGGDMB \#H S\DVW HPL 8D \§ OR
1DXND ORVFRZ

> @$QMXP ) 5LVKL 9 $KPDG ) \ W RIFSDIMWAKE FDEBM RQRY P
VWDELOL]DWLRQ RI SURWHLQV  %LRFKLP %LRSK\V $FWD

> @SUULJLRQL 2 'H 7XOOLR 0 & F L G KIHQ URRHOOHO RR HWWVIFERRJG
EHWZHHQ JHQH GLUHFWHG IXQFWLRGW DRI/ XQS BHGIQRAW BE)

+

> @%DUFHOR - 3RVFKHQULHGHU R&QV DV D3 OHFQWH @ DEW HUH IIYAC

VWUHVV D UHYLHZ - 30DQW 1XWU

I+
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

@%ORNKLQD 2 O9LURODLQHQ ( )RPHID/QWAGWR[LO®DWLYH $q
DQG R[\JHQ GHSULYDWLYH VWUHVV D UHYLHZ $QQDOV R

@%ORXLQ - 3H\QDXG ( &RQ @D LV VD G BH WHVR QV U Y. BVLL
/ID9LIJQH 'XQRG 3DULV

@HYDKLU * <HQWXU 6 <D]JPHU 01 8QDO3HWURFKL®FPDH DFW
LQ UHODWLRQ WR DQWKRF\DQLQ B QX EKDRY®RE KOGIO YAHRWQ W I-
VWDU’ *D]DQOD VSOHQGHQV 3DN - %RW

@ KHRQJ < + &KDQJ + 6 *XSWD75/XD®QBK ; =KX
7UDQVFULSWLRQDO SUR¢OLQJ UHYRI@G/L QR YSDWMKRYHQD B
VWUHVV DQG KRUPRQDO UHVSROQWMHROLQ $UDEEGRSVLV 3
@ KRODNRY ' .yQD - , Q10X GFHDR P B UHMIFDZG. IQIWA IR\DH|
FXFXPEHU UHVLVWDQFH WRZDUGV BRUXRDQV VSRWVSFB\DH .
+RUWLFXOWXUDH HW 5HIJLRWHFWXUDH

@ KXPDFKHQNR 9 $ (ITHFW RR QX OWWMLYQRW H@/J LADUSIDGLLR
HPHUJHQFH RI VHHGOLQJV DQG \LHROG RQ G/ RIH FW B BM. F D W
DJULFXOWXUH

@ KXSDNKLQD * 1 ODVOHQQLNRY 3 ® RLO VWBDH\QW DEXD\SK
(FRORJ\ +

@ RXHH , B6XOPRQ & *RXHVEHW *QYM®OSPPBQW RI VRO)
VXJDUV LQ UHDFWLYH R[\JHQ VSHELEBD VEDYID §WH H\VQG LDH 8 €
-RXUQDO RI ([SHULPHQWDO %RWDQ\

@ UDXIXUG 34 DQG 3HDFRFN - G GURXJKWPYW BHXWRQ VE

([S $JULF +
@DOWRQ 7 3 6KHUW]HU + * SXRIDJKQH H[SBLHUXOPW IERQH
R[\JHQ $QQ 5HY 3KDUPDFRO 7R[LFRO
@H %YULWWR $ - XPDU 3 % BUDFHOLQ URXJKWQEFWUHVYV D

,PSDFW RQ 3URWHLQ LQ 7KUHH 6BHBWVHYHRY BKWH[RORJIR>
%LRFKHPLVWU\

@HOLEDOWRYD 9 ,YDQRYD 5 L U P DIBRD VR RUDK R IS UHH M|
KHOLXP QHRQ ODVHU RQ WKH G\QRRLWR QRY DAH HMOARIYP H QY
RI (QYLURQPHQWDO 3URWHFWLRQ (FRORJ\

@XEURY $ 3 *HQHWLF DQG SKWRQROWR JILFODGHDWERY RI
SODQWYV 1IDXND ORVNRZ
@XEURY $ 3 3K\WLRORJLFDO DQGLRDRSK\VUBDG LDW X

LQIOXHQFH RQ SODQWY RQ HDUO\ \RUDRAWRU GNYHORIPMH
/HQLQJUDG
@XNKRYVNL\ 3 ,XQQLV 5 %UD]DLWLWSBIO3QW]X®DFWNLRIQNR

FRPSOH[ LQIOXHQFH RI QDWXUDO BXEVDQWRORSRI HBELFLF
+

@OLDV 5 - .HOOHUE\ 6 6 'HFN3DIQW $)FWLYLV$QWLFS[U1RW+
SHSWLGHV  &ULW 5HY )RRG 6FL 1XWU

@(UPDNRY $, $UDVLPRYLFK QVNL\DUFBVK/XQJIQYQS_I-PMlR)YI]DQ*
DQG ,NRQQLNRYD O, OHWKRGV RI L3®®QW %LRF

$JURSURPL]GDW /HQLQJUDG

@ KNKXELDQLVKYLOL ( .DFKDUDWXYLOL%B®ULGDHD FLV XD
-DQXNDVKYLOL 1 , Q1O XHQF I LRV DWLLPR(@® RIQH B QDWALLRI L
VXEVWDQFHV LQ WKH OHDYHV Rl *WRRORDQFZRHBKAVLFV -
&KHPLVWU\ +

@LQNHOVWHLQ 55 *LEVRQ 6 , FW®%BQD QGH XXIDW L (
GHYHORSPHQW &URVV WDON RW) YRQBOW LWQLRCFURZG  &XU
@R\HU & + 1RFWRU * 5HG R \DHQARIFQDWE G ¥ LWXD Ok

R[\JHQ LQ FKORURSODVWYV SHUR[LVRRERJIDD G OMLQWRIFH RR
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

@DOOLH '5 $VFRUELF $FLG $HO0XRHIRUQAVYUR QD DQ
*URZWK DQG 'HYHORSPHQW 6FLHMQWLFD SBOKPH $UW
@KDOODE $0 DQG 2PDU W BORGXFWLYLWHDYV DIIHFW

LUUDGLDWLRQ ZLWK ODVHU BBAVQF Y QR OO\R RKVE RKIRFRUX O W X

@UDVNRYD , $ =KLYHW\HY O $REBXWDOLYD 9RLQLNRINV®
$FWLYLW\ DQG L]JRHQ]\PH VSHFWHUXPDFIHRKXY RS D®DMW\HV

WKH EDQN RI ODNH %DLNDO JURZHQHFX\QGRQL D FIFRWQ R IVIWF

3, VVOHGRYDQR Y 5RVLL ,QYHVWLJIJDWHG LQ 5XVVLD

@¢DUH 3 &UHVV : 8 9DQ 6WDRHIQWKH UROHMVRIHRWER

DFFXPXODWLRQ GXULQJ VWUHVYV 30DQW &HOO (QYLU

@HUQDQGH] , &KDFRQ 2 S5RGUIRIXHH] < 3BRWR\ALHO H W6 RU

+LGDOJR 2 %ODFN VKDQN UH VIRV WIIDQXW DMWRHEIRFAR 6l

WUDQVIHUDVH %WLRFKHP %LRSK\V 5HV &RPPXQ

@LODO 0 3DUUDGR 0) O5RWFHO/ *DOUMDGR' O HW DO

(SLGHUPDO OLJQLQ GHSRVLWLRQ LQ T8OL@®»RDDBRWWLHRGR Q'

3KRWRFKHP 3KRWRELRO +

@DJWDS 9 %KDUJDYD 6 6 WUHE&RP S PHLIHW DYEHH GIGI HFW R

KHDW DQG OLJKW VWUHVVHV RQKXRPREVLAVRQRUK HW LEFRH QB KW

([S %RW +

@LDQJ < +XDQJ % '"URXJIKW DMAR KHRRO® WWDWMREQ MC

JUDVVHV LQ UHODWLRQ WR D QSHLRR [LIGIQW. REW DERRS \6FF ID Q

@DFKDUDYD 1 &KDQLVKYLOL 6K KYRDGUIG]HDQGXNRNKKKEI
(IlHFW RI VHHG LUUDGLDWLGRIMQORWY WRHOFRYWW ®W .RG D
&DEEDJH DQG %HHW FXOWLYDWV6FLEQWNWUDOLDQ -RXUQDO
@DFKDUDYD 1 &KNKXELDQLVKYIKXYLOL 64D GUQG |JHD]D Q KK
$QWLR[LGDQW UHVSRQVH Rl VRRHVLPROI\WQGZEADG U
$XVWUDOLDQ -RXUQDO RI &URS 6FLHQFH

@DKNRQHQ 0 3 +HLQRQHQ O QWY MR_FR\ [0 @ IDAWV DEFGN WK
DJO\FRQV -RXUQDO RI $JULFXOWXUDO DQG JRRG &KHPLVW
@DPDO $+0 .LP .+ 6KLQ XMLRRWRR +6 +HR + < 3DUN
'RR 6 + $ELRWLF VWUHVV UHYSRIQY LrHHWHWRPW G H G VX F
SURWHRPLFV WHFKQLTXH  $-&6

@DWHURYD = 7RGRURYD (UBEWDRILRQKP@ FH ® 28N K&
VWUHVV PDUNHUV SRO\DPLQHV |3 DG SOP QWG DIH OFE W
/ &RPSW 5HQG $FDG %XOJ 6FL +

@DXU * .XPDU 6 7KDNXU 3 ODGBKDUPH % KDDIBKDW L+
,QYROYHPHQW RI SUROLQH LQ WHWIS®QNVH RW RKEKNS®O
VWUHVVY DW UHSURGXFWLYH VWDJH 6FL +RUWLF +
@KDQ 7 $ ODJLG 0O ORKDPPDG ) DVFRUBLEHIYEHZ RRWHQW
DIJDLQVW R[LGDWLYH VWUHVV LQGXFEHG LQ SODQWV - $JU
@RFKKDU 6 .RFKKDU 9 . ([ S BV WLHRWQ DRQ GD Q@ WD W [ VEKIR
SURWHLQV LQ UHODWLRQ WR FRPE L9Q B G DV RYXUMHMY VRH HRDAARL
30DQW B6FLHQFH
@RVDNLYVND , .O\PFKXN ' 1HJBNWLMRYD %OXPD '6WUFL
SURWHLQV DQG XOWUDVWUXFOMW RO FEDQW FIMNUKL \GA LIFW IR
HFRORJLFDO VWUDWHJILHYV *HQ $SSO 30DQW 3K\VLRORJ\
@QUHSV -$ :X < &KDQJ + 6 +DKMSHU :DQJ ; 7UDQVFULS
FKDQJHV IRU $UDELGRSVLV LQ GHNWNBE&QVHWW RVWD OW OR QMR
+
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%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

@DSVKLQ 39 =DJRVNLQD 1 9 YLR O, QWO X HQ PH LRIWK R/ L
IRUPDWLRQ RI SKHQROLF VXEVWH\QFHYXPE\ W LYV WXHVRE K ®RANXLXH
SKHQROLFV DSULO ORVFRZ S

@DYROD $ $SKDOR 3 - /DKWL 0 1XWNXEB8Q7DNMBPWRDBLO
WKH HIITHFW RI LQFUHDVLQJ 89 % ERBIPXQARWY LRY 6\FIRMRQ G D
(QYLURQP ([S %RWDQ\ +

@RYGDO 7 20VHQ .0 6OLPHOWBG&5 O9HUBKHXHWJIGWLE HI
Rl QLWURJHQ GHSOHWLRQ WHPSHUDKHQRD LE QR PSRKW GR/Q!
JHQH H[SUHVVLRQ LQ OHDYHV RI WRPDWR  3K\WRFKHPLVW
@RZU\ 2 + B5RVHEURXJK 17 )DUU $ /3UBDVGIGROOH DS/ XUHP
ZLWK WKH JROLQ3KHQRO 5HDJHQWWU\-RXUQDO RI %LRORJLF
@DW\VLN - %KDOX $ % ORKDQWRKBQLVPV RROKARGRUQR
UHDFWLYH R[\JHQ VSHFLHV E\ SURSXQUHHRYCHIELNQRHVV LC

@HU]JOLDN 0 1 $FWLYH R[\JHQRURY $GRPDW PHWDER@L
5XVVLDQ

@LND $ OLQLED\HYD ) %HFNHWWRVYLEOHMNVKKGFWLRQV
H[WUDFHOOXODU SHUR[LGDVHV L@ RM UH\DW LQ G XFEIHBF WH.QHHL
VSHFLHV  3K\WRFKHPLVWU\ 5HYLHZV

@LWWOHU 5 9DQGHUDXZHUD § *ROOHKN WHDHBWHXMHRH P

JHQH QHWZRUN RI SODQWYVY 7UHQGV 30DQW 6FL +

@LWWOHU 5 2[LGDWLYH UWVWWWR @HUWDLERIHG D @ WIVQ B
*

@LWWOHU 5 $ELRWLF VW UG VW W FHRPE LHODW IUR P

LQ 30DQW 6FLHQFH

@RELQ O .KDQ 1 $ 3KRW RV \QWIRPSE RN LIWL\R QY LDA\G

DQWLR[LGDWLYH UHVSRQVH RI WZR WRXYDWNMNUGLIPHWDLYVLH
SKRWRV\QWKHWLF FDSDFLW\ VXEME@BWHREI WE&DRG BKXWPLK®

@RJUHQ / 5HDGH - ORQDJKDQ - HQWD O IWWWMVR/I RIQ DL
DFLG FRQWHQW LQ EDE\ OHD| VSUIBRUBSLQOHLD ROHUDFHE
@XQ]XURJOX 2 2EHN ( .DUDWDWIBFW\DWDVLBXODWHG DI
9LWDPLQV $ ( DQG & LQ VWUDZEMILNIND)XYDRXWMULDVYRQFD +

@D\HU 0 . 5H]D + "URXJKW L Q GRBKE CH FoXXRODQUNWDL @
BUROLQH LQ 7ZR ODL]H 9DULHWHWVRXURDMG $SSOLHG 6FLHC
@QRFWRU * )R\HU & + $VFRUERQW D MVIGY BIOWIHRQ KX & G

FRQWURO $QQ 5HY 30DQW 3K\VLRO 30DQW OROHF %LRO
@DVVDUGL ) &RVLR & 3HQH WR[LGERYBQYG&KD&H PRUHHXQ
WKDQ D 6ZLVV DUP\ NQLIH 30DQW &HOO 5HSRUWYV

@OHVKNRY % 3 BUDFWLFDO +D@®ERRNGRHGODQW
$JURSURPL]GDW ORVNYD SS + LQ 5XVVLDQ

@QXHOL / +DOODN +HU U ( S5RMRORXKELQ®RII &RKHQSODQ
OLWWOHU 5 OROHFXODU D @& \ER.RRIFKMIR GFDION RHE R D E

DQG GURXJKW WROHUDQFH LQ WWH GRKHUNO QWX PRIX 51
+

@RWWHUV * 'H *DUD / $VDUG $VFRRUEBDADI)\DQG JOXWD

JXDUGLDQV RI WKH FHOO F\FGH\\BIRIDRQH D) & WERB ERHP L \3W

@UDGHGRYD (9 ,OHHYD 2 ' ®&ROIADAVLRSQ.RI DQVED®[ GD G
VIVWHP DV WKH EDVLV IRU U D W QRPIOVRUIG\QR | DRYLEQWRIYH

SODQwWYV 5XVVLDQ - SODQW SK\WLRORJ\
$33/,(" (&2/2*< $1' (19,5210(17$/ 5(6($5&+
KWWS ZZZ DORNL KX * ,661 3 UL@ON Q'H, 661
2, DHHU B

o $/g., .IW %XGDSHVW +XQJDU\



%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

@UDGR ) ( %RHUR & *DOODURGR 0 @IHEFEWRR]DIDEO -RQ
JHUPLQDWLRQ JURZWK DQG VRROXIEXPH VXUQ HDFRQWVMHE W H
%RW %XOO $FDG 6LQ

@UL\DQND 8. G5DWKHU O, DQG WUWFDBDOW 6WUHV\D ,9LC
(QKDQFHPHQW RI $VFRUELF $FLG IQQPFORFDSQDQW. YFOH

@DL 5 OHHQD 53 6PLWD 6.6 3RKQGHDDBEDE &DL 6 89 %
DQG 89 & SUH WUHDWPHQWYV LQGXFHPS¥LWWLRO R I RFVDQWRKKD/Q
$UWHPLVLD DQQXD / + $Q D QW L3KROMDRIAKHP 5Y0\W Q WD Q G RAXKRID
% %LRORJ\ +

@DSDYD / %DGULG]H * &KDQLVRDUHOLYKYLQAINYEZG]H
,QIOXHQFH RI DUWLILFLDO DFLG SUMFWSIONDRAWRYNVWR RIS B
UHJXODWRUV DQG VWDUFK FRQW H/GW FLLG! W R H *"HHRHG VDRY X/IR
"-RXUQDO RI %LRORJLFDO 3K\VLFV DQG &KHPLVWU\

@L]KVN\ / /LDQJ + 6KXPDQ'OHWRKPOBKYD®DG 'OLWWOHU
'KHQ GHIHQVH SDWKZD\V FROOLGH DWKRPEHYBRQRBA RI SWIRE
DQG KHDW VWUHVV 30DQW 3K\VLRO +

@RJR]KLQ 99 .XULOLXN 7 7 DQG KHOUSIYBRIDVH 3RI WK
DQWLR[LGDQW V\VWHP Rl ZKHDWGWSPDRXW\8W®RLIKWD G L BW\
%LRSK\V +

@DQGHUPDQQ + OROHFXODU HFRWRW.FQW®W R JW R PR WI
HQYLURQPHQWDO VWUHVVHYV ,Q  O/RO(FRO®D UF DER WW NG R

+

@DUDGKL 3 3 $OLD$URUD 6 IUPYDGH $BFXPXODWHV LQ
([SRVHG WR 89 5DGLDWLRQ DQG 3URMHGF VBW UR(HB DOVIDR @M
%LRFKHP %LRSK\V 5HV &RPPXQ +

@FDQGDOLRV - * *XDQ / 3ROQBRHRWQ$3IODQWYV &DMPB 6\
BURSHUWLHV 5HJXODWLRQ DQGHYS DWW/ MRKH PR@ HENLGDW
RI DQWLR[LGDQW GHIHQFHV &BOKV&SISISQJ +DUERU /LERUD!

@FKUHLQHU 0 OHZLV , +X\UNSHQV=BHQQHBHU -BQVHQ@NOHU
29%ULHQ 1 .UXPEHLQ $ 89 % RIQWEDRE R G LWHH\R @ GSIRUN H
EHQHILWYV IRU SODQW DQG KXPDQ KHDOWK &ULW 5HY 30D

@HUJHLFKLN 6 $ DQG 6HUJHLFKLNVIRXV LQ G XQWUXLHDDF W R|
SHUR[LGDVH DQG QLWUDWH UHGSOWDRWV DF WL Y(PRWLR] LG R D)
1IDWXUH 3URWHFWLRQ 5HSXEOLFDQ :RUSSYKRSt <XW®DOD
5XVVLDQ

@KDODWD $ 1HXPDQQ 30 ([RDPQRXY D \DFRIHBLMH D
UHVLVWDQFH WR VDOW VWURBV D QG (U3 KRWV OLSL# SHUR|

@]DEDGRV / 6DYRXUH $ BORDR QMR D FFDCO W L IHXUHFQ\GLM
6FL +

@LPSHULR $0 (JLGL 0* =ROODDS$SOLHG RORWEROMW \DE
VWUHVVHV 5ROH RI KHDW VKRFI$ BBRMRMRILLFW +63  +-RXUQT

@LWD 2 7HKQRORJLL GH REWLQMHHYHVDWDLWIXW IEOXRAL D
%ODJD" GLQ BLELX

@RQFKHYD 3DQRYD 7 3RXQHYD , &KHUQHARUSRUDLWNRY D
6\QHFKRF\WWLV VDOLQD LQ K\EUU® GPLIDWULIRRH \R Q( WHKFHV FRS §
FDGPLXP ELRVRUSWLRQ %LRWHFKQRO %LRWHFKQRO (T

@XFLF % 9XOHWD $ 6HVOLMDRQ LQ WK6HDVWRQDOWYDRU LD
HQJ\PHV SHUR[LGDVH VXSHUR[LGH GRSARWDYE& D QWK [FG M/
SRSXODWLRQ RI ,ULV SXPLOD QX RUDHY WR @ KHOUDQEH RI

@ XUNLQD 0 9 6RNRORYD 6 9 ORQYKRBYGRROGAHWHU
VDFKDULGHYV ,Q ELRFKHPLFDO RNWKEERBWFRQ SLAD XW 8 KD\
$33/,(" (&2/2*< $1' (19,5210(17$/ 5(6($5&+
KWWS ZZZ DORNL KX * ,661 3 UL@ON Q'H, 661
2, DHHU B

o $/g., .IW %XGDSHVW +XQJDU\



%DGULG]H HW DO ,QIOXHQFH Rl GKS WHBLYILRDIMWL R QU MDKNL IR IRDMMQGHIY HR D QWL R[L

@DQ GHQ (QGH : 9DOOXUX 5 ERPUBWN YDXRU R M\ GDRY
VWUHVV VFDYHQJLQJ DQG VDOYDIARWDQARXUQDO RI ([SHUL
@ZLRNR (' 2VDZDUX 0 ( (UXRJXIR@ Rl RNUR (YHEGIOIPR V F |
HVEXOHQWXV / ORHQFK H[SRVHG WRLSDLRW JURZWH FRQN
DFLG DQG PHWDO FRQFHQWUDWLRQ  $IULF - *HQ $JULF

@DOWHU 0 + 7KH LQGXFWLRQ RI SRHE®HV/SWERSDQRL
XOWUDYLROHW OLJKW RU IXQJHDAO M O IRW RU UL G K QWEX UH ®
WUHDWPHQW 30DQWD +

@DQJ =/ +XDQJ % 5 3K\VLRORDBILFBO®X HHFRYW U U RP
VLPXOWDQHRXV GURXJKW DQG KHDW VWUHVV  &URS 6FL
@QLQNHO 6KLUOH\ % %LRV\QWKHVRY RWBBYRQREEY LD !
30DQW %LRO

@HQJLQ ). OXQJXURJOX 2 (ITHEW R @ | FRROMHH WD R

FKORURSK\OO SUROLQH DQG VRPH BKQIWLHRR DG D QYW & KMHPIL\F
VHHGOLQJV $FWD %LRORJLFD &UDFRYLHQVLD VHULHV %R
@X <* 3DQJ + + <X -+ JL *DR :HL ;7RQJ /

5HVSRQVHV LQ WKH PRUSKRORJ\ SK\VLRRKRDHDYGVEYRBKI
PDLUHL JURZQ XQGHU VXSSOHPHQWD BX RW R KIDFRLLMDWLR Q Q

SKRWRELRORJ\ % %LRORJ\ +
$33/,(" (&2/2*< $1' (19,5210(17$/ 5(6($5&+
KWWS ZZZ DORNL KX * ,661 3 UL@ON Q'H, 661
2, DHHU B

o $/g., .IW %XGDSHVW +XQJDU\



BIOMASS PRODUCTION OF SELECTED GRASSLAND,
WETLAND AND CROPLAND VEGETATION COMMUNITI ES

H$.529EP! tK 29E.29EK. Y #N29271K. 4V 1&,. 29 P52 +E= ¢!

'!/DERUDWRU\ Rl $SSOLHG (FRORJ\ )DFXOW\ RI $JULFXOWXUH
%XG MRYLFH
Studentsk 13, 370 05 yeskpBud jovice, Czech Republic
(phone: +420-387772738; fax: +420-389032520)

“Department of Applied Ecology, Faculty of Environmental Sciences, Czech University of Life
Sciences Prague
.DPEéFNi 3 SxKdbl, Czech Republic

*Corresponding author
e-mail: cariadwr@gmail.com

PHOTOGRAPHIC DOCUMENTATION OF
THE STUDIED SITES



Figure 1. Alluvial Alopecurus meadow (Alop-3), 28.5.2013

Figure 2. Alluvial Alopecurus meadow (Alop-3), 16.7.2013



Figure 3. Intensively managed meadows (IntensM-8), 1.4.2013

Figure 4. Intensively managed meadows (IntensM-8), 14.5.2013



Figure 5. Maize (Maize-21), 3.9.2013



Figure 6. Mesic Arrhenatherum meadows (Arhen-20), 16.7.2013



Figure 7. Oilseed-5, 30.4.2013

Figure 8. Oilseed-5, 6.8.2013



Figure 9. Oilseed-5, 1.10.2013

Figure 10. Reed beds of eutrophic still waters (Glyc-10), 1.4.2013



Figure 11. Reed beds of eutrophic still waters (Glyc-10), 3.9.2013

Figure 12. Reed beds of eutrophic still waters (ReedL-9), 1.4.2013



Figure 13. Reed beds of eutrophic still waters (ReedL-9), 11.6.2013

Figure 14. Reed beds of eutrophic still waters (ReedT-9), 14.5.2013



Figure 15. Reed beds of eutrophic still waters (ReedT-19), 12.11.2013

Figure 16. Reed beds of eutrophic still waters (Typha-11), 11.6.2013



Figure 17. Reed beds of eutrophic still waters (Typha-14), 16.7.2013

Figure 18. Tall-sedge beds (Carex-12), 15.5.2013



Figure 19. Tall-sedge beds (Carex-12), 11.6.2013



Figure 20. Wet Cirsium meadows (Cirs-2), 30.4.2013

Figure 21. Wet Cirsium meadows (Cirs-2), 11.6.2013



Figure 22. Wet Cirsium meadows (Cirs-2), 1.10.2013

Figure 23. Wet Filipendula grasslands (Filip-1), 30.4.2013



Figure 24. Wet Filipendula grasslands (Filip-1), 16.7.2013

Figure 25. Wet Filipendula grasslands (Filip-1), 12.11.2013



Figure 26. Winter wheat (WheatW-6), 30.4.2013

Figure 27. Winter wheat (WheatW-6), 16.7.2013
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Abstract. Biomass production is a generally well-studied phenomenon but it oftgnfocuses on

simple habitats such as monodominant wetland communities. Informaticaboveground biomass

production of various managed and unmanaged communities wasagctor a research project called

WKH 20LQLPL]DWLRQ RI 5DGLRDFWLYH &R QWD RLIQHD (WRHRWQJI HRSD F/OWD RQL
Zone RI WKH 7HPHOtQ 1XFOHDU 3RZHU 30DQW’"~ WRW URPWXQLWR AWK WH
estimate the amount of biomass potentially contaminated by radiation in caseuofear power plant

accident. In the present paper we introduce the results of biomagkngacarried out in the vegetation

season of 2013 and compare it with the previously published dateci&ly the curve shapes could be

well compared where the relevant data was found in literature, namely in thefcasnodominant

wetland communities. In cases where the data on seasonal productioot \ssailable (e.g. Filipendula

stands) the peak values were compared and found to correspond wellhere was no relevant

published data to be found for 9 stand types (someimicpecies grasslands and crops); together with

detailed description of the sampled stands the original data on the abovegimuadsbproduction is

published for the first time.

Keywords: production curves; grassland stands; wetland stands; arable ondgla

Introduction

Primary production of plant biomass is a crucial basis for other ecosystem processes.
It is strongly related to the flow of matter through an ecosystem (Mooney, 1991) and
thus plays a key role in landscape functions (Wiegand et al., 2004). Besides the
physiology of plants forming a plant community and their ecologic strategies biomass
production is significantly influenced by environmental factors such as climate and
microclimate and the resulting water supply (Palmer and Yunusa, 2011), soil properties,
HVSHFLDOO\ WKH QXWULHQW UHJLPH ytaNRYi HW DO
(Moise and Henry, 2012) otin case of agricultural ecosystertsan extra supply of
nutrients, harvest and other farming practices (Heggenstaller et al., 2009).

The methods to determine biomass production can be generally divided into
destructive and non-destructive types. Belowground (root) biomass is usually
determined by destructive methods such as monoliths (dug samples) or sampling tubes
where the soil is sSUBTXHQWO\ ZDVKHG RXW '\N\MRYI 5\FK
Destructive sampling of aboveground biomass is based on the removal of plants from a
square plot of a precisely defined surface (for grass communities it is generallyrbetwee
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025x025and 1 x 1 mFEl "\N\MRYi 5\FKQRYVNi LWK KI
which often tend to form clusters, the sampling plots have to be larger than the average
FOXVWHUV 2QGRN DQG "\N\MRYI| 2QGRN DQG .Y W

distributed either randomly on the site, which requires more samples to capture the
differences in plant size or density in various conditions (especially when it comes to
nutrients and water availability). The second approach uses sample plots located at
transects along the ecological gradients; this method is more advantageous as it requires
less sampling plots.

Non-destructive methodsor rather a combination of both approachesre based
on the estimation of the aboveground biomass counting the number of stalks and/or
plant leaves in a sampling plot, and multiplying it by the average weight of themnteleva
SODQW SDUWV KDUYHVWHG IURP WKH QHLJKERXULQJ SOI

.Y W DQG :HVWODNH , WKH SORWV DUH KHOG

harvest is carried out in regular (usually monthly) intervals, the seasonal dynamics of
ELRPDVV SURGXFWLRQ FDQ EH REVHUYHG 2QGRN DQG '\N

There are also indirect methods to estimate the biomass production. One of the
indices describing both the plant productivity and biogeochemical fluxes between
YHIHWDWLRQ DQG WKH DWPRVSKHUH LV WKH OHDI DUHD 1
the above described in-situ biomass sampling it is also often a subject of remote-sensing
based estimations of biomass production in the landscape (Na et al., 2003; Cook et al.,
2009) or the global scale.

The biomass production values can be obtained in various forms depending on the
aim of the study, selected method and other circumstances influencing the experimental
design. The biomass amount can be expressed as peak (i.e. the maximum) value or total
(sum) value of the biomass produced by a plant community throughout the growing
season (Scurlock et al., 2002). The seasonal variability of biomass production and its
dynamics can be observed using growth models (e.g. Rosef and Bonesmo, 2005), which
requires regular harvest of accumulated biomass during the growing season.

Biomass production and plant productivity were initially studied as a part of an
overall ecological research of selected important biotopes. A broad research on
productivity of terrestrial, freshwater and marine biotopes was launched as one of the
chapters of the International biological program (IBP). A great amount of measurements
of biomass production and productivity, vegetation density, LAl and other indicators
(such as shoot length, inflorescence number, etc.) of both individual species and
communities was gathered in the Czech Republic under this research project (cf. e.qg.
+HMQé HW DO 192\BK\)N\RMRNiI DQG .Y W 7KH FDPSL
such an extent and aim is rather unimaginable nowadays: biomass production is studied
as a component of crop yield (Heggenstaller, 2009), an indicator of the plant potential
as an energetic source (Bentsen et al., 2014) or a carbon sink (Aosaar et al., 2013).

The data on biomass production presented in this paper were collected in order to
create the growth models of selected plant communities to estimate the amount of
biomass potentially contaminated by radiation in case of a nuclear power plant accident
(Brom et al., 2013); the actual amount of contaminated biomass which would be
necessary to harvest, transport and decontaminate or safely store and its spatial
distribution are some of the key parameters to design later phases of emergency
planning aimed at landscape decontamination. As one of the objectives of the research
SURMHFW 320LQLPL]DWLRQ RI 5DGLRDFWLYH &RQWDPLQDW
(PHUJHQF\ 30DQQLQJ =RQH RI WKH " gras€ldrg, et dHDU 3R Z
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and crop vegetation communities at selected sites located in the Emergency Planning
=RQH RI WKH 7HPHOtQ 3RZHU 30DQW VRXWK RI WKH &]JHF
the growing season 2013 in suitable intervals. There are a few studies covering this
diversity of biotopes and presenting the primary values. The preliminary results of the
aboveground biomass productivity of the studied biotopes are also compared with the
relevant values obtained through a literature review.

Methods
Selection of permanent sample plots for aboveground biomass sampling

B3UHOLPLQDU\ SORW VHOHFWLRQ ZDV UHVWULFWHG WR
.QtQ DQGig.WpORFDWHG LQ WKH 7HPHOtQ 1XFOHDU 3RZHU :
Zone; it was based on the screening of the Natura 2000 maps and Land Parcel
Identification System (LPIS) database. The final selection of the plots was done during
the field survey in March 2013.

Figure ./ RFDOL]DWLRQ RI WKH PRGHO FDWFKPHQWYV LQ (PHUJHQI
and position of the zone in Czech Republic. The sampling site§petl Firs-2, Allop-3,
ReedT-4, Oilseed-5, WheatW-6, WheatS-7, IntensM-8 and MaiZgkUH VLWXDWHG LQ WKH &
catchment, the ReedL-9, Glyc-10, Typha-11 and Caree HORQJ WR WKH .QtQ FDWFKP
Filip-13, Typha-14, Carex-15, Cirs-16, Glyc-17, Allop-18, ReedT-19 and Arrhekv R WKH .Up
catchment.

The overall climatic parameters of the studied area during the 2013 vegetation season
are given orFig. 2.
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Figure 2. Daily sum of precipitation (columns) and mean daily temperatures (curve) in the
Emergency planning zone area in the vegetation season of 2013 (source: Czech
Hydrometeorological Institute)

21 vegetation stands in total were selected covering a wide variety of natural
conditions (from freshwater to terrestrial biotopes) and types of land use (agricultural
arable and grassland stands and non-agricultural semi-natural and natural non-forest
vegetation). Agricultural crops were sampled on a one-plofpgp basis given their
low production variability. Four crop species were selected covering the largest area of
WKH DUDEOH ODQG LQ WKH (PHUJHQF\ 30DQQLQJ =RQH
VDPSOLQJ VLWH VSULQJ RUWORSHHGKUD S DO OPMHH B
30DL]H
The grassland stands were sampled along the gradient from a dry to wet grassland.
The sample sites were selected to cover each wetness level by two stands (e.g. dry
JUDVVODQGY DUH UHSUHVHQWHG E\ WHHQW®I WM @WIGY HO\ F
WKH 3QArhelatherumPHDGRZV™ >3$@KHIDLUV Ré agKdituatddW HV D
WR FRYHU WKH 3DJULFXOWXUDO”" &4LPXWLFH DQG .QtQ DAQ
,Q WKH SUHVHQW ZRUN ZH VWXGLHG XG@KEQUrIJHG VWDC
JUDVVODQG ™ 3HHAISH QG €Cirsith PHDGR Z™ - 3& L Wd¥ was
QRW PRZHG 7KH PDQDJHG VWDQGV ZHQUrsiulPAPBSDEBRAQWHG |
3&LUV 3$00 XApdzdus PHDGRZ™ -33$0RS$OR’'S SOHVLF
Arrhenatherum PHDGRZ’ ISUUKBIQG 3, QWHQVLYHO\ PDQDJHG
S, QWHQV®BOO W Koy \er® iHdwved twice in the observed period, and the
3 QWHQWDV HYHQ FURSSHG LQ WKH DXWXPQ
Natural and semQ@DWXUDO JUDVVODQG FRPPXQLWLHYV ZHUH L
Cirsium PHDGRZV"™ 7 - ~ 3&1:bFipendula JUDVVODQGV’ - 7 3)LOL
3)LOLS 37-BGJH EHGV™ 0 ~ 32&DWUH[][ DQG 35HHG EHGV R

! The nomenclature and codes of the vegetation stands follow the Habitat eatfitigel Czech
5HSXEOLF &K\WUé& HW DO GHVLIJQHG URU WKH 1$785% KDELW
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HXWURSKLF VWLOO ZDWHIHHGO3*O\F5S HHES/KD 37\SKD
© 3*Q\F 35HHG7 $ VKRUW GHVFULSWLRQ RI WKH FRPPXQ

& K\WHJ DO DQG RXU UHOHY phabBatstbigeteP WiG tyjRe) WKH V\
of management of the sites is given in the following text afdchin 1

Table 1Management type and phytocenologic characteristic of the sampled stands.M, J, S

cover (in percent) and number of species in May, July and September.Ratio (&:L:F)

proportion of grasses, legumes and herbaceous plants; the grasses group besides the

Poaceae grasses involves also Cyperaceae, Juncaceae and Typhaceae. The percentage at
theindvLGXDO VSHFLHVY UHSUHVHQWY WKH DYHUDJH FRYHU FDO|
'LDIJQRVWLF VSHFLHY DUH OLVWHG DIWHU &K\WUé& HW DO
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Reed beds of eutrophic still waters (ReedT-4, ReedL-9, Glyc-10, Typha-11, Typha-14,
Glyc-17, ReedT-19)

The littoral vegetation of fishponds, dead river arms and banks of slow-moving river
parts, poor in species. They are characteristically dominated by one species determining
the physiognomy of the stand; the stands can reacH @p5in height and the adequate
dLYHUVH DPRXQW RI ELRPDVV &K\WUé HW DO 7TKDW
classified according to the dominant species into three classes: Reed beds of eutrophic
still waters with dominant Phragmites australis (ReedT-4, ReedL-9, ReedT-19), Reed
beds of eutrophic still waters with dominfiypha angustifoliaandT. latifolia (Typha-
11, Typha-14) and Reed beds of eutrophic still waters with domélgmeria maxima
(Glyc-10, Glyc-17).
Both the littoral and terrestridPhragmitesstands of the ReedL-9, ReedT-4 and
ReedT-19 classes belong to this group. The first two stands were relatively typical in
terms of their species composition (SE&b. 1), with some untypical accompanying
species only present in the ReedT-19 class, although their proportion was not high.
These were species belonging to the Wesium meadow, e.gScirpus sylvaticys
Cirsium palustreGalium palustreand also ruderal speciddr{ica dioica).
The Glyc- zZDV D W\SLFDO VWDQG RI LWV ELRWRSH W\SH D
(see Tab. ). The Glyc-17 species composition was more variable @thceria
maximaas a dominating species but there was also a small proportion of the Tall sedge
bed species such &arex rostrata Peucedanum palustrer ruderal speciedJtica
dioica, Cirsium arvenge

Tall-sedge beds (Carex-12, Carex-15)

The stands dominated by tall sedges are typically situated on littoral shallows and
banks of fishponds, river arms in late stages of succession, inundated river and stream
alluvia or waterlogged depressions on meadows. Frequently they adjoin the eutrophic
PhragmitesVWDQGV &K\WUé HW DO

Carex-12 and Carex-15 were both adjacent to the littoral reed stands. The water level
had been under the soil surface for most of the year, which probably led to the absence
of wetland species and the dominance of some ruderal species suclyeagthdioica
andGaleopsis bifidaln other aspects both of the stands with the domiGangéx acuta
and other accompanying species corresponded with the biotope classification according
WR &K\WUé HW DO

Wet Filipendula grasslands (Filip-1, Filip-13)

The community usually arises from fallow WEirsium meadows; it is often a
monodominant stand éfilipendula ulmariawith an admixture of other tall plants.

Whereas the Filip-1 class corresponded well with this biotope type description
DFFRUGLQJ WR &K\WU é -#H3Mtandwas partiallyWwuHeralised(Wwigh the
presence of thertica dioica, Galium aparing.

Wet Cirsium meadows (Cirs-2, Cirs-16)

Wet meadows rich in species on waterlogged gleysols in stream and smaller river
alluvia or springs ranging from lowlands to mountainous areas. The groundwater level
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is permanently high. The meadows are mown once or twice a year; they rapidly change
in line with the change in management.
The Cirs-16 is situated in the estuarine part of a fishpond. It is @nrgecies stand
dominated by thé&cirpus sylvaticugnd including 22 more species representing up to
45% (cf. Tab. XY). The stand generally corresponded with the description according to
&K\WUé HW DO EXW WKH SURSRUWLRQ RI WKH VSHFLHYV
Glyceria maximaPhalaris arundinaceaand also ruderal species such as Utca
dioica, Cirsium arvensgGalium aparine etc.) was higher.

Alluvial Alopecurus meadows (Alop-3, Alop-18)

Fresh wet meadows in inundated areas of stream alluvia, on deep soils rich in
nutrients situated from lowlands to submontane areas. These meadows were mown at
least once a year.

Mesic Arrhenatherum meadows (Arhen-20)

Meadows of lowlands and hilly areas rich in species on nutrient-rich soils dominated
by the Arrhenatherum elatiusor submontane meadows on oligotrophic Cambisols
poorer in nutrients dominated by tAgrostis capillarisandFestuca rubraThe stands
were usually mown twice a year and occasionally grazed.

Intensively managed meadows (Inten@M-

The meadows or clover/grass mixtures poor in species, well manured and
occasionally ploughed. The prevailing species are grasilegpegurus pratensis,
Dactylis glomerata and nitrophilous broadleaf herbaceous plaftargxacumsect.
Ruderalia Rumex obtusifoliyAntriscus sylvestr)s

The mowed meadows with their structure and proportion of diagnostic species
corresponded well with the biotope des@WLRQ DFFRUGLQJ WR &K\WUé& H)
IntensM-8 was a standard trefoil-grass mixture with the domimanaxacumSect.
Ruderaliaand presence of a small proportion of many field weed species. The stand
was mown twice in the 2013 season and after the second mowing it was grazed until
November.

Sampling of aboveground biomass

The amount of aboveground biomass was estimated by destructive sampling from
sample plots situated along the moisture-based transect (to cover the variability of the
stands as much as possible) at regul&05m distances (according to the area of the
stand). Five squares comprising the surface of 0,5 x 0,5 m were cut from each stand.
The total of 105 plots (5 plots from each of 21 vegetation stands) was sampled during
each sampling term. The biomass was cut just above the ground by garden scissors. In
case of nonPDQDJHG VWDQGY GHDG ODVW \HDUfV VKRRWV L |
The biomass was weighted, driedat@& DQG ZHLJKWHG DJDLQ '\N\MRYi
DQG .Y W 5\FKQRYVNi 7KH VDPSOLQJ zZDV FDUU]I
of March to mid-November 2013 (the exact values are statedygn3 +9 andTab. 2.
The intervals between sampling dates were chosen according to the growth intensity of
the stands (the highest intensity in spring; less frequent sampling in the autumn). 11
VDPSOLQJVY ZHUH GRQH DOWRJHWKHU 5HOHYpPV RI DOO V)
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during the sampling carried out on the™1Mlay, 16" July and & September. One
control sampling was done on the™Buly 2014 on the WheatW-6 and Oilse®d-
sampling sites.

Results

The production values are presented both in the form of prodwurves Fig. 3 £9)
and the average values of the individual sampling datestbieattudied stand34b. 2.

The Phragmitesproduction of biomasd=(g. 3) have similar curve shapes in all the
locations; the minimum values were observed on the first sampling date in April and the
maximum was reached in October, whereas the maximum value of the ReedL-9 littoral
VWDQG LQ .QtQ ZDV KL Fkirabthat of thed ReedT-19 terrestrial stands
LQ .UD %y aRd the ReedT- VWDQG LQ A4LPXWLF% The J "1 P
development of the ReedT-4 and especially the ReedT-19 terrestrial stand was notably
slower in springtime than that of the ReedL-9 littoral stand; the differences between the
values reached up to 1,300 g DW#in May and June. The decline of the curves is of a
different intensity - the November values drop below the spring (ReedL-9), summer
(ReedT-4) or only autumn (ReedT-19) values.

Figure 3. Dry biomass production of the Phragmites reed bed community

The Glyceria stands Fig. 4) display a similar curve development in both locations.
The Glyc-10 performed in general lower values than the Glyc-17. There is a greater
difference between the maximum values at the Glyc-17 (1,291 g DW4nd Glyc-10
(940 g DW*m?), both reached in July. The Glyc-10 curve also declines faster and lower
than the Glyc-17 one.
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Figure 4. Dry biomass production of the Glyceria reed bed community

The curves of tall sedges standsg( 5 follow a similar trend until the June
sampling, when the Carex-12 stand reached its maximum (970 g DW4nu then
slowly declines; the Carex-15 stand, on the other hand, increases until the beginning of
August and then declines fast and low. The maximum value reached was almost
identical (963 g DW*nif).

Figure 5. Dry biomass production of the Carex reed bed community
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The Typhacurves Fig. 6) have again a very similar development in both locations.
Typical is a long, relatively slow increase and maximum values occurring in late
September (1,461 g DW*fmat the Typha-11 stand, 1,129 g DW#*mt the Typha-14
stand). There is an insignificant peak at the Typha-14 stand, and the decline towards
October sampling date is very slow.

Figure 6. Dry biomass production of the Typha reed bed community

The biomass curves of unmanaged @esium and Filipendula meadows Kig. 7)
show an interesting similar trend between the Filip-13 and Cirs-16 stands which also
reached the maximum values on the same date in August (1,248 g B\t‘the Filip-

13 stand, 922 g DW*fat the Cirs-16 stand), then significantly declined. The Filip-1
stand had a different developmeséfter a rapid increase between May and mid-June
there were no dramatic changes in values. The maximum (1,172 g BW+mas
reached in July.

The curves for managed (mowed) meadows of various tyfigs § show many
similarities in their development. In general, the first mowing (between 11 and 27 June)
was obviously done after the first period of the post-peak decline; all the maximum
values were reached at the end of May except for the Cirs-2 stand (11 June, 380 g
DW*m™). Surprisingly, the highest biomass value was not observed in the intensively
managed and nutrient-rich stand of the IntensM-8 class (540 g Dybut in the
Alop-3 stand (577 g DW*M). The Alop-18 and Arrhen-20 stands had lower peak
values (471 and 389 g DW*firespectively).

The second peak was reached in August in all cases. All the locations except the
Alop-18 were mown just before the sampling date of tAeS8ptember; the Alop-18
stand had not been mown until tHe September. The highest values of the second peak
occurred at the Cirs-2 stand (361 g DW*mwhich is comparable to the first peak
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value. The biggest difference was observed in the Alop-18 stand (by approx. 350 g
DW#*m™). Other locations show an even decline between the first and the second
mowing by approx. 15800 g DW*m?.

Figure 7. Dry biomass production of unmanaged wet meadows

Figure 8. Dry biomass production of mowed meadows
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The Arrhen-20, Cirs-2 and Alop-3 stands also forrtiesl third peak in October; the
biomass amount was relatively even on these laslitl65, 164, and 140 g DW*m
respectively). The continuing decline of the Inter8®Urve is caused by autumn grazing.

Biomass curves of cropBig. 9) differ significantly both as to their trends andues.

Figure 9. Dry biomass production of agricultural crops

Table 2 Average values of average biomass values (g DW*m-2) of all stands in all sampling
terms.

The Maize-21 curve shows a rapid increase between July and October and the
maximum value was reached in this late period just before the harvest (2,430 g DW*m
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%). The Oilseed-5 curve evenly increases until the harvest time in July (the maximum
value is 1,458 g DW*M); since it was grown as a winter crop, the curve declines after
harvest (8 August), then falls to zero r&eptemberﬁploughing) and slowly increases
again in the autumn. The wheat curves, interestingly, have a different develogiment
WheatW-6 curve shows more similarities with the oilseed biomass growth and reaches
even a higher maximum value (1,505 g DWAnbefore the harvest, then it declines
and only in November a slight increase could be observed. The WheatS-7 spring wheat
curve increases slowly and evenly until the pre-harvest maximum also in July, which is
only almost a half of the winter crop peak value (817 g DVf}ynit was possible to
capture the biomass value of stubble in August (145 g DW*nhen the field was
ploughed.

Discussion
Discussion on methodology

The methodical approach of this study was defined to balance three fadtoes
needs of the above mentioned research project, representativeness of the samples and
obtained data, and the possibility and requirements of the biomass sampling procedure
and processing.

The studied biotope types present representative samples of non-forest landscape
elements in the Emergency Planning Zone; they cover 51% of the non-forest area of the
zone RI WKH WRWDO DUHD RI WKH JRQH 9LQFLNRYI
ORFDWLRQV ZHUH VHOHFWHG DV W\SLFDO VWDQGV RI WKt
catchments which were chosen as the sample areas of the project; nevertheless, it woul
be more accurate to sample at least five stands of each biotope to cover the nutrient,
moisture and other variability of the environment and its impact on the biotope. This
method would be of course much more demanding and time-consuming (sampling must
be carried out on the same date) and it is generally applied for detailed studies of one or
D IHZ ELRWRSH W\SHVY HJ .DSORYiIi HW DO

Similar limits defined the sampling method itself. Three sampling points is the
minimum number to acquire represeiddc YH GDWD '\N\MRYi ILYH VDP
a good enhancement of the representativeness; situating the sampling points along (in
most cases) the moisture transect helped cover the diversity of the stands even better.
Also the sampling dates were chosen in sufficient intervals, covering more precisely the
estimated peaks of the biomass amount than the end of the season. This approach is
very important especially in case of wetland communities, with a rapid growth in the
first half of the vegetation season such asRheagmitesVWDQGYV H J ytaNRYi H\

‘\N\MRYi DQG .Y W

The procedure of sampling the plots and further biomass processing was carried out
DFFRUGLQJ WR WKH VWDQGDUG PHWKRGRORJ\ '"\N\MRYI
and Westlake, 1998).

Discussion on results

The results of the biomass production sampling are generally difficult to compare
with other authors regardless the fact the methods used are identical, because the
conditions of the stands vary both in space and time. They are influenced especially by
nutrient and water supply depending on the micro-, meso- and also macroclimate of the
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area Comparing the biomass values of the same plot sampled during two different
growing seasons can be a bit tricky as well because of the differences in the yearly
distribution of precipitation, temperatures and sunny days; spring temperatures and
ZDWHU DYDLODELOLW\ DUH HVSHFLDOO\TheB&RadWDQW .Y
sampling was significant for its very wet springtime and relative lack of precipitation in
the second half of the year (Eig. 2). In the following text the comparison of measured
and reviewed biomass values was done mostly by comparing the trends of the
production curves, where available, rather than focusing on the individual values.
Especially in case of the ridh-species stands the variability of values can be higher
than in monocultures; that is why we provide a detailed description of the species
composition of the stands both Tab. 1 and in the text to explain the occurring
differences.

Reed beds of eutrophic still waters dominated by the Phragmites australis

The first shoots of the ReedL-9 littoral reed community appeared in March and an
intensive growth was observed until the end of June; the maximum (2,309 g B)W+*m
was reached at the beginning of Octolieig(3). The shape of the growth curve is
FRPSDUDEOH WR WKH UHVXOWY RI '\N\MRYi DQG +UDGHFI
situated iNWKH 7 HER UHJLRQ G6RXWK %RKHPLD DOWKRXJK
there in September and the value was lower (1,824 g DW*m.Y W DQG :HVWODN
(1998) published th&hragmitesgrowth curves measured in South Moravia (Czech
Republic), England and Denmark. These curves followed a similar trend, only the curve
from South Moravia increased faster than the other curves, situated in colder areas. Our
ReedL-9 littoral stand best corresponds with the curve from Moravia whereas the
terrestrial reeds of the ReedT-4 and namely ReedT-19 stands, with their slower increase
in spring, rather resemble the English production curve.

Significantly more information was found on the maximum reached values of the
biomass of th&hragmitessVWDQGV '\N\MRYi DQG .Y W VWDWHG
values of eleven South-Bohemian and six South-Moravian fishponds (both locations to
be found in the Czech Republic) sampled between 1965 and 1969. They ranged from
890 to 2,730 g DW*ns (littoral stands of South Bohemia) and from 865 to 1,930 g
DW*m™ at terrestrial stands in Moravia. This reflects the variability of biomass
production; warmer Moravian locations also reached their maximum up to 1.5 month
HDUOLHU WKDQ WKH 6RXWK %RKHPLDQ IovHK&R@&Y Y W
of the aboveground biomass between 600 and 3,500 g DAWimher study on the
PhragmitesELRPDVYV SURGXFWLRQ LQ (VWRQLD .VHQRIRQWRY
biomass values between 668 and 1,311 g DW*@ur measured maximum values
correspond well with these data. The later maximum valu&©¢tober 2013) could
have been caused either by the site conditions or the sampling year climate course but
are by no means unigue' \N\MRYiI DQG .Y W PHDVXUHG WKH SHD
9" October 1966.

Reed beds of eutrophic still waters dominated by the Typha angustifolia

.Y W DQG :HVWODNH S XE O LV K HIigph&/ &gusiifolie ZWK F XU
observed in various regions of the Czech Republic. Initially its increase was less steep
than that of thd>hragmitescurves, which was confirmed in our locations as well. The
Typha- FXUYH WUHQG PD[LPXP YDOXH DQG GDWH DUH LQ
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"HVWODNH "\N\M RY0) we3dhtedth&/maximum values measured

in littoral stands of the Opatovice fishpond in South Bohemia in August and September,

ranging from 1,570t0 3,880 gDW*Mm .Y W DQG +XViN SURYLGHG VLI
(1,0008,000 g DW*n®). Our maximum values (1,461 and 1,129 g DW*m

respectively) correspond with the published results; nevertheless, the range of maximum

values is again relatively wide.

Reed beds of eutrophic still waters dominated by the Glyceria maxima

The Glyc-10 and Glyc-17 growth curves, especially the increasing part until the June
maximum, entirely correspond with the results published DIHW tN 7KH
maximum values were identically measured in June and are fairly similar (1,090
PHDVXUHG E\ 3HW tN RXU UHVXOWY ra3pettively). Th® G J
GHFUHDVH RI RXU FXUYHV LV UDWKHU VORZHWe 7KH FXU’
(1998) from the Czech Republic and England are similar except that the spring increase
occured later and the maximum values were reached in September and October. Again,
this can be caused by yearly weather development, general climatic conditioes of th
DUHD DQG VWDQG FRQGLWLRQV .Y W DQG :HVWODNH
crop (6004,100 g DW*n) in the mild climate and relatively poor soil conditions of
the English location; also the peak is relatively broad, because while old shoots are
dying new shoots are emerging from July to September. In the more extreme climate
and fertile soils of the Czech Republic the maximum standing crop is higher §1,200
3,200 g DW*n¥) and the peak is much more distinct. The growth strategy of the
Glyceria maximas different from thd?hragmitesand Typha,some of the green shoots
overwinter and increases rapidly in the spring and new shoots grow later. This is also
influenced by the maturity of the stand.

$V WR WKH PD[LPXP YDOXHV .Y W DQG +XVIiN VWD
2,600 g DW*n¥ '\N\MRYi DQG .Y W P H D VXtuheGlluvial J ': P
pond of the Dyje river (South Moravia) and 1,387 at a South Bohemian fishpond.

Tall-sedge beds

The growth curves of these stanégy( 5) are very similar until June. The Carex-15
curve continues increasing until August and falls down relatively quickly afterwards. A
VLPLODU WUHQG ZDV SXEOLVKHG ECarex nostratg@and bV W O DN H
Minnesota. The Carex- FXUYH LV PRUH VLPLODU WR WKH JURZWK F
(1977) who also noted an even growth until the June peak followed by a slow decline.
.Y W DQG :HVWODNH VWDWH W&ék reddgtabiotassyreachigl IRU WK
700 g DW*m-2; Prach et al. (1996) measured 940 g DW*m-2 irCthecutastand in
WKH ULYHU /XaQLFH DOOXYLXP ZKLFHKbLY YXNDYWALNWILODU
(1988) stated the maximum biomass between 627 and 1,059 g DW*m-2 for a vegetation
community dominated by thé€. acuta and accompanied by th€alamagrostis
canescensnd othelCarex VSHFLHV ZKLFK ZDV UHDFKHG LQ $XJXVW
PHDVXUHG WKH WRWDO PD[LPXP ELRPDVV RI WKLV FRPP>
(South Bohemia, Czech Republic) corresponding to 546 or 670 g DW*m-2 respectively
where the proportion of th€. acuta ZDV DQG J 1RYIN VWDW
maximum total biomass of a similar community of 644 g whereCthacutabiomass
only reached 248 g.
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Meadow communities rich in species

A few studies were found focusing on the aboveground biomass production of the
rich-in-species meadow vegetation communities. Their high variability poses
difficulties when comparing the different stands: there were not many analogies to be
found in literature especially for the unmanaged meadows of the Filip-1, Filip-13 and
Cirs-16 classes. Prach et al. (1996) stated a maximum standing crop value for the stand
dominated by théilipendula ulmariaof 1,009 g in July, which is only slightly lower
than our values.

The growth curves of the studied mown meadow stands are quite similar,
characteristic by a steep increase until the first mowirg. (8). The growth of
grassland until the second mowing was less intensive and the maximum values reached
approximately from one to two thirds of the first peaks. The maximum values especially
before the first mowing were influenced by the stand type, especially its nutrient
richness and water availability.

3HW tN REVHUYHG D ELRPDVWudddtedZié&kdowQami KH & R Q)
Intermittently wetMolinia meadows in South Moravia during three years. The seasons
differed more in terms of the maximum values than the curve trends which were quite
similar and are well comparable with our curves.

Crops on arable land

We sampled the crop species that are most common in the studied area nowadays.
Only the production of the crop parts which are then used (i.e. grain, straw, tuber or
seed) is important enough to measure so it is practically impossible to find relevant data
RQ WKH WRWDO DERYHJURXQG SURGXFWLRQ RI DQ\ FUR
growth of oats and the maximum biomass he provides is 890 g DWthis value and
the curve trend is analogous to our values for spring wheat. In case of silage corn, which
is harvested as a whole, the yield values of various hybrids ranged from 1,400 to 2,050
g DW*m™ (cf. http://www.zea.cz/). Our measured values are higher due to different
cropping practicest whereas we harvested the biomass just above the ground, the
harvest machines leave stubble of approx. 30 cm in height.

Surprising was the high production of biomass of winter wheat which far exceeded
the seemingly richer production of oilseed. Facing the scarcity of relevant and
comparable data in published papers we performed another sampling of both spring and
winter wheat and oilseed crops in the estimated peak period of the 2014 vegetation
season. Both the values were higher than the peak values of 2013 (2,612 ¢°Ba*m
wheat and 1,921 g DW*infor oilseed) which was probably caused by better growth
conditions in 2014 but their ratio was almost identical (56 to 44% in 2013 and 58 to
42% in 2014). This can be understood as an example of a highoyg=ar variability
of the aboveground biomass production. On the other hand, it means the ratios could
serve for comparing the production curves for different seasons and it is a certain proof
that the methodological approach we used was correct and suitable.

Conclusion

The paper summarizes the results of the annual biomass production measurement for
many different biotopes and vegetation stands. It is generally not common to study
biomass production of such wide variety of biotopes, especially when it comes to the
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stands with high species diversity such as various meadow types; this paper can
therefore be used as a reference material for similar vegetation stands. This was also the
reason why we provided a detailed description of species composition and abundance of
the stands.

The results are compared with literature in cases where the values of adequate stands
were available and the measured and reviewed values and/or curve trends were in
almost all cases similar. This also supports the credibility of our results for the stands
where no comparable data was found during our review.

The outputs of this study will be used in the above mentioned project to model the
total amount of biomass which could be potentially contaminated by a radiation leak.
Such an event can occur anytime in the year so the estimation of a momentary biomass
SURGXFWLRQ RI WKH YHIHWDWLRQ VWDQGY SUHYDLOLQJ
Zone is necessary. Nevertheless, the data can be used in an even broadsfiosehse
purposes of an estimate of biomass production as a source of renewable energy,
observation of carbon balance and nutrient supplement, etc. Another important aspect
can be the contribution of these data to broad-scale biomass production models, which
are usually based on satellite imaging and often lack the direct in-situ caliloftion
computed values.
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Abstract. Karsts are recognized as fragile environments wherestf degradation is faster and the
composition and growth rate of vegetation is considered @®auct of the interactions between karst
ecological factors. A representative sample of vegetailots from a systematic sampling was analyzed
in Longhushan, southwest China. The sampling combined measusemie species number with
extensive information on geological, environmental, asitfactors to establish species response to the
single or combined influence of these factors. Both Geéragrd Generalized Linear Models predicted
richness as a function of the combination of variablesh the three groups. Richness increased with
elevation, slope, moisture, and in dolomite dominatedsaieut decreased with organic matter. Patterns
of richness were dependent on complex relationships betwégegewlogical, and environmental factors,
within this complexity it appeared that rock type playediraportant role. Evidence of significant
variations was provided after combining variables fribia three groups, suggesting their interactions
influence on plants. Our findings have implications foe tmderstanding of these interactions and
suggest that plant species can be affected by it, and alsonese rock type may be an important
parameter to consider while examining relationships betvpdant and environmental factors in karst
areas.

Keywords: trends in plant species richness, environmental habitat fadtuesactions, karst forest

Introduction

Plant communities and biodiversity are believed to havegh degree of spatial
variability that is controlled by both abiotic and biotiactors. Many types of
environmental changes may influence the processes thabath augment or erode
diversity (Sagar et al., 2003). The understanding of patemd processes of biological
diversity in space is a fundamental problem in ecologly@mservation (Rosenzweig,
1995; Moritz, 2002), given the increasing rates of species ogiin and human
alteration of natural habitats.

Richness, the number of species per unit area, is a sangdleasily interpretable
indicator of biological diversity (Peet, 1974). Plant riebs is said to be likely governed
by two or more environmental factors (Margules et al., 198usd® 1994; Austin et
al., 1996) and variations in richness are often linked to war@mvironmental gradients
(Wang et al., 2002; Sharma et al., 2009). For instance tiele\gaadients are one of the
most commonly discussed determinative factors in shapiagspatial patterns of
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species richness (Lomolino, 2001; Chawla et al., 2008; Aaletrgl., 2011). Studies on
the variations in species richness along elevation gmeéglhave resulted in at least five
patterns and all trends have been discussed in relaiodifferent environmental
YDULDEOHV .|UQHU Rahbék)\ W0Q5H YVopograghy is correlated with
other important environmental variables including the physicd chemical properties
of the soils. Topography has also an important role mtroting the distribution of
light, heat, moisture, and the strength and frequendajistiirbance (McDonald et al.,
1996; Shen et al., 2000). However, most researches havdy niatused on the
relationships between soil and plants or plants and topbgi@&Vvu et al., 2001; Gong et
al., 2007; Yue et al., 2008), while further studies of theimriatationships is required
(Liu et al., 2003Ye et al., 2004).

The geology is also an important factor to consider whealyaing the spatial
patterns of plant species. The influence of geology caspliteinto the direct influence
of rock type itself (chemistry and physical structure)] #re indirect role that it plays
in soil formation as well as the development of strustaihat influence the distribution
of plants at a range of scales (Cottle, 2004). Studies $taawn associations between
geological substrates and tree species distribution anchoaity composition (Reiners,
2002; Tuomisto et al., 2003; Phillips et al., 2063 Steege et al., 20p6ayolle et al.,
2012). Yet, there are limited examples showing the signifeafiche direct influence
of rock type (its chemistry) on plant distribution (d&t2004).

Properties of bedrock, soil, and topography are thus itdegceand associated with
plant species, but the problem is to define what thiscist#on is and at what level.
Examining simultaneously these factors could improve our stateting of the spatial
patterns of plant species in a particular geological enment like karst mountains.
Karst ecosystem, described as the ecosystem thastiained by karst environment
(Yuan, 2001), especially by karst geological setting (Cao e2(f3), is recognized as a
highly complex interactive system which incorporates compbriandforms, life,
energy flows, water, gases, soils and bedrock. Perturbatmmy one of these elements
is likely to impact upon the others (Yuan, 1988; Eberhard, 1994)dRémn and
understanding of the importance and vulnerability of this dymanteraction must
underpin the effective management and conservationrsif faaest resources.

This research examines patterns in tree species richnesgham ecological
correlates in the karst forest of Longhushan Natureei®es(LNR), southwest China
(SW China). Located at the northern edge of tropical ,Abia karst landscape of SW
China is one of the most typical landscapes developennestbne in the world (Yuan,
1993; Liu, 2009). These mountains have unique types of vegei@iwmng et. al.,
2010) and evolved into a cluster of distinctive mini-hotspotsvéVer, plant diversity
is threatened by rapidly changing land use patterns jicabAsia (Sodhi et al., 2010),
where forests are becoming increasingly disturbed andhéated (Sodhi et al., 2004;
Laurance, 20070 it is said that more effort should be made to document bicsliye
in the region (Webb et al., 2010).

Due to the rapid increase of population and related excesspleitation of the
UHJLRQYTV QDWW XabiaOdadtHistienX farmihyy, logging, infrastructures, fuel
wood, tourism, deforestationjhe karst lands of SW China are faced with serious
degradation sequences. The anthropogenic influence combirtbdthei ecological
fragility of the karst system often result not only lre toss of biological diversity, but
also in forest degradation to shrubs, grasses, or eveock desertification in some
areas, making ecological restoration and reconstruatiperative (Wu et al., 2008;
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Song et al., 2008). LNR has the advantage of relatively widbkshed vegetation even
retaining the arbor layebut also under significant anthropogenic influences whicy ma
exceed its environmental carrying capacity. The area is hemaedeal research habitat
to study plant species, the range of environmental conditiowhich they develop, and
species patterns in such ecosystem.

The main purpose is to explore patterns in tree specidmess and their
relationships with the interactions among environmentaltéaliéctors. The study
intends to examine: 1) dominant species in plant communi@esock type, soll
characteristics, environmental factors, and their siedfiects on richness; 3) species
richness response to the joint effects of rock typéaswoi environmental factors; and 4)
the dominant species distribution along significant environatewariables These
informations could be useful in the development of mamege, conservation, and
restoration strategies of forest ecology and biodiwsensikarst regions.

Materials and methods
Site location and description

The study was carried out in LNR located in the subtadpézea of southern
China at the northern edge of tropical Asia, Nanning cityar@ui Zhuang
Autonomous RegionHigure 1). LNR covers an area of 2255.7 hectares and is
bounded between latitudes f + WR f 1 DQG ORQIJLWXGHYV
The area has a monsoonal climate characteristic of theogpid#l zone and is
influenced by the regulation of a maritime climate. The annvalage temperature
LV &2 ZLWK WKH DQuiaibnOof 508 UrinJ which UsHrRdstly
centralized in summer. The reserve belongs to Guangxi whigtagnized to have
one of the key forest areas in southern China with high pladiversity. However,
aside from being divided by a highway, the status of tha &dhat of a nature
reserve and tourist attraction. Longhushan is also a primederve with an
increasing impact from both primate population density arntirapogenic impacts
through agriculture, facilities and infrastructure depeld for tourism.

Figure 1. The location and presentation of LNR
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Sampling design and analysis

A representative sample of vegetation plots was analymmmh a systematic
sampling implemented in the reserve, using 30 meters squaratpua@idomly located
along four southorth transects lines. The sampling combined measureme piaraf
species number per quadrat, with extensive information ok mge (RT), soil and
other environmental variables, allowing for the directsideration of the interactions
between different environmental habitat factors. Rock afldsamples were collected
from 17 quadrats, in addition to several environmental blsaincluding elevation (E),
slope degree (Sd), canopy cover (CC), soil depth (SDp), gteamokerature (GT), and
ground cover (GC). Rock samples were collected from titeraps on the surface of
each quadrat, while soil samples were collected from fheotolayers after the removal
of leaf litter.

The basement material of karst is carbonate rock ceenpd limestone (mainly
composed of calcite=CaCO3), and dolostone (composed of dolorgi@aMg (CO3)2).
Rock samples were analyzed by a staining method for the pegeecontent of calcite
and dolomite, using alizarin-red test (Friedman, 1959; Wdr@@2). Soil samples were
examined for some major characteristics that haveiantie on other properties and
nutrients availability, including texture (ST), moisture (M), and organic matter
(OM) content. Soil M was analyzed using the standard gravon@thod (oven-dry
method), while pH was obtained using the soil-water suspens&hod. The classic
rapid dichromate oxidation technique was used to determine sganic carbon
(Nielson and Sommers, 1982). Soil type was examined using$imA method to
determine soil textural classes based on percentagentohtand, silt, and clay.

Statistical analysis

Statistical analysis was conducted at 95% confidence intgov@l.@5 CI) using
SPSS 19 software. Data were divided into four groups includingjang of response
variable (species richness or plant index), and threepgrof predictors including soil
characteristics (SDp, ST, M, pH, OM), geological factoim)Rand environmental
IDFWRUV ( 6G && *& *7 SHDBQRYWIHWWHBS @WH HF EWLY |
correlations between each predictor and richness as svéleacorrelations among the
predictors. Analysis of variance (ANOVA) was applied toreixe the effects of RT or
ST (categorical variables) on plants by comparing the geespecies richness between
different RT and ST levels. ANCOVA examined the influen€&T while controlling
the effects of covariates from soil or environmentatdrs. Furthermore, predictors
from all three groups were tested separately and thenmibinations in four multiple
linear regressions (MLR) models to find the best fit fohmess. Models 1, 2, and 3
were designed to test the single effect of each groupe wiodel 4 was fitted with
combinations of variables selected from all three groups ¢dligir richness. The
equation to calculate the predicted value of richnesstHersignificant model was
established following the general form of the MLR funatimelow.

Where Y is the response value of richness #hey-intercept, Bto By represent the
regression coefficients,Xo Xy are the different predictor variables.
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Moreover, as the effects of environmental variablegplant species may not be
linear in nature, the generalized linear model (GzLM) expahdsGeneral Linear
Model (GLM) so that richness is linearly related to the mteds via a specified link
function, and also allows richness to have a non-nodisadibution. Species richness
being a count variable, Poisson model was selected essanable candidate response
distribution with the natural log as the link functidiredictors from all three groups of
factors were tested separately and then collectivedgweral combinations (within and
between groups) including and excluding different variablese@an their goodness
of fit (GOF) test statistics, four models were designedshow the effects of the
interactions between variables from the three groupso”Ath& MLR analysis, models
1, 2, and 3 were designed to test richness as a functitre fingle groups of soil,
geological, or environmental factors, while model 4 wé#®di with combinations of
variables from the three groups to predict richness. Thacpeddvalue of richness for
the significant model was calculated following the gendoaim of the Poisson
regression (PR) function, where the natural log of rishne predicted with a linear
combination of the predictor variables.

Where B, B, « % represent the regression coefficients and X; « ;,the
different environmental variables used as predictors inbéels.

Results
Characteristics of plant communities, soil and geological factors of the studg are

Table 1 presents the basic descriptive statistics of all varialelesmined.
Dolomite dominated in 11 samples varying from 70 to 988presenting about 65%
of the studied plotsf URP ZKLFK PRUH WKDQ KDV GRORPLWH FR
five percent (75%) of the studied area was dominatednaydnd medium textured
soil, while 25% was found with coarse and moderately ebamsls. Soil pH was
moderately acidic in two plots (5.25 and 5.71) representing6Pb, while over 88%
of the surveyed area was found with pH ranging betweear meutral to
moderately alkaline (6.66-7.91). This agrees with thsults of previous studies
(Liu, et. al., 2006; Hu, et. al., 2009) in another southwest China karst area
(Guizhou province). OM content interpreted according tot42007) showed that
nearly 53% of the study site was found with high OM con{eb®bo) and 47% with
low OM content (<5%). Considering the moisture interpretatiwartcof Harris and
Coppock, (1991), about 88.23% of the sampled plots hasficieat available
moisture (50% or less), whereas only 11.76% has sufficieaitadle moisture (50
to 75%). Plant communities were generally evergreen wdlimitation between
arbor layers, shrubs and grasses. A total of 59 epatére recorded across the 17
guadrats from whicHSterculia nobilis Ficus sp, Albizia chinensis Liquidambar
formosana Teonongia tonkinensisandBischofia javanicawere the most dominant
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based on their importance value indicésg(re 2. Among themSterculia nobilis
was by far the most abundant representing about 14% odtddemportance value.

Table 1.Descriptive statistics of all variables of interest from the four groups tdriac

(N=17)
Groups of Factors Factors Min Max Mean D S.td'. Type of
eviation | Variables
Plant index Species richness 3 12 7.18 3.11 Response
Organic matter content (% 2.35 12.51 7.11 3.32
Soil depth (cm) 3 100 34.29 36.71
Soil characteristics pH 5.25 7.91 7.30 0.79
Moisture (%) 14.14 57.49 38.13 11.69
Soil texture - - - -
Geological factor Rock type - - - - Predictors
*URXQG WHPSH| 24.00 29.00 26.99 1.42
Ground cover (%) 20 95 63.53 20.82
Environmental factors Canopy cover (%) 40 90 65.00 16.45
Slope degHH f 5 60 23.71 16.72
Elevation (m) 109 243 150.82 35.16

Rock type was coded as 1 = dolomite, 2 = calcité}; tBrture was coded as 1 = coarse textured scil,f@oderately coarse, 3 =

medium, 4 = fine

Figure 2. Importance values of 59 plant species recorded in LNR
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Correlation, ANOVA and ANCOVA results

Correlation analysis indicated no significant assoambetween richness and any
predictor except Sd (r=0.542, p<0.05), while few inter-correlgtiwere found among
some of the predictors with the highest between M and(G®M 760, p<0.01), SDp and
pH (r=-0.661, p<0.01). However, no correlation coefficient wgsal or greater than
0.8 to fear for serious multicollinearity problem. ANOVA @l®und no significant
changes in richness related to ST or RT, as the nptithgses were not rejected. With
ANCOVA a fairly significant association was found when jbmt effects of ST and
RT were examined after controlling the effects of M and &J. was found
significantly related to richness (F=4.228, p=0.040) accountin$8&o of its variance
(Partial Et4=0.585), with near 67% chance of finding a significant diffeeeimc our
case (observed power=0.667). The highest impact was fronumetgixtured soils
which also registered the highest mean species richiodlesied by moderately coarse,
coarse, and fine soils.

MLR models for richness response to the single or combined effects of geolpgical
soil, and environmental factors

Although model 2 was found marginally significant (F=2.860, .p68), MLR
analyses Table 2 showed that the models (1, 2, 3) designed with singlapy of
factors still failed to explain significant variations inhiess, since in all three cases
none of the null-hypotheses (F-ratio) was rejected (p>0.05fontrast, mode#
fitted with combinations of variables from the three groppsduced a correlation
coefficient (R=0.956) which suggests at first, the exiséeof strong association
between the five predictors and richness. Furthermore,eutiti& previous models,
model 4 explained significant variation in richness (F=23,3k®.001), accounting
for 87.5% of its variance (adj.’R= 0.875). Compared to models 1, 2, and 3, the
amount of variation accounted for in the response greatheased by over 76%,
100% and 50%, respectively. Moreover, except OM found withaaginal effect
(t=-2.100, p=0.060), each predictor significantly explainedngds (p<0.05) which
increased with E, Sd, M, and in dolomite dominated arélas.t-tests show that RT
(t =-7.083, p <0.001) and Sd (t = 7.105, p < 0.001)evibe greatest contributors
followed by M and E, while OM was found with no significarfteet. Figure 3
presents the partial plots of linear relationship betweach significant regressor
and richness after controlling the effects of the other bleg The plots confirm
that RT and Sd have the greatest impacts as each accdantaiodout 82% of the
variance (R Linear) (Figure 3-b,J, while E and M explained 51% and 57%,
respectively Figure 3-a,9. The model residuals for regression assumptions of
homoscedasticity and normality are presented Higure 4 Based on the
unstandardized coefficients (B) values, the relationshipvéet model 4 and
richness can be expressed by the following MLR equation.
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Table 2.MLR between richness as response and a) the single groups of rock type, soil,
environmental factors as predictors (models 1, 2, 3) before combining variablethérom
three groups, b) their joint effects as predictors (model 4) after camgbiariables from all
three groups (95% CI; N=17)

Models | R R? Adj. R? F P Predictors B t P
ratio

1 11| 169 113 3044 | 101 Constant 10.682 5.013 .000

Rock type -2.591 -1.745 101

Constant 6.546 .573 .578

Soil depth -.017 -.524 .610

2 .376 141 -.145 494 741 Moisture 129 1.071 .305

PH -.196 -.128 .900

Organic matter -.322 -.790 445

Constant -2.110 -.169 .869

Elevation .057 2.570 .026

Slope degree .097 2.414 .034

3 7521 565 368 | 2.860 | .068 Canopy Cover -.081 -1.701 | .117

Ground Cover .022 0.621 .547

Ground Temperaturq .082 0.165 .872

Constant 1.832 1.209 .252

Rock type -4.258 -7.083 .000

Elevation .033 3.367 .006

4 956|914 875 | 23.318| 000 Slope degree 125 7.105 .000

Moisture .138 3.816 .003

Organic Matter -.300 -2.100 .060

R? and adjusted R(adj. R) both indicate the proportion of variance in rictmesplained by the models. The value of adjiR
reported to avoid over-estimation of the successefiihcels. Adj. R is more restrictive and takes into consideratiominmber of
predictor variables, and also the number of obsematioe model is based on.

Figure 3. Partial regression plots displaying linear correlations between richness and the
significant factors in MLR analysi$¥ Linear values indicate the amount of variation explained
by each variable while controlling the effects of the other predictors
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Figure 4. MLRmMRGHO UHVLGXDOVY SORWV LQ SUHGLFWBRQJ ULFKQH

Normality: Normal P-P plot of regression standardized residuals vs. standardized predicted
values; b) Constant variance: scatterplot of standardized residuals versus standardized
predicted values

GzLM Poisson regressions for richness response to the single or combiifectse of
geological, soil and environmental factors

The conditional variance of richness was a little higher thenmiean, but the
difference was not significant. In fact, Negative binomiaression (NBR) model
was also applied to see if it gives any improvement over the Htwvever, the
values of the log-likelihood for the NBR were lower thansth@f PR, indicating
that NB does not improve the models and that the Poissonlfoodewas a better
fit. Furthermore, the PR analysis presented no indication afemmadequacy, as
the GOF statistics (Deviance, Pearso?) Were found insignificant (p>0.05) for all
four models Table 3, suggesting that this model form fits the data readgnaéll.
Nevertheless, the likelihood-ratio chi-square (LR) %f the omnibus tests which
compares the fitted model against the intercept-only mddall-model) was
insignificant for models 1, 2, and 3. This suggests thate was no improvement
over the null-model when examining richness as a function osititde groups of
soil, geological, or environmental variables.

In contrast to the first three models, model 4 exaohinichness as a function of the
combination of variables selected from the three groups BR Sd, M, OM), and the
LR X? swggests that the fitted model outperforms the null mod® §*=91.423,
p<0.001). Compared to the models designed with single growpsalies of deviance,
Pearson chi-square, and AIC were smaller, while the logHiket was higher
indicating that model 4 was a better fit. Additionally, fhealues for the coefficients
and Wald X of the tests of model effects and parameter estitsitew that each of the
main terms significantly contributed to richnes$aljle 4, except OM which
significance was marginal (p=0.071). There was a positivel toé richness with E, Sd,
M, and in dolomite dominated areas, but a negative tretid @M. According to the
values of Exp(B), the incidence rate (IR) for dolamitreas was 1.837 times that of
limestone areas. The percent change in the IR of ricm@ssan increase of 0.4% for
each meter increase in E, 1.6% for a degree increaslepre, 2% for every percent
increase in M, but a decrease of about 4% for every penmcerease in OM, while
holding the other variables at constant. The plot of aeearesiduals against the
estimated linear predictors for model 4 is presenteBignire 5 Thus, based on the
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environmental variables, can be expressed by the followihgdration.

Table 3.Poisson GOF tests between richness as response and the single group of
geological, environmental or soil factors as predictors (model 1, 2, 3) before cambini
variables from all groups, and their joint effects as predictors (modadtd) combining
variables from all groups (95% CI; N=17)

Model Predictors Tests Value Df P
Deviance 17.716 15 0.278
Pearson X 18.986 15 0.214
1 Rock type Log Likelihood -40.683 - -
AIC 85.367 - -
LR X* (Omnibus Test) 2.993 1 0.084
Elevation Deviance 12.251 12 0.426
Slope degree Pearson X 11.822 12 0.460
2 Ground cover Log Likelihood -37.951 - -
Ground AIC 85.901 - -
temperature LR X (Omnibus Test) 9.394 4 0.052
) Deviance 18.359 12 0.105
Soil depth Pearson X 17.953 12 0.117
3 Mop')ﬁ“re Log Likelihood -21.005 - -
Organic matter AIC 92.010 Z Z
LR X? (Omnibus Test) 2.102 4 0.717
Rock type Deviance 2.366 11 0.997
Elevation Pearson X 2.303 11 0.997
4 Slope degree Log Likelihood -33.009 - -
Moisture AIC 78.017 - -
Organic matter LR XZ (Omnibus Test) 91.423 5 0.000

$,& $NDLNHYV ,QIRURRWLRKIlih&dd LristicHdhitsBu@re; Df: degree of freedom; P:
Significance p-values

Table 4.Poisson regression model 4 tests of model effects and parameter estimates in
predicting richness

Model Parameters Coefficients (B) Wald X? (Df=1) Sig. P Exp (B)
Intercept 0.011 0.002 0.964 1.011
Rock type = 1 0.608 36.017 0.000 1.837
Rock type = 2 0 - - 1
4 Elevation 0.004 9.410 0.002 1.004
Slope degree 0.016 41.005 0.000 1.016
Moisture 0.020 10.534 0.001 1.020
Organic matter -0.044 3.268 0.071 0.957
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Figure 5. Poisson regression model 4 plot of standardized deviance residuals versus the
predicted values of linear predictors

Discussion

Analysis of variables related to environmental and geoddgmctors revealed
some of their interactions with Longhushan soils upon whiemtpépecies depend.
With correlation and ANOVA procedures we assumed theres weufficient
evidence to establish associations between richness anpreédetors. ANCOVA
established a relationship between richness and ST confirtheéndindings of Sala
et al., (1997) and that ST, RT, M, and GC have some irierscfeedbacks on
richness. The association between ST and plant richness mexplagned by the
fact that soil texture affects soil behavior particulatly retention capacity for
nutrients and water (Brown, 2003), which availability haygn#gicant feedback on
plant composition, distribution, and performance. Wateilability is also reported
as one of the most important environmental parametersadlomg plant richness
(Lavers and Field, 2006), and it is said to be even morynd in environments
where soil moisture is a major limiting resource likestareas.

Furthermore GLM and GzLM methods both failed to prove that the soils,
geological, or environmental variables examined separdiale significant effects
onrichness. In contrast, strong associations were obserkied variables from the
three groups were combined to test their joint effetts.both methods, the
combination of RT, E, Sd, M, and OM was found as the fie&ir richness, which
increased with M, Sd, E, and in dolomite ardag decreased with OM contefithe
results thereboy UHYHDOHG VSHFLHVY DVVRFLDWLQRW UALHMDKRN UR
availability combined with topographic factors, supporting ¢baclusions of other
researches (Pausas and Carreras, 1995; Leathwick 41988; Clark et al., 1998;
Hawkins et al., 2003; Cannon and Leighton, 2004; Valencia let 2004;
Engelbrecht, 2007Fayolle et al., 2012). They contrasted however, with ssudie
which found a decreasing trend in species richness withuddtif Pausas, 1994;
ReyBenayas, 1995; Odland and Birks, 1999). Nonethelesdelyéh of elevation
gradient of our surveyed plots varied from 109 to 243Further studies that cover
higher elevations perhaps could help confirm the exact trdtareover in both
methods, OM (nutrients store for plants) contributed lesthé fit of the regression
equations Yet, there was some trend (its effect was found margirsgnificant)
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and its presence in the models was essential for the pabiligt of richness,
suggesting that OM content in soil should be considerednwdeamining the
relationships between environmental factors and plants st kabitats.

A particularity of these findings is that rock type was fowamdong the most
significant environmental factors that explained richpessl this agreed with other
studies (Pausas and Carreras, 19B&yolle et al., 2012). In this case there was
significant difference in richness between dolomite and cadcitas, suggesting that
carbonate rock type may be a key factor in karst hab#@stg was found with a
strong effect, and its inclusion in the models was determinaotedicting richness.
There was positive trend of richness in high dolomite pergentreas but the
inverse trend in calcite dominated areas. We may postidatmstance that since
the predictable variation in species richness is importartetermining areas of
conservation, this geological factor is an indicator ighhspecies richness areas in
the Longhushan Karst Mountains, which could be used for asgigmiority sites
for conservation or restoration.

Another particularity is that OM content was negativelyoagged with plant
richness. The negative trend could be relateda slow decomposition of OM
resulting in its accumulation and the tie up of nutrientd @@ held in it. As
reported by Foth, (2006), high organic matter contentsila ace the result of slow
decomposition rates rather than high rates of organttemaddition. The ability of
species to perform at different resource availability lewas discussed by Grime,
(1973, 1977) who reported that few species can tolehsestress characteristic of
low-resource habitatsAs productivity increases, more resources become available,
thereby relaxing the abiotic stress and allowing the estabknt and growth of
more species.

The slow decomposition of OM could be due to several factssthe rate of
decomposition is mainly dependent on the abundance ofrstribbes (e.g. bacteria,
fungi), the substrate quality (nutrient content: C/Nosat OM composition, etc), and
soil environmental conditions (pH, moisture, texture, temipee, etc). The analysis
showed that over 88% of the sampled plots have inseffti@vailable moisture, while
soil biological activity requires sufficient air andisture. In fact, it is said that optimal
PLFURELDO DFWLYLW\ RFFXUV DM (HHDXU YD IOH®® FWB D F L W&
filled pore space (Linn and Doran, 1984). In addition to thefficgent moisture
content, the results also showed that about 75% ofating@led plots was dominated by
fine and medium textured soil indicating high clay contevhile clay particles are
believed to protect some of the more easily decomposagéniorcompounds from
rapid microbial breakdown through encrustation and entrap@fail and vanVeen,
1978; Anderson, 1979; Tisdall and Oades, 1982). Therefore, althougivaHactors
(moisture and texture) may not be totally enough to explennegative association
between plant species a@d/ content, but the lack of adequate soil moisture combined
with the dominance of finer textured soil may have couatedl to limited microbial
metabolisms, resulting in the accumulation of organittenand the tied up of nutrients
needed by the plant species to perform. This conclusion gspgbose of Woods and
Raison, (1983) who suggested that moisture was a major factwntroling OM
decomposition, and Killham et al., (1993) reported that subattdization by microbes
in soil is strongly affected by its location, both inns of pore size and the matric
water potential under which turnover takes place. Nevedseleshould be noted that
further studies in the reserve might help to further erplae different factors that
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affect OM decomposition in karst areas and their impacplants. For instance, the
microbial biomass, the substrate quality (OM compositiGaN ratios), and the

anthropogenic disturbance on different ecological processgd represent interesting
subjects for future studies to better understand the cormplexi processes OM

undergoes in order to establish suitable management srateg

Distribution of dominant species along significant environmental gradients

Key species or function groups are known to play an importale in
maintaining the whole karst ecosystem (Wang et al., 2002; AcK04).Figure 6
analyzes how the significant factors influenced the dominant spd@gibution in
the reserve. The dominant species responded differently toigh#icant factors
and a number of those species were found typically welbtdl to the special karst
environment. Among therRicus sp.was only adapted in high dolomite percentage
areas, while the remaining species were all apt to survive mHhadgitats (dolomite
or calcite) Figure 69, confirming the fact that some limestone species conform
well to a calcium rich environment (Mao and Zhang, 1987; X@93). Most
dominant species were also suitable for habitats witficgerit and insufficient
moisture conditions, excepicus sp.recorded only in low moisture habitatSigure
6b), suggesting that this species was adapted to extremuglulr situation.Sterculia
nobilis, Teonongia tonkinensiandAlbizia chinensisvere susceptible to live at both
slight and steep slopeBi@ure 69, and also at aklevations Figure 6.
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Figure 6. Dominant species distribution along a) rock type, b) moisture, c) slapealeand d)
elevation, as significant environmental factors in LNR

Ficus sp., Liquidambar formosanandBischofia javanicawere suitable to live at
low and middle elevations, whiBischofia javanicagrew only at slight slopes. Each
of these species performed well in their habitats sstgge they could be
appropriate for the restoration of degraded parts of nfoaintains with similar
conditions. For instance, the fragmented areas by taoasts network, the denuded
ground by primate damage, or the abandoned agriculturalslavhich are all
exposed at risk of erosion. Based on the dominant spexspsemse to the significant
environmental factorsSterculia nobilisandAlbizia chinensisappears to be the most
appropriate species for restoration and forest ameiirameasures, since they were
suitable to all karst environmental habitats conditions.

Moreover although found with the lowest 1Vs, several other specietuding
Allophylus caudatus, Alphonsea mollis, Bridelia balansae, Qamthdicoccum,
Eurya groffii, Hartia sinensis, Litsea variabilis, Muwaa kwangsiensis,
Cinnamomum saxatile, Diospyros eriantha, Ficus glaberrimagd Hainania
trichosperma were recorded only at high elevations. Thygmecies might be
endangered as most of them were found just once in theveesein one quadrat,
thus need special protection for the conservation obgio&l diversity of the area.
In fact, among them Canthium dicoccum is included in the UR&d List for
endangered species and Hainania trichosperma is an endemiessp

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 1035t054
http://www.aloki.hu” ISSN 1589 1623 (Print) ISSN1785 0037 (Online)
DOI: 10.15666/aeer/1304_10351054
a $/g., .IW %XGDSHVW +XQJDU\



Toure et al.: Spatial patterns of tree species nuimlrelationship with the local environmental vaidat in karst ecosystems
-1050-

Conclusion

In LNR, variations in plant richness were dependent on comm&&tionships
between soil, environmental, and geological factors eftkhabitats. Within this
complexity of relationships it appesd that the geological factor played an
important role in the spatial patterns of plant speciekenarea. Patterns in richness
were related to rock type, soil moisture, texture, aattient status combined with
topographic factors. The strong association betweensjeeies richness and rock
type, on which soils develop with different properties aotsequently different
water and nutrient availability, suggests that soil resasi@vailability is important
for these patterns.

The results clearly demonstrated that the evidenceiguiifisant variation in
richness was provided after combining variables from soil, logeal, and
environmental factors, suggesting their interactions infleeon plants. Evidence
supports these interactions and no single context iagplahe different associations
between richness and any group of factors. The findings hapkcations for the
understanding of these interactions and suggest that notptarly species can be
affected by it, but also rock type may be an importararpater influencing the overall
relationships between plant species and other environmiealdtht factors in karst
areas. Therefore, effective and efficient managemiekdrst forest ecosystems requires
an elaborate data set and understanding of all the comigcened physical features, as
well as the complex links and interactions between thedthpdant communities, if
species and their habitats are to be managed in a wagahaustain their diversity.
This information can provide a reference for assigningriyi sites for biodiversity
conservation, prevention of rock desertification, and kbgweent of sustainable
management, conservation, and restoration strategiessifecosystem
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Abstract. Mangroves are the plants adapted to strident environment with unvaryimggtion of the soil
and extremely diverse salinities, habitual in river banks, sand dladscoastlines of the tropics and
subtropics of the world. Mangrove vegetation in six geographical megibKollam on the Southwest
coast of India was selected to study the phytosociological characteristics andtydivetisies. W
analysed the pattern of mangrove species diversity, density and basal dirgianitarity parameters.
Totally, 12 species of mangroves belonging to 8 genera and 6 famdresiadentified; Rhizophoraceae
and Avicenniaceae were the most dominant group represented. Highest deasityecorded for
Avicennia officinalis (3760stems/ha), followed byAvicennia marina (3721stems/ha).Avicennia
officinalis is the most common mangrove counted with the highest Importarg wadex (IVI) and
Relative IVI; 64.19 and 21.40 respectively. Shannon- Weiner Indekvefsity ranged from 2.002 to
3.11; species richness from 0.429 to 1.033 and the similarity rial fomposition varied from 0.33 to
0.66. The sites selected were distinct from one another and the speeregydixaried from one place to
another; influenced by the climatic, biotic, anthropogenic stresses.

Keywords: mangroves, floral diversity, Importance Value Index, Similarity Index, density

Introduction

Mangrove ecosystems are found all over the world in tropical and subtropical regions
along the land-sea interface, bays, estuaries, lagoons, backwaters and in rivers reaching
upstream up where the water still remain saline (Qasim, 1998). Biodiversity is prevalent
in the tropical estuaries, particularly in the intertidal dense vegetation known as
mangroves (Mooney et al., 1995).The development and structure of mangrove forests
result from an interaction of many physical factors and environmental variables
(Hogarth, 2007; Lacerda et al., 2002). Mangrove plantations are one among the most
productive ecosystem on this planet and serve as a nursery for marine and neptunian
livelihood, they serve as guardian of their juvenile stock and form most valuable
biomass (Odum, 1971).They all have usual assortment of adaptations that facilitate
them to cope with regular tidal flooding, strong winds, waves and water currents,
muddy soils, high levels of salts in the water, and oxygen deficient soils. In addition,
they have an astonishing capability of carbon sequestration; suffice ability to serve as
provenance and store sediments and nutrients for further near coastal marine habitats
including coral reefs and seagrass beds (Polidoro et al., 2010). They are found between
the Tropic of Cancer and the Tropic of Capricorn on all continents covering an
estimated 75percent of the tropical coastline worldwide. The total area of terrestrial
ecosystem in the world is occupied by only 0.2 percent mangrove lids. However,
mangrove ecosystems hold a wide diversity of aquatic and terrestrial species of different
taxonomic groups. When all species are considered, mangrove ecosystem rivals many
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other tropical habitats in alpha diversity (Peter, 1999). India has a total area of 4461
sqg.km of mangroves; India is the fourth largest mangrove area in the world with 0.14%
of coXQWU\TV WRWDO JHRJUDSKLFD O.Thekkiént of manttave) DQG 0D
of Kerala is 2502 ha out of which 1189 ha belongs to the state and 1313 ha is under
private ownership, but various studies showed that the vegetation of mangroves in
Kerala covers only 1095 ha (Kurien, 1984), Early study reported that out of the total
1671 ha of mangroves in Kerala, 1470 ha are with private ownership (Basha, 1991).
Increase in population density of the Kerala coast has resulted stupendous pressure on
the natural ecosystem, partially on the mangroves.

Mangrove vegetation in Kollam occur along the banks of estuarine water bodies and
adjacent to the back water channels, in the form of narrow continuous belt or patches.
Total of 15 pure mangroves and 33 semi mangroves had been recorded from entire
costal area of Kerala, Kollam district contribute maximum percentage of private forest
(73.3%) and only 26.7% under state ownership (Vidyasagaran and Madhusoodanan,
2014). When compared to other districts, Kollam has the second highest mangrove
diversity (11 out of 15 pure species). Mangrove ecology are discoursed with undivided
attention globally, since because as the result of their economic values in boosting
profitable fisheries alone (Jayadev, 2012). Mangroves of south coastal region of Kerala
have indigenous characteristics compare to the mangrove ecosystem of other region.
Therefore, this study was carried out to identify the present status of mangroves forest
in Kollam through investigating the plant species composition and diversity.
Nonetheless no literature exists on mangroves of Kollam in any aspects. Hence, this is
an attempt made to unlock the peach in mangrove ecosystems of Kollam through
scrutinizing structural dynamics and diversity, which might help to provide guidance for
conservation forethoughts and scientific management of the locations.

Materials and Methods
Study Area

Kollam district encompasses with highest extent of mangroves among southern
Kerala (Vidyasagaran and Madhusoodanan, 2014). To assess the location of structures
that might influence the occurrence of mangroves and to recognize the extent of area
covered by mangroves, each site was assessed and mapped using the Global Positioning
System. All through the year humidity is higher during morning hours and during
monsoon periods, Kollam receives an annual average rainfall of 2,555 millimeters and
averageWHPSHUDWXUH UD Q Zidisius (Fay&devO20L2F K FIWRQ YHV W LJIDW L |
ZDV FDUULHG RXW DPRQDPM/ KKWOMIDXWLEROVY H °
$IKLNNDM | 19 ( HIT $VUDDPDR T 19 (35H 11
6KDNWLNXIODHQYDUDYT ( 9 79 &KHULNWDGDYN ( H

T 99 OXQURHLVOEONQGTYT ( H Fig. 1). All these sites had a
mangrove distributional area of two hectares and above. The sites were widely
separated, had dissimilar sediment characteristics and were influenced highly by
monsoon (Cintron et al., 1980).
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Figure 1. Map of Kollam district showing different study locations

Ecological data analysis

The distribution patterns of mangroves were studied using species area method and
guadrat analysis with in each locations (Michael, 1998) fifteen quedretD FK RI1 1 P
size were taken on the basis of data obtained. Density, frequency, basal area and their
relative values and importance value index (IVI) of mangrove species were calculated
by following standard Phytosociological methods (Curtis and Mcintosh, 1951). The VI
for the species was determined as the sum of the relative frequency, relative density and
relative dominance (Curtis, 1959). Girth of trees exceeding 10cm diameter at breast
height (dbh, at 1.37m above the ground) was measured. In order to determine the
guantitative relationship between the plant species, the subsequent parameters were
determined.

(Eq. 1)

-_

(Eq. 2)

(Eq. 3)
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(Eq. 4)
G = (girth at breast height (1.37m)

i (Eq. 5)

-_—

(Eq. 6)

i (Eq. 7)

(Eq. 8)

(Eq. 9)

Species Richness

Species richness is describing the overall range of species in an area, on a
macroscalic level, a distinct relationship between an areas locations and its number of
VSHFLHYV LV UHFRJQL]DEOH 7KH VSHFLHV ULFKQHVV ZDV
(Margalef, 1958):

Margalef Richness Index (d) = (Eq. 10)

Where, S = total number of species, N = basal area of speéidsitm

‘'LYHUVLW\ DQDO\VLV

Measure of diversity is frequently seen as indicators of the well-being of any
ecosystem, the following indices were worked out to assess and compare the range and
distribution of plant species in different locations.

a) The species diversity was calculated using Shannon- Wiener Index (Shannon and
Weaver, 1963).

Shannon Index was calculated as,

H = (Eg. 11)

Where, ni was the total number of species i and N was the total number of all the
species. The factor 3.3219 was used to convert the index value to log2.
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b) Concentration of dominance was measured by Simpson Index (Simpson, 1949).

Cd= (Eq. 12)

Where, Nand N were the same as explained above.
c¢) Equitability (e) was calculated following (Pielou, 1966):

e= H/Hnax (Eq. 13)

Where, Hhax= 3.3219o0gp6 6 7RWDO QR RI VSHFLHV DQG +9 6

'LYHUVLW\

GLYHUVLW\ HVWLPDWHY WKH VSHFLHVY WXUQRYHU RU W
used to quantify the extent to which family and species compositions overlapped
between sample sites (Jaccard, 1908). The Jaccards cluster diagram or dendrogram was
fabricated with similarity matrix by simple coefficient of distance working on
Biodiversity professional (version 2) (McAleece et al., 1997), using unweighted pair
group method with arithmetic Mean (UPGMA) (Sneath, 1973).

Jo=1- (Eq. 14)

Where, Jp -DFFDUGTV , Q& df speries @esént in one location, b =
number of species present in another location, ¢ = number of species that are common
to both locations.

Result and Discussions
Species Composition

Floristic study of different sites in Kollam revealed the occurrence of 12 species
belonging to six familiesTable ). Among the familiesRhizophoracea&as the most
frequent genera having five species, followedAwcenniaceaeand Sonneratiaceae
with two species each. Among the location Shaktikulangara recorded the highest
number of species (11lspecies) abided by Ayiramthengu (9 species) and the least was
recorded in Cherikadavu (5 Species). Distribution of mangrove at different site indicates
that Avicenna marina, Rhizophora mucronata, Excoecaria agallogbee noticed in
the entire study sitéAvicennia officinalisoccur found in five sites; these species were
found as dominant species across the study dBmesjuiera cylindrica, Aegiceras
corniculatum, Rhizophora apiculatavere found in four sites whered&ruguierma
gymnorrhiza and Sonneratia caseolangere noticed in three sited uminitzera
racemosa, Ceriops tagabonneratia albavere rare species, which was confined only
in single sites, In wetlands an increase in the number of the plant species is indfcative o
ecosystem health, but in case of mangroves, their distribution of species is determined
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by salinity, competition and other physical factor (Hogarth, 2007). The species
composition and the agent causing maximum destruction are related to the difference in
localities (Rao, 1986). Apart from the noted sites, Kollam have many other small
mangrove patches which are under serious threats of degradation. Extensive land filling
has affected the mangrove vegetation of some area in a drastic manner. The existing
mangrove patches in Kerala with high diversity are mangroves of Kumarakom,

Kannamali,

Mangalavanam, Chettuva, Nadakkavu,

Edakkad, Pappinisseri

and

Kunjimangalam, Veli, which have been singled out for conservation and rehabilitation
(Suma, 1995).

Table 1.0ccurrence of different mangrove species at different sites

True . . . .
. Ayiram | Azhik- | Asraa- | Shaktikul- | Cherik- | Munroe
Mangrove Family .
) thengu kal mam angara adavu island
species
Aegiceras . . .
ox Myrsinaceae + + i + + i
corniculatum
Avicennia . .
. Avicenniaceae + + + + + +
marina
Avicennia . . .
L Avicenniaceae + I + + + +
officinalis
Bruguiera . . .
1gure Rhizophoracae + + i + i +
cylindrica
Bruguiera . . . .
9 : Rhizophoracae i i + + i +
gymnorrhiza
Ceriops tagal | Rhizophoracae i i i + i i
Excoecaria .
Euphorbiacea + + + + + +
agallocha
Lumnitzera . . . . .
Combretaceae + i i i i i
racemaa
Rhizophora . . .
1z0p Rhizophoracae + + i + | +
apiculata
Rhizophora .
P Rhizophoracae + + + + + +
mucronata
Sonneratia . . .
Sonneratiaceae i i i + i i
alba
Sonneratia . . . .
- Sonneratiaceae + i + + i i
caseolaris

Vegetation Structure and Importance Value

Vegetative composition is important in defining a wetland because vegetation affects
its hydrology (Brinson, 1993). Phytosociology is the study of characteristics,
classification, relationship, and distribution of plant communities, via different
measures the dynamics of each species as well as their relation among each other in a
community can be analyzed with a sufficient number of samples as database. This study
is important for understanding the functioning of community, implies knowledge of
structure and composition of the component species. Various parameters on the basis of
which the present Phytosociological investigation has been done, the parameters include
frequency Fig. 2), relative frequency, density, relative density, abundance, basal cover
and important value index (Cottom and Curtis, 1956). The density valadde (2
shows thatAvicenna officinalihas the highest stem density (3760 stems/ha) among the
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12 true mangrove species, followed Ayicenna marina3721 stems/haRhizophora
mucronataranked third based on the stems density (1938 stems/ha), the lowest density
was recorded foSonneratia caseolari267 stems/ha). Relative density of the species
ranged from 1.46% to 20.57%4dble 3. Avicenna officinalihas the highest basal area
(29.70 ntha') followed by Avicennia marina (19.64 nfha’) and Rhizophora
mucronata(14.11 miha?), it is seen that the mangroves on sea fronts generally have
high basal area. The frequencies of different species revealed the degree of dispersion o
individual species in an area and are expressed in terms of percentage occlaialece (

2). Relative frequency was highest favicenna maring21.35%) whereasAvicennia
officinalis (16.29%) even it has higher density and basal area. Analysis of the
abundanceof species shows thatumnitzera racemoshas the least (4.83%) followed

by Sonneratia caseolari€c%) andBruguiera cylindrica(5.91%). Avicenna officinalis
shows highest abundance and relative abundance (12.16%) and (14.51%).

Species dominance is calculated based on the Important Value Index and was
calculated every species found in each study sites. It is usually practiced in ecological
scrutinies; IVI indicates the ecological importance of a species in a specified ecosystem
which can be used for computing species conservation and management through which
species having low IVI value require soar protection preference (Kacholi, 2013). The
IVI for a species was calculated as the sum of its relative basal area, relative frequency,
relative density and often to describe and compare the species dominance of the sites
(Fig. 3). In Kollam, the highest IVI and RIVI value were recorded Aaricennia
officinalis (64.19 and 21.40) and was found to be the dominant species owing to high
values of Relative density and Relative frequency, followedAwgenna maringd59.78
and 19.93), Rhizophora mucronateand Sonneratia alba(Table 3. Rhizophora
mucronatawas the foremost dominant mangrove based on the species important value
index in Kannur, Kerala (Vidyasagaran et al., 2011). The results indicate that
Sonneratia caseolarid,umnitzera racemosand Ceriops tagalare the least dominant
mangrove species of Kollam region, the lowest IVI and RIVI were recorded for
Sonneratia caseolarigd.60 and 1.53) revealing the rarity and sporadic distribution of
those species.

Figure 2. Frequency distribution of mangrove species recorded in the present study
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Table 2.Phytosociological parameters of mangroves in Kollam
—~~ > (0} [}
() e\oz —~~ CUD [} 8 'é\ E 8
Z8 > |2 g¥| g | g| 2| I| 8 s
S5 o 590 | <o 8 =3 o s S = =
O ) S E T o c o & s a > —
EZ =] a2 a = L . m < [}
[} o [92) ) — ] . . o
= o - m < [} o © )
L @ o 04
Aegiceras
coriculatum| 2333 | 1007 | 439 | 7.19 | 590 | 551 | 4.04 | 858 | 1544 | 5.15
ﬁ]‘gﬁﬁgn'a 84.44 | 3721 | 19.64 | 11.01 | 21.35| 20.36 | 18.07 | 13.13| 59.78 | 19.93
Avicennia | g4 44 | 3760 | 29.70 | 12.16 | 16.29 | 20.57 | 27.33 | 14.51 | 64.19 | 21.40
officinalis
Bruguiera | »5 56 | 907 | 3.81 | 591 | 6.46 | 4.96 | 3.51 | 7.05 | 14.93| 4.98
cylindrica
Bruguiera | 5600 | 1183 | 4.76 | 7.39 | 5.06 | 6.47 | 4.38 | 8.82 | 15.92| 531
gymnorrhiza
gzg?ps 6.67 | 987 | 460 | 6.17 | 1.69 | 540 | 4.23 | 7.36 | 11.32| 3.77
Excoecana | 4444 | 1204 | 7.13 | 7.28 | 11.23| 7.08 | 6.56 | 8.68 | 24.87 | 8.29
agallocha
Lumnitzera | g 67 | 560 | 159 | 4.83 | 1.69 | 3.06 | 1.46 | 576 | 6.22 | 2.07
racemosa
Rhizophora |41 19 | 1640 | 10.30 | 6.70 | 10.39| 8.97 | 9.48 | 7.99 | 28.84| 9.61
apiculata
Rhizophora | g g9 | 1938 | 14.11 | 7.02 | 14.89 | 10.60 | 12.98| 8.37 | 38.48 | 12.83
mucronata
z’l‘;g”era“a 13.33 | 1013 | 7.07 | 3.17 | 2.37 | 554 | 6.51 | 3.78 | 15.42| 5.14
somneratia | 567 | 267 | 1.58 | 5.00 | 1.69 | 1.46 | 1.45 | 596 | 4.60 | 1.53
caseolaris
TOTAL | 395.55| 18277 | 108.67 | 83.83
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Figure 3. Importance Value Index of different mangrove species at Kollam
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Diversity Indices and Species Richness

Diversity indices can be used to characterize the species abundance relationship in a
FRPPXQLW\ 6KDQQRQTV GL Ynddduwrd td/sedk@Qub $pecley didersity.P S O H
The species diversity indices revealed that Kollam had a high species diversity and
better evenness figure. In the present study, disclosed that Kollam had total Shannon
index as 3.266Table 3, it rewarded highest value in Shaktikulangara (3.112) and
lowest in Cherikadavu (2.002). It indicates that sites with higher Shaaiéginer had
FRPSDUDWLYHO\ PD[LPXP QXPEHU RI VSHFLHV $Q HFRV\V
has been treated as medium to high diverse in terms of species (Barbour et al., 1999).
Thus Kollam has rationally high species diversity. The present study indicates, Simpson
index of diversity of mangroves for whole Kollam as 0.879, Simpson value of species
was found to be higher (0.858) at Shaktikulangara abide by Ayiramthengu (0.825) and
least at Azhikkal (0.674) followed by Cherikadavu (0.796). The species evenness

SBLHORXYV HYHQQHVV RU HTXLWDE[T@ueW)) TDiQgactHG IURP
species richness worth of mangroves at Kollam revealed as 3.276, the species richness
of various locations fluctuated between 1.022 and 0.429. Relatively higher value was
recorded in Shaktikulangara and lower value in Cherikadavu (0.429) followed by
Azhikkal (0.536) and Asraamam (0.539), the estimated species richness values of
different site are bestowed Trable 4

Table 3.Diversity indices of different mangrove sites of Kollam

Name (_)f the Shanno'n H max Equitability(e) 6LPSVR({ _ Species
locality Index(H") Index(Cd) richness(d)
Ayiramthengu 2.763 3.170 0.872 0.825 0.819
Azhikkal 2.044 2.585 0.791 0.674 0.536
Asraamam 2.200 2.585 0.851 0.741 0.539
Shaktikulangara 3.112 3.461 0.899 0.858 1.033
Cherikadavu 2.002 2.323 0.862 0.706 0.429
Munroe Island 2.460 2.808 0.876 0.778 0.623
E?Stgitm”am 3.266 3.585 0.911 0.875 1.121

Similarity Indices

Compared R -GLYHUVLW\ KRZHY H U-divéNd@yR i OtheG étfineR |
ecosystem context is more limited (Gray, 2000). This index depends on the number of
species shared by two assemblages and the number of species unique to each of them.
7KH UHVXOWY SUHVHQWY LQ 7DEOH Udiversitp @dds G W KD W
registered between Azhikkal- Asraamam (0.66) abided by Shaktikulangara-
Cherikadavu (0.55) which is comparatively higher than Cherikadavu- Munroe Island
(0.50). The reduced level of similarity (0.33) was recorded between Ayiramthengu-
Azhikkal and Ayiramthengu- Shaktikulangara (0.33). The higher similarities for
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mangroves in internal and central sites are due to the better organic carbon content of
soil while, fringe areas uphold low plant growth diversity due to less organic carbon
content of soil and high variations (Brahmaiji, 1998)g( 4) Dendrogram results the
hierarchical clustering using the UPGMA algorithf@dum, 1969). The resulting
dendrogram display the level of similarity in percentage among different sites of
Kollam and to obtain the natural grouping of different species along different sites
Locations in same groups shows much similarity than locations in disimilar groups,
dendrogram also revealed that various grouped locations indicate distinction on species
composition and abundance. It shows Cherikadavu- Asraamam, Munroe-
Shaktikulangara and Azhikkal-Ayiramthengu are similar and are naturally grouped.

Table 4.Similarity Index in species compaosition among study sites

Locations Ayiramthengu | Azhikkal | Asraamam | Shaktikulangara | Cherikadavu '\fsg:’%e
Ayiramthengu 2 0.33 0.50 0.33 0.44 0.40
Azhikkal 2 0.66 0.45 0.43 0.38
Asraamam 2 0.45 0.43 0.38
Shaktikulangara 2 0.55 0.36
Cherikadavu 2 0.50
Munroe Island 2

Figure 4. Dendrogram of Kollam mangroves showing grouping of stations sampled during the
study period
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Conclusion

This study concentrates Mixed Mangrove forest in Kollam, a total of 12 species of
mangroves belonging to six families were identified. The result shows that family
Rhizophoracae is the largest family in Kollam region followed by Avicenniaceae and
Smneratiaceae. The sequences of distribution of each station were erratic and
vegetation was diverseAvicennia marina, Excoecaria agallochand Rhizophora
apiculatawere found distributed in all six stations followed Aicennia officinalign
five stations. Almost all stations were dominatedAwcennia officinalisfollowed by
A. maring Lumnitzera racemosa and Ceriops tagat least diverse species in Kollam.

The diversity ofCeriops tagalis proscribed to Shaktikulangara region in Kerala, no
other studies shows the diversity of the species in Kerala. High species diversity
indicates the maturity of an ecosystem (Odum, 1969).The Simpson index diversity of
mangroves of Kollam (0.875) is comparatively similar to the values of diversity in
Kannur, Kerala (0.821 and 0.854) (Jose, 2003). Existence of variation in species
richness in mangroves of different locations was reported by several workers, the
species richness always influenced by variation in rainfall, temperature, anthropogenic
pressure and edaphic factors (Parthasarathy and Sethi, 2001). Almost every mangrove
species in Kollam are of conservation and importance value. Extensive land fillings has
affected the mangrove vegetation in a drastic manner, human population have major
impact on the diversity, structure of forest ecosyst@asholi, 2013), In our study we

also noted that mangroves are negatively compact by human development, they are
mainly ditched to several industrial developments, housing etc. Early studies results that
mangrove forests are under immense pressure from clear cutting, land use change,
hydrological alternation, chemical spill and climate change (Blasco, 2001) The
similarity indices also revealed the similar trend like that of evenness index, Highest
similarity indices between the sites in the present study are attributed to the formation of
common species into dense thickets; similar results are observed earlier (Banerjee and
Gosh,1998). Seen a widespread overlap and similarity between all the sites through
ordination visualization and direct comparison, thus comparisons of mangrove factors to
richness, diversity and similarity indices was performed for Kollam as a whaes

basal area is another physical measurement that can be used to compare and
characterize trees (Cris, 1999). As a recommendation, by considering the importance of
mangroves and its associates in coastal ecosystem, the respective authority should
enforce the regulation in order to protect and conserve the mangrove patches in Kollam.
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Abstract. , Q Y HV W L J DiVeisi @hdrp@dation potential of major aphidagious predators in maize Z D V
carried out at the Instructional Farm, RajasthalieGe of Agriculture, Udaipur during summer (Aptd July,
2013) and monsoon (July to October, 2013) seasthsthe objectives to study the diversity of aphideding
natural enemies and evaluate the predation pdtehtiaajor insect groups of the aphidophagous guilthe field
and laboratory. The aphid pest recorded on maizeRRhapalosiphum maidi§-itch). Among the aphidophagous
predatory guild, the major insect groups includedciellids Coccinella septempunctatannaeus Cheilomenes
sexmaculatugFabricius) Brumoides suturaligFabriciu$ andllleis cincta(Fabricius): Coccinellidae, Coleoptera);
lygaeid bug Geocoris sp.: Lygaeidae, Hemiptera,); rove beetRadderus fuscipeLurtis: Staphylindae,
Coleoptera] and syrphid fliels¢hiodonsp.: Syrphidae, Diptera; being dominant). The@gglsnean population of
aphids was higher during monsoseason crop (369.09/plant) than during the sumeasos (291.26/plant).
Likewise the seasonal mean population of the aphidophagaaatprs per plant was relatively more during
monsoon season being 8.56 (coccinellids), 35&bEorissp.), 3.14R. fuscipe¥ and 2.41 (syrphid flies); whereas,
in summer season the corresponding values were(@og8inellids), 3.60&eocorissp.), 2.87 . fuscipe} and
1.89 (syrphid flies). Exclusion of the ground dive]l aphidophagous predators resulted into sigmifigamore
aphid predation (99.75%) than when aerial aphidgpbs predators were excluded from access to aphid p
(89.38%). In the no exclusion treatment, where ltgties of predators (aerial and ground dwelling) bgqual
access to aphid prey, the decrease in aphid numibsrthe maximum (100%Al | the three coccinellid grubs and
adult beetles consumed relatively more aphids waéraphid densities (25, 50 and 75), significabiyng the
maximum at a prey density of 75. At higher aphidsitees (100, 125 and 150) the consumption ratelindd. The
feeding behavior of coccinellids showed a sharfireein percentage feeding with an increase in pieysity for
both adults and grubs.

Key words: maize aphid, aerial, ground dwelling aphidophagous predators

Introduction

Agro-ecosystems under intensive agriculture ofteneptegnfavourable environments for
natural enemies due to high levels of anthropoldglsturbance, particularly through intensive
agriculture. Habitat management that aims at umdizoractices to favour natural enemies,
especially, predators and parasitoids towards adgiesonservation biological control has
been often advocated. A higher natural enemy abeedémVW P D Q H W orDd®ersity
(Snyder et al., 2006) may not often lead to improveabbical control, because prey other than
the pest species may be preferred. The corn Iééd,dphopalosiphum maidig-itch) is one of
the important pests of maize with worldwide disition (Carena and Glogoza, 20@lewa
and Pankanin-Franczyk, 1989). It was observeditifegtation from 10-leaf stage to tasseling
caused 28.14 per cent yield losses (average aphiitg 818 aphids/plant); while, infestation
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through ripening stages caused 16.28 per cent lgistes (average aphid density 1038 aphids
per plant). Yield losses of corn due to aphid itsfiesn from 10-leaf stage to ripening stage
were 14.66, 22.9, 35.28 and 36.03 per cent at geeaphid densities of 100, 1000, 2000 and
3000 aphids per plant. This clearly indicates tlemttgdice, i.e. aphids can cause considerable
losses to the crop and thus must be managed thecmisafe methodA(-Eryan and El-
Tabbakh, 2004)

The management of sap sucking insect pests thrbigntensive methods renders it
important to record the diversity of natural enenoésphids, both generalist and specific,
commonly occurring in any crop ecosystem to explarthin favour. The aphidophagous
arthropod guild can be divided broadly into spesislthat include Braconidae and Aphidiinae
parasitoids; predatory coccinellids, lacewings aodeHlies (0«cOOHU DQG *R@&GIUD\
generalists that include euryphagous predatorsglikend beetles and spiders (Lang, 2003).
Intra-guild competition is often reported among idpphagous natural enemies due to their
foraging activity when they frequently encounter retgpecific aphid predators, which may
disrupt biological control efforts against aphidéiene more than one predator species is
present; hence, this necessitates carefully cho@sitgmbination of predators for success in
biological control of aphids (Hindayana et al., 2D0rhe present investigation thus envisages
working out the diversity of aphidophagous arthobp@tural enemies in maize cultivated
during summer and in the monsoon season, andptfegiation potential

Materials and Methods

a) Experimental site

The experimental site was located at the Instmatid-arm, Rajasthan College of
Agriculture, Udaipur, situated at 78.4£ Latitude and 23%N Longitude at an
elevation of 582.17 MSL in the sub-humid southe@wgian of Rajasthan, India. The
zone has a typical sub-tropical climatic conditidraracterized by moderate winter
and hot summer associated with high humidity esfyeaaring months of August
and September. The average rainfall of this traciges between 450-650mm,
contributed by South-West monsoon from July to Selpgenwith occasional rains
during the winter season. During summers, the giheg& temperature may go as
high as 45.%C, while in winters, it may fall as low as 35occasionally.

b) Field preparation and sowing of maize crop

One deep ploughing and two cross harrowing were done to improve the field

condition. Sowing of summer crop was done 8hApril, 2013 and maintained

with timely irrigations; while that of the monsoon crop dhAugust, 2013 and

was cultivated rainfed. Phosphatic fertilizer was applied as basal dose of 40 kg/ha,
while N was applied at 80 kg/ha in two split doses. The other agronomic practices
such as thinning, hoeing and weeding were performed as and when needed
following the package of practices for cultivation of maize.

c) Natural enemy collections

The aphidophagous predators were collected along with their aphid prey from
maize (Variety:Pratap makka fields during summer and monsoon seasons in

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 1069-1084
KWWS ZZZ DORNL KX ” ,661 3UL@QOWLQH,661
DOI: 10.15666/aeer/1304_10691084
o $/g., .IW %BXGDSHVW +XQJDU\



Swaminathan et al.:Diversity and predation potewfiahajor aphidophagous predators in maize
- 1071 -

2013. Collections were made twice a week during the aphid infestation period
beginning at tassel initiation stage. The aphidophagous natural enemy diversity
was also recorded and collected from the same maize fields.

d) Arthropod monitoring
a) Pest aphids count

The population count was made from 5 randomly-selected maize plants from

eachreplicate of the 4 treatments (mentioned later), selecting the top 20cm

meristematic region where aphids usually congregate and feed. The number of
winged and wingless adults, nymphs and mummies (mummified aphids hosting

parasitoids) for each aphid species was accounted for during observation.

b) Aphidophagous natural enemy count

i. Parasitoid count

The aphid parasitoids were estimated from the count of aphid mummies per
plant as per methodology mentioned above.

ii. Specific and generalist predator count
The predator abundance was recorded as per stage of development:

a) First, larvae of lacewings, coccinellids and hoverflies were counted on the same
shoots used to count the aphids.

b) Second, adult aerial predators, mainly coccinellids, were recorded visually by
walking in between the central rows of maize in each replicate and expressing
the population on a per plant basis from the top 20cm shoot.

c) Third, the ground-dwelling predators were collected using pitfall traps. Three
pitfall traps €a 500ml glass jar with ethylene glycol) were positioned
diagonally within each replicate. The traps were dug down to ground level.
Transparent plastic covers were placed above the traps to prevent flooding by
rain during the monsoaseason.

d) Aphids and aerial predator transects were inspected betwieark 8:00 a. m.

e) Ambient atmospheric temperatuf€) and relative humidit{%) was measured
prior to sampling. Sampling was carried out as soon as aphid infestation began.

f) The aphidophagous predator community was determined to species, wherever
possible, in addition, the predators were classified into specific or generalist
predators.

e) Efficacy of aphidophagous natural enemy guild

A field cage experiment to test the effect of aphidophagous predator guild on
aphid population was carried out at the Instructional Agronomy Farm, RCA
Udaipur on summer and monsoon season maize. In each selected field the
following treatments were taken that were replicated 6 times:
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(1) An open control (O)
(2) Ground-dwelling predator exclusion (G)
(3) Aerial predator and parasitoid exclusion (F) and

(4) Total exclusion (T), which was the combination of treatmefés (and Pons,
1998 and Carena and Glogoza, 2004.e., G and F.

Metallic barriers to exclude ground-dwelling predators (e.g., spiders, carabids,
staphylinids) were placed. The barriers were circular, 0.5 m in diameter, dug into the soil.
Ground-dwelling predators captured in these traps were counted and removed. Aerial aphid
predators and parasitoids were excluded by setting wire cages over the plants. The cages
were of a mesh size of 8mm allowing airflow to avoid changes in microclimate conditions
(Schmidt et al., 2003) and were covered with sticky glue to intercept or hinder aerial
predators and parasitoids from entering. The bottom edge of the cages was left without glue
to permit ground-dwelling predators access. With a view to maintain a uniform initial
population, at initiation of tassel in the summer crop of maize, aphid abundance was
recorded on 20cm length of top shoot and 1-day before caging, ca 500 aphids were left on
the shoot removing excess aphids, wherever present, with the help of a camel hair brush.

Culture of coccinellids in the laboratory and predation potential trial

a) The adult coccinellids were field collected from the untreated crop fields of the
Instructional Farm of the College and brought to the laboratory to maintain a stock
culture under ambient conditions of temperature and humidity. The mean
atmospheric temperature ranged from 23 t0G4nd at 51 to 74 per cent relative
humidity. Mating pairs were kept in glass jars (500ml capacity) covered with
muslin cloth that was fastened with rubber bands. The eggs laid on maize leaves
(Soares et al., 2003) were placed into fresh glass jars till the first instar grubs
emergence, which were then provisioned with fresh maize aphids daily as food.

b) To evaluate the predation potential of coccialliubs at different aphid densities (25,
50, 75, 100, 125 and 150), four healthy second igstdns were separated with the help
of a camel hair brush after the first moult anehgferred into individual glass jars of
500ml capacity covered with a muslin cloth heldetbgr by rubber bands, considered
as 4 replicates. Observations on the consumptioapbids were recorded in each
replicate under the different treatments after Z4fe experiment was continued for 5
days and left over aphids and dried maize shoats kgelaced daily with fresh ones to
avoid contamination and consequent mortality.

c) To evaluate the predation potential of adult beetlex;cinella septempunctata
(Linneaus) Cheilomenes sexmaculaf&abricius) andllleis cincta (Fabricius)
were field collected from the untreated maize crop and reared on the maize aphid
(dominant beig R. maidi3 as prey. Having starved the adult coccinellids for 6h
they were individually transferred to glass jars with different aphid prey densities
on fresh maize leaves replicated 4 times. Observations on consumption of aphids
were recorded in each replicate under the different treatments after 24h. The
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evaluation was continued for 5 days replacing left over aphids and dried maize
shoots daily with fresh ones to avoid contamination and consequent mortality.

Mathematical and statistical analyses

The following mathematical analysis was made towards estimating the species richness
of aphidophagous natural enemies and their diversity indices:

Mean density(MD)

Xi
Mean density (MD %) =——x 100
N

Where, Xi = Numbers of insects; N = Total numbers of plants sampled.

Relative density (RD)

RD% Number of individual of one species
Total number of individual of all species

100

Shannon+ :HLQHU GLYHUVLW\ LQGH[ +¢

Shannont:HLQHU GLYHUVLW)\ @Qepi[ +1

Where, Pi = the decimal fraction of individuals belonging to ith species
Predation Efficiency

The predation efficiency of dominant aphidophaous coccinellids was evaluated through
the determination of the voracity following the model of Soares et al. (2003):

9R $ i D ub

Where, Vo = number of aphids eaten; A = number of aphids available
a 24 = number of aphids alive after 24 h and

ra 24 = ratio of aphids found alive after 24 h in the absence of predators.

The data obtained were subjected to Analysis of Variance and other suitable statistical
procedures to analyze the results of the investigations conducted.
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Results
Aphid incidence and the diversity of their natural enemies

The aphids collected from maize w&kopalosiphum maidi§itch) [Aphididae: Hemiptera].

The associated natural enemies of aphids on maizlided coccinellids Goccinella
septempunctata Linneaus, Cheilomenes sexmaculatgFabricius), Brumoides suturalis
(Fabricius), andlleis cincta (Fabricius) Coccinellidae: Coleoptera]; the big@yug (Geocoris
sp., Lygaeidae: Hemiptera]; the rove beetleagderus fuscipes Curtis, Staphylinidae:
Coleoptera]; and syrphid flies [major beilsghiodonsp., Syrphidae: Diptera].

The seasonal incidence of the maize aphid during the summer and meeasonsas
presented iMables land 2 respectively, indicate that the seasonal mean aphid abundance
on maize during monsoon was relatively more than that during summer season. The mean
population ranged from 237.00 aphids per plant to 373.05 aphids per plant with the
seasonal mean being 291.26 aphids per plant on the summeTabdg Jj.

Table 1.Population dynamics of maize aphid and its natural enemies during summer, 2013

CC = Coefficient of correlation; * Values significamit5% level; Population data are means of 20 plarp$afls x 4 replications)

Likewise, the mean population ranged from 269.85 aphids per plant to 520.12 aphids per
plant with the seasonal mean being 369.09 aphids per plant on the monsoon season crop
(Table 3. During summer season, the mean atmospheric temperature had a mild negative
correlation with the aphid population, while the mean relative humidity evinced a mild
positive correlation with the aphid population though the r-values were non-significant.
During monsoon season, the mean atmospheric temperature had a significant positive
correlation with the aphid population (r = 0.65); whereas, the mean relative humidity
showed a mild positive influence on aphid population. It could be inferred that an increase
in the mean atmospheric temperature during summer caused a reduction in aphid numbers,
while during monsoon it caused a significant increase in aphid numbers.
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Table 2.Population dynamics of maize aphid and its natural enemies during monsoon, 2013

CC = Coefficient of correlation; * Values significaait5% level; Population data are means of 20 planta(is x 4 replications)

In accordance to the aphid numerical abundance lsidg density-dependent, the
associated aphidophagous natural enemies wereseblaa little more during the monsoon
season as compared to that during the summer sédsmmean adult coccinellid population
(inclusive of 4 species) ranged from 5.14 to 11p@r plant with the seasonal mean of 7.78
beetles per plant on the summer crop; while theesponding values for monsoon crop were
6.40 to 10.58 per plant with the seasonal mean.5@ Beetles per plant. The lygaeid bug,
Geocoriswas in significant numbers with the seasonal ne#e$160 and 3.76 bugs per plant
during summer and monsoon seasons, respectivety.stiphylinids had a seasonal mean
population of 2.87 and 3.14 per plant, while thebkigts were 1.89 and 2.41 per plant during
the summer and monsoon seasons, respectively. ltt beuobserved the populations of the
aphidophagous natural enemies were more during goangkan in summer, possibly being
favoured by the humid conditions. The populationco€cinellids showed much variation,
while that of Geocoris staphylinids and syrphids did not show much vamatvithin the
seasonsTables land 2). The population trend of the maize aphid anda$sociated natural
enemies has been depicted in Figures 1 and 2, based on log population of both during
summer and monsoon seasons, respectively.

Among the aphidophagous natural enemy guild recodiethg both the summer and
monsoon seasons, coccinellids dominated with 48r&8 47.91 per cent relative density,
respectively; followed by the big-eyed buggocoriswith a RD value of 22.30 and 21.03 per
cent Table 3. However, the Shanon diversity index values diddiider for the two seasons
(1.25 and 1.24 for summer and monsoon, respectively
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Figure 1. Population trend of maize aphids and associated natural enemies during
summer, 2013

Figure 2. Population trend of maize aphids and associated natural enemies during
monsoon, 2013
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Table 3.Dominant predators of maize aphid during two seasons in 2013

Summer Crop Monsoon Crop
Aphidophagous
predators Seasonal Relative Seasonal Relative
Mean* Density (%) Mean* Density (%)

Coccinellids 7.78 48.23 8.56 47.91
Geocorisspp. 3.60 22.30 3.76 21.03
Rove beetles 2.87 17.77 3.14 17.56
Syrphid fly 1.89 11.70 241 13.49
Shanon D | 1.24 1.25

* Seasonal mean population expressed as numbers per plant

Efficacy of the aphidophagous guild

The efficacy of the aphidophagous guild was evaluated in a field experiment wherein
known numbers of aphids were caged or excluded from predation by aerial predators,
ground dwelling predators, both and an uncaged or open control. It was notable that
excluding aerial predators enabled ground dwelling predators to access the aphids, while
exclusion of ground dwelling predators enabled the aerial predators to access the apids.
Likewise, exclusion of both types of predators resulted in exponential population growth of
the aphids. From thTable 4andFigure 3it becomes clear that aerial predators contributed
significantly more towards aphid predation than the ground dwelling predators, as shown
by the decrease in aphid numbers from 500 to 4.17 at five days after treatment; whereas,
ground dwelling predators caused a decrease in aphid numbers from 500 to 56.67 at five
day after treatment. However, in the no exclusion treatment, where access to aphid prey
was provided to both types of predators (aerial and ground dwelling) the decrease in aphid
numbers was the maximum being 3.00 at four days after treatment and zero at five days
after treatment. It is therefore conspicuous that the aphidophagous predators play a major
role in maintaining the aphid populations below those causing economic damage.
Nevertheless, one can observe these predators actively foraging except on rainy days while
in the field.
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Table 4.Prey consumption by aphidophagous predator-guild in different exclusion
treatments

Note: Population count of aphids per plant on 20@pnshoot in each treatment; DAT = Days after Treatment
Values in parentheses indicate the cumulative percemase in aphid population in the total exclusionttnest

Figure 3. Influence of aphidophagous predator exclusion treatments on prey population

A perusal of theTable 5 explains the feeding propensity of these aphidophagous
predators under different exclusion treatments. Aphid consumption (%) was maximum (100
per cent) under no exclusion treatment (control) closely followed by when ground dwelling
predators were excluded (99.75%); whereas, it was 89.38 per cent when aerial predators
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were excluded. The treatment of total exclusion (excluding both aerial and ground dwelling
predators), in contrast, showed a cumulative increase in the aphid population over the initial
population of 500 aphids per plant depicting an increase from 34.00 to 62.87 per cent
(Table 4 (Fig. 3.

Table 5.Feeding propensity of aphidophagous predators under different exclusion treatments

DAT = Days after Treatment; Figures in parentheses asneftrmed percent values; Values with similar letterstatéstically at par

Predation potential of the major aphidophagous guild

The predation potential of the dominant aphidophagous guild comprising the adult and
grubs of coccinellids of three species was evaluated by their feeding behavior at different
aphid prey densities (25, 50, 75, 100, 125 and 150 per beetle). Frarablee6it can be
inferred that the grubs d@@occinella septempunctataould feed significantly more aphids
at the different densities evaluated followedlsis cinctaandCheilomenes sexmaculata

Table 6.Feeding behaviour of aphidophagous coccinellid grubs at different prey densities

Prey = Maize aphid; values with similar letters are stiatlly at par.
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All the three coccinellid grubs increasingly and significantly consumed more aphids at
aphid densities of 25, 50 and 75, but at higher aphid densities (100, 125 and 150) the
consumption rate declined. The prey consumption on a number basis differed significantly
at different densities witle. septempunctatéeeding 20.55 to 24.70; cinctafeeding 19.70

to 23.00 andCh. sexmaculatdeeding 18.95 to 21.15 aphids in 24 hours with the maximum
being when 75 aphids as prey were provided. FronFigere 4 on feeding behavior it
becomes clear that an increase in prey density sharply decreased the per cenbyebding
grubs. Notwithstanding the fact that aphidophagous coccinellids prefer to feed on aphids,
they are specific predators of aphids at low densities between 25 and 50. However, this
gives an indication that field releases of coccinellid grubs might prove useful at higher
aphid densities considering the feeding ability of a single coccinellid grub.

Figure 4. Response of maize aphid density on coccinellid grub feeding behaviour during
summer, 2013

A perusal of thelrable 7indicates that the adult coccinellids showed little difference in
their feeding potential. Similar to the behavior of grubs, all the three adult coccinellids
consumed more aphids with increase in the prey density up to 75 aphids per adult;
thereafter their feeding capacity declined. The prey consumption on a number basis did not
differ much at different densities with. septempunctatéeeding 18.70 to 22.5%; cincta
feeding 17.80 to 20.95 ar@ch. sexmaculatdeeding 15.95 to 19.35 aphids in 24 hours with
the maximum being when 75 aphids as prey were provided. Similar to the feeding behavior
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of grubs, from the~igure 5it can be observed that an increase in prey density sharply
decreased the per cent feeding.

Table 7.Feeding behaviour of aphidophagous adult coccinellids at different prey densities

Prey = Maize aphid; values with similar letters are stiatlly at par

Figure 5. Response of maize aphid density on adult coccinellid feeding behaviour during monsoon,
2013
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Discussion

Earlier workers have also report&hopalosiphum maidigFitch) as the major aphid
pest on maize (Razmjou and Golizadeh, 2Q018owever,Rhopalosiphum pagdiSitobion
avenae and Metopolophium dirhodumwere also recorded in addition (Coderre and
Tourneur, 1988Coderre et al., 198®lewa and Pankanin-Franczyk, 1989). During 1988
and 1989 Schizaphis graminurand Rhopalosiphum maidieere reported to infest maize
(Darwish and Ali, 2001). The aphi&hopalosiphum maidiwas recorded on maize from 3
regions of Romania to be controlled by 23 species of predatory insects, including 2
anthocorids, 3 nabids, 2 chrysopids, a cantharid, 2 malachiids, 10 coccinellids and 3
syrphids (Voicu, 1989). Coccinellids (4 species) and chrysopids (3 species) were the most
abundant predators, followed by syrphids and nabids, and 6 species of aphidiid
[Braconidae] parasitoids (Plewa and Pankanin-Franczyk, 1989). Among aphid predators,
the coccinellids,Coleomegilla maculata lengand Hippodamia tredecimpunctatavere
significantly more abundant in the monoculture than in the maize intercropped with beans,
but Coccinella septempunctatand spiders were not (Coderre et al., 1989). Though
coccinellids Coccinella septempunctgta Adonia variegata  Propylaea
quatuordecimpunctajawere the most common aphid-specific predators, polyphagous
predators were more abundant, mainly anthocor@su¢ spp.), carabids Oemetrias
atricapillus, Harpalus rufipes Bembidion spp., Poecilus cupreus Agonum dorsalg
dermapteransL@bidura riparia, Forficula auricularia), nabids Nabis provencalis and
spiders (Asin and Pons, 1998hel relatively more commoaphidophagous predatoos
maizebelonged to the insect families Chrysopidae, Coccinellidae, Nabidae and Syrphidae;
types of soil, forerunner crops and fertilizers affected the dynamics of the aphid-predator
system in RomaniaP@ulian, 1999 Similar to our observation, among coccinelli€,
septempunctatd. transversalis Brumoides suturalisndCheilomenes sexmaculatre
the most widespreadSingh and Brar, 2004 Thus, it can be inferred that coccinellids
happen to be the most dominant aphidophagous predator of maize aphids as recorded
during the present investigation; however, the coccinellidjs cincta was equally
abundant in our trials that earlier workers have not reported, which could be specific to our
climatic conditions.

The aphid Rhopalosiphunftwo species) showed a bimodal seasonal distribution,awvith
decrease in abundance at the end of July. Climatic factors and emigration could not explain
this decrease, but was probably related to diminished plant nutritional quality and an
increase in predation (Coderre and Tourneur, 1988). Aphids occurred at the beginning of
August, and reached their maximum abundance (406 and 518 per plant) fhvtieeldof
August, when the plants were in their reproductive stage. Aphid populations began to
decrease from thé®3veek of September, to reach their lowest levels in mid-October, when
the plants were mature (Darwish and Ali, 2001).

The mean daily consumption of the aphRl, maidis by adults and larvae of.
septempunctatdo be 30.4 and 27.7 at 18.6 and 71 per cent relative humidity that
increased with an increase in the daily temperature (Harjit and Deol, 1999). Contrary to our
findings that coccinellids were more efficient at lower aphid densities, earlier it was
reported that the number of attacks by coccinellid adults increased significantly and linearly
with increasing prey density. Adult consumption rates were 82-85 per cent in 1997 and 76-
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97 per cent in 1998. Larvae consumption also increased significantly and linearly with prey
density and the consumption rates were 80-93 per cent in 1997 and 85-94 per cent in 1998
(Dicko, 2000). Adults ofC. septempunctat@onsumed a significantly higher number of
aphids than larvae @yrphussp., but less than adults Mf sexmaculataAdults consumed

a significantly higher number of maize aphids than immature stages. Gruls of
septempunctatevere more active than maggotsSyrphugSingh and Marwaha, 20p2
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Abstract. The aim of this study is to build species distribution models amtffictors affecting Assam
tea distribution in upper Northern Thailand. The data were analyzed by thiécloggession of 185
records of Assam tea and generated pseudo-absence data using-skeptweethod. The re-sampling
technique used the bootstrapping method to interpolate small sample size prabktie k-fold cross-
validation technique was used to find the best testing data set. Furthermore, statiktesl(average
value, standard deviation and coefficient of variation) were used to findeitefinal model. From the
effective predictor variables at a significance level of 0.05: aspect, annual meaaratiemg mean
temperature of the wettest quarter, annual precipitation, precipitation of the wmtheth and
precipitation of the driest quarter all had positive effects upon model.e@mly: distance from the river,
minimum temperature of the warmest month, precipitation of the driesthnama precipitation of the
wettest quarter all had negative effects upon model. Furthermore, the itaddesareas were found to be
predominantly in the north-northwest region of upper Northern Thailand.

Keywords: species distribution models, logistic regression, Assam tea, resampling technique

Introduction

Assam teaCamillia sinensisver.assamicaor wild tea is the most commonly used
plant in tea production. It originates in India andtunally distributes through
highland forests where the climate is rainy and matddy sunny. Assam tea has been
continuously maintained in the forests and is recognae@n agroforestry system.
The Assam tea forests cover approximately 170,000 ikniThailand, and 45% of
these regions consist of highland areas (Pagella €2082). Interestingly, many
biodiversified features are found in the Assam te@dts, especially herbal plants.
Preechapanya (1996) found that there were 149 plaaties from 71 families in the
Assam tea forest area of Phi Pan Nam Mountain. Curtewittpge expansion and
farming in and around the Assam tea forests is onnitrease, which is resulting in a
rapid decrease of numbers of Assam tea forests g$kvan, 2008). A survey of
Assam tea distribution is difficult and high cost. Tdéfere, alternative approaches
such as mathematical or statistical models could bés tosed to predict the most
sutable areas when considering environmental factone approach that can be used
WR LGHQWLI\ PRVW VXLWDEOHOORGHDONEV GUOSHFLHYV 'LVWU

Species Distribution Models (SDMs) are important toolspf@dicting how species
distribute across all studied areas. They have beed imsmany fields of biology,
such as conservation planning, surveying, evolution studlieassessing the impacts
of climate change (Thuiller et al., 2005; Guisan andilldr, 2005; Engler et al.,
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2004; Marini et al.,, 2009). In general, the main obyes for building species
distribution models are to indicate appropriate envirental factors, including
topography, climate or geology, and to identify arednich generate the most suitable
environmental factors (Pearson, 2007). SDMs cardib&led into two groups of
techniques: The first group is profile techniques, sashenvironmental envelope
(BIOCLIM) or environmental distance (DOMAIN) (Franklig010). These techniques
require presence-only data which are based uporatiges, means, or other values of
environmental variables for locations where a speafi@sterest has been in existance.
The second group is group discrimination techniquesh sas generalized linear
models (GLMs), generalized additive models (GAMs), died regression trees
(BRTs) etc. which need both presence and absenee (8tokland et al., 2011) in
order to generate statistical functions or discrimugatrules. Generally, group
discrimination techniques can produce much better teeghbhn profile techniques
(Mateo et al., 2010), primarily because these tepies acquire absence data or
background data used to improve the relationshipwd®at species occurrence and
environmental variables (Brotons et al., 2004). Hosve such group discrimination
techniques lack true absence data, and therefaeadpsabsence data or random
samples of the background data need to be generatethdoinclusive models.
Pseudo-absence data are based upon statistical thebitlg random samples of
background data are based upon machine-learning; exyjmum entropy (Maxent)
(Mateo et al., 2010). Contemporary statistical gsial has been used extensively,
including SDMs. From 1998-2007, approximately 70-80%rttlkes published in the
Journal of Wildlife Managemerand Landscape Ecology Journalsed regression-
based models in predictive modeling (Drew et al., 20These methods also need
absence or pseudo-absence data in their models. pdesido-absence data can be
divided into two groups (Lobo and Tognelli, 2011). Tirst group chooses pseudo-
absence data by simple and random selection inttity sirea (Barbet- Massi et al.,
2012; Lobo and Tognelli, 2011). The second group cd®gsseudo-absence data
using the following two-step techniques (Barbet-Masst al., 2012; Lobo and
Tognelli, 2011; Wisz and Guisan, 2009): First, buildtahie areas using profiling
techniques, and then randomly select pseudo-abs#ateeoutside of those suitable
areas. The models with two-step pseudo-absencedadace better results than those
with random pseudo-absence. However, the results edettmodels could lead to
weaker predictive power because they lead to atterg (Wisz and Guisan, 2009).

The objectives of this study were to find the fastaffecting the distribution of
Assam tea in upper Northern Thailand, and to idgrdifitable environmental areas
for Assam tea production using logistic regressionysia (GLMs technique). The
selection of pseudo-absence data using the two stémigee and the bootstrap
techniqgue were applied to this model, and a resampéognique (bootstrap) was
used to remedy the sample size limitations.

Methods
Study area and occurance data

The upper Northern part of Thailand covers nine provinces, namely: Chiang Mai,
Chiang Rai, Mae Hong Son, Nan, Phayao, Phrae, Uttaradit, Lampang and Lamphun
(shown inFigure ). 7KH DUHD LV VLWXDWHG EHWZHHQ ODWQWXGH)
ORQJLWXGHVY f W ~ ( DQG FRYHUV DQVisUdidas Rre NP
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hilly and mountainous, and approximately 64% is covered by forest (Forest Land
Management Bureau, 2013).

The data used in this study were obtained fromTée Institute of Mae Fah Luang
University, Thailand. One hundred and eighty fivecards of Assam tea data
(presence data) in the form of geographic coordinatee collected. These data were
part of a collection of tea varieties grown a in thern Thailand project
(Sampanvejsobha et al., 2009).

Plot of Assam Tea Occurence
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Figure 1. The demarcation of study areas including 9 provinces in Northern Thailand. The
black dots indicate 185 records of Assam tea data.

Environmental data

Environmental data were separated in two grougsodoaphy factors and climate
factors {Table 1). Topography factors were composed of elevatibEN]), slope
aspect (Aspect), distance from the river (Distarasg) modified groups of rock type
with slope (Class1-Class8). The climate factorsenmymposed of relative humidity
(Humidity) and bioclimatic variables (Biol-Bio19DEM data were obtained from
the Land Development Department, Thailand. The dt#awas calculated from
river data that had been obtained from DIVA-GIS (titgpww.diva-gis.org). The
aspect was calculated from the elevation data, ratative humidity was obtained
from thH ODUF 6RXULV{V SDJH KW WX UL ¥ ZWKDILLY DMLV KD
Bioclimatic variables were obtained from the Wora& database, which offered
approximately 1 krh of spatial resolution (Hijmans et al., 2005;
http://www.worldclim.org). The WorldClim data weierived from measurements
of altitudes, temperatures and rainfall from weattations across the globe (Period
19502000). Finally, nineteen bioclimatic variables rfrothe WorldClim datasets
were used to assess current climatic conditions.

Generating pseudo-absence points

Pseudo-absence points were generated using the ¢éwaystthod (Barbet-Massin
et al., 2012; Lobo and Tognelli, 2011; Wisz and Guoijsz009): First, a suitable area
was built using profiling techniques. In this work, tB®clim method was used to
build a suitable area using theclim function on dismo package in R programming.
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Table 1.The variables used in the species distribution models

Variable Unit Description Variable Unit Description
DEM m  Elevation Bio5 Ng 1 Max Temperature of
Warmest Month
Distance km Distance from the river Bio6 Ng 1 Min Temperature of
Coldest Month
Aspect degree Direction of the slope facin¢ Bio7 Ng 1 Temperature Annual
(0-360 degree) Range
Class1 - Sedimentary and Bio8 N 1 Mean Temperature of
Metamorphic rocks, slope Wettest Quarter
0-15 degree
Class2 - Sedimentary and Bio9 Ng 1 Mean Temperature of
Metamorphic rocks, slope Driest Quarter
15-30 degree
Class3 - Sedimentary and Biol0 N 1 Mean Temperature of
Metamorphic rocks, slope Warmest Quarter
30-45 degee
Class4 - Sedimentary and Bioll N 1 Mean Temperature of
Metamorphic rocks, slope Coldest Quarter
>45 degree
Class5 - Igneous rocks, slope 16 Biol2 mm/year Annual Precipitation
degree
Class6 - Igneous rocks, slope 13 | Biol3 mm/ Precipitation of
degree month  Wettest Month
Class7 - Igneous rocks, slope 36 | Biol4d mm/ Precipitation of Driest
degree month  Month
Class8 - Igneous rocks, slope >45 | Biol5 % Precipitation
degree Seasonality
Humidity % Relative humidity Biol6 mm/ Precipitation of
quarter  Wettest Quarter
Biol N& 1 Annual Mean Temperature| Biol7 mm/ Precipitation of Driest
10 quarter  Quarter
Bio2 N& 7 Mean Diurnal Range Biol8 mm/ Precipitation of
10 quarter Warmest Quarter
Bio3 % Isothermality Bio19 mm/ Precipitation of
qguarter  Coldest Quarter
Bio4 % Temperature Seasonality

DEM was obtained from the Land Development Department, Thailand.

Distance was calculated from river data downloaded from http://www.divargis.
Aspect was calculated from Elevation.

Class1to Class8 were dummy variables.
Humidity was downloaded from http://www.rsgis.ait.ac.th/~souris/thaifend.
Biolto Bio19 were downloaded from http://www.worldclim.org.
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(a) (b)

Figure 2. (a) Suitable areas (green areas) made using the Bioclim method and presence points
(blue points); (b) Pseudo-absence points (red points) selected outside the suitable area.

Logistic regression

Logistic regression is one type of generalized linear model (GLM) that was
introduced by Nelder and Wedderburn in 1972. It is suitable for analysis when response
data are binary. In this work, the species distribution model was specified by data
occurrence (presence data as 1, and absence data as 0). This model used logit link (or
logit transformation) to describe the relationships between the response probabilities
and the 31 predictor variableBable 3. The logit link is modeled as a linear function:

logit(p) b | bx (Eq.1)

Where, p is response probabilities to be modeled, n is the number of predictor
variables, (xi) andy,,b,...,h, are the regression constants. The model was fitted using

the maximum likelihood method. The prediction of the model was formed as an
exponential function:

elogit( p)

PY (Eq.2)

Where,P(Y)is the probability of interested event (probability of presence area). This
was transformed into a continuous probability Y ranging from O to 1.

In this study, thglm function in R programming was used for logistic regression and
thelogit onglm function was chosen as the link function.
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Model processing
In Figure 3 data including presence points, pseudo-absence poinenaimdnmental

data were divided into 5 groups labeled with random numbers 1 to 5. Then, group 1 was
assigned as testing data and the remaining groups (group 2, 3, 4 and 5) were assigned as
training data. The testing data were used to evaluate the models and the training data

were used to build the models.

Let

k=5
n=10
B = 1000

Data set

v

Assign random numbdr +k in data set for

Repeat all
processsn
times

separating data sitto k groups

v

Select nextesting data

k times
J

Let groupi be the testing data and other|
groups be théraining data

Build the model and evaluate using

bootstrap B times

v i
Calculatecrossivalidation error cross-validation error =181
kB
Group | bootstrap [ AUC Error rate

Select the set of the model that has
minimum crossvalidation error

v
!

see—— =

Calculate mearstandard deviation and coefficien
of variation (CV) oferror rate in each group

v

Select the group that has minimum CV an80%b

Select the model that has AUC clss® the mean

Final model

Figure 3. The model process for selecting the final model for one set of pseudo-absence points
with 5 (k)-fold cross-validations, 1000 (B) bootstraps and 10 (n) iterations of all processes

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH.3(4): 1085-1096.
http://www.aloki.hu” ISSN 1589 1623 (Print) ISSN1785 0037 (Online)

DOI: 10.15666/aeer/1304_10851096

a $/g., .IW  %XGDSHVW

+XQJIDU\




Nanglae £Nilthong: Predicting Assam tea distribution
-1091 -

We evaluated the models using the evaluate function on dismo package in R
programming. Bootstrapping with 1000 replications was needed for the training data to
build 1000 models in logistic regression. Next, each of the 1000 models was evaluated
using the testing data to provide areas under the receiver operating characteristic curve
(AUC) and error rate. After that, the next group (group 2) was used as new testing dat
and the remaining groups would be new training data. The process was repeated until
completing all testing data (5 data groups) and obtaining 5000 models with AUC and
error rate values. Cross-validation error was then calculated from the average value of
5000 error rates, and then we reassigned random numbers 1-5 to the data set and
repeated all processes 10 times, in order to provide 10 cross-validation error values. The
best iteration would be selected from the minimum cross-validation error. Mean,
standard deviation and coefficient of variation (CV) of error rates would be calculated
within each group that had 5000 models. Next, the group that had a minimum CV at
less than 30% would be chosen. CV is normally used to measure dispersion and a CV of
less than 30% indicates a normal distribution (Forkman, 2005). Finally, the mean of
AUC was calculated and the final model would be selected from the model that had
AUC closest to the mean AUC. The final model represents the best logistic regression
from one set of pseudo-absence points.

In this study, 5 suitable area maps were generated using the Bioclim miéidnae (

4). In each map, 20 sets of pseudo-absence points for each suitable area map were
generated.

Figure 4. The process for selecting the optimal model from 5 suitable area maps using the
Bioclim method
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To select the best pseudo-absence set among the 20 sets in each suitable area map, the
mean value of AUC was calculated and the model that had AUC closest to the mean

was chosen. Next, the best suitable area map was selected for its minimum value of
coefficient of variation of cross-validation error. Finally, the optimal model would be
processed using the stepwise method to search for effective predictor variables using the

step function in R programming alonglbWV K $NDLNHTV LQIRUPDWLRQ FULW
most suitable model would give the lowest AIC value.

Results and Discussion
Selecting the optimal model

FromTable 2, the means of AUC at each suitable area map were similar. Values of
0.93-0.94 were considered most outstanding discrimination (Hosmer and Lemeshow,
2000) and highly successful for an accurate predictive model.

The suitable area map with the minimum coefficient of variation (CV) of cross-
validation error was selected in order to reduce bias in the iteration process. Therefore,
the group that had minimum CV would have minimum dispersion. Eventually, the most
suitable area (map 1) and optimal model in pseudo-absence (set 1) was selected, as seen
in the dotted box iTable 2below:

Table 2.The average of AUC and coefficient of variation of cross-validation error at each
suitable area map. (The dotted box shows the optimal model from suitable area map set 1.)

Suitable area Mean of  The best pseudo- Coefficient of

map (Bioclim) AUC absence set AUC varlz.itlor? of cross-
validation error
1 0.94840 1 0.94838 0.00151
2 0.94027 13 0.93994 0.00307
3 0.93958 16 0.94025 0.00551
4 0.93754 3 0.93768 0.00308
5 0.93978 17 0.93974 0.00326

Factors affecting the model

The stepwise method was used to choose the variables affecting the model, using
Akaike information criterion (AIC) after the optimal model had been selected. From
Table 3, 18 variables were selected and 10 variables were at a significance level of
0.05. Although some variables (Humidity, Bio2, Bio3, Classl, Class2, Class5, Class6
and Class7) in the model were not apparently significant, they were used in the model
due to their presumed involvement, and they were selected in the model using the
stepwise method. The most significant variables were topography variables (Aspect and
Distance), temperature variables (Biol, Bio6 and Bio8), and precipitation variables
(Biol2, Biol3, Biol4, Biol6 and Biol7), respectively.

Considering topography variables, Aspect, Classl, Cl&3s2s5 and Class6 had
positive effects, while Distance and Class7 had negagifects. Thus, the most
suitable area for Assam tea would need more solaatradi because the northwest
slope is sunnier and drier than the northeastern skegesflulegn et al., 2003). When
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considering other topography variables, the mostblégtarea for Assam tea would
need a slope of not more than 30 degree and not lzviy from the river or water
source.

Table 3.Factors were selected in GLMs using the stepwise method.

Factor Estimate Sig. Factor Estimate Sig.
Aspect 0.003 * Biol3 0.064 *
Distance -0.390 * Biol4 -0.627 *
Humidity -0.110 Biol6 -0.107 *
Biol 0.314 * Biol7 0.156 *
Bio2 0.260 Classl 17.360
Bio3 0.538 Class2 17.920
Bio6 -0.917 * Class5 17.680
Bio8 0.532 * Class6 17.300
Biol2 0.042 * Class7 -70.300
Intercept = -176.800
s VLIJQLILFDQFH OHYHO

Considering temperature variables, Biol, Bio2, Bio3 and Bio8 had positive effects,
while only Bio6 had negative effects. The average temperature of Biol implicates that
the annual average temperature should not be too low for the most suitable area for
Assam tea production. Moreover, the fluctuation of temperature between day and night
(Bio2) and mean temperature in the wettest quarter (Bio8) should be high, while mean
temperature should be sufficiently cold in the coldest month (Bio6). Isothemality (Bio3)
is a proportion between the d&yhight temperatures and the summ@winter
temperatures. Thus, the most suitable area for Assam tea should have high isothemality
and/or be far away from the sea.

Considering precipitation variables, Biol2, Biol3 and Biol7 had positive effects,
while Biol4 and Biol6 had negative effects. Biol2 indicates that the most suitable area
for Assam tea should have sufficient precipitation all year round. It should have high
precipitation in the wettest month, but not too high during the whole wettest quarter.
Moreover, it should have low precipitation in the driest month, but not too dry during
the whole driest quarter. In conclusion, the most suitable area for Assam tea production
is possibly in the monsoon regions (Elliott et al, 2006), with two distinct wet seasons
and two distinct dry seasons each year.

Predicting map and evaluation

To predict the most suitable area for Assam tea, threshold (offsytwas used to
transform the probability map to a presence/absence map by maximizing the sum of the
sensitivity and specificity method, and only forest areas were taken into consideration
(Figure 5. This showed that most Assam tea is greatly distributed in the northwest,
towards the North. Most areas are located in Chiang Mai, and in some parts of Chiang
Rai and Mae Hong Son provinces.
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Figure 5. The most suitable areas for Assam tea forests and effective predictor variables were
at a significance level of 0.05

Conclusion

GLMs depicting the potential distribution of Assam tea with a high AUC value
indicates great success as a predicting model. The potential distribution of Assam tea
depends upon topographic and climate variables, with Assam tea being dispased in
forest that has a slope of not more than 30 degrees and is not too far away from a river
VRXUFH Ju$VSHFW DQG 'LVWDQFHY ZHUH WKH WZR PRVW
Assam tea distribution, while Biol, Bio6 and Bio8 were the most important temperature
predictors, along with Biol2, Biol3, Biol4, Biol6 and Biol7 being the most important
precipitation predictors. These data implicate that Assam tea grows well in tropical
forests and highland areas because the average temperature in the wettest quarter is high
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and the minimum temperature is low in the coldest month. Thus, potential areas must
have sufficient precipitation, but not too much precipitation during the monsoon period.
The predictive maps showed taht the most suitable areas were predominantly located in
the northwest, towards the North. Climate change is currently a key factor in
environmental change. It affects organisms and the biodiversity of the ecological
system. Therefore, this study of potential distribution can be beneficial for Assam tea
conservation and land management in and around surrounding Assam tea forests. More
research is needed to determine whether any available defended areas sufficiently cover
the most suitable areas for Assam tea production. The methodological models for
Assam tea could be applied to other plant species in other areas of study as well.
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Abstract. Pollination crisis (the decline of pollinator populations) is a global phenom which
threatens biodiversity, human welfare and economy. The degree to wdiffdrent plant
populations/species are affected by pollination crisis is still uncledhidrstudy, long-term herbarium
dataset was used to quantify the reproduction rate of Hungarian orchigesebet853 and 2008. We
quantified fruit-set rate of 663 specimens belonging to 27 species. Paavailable from an average of
ORFDOLWLHYV “ \HD UV DHUEI¥SS HErbariuivi SdtaFneReH&lidated
with field-observed data in case of the different pollination stratediesording to our results, the
reproductive success of the vast majority of orchid species has noedhadmgng time and pollination
crisis is not apparent in Hungary at least until the end of the 20th century.
Keywords: herbaria, natural history collections, Orchidaceae, pollination crisis, pollinatiwde

Introduction

Pollinators provide key ecosystem services in most terrestrial ecosystems (Chee,
2004; Boyd and Banzhaf, 2007; Wallace, 2007; Fisher and Turner, 2008). Their activity
is crucially important in the long-term survival of indigenous plant communities
(Ashman et al., 2004; Aguilar et al., 2006) and the productivity of cultivated plants
(Klein et al.,, 2007; Ricketts et al., 2008). For most crop plants and wild plants
(particularly in the temperate climate zones) the most important pollinators are insects,
especially bees, which are declining parallel to insect-pollinated plants at global (Kearns
et al., 1998; Potts et al., 2010) and western European (Biesmeijer et al., 2006) scale.

The main causes of the observed global pollination crisis have not been fully
identified, but are potentially connected to the fragmentation and destruction of) (semi-

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 1097-130
http://www.aloki.hu” ISSN 1589 1623 (Print) ISSN1785 0037 (Online)
DOI: 10.15666/aeer/1304_10971108
o $/g., .IW  %XGDSHVW +XQJDU\



0 R O Q.iét al.: The reproductive success of Hungarian dechas not changed in the last century
-1098 -

natural habitats, spread of parasites, the use of chemicals in agriculture and global
climate change. From this point of view, the recent and well documented climate
change (Parmesan and Yohe, 2003; Root et al., 2063K U | W H200% WCD,Q007)
deserves particular attention. Phenological shifts linked to changing climatic conditions
were documented in different groups of plants (Fitter and Fitter, 2002; Parmesan, 2006;
Post et al., 2008), including orchids (Robbirt et al., 200R O Qi U af, 2612b). So

far, little is known about climatic responsiveness of orchid-pollinators, but pollination
mode was found to be the most important predictor of phenological response of central
(XURSHDQ WHUUHVWULDO RUFKLGYV les3Ra0yQhgndogi¢hW D O
mismatch between pollinators and flowering plants may substantially reduce the
reproductive success of plants through decreased pollination efficiency (Fitter and
Fitter, 2002; Hegland et al., 2009; Bartomeus et al., 2011; Rafferty and Ives, 2011).
European terrestrial orchids represent an ideal research object for studying temporal
changes in pollination efficiency for several reasons. First, since agamospermy (asexual
seed production) is very rare in the family (Nygren, 1967; Gadimd Catling, 1991),

the presence of a fruit is almost always an indication of successful pollination (Neiland
and Wilcock, 1995). Second, individual reproductive success of orchids is easy to
estimate by counting the flowers and fruits on the shoot (Neiland and Wilcock, 1998).
Third, orchids exhibit diverse pollination modes (self-pollinating, nectar-rewarding,
food- and sexual deception (Dafni, 1984H U ViN R Y 2086) cénGequently, their
dependence on the abundance and diversity of pollinating insects differs between
species. Fourth, different orchid species are attractive for specific group of insects, such
as bees and wasps (Hymenoptera), butterflies (Lepidoptera) and beetles (Coleoptera)
(Claessens and Kleynen, 2011).

Our aims in this study were (1) to characterize Hungarian orchid species in terms of
reproductive success based on herbarium records, (2) determine the effect of pollination
mode on fertilization success and (3) evaluate historical changes in reproductive success
in orchids during the past decades.

Our predictions were the following: the reproductive success of autogamous species
is temporarly invariable and relatively high (since they do not depend on pollinators),
the reproductive success of entomophilous species depends on pollination mode: nectar-
rewarding species show higher fructification rate than deceptive taxa, the reproductive
success of entomophilous species (both nectar rewarding and deceptive) is decreasing
due to the decline of pollinator populations.

Natural history collections contain important and useful information on the
reproductive success of orchids in historical context (Farrell, 1985; Pauw and Hawkins,
2011). To test our hypotheses we collected data on fructification rate from all publicly
accessible Hungarian herbaria and analyzed these with respect to pollination mode and
time of collection.

Materials and methods
Quantifying fruit-set

We used the most widely utilised (and the easiest) method of measuring of
reproductive success in orchids: quantifying fruit-set (Neiland and Wilcock, 1998). The
+HUEDULXP 'DWDEDVH RI +XQJDULDQ 2UFKL@E0I12H§RPSLOHG
allowed us to analyse reproductive success of 681 specimens belonging to 27 species
based on a historical dataset which spans 155 yEabde( ).
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Table 1. List of the species and characterization of the dataset
Abbreviations: A - autogamous, FEfood deceptive, NRnectar rewarding.

used in this study.

o Date of collection
Species Pollination No.' Qf | Duration No'. of
mode localities OHGLDQ specimens
(years)
Anacamptis coriophors NR 11 “ 55 33
Anacamptis morio FD 7 “ 73 15
Anacamptis palustris FD 4 “ 106 7
Anacamptis FD 14 z 134 27
pyramidalis
Cephalanthera A 31 132 71
damasonium
Cephala.nthera ED 23 104 30
longifolia
Cephalanthera rubra FD 9 29 16
Cypripedium calceolus| FD 3 27 6
Dactylorhiza incarnata FD 19 126 24
Dactylorhiza viridis NR 7 25 17
Epipactis atrorubens NR 8 61 24
Epipactis helleborine NR 9 71 17
Epipactis microphylla A 22 149 71
Epipactis palustris A 16 112 48
Epipactis purpurata NR 11 77 24
Epipactis tallosii A 3 66 6
Goodyera repens NR 2 2 6
Gymnadenia conopsed NR 5 106 7
Gymnadenia NR 2 95 8
odoratissima
Limodorum abortivum A 14 93 26
Liparis loeselii A 2 38 10
Neottia ovata A 12 134 16
Neottia A 38 121 119
nidus-avis
Orchis militaris FD 13 “ 91 59
Orchis purpurea FD 5 “ 77 6
Orchis simia FD 2 “ 60 9
Platanthera bifolia NR 25 “ 137 31

We considered only intact herbarium specimens collected in fruiting Stagel). The
number of flowers (both fertilized and non-fertilized) and the number of fruits were
counted on each specimen collected at fruiting stage and identified at species level.

For statistical analyzes we used only species for which at least 3 herbarium records

ZHUH FROOHFWHG

¢ ZKLFK ZHUH FROOHFWHG

Life-history characterisation

,Q WKH ZKR O 8lofGézovds ¥ sp&cieswkeké PHD Q “6
¢ ORFDOLWLHYV

IURP

Species were categorized into three groups according to their pollination #ode
autogamy (including obligate and facultative self-pollination),

HQWRPRSKLO\ DQG

IRRG GHFHSWLYH HQWRPRSKLO\
full list of all investigated species, as well as the sequence data used for phylogenetic
reconstruction, is given ihable 1
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Figure 1. Orchis militaris sheet from the collection of the Department of Botany at the
University of Debrecen (DE), collected near to Dabas on the 23th of May in 1951, by Tibor
Simon and Olga Borsos. Its four fruits are well identiféabl

Statistical analyses

To analyze historical changes in reproductive success and its relationship to
pollination mode, we used generalized linear mixed models (GLMMSs). Since fruit-set is
proportion data following a binomial distribution, we used binomial GLMMs with the
number of fruits (successes) and number of unpollinated flowers (failures) as a bivariate
response. Binomial GLMMs were performed using the MCMCglimm package
(Hadfield, 2010) in the R Statistical Environment (R Core Team, 2014). MCMCglmm
implements a Bayesian version of traditional GLMMs and it has the advantage that it
can incorporate complex covariance structure in the random effects, such as the
covariance arising from the phylogenetic relationship between species; hence, these
models can be used to evaluate the relationship between species traits while controlling
for the non-independence of data points arising from shared phylogenetic descent.

To prepare a phylogenetic tree that describes phykigedistances between the
species studied, we used one of the most useful miatephylogenetic marker, the
nuclear ribosomal internal transcribed spacer (nrlfiggion (Baldwin et al., 1995;

E O Y DaddH\Vendel, 2003). An alignment of the sequences made by eye in
BioEdit v.7.1.3 (Hall, 1999). The resulting matrix wadbjeet to phylogenetic tree
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reconstruction under the maximum parsimony (MP) ddterin Paup v.4.0b*10
(Swofford, 2003) using a heuristic search with difaattings but holding 10 trees at
each iteration step and repeating the search 1@ As we used a geographically
strongly biased sample-set (Hungarian orchids), wd t@ apply a backbone
constraint to overcome false tree-reconstruction dusutmptimal taxon sampling.
Thus, the well-established phylogenetic relationshifwopean orchids (Bateman et
al., 2003 Bateman et al.2005 Bateman, 2009) was fixed as constraint (Beg 2).
The most parsimonious phylogenetic trees compatible euthconstraint were saved
with branch length corresponding to mutational charfigesas phylograms), then one
of these trees was made ultrametric by applyingnive-parametric rate smoothing
algorithm (Sanderson, 1997) as implemented in r8s ¥.XSanderson, 2003).
Statistical robustness of our MP reconstruction was assdss the non-parametri
bootstrap procedure applying 1000 pseudo-replicatdzaup. This above procedure
allowed us to assess the genetic distance betweenspacles we studied, and the
resulting ultrametric tree Hig. 2) was used as input for analyses using the
phylogenetic control.

Figure 2. The favoured phylogenetic tree of four equally most parsimonious trees made

ultrametric by non-parametric rate smoothing and used in analysis as phylogenetic control. The

backbone constraint applied in the heuristic MP search is indicated by thick branches. Mean

fruit-set values calculated (dashed line represents median) for each taxon and changes in fruit-

set rates (posterior mean from Bayesian GLMM, see Table 4) calculated for 16 species are
given next to the tree.
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We first evaluated the effect of pollination mode on fruit-set; as random factors we
included the ID of herbarium records (to control for multiple plant individuals collected
at the same time from the same location), species (to control for multiple records per
species) and phylogenetic position (to control for shared phylogenetic descent). Next we
built a similar model with year as fixed effect, and a third model with the interaction of
these two factors.

Lastly, we evaluated temporal changes in fruit-set in species where the number of
records per species was >10 (this was the case for N=16 species). These latter models
were evidently run without phylogenetic control, but we included the ID of herbarium
records as a random factor.

Results

The phylogenetic tree reconstruction found four equally parsimonious trees under the
MP criterion that were compatible with the backbone constraint applied. These four
trees at step 1320 were found repeatedly during the 1000 random repetitions. The
difference between the trees effected the tips; on one part of thelLtnreedorum
abortivumwas sister to the genudeottia while the other part was affected by the
exchanged placement @rchis militaris and O. purpurea All these placements are
poorly resolved in the currently available studies. The finally favoured Fige 2) is
the one fully compatible with those published in the relevant litergBa®man et al.,

2003; Bateman et al., 2005; Bateman, 2009)

Species-specific fruit-set rates in the 27 species ranged between 35 % and 98 %.
(Table 3. Pollination mode had a significant effect on reproductive success; compared
to nectar-rewarding species, deceptive taxa had significantly lower fruit-set (posterior
mean: -2.152; lower: -3.380; upper 95% CI: -1.079; p=0.004). Fruit-set of autogamous
taxa was not significantly different from nectar-rewarding ones (posterior mean: 0.747;
lower: -0.577; upper 95% CI: -1.796; p=0.22%able 3 Fig. 3).

Figure 3. Reproductive success of orchids with different pollination mode. The number of
species with each pollination strategy is indicated below the boxes.
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Table 2.Descriptive statistics on fruit-set data of species examined in this study.

Number of flowers Number of fruits Fruit-set (%)
Species Total Mean Total Mean OHDQ “ 6
Anacamptis coriophora 512 15.5 394 11.9 “
Anacamptis morio 147 9.8 86 5.7 “
Anacamptis palustris 72 10.3 46 6.6 “
Anacamptis pyramidalis 603 22.3 241 8.9 “
Cephalanthera damasonium 344 4.9 321 4.5 “
Cephalanthera longifolia 236 7.9 106 3.5 “
Cephalanthera rubra 164 10.3 50 3.1 “
Cypripedium calceolus 6 1.0 5 0.8 “
Dactylorhiza incarnata 527 22.0 380 15.8 “
Dactylorhiza viridis 217 12.8 190 11.2 “
Epipactis atrorubens 362 15.1 347 145 “
Epipactis helleborine 287 16.9 275 16.2 “
Epipactis microphylla 799 11.3 769 10.8 “
Epipactis palustris 522 10.9 486 10.1 “
Epipactis purpurata 527 22.0 518 21.6 “
Epipactis tallosii 85 14.2 66 11.0 “
Goodyera repens 96 16.0 78 13.0 “
Gymnadenia conopsea 145 20.7 99 141 “
Gymnadenia odoratissima 175 21.9 104 13.0 “
Limodorum abortivum 280 10.8 239 9.2 “
Liparis loeselii 38 3.8 33 3.3 ¢
Neottia ovata 556 34.8 467 29.2 “
Neottia nidus-avis 2990 25.1 2386 20.1 “
Orchis militaris 1243 211 483 8.19 “
Orchis purpurea 193 32.2 67 11.2 “
Orchis simia 146 16.2 98 10.9 “
Platanthera bifolia 494 15.9 330 10.7 “

Table 3.Mean fruit-set rates of the species with different reproductive strategy

Number Number of flowers Number of fruits
of species Median Mean SD Median Mean SD
Autogamous 9 10.9 13.5 10.2 10.1 11.5 8.3
Food deceptive 12 13 14.9 8.4 6.3 6.9 4.4
Nectar rewarding 10 16.4 17.7 3.3 13.6 14.4 34

Fruit-set did not change with time (posterior mean: -0.004; lower: -0.011; upper 95%
Cl: 0.002; p=0.194Fig. 4). Furthermore, when year and pollination mode were
included in interaction with each other (allowing different temporal changes in #dee thr
pollination strategies), none of the model parameters were significant.

Fruit-set decreased significantly with time Meottia ovata,ncreased with time in
Anacamptis coriophoraand no statistically significant trend was seen in the remainder
of species with at least 10 herbarium records (14 out ofdléle 4.
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Figure 4. Fruit-set data of nectar-rewarding (A), deceptive (B) and autogamous (C) taxa in
relation to year of collection. Overall, there was no significant temporal changes in
fructification rate (see Results)
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Table 4.Changes in fruit-set rate during time (results from Bayesian Generalized Linear
Mixed Models). Boldface indicates statistically significant change.

Parameter estimate (posterio Lower 95% Upper 95%

Species mean) cl cl pMCMC
Anacamptis coriophora 0.052 0.009 0.094 0.020
Anacamptis pyramidalis 0.004 -0.016 0.023 0.750
Cephalanthera damasoniu -0.007 -0.035 0.024 0.622
Cephalanthera longifolia 0.039 -0.077 0.141 0.422
Cephalanthera rubra -0.104 -0.277 0.025 0.104
Dactylorhiza incarnata 0.003 -0.032 0.047 0.896
Epipactis atrorubens 0.003 -0.054 0.061 0.996
Epipactis helleborine 0.088 -0.376 0.875 0.734
Epipactis microphylla -0.006 -0.037 0.019 0.700
Epipactis palustris 0.027 -0.035 0.095 0.360
Epipactis purpurata 0.024 -0.084 0.158 0.694
Limodorum abortivum -0.026 -0.070 0.025 0.214
Neottia ovata -0.035 -0.072 0.001 0.040
Neottia nidus-avis -0.003 -0.021 0.012 0.666
Orchis militaris -0.010 -0.026 0.010 0.266
Platanthera bifdia -0.010 -0.035 0.014 0.398
Discussion

Long-term data from herbaria were used to quantify the reproductive success of
orchids in Hungary. Fruit-set rates of species with different pollination strategies are
different; orchids with food deceptive strategy develop significantly less seedpods than
autogamous species. This information is in accordance with field experiences (Neiland
and Wilcock, 1998).

Our analyses seem to suggest that reproductive success in the vast majority (91%) of
Hungarian orchids has not changed temporally, i.e. pollination crisis has not occured in
Hungary, at least until the end of the 20th century. Our results are in accordance with a
UHFHQW SDSHU RI ( 9RMWNy HW DO ZKR DOVR U
reproduction success of two deceit pollinafeactylorhiza species in comparison to
Western European data.

In our dataset only two species showed significant temporal changes in their
reproduction success: the Common TwayblaNeoftia ovatd showed a significant
decrease in fruit set, while in the Bug Orch&h&camptis coriophonareproduction
success increased significantly. Because our study may have been adversely affected by
varying temporal sampling frequency, the significant changes may be results of
sampling bias.

There are at least two possible explanations to tleetdet trends. Firstly, the diversity
RI WKH EHH FRPPXQLWLHYV LV PXFK L&lal,kB09), than mX QJD U\
some Western European countries (Daudterl., 2003 Hirsch and Wolters, 2003).
6HFRQGO\ WKH YHU\ KLJK DQG FR @MIQARAKVIAD £ RGUBIDW LT
2013) may contribute to the high recent reproductive succeteceit pollinated orchids

% L Uy, 2006) Bn@ also to the temporal invariability of reproduction sscokorchids
in Hungary. The only speciesdAifacamptis coriophopawith increasing fruit-set is
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pollinated by many different insects (Hymenoptera, Dgtéfemiptera, Claessens and
Kleynen, 2011) and also honeybee (Dafni and 2879 Berger, 2004).

To summarize, our data show that compared to Western European populations,
pollination crisis has not affected Hungarian orchids (at least in terms of reproductive
success). This conclusion suggests that geographical variation needs to be taken account
when studying the consequences of pollination crisis.
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Abstract. The daily course of leaf gas exchange was investigated on six loudévars from Tilia

cordataMill., T. platyphyllosScop.,T. tomentosa&Moench andl. americanal. After the morning peak

rapid stomatal closure was detected on leaveE. @brdata {6 DYDULDY 9f*UHpPQWISIOIHT DQG
T)DYRULWY 7KH VWRPDWDO T- BQetsfaNnc) @6 H VRUH 0 BDWHWY aR/IKH PLGGD\
significanty higher, while highest was oh. americana{5HGPRQGY OHDYHV GXULQJ WKH ZKI
transpiration resulted significant differences in daily water Usedrdata 16 D Y D U 0 Dofatyplay®s
Tf)DYRULWY ; 7 DIBHU ISAHIEXPIR @ G fil J' Bf leaf area). Due to rapid stomatal clostire

cordataandT. platyphylloscultivars realized water saving on the cost of strongly reduced cggion

Corresponding to their drought and heat adaptability the performaneavets ofT. tomentosaultivars

showed low level stress symptoms, intermediate level of transpiration and cminoi. americana
If15SHGPRQGY OHDYHV WUDQVSLUHG ODUJHVW IDX\D M&lahd FEIXtDedyW LW\ ZKLF
intense stress symptoms. The large cultivar differences in theparfoe of leaf gas exchange should be

considered at evaluation of drought stress adaptability and environmentiisb@®, fixation, O, and

vapor release) dfilia cultivars.

Keywords: CO, assimilation, environmental benefits, transpiration, urban forestry, water use

Introduction

Linden speciesT(lia sp) represent an important genus in Central Europe (Radoglou
et al. 2008) and are widespread planted under urban conditions in form of different
cultivars.The following species are commonly planted for urban forestry in Hungary:
cordata Mill. and T. platyphyllosScop., (native to Europe forming climax foresk)
tomentosaVMloench, (native to Southern Europe and Asia)americanal. (cultivars
were introduced recentlypPespite of their importance, there is little and inconsistent
knowledge on the drought tolerance and leaf gas exchange performance of linden
cultivars under urban conditions.

Most of the authors agree on wider adaptabilityro€ordataMill. (+ | OVFKHU
+|OVFKHU HRadbgbu et al. 2008), while data of FK HU R2009)inGicate
moderate drought sensitivitResults of Fini et al. (2009) indicate tHattomentosand
T. cordata are more drought tolerant during establishment thAanplatyphyllos
Similarly inconsistent data are available on drought tolerande americangAbrams
et al. 1998, Klos et al. 2009, Gustafson and Sturtevant 2012, Gilman and Watson 2012).
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Water stress results in stomatal closure and reduced transpiration rates, decrease in
the water potential of plant tissues, and diminish the photosynthesis. Further on higher
growth inhibition and accumulation of abscisic acid is caused (Davies and Zhang 1991
Yordanov et al. 20035tomatal control of leaf transpiration is considered as short term
dynamic adaptation to water stress; the reduced transpiration contributes to avoiding
decrease of leaf water potential (Sperry 2000U p GD H W Seweral investigation
showed that stomatal responses are more closely linked to soil moisture content than to
leaf water status: stomata are responding to chemical signals (e.g. abscisic acid
produced by dehydrating roots (Davies and Zhang 1991).

High transpiration demand induced by environmenteidigions and low soil water
content leads to the decrease of the leaf watenpat As a result of this drop, stomatal
closure occurs in most tree species, limiting wé#liexes at the cost of reduced €0
assimilation perry et al. 2002% Up GD H W Sbtn@ drought-tolerant species control
stomatal function to allow some carbon fixation satess, thus improving water use
efficiency. Higher transpiration rates have been reporte&faxinus americanan contrast
to T. cordata Linden tends to avoid drought by maintaining lowngiration rates and
higher water potential, whereas ash tends to telelrught sustaining higher transpiration
rate despite decreasing water potential. Fromtt#r@point of the selecting urban use, both
water balance strategies are successful (WithlahBassuk 1988).

The above leaf gas exchange characteristics influence the drought adaptability and
some major environmental benefits (Cixation, O, and vapor release) of urban trees.
Since there are little and inconsistent data on drought and heat adaptability of linden
cultivars we aimed in this work to evaluate the leaf gas exchange, stomatal performance
of leaves on different linden taxa under drought stress conditions in order to gain
information on the diurnal course of stomatal conductance,fik@ion and water use.

Materials and methods
Site conditions

7KH LQYHVWLJDWLRQV ZHUH FDUULHG RXW LQ 6RURNV]
Corvinus University of Budapesb R U Rétadoty f /1 f 1/ above
the sea level) is located in Central Hungary, South-East of Budapest. The yearly average
WHPSHUDWXUH LV f& DQG WKH WRWDO VXQVKLQH LV
about 550 mm falling mainly in May and June. The soil type is light sandy, lime content
is around 2.5 %, soil organic matter is low (&8.9 %), pH is 7.7.

An automatic weather system was installed close to the investigated trees (~300 m)
to measure meteorological variables at 10 minutes interval, recorded by Campbell CR
100 data loggers. Temperature and relative humidity were observed by Vaisala HMP35
in the research statioig. 1 andFig. 2). Precipitation, wind speed and global radiation
were also monitored={g. 2 andFig. 3). 2011 was extremely droughty year in Hungary.
Since the beginning of the meteorological observation this year was the driest (Weather
Report of the Hungarian Meteorological Society, 2012).

The month August is characterized by increasing air temperature and decreasing air
humidity (Fig. 1). Further on th low amount of rain measured on the investigated area
(total 2.2 mm precipitation in the whole month of August 2011) increased the drought.
In the days of 2®6 August there was hot-wave at the site. The daily maximum
temperature (fax) reached the 34.6 &long clear sky on both daysi¢. 1andFig. 2).
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Figure 1. Performance of air temperature and relative air
KXPLGLW\ bDbrése@rBhibsRtdNin August 2011
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Figure 2. Global radiation, air temperature and vapor
pressure deficit (VPD) on the days of investigations in 2011
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Figure 3. Wind speed and ambient air CO2 concentration
on the days of investigations in 2011
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The weather circumstances (high vapor pressure deficit (14 mbar) and global
radiation (245-247 W if) favored the transpiration. Potential evapotranspiration was
calculated for 4.0-4.4 mm. The mean relative humidity was 63-66%.

Plant material and methods of leaf gas exchange measurements

Six linden cultivars propagated by budding, were involved in the tiidia
americana Redmond] Tilia cordata fereenspird] T. c. $avariaf Tilia platyphyllos
fFavorit] T. tomentosafzelestdandT. t. = H Q W D.LThg] nvaatijated linden trees
were planted in first week of December 2009, with a trunk circumference 124140
The trees showed a well developing shape in their establishment stage and overall
appropriate horticultural performancer y \Wtkal. 2012). The canopies reached1.4
m diameter, so the leaves were well illuminated.

The visual symptoms of water and heat stress on the leaves were observed and
evaluated by rating, as follows. Rating 0: no symptoms, 1: light wilting of leaves, 2:
severe wilting, yellowish or dried patches on leaves up to 25%, 3: severe wilting,
yellowish and dried patches on leaves up to 50%, 4: severe wilting, yellowish and dried
patches on leaves up to 75%, leaf fall.

The parameters of leaf gas exchange were investigated by using portable infrared gas
analyzer (LCi, ADC BioScientific Ltd, UK Healthy and well developed trees were
chosen to take the measurements; two trees from each cultWameasured the leaf
gas exchange on four leaves from each tree, possibly with similar PAR exposition
according to the points of the compass, on each side of trees. The measurements were
taken in 2011 august 25 and 26, with very similar meteorological charactemstjck (
and2). The measurements started at 6:30 AM and finished at 7:30 PM. Measurements
of one series (four leaves on one tree of the six cultivars) took one hour and were
repeated in two hour intervals from 6:30 AM to 7:30 PM. In the first day we measured
leaves of one tree of each cultivar, on the other day the same measurements were done
on another tree. So in each one-hour-long time interval we collected data from 8 leaves
of the same cultivar. Data from eight leaves from the same time intervals of the two
days were averaged and statistically analyzed. During the two days, all together 672 leaf
data were collected. Further on 2 parameters were calculated; daily (from 6:00 AM to
8:00 PM accumulated transpiration and g&ssimilation as product of time and mean
values of the time intervals. In calculation of accumulated transpiration and CO
assimilation each mean value from the one-hGuRQJ PHDVXUHPHQWTYfV LQW
applied for two-hours-long time intervals from 6:00 AM to 8:00 PM, assuming that
mean value represents the two-hour-long interval. Data were analyzed with SPSS 2.0,
Repeated measures ANOVA and One-way ANOVA were used. Data of species and
cultivars were compared td@. tomentosa $zelestd which is one of the most
widespread planted registered cultivar in Hungary.

Results

We observed considerable different visible water and heat stress symptoms on leaves
of linden cultivars Table ). The rating indicates most severe symptomd ooordata
T*UHHQVSLUHY ZKIUOHtowmeKktbsa D6H{BDOMHY WHY VKRZHG VLJQLII
symptoms. Rating of leaves on all the other cultivars resulted intermediate levels of
symptoms without any significant differences related to above two cultivars.
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Table 1 Rating of visible drought stress symptoms on leaves of linden cultivars

Species and cultivar

severity of visible symptoms

FRUGDWD 9f*UHHQVS
DPHULFDQD 9Y5HGPR
WRPHQWRVD =HQWI
SODW\SK\OORYV T)DY
FRUGDWD 96DYDULEL

SUENIENIENIENIEN|

WRPHQWRVD f6]HOH

258 b
1.92 ab
1.43 ab
1.25 ab
1.21 ab
0.50 a

The temperature of measured leaves on different linden cultivars showed in each
time interval significant differencedrig. 4). There are distinct groups of cultivars,
where the leaf temperature showed more or less similar performance. The lowest leaf
temperature was measured ®n americanacultivars, except for the late afternoon
hours (16:00+£20:00). In the next group dfilia cordata cultivars there are significant
differences within the group in the early hours; between 120000 all theT. cordata
cultivars showed similarly mesic leaf temperature. The highest leaf temperature was
measured in each time interval ®ntomentosa&ultivars, whileT. platyphyllosf)DYR UL W {
showed leaf temperature betweélercordataandT. tomentosaultivars.

Figure 4. Performance of leaf temperature on linden
cultivars

The leaves of linden cultivars showed significant differences in daily cumulated
transpiration expressed in gavof leaf surface Rig. 5). Leaves ofT. americana
5HG P R @&d/ m?) transpired significant more water than the control, while the
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transpiration of leaves ofi. tomentosa{=HQWDL T.(Jcotl] fT*UHHQVSLUHT
16DYDUUODdatyph@Gs ) DYRULWY ZDV VLIQLILFDQW RZHU WKL
the lowest transpiration thE cordata 16 D Y D U I Dpfatypl@yids { ) D Y Rdihhed/ §
group with low water use, their cumulated transpiration was about 1.0°kg m

The same trends found on the daily cumulated GQ@ssimilation Fig. 6). The
highest assimilation was measured Tanamericanacultivar, while the lowest off.
cordata16 DY D UTLT.pStYPHRIBST) DYRULWY FXOWLYDUYV
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Figure 7. Daily course of stomatal conductance (8] OLQGHQ OH¥yYHV PROAP

The daily course of stomatal conductangs) (showed a performance typical to
drought stressed plant&ig. 7). The daily maximum was achieved between 8:30 to
9:30, followed by rapid decrease to very low level, but with considerably large cultivar
differences. In the early morning (6:30 to 7:30) low stomatal conductance was measured
on leaves ofT. platyphyllosf ) DYRU LW | D.QdadaRaQuitiv&s)démpared to the
control (T. tomentosaf 6 |HOHV WH ,Q WKH GDLO\ PD[LPXP SHULRC
stomatal conductance @f cordataf6 DYDULDY ZDV VLJQTIUlarkebidand ORZHU
I15HGPRQGY zZDV KLJKHU WKDQ WKD ttiorR lof B @ay uthRIO ,Q WK
19:30 the stomatal conductance Taf americanaf{5HGPRQGY OHDYHV UHPDLQF
than that of control during the whole day. On the other henchrdataf 6 DYDUTL.DY DQG
platyphyllos f ) DYRULWY VKRZHG VLJQLIL E@nevih tBeRatétridov WR P D W I
period from 14:30 to 19:30F{g. 7). By the end of the day, as the global radiation
reduced to minimum, similar differences remained between cultivars.

The daily course of transpiratiog)((Fig. 8) onT. cordataandT. platyphyllodeaves
showed the peak in the morning hours, between 8:30 to 9:30, than decreased to low
level from 12:30 to 18:30, while the midday drop Bntomentosaand T. americana
cultivars was followed by a minor peak in the afternoon. Compared to the control
americana {5 HGPRQGY VKRZHG KLJKHU VWD @Q538,LdndihWel RQ EHW
highest peak between 12:30 to 13:30. Cultiverglatyphyllos 1) DY RTU taktigta
16DYDUL BfeHRY Gdhwed lower transpiration without any second peak.
Between 18:30 to 19:30 cultivars platyphyllos{ ) D Y R U b&h{l. Bo@l&acultivars
transpired less than the contioltomentosaf 6 |HOHV W H I

The daily course of net CQassimilation rateA) of leaves performed similarly to
stomatal conductance: the daily maximum was achieved between 8:30 to 9:30, followed
by rapid decrease to low level, with considerably large cultivar differeftgs9). In
the early morning peak (8:30 to 9:30) highest,GSsimilation was measured dn
cordata f*UHHQV ST dReficih @G HGPRQGTY. cddata®BDYDULIDY DQG
tomentosaf=HQWDL (]*VWY VKRZHG VLJQLILFDQW ORZHU YDOX
(14:30) all the cultivars produced less L£@xation compared toT. americana
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TI5HGPRQGT ZKLOH. iorvéntosaculttv&3NtéCoveredshowing higher net
CO, assimilation, than that df. cordatacultivars andT. platyphyllosf)DYR UL W
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Figure 9. Daily course of net CQassimilation of lileQ OHDYHWVAYPROAP

Discussion

Meteorological data measured in August 2011 and on the days of investigatgns (
1, Fig. 2andFig. 3) indicate that linden trees in establishing stage (planted in 2009) on
light sandy soil were exposed to severe drought. Based on the visible symptoms the
leaves of T. cordata f* UHHQVSLUHY ZHUH PRVWO\ LQMXUHG E\
tomentosa] 6 |HOHVWHY FRXOG EH FR Qable@HIUisl é&valDafioP® VW WROI
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T.tomentosaLV LQ DJUHHPHQW ZL \2606) &rii Radddhoulz(ali (Z0o8)N K
while the large injuries on bofth. cordatacultivars do not confirm their adaptability in
the investigated establishing stage.

The leaves showed a diurnal course of stomatal conductance typical to water stressed
plants: the daily maximum was around 8:30, than decreased to the minimum. The
observed performance of stomatal conductasicerresponding to Withlow and Bassuk
(1988) +confirms that the stomatal control is a basic element of water balance strategy
of linden cultivars but in this trait the lindefilja sp.) species and cultivars performed
differently related to the leaf symptom&id. 7). By the stress symptoms most
concerned leaves dfF. cordata f*UHHQV SL U Hdhd TY pBtypbyWdsH DY RUL W
showed low level of stomatal conductance during the whole day. This strategh@s a
term dynamic adaptation to water stresay efficiently contribute to the water saving
(6SHUU\ HW DO <RUGDQRY HW Thelargest cosdlitaex® HW DO
was measured during the whole day ®n americana 15 H G P RWQiGH[ is in
correspondence with its daily water use and low leaf temperdtige4 andFig. 5).

Both T. tomentosa&ultivars produced a second minor peak in the afternoon, which is in
correspondence to their trends of transpiration. The performance of leaf stomatal
conductance indicates considerable differenceshort term dynamic adaptabilityf

linden cultivarsto water stress that would need further investigation

The cumulated daily water use does not correspond with the severity of visible water
stress symptoms. From among the highly stressed culfivaamericanaf5HGPR QG
leaves transpired double amount of water related to the similarly strésseddata
T*UHHQVSLUHY (B¢ 8. Wihi\T Dcortdddefhere are significant differences
(Fig. 3 LQ IDYRU W Rhi§ pepiormauntelny daily course of transpiration resulted
in more than twofold differences daily vapor release cordata f16DYDULIDY DQG
platyphyllos 1) DY R U L Wrinspitéd afélkd WO km' a day whileT. americana
leaves consumed 2.3 kg' .

The transpiration according to the stress symptoms and performance of stomatal
control remained on a low level, 0.5 to 3.5 mmwf s(Fig. 5). For leaves ofT.
cordata in forest stands of Southern Moravia Kazda et al. (2000) found at light
saturation fna) as highest mean transpiration rd&fe= 3.48 mmolm? s®; this is
similar value to those that we have measured on leavEsashericanaf 5 HGPRQGY 7R
the same timel. cordata 16 DYDULD ¥l 60% Wy&ev 8hadlkt only, and in the
afternoon hours the transpiration decreased to 10%. By the daily course of transpiration
of leaves cultivars could classified into two groups: bioticordataandT. platyphyllos
after the daily maximum in the morning show a rapidly decreasing trend, While
americanaand bothT. tomentosaultivars showed a second peak in the afternoon. This
performance of the last two species suggests a larger water uptake, reserve or supply
capacity in the soil-plant-air complex of these cultivars.

When comparing the transpiration of leaves to the leaf temperd&igyed], we can
state that the significant higher transpirationToramericandeaves is more efficient in
cooling the leaves during the daytime. From among Thecordata cultivars we
PHDVXUHG KLJKHVW OHDI WHPSHUDWXUH RQ 16DYDULDY ¢
in correspondence to its low transpiration capacity, but the low leaf temperature of this
cultivar between 16:00 - 20:00 cannot be explained by transpiration activity. It is
conspicuous thal. tomentosaultivars with their relatively high transpiration capacity,
and late afternoon peak, showed the highest leaf temperaigrd)(
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The above observation suggests considerable cultivar differences in adaptability to
water stress conditions. Cultivars Df cordataandT. platyphyllosshowed an efficient
short term dynamic adaptation to water stress by stomatal control (Sperry@0d0@ G D
et al. 2006),while cultivars of T. tomentosaand T. americanacould maintain the
transpiration of leaves on a relative higher level and produce a second peak after the
midday drop. The low level of visual leaf symptoms by water stre§s tdmentosa
corresponds to this, but mesic leaf symptom$.aiimericanaare not in line. The high
stomatal conductance and transpiratiormT omericanay 5 H G P legv&sfsupport the
Gilman and Watsof§ (2012) statement on drought tolerance of this cultivar but the
intermediate level of visual symptoms are in disagreement. Maintaining they stead
water status of . americanaf] 5 HGPRQGY OHDYHV UHTXLUHY GRXEOH DF

The daily trend of net COassimilation A) more or less followed the stomatal
conductancesimilarly to Forrai et al. (2012) at maximum level we measured 10-14

PRm®' s', which rapidly decreased to 2- P Ri® s' to the early afternoon hours.
Under drought stress the low stomatal conductance strongly controlled the carbon
assimilation of Tilia leaves, which resulted significant differences in the daily
accumulated carbon gaifi¢ 4.). The leaves off. americanaf5HGPRQGY DVVLPLOD
maximum quantity C@a day, whileT. cordata6 DY D U I DpofatypiyiesT ) DY RU LW
assimilated lowest. This performance of daily cumulated carbon gain suggest that leaves
of T. americana 15H G P Re@nGrgalize their maximum assimilation at légh
transpiration costs. On the other hand, the leave3.ofordata f6DYDULDY DQG
platyphyllosf) DYRULWY UHDOL]HG ZDWHU VDYLQJ RQ WKH FRVYV
which confirms Kazda et al. (2000). Corresponding to their drought and heat
DGDSWDELOLW\ 6FKPLGW DQG 7yWK LQ WKLV FRQFH
tomentosacultivars showed intermediate level of transpiration and carbon gain. This
performance was described Bperry et al. (2002) an@ U p G D (2008) & @raits of
tolerant species or cultivars.

The daily cumulated COassimilation of leaves was highest dn americana
T5HGPRQGT is 4K kdriéspondence with their largest stomatal aperture,
transpiration and lower leaf temperature. In contrary, allttementosaultivars with
low stomatal aperture but large transpiration capacity showed the highest leaf
temperature. Despite of the highest leaf temperature their leaves produced medium level
of cumulated C@ assimilation. This suggests a larger heat tolerance of this cultivars.

Within theT. cordatacultivars the large differences in transpiration and cumulated CO
assimilation LQGLFDWHYV WKDW WKH ZDWHU VDYLQJOFXOWLYDU
assimilation capacity.

Conclusion

Although the leaf transpiration alone is not an appropriate indicator of drought
tolerance of linden cultivars, the differences between cultivars in leaf gas exchange
characteristics suggest need on further investigations. The performahcwmofentosa
andT. americanandicate that in the soil-plant-air complex of these species there might
be a more efficient mechanism in water uptake or larger water reservation and supply
capacity, which allows maintaining the higher level of transpiration. However, we are
aware of that leaf physiology, alone, is not a good predictor of the whole plant
responses to drough6(SH U U\ <RUGDQRY HW DO ,the abo%®UpGD HW
performance of stomatal control and transpiration of leaveBl@ncultivars should be

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 1109-1120
http://www.aloki.hu” ISSN 1589 1623 (Print) ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1304_11091120
a $/g., .IW %XGDSHVW +XQJDU\



7TyYWK HW DO /HDI JDV H[FKDQWHVRKIWDHNDVVGH O L Q8 HRV VRU HCHM X J K
-1119 -

considered in cultivar evaluation for urban forestry. The above leaf gas exchange
characteristics strongly influence the drought adaptability, ornamental value and the
environmental benefits (CClixation, G, and vapor release) of the investigat&tia
cultivars under stress conditions.
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Abstract. The impact of seasonal variations in the water physico-chemical paraomthes zooplankton
and phytoplankton composition was investigated in the Boukourdane rieg&ipaza, Algeria) over two
years (April 2005-March 2007). High levels of nitrites were obegrduring the cold seasons, and the
phosphate levels were higher in summer with a very high/RO? ratio (>30) in winter A significant
increase in the level of chlorophyl (Chl a) was observed in spring. The relative standard deviations
(RSDs) highlighted a large variability during the warm seasons, espedmllyitrites nitrates,
phosphates and ammonia. A great species diversity was observed s{ratBercopepods: 13, and
phytoplankton: 83). The weighted averages of the species enabled us mairsetee optimal values of
their physico-chemical parameters, as elevated temperatures for Bacillariophysreophyta or high
concentrations of chlorophydl for Charophyta. The zooplankton was more prevalent during the spring
and appeared to be correlated with sulfates and electrical conductivigdudancy analysis (RDA)
corroborated the previous results and explained 84.1% of the total varfdnigeanalysis highlights the
influence of some of the environmental variables on the seasotrddudien of plankton, characterized
by a high profusion in spring and scarcity in autumn andewin

Keywords environmental parametergooplankton, RDA, correlations, weighted average

Introduction

Dams have been used for thousands of years toteegukr flows and ensure an adequate
supply of water during dry periods (McCartney et2001). The steadily increasing demand
for water in recent decades poses various probléoh qualitative and quantitative
(Ramdani et al 2012). Changes in land use and management prac#eshavea
considerable impact on water quality parametersiiidiood et a] 2004). Due to the
tremendous development of industry and agricultheedisposal of untreated public sewage
water, and agricultural runoff, the water qualitydats biotic resources are in continuous
deterioration (VenkatesgP007; EImaci et gl2008.

Through biomonitoring, the environmental quality of a given site can be judged from
its species assemblages, based on knowledge of envirofimoeat relationships

3L Odtqluz914).

Knowledge of the characteristics of a habitatsfscies composition and the physico-
chemical and biological factors that directly adimectly affect the inhabitants are essential
for aproper appraisal of the ecology of the aquatic ahgpecies.

Zooplankton ad phytoplankton have recently been used as indgdwmobserve and
understand changes in an ecosystem because tiheyosbe strongly influenced by climatic
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features (Beaugrand et,&000; Al-Ghanim, 2012 Telesh (2004) stated that plankton is an
important ecosystem component that responds tgsteas alterations rather rapidly.

The ecology of aquatic environments has been wistaljied elsewhere in the world, but
very few limnological studies have been made onfteshwater ecosystem of Algeria
(Cherbi et al 2008; Hamaidi et gl2008, 2009, 2010; Chaib et,&011; Hamaidi-Chergui
and Hamaidi, 2013; Hamaidi-Chergui et 2D13). The aim of this study was to establish
relationships between the seasonal variations afoemeental and biological variables and t
contribute to an understanding of the ecology ef ¢bpepod, rotifer and phytoplanito
taxonomic composition in the Boukourdane LBleen.

Material and methods
Area of study

The Boukourdane rockfill danfrig. 1) is located in the northwest of Mitidja (Sidi Amar,

f 1 991 f fand Wés constructed in 1985. It has a height of it and a
retained water volume &7 hn. It receives water from the Menaceur and Fedjarexsiv
andis situaedin a sub-humid climate region with 500 mm avernglgeiometry (Cherbi et
al., 2008). It can be considered as a mid-size damnfFBl Gueiss 0.4Bm°, Beni Haroun
998 hni), and it supplies fresh water to Tipaza, Cherchell andahital Algiers. Its waters
are also used for irrigation of the western Mitipgaimeter.

Physico-chemical analysis

The water samples were collected between 9 and 11 a.m. from three sites of near
surface water, three times per month between April 2005 and March 2007, and were
then placed in polyethylene containers (2 L).

The pH and the electrical conductivity (EC) were measured in the field using a Hach
senslON pH meter and a HD 3406.2 (Delta Ohm) conductivity meter, respectively.

Nitrate, nitrite, chloride and phosphate were analysed according to the standard
methods described by APHA (1998) and Rodier (1997).

Figure 1. Location of the Boukourdane Lake Dam (Algeria).

The calcium and magnesium concentrations were determined using atomic
absorbance spectrophotometry (AAS), and the sodium was measured using flame
photometry. The permanganate oxidation method was used to determine organic matter.
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Sub-samples were filtered (Whatman GF/C membranes) and used to quantdy Chl
concentrations using spectrofluorimetry.

Plankton identification and enumeration

Sampling was carried out usirggplankton net of 105-P mesh size. One litre of
sub-surface collected water was immediateteserved with 5 mL of 4% formalin
solution and then kept for 24 h undisturbed to allow the sedimentation of the plankton
The supernatant was pipetted out, and the sample was concentrated to 10 mL.

The drop count method (Trivedy and Goel, 1984) was used for the quantitative
estimation of the phytoplankton and zooplankton.

The phytoplankton was identified in accordance with standard methods (Bourelly

6RXUQLD &RPSqUH D E
2001; Komarek and Anagnostidis, 1986, 1989; Anagnostidis and Komarek 1988, 1990)
and more specific literature.

The zooplankton groups were identified according to the literature on copepods
(Dussart and Defaye, 1985, 20®insle, 1996 Karaytug, 1999) and rotifers (Pourriot
and Francez, 1986; Nogrady et 4B93).

Data treatment and statistical analysis

The data distributions were first tested for the normality and the homogeneity of
variances using the Kolmogorov-Smirnov and Levene tests, respectvélldf 3IHDUVRQTV
correlation coefficients were determined to identify relationships among the
environmental variables and between these variables and species abundances. The
VDPSOLQJ YDULDELOLW\ ZDV HVWLPDWHG E\ FDOFXODWI
(RSD), also known asthelR HIILFLHQW RI YDULDWLRQ"

The seasonal variations (spring, summer, autumn and winter) were compared using
one-way ANOVA, and the significant differences were highlighted using the Newman-

Keuls or Tukey post hoc tests. When the assumptions of the normality and homogeneity
of variances were violated, the alternative Kruskal-Wallis ANOVA on ranks with
multiple comparisons on groups was performed. The analysis was performed using
Statistica 10 (Statsoft Inc, Tulsa, OK, USA), and the results are given as thé énean
(SE: standard error of mean).

Each species has its own optimal environmental conditions for proliferation. A
estimate of this optimum value of each parameter for each species was made by
calculating the weighted average

WA(Sp)= C%lv) (Abund), / C%und)i

where (Env)is the value of the environmental variable in thsample and (Abund)
is the abundance of the species in the same sample (Leps and Smilauer, 2003).

The general relationships between the physico-chemical variables and taxa were
studied using the redundancy analysis (RDA) under Canoco 4.5 for Windows (ter Braak
and Smilauer, 2002). This technique can summarize the relations between response
variables and several predictors, the biological species and environmental variables,
respectively (Leps and Smilauer, 2003).
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Results
Physico-chemical variables

The seasonal variations of the physico-chemical variables of water over the two
years of the experiment are giverTiable 1

Table 1.Seasonal variations of physico-chemical variables in the Boukourdane Lake Dam
(EC: Electrical conductivity; DO: Dissolved oxygen; Org. m.: Organic matter; Ch.a:
&KORURSK\OO D $* $0OJHULDQ JXLGHOLQHV 'DWD DUH JLYH

T(f% pH ECFlg‘»' DO Nitrat(_els Nitrite_f Sulfat_els Ammorllia
(%) (mg.L”)  (mg.L?) (mg.L”) (mg.L™)
Spring “
Range 18.5-23.0 7.6-8.1 710900 8598 2.5-8.0 0-0.068 131-178 0-0.20
Summer “8 “ “ “ “ “ “ “
Range 2530 6.3-8.0 690840 76-127 0-11 0-0.09 130164 0-0.10
Autumn
Range 13.7-20.3 7.0-7.8 600680 44111 0.30-11.00 0-0.112 122-135 0-0.042
Winter “ “ “ “ “ “ “ “
Range 12.8-16.4 7.5-7.9 580650 63104 0-8.00 0-0.817 125139 0-0.300
p 0.29  0.0002 0.25 0.88 0.019 0.003 0.18
2-years means “1 “
AG 30 6.5-8.5 2800 50 0.1 0.5
WHO standards 2530 6.5-8.5 180-1000 50 ! 8
Phosphates Sodium Chloride Calcium Magnesium  Org. m. Chla
(mg.L?)  (mgL?Y) (mgL?) (mgL")  (mgL?l  (mg.L? — I
Spring
Range 0-1.47 40-57 41.84 69-87 24-37 3.2-13.3  4.5-13.3
Summer
Range 0-2.14 3149 58-86 54-76 3043 2.3-6.1  2.30-8.54
Autumn “ “ “ “ “ “
Range 0-1.16 3552 70-78 66-70 2.00-4.60 1.07-4.30
Winter “ “ “ “ “ “
Range 0-0.67 3348 68-72 60-75 2.6-11.9 0.12-5.40
p 0.64 0.33 0.11 0.029 0.37 0.24 0.017
2-years means “ “ “ “ “ “ “
AG 0.5 100 250 75 50
WHO standards 0.2 150 250 200 50 <5

The biennial ¥ HUDJH WHPSHUDWXUH [zEeDwater pH flugilatedD Q G W
slightly between 7.5 and 7.87KH HOHFWULFDO FRQGXRWwWasLW\ PHD
significantly higher in spring and summer (p<0.01).

Despite not significant variations, the nitrate concentration reached high values in
spring and winter (2.9 to 4.5 mg‘). The nitrite concentration remained low throughout
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the year but increased sharply in winter to 0.31 Mgthree times the standard value).
The phosphate level fluctuated between low levels in winter and high levels in summer,
0.13 and 0.55 mg:t, respectively.

The NOs/PQ,> ratio is an interesting parameter, sometimes used to identify the
element that inhibits the development of phytoplankton. It was found to be very high in
winter (>30) and low in summer and autumn (<10).

The seasonal average of ammonia remained under standard values, suggesting a low
degree of sewage pollution in the lake, with the highest values recorded in winter and
the lowest in summer and autumn. The sulfate level was significantly higher in spring
and summer (>145 mg?) but decreased in autumn and winter (<128 mjp.L

The level of sodium was found to be slightly higher during spring but otherwise
moderate. The calcium level was significantly higher in spring (75.7 hahd fell
during winter to 64.5 mgt, remaining at intermediate values during the rest of the
year. The level of magnesium during spring and summer was found to be under
standard limits.

Chla ZDV VLJQLILFDQWO\ KLJKH)Ur rema@nedwin@rthediate J /
YDOXHV LQ VXPPHU DQG WrKakt@nn @ @inken) Thel\riationsin/
the organic matter content were not significant throughout the period of study (3.62 to
6.32 mg.L%).

Relative standard deviation (RSD)

Over a low concentration range, the variability is estimated as the average standard
deviation of replicates, while over a high concentration range, the variability can be
estimated as the average of the facR®D=100(Vx), ZKHUH 1 LV WKH VWDQ

deviation andx the mean of the variable.
The extreme seasonal fluctuations of the environmental variables were identified
through the factor RSDr@able 2.

Table 2.Extreme RSD (relative standard deviation in %) of physico-chemical variables in
the Boukourdane Lake Dam for the four seasons.

RSD<5% RSD>120%
Spring Summer Autumn Winter Spring Summer Autumn Winter
pH 21 3.6 1.9 Phosphates 244.9 151.9 126.5 203.2
EC 4.6 4.3 Ammonia 2449 1747 120.5 109.1
Sulfates 3.5 4.1 Nitrites 1149 1624 106.8
cr 3.6 2.2 Nitrates 121.7 139.2
ca* 2.4

The variables of pH, EC, sulfates, chloride and calcium had the lowest variabilities,
below 5%, during the cold periods (autumn and winter), while the variables of
phosphates, ammonia, nitrites and nitrates had the highest variabilities, over 120%,
mostly in summer.
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S3HDUVRQYY FRUUHODWLRQ FRHIILFLHQWYV

When two variables are correlated, tracking one of them enables measuring the
change in the other, reducing the experimental costs of physico-chemical monitoring.

The most significant positive correlations (p<0.T&ble 3 were observed between
T, EC and S&; EC and C&; pH and N& NO, and NH,*; and EC and Cha.

The most significant negative correlations (p<0.01) were observed between the pH
and PQ*, NH;"and Cl, and PQ* and Cl.

Iable 3. 3H DUVRQTV FRUUH O D WeénRmQnrirdrtl IvlariEUJeH*WQB; DPRQJ
p<0.01; p<0.001)
T pH EC DO NO; NO; SO* NHS PO& Na* CI° Ca®* Mg* Orgm Chla
T 1,00
pH -0,06 1,00
EC 0,58" 0,24 1,00
D.O. 042 021 015 1,00
NOs 0,04 036 011 0554 1,00
NO;, -0,37 0,13 -0,36 -0,02 0,17 1,00
so* 057" 036 069" 040 022 -0,22 1,00
NH; -0,22 0,05 -042 0,18 0,10 053 -0,30 1,00
PO*> 0.28 -053 -0,09 -0,24 -0,40 -0,08 -0,22 0,25 1,00
Na* -0,01 063" 042 037 042 -0,06 031 -0,04 -0,37 1,00
cr 0,17 004 018 020 0,17 -0,04 0,39 -0,52° -0,59° 0,06 1,00
ce* 0,26 0,36 064" 029 016 -0,22 044 -0,27 -0,05 046 0,03 1,00
Mg®* 0,28 -007 020 -0,60 037 061 064 -021 -019 -0,24 0,48 -0,22 1,00
Org.m. -0.11 034 0411 043 0419 034 -011 047 -028 043 -0,12 0,22 -0,67 1,00
Chla 043 011 061 013 010 -0,27 031 -04f -0,19 0,16 -0,04 0,44 -0,20 0,20 1,00

Plankton analysis, seasonal richness of copepods, rotifers and phytoplankton

A total of 92 zooplankton species belonging to the two principal zooplankton groups
(13 copepods and 79 rotifers) were found in the Boukourdane Lake Dam.

Some species of rotifers, includiRglyarthra remata, Keratella quadrata quadrata,
Lecane monostyla, Lecane luna, Testudgnpétina patina, Brachionus quadridentatus
quadridentatus and Asplanchna priodontaoccurred in most of the samples (73.3% of
the counted total).

The most prevalent species in spring wieratella quadrata quadrata, Lecane
monostyla, Lecane luna, Brachionus quadridentatus quadridentAtusther species
present in summer samples wéexarthra fennica.

Polyarthra remata was present, especially in winter (53.0%), together with
Asplanchna priodonta; Testudinella patina patiaad Filinia longisetawere found in
autumn.

Only three species of copepods, nam€lgpidodiaptomus numidicugalanoid
32.299, Acanthocyclops trajanicyclopoid, 14.8%) an&ucyclops agiloidegcyclopoid,
11.6%), were widespread and occurred in most of the samples.

Cyclops strenuus strenuuend Metacyclops minutusvere also observed, but in
smaller quantities.
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The average number of copepoéfg( 2) was high in spring (median=251 indf)L
and summer (198 ind}) but much lower in autumn (with a large variability) and
winter (<100 ind.r}).

Rotifers Eig. 3) abounded in spring (median=204 ind)Lwith a large variability
during this season (standard error = 83 iffil.lbut their number sharply dropped in
summer (12 ind.L1).

Figure 2. Seasonal features of copepods Figure 3. Seasonal features of rotifers

A total of 83 algal taxa were identified. The large spring-like richness of the
phytoplankton community and its variability are highlightdeigé. 4 and % and
consisted of Chlorophyceae (38 species), Cyanobacteria (11), Bacillariophyceae (23),
Pyrrhophyta (3), Euglenophyceae (5), Rhodophyta (1) and Charophyta (2). They
contributed 33.2%, 33.0%, 26.2%, 6.5%, 0.86%, 0.14% and 0.09% of the total
phytoplankton abundance, respectively.

Figure 4. 'LVWULEXWLRQ RI WKH SK\WRSODQ-M3%R.Q. FFHP XQL W\
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Figure 5. 6HDVRQDO IHDWXUHV RI SK\WBR®BODQNWRQ * PHGLI

The density of phytoplankton was distributed from the most common variety,
Chlorophyta (median=118 ind.rif), to the least common one, Euglenophyta (2.2
ind.mL%), not including Rhodophyta and Charophyta, which were not considered due to
their smalér quantities.

Cyanobacteria had the greatest variability (median=29.5 ind.mdtandard
error=52.4 ind.ml}). Among the Chlorophycead?ediastrum simplex, Pediastrum
boryanum, Chlorella spand Crucigeniella rectangularisvere the most abundant.
Among the Bacillariophycea&ynedra acuandS. pulchellavere the most abundant.

Microcystis, Oscillatoria limneticaand Microcoleus chthonoplastesere the most
prevalent of the Cyanobacteri&uglena, Lepocinclisand Phacus were the only
observed genera of the Euglenophyceae. Chlorophyta represented a dominant
phytoplankton division (33.2% of total), followed by Cyanobacteria (33.0%) and
Bacillariophyta (26.2%).

The seasonal variations of the phytoplankton are shoWwigirb.

Chlorophyta was most abundant in spring (average 221 intj.nyanobacteria
were also at maximum density in spring (323 indnbut were practically absent in
autumn (2 to 3 ind.mt). Bacillariophyceae proliferated in July (summer average: 160
ind.mL%) but fell sharply in autumn (23 to 24 ind.fML Pyrrhophyta and, to a lesser
extent, Euglenophyceae were present in spring and summer but were completely absent
in autumn and winter.

Weighted average of the species

The weighted average WA(Sp)dble 4 is the simplest way to estimate the species
optimum. This method allows determining, for each species, the optimal values of the
environmental variables.
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Table 4.Estimation of species optima using the weighted averages of the values of
environmental variables (Cop: copepods, Rot: rotifers, Cyan: Cyanobacteria, Baci:
Bacillariophyta, Pyrr: Pyrrhophyta, Eugl: Euglenophyta, Chloro: Chlorophyta, Charo:
Charophyta, Rhod: Rhodophyta, Alg: algae, Org. m.: organic mattdraGthlorophyll a).

Cop Rot Cyan Baci Pyrr Eugl Chloro Charo Rhod Alg

7 f& 21.0 196 216 230 251 224 188 21.0 16.7 213
pH 7.6 7.7 7.8 7.6 7.5 7.8 7.7 7.8 7.5 7.6
E.C. (mS.crit) 0.72 074 079 073 075 0.79 0.73 0.80 0.65 0.73
DO (%) 88.3 896 926 90.2 0931 0942 844 93.1 77.7 89.0

NO; (mg.L?) 382 416 393 436 3.16 462 390 386 341 3.46
NO, (mg.LY)  0.064 0.079 0.029 0.075 0.019 0.027 0.096 0.020 0.038 0.083
SOZ(mg.lY) 1416 1424 147.2 147.0 1457 1505 142.9 147.0 128.1 142.2
NH* (mg.LY) 0.035 0.054 0.040 0.023 0.033 0.031 0.033 0.045 0.012 0.043
PO¥(mgLlY) 033 027 033 028 054 024 022 033 028 0.38
CI' (mg.L?) 719 687 670 757 719 69.9 700 648 749 70.3
ca* (mg.LY) 702 724 750 687 702 749 708 767 675 702
Mg® (mg.L) 330 31.2 31.1 359 329 326 325 301 32.4

Na' (mg.L™) 441 459 471 424 433 471 436 48.4 443 435

Oorgm(mg.l)) 506 619 6.24 438 507 588 516 6.76 351 5.38
Chla Jh 535 588 7.30 555 642 7.22 581 7.68 246 5.83

The Pyrrhophyta abundance weighted optimum was characterized by elevated
temperature, DO and phosphate levels. That of Bacillariophyceae was characterized by
HOHYDWHG WHPSHUDWXUHV 7! f& ZKHUHDV &KORURS
aWw ORZ WHPSHUDWXUHYV 7 f& 7KH SUHYDOHQFH RI &l
high optimal levels of Ché and organic matter but low levels of nitrites.

Conversely, Rhodophyta reached its optimal level at low levels of temperature, EC,

Chl a, organic matter and ammonia. The rotifers showed their abundance-weighted
optimum at high concentrations of organic matter, ammonia and nitrites.

Factors regulating the seasonal dynamics of the zooplankton and phytoplankton
assemblages

A correlation matrix of environmental-species variables was producdne( § to
highlight the internal structure that ultimately contributes to the identification of the
major sources of growth not visible at first glance.

This table highlights the strong correlations betweerctpepod population and the
variables EC and Chh. The rotifers showed a slidiat significant correlation with
calcium. Cyanobacteria were highly correlated with calcium, Bacillariophyta with
sulfates, and Euglenophyceae with EC, calcium andChl
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Table 5 Correlation matrix of the species-environmental variables of the Boukourdane Lake
Dam waters (Cop: copepods, Rot: rotifers, Cyan: Cyanobacteria, Baci: Bacillariophyta,
Pyrr: Pyrrhophyta, Eugl: Euglenophyta, Chloro: Chlorophyta, Org. m.: organic matter, Chl
a: chlorophyll a). (p<0.05; " p<0.01;"" p<0.001)

Cop Rot Cyan Baci Pyrr Eugl Chloro
T 0,63 -0,06 0,24 0,85 0,91 0,15 0,72
pH 0,24 0,53 0,48 0,19 -0,25 0,75 0,44
EC 0,91" 0,54 0,75 0,81 0,36 0,92 0,79
DO 0,44 0,27 0,34 0,53 0,55 0,54 0,09
NO5 0,11 0,19 0,06 0,25 -0,20 0,39 0,05
NO, -0,80 -0,16 -0,38 -0,39 -0,64 -0,06 -0,32
SO~ 0,65 0,31 0,47 0,88" 0,35 0,64 0,87
NH," -0,42 0,20 -0,04 -0,38 0,42 0,27 -0,42
PO 0,11 -0,13 0,02 -0,04 0,50 -0,35 -0,09
Na' 0,53 0,54 0,51 0,07 -0,13 0,54 -0,03
cr -0,10 -0,59 -0,56 0,58 -0,17 -0,41 -0,16
ce* 0,81 0,79 0,87 0,52 -0,02 0,92 0,49
Mg?* -0,52 -0,56 -0,63 0,94 -0,23 -0,24 1,00
Orgm -0,02 0,56 0,38 -0,21 0,31 0,77 -0,14
Chla 0,81 0,55 0,80 0,82 0,60 0,84 0,90
RDA analysis

The redundancy analysis (RDA) was applied to 15 environmental variables and 10
species variables, which were reduced to 11 and 7 variables, respectively, in the final
RDA (Figs. 6A and 6B The large number of variables required to efficiently diagnose
the water quality is an obstacle to the implementation of a coherent and sustainable
monitoring program. Therefore, certain variables were omitted, due to insufficient
collected data or errors.

Figure 6. Biplot in the redundancy analysis (RDA) of zooplankton and phytoplankton species in

relation to environmental scores.
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The RDA biplot of the plankton species and the environmental scores corroborate
our previous observations. The first two axes explain 84.1% of the data variance, which
is a satisfactory percentage. Most of the taxa appear on the right side of the factorial
JUDSK FRUUHVSRQGLQJ PRVWO\ WR WKH VSULQJ DQG UHC(
mineral content or trophic state.

The zooplankton and a large part of the phytoplankton abundance were quite sharply
influenced by the levels of sulfates, EC, @hnd calcium. This effect was lower for
dissolved oxygen, sodium and nitrates. Rotifers and Chlorophyta appeared to be more
influenced by pH variability, sodium and organic matter contents. Bacillariophyta and
Pyrrhophyta appeared in summer and were influenced by elevated temperatures.

Discussion
Physico-FKHPLFDO YDULDEOHY DQG 3HDUVRQYYVY FRUUHODWLR

The pH values classify Boukourdane Lake Dam in the quasi-alkaline range (6.3-8.1),
which is indicative of the medium production and alkaliphilous water body category
under the criteria of Venkateswarlu (1983). The observed fluctuations in the electrical
conductivity could be due to variations in the decomposition rate of organic matter, the
low level of water caused by evaporation, or the influx of seepage and nutrients from
the drainage basin. This reservoir can be classified as eutrophic according to the Olsen
criteria FRQGXFWLYLW\ ! 6 FP

In general, the solubility of oxygen decreases when the temperature and salinity
increase. Throughout the study period, the dissolved oxygen level was generally close
to saturation in summer and spring. The rel&ivew levels in autumn may be due to
pollution in the site or to decaying algal cells that used up the available dissolved
oxygen at the water surface. These results were identical to those reported by Shah and
Pandit (2013).

A high concentration of nitrates, as observed in spring and winter, is useful in
irrigation, but their entry into water resources increases the growth of nuisance algae
and triggers eutrophication and pollution (Trivedy and Goel, 1984). This could also be
due to the high level of dissolved oxygen during these periods. In winter, the high levels
of nitrites might be partly due to influx of nutrients from the watershed areas along with
the runoff water in this cold period. Using Pearson's correlation, Yu. €2@l4)
suggest a strong and positive correlation between toxicity and the total nitrogen in
wastewater, including NOand NH,". The pattern of nitrite-nitrogen concentration was
found to be quite similar to that observed by Garg e(24110) and Sulthana et. al
(2011).

The actual level of phosphates defines the Boukourdane reservoir as a eutrophic
water body (Lee et al1981). Based on the total phosphorus level, Tammeorg et al
(2014) founda similar evolution, with the highest values during late summer and early
autumn and the lowest during the winter and spring periods in different lakes. The very
high levels (>30) of th&lOs/PQ,> ratio are related to the poverty of plankton in winter
and are in agreement with the results of Herut.€2@D0). A ratio of 20:1 suggests that
the algae may be phosphorus-limited, which is typical for most freshwater systems
(Sargeant, 1997).

The high concentrations of sodium limit the biological diversity due to osmotic
stress; the encountered levels are consistent with the findings of Mathur(2Q14l)
and Usharani et a{2010). The slightly higher levels of chloride in summer and autumn
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may be attributed to the rise in temperature increasing the rate of evaporation, aausing
decline in water cover. These results are in accordance with the reports of Govindasamy
et al (2000) and Moundiotiya et.g2004). Under the classification of Unni (1983), this
reservoir can be categorizedagsolluted water body.

The magnesium level, which is essential for chlorophyll growth (Dagaonkar and
Saksena, 1992), remained under standard values but could not be measured during
autumn and winter.

The chlorophyll in an aquatic body is a direct indication of algal growth. According
to the OECD criteria (1982), its concentration was practically in the mesotrophic range
(25- 3.

A correlations analysis highlighted significant relationships between land use types
and water quality during the dry and rainy seasons liasin (Bu et a] 2014). The
correlation analysis in another lake showed that a select number of macroinvertebrate
metrics were significantly correlated with environmental variakléshnson and
Ringler, 2014). These relationships have been essentially confirmed in this work for EC
correlated to copepod abundance, and for EC, sulfates and calcium correlated with a
part of the phytoplankton.

Seasonal richness of copepods, rotifers and phytoplankton

The principal species found in the Boukourdane Lake Dare w@nsistent with those
described by other studies performed on the Algerian ace@igystem (Samraoui et,al
1998; Cherbi et gl 2008; Bouzidi et al 2010; Hamaidi et 312010; Hamaidi-Chergui et
al., 2013). The rotifer results are consistent with those of Aamad Espindola (2002),
who found them to be dominant during the dry periodtoHaet al (2009) and other
studies shoedthat rotifers are always the species with the tspfehness.

Because the physico-chemical variables change throughout the year, it is of
considerable interest to quantify the seasonal changes in the zooplankton community
structure (Enriguez Garcia et.,aR009), and in reservoirs used for water supply, this
knowledge can be important for quality management purposes (Garcic2€02)).

Polyarthra rematavas mostly present in winter, which is in agreement with Cherbi
et al (2008).Keratellaspecies are inhabitants of moderately clean (mesotrophic) waters
(Saksena, 1986). Generallgeratella quadrataandFilinia longisetaare indicators of
eutrophic lakes (Geng et ,a@2005).

Many rotifer species occurred sporadically, and most of them were found only in the
littoral zone. It is known that inorganic nitrogen such as ;N@nd NQ" can help
increase the rotifer density, for which an important determinant is the trophic status of
lakes (Wang et g312010). The bgotrophication in a lake may coincide with decreases
in Polyarthraor Keratella (Barbiero and Warren, 2011hlexarthra fennicapresent in
summer, is described as euryhaline and seasonal.

The high copepod density in spring was correlated with elevated levels af Tié
most common species wet®pidodiaptomus numidicandAcanthocyclops trajanas
found in earlier studies (Cherbi et,a2008). In general, an adequate food supply in
terms of a high Ch& concentration favours the copepods, which feed more selectively
(Voutilainen et al 2012). Chla had a greater impact on species common in the open
water than on macrophytes (Enriquez Garcia.ef@D9).

In general, the phytoplankton level is a useful tool for assessing long-term changes in
rivers, such as those associated with eutrophication and river management (Prygiel et
al, 1999). The abundance of the spring species Chlorophyta is consistent with the
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results reported by Yerli et.gP012) and Yilmaz and Aykulu (2010). Van den Hoeck et
al. (1995) already shoed that Chlorophyceae are a large and important group of
freshwater algae.

The high rates of productivity encountered during spring can be due to the increase
in temperature and the high transparency, speeding up the photosynthetic activity of the
phytoplankton (Bhoyar and Tamloorkar, 2012). Moreover, the excess nutrients can
cause algal blooms and the possibility of water contamination by toxin producers, if
SUHVHQ Wt alpZD10F p

The weighted averages of the species were very useful and enabled us to develop an
estimated mapping of species for any dataset of environmental variables, which is very
helpful for preventive monitoring.

RDA analysis

Multivariate statistical techniques help in the interpretation of complex data matrices
to better understand the water quality and ecological status of the systems studied
(Shrestha and Kazama, 2007). These techniques have been applied to evaluate the
temporal or spatial variations of water quality data and also their usefulness to obtain
better information for the effective management of water resources (Sing2604).

The RDA analysis corroborated a great part of the previous results reported in this
work. A low contribution of relationships between some environmental variables and
copepod assemblages has been found (Fiasca et al, 2014), corroboratingltsuioresu
dissolved oxygen, pH and nitratéhe strong presence of Chlorophyta in the spring,
which correlated with the pH and the organic matter density, is also in agreement with
the results of O'Farell et.dR002) who noted that the profuse phytoplankton growth led
to increases in the pH and suspended matter content.

Conclusions

In conclusion, the Boukourdane Lake Dam can be categorized as eutrophic according
to its levels of EC, phosphates and @hbut stands at an intermediate position when
compared to other temperate water bodies.

The redundancy analysis revealed that sulfates, ECa &indl calcium were the most
important variables affecting the zooplankton and phytoplankton distribution. Great
variability in the levels of nitrites, nitrates, phosphates and ammonia was observed from
one season to another.

The values of the environmental parameters for each species optimum were
determined through calculation of their weighted averages. This allowed us to fairly
accurately determine the distribution of the most prevalent species for every season.

The results confirmed earlier findings stipulating that the Boukourdane reservoir was
dominated by rotifer species, but in spite of their lower number and predation from
vertebrates, the crustacean zooplankton were more numerically abundant, especially in
the spring.

This pilot investigation suggests that more studies are necessary in Algerian lakes to
improve our knowledge of zooplankton and phytoplankton distributions, composition
and relationships with the water quality, so this report represents the beginning of
studies on environmental conditions.
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The present study offers a significant base to evaluate the fish production
potentialities and to formulate sustainable management policies for aquacultbee in
study area.
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Abstract. The use ofErica manipuliflorg a decorative native ornamental species, is limited in
landscaping due to insufficient plantlet production in nurseries. The agtudy was to determine the
most effective and practical adventitious rooting (AR) protocol for sstdegegetative production d.
manipuliflora Two experiments (Expt.) were established in November and Juneet the effects of
different substances [perlit and perlit:sphagnum peat (1:1 v/v) in Eapdl peat, peat:sand (1:1),
cocopeat:sand (5:1) and perlite in Expt.ll] and exogenous auxinsdimgldiquid (in Expt.l) and
powdered (in Expt.ll) formulations of IBA, NAA or combination bbth. The results indicate#.
manipuliflora cuttings taken in June and cultured in cocopeat:sand (5:1) mitlieut any auxin
treatment presented the highest survival (84%) and rooting (76%)rparfoe. In additionexogenous
auxin usage is not essential for AREbfmanipuliflaa cuttings. It can be used for the cuttings inserted in
cocopeat-free media. But it exhibited reducing effect on rooting in cocbpead medium. The use of
mycorrhizal inoculation and also minicuttings in eco friendly cocopaséd media in future studies
might increase the efficiency & manipulifloraAR protocol

Keywords: auxin, cocopeat, domestication, heath, ornamental plant

Abbreviations: AR, adventitious rooting; CPA, commercial powdered auxin; Expt., expetime

Introduction

High adoption of xeriscape approach laid out tleeemsing use of native plants. Today,
utilization of them has been accepted as an emerging market (Hamill, 2005). According
to Norcini (2006), the ratio of native plant sales airigla in 2005 was 11% of all ornamental
plant production. The use of native plants is award trend in southeastern United States
since the 1990s (Waterstrat, 1997; Brzuszek ankiedsyr 2009). Thanks to the other factors
like growing environment consciousness, changingsumer trends and the global climate
changesthis trend has progressed in other parts of thédywmo. Also superior functional
characteristics like resistance/tolerance to dripugddine and poor soil conditions can be
mentioned as main causes in this trend.

In our previous inquiry study (X0 HW DO ZtHe @Eekspédtive Rbd) H G
tendency of the representatives of landscape secttiie use of natural plants in Antalya,
Turkey. Erica manipulifloraSalisb. (Ericaceae), whorled heath, was identdigdne of the
most desired three native species for large gyantiduction and sale in the market by both
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landscape architects and nursery managers. Sihes Waluable xeriscape plant characters
like reducing water use and landscape maintenarsteitis not only preferred for Antalya
but also for other regions under Mediterraneanatim

Native distribution area dE. manipuliflora(synonym:E. verticillata Forssk.) (UPOV,
2015) covers a region from Croatia to Lebanonudtiog southeast Italy, Crete and Cyprus
(Fagundez and lIzco, 201B. manipulifloramostly disperses up to 1500 m altitude of the
West and South Anatolia of Turkgyarticular in open fields, phrygana and macchiegso
Pinus brutiaforests, limestone or serpentine layered rock&F2015). This evergreen,
perennial shrub growing up to 1-2 m inhabits amtivg widespread woody species of
macchie community in Mediterranean territory ofKay.

E. manipuliflorais a phanerophyt species (TPDS, 2015) that blosreated (Jones,
1987) and nectar producing flomsavith 15 in axillary umbels on very short shoots (THS,
2015a) varying from white to dark pink, shades of lildordoetween May and November. It

KDV IORZHUV ZLWK VWDPHQVHBQGV BMHYM®IY OREHYYH]
Kendir, 2012), which are partially fused and bblysed, papillate anthers, crystals on the
mesophyll and occasionally a sparsely hairy ovapy ts ellipsoid seeds reach up to 0.8 mm
long (Fagundez and Izco, 2011) while needle-lik@tdkeaves in whorls of 3 or 4 graup to
9 mm long (THS, 2015a). Aerials parts Bf manipuliflora have been ethnobotanically
utilized for preparation of herbal teas as astrihgdiuretic and remedy of urinary infections
in Turkey (Baytop, 1999; Tuzlaci and Eryasar Ayn2801; Akkol et al., 2008). On the other
hand, it can be used also for apiculture makingefiteof abundant flowers. However, the
main interest foE. manipuliflorais for its ornamental value. This attractive speaan be
used as group or ground-cover plant in landscapingas gained more importance for
conservation of ecosystems due to its less watkfeatilizer need because of the ability to
grow in arid and barren lands. The latest deman#.fananipuliflorahas been improved by
the greenkeepers of golf courses in Antalya latéljs 'ormable species is desirable to cover
small hills since it is likely to control the plasize and flowering period &. manipuliflora
by pruning.

In order to provide this plant species in largengtias, it should be domesticated and
domestication ofE. manipulifiorais also important for the sustainable assessmmt a
exploitation of an underused genetic resource.fif$testep for domestication is to establish
the production systems. It is possible to prodtiomanipulifloravia generative or vegetative
methods. In generative production, germination iscoosistent as in other Ericaceous plants
species whose germination is often variable and nbtiefned (Englert et al., 1996). In our
previous germination study (Ari et al., 2014), only 8#i@gs could be produced from 0.10 g
seeds sown by scattering and without prechillinginB® et al. (2006) also soweH.
manipulifloraseeds with scattering and achieved 181 seedliogs(@.15 g seeds treated one
month of prechilling. In addition, Piotto et al. (A)0@eported the seedsBf arborea a close
relative species dt. manipuliflora could be germinated after being exposed to smo#te an

KLIJK WHPSHUDWXUHV XS WR QJP& [HR[W U DP WWQHMD MadP HEQHMAW LP L .
for germination ofE. manipulifloraseeds. On the other hand, the individual plantstwhi
would be derived from native seeds will exhibitreggtion in their phenotypes. Moreover, a
high morphological variability was reported f&. manipuliflora (McClintock, 1989).
However, different vegetative production methodgehthe advantage to supply mass clonal
plant production which is important especially the reproduction of unique plants with
distinguished plant characteristics, and also@htlatant genotypes.

The adventitious rooting (AR) of cuttings is theshwidely used vegetative production
method for woody ornamental plants. There are mangr&aaffecting AR ratio such as plant
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growth regulator (PGR) type and concentrationstimgosubstrates and environmental
conditions. Among them, substrate is one of thet nmygortant factors. A good substrate
should ensure the correct degree of moisture ttingibase while allowing aeration, besides
holding the cutting in place (Hartmann et al., 2(Adnes et al., 2013). Sphagnum peat moss,
vermiculite, perlite, sand, clay, coconut peat, emposting of forest waste, and manure, etc,
are among the wide variety of inorganic and orgamaterials for composing different types
of growing media used in nursery cultures (Valigjal, 2012).

On the other side, exogenous auxins also have @lbign determination oAR capacity
(Kotis et al. 2009; Ling et al. 2013). The most ocaon used exogenous auxin is indole-3-
butyric acid (IBA) because of its iKHU URRW L Q G XhapQtdaléne Sdatie lacid. W \
(NAA) is arother preferred exogenous auxin. Beside the usiagrogenous auxin alone,
combinations of two auxins or auxin and cytokinavé also been used. IBA and NAA are
widely preferred for auxin combination owing to itheonsistency in stimulating AR of
cuttings (Hartmann et al., 2010).

Most of the nursery growers use commercial powdeweting hormones since they are
more practical and accessible compared to the iexgatal pure PGRs used generally in
liquid formulations. Thus, it might be more usefulsuggest to growers the more accessible
production materials.

The main purpose of this study was to establishntbet effective and practical AR
protocol for successful vegetative productamativeE. manipuliflora For this purpose, it
was focused on determination of the effects okrbfiit rooting substances and exogenous
auxins including liquid and powdered formulations moting abilites and growth dE.
manipulifloracuttings.

Materials and Methods
Plant Material

The study was performed in Bati Akdeniz Agricultural Research Institute (BATEM)
LQ $NVX ODW f <1 ORQJTurkey, ir (2008&20Q08. CDONGE.
manipuliflora plants were located in Kumkoy, Aksu, under Mediterranean environment
with dry, hot summers and mild, wet winters. The climatic parameters of the months
when the cuttingsvere sampled for two experiments were presentetialnle 1 The
soil type of donor plants was sandy with 32.8% Cal@redient, 2% organic matter
FRQWHQW HOHFWULFDO F®REQ GXFERVaviilamMe\ ph¢gphoRis (P) —
level of 4 mg kg, changeable potassium (K) level of 29 md’ kghangeable calcium
(Ca) level of 1987 mg K3 changeable magnesium (Mg) level of 94 mg.kg

Table 1.The meteorological data* of the months when the cutirege sampled from donor
plantsof Erica manipuliflora.

Parameters November June

2008 2009
Mean minimum air temperaturéQ) 10.7 18.8
Mean maximum air temperatur¥c) 23.2 33.7
Mean air temperaturé() 16.2 26.5
Mean relative humidity (%) 79.0 63.7
Total precipitation (mm) 29.0 -
Mean maximum precipitation (mm) 14.6 -
Mean wind speed (Mm% 1.6 2.1

*. The meteorological data were taken from TSMS (2015)
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Rooting Experiments

Two experiments (Expt.) were established to determine the effects of different
rooting substrates and exogenous auxin types and concentratiodsR oof E.
manipuliflora cuttings. Both experiments were set up in completely randomized design
in varying numbers of factorial arrangements. The long semi hardwood shoot cuttings
were gathered from a well branched, vigordts manipuliflora population which
consisted from a few uniform shrubs adjacent side by side due to the requirement of
high number of cuttings for the experiments. The long cuttings carrying little fresh
shoots with light green needle-like leaves were moved to glasshouse within one hour,
then immediately shortened to small pieces with sharp pruning shears. The cuttings
were 0.5-1 cm in diameter and 10-15 cm length and had at least 5-6 leaf nodes. They
were inserted in§ -5 cm depth into the rooting benches with 20 cm height containing
GLITHUHQW VXEVWUDWHY 7KH EHQFKHVY ZHUH ERWWRP Kt
of cuttings was supplied with an intermittent misting system controlled by a timer.
Cycles of mist were arranged based to changing climatic conditions of glasshouse and
FXWWLQJVY UHTXLUHPHQW 1R IHUWLOL]JHU ZDV WUHDWHG

Expt. |

Expt. I. was set up on 10 November to determine substantially the effects of different
auxin concentrations in liquid formulations in either alone or combinations on rooting
of E.manipulifloracuttings in two substrates. The experiment was in a 2 x 10 (substrate
x hormone) factorial arrangement with 3 replications, 30 cuttings in each, a total of
1.800 cuttings. The basal ends of the cuttings were quick dipped for 10 s into the
different auxin solutions of IBA and NAA (Merck, Darmstadt, Germany) alone and the
combinations of IBA and NAA. IBA was dissolved in 96% ethanol (Merck), and then
diluted to different concentrations while NAA in 0.1 N NaOH. The tested hormone
concentrations were; 1) control, 2) 1000 MdBA, 3) 2000 mg [ IBA, 4) 4000 mg f
IBA, 5) 2000 mg f NAA, 6) 4000 mg I NAA, 7) 8000 mg I NAA, 8) 1000 + 500 mg
| " IBA + NAA, 9) 2000 + 1000 mg1 IBA + NAA, 10) 4000 + 2000 mg“l IBA +
NAA. The control cuttings were immersed in distiledWHU $IWHU DLU GULHG
the treated cuttings were stuck in perlit (Etiper, Izmir, Turkey) or the mixture (1:1 v/v)
of perlit and sphagnum peat (Klasmann-Deilmann GmbH, Geeste, Germany), which
was denominated as peat hereafter, in the heated rooting benches. Peat was not used
alone due to its inefficiency which was experienced in our previous works with different
auxin solutions. All the cuttings were pulled out on 26 May to make observation. The
survived and rooted cuttings were counted, and then other important parameters
representing root and shoot growth of the cuttings were recorded. These parameters
included root length (cm), shoot number (n) and the density of shoot and root.
3'HQVLW\ PHDQV WKH GHJUHH RI VKRR WtdDWeS stbiR€RW GHYH
based on a 1-5 visual rating scale, where 1 = very poor, 2 = poor, 3 = medium, 4 =
good, 5 = very good.

Besides these treatments, a small-scale treatment was set up in the same day in order
to see the effect of a commercial powdered rooting hormone (Mass Plant, Adana,
Turkey) containing 0.5% IBA + 0.5% NAA. This treatment had 4 replications, in each
of which 30 cuttings were placed into perlite media.
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Expt. I

This experiment was set up on 09 June based largely on the results of Expt.l to
determine the effects of different substrates and commercial powdered auxins (CPA) on
rooting ofE. manipulifloracuttings. The experiment was performed in a 4 x 3 (substrate
x hormone) factorial design with 5 replications, 10 cuttings in each (a total of 600
cuttings). All of the fresh semi hardwood cuttings were firstly immersed in distilled
water. $IWHU DLU GULHG 8§ PLQ FXWWLQJV H[FOXGLQJ WK
one of two CPA. The first CPA (I.CPA) contained 0.5% IBA (Rhizopon AA,
Hazerswoude-Rijndijk, Netherlands) and the second CPA (II.CPA) had 0.5% IBA +
0.52% NAA content (Mass Plant, mentioned above). Treated cuttings were inserted into
4 substrates; 1) peat, mentioned above, 2) mixture of peat and sand (1-3 mm coarse
river sand) (1:1 v/v), 3) mixture of cocopeat (Dutch Plantin, Boekel, Nederland) and
sand (5:1 v/v) and 4) perlite media. The cuttings were harvested on 10 August to record
the rooting results. Only survival and rooting performances were evaluated in Expt. Il.

Statistical analysis

7KH GDWD RI ERWK H[SHULPHQWYV ZHUH ILUVW VXEMHF
variance homogeneity. Two-way and also one-way, if required, variance analysis
(ANOVA) were implemented for homogeneous variances by General Linear Model
SURFHGXUHYVY WR WHVW WUHDWPHQW GLIITHUHQFHYV 7KH P
range test using SPSS software (IBM Corp., Armonk, NY, USA) at an alpha 0.05 level.
For non-homogeneous survival and rooting percentages of the cuttings, the ratios were
transformed using arcsine of the square root to increase homogeneity before analysis.
The presented means were based on nontransformed data.

Results
Expt. |

The two-way ANOVA of Expt. | indicated very significant differenge< 0.001)
within two substrates (perlite and perlite:peat) for all observation parameters except root
length, which was significant gi < 0.05 Table 3. The cuttings in perlite media
presented superior performance than those of in perlite:peat media (1:1 v/v) for survival
(56.44% versus 36.44%) and rooting (56.44% versus 36.11%) ratios, root length (9.87
cm versus 8.90 cm), shoot number (12.25 versus 3.71) and densities for shoot (3.63
versus 2.78) and root (3.66 versus 2.92). Meantime, survival and rooting ratios of the
cuttings were determined to be almost the same.

Auxin treatments exhibited very significant differenpe”(0.001) for only survival
and rooting ratios of cuttings, while they showed insignificance for other observation
parameters Table 2). Of the auxin treatments, the treatment of 4000 rhgBA
significantly generated the highest average survival and rooting ratio (67.8%) regardless
of substrate, which followed by the treatment of 2000 + 1000 MmtBA + NAA
(60.6%). IBA + NAA treatments displayed higher performance than alone IBA or NAA
treatments for the other cutting growth parameters. The highest shoot number (10.4) and
both shoot (3.47) and root (3.56) densities occurred in the treatment of 4000 + 2000 mg
| " IBA + NAA, while the highest root length (10.83 cm) in the treatment of 2000 +
1000 mg [ IBA + NAA. As for interactions between substrate and auxin treatments,
there could not be found significant difference for any of observation parameters.
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Table 2.Effects of different substrates and liquid auxin formulations on survival, rooting
and other growth parameters of Erica manipuliflora cuttings in Expt.l.

Survival Rooting Root length Shoot Density i
(%) (%) (cm) number Shoot Root
0"“6®6 0 “ 6( 0 “ 6( 0 “ 6( 0 “ 6( 0 “ 6(

Substrate

Perlit “ [

Perlit:peaf1:1. “ E
Auxin (mg | ¥)
Control 0 “ [ “ “ “ “ 325" a
IBA

1000 “ E “ “ “ “ 3.14* a

2000 “ [ “ “ “ “ 3.22¢ a

4000 “ [ 67.78" C “ “ “ 3.39¢ a
NAA

2000 “ [ “ “ “ “ 3.12¢ a

4000 “ [ “ “ “ “ 3.13* a

8000 “ “75b “ “ “ 3.17°¢ a
IBA+NAA

1000 + 500 “ E “ “ “ “ 347" a

2000 + 1000 “ [ “ “ Y8 “ 345" a

4000 + 2000 “ E “ “ “ “ 3.56 " a
Significance
Substrate (S *kk *k%k * *k%k *k%k *kk
Auxin (A) ok ik NS NS NS NS
SxA NS NS NS NS NS NS

1These data were obtained based on a 1-5 visual satixlg (1:very poor, 2:poor, 3:medium, 4:good, 5:verd).

2Values are mean (M) and standard error (SE). Two-wa@¥N was used for the comparison of the means and theg
VHSDUDWHG E\ X MpleydngeXdstHWgans Rvixhin a column followed bg same letter are not significantly differe
atp ”

16 1RQVLJQLILFDQW AQJGLSLUFDQW WDHW SHFWLYHO\

When IBA and NAA treatments were dealt with separately, IBA alone treatments
were found more stimulant than NAA alone treatments to produce higher survival,
rooting and other observation parameters except from root length and shoot density. The
average values of IBA versus NAA treatments were 50.74% / 44.82% for both survival
and rooting ratio, 9 cm / 9.36 cm for root length, 7.40 / 7.21 for shoot number, 3.08 /
3.09 for shoot density and 3.25 / 3.14 for root density, irrespective of the substrate
factor. Meanwhile, the average shoot number (7.91) and shoot density (3.14) of the
control treatments were superior to those of both IBA and NAA alone treatments. In
addition, the rooting ratio (45%) and root density (3.25) of the controls were higher than
NAA treatments, while the root length (9.32) was higher than IBA treatments.

The most important observation parameter in this study is AR ratio of the cuttings.
Even though the interaction between substrates and auxin concentrations was found
nonsignificant for this parameter, the separate one-way variance analysis was performed
to show the difference between auxin treatments in each substrate. The analysis results
were presented iRig. 1.

The highest rooting ratio (71.11%) was determined in the cuttings treated with 4000
mg 1° IBA in perlite:peat (1:1 v/v) ap < 0.05 Fig. 1). The same ratio was also
observed in the treatment of 2000 + 1000 h¢BIA + NAA in perlite. However, it is
not possible to mention statistically about a given favorable influence of exogenous
auxin treatments oAR in perlite mediag = 0.89) since the control treatment (58.8%)
without auxin exhibited higher rooting performance than 4 different auxin treatments in
perlite medium. In addition, performance of control treatment (35.6%) in perlite:peat
(1:1 v/v) media exceeded those of five auxin treatments in the same substrate.
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Figure 1. Effects of different liquid auxin formulations on adventitious rooting ratios (%) of
Erica manipuliflora cuttings in the substrates of perlite and perlite:peat (1:1 v/v) in Expt. |
YDOXHVY DUH PHDQ 0O DQG “ VWDQGDUG HUURU 6( EDUV &RP
was determined by separate one-way ANOVA, then TUKEY post hoc test. Means within each
substrate followed by the saneHWWHU DUH QRW VLIJQLILFDQWO\ GLIIHL

Meanwhile, rooting ratio of the small-scale rooting treatment in which a commercial
powdered auxin (Mass Plant) consisting from 0.5% IBA + 0.5% NAA ingredient was
tested in perlite medium was detereuias 35.8% . Since the experimental conditions
of this rreatment were different, its result was not analyzed statistically together with
those of the treatments of Experiment I. Its average rooting ratio (3m@8%oalso
higher than that of seven liquid auxin treatments in perlite:peat (1:1) medium.

As for the results of other observation parameters in each substrates, they were
presented here onlyn the text, not in a Table or Figure: The longest average root
lengths were obtained from the cuttings treated with 2000 + 1000™ higAl+ NAA
both in perlite and perlite:peat media (11.41 cm and 10.25 cm, respectively). The same
auxin combination in perlite:peat media formed the highest average shoot numbers
(5.85). However, the treatment of 4000 + 2000 MgBA + NAA in perlite media
produced superior performance (15.41) for the same parameter. Regarding the densities
over 5 according to a 1-5 visual rating scale, the highest shoot and root intensity (3.53
and 3.30, respectively) in perlite:peat media were detected in the treatment of 1000 +
500 mg F IBA + NAA combination. Whereas, the most vigorous shoot and root
development of the experiment occurred in perlite. The best root density (4.07) was
achieved from the treatment of 4000 + 2000 M{BIA + NAA in the same substrate.
Interestingly, the most shoot density (4.12) was determined in the control treatment
without auxin again in the same medium.

Taken into consideration of all the results of Expt.l, growing substrates appear more
effective than liquid auxin treatments on survival and rooting ratios and the other
growing parameters @&. manipulifloracuttings, as presentedTiable 2

Expt. Il
According to two-way ANOVA results of Expt. Il, the differen@among four
substrates was found very significamt € 0.001) for both survival and rooting

percentageTl(able 3.
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Table 3.Effects of different substrates and commercial powdered auxins (CPA) on survival
and rooting ratios (%) of Erica manipuliflora cuttings in Expt.Il.

Survival (%) Rooting (%)
0" 6(i 0" 6(
Substrate
Peat “© c
Peat:sand (1:1) “ bc “ bc
Cocopeat:sand (5:1) “ a “ a
Perlite * b u« b
CPA
Control “ a “ a
I. CPA “ a “ ab
Il. CPA “ b “ b
Significance
Substrate (S) p = 0.000 *** p = 0.000 ***
CPA p=0.003 ** p = 0.005 **
S xCPA p = 0.001 *** p=0.001 ***

TValues are mean (M) and standard error (SE). Two-way ANOVA was usétefoomparison of the
PHDQV DQG WKH\ ZHUH VHSDUDWHG E\ XVQ@JZLXWNH\J \D PRF
by the same letterart@ RW VLJQLILFDQWO\ GLIIHUHQW DW 3~

** kx Significant at p 7 0.01 andp " 0.001, respectively.

Of the four substrates, cocopeat:sand (5:1 v/v) was the best to exhibit the highest
survival (54.7%) and rooting (48.3%) performance, followed by perlite (30% and 18%),
irrespective of CPATable 3. The peat based substrates, peat:sand (1:1 v/v) and peat
alone, resulted in the lowest survival (11.3% and 22.7%, respectively) and rooting ratios
(1.3% and 5.3%, respectively).

The difference among the CPAs was significarp &t0.01 for survival and rooting
percentageTable 3). However, this difference derived from control treatment without
auxin. It was superior in terms of survival (36.5%) and rooting (25.5%) percentages
compared to both I.CPA with IBA content, and Il.CPA containing IBA+NAA
combination. Meantime, I.CPA was better than II.CPA for survival (32.5% versus 20%)
and rooting (16% versus 9.5%) ratios.

Due to the significantp( ” 0.001) interaction between substrate and CPA, separate
one-way variance analysis was performed to show the difference between CPAs in each
substrate for AR performance of cuttings, the results of which were presefigdan

Overall, the control treatment in cocopeat:sand (5:1 v/v) was significganty0(01)
the most responsive application #R formation (76%), while there was no difference
between two CPAs ithe same substrate (30% and 24%p( 2). Also, no difference
could be found between the CPAs including control treatment in other growing
substrates. On the other hand, the survival ratio of control cuttings in cocopeat:sand
medium was 84%, while 44% and 36%, respectively, in the cuttings treated with I. and
II.CPA, in the same substrate. As an additional observation, the root structures
generated in cocopeat:sand mixture was much more powerful and intensiteathain
other substrates. Therefore, these results revealed the superiority of the mixture of
cocopeat:sand (5:1) medium in producing vigorous roots fEBmmanipuliflora
cuttings. Furthermore, there is no need to use CPA for successful vegetative production
of this native species in cocopeat:sand medium.
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Figure 2. Effects of different commercial powdered auxins (CPAs) on adventitious rooting of
Erica manipuliflora cuttings in different substrdty LQ ([SW ,, 9DOXHV DUH PHDQ
standard error (SE) bars. Comparison of the means in each substrate was estimated by separate
one-way ANOVA, then TUKEY post hoc test. Means within each substrate followed by the same
letter are not significanty 4 ITHUHQW DW S ”

Discussion

Two experiments were performed to reveal the most effective AR protocol for
successful vegetative productiof native E. manipuliflora Expt. | was set up on 10
November to investigate the effects of ten different liquid auxin formulations on rooting
of the cuttings cultured in two rooting substrates, perlite and perlite:peat. Significant
difference p < 0.001) was determined among both substrates and the liquid auxin
formulations for rooting percentage. However, the interaction between them was
nonsignificant. In the substrate base, the highest rooting percentage (71.11%) was
identified in the cuttings inserted in perlite:peat medium and treated with 4000 mg |
IBA (p < 0.05). On the other hand, the treatments of IBA + NAA combinations,
presented higher performance than alone IBA or NAA treatments for root length, shoot
number, shoot and root densities. According to Hartmann et al. (2010), combination of
IBA and NAA than either auxin alone produces more rooting and larger root systems in
the cuttings of many species, which is compatible with our results.

If it is required to deal with IBA and NAA treatments separately, IBA alone
treatments were found more successful than NAA alone treatments to generate higher
survival, rooting and other observation parameters except from root length and shoot
density. The superiority of IBA compared to NAA for AR of the cuttings has also been
revealed in other plant species $ucDV 3DHRQLD pu<DQJ )HL &KX <X9Y *XF
andMacleania rupestrigVeloza et al., 2014) because of its several advantages such as
greater stability to light than others (Kurepin et al., 2011; Pacurar et al., 2014), localized
action, persistence and low toxicity (Fachinello et al., 1995).
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Expt. Il was designed on 09 June to explore the effects of three CPAs including
control and four substrates (perlite, peat, peat: sand, cocopeat:sand) on rod&ing of
manipuliflora cuttings. The interaction between substrate and CPA was found very
significant @ < 0.001) for survival and AR formation. Also, very significant differences
were detected among the substratps<(0.001) and CPAsp(< 0.01) for both
parameters. Howevethe difference among CPAs derived from the control treatment
without auxin. In the separate one-way variance analysis of rooting performance in each
substrate, the difference among CPAs was determined significant for only cocopeat-
based substrategp (< 0.01). The highest survival and also rooting ratio occurred in
cocopeat-based medium. Control treatment of cocopeat-based substrate was the superior
and showed 2.5 and 3-fold increase in rooting percentage than the I. and Il.CPAs,
respectively. The survival (84%) and rooting (76%) ratios of the control treatment in
cocopeat:sand were the highest values among overall treatments of Expt. 1 and II.

Cocopeat known also as coconut coir dust is an agricultural by-product (Hume,
1949) obtained after the extraction of fiber from the mesocarp or husk of coconut
(Cocos nucifera..) fruit (Abad et al., 2002; Awang et al., 2009). Even though it has
been recognized since 1940s (Hume, 1949), it has attracted the attention parfmular
the last 20 years (Lowry, 2015). It has been accepted to be a good media component
(Awang et al., 2009) and a peat substitute because of its several advantages such as
perfect drainage, absence of weeds and pathogens, slower decomposition, acceptable
pH, cation exchange capacity, electrical conductivity and easier wettability (Cresswell
1992; Meerow, 1994). On the other hand, cocopeat is known to have rather high water
holding capacity resulting poor air-water relationship and causing to low aeration within
the medium (Abad et al., 2002; Awang et al., 2009). However, it is possible to eliminate
this disadvantage by incorporation of different coarser materials into cocopeat (Bunt,
1988; Awang et al., 2009). As a suitable substrate, cocopeat has been used in various
plant species for different aims such as potting mixturAspiienium nidugAinuddin
and Najwa, 2009),Pistacia lentiscusand Quercus ilex (Vallejo et al., 2012),
germination of sweet corn seedsl-Hamed et al.,, 2011), transplanting of tomato
(Arenas et al., 2002) ardlambucuseedlings (Cano et al., 2007), acclimatization and
hardening oMentha arvensig¢Phatak and Heble, 2002), apple (Modgil et al., 2009) and
Ericaceousn vitro plants from six genera not including Erica (Scagel, 2003) A&hdf
the cuttings of Nerium oleander(Ochoa et al., 2003)Calluna vulgars and
Rhododendroncultivars (Matysiak and Nowak, 2009). In most of these studies,
cocopeat has been used as a media enhancer in low ratios, up to most 50%, in peat,
perlite, vermiculite and sand mixtures, not alone or exceeding half of the medium. In
current study, we complied the suggestion of seller company and used 5:1 (v/v)
cocopeat:sand mixture. This ratio (80%) seems quite higher compared to other
combinations in literature. For instance, Matysiak and Nowak (2009) tested six coir
substrates having different ratio of coir up to 35%, sphagnum peat moss, perlite and
sand for rooting of the cuttings of ornamental ericaceous pl&@atkjna vulgarisand
Rhododendron cultivars. The best rooting mixtureGokulgariswere those containing
at least 15% of coir, while 20% for Rhododendron. In addition, increasing amounts of
coir above 20% resulted in decreased rooting ratios for ericaceous plants, especially for
Rhododendron 'Roseum Elegans'. Arenas et al. (2002) also reported a reduced plant
growth for tomato transplants grown in coir amended media exceeding 50%.

Seemingly, the rooting result obtained from the control treatment of cocopeat-based
substrate in the present work is not in accordance with them, but revealed the most
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successful rooting ratios. The reasons for this result might possibly be attributed to the
plant type of E. manipuliflora which is an Ericaceous species producing ericoid
mycorrhizas,DQG 6FDJHO TV VWDWHPHQW $FFRUGLQJ WR K
number of free-living phosphate solubilizing, acid phosphatase producing and nitrogen-
fixing rhizobacteria, and thus it is a proper media amendment for growing Ericaceous
species. In addition, Scagel (1999) found the rooting of Ericaceous plants increased
linearly with increasing stem protein content. During the sampling of cuttings, it is not
possible to change protein level of cuttings. However, it can be raised with some
cultural methods such as special media mixtures, fertilizers or mycorrhizal fungi
application. Cocopeat use in media compositions can increase protein levels of stems,
leaves and roots of the plants. For instance, Scagel (1999) determined higher protein
level in Kalmia latifolia plants growing in an amended medium with cocopeat than the
plants in the medium without cocopeat. Hence, changing media ingredient or treatment
of mycorrhizal fungi may alter tissue protein levels of ericaceous plant cuttings and
affect AR of them as suggested by Scagel (1999).

The literature is lacking for isolation and inoculation treatment of ericoid
mycorrhizas inE. manipuliflora However, we know how the predominant species of
typical sclerophyllous Mediterranean vegetation (Macchia) are rich in mycorrhizal
GLYHUVLW\ I[URP ODUHPPDQL HW DO TV Wl8XG\ ,Q WI
species belonging to 46 plant families in two native Mediterranean Macchia sites from
Italy and Greece, they determined 83% and 90% of the plant species, respectively, had
mycorrhizas. One of the screened species Evaarboreal. and ericoid mycorrhizas
were found only in this speciel&. arboreamycorrhizas are not only limited to ericoid
ones since plant roots can form multiple mycorrhizal interactions with various fungal
partners from different taxa as reported by Bergero et al. (2000). They identified about
150 fungal isolates frork. arborearoots Additionally, Bergero et al. (2003) usé&d
arborea as a bait plant and found ericoid mycorrhizal fungi persist and sustain
mycorrhizal ability in habitats lacking ericaceous host as in the cadeernéttya
macrostigma(Brook, 1952) andCalluna vulgaris(Pearson and Read, 1973). Therefore,

E. manipulifloraas a close relative d&. arboreaand a predominant sclerophyllous
Macchia species is also most likely in mycorrhizal association in nature. Hereby, a
mycorrhizal inoculation in culture stage may probably help its successful production as
in other Ericaceous plants such &s vulgaris (Gebhardt and Friedrich, 1987),
Vaccinium corymbosur{Scagel et al., 2005),. meridionale E Y L O DGtarmatlos et
al., 2009),Leucothoe axillarisandPieris japonica(Zinati et al., 2011). However, as we
did not make an inoculation intentionally, the successful survival and rooting results of
the control treatment in cocopeat-based media might be explained with again Scagel
fV DERYH PHQWLRQHG FODLP &RFRSHDW LPSRUWHG
our study might presumably have contained some indigenous microbial and
mychorrhizal entities even if in low populations, and such quantity is enough to initiate
the required mycorrhizal inoculation with an ericaceous species (lbrahim Ortas,
Cukurova University, Adana, Turkey, personal communication). According to Zinati et
al. (2011), microbial entities containing natural ericoid roots and soil having a mix of
rhizospheric and nonrhizospheric bacteria, mycorrhizal and saprotrophic fungi have
potential to improve plant growth by enhancing nutrient uptake. Vosatka et al. (1999)
also reported that colonization may reduce transplant mortality and increase crop
uniformity and productivity in the soil-less media containing low populations of
indigenous mycorrhizal fungi. Indeed, the highest survival (84%) and rooting (76%)
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ratio took place in cocopeat-based media in our wotk WKH LQIRUBB¥#WanRQ RI 3P
90% of terrestrial plants are associated with mycorrhizas installing a permanent and
LQWLPDWH PXWXDOLVWLF V\PEL R#&tivé/ gen@ywds @re Mnok¢W D O
dependent on mycorrhizas compared to cultivadtedU PGément and Habte, 1995) is
considered accurate, mycorrhizal requirements of native plants should be taken into
consideration during their culture. Thus, mycorrhizal inoculation seems required for

alsoE. manipulifloraproduction, and it is recommended for future studies.

In terms of cutting collection time, the cuttings sampled on 09 June (Expt. Il) were
better than the ones collected on 10 November (Expt. I) for AR formation and growth,
which was possibly caused by the cuttings carrying fresher leaf shoots in Expt. II.
However, the time span between taking cuttings from donor plant and inserting them to
a substrate is another considerable issue for higher AE.imanipuliflora In our
previous small-scale study (Ari et al., 20E)manipulifloracuttings were taken from
stock plants next to glasshouse on 19 June, insert& in P in@ocopeat:sand (5:1
v/v) mixture and revealed the highest AR (80%). Hence, moisture content of the
cuttings should be taken into account and it is recommended to cut off and.treat
manipuliflora cuttings in the shortest time for minimum moisture loss especially in
summer months.

In regard to useful auxin type, the auxin use in liquid formulations in Expt.I seems
more successful than the powdered auxin use in Expt. Il to form higher rooting ratio (up
to 71% versus 30%). However, it is not possible to talk about an essential requirement
for PGR use in either liquid or powdered formulation in present work because of the
higher performances of control treatments without auxin. The Heather Society also does
not recommend to use rooting hormones for hardy heathers (THS, 2015b) and evaluate
E. manipulifloraamong the hardy Ericas (THS, 2015a).

As a remarkable observation, the resulting AR in the cuttings took place from leaf
nodes, not from bottom end of the cuttings in both Expt. | and Il. This kind of root
formation was also stated by The Heather Societyefocarneainitiating to form its
roots always from a leaf nodule. However, the same Society stated different rooting
style forE. cinerea whose roots appear from the cutting base (THS, 2015b). According
to Mahlstede and Watson (1952), AR could be initiated directly from the vascular tissue
like cambium and secondary phloem parenchyma in Ericales, as in the case of
Vaccinium corymbosurfVeloza et al., 2014). In appearance, rooting style is not the
same for all Ericaceous species. We do not know the origin of root initials for AR
formation in E. manipuliflora cuttings since we did not make a histological study
However, Zhang et al. (2009) examined the anatomical origiRegba sellowiana,
rooted inE. manipuliflorastyle, and reported that there were sequential and cyclical
cells in the phloem and no root primordium in the Fegotiings.

We observed another notable genesis that several mini individual detached shootings
with a few leaf pieces broken from cuttings and fallen into growing media formed
healthy, long adventitious roots. As reported by Ludwig-Muller et al. (2005),
adventitious roots are less predictable in their cellular origin than lateral roots. They
might occur from the cambium or from calli in the case of detached stem cuttings.
According to Hartmann et al. (2010), leaves serve as the resource of endogenous auxins
and carbohydrates, which implements a stimulating action on AR initiation in cuttings
(Veloza et al.,, 2014). Ericoid mycorrhizal fungi may also produce hormones or
stimulate plant production of hormones inducing AR development and growth (Scagel
et al., 2005). On the other hand, using exogenous hormones may diminish the effects of
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mycorrhizal fungi on AR development as in the cuttingsvatcinium meridionale
(Avila Diaz-Granados et al., 2009). All these information might explain how mini
individual E. manipuliflorashootings brought about AR without hormone requirement
and why control cuttings in cocopeat-based medium rooted more successfully than the
cuttings treated with auxins. Therefore, the use of 4-5 cm fresh leafy minicuttings
consisting of a few leaf nodes with needle leaves is suggested for AR formation and
consequently for vegetative productionEofmanipuliflorafor future studies as used in
plant production of several ornamental plants lately. Also, it is proposed to culture
minicuttings in the viols instead of benches containing cocopeat-based growing media,
and may be inoculated with ericoid mycorrhizas, but without any PGR use.

In conclusionE. manipulifloracuttings taken in June and cultured in cocopeat:sand
(5:1) mixture without any auxin usage revealed the highest survival (84%) and rooting
(76%) ratios among the cuttings in overall treatments. This result indicated that
exogenous auxin use is not essential for adventitious rooting. ahanipuliflora
cuttings. It might be used as rooting enhancer in the studies including cocopeat-free
substrates. But it has a reducing effect in cocopeat-based media. The superiority of
cocopeat-based medium to generate the highest adventitious rooting originated most
likely from the small amount of indigenous microbial and mychorrhizal entities carried
with the cocopeat. Thus, mycorrhizal inoculation seems requireH. faranipuliflora
production. For future studies, using of mycorrhizal inoculation or minicuttings in eco
friendly cocopeat-based media has the potential to increase the present AR ratio.
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Abstract. During the last decades rapid climate changes have occurred anchtfmegugent fires they
have strongly affected the landscape. Wildfires directly influence onpsoperties and generally
increasing availability of nutrients. Due to the lack of multiple sourcefeshwater, most fires in
Dalmatia are being extinguished by seawater, which directly affectsrgpénies. During October 2012
soil samples (0 - 5 cm) were collected at four different locations fromrreeth and unburned plots in
order to observe the impacts of fire on soil properties. Samples were colldcted 2 months after the
wildfires occurred in 2011 and 2012, depending on the location. Jdper analyzes the effects of
wildfire and seawater used for fire suppression on soil chemical prop@tiiesesults showed significant
differences between burned and unburned soil plots for pH, @laiitible phosphorus (P) and potassium
(K), total carbon and total nitrogen. Differences between electrical conductivily EECI, SO, Na',
Mg?* and C4&" in burned and unburned plots also exist. Burned plots contain higtrege values of K,
P, EC and all water-extractable elements. Soil pH conditions after wildfiresfaversolubility of some
elements presented in this paper. These investigated parameters are undecthefldence of fire
intensity and seawater on the ground. This study is usefuinfderstanding changes in soil chemistry
after fire and seawater application.

Keywords: Dalmatian region, seawater, soil properties, wildfire

Introduction

Fire is great disturbances in the ecosystems, but it is also an important ecological
element (Pereira et al., 2012), fundamental for the landscape sustainability. In forest
system wildfire can alter vegetation composition and even promote tree regeneration
(ODUWBQ®IF Ked pl.,, 1999; Cammeraat and Imeson, 1999). Fire was used in
landscape management, and there are ecosystems like Mediterranean whose functions
cannot be understood without fire (Pereira et al., 2010a; Mataix-Solera&atd) G |
2009). In the period of 1998008, out of all the forest fires in Croatia 31.7% were
recorded in Dalmatia region (Croatian Mediterranean area that consists of 4 Croatian
counties). In burned forest areas of Croatia, Dalmatia participates with as much as
64.3%, and for the most part (50.2%) these areas are overlain by Coppice Forests,
shrubs, garrigues and thickets (Mamut, 2011). Wildfires are natural events, but the
increased recurrence of wildfires in recent decades has an obvious anthropogenic
component (Rovira et al., 2012).

Following wildfire, ash commonly covers the soil surface for some time until it is
removed by wind or water erosion. Fires reduce soil organic matter on the surface and
leave the soil unprotected from erosion which leads to very fast loss of ash material
from the surface & H UaBd Doerr, 2008Pereira et al., 2013), especially if the burned
areas are at higher inclinations. The erosion moves ash material which affects chemical
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properties of soil. This layer is a key factor for soil chemistry after the fire and can be
many centimeters thick and can affect soil erosi&H(|) ®9P8a) and runoff generation
processes and rate& H | 1®98b).

Chemical composition of forest fire ash can be very variable and depends on various
factors (Dlapa et al., 2013), like burning temperature, type of plant species, part of plant
combusted, time of exposure to heat, fuel density and arrangement, and other factors
affecting combustion conditions (Liodakis et al., 2005; Pereira et al., 2011). Dominant
elementsn wood ash are calciunCg), potassium (K), magnesiunvg), silicon i),
manganeseMn), aluminium @Al), phosphorus (P), sulphur (S), irdRel, sodium Na)
and zinc Zn) (Etiegni and Campbell, 1991iodakis et al., 2007). Many researchers
(Andreu et al., 1996Monleon et al., 1997Hatten et al., 20Q5Certini et al., 2011
Yinghua et al., 2012; Rovira et al., 2012; Bogunovic et al., 2014) have investigated
wildfire and their impact on biological and chemical soil characteristics. Some of them
have determined the reduction of total carb®@)((Certini et al., 2011) and N in soil
(Rovira et al., 2012), low K variations and similar pH and P content one year after the
fire (Andreu et al., 1996), while others (Yinghua et al., 2012; Bogunovic et al., 2014)
observed higher soil pH and P content in burned soils 15 months post fire. Some studies
(Hatten et al., 2005) recorded negligible difference in soil properties between burned
and unburned areas, while Monleon et al. (1997) noted that 12 years post fire TC and
inorganic N content were returned to unburned levels.

A serious problem of fire suppression in Dalmatia is the access to fresh water. Fire
brigades use fresh water in wildfire ground suppression, but in many cases due to the
inaccessible terrain air forces use seawater for wildfire suppression. According to
chemical composition, the seawater is unsaturated homogeneous solution composed of
water as a solvent (96.5%), dissolved salts (3.5%), small amounts of particulate matter,
dissolved gases and organic ingredients. More than ninety chemical elements are found
in seawater, and six major elements dominaté; N, C&", K*, chlorine (Cl) and
S, while N& and Cl account for more than 85% of the total (Martinac, 2010). These
elements from seawater and ash material are leached into run-off and into the soil
profile and may have impacts on surface soil chemistry.

There are several types of soil salinity and all refer to areas where soils tagtain
levels of salts (e.g. Na C&*, Mg**, HCOs, ClI and S@) that can affect plant
productivity and soil organisms (Navar®H G Uatad.R1997). In this study the saline
water application is not a result of arid environment or irrigation, since the source of
salts is the seawater used for fire suppression. Seawater affects the natural ecosystem in
the form of water and salt stress. Accumulation of dispersive cations, such iasshi
solution and the exchange phasé,(Mg?*, C&™) affect the physical properties of soil,
such as structural stability, hydraulic conductivity, infiltration rate and erosivity (Juan et
al.,, 2011). A plant in a drying, saline soil is exposed to increased levels of both water
stress and osmotic stress, because the matric potential and the osmotic potential
decrease simultaneously with decreasing soil moisture (Johnson, 1992). At the same
time, the seawater undoubtedly affects burned soil. Researchers have investigated the
effects of saline water on crops and soil (Richards, ]1882ng et al., 199Katerji et
al., 2003 Ahmed et al., 201,0Chen et al., 2010; Ben Ahmed et al., 2012) but there is
lack of studies of impact of seawater on fire-affected forest soils in the environmental
conditions of Dalmatia, a part of Mediterranean.
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The aim of this paper is study the effect of seawater on burned soil properties, TC,
total nitrogen TN), K and P, EC and water extractable ions (&, SQ?, Na', Mg**,
cd™) after a wildfire in Dalmatia, Croatia.

Material and Methods
Site Characteristics

The study area is located in island Korcula and Peljesac peninsula in southern
'‘DOPDWLD 6PRNYLFD f 1 f ( P DVO %ODWR
PDVO 3DQMLND f 1 f ( PDVO 3RQLNYH
m.a.s.l.). All four areas are in similar ecosystems with a Mediterranean climate
characterized by long, dry and hot summers and mild and humid winters. Air
temperatures are relatively high throughout the year (mean annual air temperature is

f& DQG RQO\ GXULQJ -DQXDU\ DQG )HEUXDU\ WHPSHL
PLQLPXP PRQWK WHPSHUDWXUH LV f& LQ -DQXDU\ D
temperatl H LV f& LQ -XO\ OHWHRURORJLFDO DQG K\GUF
period 1961 - 1990). Average annual rainfall is 1300 mm and increases from the coastal
area to the interior of the island, and from lower to higher altitudes. Average annual
number of sunny hours amounts to over 2500 at some locations. The area is covered
with Mediterranean flora and sometimes pine trees. All wildfires on investigated
locations were supressed from air with seawater, wiible 1 shows detailed
information on the characteristics of individual sampling locations.

Table 1.Site characteristics for burned and unburned sampling locations on Chromic
cambisols. B-burned; C-unburned

Sample Latitude/  Altitude Year of  Slope

code longitude  (meters) fire f Aspect Dominant species
Strawberry treeArbutus
Smokvica f unedolL), Holm oak
B f 82 2011 32 N (Quercus ilex L), Heather
(Calluna vulgarisL.)
Black pine Pinus nigra
Smokvica f J.F.Arnold),
C f 68 28 S philyrea Phillyrea latifolia
L)
f Different pines, Phillyrea
BlawB 163 201239 N (Phillyrea latifolia L)
f Aleppo pine Pinus
Blato C f 155 42 N halepensidViller)
Strawberry treeArbutus
f unedoL), Holm Oak
Panjika B f 310 2012 17 w (Quercus ilex), maquis

(macchie), Prickly Juniper
(Juniperus oxycedrus.)

. f : Different pines, Strawberry
Panjika C f 336 25 w tree @rbutus unedd..),
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Holm Oak Quercus ilexX),
1 Black pine Pinus nigra
[ 223 2011 18 NI J.F.Arnold), Prickly Juniper
(Juniperus oxycedrus.)
Different pines, Prickly
Juniper Juniperus
oxycedrud...), Holm oak

(Quercus ilex L).

Ponikve B

=~ T

Ponikve C 236 12

—~

Survey areas consisted mainly of carbonate sedimentary rocks, limestones and
dolomites. The karst bedrock in southern Dalmatia is dominantly covertedrayossa
- chromic cambisols (FAO, 2006), which cover the largest part of the coastal terrain and
most of the islands. Most elevated areas in the highest mountain areas of the Peljesac
peninsula are overlain by rendzic and mollic leptosols. Smaller patches on the island of
Korcula are overlain by aric anthrosols.

Plot Design and Soil Sampling

At each site we colleet 3 soil samples (0 - 5 cm) from burned and 3 from unburned
plots (each taken sample consists of 10 individual samples homogenized intatbne
similar aspect, slope, elevation and vegetation characteristics and those that have been
diversely affected by wildfires in 2011 (areas burned 14 months prior to sampling) and
2012 (areas burned 2 months prior to sampling). The total number of collected samples
is 24. Near each burned area unburned sample points were chosen according to their
similarity to the burned areas in order to determine the differences between samples.
Each composite sampleagtaken 40 m from another sample and represent an area of
approximately 1200 fa Samples were taken with spade and stored in plastic bags
without air and taken to the laboratory for analysis.

Preparation of Samples and Chemical Analysis

In the laboratory prior to chemical analysis, the samples were air dried, milled and
passed through a sieve of 2 mm diameter. The following soil properties were monitored
in the <2 mm fraction: soil pH, EC, plant available phosphorus (P) and potassium (K),
TC, TN, F, CI, SO, Na', Mg® and C4&". The soil pH was measured using the
electrometric method in 1:2.5 (w/v) ratio with the Beckman pH-mefé2, in KCI
suspension (according to HRN I1SO 11464:2004 norm). TN content was determined by
dry combustion methodaccording to HRN ISO 13878:1998. TC content was
determined after dry combustion (HRN ISO 10694:1995). Plant available P and K were
extracted by ammonium lactate (AL) solution (Egner et al., 1960) and detected by
spectrophotometry and flame photometry, respectively. Electrical Conductivity was
calculated at 25C on soil water (1:5) extract according to HRN ISO 11265:2004.
Water-extractable anions (FCI, SQ%) and cations (Na C&*, Mg®) in soil samples
were extracted in ultra-pure water in 1:10 W/WvWd R DFFRUGLQJ WR g1250 /
norm. After the extraction, samples were centrifuged, filtrated and contents of anions
and cations were detected by suppressed conductivity on Doinex ICS-1000 system with
an analytical column: for anions - lon Pac AS 17 (4x250 mm) and for cations - lon Pac
CS 16 (5x250 mm), all in compliance with HRN EN ISO 14911(2001) and HRN EN
ISO 10304-1(1998). One-way ANOVA was carried out to test whether the investigated
properties varied significantly amongst burned and unburned plots at each location. In
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case it did, th@ost-hoc)LVKHU WHVW zZDV DSSOLHG WR VHSDUDWH F
statistical analyses were carried out with SAS Institute 9.1.3.

Results

Statistically significant differences were found in all chemical variables measured in
soils that have been burned 14 and 2 months prior to sampling in contrast to unburned
plots. Detailed results are presenteéigure 1andTable 2

TC concentrations were lower in the surface horizon of burned plots on Smokvica
and Blato location, while burned plots on Panjika and Ponikve area recorded higher TC
results. TC values ranged from 6.04% to 17.10% in burned samples, and from 6.82% to
13.07% in unburned samples. Mean value of TC was 10.19% in burned soils and 9.21%
in unburned plots. Burned samples recorded higher value of TN in 3 of the 4 locations.
The mean value of TN in burned samples was 0.55% and 0.37% in unburned samples.
Burned plots contain higher amounts of TN than unburned and there was no significant
difference only at Smokvica location.

The level of plant available P and K was significantly different among all locations.

In unburned samples P ranged in very low supply levels (14 to 48 the,®g), while

the burned samples had moderate to very rich P supply and values from 135 to 424 mg
kg* P,Os, except for Blato location where 30 mg*B,0s were found. The average
values of soil K supply were 737 mg kdé,O in unburned samples and 425 mg-kg

K20 in burned samples. These results show that the soil is very well supplied with K,
with the exception of unburned samples from Ponikve site.

Figure 1. Mean values of soil chemical properties for burned and control plots. For each
chemical property at each location bars with different lowercase letters are stdlystica
different (p<0.05). Hanging bars represent standard deviation.

Burned plots recorded neutral to alkaline pH which varied from 6.78 to 7.90. The
mean soil pH for unburned plots was 6.62, while unburned plots were low acid to neutral
and their soil pH varied from 5.97 to 6.67. Statistical differences between unburned and
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burned plots were observed in the pH in each location. In this study significant
differences between burned and unburned samples were identified SO, Na',

Mg** and C4&, in all investigated locationg éble 3. The amounts of G§ Mg®*, Na'

and SQ* were significantly higher in burned plots than in unburned. Relatively high
concentrations 080>, Na', Mg®*, F, CI and C&" were recorded in burned samples
from all locations (with the exception of NaF in Blato location). EC also showed
significantly higher values in all four investigated sites, with almost 87% higher average
value (295.88 6 F¥in burned than in unburned plots (157.83 F}.

Table 2.Mean concentration of pH, EC and water-extractable elements in the burned (B)
and unburned (C) plots.

*9DOXHV RI VWDQGDUG HUURU RI PHDQ DHhHa rdwYdd €ach logakiod “ 'LITHUH
indicate significant differences (p<0.05).

Discusion

Carbon movement in the soil depends on fire severity (Pereira et al., 2010b), fire
intensity, fire type (canopy or aboveground, underground fires), and even slope
(*RQ]i1®p U Et]al.,, 2004). Low-intensity fires have little effect on the soil carbon
while wildfires drastically reduce the amount of carbon in the soil (Johnson, 1992).
Lower levels of carbon in burned samples one year after the fire in pine forests was
recorded (Johnson, 1992), while other research (Binkley et al., 1992) observed lower
amount of TC in burned soil than in unburned samples one and three years after the fire.
Other studies recorded a nearly 50% increase of soil carbon content in burned area than
in unburned area (Rovira et al., 2012 ; Choromanska and DelLuca, 2002). Increases in
soil carbon are also reported due to an increased deposition of dry leaves and charred
plant materials in fires that affect the tree canopyR@Q i GBWJUH] HW )DCGur
findings also show contradictory results of TC on investigated locations.These
differences could be explained with differences in vegetation characteristics between
locations. Control plots on each location have different dominant species and therefore
we can presume that recorded wildifers had an uneven amount of fuel for burning,
different combustion process, such as air temperature and humidity, wind speed, and
topography of the site. All these factors had an influence on fire severity and therefore
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on TC. Average values (all four locations) ®C between burned and unburned plots
were small. These trends may be due to the lower temperatures and incomplete
combustion of soil organic matter at Smokvica and Blato location. It is already noted
that severity of wildfires strongly influence on soil organic matter. Fire does not
necessarily reduce topsoil organic matter content in a significant manner and low
intensity fires have even been reported to increase organic matter content (Varela et al.,
2010. Furthermore, in time of sampling, 14 and 2 months after fire it is visible
generally fast recovery on vegetatidfigure 2 in all locations, but especially at Blato

and Smokvica location. We can presume that small differences in average values of TC
between burned and unburned plots are consequence of fast organic matter recovery in
burned plots which affects on C sequestration. It is also noted in others studies (Johnson
and Curtis, 2001; Wang et al., 2012) that fire had little effect on soil carbon. Even
though it is evident that burned areas record generally fast vegetation recovery, on Blato
location burned plot recorded the lowest TC concentration compared to all other
locations, likely due to erosion removing material from the soil surface. Furthermore,
these different observations between locations may be attributed to differences in
sampling time after fire, soil properties, vegetation differences between investigated
locations and fire severity.

A) B) C)

Figure 2. From left to the right. Vegetation recovery on Blato (A, B), and Smokvica (C) location

Total nitrogen follow similar pattern on investigated locations like TC. Our results
agree with previous studies carried out by Weston and Attiwill (1990), Rovira et al.
(2012) and Choromanska and DelLuca (2002) who also observed differences in TN
depending on fire severity and the time that has passed since the fire. Permanent study
shows that fire can increase and decrease the amount of N in soil. Different study results
are also reported in studies of Schoch and Binkley (1986) and Yinghua et al. (2012)
who observed minimal N loss from a fire, but decomposition of the forest floor was
stimulated by fire, releasing additional N during the following growing season, after the
regeneration of vegetation. Results of TN in this study are different because N is soil
after fire depends on many factors. Immediate after fire soil organic N is losing through
volatilization (Binkley and Fisher, 2012), but some substantial portion of soil organic N
can survive low intensity fires. Moderate to high intensity fires convert most soil
organic N to inorganic forms. Ammonium is a consequence of the combustion, while
nitrate forms are created from ammonium some weeks or months after fire as a result of
nitrification (Covington and Sackett, 199ZThese N-forms if are not taken by plants
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can leach (nitrate) or held by negatively charged minerals in soil (ammonium), thus
affecting the overall result of TN in the soil.

It is generally expected that the pH increases in forests after the fire and decreases
over timeat the rate which it does so being dependent on precipitation (Woodmansee
and Wallach, 1981). During wildfires the combustion of wood causes the mineralization
of organic matter which increases the amount of basic elements, carbonates, oxides,
hydroxides and base cations compounds that are rich in alkaline metals (Etiegni and
Campbell, 1991Ulery et al., 1993) that raise and explains the increase of soil pH and
ECin our study. Furthermore, pH values increase as a result of oxidation of soil organic
matter by combustion of some organic acids (Certini, 2005), and EC increase as result
of release of inorganic ions from combusted organic matter (Hernandez et al., 1997).
Also, topsoil pH could increase as much as three units immediately after burning (Ulery
et al.,, 1993). This rise was essentially due to the production of K and Na oxides,
hydroxides, and carbonates, which did not persist through the rainy season in contrast to
neo-formed calcite that was still present 3 years after burning, and maintained
moderately alkaline soil pH. It is estimated that capacity of ash to neutralize soil acidity
is well correlated with the sum of the concentrations §f®&", and Mdg" in the ash
itself (Khanna et al., 1994). Except ash extracts that are rich if6HO Go® 0D U W't
2003 O E Heb4b., 2009) higher noted levels of soil K supply were also result of natural
content forterra rosa C&* also comes from limestone which is parent material on
investigated areas. After fire, precipitation trough leaching and erosion move nutrient
rich materials, washes away basics elements which finally leads to a decrease in pH
during time. Even though the research areas were in the zones of mixed vegetation,
forests, and low vegetation, the obtained results confirmed the above assertion.
Investigated areas have an uneven precipitation distribution which is reflected in the
long spring-summer dry season and rainy winters, and further research should provide
insight into the time needed for the soil pH decreasing to pre-fire levels.

Average P supply value was eight times higher in burned samples than in unburned
samples, as shown in other study (Yinghua et al., 208@jne studies found no
differences between burned and unburned samples (Binkley et al., 1992) and others
(McKee, 1982) recorded significantly higher amounts of P in burned soil. These
differences in burned and unburned soil are result of soil pH and fire. After fire, P in ash
can leach into run-off and into the soil profile and may have impacts on surface
chemistry. Burning converts the organic pool of soil phosphorus to orthophosphate
(Cade-Menun et al., 2000), the sole form of P available to biota. The maximum P
bioavailability values were recorded at pH of about 6.5 (Sharpely, 2000). But generally,
fire-induced change in soil pH toward neutrality has a positive effect on P
bioavailability, as shown in this study. Our results recorded higher pH values in burned
plot than in unburned which directly affects on correlation with measured higher P
values in burned plots in contrast to the unburned.In our work, we observed that all
water-extractable base cations were significantly higher in burned soil compared with
unburned soil solutions. Water extractable elements concentrations in burned plots are
result of higher solEC as a consequence of nutrient rich ash material on surface
Furtermore, fire suppression by seawater are reason for aditional soux,d¥lg®”,
cd*, K*, CI which explains the higher values of these ions in burned soil compared to
unburned soil solution. Increased concentrations of soluble elements helps increased
alkalinity of burned soils. There are a number of factors that influence the vulnerability
of sites to total salt accumulation (Oster et al., 1996). These factors include the position
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of a site within a landscape (Manning et al., 2001), soil type and rainfall. Soil type was
the same terra rossa in all four investigated locations. Average annual precipitation
rate was relatively high with 1300 mm (Meteorological and hydrological institute of
Croatia), but with extremes in distribution, because almost 80% of rain falls in a period
from September through May. The rain did not reduce the amount of salt in the soil, not
even in locations that burned two years ago. Although, this depends of several factors as
rainfall intensity, topography, vegetation cover etc. Our results show that time that has
passed after the firé&s L G@vieWffects on salt accumulation in investigated locations.

At all sites burned plots recorded higher total salts (EC) values compared to control
although the sites burned in 2011 had one more rainy season. Also, the magnitude of
salt accumulation in a single growth season is often small and may not be readily
detectable by the routine soil sampling in the field (Chen et al., 2010). However,
should be noted that data of the size and intensity of rainfall at each investigated
location were not available, so it is based on assumption. Thus, further research should
clarify this situation. It remains to been seen how many years it will take for the soil that
was treated with seawater to return to pre-burned conditions. In future research will be
interesting to observe separated influence of seawater on burned soil properties
compared to burn soil suppressed by freshwater on soil.

Conclusions

This study was conducted in southern Dalmatia fire-sensitive coniferous forests of
pine trees with maquis and it shows that there is a difference in terms of soil properties
between areas burned by wildfires suppressed by seawater and similar areas that
remained unburned. The results show a difference in almost all investigated soil
properties. Higher values of P, K, TN and TC have been recorded in burned plots. After
the fire soil pH, EC and extractable cations and anions increase and this is attributed to
the effect of ash and salt water used for suppression. Soil pH conditions after wildfire
favors the solubility of some elements presented in this paper. This study cannot
separate effect of seawater and fire influence on soil chemistry. The fact tfiet the
extinguished with seawater may have implications on soil chemistry in the post fire
period, but this can be clearer in a long-term study that compares burned soils
extinguished with seawater and fresh water. This study is useful for understanding
changes in soil chemistry after fire and seawater application. However, further studies
with better establish experiment that includes divided causes on sall, fire and salt water,
and continuous monitoring of soil changes is needed.
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Abstract. The aim of this paper is to investigate the effects of agricultuildation of biodiesel by-
products. The hydrophilous by-products of transesterificatiach asiproteins, carbohydrates, minerals,
vitamins, potassium hydroxide used as catalyser and methanolrmentrated in the phase of glycerol
during biodiesel production. Agriculture can utilize these componentong sffects of glycerol in soil
do not serve the needs of plants. Several studies have investigatifiettent effects of glycerol in soil.
The specific focus of our research is to analyse the relationship bet@edrgermination and glycerol
content of soil. During this research the inhibitor effect of glyicdriodiesel by-product, and methanol
on seed germination of ryegragslum perennd..) and oilseed rapd3fassica napuswere investigated.
In the case of some treatmeragjifferent percentage of glycerol and methanol was applied, in order to
establish the methanol content of soil that can balance the inhibitor effgtycerol. Based on the
obtained information, pot experiment was established with ryegrass tdnex#éme effects on plant
growth. Our research has not only studied the impact of biomnadagtion, but variations in the rate of

plant growth as an effect of different treatments were observed as well
Keywords: biodieselby-product, glycerol, germination, microbe

Introduction

The industry of biofuels is one part of reneweable energy sources which is gaining
groundin leaps and bounds. Between 2000 and 2007, global biofuel production tripled
from 4.8 billion gallons to 16 billion gallons. Biodiesel production was about 3 billion
gallons in 2007 and more than 50% of this quantity was produced by EU (Coyle, 2007).
By prognosis, this process will increase, which raises the issue of by-product utilization.
The newest, third generation possibility is to produce biofuels from algae. Algae were
cultivated as biofuel feedstock mainly due to their high productivity of oil and less land
requirement. Microalgae do not compete for land and can grow anywhere, even in
brackish saline water (Sanjay et al., 2013; Piyushi et al.,)2014

During biodiesel production a huge amount of useable by-products are produced with
high glycerol content. Outputs of biodiesel production depend largely on oil type and
quality. Approximately 100 litres of vegetable oil, 25 litres of methanol, and 0.8 kg
KOH catalyser are used to produce 75 litres of biodiesel and 25 litres of crude glycerol
(Wilkie, 2008). Generally the glycerol is used by the cosmetic and chemical industry
but biodiesel bySURGXFW LV FRQWDPLQDWHG E\ YHJHWDO
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FRQWDPLQDW L Beé¥fect Pfar NukilizingL ihs by-product as a fertilizer on
agricultural fields.

The glycerol is an easily available and adequate carbon source for microorganisms
(Lee et al., 2001; Tickell, 2003). It can intensify microbial activity which can help to
increase the availability of vegetal nutrient. The large quantities of microbes increase
organic nutrient content, the organic part of soil, which can increase humus content and
results good conditions in soil. One part of nutrients can concentrate in the phase of
glycerol, so it can balance the vegetal absorption. To sum up, glycerol has direct and
indirect effects on productivity and nutrient content of soil.

Review of literature

During biodiesel production vegetable oils and animal fats are transesterificated by
methanol or ethanol in the presenceaddOH or NaOH catalyser. At the end of this
process, the results are alkyl ester and glycerol (Furfari, 2008). Solubility behaviour of
the two residues can help to separate the hydrophilous glycerol from hydrophobic ester
(Holser, 2008). If methanol is used during transesterification, the result is fatty acid
methyl ester (FAME), whereas if ethanol is used, the result is fatty acid ethyl ester
(FAEE). In the European Union biodiesel is rapeseed-odmi€\O HVWHU .RYIiFV

Glycerol of biodiesel production is well utilized by microorganisms (Papanikolaou et
al., 2008; Temudo et al., 2008). Studies have investigated whether the utilization of
glycerol by microorganisms is a great possibility to convert that into value-added
products (Barbirato et al., 1998; Johnson and Taconi, 2007; Yazdani and Gonzalez,
2007). The measurment of biologically active functions of organic matter, such as
microbial biomass C, N, P and potential C, N and P mineralization were better able to
reflect changes in soil quality and productivity (Patel et al., 2010). Biebl et al. (1998)
have analysed fermentation of glycerol Kiebsiella pneumonia€Biebl et al., 1998;

Zeng et al.,, 1993). Biebl also investigated fermentation of glycerol in the case of
Clostridium pasteurianurbatch (Biebl, 2001).

Soil microorganisms adsorb nitrogen instead of plants and retard their development.
Provisionally, microbes immobilize nitrogen of chemical fertilizers and the mineral
nitrogen part of soil, but later mobilize them (Tolner et al., 2010b). This process
prevents the wash-out of nitrogen and subsequently the destruction of microbes nitrogen
will be available for plants again. The glycerol increases the storage capacity ofisoil a
helps adsorption of nutrients by solvent action. Dispersive capacity and coagulability of
glycerol can cause friable texture of soil (Czinkota, 2007).

The nutrition providing ability of the soil can be tested with soil tests and plant
experiments. The growth rate of plants reacts sensittedlye current nutrition supply.

The development of plants, thus the dry matter accumulation, is not linear in time, in the
vegetation period it is connected to certain stages of developmesatify. et al., 1984;

Waldren and Flowerday, 1979; Prew et al., 1985), showing changes which are
genetically determined yet influenced by external ecological factors, it is the result of

the interaction of all these (kztity, 2006). The growth rate depends significantly on the

available nutrient (Jocic 1981 iVI]WLW\ DQG .iGiU 7KH GHYHORS
plants can be followed by visual bonitation and computer processing. Narumalani et al.

(2009) andAuda et al.(2008) tried to gather information on the spread of the invasive

plant species. Sanyal and Patel (2008) estimated the health and nutrition ability of rice

plant by the shape and size of the plant. Timmermnas and Hulzebosch ($2€6)
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image analysis for isolating the growth stages and plant parts. Behrens and Diepenbrock
(2006) scanned the development of the swede rape with the help of image analysis. It
was establishedn a former experiment that linear relationship stands between the
number of green pixels and plant green mass.

Materials and Methods

Two plant species were investigated in complex experimental series to gain
information about the reaction of plants for the glycerol content of soil which is the
most determinant component of biodiesel by-product.

In our paper, on the one hagdrmination testsof ryegrassl{olium perennd..) and
oilseed rapeRrassica napuswill be presented, which were carried out in order to
study the germination retarding effect of glycerol. After the results, on the other hand,
plant growth test was carried out which was perfoed only in the case of ryegrass
(Lolium perennd..) in order to investigate the growth inhibitor effect of glycerol in the
later stage of plant life.

ArenoVRO IURP )yW ZDhé ti2&8adts. H'Ge i parameters of this soll
were: plasticity index of soil according to Arany kK 28.33, lime content (CaG®) =
8%, pH(HO) = 8.2, humus content (H%) = 1.4%., AkER = 95 ppm, AL-KO = 120
ppm. The water content of the soil was 60% of field capacity. We used analytical
quality materials for treatments in both experimemntbie ).

Table 1.Different treatments applied for experiments

Treatments in germination experiments Treatments in growth experiments
PK as control
NPK as control Control
0.5% C glycerol 0.5% C glycerol
0.5% C methanol 0.5% C methanol
0.5% C 50% glycerol + 50% methanol 0.5% C 50% glycerol + 50% methanol
0.5% C 90% glycerol + 10% methanol 0.5% C 90% glycerol + 10% methanol
0.5% C by-product 0.5% C by-product

1% C glycerol

1% C methanol

1% C 50% glycerol + 50% methanol
1% C 90% glycerol + 10% methanol
1% C by-product

0.25% C by-product

Germination experiment

90 grams of soil and 100 pieces of seed were placed in every single Petri dish. We
did not use pretreatment to break the resting period of plants. After this Pets dishe
were set int@refrigerator to reach the required moisture content for seed germination.

In the first stage, the effects of glycerol, glycerol-methanol combination, methanol
and biodiesel by-product were investigated. In the second stage, the modification effect
of a two-week incubation period ag analysed. After the preparation of treatments,
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seeds of ryegrass and oilseed rape were not placed into soil, only after the two-week
incubation.

We wanted to ascertain that the two-week incubation is enough for microorganisms
to metabolize glycerol content of soil.

The first experiment was accomplished in four replications. The second experiment,
in the case of the two-week incubation, was carried out in two replications, and the
immediate seeding was also carried out in two replications. Plantlets were counted in
Petri dishes on the fifth day. We tookthas a basis of absolute germination.

Plant growth experiment

The second column dfable 1shows the treatments that we started to apply in pot
experiments on " of September 2010. Every pot contained 900g soil which were
treated before the sowing af1l g seed ol olium perennel. (ryegrass). The water
content of soil was 60% of field capacity which was kept continuatdlyis value by
sprinkling. The culture pots were setarclosed place and were kept under artificial
daylight. Treatments were carried out in four replications.

The images were taken at certain times depending on the plant growing status. There
were 24 pots and 6 treatments. All experiments were accomplished in four replications.
Eight pictures were taken of each pot from different angied® degrees). On the
plant images the image processing program counts the green pixels representing the
colour of leaves and thus, we could convert the plant growing status to numerical data.
After the pixel numbers were gained, a calibration was made wihiash able to
transform the numbers to plant leaf mass measured in grams. In all treatments the soil
samples were mixed with solutions. The calculated amount of materials for the
treatments were put in the soil, dissolved in this amount of water. The observation
started on the'5day and ended depending on the plant growing status (Tolner et al.,
20103.

Evaluations

7KH RXWOLHU PHDQ VTXDUH GHYLDWLRQV 1881)JJH H[DPLC
The effect of treatments was evaluated by analysis of variance. We used the ANOVA
program on Visual Basic algorithm in Microsoft Office Excel whichviiaBVHG RQ 6YIiE
(1981). This algorythm has been successfully applied in several studiéés@L HW DO
2013; .RYiFV RW3BODEyY HW3p O

Results
Results of germination experiment

The effect of treatment combinations were evaluated by ANOVA with 0.1%
probability of error. Reduction in the number of germs were significant in almost every
treatment in the case of both species, where glycerol or biodiesel by-product were
incorporated into the soil as compared to NPK control.

The inhibitor effect of glycerol was total in 1% C glycerol and the number of germs
was zero. There was no significant difference between the results of 0.5% C glycerol
and 0.5% C by-product, both of them had inhibitor effect. Moreover there was no
significant difference between the results of 1% C glycerol and 1% C by-product
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(Figure 1). Thus, these results verified that the inhibitor effect on germination was
caused by the glycerol content of by-product.

Figure 1. Number of germs in case yegrass

Blight was experienced in treatments where by-product or glycerol were appiled.
Generally Petri dishes of tHgy-product included more colonies than Petri dishes of
glycerol and glycerol-methanol combinations. The reason for this phenomenon was the
nutrient content of by-product. During biodiesel production, by-products of
transesterification (proteins, carbohydrates, minerals, vitamins, potassium hydroxide
used as catalyser, in the case of transesterification used methanol) were concentrated in
the phase of glycerol which could increase the effect of glycemtabon source. The
smell of blight was typical which was also sign of microbial intensification.

The treatments having methanol content did not inhibit the germinakele( 3.

Since the methanol does not ha&gnificant inhibition effect on germination, glycerol
treatments became comparatideach other.

Table 2.Inhibitor effect of the pure methanol treatmennts compared to control

Treatments Immediate Incubation Mean LSD(5%)
2. Nitrogen (NPK) 77 88 82
4. 0,5% C Methanol 74 87 81 11
9. 1% C Methanol 64 80 72
Mean 72 85
LSD(5%) 9
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Figure 2. Number of germs in casé oilseed rape

The experimental dates of 13 levels of treatments in two incubation periods were
evaluated using two-way ANOVA. There were significant differences between the
germination of seeds in the functions of treatments and incubation periods as well
(p<0,1%).

The two factors hada strong interaction (F-rate=5,69 p<0,1%). The case of
immediate sowing treatments resulted in significant differences, but after the incubation
period the dependency by treatments became less harmful.

There was a strong interaction between the number of germinating seeds and the C%
ratio in the glycerol phase. It can be seefkigure 1and2 that without incubation the
germination was more sensitive to C% amount in glycerol, than after the two-week
incubation.

However, this negative effect of glycerol could be moderated by two-week
incubation. Comparing the reactions of biodiesel by-product of the two plants, it was
obvious that.olium perennd.. (ryegrass) has a higher tolerance for negative conditions
thanBrassica napusgoilseed rape).

Results of plant growth experiment

After analysiing the pictures a lot of information was gained about plantlyrdtve
complex analysis of the huge database gave appraisable information. During the
experiments, the reactions of plants were intensivalifferent stresses. That was
experienced in differences between length of germination times and velocity of growth.
Also there were differences between plant individuals within the same culture plates.
For quantity determination of differences, photos were taken from eight different
angles.

Table 3.shows thousandths of average number of pixels of eight photos in four
replications, with different treatments, arad different times of the experiment.
Variations of gray backgrounds demonstrate the coefficient of variation (CV) of data
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originated from the eight different angles. White sh@wslower than 10%, light gray
shows CV between 10% and 20%, dark gray shows CV greater than 20%.

Table 3.Development of plants betweer"Qeptember to'8October (number of
pixels/1000)

Sowing2.09 1109 12.09 15.09 18.09 21.09 24.09 27.09 30.09 03.10
768 956 988 1048 1017 1088 1146 1210 898
Control 733 880 911 968 828 857 881 1098 973

721 850 817 905 891 958 1141 1279 1092
815 981 1117 1241 960 1292 1384 1361 1408

22 36 108 261 339 469 539 705 815
0,5% C 26 64 230 428 507 626 763 869 929
100% glycerol 22 25 44 142 215 336 465 539 647

22 31 40 129 205 320 471 514 614
254 374 533 662 726 913 1025 985 1185
0,5% C 146 263 457 593 645 823 1113 1094 1107
100% methanol 200 320 486 619 694 891 1117 1124 967
233 354 524 649 743 933 1162 1049 1147
284 424 624 776 815 937 1208 1291 1043

0,5% C 227 353 542 685 694 786 963 1200 1032
50% methanol 243 376 597 745 795 938 1104 1178 834
50% glycerol 267 409 639 794 810 1018 1275 1132 1160
24 62 216 388 498 596 757 840 949

0,5% C 47 111 258 413 495 564 700 751 862
10% methanol 34 69 208 342 404 469 608 636 718
90% glycerol 32 77 257 401 470 567 736 821 826
417 530 678 788 833 775 1037 1053 1045

0,5% C 406 503 605 725 744 764 973 879 773
by-product 385 500 606 688 710 730 925 955 883

467 595 778 908 876 1035 992 940 801

At every measuring moment, the values of mean-square deviation of standardized
data of photos from 6 treatments, from 4 replications were studied using the Cochran
test at value P = 5%. In calculation of standardized data, the number of pixels of every
single photo ws divided by the average number of pixels of eight photos. So the
standard deviation of different development stages of plants could be comparable. After
that the first 24 mean-square values were investigated to determine outlier data. That
process was continued until outlier data was found.

The heterogeneity of plants stand of culture plates were characterized by relative
deviation. So the number of pixels were normalized by the mean of pixels of eight
photos. The standard deviation and mean-square deviation of normalized values of
pixels also were determined.

Data shows that an increase in stress caused not only retardation of growth of
germinated plants but also augmentation of irregularity in shooting and in growth. That
effect is mainly perceptible in the first section of the growing phase. Between elder
plants differences would be equalized progressively. In the case of elder plants the
different treatments (Control, By-product) resulted outlier deviation values sporadically
which was caused by technical measuring problems. The longer spears were bent over
so the optical observing based investigation would become improper.
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In the following analysis the standard deviation of pixels of 8 photos was
disregarded, the different growth status of plants were characterized only by means of
thousandth pixel number of 8 photos.

The homogeneity of standard deviations of different treatnawlifferent times was
investigated using the Cochran test but outlier values were not received. After that the
whole experiment was evaluated by two-way analysis of variance.

The effect of treatments and changes in time were strongly significant. In ace&rdanc
with control every treatment caused depressions Was lower in the case of 100%
methanol, 50% methanol-50% glycerol and 100% by-product. Significant difference
was not experienced between the harmful effects of 100% methanol and by-product.
The most retarding effect was observed in the case of treatment 100% glycerol. The
changes in time are demonstratedFigure 3.

Figure 3. Result of the plant growth experiment with ryegrass

Conclusions

Theresults of our research are important to define the best time for fertilization of by-
product.

Glycerol and biodiesel by-product had a significant negative effect on the
germination of ryegrass in an arenosol, 1% concentration of glycerol inhibited the
germination.

The same inhibitor effect on germination of glycerol and by-product verified the
glycerol content of by-product.

The microbial stimulant effect of glycerol bred bliglitspergillusspp.) colonising
Petri dishes where glycerol and by-product were applied.

The inhibitor effect of glycerol was decreased in treatments of 50% glycerol - 50%
methanol combination. This combination resulted good conditions for plants. In
treatments of 1% C 50% glycerol - 50% methanol the improving effect of two-week
incubation was significant.

During the research we could not verify clearly the inhibitor effect of methanol in
treatments.

Generally we can state that biodiesel by-product was more useful for microorganisms
of soil than for plants.
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Abstract. Dragonfly exuviae were collected between 2010 and 2013 in the followatigrse of River
Tisza: 9LORN ,<beWiD~MODN 1RYH 6]ADWRIDSGMKH®@\ eh7LV]RELNHOQ\
7LV]DE|NpQ\ ILQRKUDJ\LFI\KPOhYZD QG + XNM$m). Basedk bn the
examination of the 1965 exuviae, collected from 13 main channel sectialiagénfly species were
identified [Gomphus vulgatissimus(Linnaeus, 1758, Gomphus flavipes(Charpentier, 1825)
Onychogomphus forcipatuélinnaeus,1758) Ophiogomphus cecilialFourcroy, 1785), Calopteryx
splendengHarris, 1782) Platycnemis pennipe@Pallas,1771)]. Summing up the collected exuviae, the
two most frequent species wefg. vulgatissimus(57.3%) andO. forcipatus (39.08%), however
significant assemblages ©f. cecilia(1.93%),G. flavipes(1.17%),C. splenden$0.36%) andP. pennipes
(0.15%) could be found as well. In compliance with the Mantel test thanehaand riverbank
characteristics show a significant correlation with the composition obdfiggassemblages (R=0.309,
p=0 024). According to the canonical correspondence analysis (1fathetaracteristics) the exuviae
data ofG. vulgatissimusre connected with the extent of plant coverage, the closure ofefaiat) the
characteristics of riverbanks; the exuviae dat®oforcipatusare associated with water depth, channel
deepening tendency, water temperature and type of plant coveragerioartbank.

Keywords: Upper-Tisza, Ukraine, Odonata, Gomphidae, exuviae

Introduction

Little is known about the structure of dragonfly assemblages in the Ukrainian section
of River Tisza. The earliest published data concerning dragonflies in Transcarpathia
(Zakarpatska region) are from the second half of tHecEditury by Kohaut (1896). At
the beginning of the #Dcentury their work was continued byUHD E1i905). Besides,
interesting observations were carried out also by Fudakowski (i83the area of
Chornohora massif, as well as the results of the Transcarpathian data publishing by
| Z\ e xd1990), Mauersbherger (1994 h[ _c¢c DQG ;hg228ynvd]V @Qnd
Huber (2001), Jy aZ g {2@D7), HR O X(Z0D9), Martynov and Martynov (2010).
Unfortunately, the published sampling sites concerning River Tisza are quite
insufficient and they are often difficult to find. Further problematic issue is that a
significant portion of the published data is about the results of imago observations.
Imago data is not appropriate foreliable description of an aquatic habitat as dragonfly
imagos usually fly kilometres away from their place of emergence.
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Partial information can be obtained about the dragonfly species of the Ukrainian
Tisza section froml Z \ e x d {L990) imago observations on the dead channel of Tisza
at Huszt; from the results of the occasional sampling of macroinvertebrate monitoring
by KRYiFkVal (KRYiRNd Godunko, 2008; RYiFWal, 2008), and from
K RO R]\ad UQ.G2009), as well as from RO R]\anNd Dp Y [2D13) from the
earlier investigations on River Tisza between Vilok and Huszt.

Dragonflies are excellent indicator organisms (Schindler et al., 2003). The River
Tisza section that we examined, has still preserved its natural anastomosing
characteristics in many ways. From the point of biodiversity research the significance of
the so naturally preserved habitats is increasing (Noss, 1990; Ward et al., 1999;
Amoros, 2001). The particular ecological relationships are threatened by the
strengthening civilizational interventions, so exploring the natural value of the upper
parts of the River Tisza needs priority. Earlier investigations have proved that
dragonflies are quite sensitive to those changes that affect their habitats. The
composition of riverine dragonfly assemblages may be influenced by the riverbed
conditions, the stream characteristics, the plant coverage and the river bank
transformation (Chovanec and Waringer, 2001; Schindler et al., 2003). In our work we
set the aim to make a survey on the composition of dragonfly species on the main
channel of River Tisza between Vilok and Huszt. While collecting exuviae it was often
experienced that the place of emergence was preferred to a different degree in the river
sections and on the different parts of the river bank by the dragonflies (Brookes, 1994;
Beisel, et al., 1998; Brunke et. al., 200 $PLFR HW DO +DUGHUVHQ
et al., 2010; Bereczki et. al., 2012 Giugliano et al., 2012). The terrain objects in the
riverbed and on the river banks, the driftwood, the plants, etc., all affect the stream, the
alluvium transportation, the erosion, and riverbed depth (Montgomery and Buffington,
1997; Robert 2011; Ward et al., 2002). These previously mentioned factors influence
the abundance and density of dragonflies (Petts, 1984 cit. Brookes, 1994).
Unfortunately, the habitat factors and their connections in the background of the
phenomenon are not exactly known therefore while collecting exuviae, relations
between dragonfly assemblages, river banks, and channel characteristics were
examined. Water quality degradation and immoderate fluctuation of water regime
throughout Europe are serious dangers to the survival of riverine dragonflies, therefore
the exploration and protection of their natural habitat is of great importance (Jakab and
D p Y,2008).

Materials and methods

Between 2011 and 2013 exuviae were collected in the section between Vilok

<behdLV]D~MODN D Q Glusz¥ %¢wW theORiv&r Tisza. Collections were
carried out along 30 m long stretches that were marked out at Vikbehd
7LV]D)y MMOMB NSzelo Gh\_ & @hV]D-YMTKist@lkeny LbkZ[ed gV
7LV]DE)NmQhragyy <bghl]jz~L\ 1DJ\V] O V DAwztiroo\tHeV. O mk]l
main channel of River Tisz&iQ. 1).

Typical river banks in this section were point bdFLTL (Vilok), F2TL
(Vilok), FATL (Vilok), FATB (Tiszobikeny), FANSZ (Wohragyiv), F1H (Huszt)];
cut banks [F1TH (Nove Szelo), F2TH (Nove Szelo)HRBuszt)] and artificially
reconstructed protected banks [F3TL (Vilok), F2THisgobikeny), F2NSZ
(Vinohragyiv), F2H (Huszt)]. Our sampling sites wedévided into two main
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groups based on the features of the terrain. Ttes st Vilok, Nove Szelo and
Tiszobikeny were mainly flat while at Vinohragyiv akiiszt they were at the foot
of the mountain Kig. 1). The transliteration of settlement names follaws form
VXJIJHVWHG E\ OROQiU DQG OROQiU

Figure 1. The examined section of River Tisza between Vilok and Huszt

In the examined section of River Tisza heavy rains are followed by quick water level
IOXFWXDWLRQV *|QF]\ DRedgular/RoocQriiblg spates contribute to
alluvium movement, bow deepening, alluvial filling of other channel parts, and river
bank change () P H \\9EB4; Brookes, 1994; Church, 1994; Robert, 2003; Richard et
al., 2005; Hoffmann and Gabet, 2007).

When the sampling sites were marked out the main aim was to most completely
cover and examine the typical characteristics of the variegated bank and channel
structures of the dragonfly habitats. The collection of exuviae can be hindered by the
quick rise of water level causing their removal from the river l{gakkas et. al., 2011,
2012). Exuviae were collected with hand-picking method from riverbanks and plants on
the channel and banks. Our collections in the years of investigation were carried out
from May to July. Because of the great distances between the sampling sites, samplings
were done on every fourth day on the same sampling site.

Some exuviae were presumably washed away on days when water level rose
significantly. The identification of the cast off cases (exoskeleton) was based on the
works of Askew(2004),Bellmann(2007),GerkenandSternberg (1999).
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It was confirmed earlier that the composition of aquatic macroinvertebrate
assemblages is influenced by biotic and abiotic factors of the channel, thus water flow
speed, composition of the channel bottom and river bank, plant coverage rate and its
characteristics (Corbet, 1983; Gibbons and Pain, 1992; Brookes, 1994; Beisel et al.,

%UXQNH HW DO 0«OOHU $QJHIEHU
Bereczki et al., 2012). Examining the river bank and channel characteristics of the
sampling sites the following factors were taken into consideration: channel width (1),
water depth in the stream-channel (2), deepening tendency of the channel (3), mosaic-
like nature of the channel (4), condition of the channel near the river banks (5), type of
plant coverage on the river bank (6), rate of plant coverage of the riverbank (7), rate of
foliage closure (8), intensity of water flow near the river banks (9), water colour (10),
water temperature (11), type of the river bank (12), in case of river bank protection,
characteristics of the work (13), characteristics of the river bank (14), and forms of the
river banks (15).

%HIRUH GDWD SURFHVVLQJ ODUGLDYV WHVW ZDV XVHG
abundance data. The composition of dragonfly assemblages was compared with cluster
analysis :DUG TV B pwdpRI @omponent analysis (Bray-Curtis similarity) and
canonical variate analysis (CVA). The SIMPER method was applied to demonstrate
which species resulted the differences among groups of assemblages. The relationship
between 15 river characteristics and the examined species was analysed with Mantel test
and canonical correspondence analysis (CCA). For statistical analyses PAST program
package was used (Hammer, Harper and Ryan, 2001).

The cartographic representation of the sampling sites was carried out using the
Environmental Systems Research InstituteSR) ArcGIS 10.0 = ArcMap
geoinformatics software.

Results and Evaluation

During the study a total of 1965 exuviae were collected from 13 sampling sites on
the main channel of River Tisza between Vilok and Huszt. Based on the examination of
the main channel 6 dragonfly species were identifi@bniphus vulgatissimus
(Linnaeus,1758), Gomphus flavipegCharpentier,1825), Onychogomphus forcipatus
(Linnaeus, 1758), Ophiogomphus cecilia(Fourcroy, 1785), Calopteryx splendens
(Harris,1782) andPlatycnemis pennipg®allas,1771)]. There were great differenceas i
the species composition of the habitats and in the qualitative abundance of the species.

In the area of Vilok 681 exuviae were collected from four main channel sampling
sites. The given section of the river shows great variety and dynamically changing bank
structure and channel material. From ecological viewpoint, river banks play an
important role in habitat characterization, because they mean transition between aquatic
and terrestrial habitats (Bravard et al., 1986; Large and Petts, 1994) that is of vital
concernment for amphibian insects. The affect of the water stream on the river bank
alteration, among natural circumstances, firstly depends on the water speed, the
direction and degree of the turbulent water streams appearing on the given river section,
as well as on the river bed and river bank material resistance charactérisNcEO y | 1\
1949; Brookes,1994; Carling, 1994; Robert,2003). These conditions can be deeply
affected by river bank protection and regulation works. These interventions influence
the life opportunities of macroinvertebrates in a still partially unknown way. The
linkage of dragonfly larvae to the certain types and compositions of riverbed material
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has not been completely revealed yet. In many cases river bed material preference
differences can be observed among the larvae of the same species (Suhling, 1996). On
the F1TL, F2TL and FATL stretches the channel is gradually deepening with point bars.
Differences could be found in the bank and channel material. The F2TL stretch is
uniformly pebbled, the FATL stretch is pebbled and sandy-soiled, while the F1TL site
bears a completely sandy and muddy character. The bank of the F3TL stretch is steep;
the bottom is abruptly deepening with earlier signs of river bank protection. The
shoreline was strengthened by huge built-in stone blocks and steel net that is thickly
covered with plants. The findings showed the presenc wtilgatissimugN: 440),0.
forcipatus (N: 223),0. cecilia (N: 10), G. flavipes(N: 3), P. pennipegN: 3) andC.
splendengN: 2). The species d. ceciliais on the Red List of Threatened Species in
Ukraine and it is listed in the Bern Conventionb(TZ P009).The F3TL stretch was the

most popular place of emergence of the dragonfly larvae which was surprising
considering its disturbed, artificially reconstructed charadtable 1, Table

Table 1.The composition of dragonfly assemblages based on the exuvial samples on the
examined habitats (N: number of exuviae)

2]
E
2 . 3 g 2
. 2 =
Samplmg Coordinates © _qg)- 2 2 2 %
site (UTM) o S o S o s
3 S S 8 & 8
) ) ) @) $) o
N % N % N % N % N % N | %
34U 0637707
F1TL 5328548 33| 50.00f O 0| 30| 45.45| 3| 4.55 0 0 0 0
34U 0638005
F2TL 5328971 18| 81.82| O 0 3| 13.64] 1| 4.55 0 0 0 0
34U 0638333
F3TL 5329270 224| 68.92| 3| 0.92| 89| 27.38| 5| 1.54 1] 0.31] 3|0.92
34U 0638966
FATL 5328503 165| 61.57| O 0| 101} 37.69] 1| 0.37 1037 O 0
34U 0639748
F1TB 5327518 48| 48.48| 14|14.14| 25| 25.25| 12| 12.12 0 0 0 0
34U 0640224
F2TB 5326415 97|/80.83] 6| 5.000 15| 12.50; 1| 0.83| 1/083| O 0
34U 0639600
F1TH 5328618 1 1.32| O 0| 72| 94.74 2| 2.63 1{132, O 0
34U 0639861
F2TH 5328351 143| 47.67| O 0| 142| 47.33| 13| 4.33 21067/ O 0
34U 0655369
FINSZ 5334794 66| 73.33] O 0| 24| 26.67| O 0 0 0| O 0
34U 0655288
F2NSZ 5334678 2101 65.42 O 0| 110| 34.27| O 0 1/031 O 0
34U 0669587
F1H 5337028 318857 O 0 4| 11.43| O 0 0 0 0 0
34U 0669743
F2H 5336511 17| 22.67| O 0| 58| 77.33] O 0 0 0 0 0
34U 0669993
F3H 5335854 73143.45 O 0| 95| 56.55| O 0 0 0 0 0
Total 1126| 57.30| 23| 1.17| 768| 39.08| 38| 1.93 71 0.36] 3/0.15
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Table 2.The composition of dragonfly assemblages based on the exuvial samples examined
in River Tisza sections belonging to settlements (N: number of exuviae)

2]
E
2 . 2 0
= 4 © © 3 S
Settlement _g = g = g =
2 S S 3 =¥ o
O 0 o o O a
N % N| % | N % | N| % % | N | %
Vilok
<behd 7LV]D~MOD 440| 71.54| 3| 0.49| 223| 36.26| 10| 1.63| 2|0.33| 3|0.49
Tiszobikeny
LbkZ[bd gv 7LV]D 145| 66.21| 20| 9.13| 40| 18.26| 13| 5.94| 1|0.46| O 0
Nove Szelo
Gh\ & eh 7LV]D- 144| 38.30| O 0| 214| 56.91| 15/ 3.99| 3|0.80| O 0
Vinohragyiv
<bgh]jZ~s\ 1DJ\V] 276| 67.15| O 0| 134| 32.60| O 0| 1|0.24| 0 0
Huszt
Omkl +XV]W 121| 4353] 0 0| 157| 56.47| O 0| O 0| O 0

On the main channel of River Tisza at Tiszobikeny collections were carried out on
two stretches F1TB and F2TB. The F1TB stretch had point bars and accompanied by
the channel they were covered with sandy soil while the F2TB sampling site can be

found on the side of a coastal defence dam, made up of stone blocks. The plant cover

was sparse on both of the sampling sites. At the Tiszobikeny stretch the spdgies of
vulgatissimugN: 145) appeared most frequenty. forcipatus(N: 40), G. flavipes(N:
20), O. cecilia(N: 13) andC. splendengN: 1) also could be found in the area. During
the collections this was the place where G. flavipes appeared most often and in the
greatest numbeif@ble 1, Table

At Nove Szelo on River Tisza a total number of 376 exuviae could be coll€xted.
forcipatus(N: 214) was the most frequent species on the two sampling sites. Significant
assemblages could be found @&f vulgatissimugN: 144), O. cecilia (N: 15) andC.
splendens(N: 3). Exuviae ofG. flavipescould not be found at this sampling site;
KRZHYHU WKHLU SUHVHQFH ZDV FRQILUPHG LQ WKH
(2013) on the side channel of River Tisza at Nove Szelo. Cut banks were dominating on
the FITH and F2TH stretches. The bank material of the F1TH stretch was rough
(coarse-grained) pebbled with stone blocks while the F2TH stretch was sandy and
pebbly. At the foot of the cut banks the plant cover is sparse and mosaic-like.

Differences could be found in the number of exuviae on the apparently similar
sampling sites. On the F1TH stretch the specié€3. dbrcipatus(N: 72) were dominant,
while on the F2TH stretch the species@fvulgatissimugN: 143) andO. forcipatus
(N: 142) could be found almost equally in numbEalfle 1, Table

In the Vinohragyiv section of River Tisza altogether 411 exuviae were collected
from two sampling sites. The FINSZ stretch has point bar, gradually deepening with
pebbly bottom while on the F2ZNSZ stretch coastal defence was carried out earlier. At
both sampling sites the river banks were covered with ligneous and bushy vegetation.
Exuviae ofG. vulgatissimugN: 276), andD. forcipatus(N: 134) could be found on the
main channel of River Tisza at VinohragyiVaple 1, Table 2 The presence dD.

HDU

ceciiazDV UHYHDOHG E\ WKH HDUOLHU FROOHFWLRQV RI .RC
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Exuviae collection was carried out on three stretches in the area of Huszt. At the F1H
stretch point bars were observed, at the F2H stretch protected banks and the F3H stretch
cut banks were found. In the Tisza section of Hu@xztforcipatus(N: 157) andG.
vulgatissimugN: 121) riverine dragonflies could be found, similarly to the resdlts o
Vinohragyiv (Table 1, Table

Differences could be found in the occurrence of the species of the Gomphidae
family. While in the section of River Tisza between Vilok and Tiszobikeny all the four
identified species of riverine dragonflies were present, in the area of Vinohiagy
Huszt, only G. vulgatissimus and O. forcipatuspecies could be detected. Our
investigation showed, that in the river sections of Vilok, Tiszobikeny and Vinakragy
the species 06. vulgatissimusvere themost frequent while in the sections of Nove
Szelo and Huszt the speciesfforcipatusvere the most recurrent.

When choosing the place of emergence the types of river banks were preferred
differently by the different species. Point bars [F1TL, F2TL, FATL, F1TB, FINSZ,
F1H] and artificially reconstructed protected banks [F3TL, F2TB, F2NSZ, F2H] were
chosen mostly by the species @f vulgatissimusIn the case of cut banks [F1TH,
F2TH, F3H] the species @. forcipatug56.80%) was the most frequeiiaple 3.

Table 3.The composition of dragonfly assemblages based on the exuvial samples on the
examined types of river banks (N: number of exuviae)

1]
£
‘w g <U:) ]
_ 7] 0 2 @ )
Types of river banks b= L S S 2 g
Koy > © © Q c
= = 8 8 & g
O O o o o o
N % N % N % N % N % N %
Paint bars 361|62.24| 14| 2.41| 187(32.24| 17| 2.93 1| 0.17 0 0
Cutbanks 217(39.89] O 0| 309|/56.80 15| 2.76| 3| 055 O 0

Reconstructed banks 548|65.16 9| 1.07| 272|32.34| 6| 0.71 3| 0.36 3| 0.36

By cluster analysis (Ward's method) three clusters are separated that is confirmed by
principal coordinate analysis based on Bray&Curtis similarity (the two axes explain
76.84% of the variation). Examinations carried out by multivariate normality test
(Mardia's test) show normal distribution of exuviae number. According to the canonical
variate analysis the division of the 3 groupsig( 2) is rather strong (Wilks'
lambda=0.002, F=19.96, p<0.00Based on the result of SIMPER the exuviagGof
vulgatissimug72.67%)are responsible for the division of the 3 groups to a large extent
while the exuviae 0D. forcipatus(27.00%) are responsible to a smaller degree.

In compliance with the Mantel test the channel and riverbank characteristics show a
significant correlation with the composition of dragonfly assemblages (R=0.309,
p=0.024). According to the canonical correspondence analysis (15 habitat
characteristics) the exuviae data®f vulgatissimusare connected with the extent of
plant coverage (7), the rate of foliage closure (8) and the characteristics of riverbanks
(14); the exuviae data dD. forcipatusare associated with water depth (2), channel
deepening tendency (3), type of plant coverage on the river bank (6) and water
temperature (11); the exuviae data @f flavipesand O. cecilia are related to the
mosaic-like bottom of the channel (4), the intensity of water flow near the river banks
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(9), the rate of foliage closure (8), the rate of plant coverage of the riverbank (7) and
type of the river bank (12J(g. 3.

Figure 2. By cluster analysis (Ward's method) three clusters are separated based on dragonfly
assemblages and sampling sites

G. flavipes
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0.0 1
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Figure 3. Result of canonical correspondance analysis based on species and 15 habitat
characteristics
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Discussion

The aim of our work was to get an overview of the dragonfly fauna of Risea in
the section between Vilok and Huszt and to gather information about the characteristics
of their occurrence and quantity based on the data of exuviae colledfignsl)( If
river regulation extends to the given section of the river, there will not be any
opportunity for studying these natural habitats along the River Tisza. Our samplings
were carried out on 13 main channel sites on 30 metres long stretches in the area of
Vilok <behd&LV]D); N\NOvB N6zelo Gh\_ & _ @éhbV]D-YMHKdiddikeny

LbkZ[sd78V]DE)Nm@Vkagyy <bgh]jz~L\ 1DJaMd[+B®WW ,OmKkl
Huszt). Based on our exuvial data altogether 6 dragonfly species could be identified
[Gomphus  vulgatissimus Gomphus  flavipes Onychogomphus  forcipatus
Ophiogomphus ceciligalopteryxsplendensPlatycnemis pennipgs

The species o6. vulgatissimusand O. forcipatuscould be found at all of the 13
sampling sites. More than half of our exuviae samplings belonged to the speGies of
vulgatissimug57.3%), but significant assemblagesfforcipatus(39.08%) could be
found as well. In case db. vulgatissimusnost of the exuviae were collected on the
stretches of Vilok F3TL (N: 224) and Vinohragyiv F2NSZ (N: 210), the main channel
of River Tisza. River bank protection was carried out in both cases of the sampling
sites. The exuviae dD. cecilia(1.93%) andG. flavipes(1.17%) were scarcely found,
but seemed to be present in the examined section of the@iveeciliacould be found
on the stretches of Vilok, Tiszobikeayd Nove Szelo and exuviae Gf flavipescould
be gathered at the sampling sites of Vilok and Tiszobikeny. Two specimens of the
Zygoptera suborder were isolatétl: splendeng0.36%) andP. pennipeg0.15%). The
mosaic-like composition and occurrence of the dragonfly fauna was genebdé (1,

Table 3. The background of this phenomenon is not exactly known, but presumably
there are connections between the dynamically changing channel, the river bank
structures and the abundance of the habitats in the area.

According to our investigations significant correlation can be found between the
occurrence of the dragonfly assemblages and the characteristics of natural habitats in the
examined sections. The occurrenceGfvulgatissimusexuviae is connected witheh
rate of plant coverage (7), the rate of foliage closure (8) and the characteristics of the
river bank (14); the exuviae @. forcipatusare associated with the water depth (2), the
deepening tendency of the channel (3), the type of plant coverage on the river bank (6)
and water temperature (11). The assemblagé&s. dfavipesandO. ceciliaexuviaeare
related to the mosaic-like nature of the channel (4), the intensity of water flow near the
river banks (9), the rate of foliage closure (8) and the rfgiéaat coverage (7)Hg. 3).

The collection of exuviae is hindered by their considerable fragility (Bennett and Mill,
1993; Corbet and Hoess, 1998; Corbet, 1999).

As similar investigations were not conducted on our collecting area, the results of our
research cannot be compared to previous data of the Upper-Tisza area. It has already
been proved that the composition of aquatic macroinvertebrate communities is largely
influenced by the abiotic and biotic factors of the habitat. (Corbet, 1983; Gibbons and
Pain, 1992; Brookes, 1994; Beisel et al.,, 1998; Brunke et al., 2001; Angelier, 2003;
Ward and Mill, 2005). This has been confirmed by several detailed odonatological
VXUYH\V LQ UHVSHFW RI GUDJRQIOLHY DV ZHOO 0¢OOH!
variegation of the habitat factors and the adaptability of dragonflies, make it more
difficult to learn the habitat factors on the level of species. It is often observable that
some specimens belonging to the same dragonfly species show different sediment and
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emergence substrate preference (Suhling, 1996; Farkas et al., 2011). The characteristics
of the river bank and channel structure, as well as the river current factors greatly
influence the ecological peculiarities of a given habitat (sediment composition, oxygen
level, temperature, etc.), and thus the composition of the dragonfly fauna (Lutz, 1974;
Baker, 1980; Spence et al., 1980; Baker and Feltmate, 1989; Corkum and Hanes, 1992;
'RRG 0-OOHU OR tHeEfaB¥AMOoving river sections the deepest
section is in the streamline, there the habitat conditions are the least favorable for the
dragonfly larvae. Despite of the fact, that dragonfly larvae usually prefer the slower
watercourses and more protected habitats, it is also observable in case of the riverine
dargonflies (Gomphidae) that the speciesOofforcipatusand O. cecila tolerate the
fast-moving river sections better than the specie§.ofulgatissimusand G. flavipes
&RUEHW 6XKOLQJ 6 XKOLQJ DSpethbergO1099;U *H
%XUFKHU DQG 6PRFN 0-OOHU 0«OOHUTYV
on the Odera also showed much larger larval presence on the river bank area than in the
streamline in case of the Gomphidae species. Vegeiatano a key component in the
stabilization of the river banks (Hickin, 1984; Davis and Gregory, 1994), furthermore it
influences the emergence strategy of the riverine dragonflies, the selection of the place
of emergence and the extent of larvae departure from water (Corbet, 1983, 1999;
Farkas et al., 2011). According to our experience, scientific literature is not always
unified in the peculiarities of dragonfly larvae habitat selection as well as in the
selection of their place of emergence (Trottier, 1973; Mathavan and Pandian, 1977;
Geissen, 2000; Jakab, 2006; Hardersen, 2008).

The typically changing channel and river bank structure of the upper Tisza section
hinders the tracing of dragonfly assemblages and the recognition of quantitative
changes. In case of species of the Gomphidae family there is a great diversity because of
the continuously changing river channel. In the area of Vilok and Tiszobikeny all the
four species of riverine dragonflies were found but in the area of Huszt, only the species
of G. vulgatissimusand O. forcipatuswere present. The section of the River Tisza
between Vilok and Huszt is mostly untouched and an anastomosing riverine main-side-
dead channels system is preserved. The given section is unique along the whole channel
of the River Tisza. From the point of biodiversity research the significance of the so
naturally preserved habitats is increasing.
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Abstract. We classify and describe plant communities of rocky dry grasslandarbanate bedrock in
the southwestern regions of the Republic of Macedonia. We used odietthvtiata and literature sources
to compile a set of vegetation plots that have been stored in a vegetation dadabtaseined and
analyzed using numerical-analytical tools such as cluster analysis anatiordifrive distinct vegetation
types, here interpreted as associations, were revealed and characterized using florpst&itioom
ecological conditions, life forms, chorological spectrum, and topological attribfes. associations
namely thePetrorhagio haynaldianae-Chrysopogonetum grytie Scorzonero-Stipetum endotrichalee
Globulario-Centaureetum grbavacensiad theAstragalo-Helianthemetum marmoyevere recognized
as new. All thee associations belong to th®aturejo-Thymion(Astragalo-Potentilletalia Festuco-
Brometed.

Keywords: Balkan Peninsula, dry grasslands, Festuco-Brometea, syntaxonomy, vegetsification

Introduction

Dry grasslandsbUH RQH RI WKH PRVW HQGDQJHUHG KDELWDW
2011; Vassilev et al., 2011) due to changes of traditional grassland management and a
number of other threats, such as urban sprawl, afforestation and the like. This vegetation
is widespread in the central and southern regions of the Balkan Peninsula, since this
region experiences relatively dry and warm climate; grazing has long been in these
grasslands an important agricultural activity securing the existence of these grasslands
for centuries. Although there have been some older (see below) and more recent
(Bergmeier et al., 2009; Al et al., 2013 Pedashenko et al., 2013) vegetation-
classification studies of the dry grasslands in the central and southern Balkans, our
knowledge of their floristic and geographic variability is far from sufficient.
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Micevski (1970, 1971a) initiated the research on the vegetation of dry grasslands in
the region. This author classified the dry grasslands on carbonate bedrock indo then
new alliance £the Saturejo-Thymionanda new order £the Astragalo-Potentilletalia
Micevski later described several associations, mainly on silicate bedrocks in Macedonia
(Micevski, 1972, 1977, 1978; Micevski and Matevski, 1984). V. Matevski and his
collaborators (Matevski and Kostadinovski, 1998; Matevski et al., 2007) published
studies from western Macedonia where the dry grasslands are fairly fragmented. More
recently, research was carried out in dry grasslands of northern Macedonia on non-
carbonate bedrocKk (eftévska et al., 2012).

In this study, we aimed to collect all high-quality vegetation-plot data on dry
grasslands on calcareous bedrockouthwestern Macedonia and to investigate whether
an analysis of this larger data set would recover known vegetation-classification
patterns or reveal new syntaxonomic entities.

Materials and methods
Study area

We focused on the collection of vegetation plot data in grasslands on carbonate
bedrocks the western and southwestern regions of the Republic of MacdedgniB;(
the eastern part of the country is mainly composed of non-carbonate bedrock.

Figure 1. Location of the studied arehd +Petrorhagio-Chrysopogonetum grylli, 2Sileno-
Thymetum ciliatopubescentis,iZ5corzonero-Stipetum endotrichaet&lobulario-
Centaureetum grbavacensis,#\stragalo-Helianthemetum marmorei. Numbers at signs
LQGLFDWH QXPEHU RI UHOHYpVY PDGH DW HDFK OR
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The dry grasslands here are secondary as they were formed by long-lastingtaegrad
of the original forest vegetation, including oak forests dominated Qoyercus
pubescens, Q. cerris, Q. frainet. trojana and, in places, also I§arpinus orientalis
(Rizovski, 1974, 1978; Matevski et al., 2008). The potential natural vegetation of the
region could be classified as tkuercetea pubescentfsrests (Horvat et al., 1974;
Filipovski et al., 1996; Bohn et al 2004,DUQL HW. DO

The climate of the region has submediterranean character, with a pronounced dry
summer season. Prilep, situated in the center of the study area, has a mean annual
precipitation of 557 mm (most of the rainfall is concentrated to May and November)
and mean annual temperature of 2C2The sampled grasslands occurred at altitudes
ranging from 540 m to 1300 m.

Vegetation sampling

Original vegetation plot data were collected according to the standard Braun-
Blanquet method of field-plot sampling (Braun-Blanquet, 1964). The sampling was
done during the optimal phenological period of the y#iom the second half of May
to mid-June. The size of the sampled plots was 190Ttre choice of this sample size
was motivated by the relatively homogenous vegetation at this scale and the
preponderance of vegetation plot data collected at that scale in the past. The plots were
located within targeted remnant patches of dry grasslands in such a way that edge
effects (close forest edge, roads, and settlements) were excluded.

Data analysis

The sampled 109UHOHYpV ZHUH HQWHUHG LQWR 785%29(*
6FKDPLQpPH &ODVVLILFDWI-BGRD ZavkaBeD(BdCuRevan® J W K H
Mefford, 1999)integrated in JUICE softwareising : DU GV PEIWtERJS and
Relative Euclidean Distance (known also as Chord Distance) as the measure of
resemblance among refep he table sorting based on this clustering was then
performed in-8, & ( 7TLFKé DQG Didyo¥gtic species of each cluster
(interpreted as associations) were defined in JUICE by calculating the fidelity of each
species to each group using thie coefficient as the fidelity measure (CWUé HW DO
2002). The threshold of theghi value was selected at level 0.55. Diagnostic, constant,
and dominant species were identified by JUICE (see the descriptions of the plant
communities); thediagnostic speciesvere recognised using the tiphi coefficient
greater than 0.55 (those more than 8aighly diagnostic in the list of the diagnostic
species in the description of the identified associations are given in boldpris&ant
speciesRFFXU LQ Rl UHOHYpV WKRVH RFFXUULQJ LQ R
in bold) while thedominant specieare those having cover of the category 4 and 5 of
the original Braun-Blanquet scale.

We have ordinated the species XH Orihlfip using non-metric multidimensional
scaling (NMDS), using Mass package (Venables and Ripley, 2002) in R version 2.13
software (http://www.r-project.org/), based on Relative Euclidean Distance. Cover
values were transformed to mean cover percentage and square rooted. In order to assist
ecological interpretation of the ordinated patteav&rage bioindicator values (Pignatti,

2005) for theUHOHY pV Z H Ukddsdd o presénbaalbbénce data and overlaid as
supplementary environmental data.
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We used Raunkiagr\(1934) system of life forms and we determined the
chorological speca using data of* DML U DQG 3LIQDWWL 7KH
spectrum is presented as percentages of each group of species within the entire species
composition. Box-whiskers diagrams of altitude and slope are also presented in order to
document differences between clusters (associations); these were calou&ttstica
(STATSOFT, 2007).

The analytic table presents the results of the cluster analysis and subsequent JUICE
tabular sorting. The syntaxonomic affiliation of taxa other than diagnostic ones was
decided upon using expert knowledge and the unpublished database of the European
Vegetation Checklist (L. Mucina et al., in prep.). Species with low frequency in the
analytical table, as well as relevant locality and sampling metadata onUeBEIdD &ieY p
listed in the Appendix.

The nomenclature follows in principle the Flora Europaea (Tutin et al., 1964-1993)
however it was adjusted using the Med-Check List (Greuter et al., 1984-1989; Greuter
et al.,, 2008) and new taxonomic and nomenclatural findings as featured in the
Euro+Med Database (www.emplantbase.or@ome taxonomic concepts follow
regional floras (Hayek, 1927, 1931, 1933; Micevski, 1985-2005; Matevski, 2010;
-RVLIRY L:1086; Jordanov, 1963-1979; Velchev, 1982-1989; Kozuharov, 1995).
Formation of the names of the new syntaxa follows the International Code of
Phytosociological Nomenclature (Weber et al., 2000).

Results and discussion
Major vegetation patterns

The cluster analysis suggested five well separated clustigrs?]. Since they show
a high degree of floristic (and geographic) integrity, they are interpreted as associations
(Elect. App), such as th€etrorhagio-Chrysopogonetum gry(|Cluster 1), theSileno-
Thymetum ciliatopubescenii€luster 2), theScorzonero-Stipetum endotrich@@luster
3), the Globulario-Centaureetum grbavacensiCluster 4), and theAstragalo-
Helianthemetum marmoré¢Cluster 5).

NMDS with passively projected bioindicator valu€sy( 3) illustrates the ecological
differences between the associations. T&eeno-Thymetum ciliatopubescens
typically found on the wet extreme of the moisture gradient revealed along the axis 1 of
NMDS. This community is found in the westernmost, precipitation-richest region of the
studied area. Th8corzonero-Stipetum endotrichsefoundin habitats in the southern
part of the area. The stands of tAlbulario-Centaureetum grbavacensiee typically
found in disturbed habitats where the bedrock shows possibly the greatest influence on
the floristic composition. ThePetrorhagio-Chrysopogonetum grylland Sileno-
Thymetum ciliatopubescentean be found at winter-mild low altitudes, whereas the
Scorzonero-Stipetum endotrichabe Globulario-Centaureetum grbavacenssd the
Astragalo-Helianthemetum marmoraie confinedto higher altitudes characterized by
climatic extremes such as pronounced continentality.

The life-form analysis Kig. 4) revealed thatthe Petrorhagio-Chrysopogonetum
grylli and theSileno-Thymetum ciliatopubescentige richer in therophytes and are
found in lowlands as is th&corzonero-Stipetum endotrichind in the southern part
of the studied area. Hemicryptophytes prevail in the dry grassland communities
confined to the high altitudes in the central part of the study @sdabulario-
Centaureetum grbavacensiadAstragalo-Helianthemetum marmoyei
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Figure 2. &ODVVLILFDWLRQ RI WKH VWXGLHG GU\ gdii@dVVODQGV
Euclidean distance). Legende: Cluster 1 (rels. 1-12): Petrorhagio - Chrysopogonetum grylli,
Cluster 2 (rels. 13-28): Sileno-Thymetum ciliatopubescentis, Cluster 3 (rel. 29-62):
Scorzonero-Stipetum endotrichae, Cluster 4 (rels. §3-Gbulario-Centaureetum
grbavacensis, Cluster 5 (rels. 91-109): Astragalo-Helianthemetum marmorei.

The eallts of chorological analysis are shownhkig. 5. Balkan and Sub-Balkan
geo-elements are dominant in all associations. Most Balkan and South-European
orophytes can be found at high altitudes in the central part of the studied area
(Globulario-Centaureetum grbavacensand Astragalo-Helianthemetum marmaoyei
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whereas Euri-Mediterranean and Eurasian species are more common at lower altitudes
and in the southern region®dtrorhagio-Chrysopogonetum gryll§ileno-Thymetum
ciliatopubescentisnd Scorzonero-Stipetum endotricha8&teno-Mediterranean species

are most common in thRetrorhagio-Chrysopogonetum gryliiccurring at the lowest
altitudes of all dry grasslands studied.

Fig. 6. focuses on the Balkan and Sub-Balkan geo-elements. Species of the former
two geoelements are most common at higher altitudes in the central regions of the
studied area QGlobulario-Centaureetum grbavacensis, Astragalo-Helianthemetum
marmoeei), while many South-Balkan species can also be found ineegraded
K D E L VinDh&/Mobulario-Centaureetum grbavacensh high proportion of Scardo-
Pindian elements can be found in tBeorzonero-Stipetum endotricha higher
altitudes in the south of the region.

Figure 3. NMDS ordination (axes 1 and 2) based on relative Euclidean distance, with passive

SURMHFWLRQ RI ELRLQGLFDWRU YDOXKV\MRSRFR® R WXPWILH®Y O]

Sileno-7K\PHW XP FLOLDWR S XE HS{ipetu@ ‘ﬁhti()t'rich'ad%:CRdbl]IRr'@-H UR
&HQWDXUHHWXP JU E DofHeRardtQevhetMm masraoréiu D J D O

The Petrorhagio-Chrysopogonetum  grylli and  the Sileno-Thymetum
ciliatopubescentisire found on moderate slop&sg 7), while theScorzonero-Stipetum
endotrichae, the Globulario-Centaureetum grbavacensiand the Astragalo-
Helianthemetum marmorare confined to steeper slopes. No significant differences
between communities were found in relation to aspect of the slope (data not shown).
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Figure 4. Life-form spectra. The numbering of clusters corresponds to that in Fig. 2. G:
geophytes, Ch: chamaephytes, H: hemicryptophytes, P: phanerophytes, T: therophytes.
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Figure 5. General chorological spectra. The numbering of clusters corresponds to that in Fig.
2. Geoelements: X1: Balkan, X2: Steno-Mediterranean, X3: Eury-Mediterranean, X4:
Mediterranean-montane, X5: Eurasian, X6: Atlantic, X7: Orophilous South-European, X8:

Boreal, X9: Cosmopolitan.
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Figure 6. Chorological spectra the Balkan and Sub-Balkan elements. The nhumbering of clusters
corresponds to that in Fig. 2. X1.1: Balkan (sensu lato), X1.2: South Balkan, X1.3: Scardo-
Pindian, X1.4: Macedonian (sub) endemic, X1.5: Balkan-Apennine, X1.6: South Balkan-Asia

Minor, X1.7: South Balkan-Caucasian.

Figure 7. Altitudinal (empty boxes) and slope (shaded boxes) profiles for the studied
communities. The numbering of clusters corresponds to that in Fig. 2. The upper case present
altitude and lower slope.
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The comparison of these syntaxonomic units with the existing relevant literature
revealed that all associations, except for ®Bieno-Thymetum ciliatopubescentis
Matevski et al. 2007, should be described as new.

Petrorhagio haynaldianae-Chrysopogonetum griD WHY VNL tgrBwdk@,L 3$Xa
Kostadinovski et Mucina ass. nova hoc loco

Holotypus hoc loco Elect. App., relepl; the HOHYp LV SUHVHQWHG LQ V
Appendix at the end of this paper.

Diagnostic specie®chillea coarctata, Aegilops neglecta, Ajuga chamaestyssp.
chia, Alyssum simplex, Arenaria serpyllifolidstragalus onobrychisBombycilaena
erecta, Bothriochloa ischaemum, Bromus squarrosus, Bupleurum apiculatum, Carduus
nutans, Centaurea stoebsubsp. australis, Cerastium glomeratum,Chrysopogon
gryllus, Clinopodium suaveolens, Clypeola jonthlaspi, Convolvulus canthabrica, Crepis
sancta, Crucianella graeca, Crupina vulgaris, Dasypyrum villosuathinops
sphaerocephalus,Euphorbia taurinensis, Festuca callieri, Galium verticillatum,
Helianthemum salicifoliunlippocrepis ciliata,Linaria simplex, Linum corymbulosum,
Medicago coronata,Medicago glomerata, Medicago minima, Medicago rigidula,
Micromeria juliana, Minuartia glomeratasubsp. glomerata, Minuartia hamata,
Minuartia hybrida, Nigella arvensis, Onobrychis aequidentata, Ononis reclinata,
Orlaya daucorlaya,Parentucellia latifolia, Petrorhagia illyrica subsp. haynaldiana,
Petrorhagia prolifera, Picris pauciflora, Potentilla pedata, Psilurus incurvus,
Sanguisorba minor, Satureja montasabsp.pisidica, Scabiosa divaricataSherardia
arvensis, Sideritis montana, Silene radicosa, Stipa pennata, Thymus striatus, Trachynia
distachya, Tragopogon dubiugrifolium campestre, Trifolium scabrum,Trigonella
gladiata, Trigonella monspeliaca, Valerianella dentata, Velezia rigida, Veronica
arvensis, Xeranthemum annuum, Ziziphora capitata

Constant species:Eryngium campestre, Euphorbia myrsinites, Hypericum
rumeliacum, Koeleria splendens, Leontodon crispus, Melica ciliata, Ornithogalum
comosum, Poa bulbosa, Potentilla astracanica, Sedum urvillei, Teucrium capitatum

Dominant specieChrysopogon gryllus

Distribution: central part of the Republic of Macedonia (surroundings of Veles,
Negotino and Prilep)

This community develops on deeper soiissunny, slightly inclined habitats, at
altitudes of 120550 (750) m. There are various opinions about the floristic diversity
and syntaxonomic affiliation of théhrysopogon gryllusilominated communities in the
Balkans ( R M L (b, 1957 ,OLMD/QISL D QG %HUJPHLHWU HW DO
the continental parts of the Balkan Peninsula, situated more to the north and east of our
study area (in Serbia and Bulgaria), the communities in w8iectysopogon gryllus
appears as dominant are classified within @meysopogono-DanthonionRML U ,
the Festucetalia valesiaca@Horvat et. al., .RMLUO HW DO ,-RYDQRYL

5HGaLdu 0 HV KL Q BafgiHer & @l. (2009) suggested that the
syntaxonomic position of theChrysopogono-Danthonionwithin the Astragalo-
Potentilletalia is more acceptable than within tiestucetalia valesiacae (Festuco-
Brometea) It may also well be that th€hrysopogono-Danthoniodoes not belong to
the FestucoBrometea, but should rather be classified within tKeelerio-
Corynephoretea.
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We suggest that thBetrorhagio-Chrysopogonetum grylielongs to theSaturejo-
Thymion (Astragalo-Potentilletalia, Festuco-Brometedi) cannot be classified within
the Chrysopogono-Danthoniosince most of the taxa typical of til@&hrysopogono-
Danthonion (Danthonia alpina, Achillea chrysocoma, Silene bupleuroidebsp
staticifolia, Trifolium montanum, Trifolium ochroleucon, Luzula campestris,
Leucanthemum vulgaretc.) are found on nutrient-poor (non-carbonate) soilsiand
Macedonia they rather prefer higher altitudes.

The Petrorhagio-Chrysopogonetum gryhepresents a therophytic-hemicryptophytic
community, whereas other communities of dry grasslands from the southwestern
Macedonia on carbonate bedrocks are of chamaephytic-hemicryptophytic character. A
larger proportion of Steno-Mediterranean and Eury-Mediterranean species can be found
in this community [Eig. 5), and the number of Balkan, South-Balkan, Scardo-Pindian
and endemic Macedonian speciddg( 6) is lower than in the other studied dry
grassland communities. Th&etrorhagio-Chrysopogonetum gryllimited to region of
pronounced sub-mediterranean climate which expands to the Central Balkans along the
valley of the Vardar River.

Scorzonero-Stipetum endotrich®@&D WH Y VN L tglvdiQ, Kostaklifovski et Mucina ass.
nova hoc loco

Holotypus hoc loco Elect. App.,, UHO34; YW KH UHOHYp LV SUHVHQWHG |
Appendix at the end of this paper.

Distribution: Republic of Macedonia (Mariovo: Crna Reka Gorge, Vitolishte,
Zivovo, Beshishte)

Diagnostic speciesAstragalus mariovoense, Helianthemum canum, Helianthemum
nummulariumsubsp.numummularium, Helictochloa aetolica, Hellenocarum strictum,
Leontodon biscutellifolius, Minuartia vernsubsp.collina, Scorzonera mariovoensis,
Sedum acre, Sideritis raeseri, Stipa endotricha, Thymus parnassitusia
daleschampiiVeronica praecox

Constant specieggropyron cristatum, Eryngium campestfestuca hirtovaginata,
Hypericum rumeliacum, Koeleria splendens,Potentilla astracanica, Scabiosa
triniifolia, Stachys iva, Teucrium capitatum

Dominant speciednula aschersoniana

This community is found in rocky (marble) steep slopes, with very shallow layer of
soil at altitudes spanning 900280 m. The region of the occurrence of this dry
grassland type is a sub-mediterranean oasis located along the course of the river Crna
Reka. This community is home of several Macedonian endemic species such as
Astragalus mariovoense, Stachys mad Scorzonera mariovoensighe surrounding
forest vegetation is dominated by Macedonian oak for&3tercetum trojandeand
hornbeam forests of thePhyllireo-Carpinetum orientalis (Fraxino Ostryion,
Quercetalia pubescenjis

Globulario-Centaureetum grbavacensdisD WH Y VN L tgludi@, LK ostadiimovski et Mucina
ass. nova hoc loco

Holotypus hoc loco Elect. App.,, UHO83; YW KH UHOHYp LV SUHVHQWHG |
Appendix at the end of this paper.
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Diagnostic speciesAnthericum ramosum, Centaurea grbavacensis, Globularia
cordifolia, Matthiola fruticulosasubsp. vallesiaca, Paronychia chionea, Saxifraga
federici-augustsubsp grisebachii, Scorzonera austriaca, Viola herzogii

Constant specie§ilumana procumbensJjuniperus oxycedrus

Dominant speciesAnthyllis aurea, Centaurea grbavacensis

Distribution: Republic of Macedonia (surroundings of Prilep-Kozjak, Sivec,
Debreshte, M. Brod-Barbaras, Mariovo-Sekulova Tumba, Labinica, Toplik, Skopje-
Nova Breznica)

This community is found typically on dolomitised limestone at altitudes between 800
and 1180 m, on relatively steep slopes spanninfph8 f 7 Belt example of this
vegetation can be found in habitats formerly occupied by the Macedonian oak forests
(Quercetum trojangeor those previously dominated Winus nigra (Fago-Pinetum
nigrae) The Macedonian (sub) endemic taxaentaurea grbavacensiand Viola
herzogi,are of particular importance in this community

Astragalo-Helianthemetum marmoreiD WH Y VN L tgrBwdl@, Kostai@ovski et Mucina
ass. nova hoc loco

Holotypushoc loco Elect. App., UHOI8¥ pWKH UHOHYp LV SUHVHQWHG
Appendix at the end of this paper.

Diagnostic species:Achillea agaretifolia subsp. aizoon, Allium bornmulleri,
Asperula purpurea, Astragalus sericophylluBromopsis riparia, Helianthemum
marmoreum, Helianthemum nummularisabsp. tomentosum, Hyssopus officinalis
subsp.aristatus, Linum austriacum, Medicago prostrata, Micromeria crissuasp.
kosaninii, Minuartia setacea, Odontites glutinosa, Phelypaea boissieri, Polygala
vulgaris, Trinia glauca

Constant speciesAgropyron cristatum,Alyssum corymbosoidegnthyllis aurea,
Asperula aristata subsp. scabra, Asyneuma limonifolium, Carex liparocarpos,
Centaurea grbavacensisClinopodium alpinum subsp. hungaricum, Dianthus
haematocalyx,Festuca hirtovaginata, Fumana procumbens, Galium oreophilum,
Hypericum rumeliacum, Iris pumila, Jurinea polycephala, Koeleria splendens,
Leontodon crispus, Melica ciliata, Ornithogalum comosum, Potentilla astracanica,
Scabiosa triniifolia, Sedum ochroleucum, Sedum urvillei, Stachys iva, Stipa
pulcherrima, Teucrium capitatum, Teucrium montanurifhymus parnassicus,
Vincetoxicum hirundinaria subsp.nivale, Viola herzogii

Dominant speciesCentaurea grbavacensis

Distribution: Republic of Macedonia (surroundings of Prilep-Kozjak, Pletvar, Raec
Reka)

This community develops on dolomitised limestone at altitudes spanning ZED
m, on slopes T 25 f(sometimes up to 4P steep. It is a very thermophilous grassland
supporting several (sub)endemics includidgtragalus sericophyllus, Helianthemum
marmoreumseseli vandasandStachys iva

Sileno-Thymetum ciliatopubescentis Matevski et al. 2007

Distribution: Republic of Macedonia (around PrilepebUHAND .UDVWD EHO
PRXQWDLQ % HIDHYP\HN R
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The Sileno-Thymetum ciliatopubescentias already been formally describby
Matevski et al. (2007). This community develops on carbonate bedrocks at altitudes of
7004100 m. The stands of ithassociation are found in the nutrient-richest and
moisture-supplied habitats of all the communities concerned. This vegetation is found at
relatively low altitudes and therefore is considerably thermophilous.

Syntaxonomic conclusions

The dry grasslands on carbonate bedrackihie Republic of Macedonia belong to
the Saturejo-Thymion(Micevski, 1970, 1971a, 1971b; Matevski el al., 2007). The
syntaxonomically regionally important taxa of tBaturejo-ThymiomncludeAgropyron
cristatum, Anthyllis vulnerariasubsp rubriflora, Carex liparocarpos, Dianthus
haematocalyx subsp haematocalyx, Dianthus kapinaensis, Genista sessilifolia,
Potentilla astracanica, Silene radicosa, Stachys iva, Thymus parnassicus, T..
skopjensis, Viola herzogignd others. They are calcicolous elements, and many are
endemic to Macedonia or to the Central Balkans.

The grasslands of th8aturejo-Thymioncover extensive areas throughout the
Republic of Macedonia, especially in northern, west southwestern and central
regions of the country as well as in northern Gee@ergmeier et al., 2009). They
are of secondary origin and are a result of thérdeson and degradation of various
zonal forest communities, such as thghillireo-Carpinetum orientalis the
Quercetum trojaag the Quercetum frainetto-cerrignd the like (Micevski, 1971,
Matevski et al., 2007).
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APPENDIX

Typification of new associations presented in the publication:

Holotypus U H O ¢f YPetrorhagio haynaldianae-Chrysopogonetum gryfiDWHYVNL yDUQL
SXaWHUHYVND .RVWD &t Q&a ¥add locaal 10X Eléa Bpp. Site: Prilep-

Kozjak, date: 15. 06. $OWLWXGH P $VSHFWO760 Ae®DROSBFA f &RYHU
Coordinates: f 1 f . (

Chrysopogon gryllugt, Anthyllis vulnerariasubsp.rubriflora 2, Convolvulus cantabric&,

Koeleria splendeng, Potentilla astracanica2, Teucrium capitatun®, Asphodeline lutedl,

Crupina vulgaris 1, Helianthemum nummulariunsubsp. tomentosuml, Helianthemum
salicifolium 1, Hippocrepis ciliatal, Medicago coronatd,, Onobrychis aequidentath, Ononis
reclinatal, Poa bulbosdl, Satureja montanaubsp pisidical, Sedum urvillell, Stachys ivd,

Stipa pennatal, Achillea coarctata+, Aegilops neglectar, Alyssum simplex-, Arabis

auriculata +, Arabis sagittata+, Arenaria serpyllifolia+, Asperula aristatasubsp.scabra+,

Astragalus onobrychist, Asyneuma limonifolium¥, Bombycilaena erecta, Bothriochloa
ischaemum+, Bromus squarrosus-, Bupleurum apiculatum+, Centaurea stoebeubsp.
australis +, Cerastium glomeratum, Clinopodium suaveolens, Clypeola jonthlaspsubsp

jonthlaspi+, Coronilla scorpioidest, Crepis sancta-, Echinops sphaerocephalus Eryngium
campestret, Erysimum diffusum-, Euphorbia myrsinites-, Euphorbia taurinensis, Fumana
procumbens+, Galium oreophilumt, Galium verticillatum+, Hypericum rumeliacun, Inula

oculus-christi+, Leontodon crispus-, Linaria simplex+, Linum corymbulosum, Medicago
minima+, Medicago rigidula+, Melica ciliata subsp.ciliata +, Minuartia glomeratasubsp

glomerata+, Minuartia hamata+, Minuartia hybridasubsp.hybrida+, Muscari racemosur,

Myosotis incrassata+, Nigella arvensis+, Onosma visianii+, Orlaya daucorlaya +,

Ornithogalum comosum, Parentucellia latifolia+, Petrorhagia illyricasubsp haynaldianat,

Petrorhagia prolifera+, Petrorhagia thessala, Picris pauciflora+, Pilosella piloselloidest,

Potentilla pedatat, Psilurus incurvust, Ranunculus spruneriands Rhamnus saxatilisubsp.
tinctorius +, Sanguisorba minorsubsp. muricata +, Scabiosa divaricatat, Scorzonera
hispanicasubsp asphodeloides, Sherardia arvensis, Sideritis montana, Silene radicosa,

Thesium macedonicum Thymelaea passering, Thymus striatus-, Trachynia distachya,

Tragopogon dubiusubsp dubius+, Trifolium campestrer, Trifolium scabrum+, Trigonella
gladiata +, Valerianella dentatat+, Verbascum herzogt, Veronica arvensist, Ziziphora
capitata+.

Holotypus U H O HhescBtonero-Stipetum endotrich®D WHYVNL yDUQL SXaWHUHYV]
Kostadinovski et Mucinass. nova hoc logael. 54 in Elect. App. Site: Pantelejmon, above

quarry, date: 01. 06. S$OWLWXGH P $VSHFW 6 60RSH f &RYHU
CoordinatH V f fl (

Chrysopogon gryllus 2, Festuca hirtovaginata 2, Scorzonera mariovoensis 2, Stachys iva 2,
Stipa endotricha 2, Agropyron cristatum 1, Eryngium campestre 1, Euphorbia taurinensis 1,
Helianthemum canum subsp. canum 1, Iris pumila 1, Koeleria splendens 1, Potentilla
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astracanica 1, Thymus parnassicus 1, Trinia daleschampii 1, Achillea fraasii +, Aethionema
saxatile +, Alyssum doerfleri +, Anthericum liliago +, Anthyllis vulneraria subsp. rubriflora +,
Arabis auriculata +, Arenaria serpyllifolia +, Asperula aristata subsp. scabra +, Astragalus
mariovoense +, Asyneuma limonifolium +, Bombycilaena erecta +, Bromopsis cappadocica +,
Carex liparocarpos +, Caucalis platycarpos +, Centaurea grisebachii +, Clinopodium alpinum
subsp. hungaricum +, Clypeola jonthlaspi subsp. jonthlaspi +, Crupina vulgaris +, Dianthus
haematocalyx subsp. haematocalyx +, Euphorbia myrsinites +, Fumana procumbens +, Galium
verticillatum +, Helianthemum ummularium subsp. numummularium +, Helictochloa aetolica
+, Hellenocarum strictum +, Hornungia petraea +, Hypericum rumeliacum +, Juniperus
oxycedrus +, Jurinea polycephala +, Lactuca perennis +, Leontodon biscutellifolius +, Linaria
simplex +, Medicago medicaginoides +, Minuartia verna subsp. collina +, Myosotis incrassata
+, Neatostema apulum +, Onobrychis alba subsp. alba +, Petrorhagia thessala +, Ranunculus
sprunerianus +, Rhamnus saxatilis subsp. tinctorius +, Scabiosa triniifolia +, Sedum
ochroleucum +, Sideritis montana +, Silene radicosa +, Teucrium capitatum +, Thymelaea
passerina +, Tragopogon pterodes +, Valerianella coronata +, Valerianella pumila +,

Veronica praecox +.

Holotypus U H O HAIgbuRiio-Centaureetum grbavacendsD WHYVNL yDUQL SXaWHUHY'
Kostadinovski et Mucinass. nova hoc logael. 83in Elect. App. Site: M. Brod-Barbaras, date:
10. 06. $OWLWXGH P $VSHFW 6 60RSH, Cofrdigare¥ HU $UI

f 1 f S

Anthyllis aurea 3, Centaurea grbavacensis 3, Fumana procumbens 2, Globularia cordifolia 2,
Thymus skopjensis 2, Achillea ageratifolia subsp. aizoon 1, Dianthus kapinaensis 1, Eryngium
wiegandii 1, Festuca hirtovaginata 1, Helianthemum canum subsp. canum 1, Linum tenuifolium
1, Matthiola fruticulosa subsp. valesiaca 1, Scorzonera austriaca 1, Stipa pulcherrima 1,
Teucrium montanum 1, Alyssum stribrnyi +, Anthericum ramosum +, Anthyllis vulneraria
subsp. bulgarica +, Asperula aristata subsp. scabra +, Asplenium ruta-muraria subsp. ruta-
muraria +, Asyneuma limonifolium +, Cerastium decalvans subsp. dollineri +, Comandra
umbellata subsp. elegans +, Cytisus procumbens +, Erysimum diffusum +, Euphorbia barrelieri
subsp. hercegovina +, Fraxinus ornus +, Galium oreophilum +, Haplophyllum albanicum +,
Hieracium pannosum +, Hippocrepis glauca +, Inula ensifolia +, Juniperus oxycedrus +,
Jurinea polycephala +, Koeleria splendens +, Leontodon crispus +, Linum austriacum +,
Onosma heterophylla +, Paronychia chionaea +, Polygala vulgaris +, Quercus trojana subsp.
trojana +, Salvia ringens +, Saponaria bellidifolia +, Saxifraga federici-augusti subsp.
grisebachii +, Seseli rigidum +, Thalictrum minus subsp. minus +, Thymelaea passerina +
Vincetoxicum hirundinaria subsp. nivale +, Viola herzogii +.

Holotypus U H O HA¢tradrlb-Helianthemetum marmomdiatevski, yDUQL SXaAWHUHYVND
Kostadinovski et Mucinass. nova hoc logael. 103 in Elect. App. Site: Prilep-Pletvar, date:
16. 06. $OWLWXGH P $VSHFW 6 60RSH, Cofrdigare¥ H U $U

f 1 f S

Anthyllis aurea 3, Astragalus sericophyllus3, Fumana procumbens3, Helianthemum
marmoreum3, Thymus parnassicu8, Achillea ageratifolia subsp. aizoon 2, Agropyron
cristatum2, Stipa pulcherrim&, Anthyllis vulnerariasubsp rubriflora 1, Bromopsis riparial,

Festuca hirtovaginatal, Linum hirsutumsubsp. hirsutum 1, Micromeria cristata subsp.
kosaninii 1, Potentilla astracanical, Alkanna pulmonaria+, Allium bornmulleri+, Alyssum
corymbosoides+, Asperula aristatasubsp. scabra +, Asperula purpurea+, Asyneuma
limonifolium +, Carex liparocarpos+, Centaurea marmorear, Chrysopogon gryllus+,

Clinopodium alpinunsubsp hungaricumt, Cruciata laevipes-, Dianthus haematocalysubsp.
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haematocalyx+, Echinops ritro +, Erodium absinthoides+, Euphorbia barrelier subsp.
thessalat+, Euphorbia myrsinites-, Galium oreophilumt, Helianthemum nummulariusubsp.
tomentosum, Hieracium pannosum, Hippocrepis glauca+, Hypericum rumeliacunt, Iris
pumila +, Juniperus oxycedrus, Jurinea polycephala+, Koeleria splendens, Leontodon
crispus+, Linaria simplex+, Matthiola fruticulosasubsp.valesiaca+, Melica ciliata subsp.
ciliata +Minuartia setacea+, Muscari racemosunt, Odontites glutinosa+, Onosma
heterophylla+, Ornithogalum comosum, Paronychia macedonicaubsp. macedonica+,
Pilosella piloselloides+, Polygala vulgaris+, Scorzonera austriaca, Seseli vandasiit,
Stachys ivat+, Teucrium montanum, Thesium macedonicum, Thymelaea passerina,
Thymus striatus-, Vincetoxicum hirundinarigubspnivale+, Viola herzogii+.

Electronic Appendix: The analytical phytosociological table of the four new associations of
the Macedonian dry grasslands. * Life forms: #phanerophyte, Cht chamaephyte, Ht
hemicriptophyte, Gxgeophyte, T+therophyte. ** Geoelements: 1.2Balkan (s. lat.), 1.2 -
South Balkan, 1.3tScardo-Pindian, 1.4Macedonian (sub) endemic, 1#&Balkan-Apennine,

1.6 +South Balkan-Asia Minor, 1.#South Balkan-Caucasian 2 - Steno-Mediterraneat, 3
Eury-Mediterranean, 4tMediterranean-montane, %Eurasian, 6xAtlantic, 7 - Orophilous-
South European, 8 - Boreal, #Cosmopolitan; Htholotype; Associationd® *Petrorhagio-
Chrysopogonetum grylliS £Scorzonero-Stipetum endotrichde, +Globulario-Centaureetum
grbavacensisA tAstragalo-Helianthemetum marmorei

Geographic and sampling-relevant data in the analytical Electronic Appendiach entry
consists of the followingHOHY p Q XOREWMWLW\ DUHD RI UHOHYpV P&
degree, aspect, altitude in m, coordinates: latitude and longitude, and date:

1: Prilep-.R]MDN 6 ( f e f 2: Prilep-Kozjak, 100, 98, 3, SE, 715,
1 f ( 3: Prilep-.R]MDN 6 ( f E1 15.06.20044:
Prilep-.R]JMDN 6 ( f ¢ f 5. Prilep-Kozjak, 100, 98, 5, SE, 756,
f 1 f ( 6: Prilep-.R]MDN 6 f 1(
7:Prilep-.RJMDN 6 ( f 1 f 8: Prilep-Kozjak, 100, 99, 3, S, 682,
1 f ( 9: Veles-*URRW : f i f 10:
Veles-Groot, 6 f 1 f (11 Veles*URRW 6: f
f ( 12 Veles*URR W ( f L f 13-28: Matevski et al.
2007: Tab. 129 % HaRBQYWHOHMPRQ : f ( 1 30 % H aRaatéefinon,
: f 1 f (31 %HAAREYWHOHMPRQ : f
13.06.199232 % HAaAXBQYWHOHMPRQ : f f ( 1 33 %H&aLaWH
3BDQWHOHMPRQ 1: f f ( 1 34 % H &Raatélefnon, 100, 90, 35, W, 1280,
1 48'1p.00"E, 13.06.199235 % HIERBYWHOHMPRQ : f ( 1
13.06.199236 % HAIBEQYWHOHMPRQ : f f ( 1 37 9LWEad srkaHL00,
: 1 f ( 38 9LWRAODWEUND : f
f 39 9LWR@BDDNEGUN D 6 f (1 f 40 9LWROL&AWH
Gola Srka, 100, 65, 30, SE, 10 f 1 f ( 41 9L W a4 8ikaH 100, 65, 40, S, 980,
f 1 f ( 42 9LWRBODNIBUND 6 f (1 f
12.06.199243 &4LYRYR 1 f 1 f 44 &LYRYR 1
1 f ( 45 ALYRYR 1 f @ f 46 A4ALYRYR
100, 75, 25, N, 1220, f 1 f ( 47 &4LYRYR 1 f ! f
03.06.199348 &LYRYR 1( f 1 f 49 A&ALYRYR 1(
f 1 f 03.@6.1993,50 &LYRYR ( f X f 51
SDQWHOHMPRQ DERYH TXDUU\ 1 f6: ( f 52 Pantelejmon,above quarry, 100,
6: f 150.60fE, 01.06.1993%3: Pantelejmon DERYH TXDU U\ 6 f
f ( 54 3DQWHOHMPRQ DERYH TXDUUY 1 f6 ( 55
Pantelejmon,above quarry, 100, 65, 25, S, 114 f 1 f ( 56. Pantelejmon,above quarry, 100, 70,
6 f 1 f (57 3DQWHOHMPRQ DERYH TXDUUY 1 6
f 58: Pantelejmon,above ddU U\ 6: f 1( f 59
3IDQWHOHMPRQ DERYH TXDUU\ 1 6: ( f 60 Pantelejmon,above quarry, 100,
6: f 1 f 9;61 3DQWHOHMPRQ DERYH TXDUUA 1 6:
f ( 62 3DQWHOHMPRQ DERYH TXDUUYf 1 f6: ( 63
Mariovo-6 HNXORYD 7XPED 6 f f ( 1 64 Mariovo-Sekulova Tumba, 100, 65,
6 f 1 f ( 65 Mariovo-/DELQLFD 6 f (1 f
17.06.199566: Mariovo-/DELQLFD 6 f (1 f 67: Mariovo-Labinica, 100, 60,
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6: f 1 f ( 68 Mariovo-/DELQLFD 6 f
f ( 69: Mariovo-/DELQLFD 6: (1 f 70 Mariovo-
/IDELQLFD 6 f (1 f 71 Mariovo-/DELQLFD 6:
1 f ( 72: Mariovo-Labinica, 100, 85, 40, SW, 1140, A1 1 (
73: Mariovo-7RSOLN : f L f 74: Mariovo-Toplik, 100, 80, 35, W, 1140,
f 1 f ( 75: Mariovo-7RSOLN : f
76: Skopje- RIMDN 6: f 1( f 77: Skopje-Kozjak, 100, 85, 35, W, 1055,
1 ( 78: Skopje- RJMDN : 1(
79: Skopje- R]M DN 6 f X f 80: M. Brod-Barbaras, 100, 93, 20, NW, 793,
1 f ( 81 M. Brod-%DUEDUDV : f 7.06"E, 10.06.200582:
M. Brod-% DUEDUDV : f (1 f 83 M. Brod-Barbaras, 100, 85, 25, S, 780,
1 f ( 84: Prilep-6 LY HF ( E, 09.36.200585:
Prilep-6 LYHF ( f X f 86: Prilep-6 LYHF : f
f ( 87: Prilep-6 LYHF 6: f 1( f 5; 88: Prilep-Sivec,
6: f 1 f ( 89: Prilep-6 LYHF 1: f
f ( 90: Prilep-6LYHF ( f I f 91: Prilep-Kozjak,
( f 1 f ( 92 Prilep-.R]MDN ( f
f ( 93: Prilep-.R]M DN ( f 1( f 94: Prilep-Kozjak,
( f 1 f ( 95 Prilep-.R]MDN ( f
f ( 96: Prilep-. R]JMDN ( f 1( f 97: Prilep-Kozjak,
100, 90, ( 1 f (98 23, Prilep~-R]MDN (
f 99: Prilep-.R]MDN ( f 1( f 10G 55, Prilep-
Pletvar, 100, 65, 6 ( f 1 f ( 101 54, Prilep-Pletvar, 100, 65, 40, SE, 1033,
f 1 f ( 102 Prilep-3OHWYDU 6 ( f (1
103 Prilep-Pletvar, 100, 6 f 1 f ( 104 Prilep-Pletvar, 100, 65, 35, S, 1073,
1 f ( 105 Prilep-30OHW YD U 6 f (1
106 Prilep-Pletvar, 100, 65, 6 f 1 f (107 Prilep-Pletvar, 100, 65, 25, S, 1131,
f 1 f ( 108 Prilep-3OHWYDU 6 f (1 f 109
Prilep-Pletvar, 100, 70, 26 f 1 f (

Other species:

Adonis flamme@: +, 3: +, 4: +;Aegilops comosaubsp.heldreichii 9: +, 10: +, 11: +Aegilops triuncialis9: +, 10: +, 11: +;
Agrimonia eupatorie8: +; Allium flavum101: +, 107: +Allium paniculatum3: +, 7: +, 12: +Althaea hirsuteb: +, 7: +;Alyssum
montanunB0: +, 82: +, 83: +Amelanchier ovali85: +, 89: +;Anemone nemorosh +, 2: +, 3: +;Anemone pavonind: +, 5: +;
Anthemis arvensi$2: +, 86: +;Anthemis cretic&3: +, 74: +, 90: +Anthemis ruthenicd: +; Aphanes arvensik: +, 4: +;Arenaria
leptoclados3: +, 4: +, 8: +Artemisia campestri80: +; Asterolinon linum-stellatur: +, 4: +, 5: +Bupleurum commutatusi: +,

55: +; Bupleurum pachnospermun +, 12: +; Buxus sempervireng6: +, 79: +;Campanula lingulata77: +, 79: +;Carex
caryophyllea76: +, 77: 1, 80: +Carthamus lanatug: +; Centaurium erythrae&6: +, 77: +, 79: +Cerastium rectunsubsp.
petricola50: +, 51: +, 57: +Chondrilla juncea?: +; Colchicum doerflerb0: +, 58: +, 59: +Cotoneaster nebrodens3§: +, 36: +;
Crepis foetidasubsp rhoedifolia8: +, 9: +;Crepis pulchra38: +; Crupina crupinastrun®: +; Cynodon dactylor3: +; Cynosurus
echinatus8: +; Dianthus gracilissubsp.armeroides8: +; Echinaria capitata6: +, 7: +, 8: +;Echium vulgare8: +; Edraianthus
graminifolius73: +, 74: +, 75: +Epipactis atroruben33: +, 74: +, 75: +Erodium cicutariunB: +, 9: +, 11: +Euphorbia falcata
6: +, 7: +;Euphorbia helioscopi&: +, 8: +;Euphrasia salisburgensis07: +; Ferulago sylvaticar5: +; Genista carinalis73: +;

Genista sagittali®5: +, 97: 1, 98: 1Genista sessilifoli®0: +, 31: +, 51: +(eranium purpureurb5: +; Geranium sanguineu:

+, 75: +;Goniolimon tataricun29: +, 32: +, 35: +Haplophyllum suaveoler& +, 93: +, 95: +Hypericum perforatund: +, 6: +, 7:
+; Iris reichenbachiill: +, 12: +;Lathyrus cicera3: +, 11: +, 86: +Legousia hybridall: +, 12: +;Lomelosia argente&0: +;

Lomelosia brachiat®: +, 8: +, 88: +Melilotus neapolitan®1: +; Odontites luteug7: +, 83: +, 82: +Paliurus spina-christd: +,

11: +; Pinus nigrasubsp.pallasiana73: +, 74: +, 75: +Pistacia terebinthud 1: +, 41: +;Plantago lanceolata: +, 8: +;Plantago
subulatal02: +; Polygala major73: +, 75: +;Polygala monspeliacd: +, 8: +;Polygala oxypteral03: +, 105: +;Pontechium
maculatum34: +, 33: +;Pulsatilla halleri subsp.rhodopaea84: +, 85: +;Ranunculus oreophilusubsp.balcanicus73: +, 75: +;
Salvia argented 00: +, 105: +, 106: +Scabiosa rotatd 0: +, 11: +, 60: +Scutellaria orientalissubsp.pinntifida 31: +; Senecio
leucanthemifoliusubspvernalis 64: +, 65: +;Sesleria rigida73: +, 74: +, 75: +Silene bupleuroidesubsp staticifolia 58: +, 87:
+, 90: +;Silene saxifrag84: +, 86: +, 90: +Stachys rectd7: +; Taeniatherum caput-medus@e+, 10: +;Thymus sibthorpig6:

+; Torilis leptophylla8: +, 6: +; Tragopogon pratensi®: +; Trifolium angustifolium5: +; Trifolium arvensel2: +; Viola

kitaibeliana9: +, 11: +, 12: +.
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Abstract. Given the potential benefits of arbuscular mycorrhizal fungi (AMF) to aguiallt
productivity, the impact of agricultural practices on the AMF communitiedéas aim of an increasing
number of studies. Using molecular markers on the large subunit rixsAnvestigated the influence of
different long-term crop rotations on the structure and composititreandigenous AMF community, at
WKH H[SHULPHQWDO ILHOG anly payotypeRilgrigingto theXfandilp Glomeraceae
were detected. Comparing the root and soil AMF assemblages no significaelatamms were found
between the rotation systems and the composition of the commuhit@sever the analysis of the
diversity and the net relatedness index suggested an influence of therramd identity of the crops in
rotation on the structure of the AMF communities.

Keywords: arbuscular mycorrhizal fungi; crop rotation; maize

Introduction

Arbuscular mycorrhizal fungi (AMF) are obligate root symbionts which form
symbiotic relationships with the majority of land plants including the ten most
important human food crops (FAO, 2012). Among outputs of AMF symbiosis are
considered of great interest an improved uptake of nutrients from soil in exchange for
plant-assimilated carbon (Smith and Read, 2008) as well as a partial protection against
URRW SDWKRJHQV DQG GURXIEXLOWWHYVYYV 3B8RJBR DQG $|FYk
the potential benefits to agricultural productivity (Lekberg and Koide, 2005) AMF have
received increasing attention for their possible utilization in a more sustainable
agriculture without negative impacts on valuable natural resources. In the last few
decades a significant effort has been dedicated to develop suitable formulations for AM
fungal propagules and appropriate means for their application to the field (Gianinazzi
and Vosatka, 2004). However the production and application of AMF inoculum on a
large-scale can be difficult both for the high costs of propagation techniques and for the
unpredictable outcome of the establishment among the native AMF community (Berruti
et al., 2014). As in alternative or in concurrence with AMF inoculation, the
manipulation of indigenous AMF communities through management of agricultural
practice and edaphic factors has been reckoned to lead to a profitable capmnatizati
AMF at the field scale (Verbruggen et al., 2013). Beside stochastic-neutral processes
(Dumbrell et al., 2010; Lekberg et al., 2012) several studies have revealed how niche-
based mechanisms could be involved in the structuring of AMF communities. Among
the edaphic factors, changes in soil nutrient availability, mainly nitrogen (N) and
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phosphate (P), soil pH and soil type (Balestrini et al., 2010; Oehl et al., 2010) were
identified as major drivers of AMF community composition. Furthermore abundance
and diversity of AMF have been found to be negatively associated with intensive
agricultural practices such as tillage, high levels of mineral fertilization, herbicide
application and frequent fallow periods with negative effects on fungal agroecosyste
functions and services (Bardgett et al., 2005). Recently a new piece was added to the
puzzle. Beside AMF diversity, the level of relatedness among AMF taxa co-occurring in
the root has been shown to affect the outcome of the symbiosis (Roger et al., 2013). In
the study, more phylogenetically related were the taxa, more high was the ability of
symbionts to coexist consuming less resources in the competition and providing more
benefits to the plant. Although the research was carried out using AMF isolates
belonging to the same species, the level of relatedness among taxa offers a new
perspective in the interpretation of the AMF community diversity.

Crop rotation is a widespread agronomic practice that exhibits general beneficial
aspects associated with maintenance or improvement of soil fertility and decreased
reliance on agricultural chemicals. Despite its importance, the effects of crop rotation on
AMF communities are not widely investigated. Root colonization and spore abundance
have been found to be affected by the presence of non-host crops in the rotation
(Arihara and Karasawa, 2000). Monoculture was reported to host extremely low AMF
diversity (Burrows and Pfleger, 2002; Oehl et al., 2003). Molecular studies regarding
the diversity of AMF communities under different regimes of crop rotation are scarce
and they have not yet given an unambiguous picture. In some cases the practice of crop
rotation was shown to promote an increase of diversity in AMF communities (Hijri et
al., 2006; Higo et al., 2013), while in others monocropping revealed an unexpected high
level of AMF richness (Magurno et al., 2014a).

In the present work we propose to investigate root and soil AMF assemblages under
different regimes of crop rotation, evaluating the differences in terms of diversity and
relatedness of the taxa, and provide a more clear interpretation of the effect of crop
rotation on the AMF community.

Materials and methods
Study site and sampling

7KH VDPSOLQJ VLWH ZDV ORFDWHG DW O0ODUW&® YiViU f

an experimental field was established in 1958 by the Agricultural Research Institute of
the Hungarian Research Academy of Sciences.

The crop rotation experiment was a two-factorial split-plot with four replications.
The main plots were the crop sequences and the subplots were the fertilizer treatments,
in a randomized design (Berzsenyi et al., 2000). The main plots consisted of seven crop
sequences: 1) maize monoculture; 2) wheat monoculture; 3) 3 years afalfears
maize; 4) 3 years alfalf&5 years wheat; 5) 2 years whes2 years maize; 6) 3 years
alfalfa £3 years maizet2 years wheat; 7) maize spring barley £ peas + wheat

1RUIRON FURS URWDWLRQ 7KH PDLQ SORWV AHUH VSOL
representing the fertilization treatments as follow: a) control; b) manure + NPK (60 t ha
! manure every 4 years); c) crop residue + NPK; d) NPK; e) NPK (calculated for 15 t
ha' maize yield and 10.5 t Havheat yield).
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Crops were harvested in the end of October, followed one month later, by a
conventional tillage of 20 cm depth. Weeds and insects were controlled by pesticide
treatments in all plots as described in detail by Magurno et al. (2014a).

Four cropping systems were chosen for sampling: maize monoculture (CR 1) as a
control, alfalfa-maize (CR 3), wheat-maize (CR 5) and Norfolk type rotation (CR 7).
Two subplots (two replications), at least 40 m distant, were sampled per each cropping
system choosing only the subplots without fertilization (treatment a). Three plants were
randomly collected from each subplot on June 2012, when maize was present in all the
trials except in Norfolk type with wheat. Twenty-four plants with a soil core were
FROOHFWHG URWDWLRQ V\VWHPV 1 siSrBdUrFdeganatel SODQ
pODVWLF EDJV L QChamiRHeOdttbe teRjeraturg of £ until processing.
Chemical analysis of soilf@ble 1 were performed separately on samples collected per
each parcel by Soil and Plant Testing Laboratory of Faculty of HorticultufeFK/ N H P p W
College, accredited by the Hungarian Standard Institution (MSZ).

Table 1 The major physicochemical properties in the upper 20 cm soil layer of the
experimental soils in different treatments

Humus H CaCoO. P,O K,0 NO3-+NO,)-
Treatments (%) (KC) 0" oy (o) NGagked
CR1P1 2.41,, 5.95, 0.29,, 100.73, 302.66, 3.23,
CR1P2 2.21, 5.33 0.28,, 70.96,, 217.00, 5.21,
CR3P1 274 5.32 0.28,p 69.46,4, 271.00p 557,
CR 3 P2 2.70y 4.93, 0.29,, 53.06, 218.00, 13.56;,
CR5P1 2.65 5.75 0.13, 64.06,4, 302.33; 6.61,,
CR5P2 2.81, 5.60 0.17, 55.56, 248.33,, 4.38,
CR7P1 2.89, 6.74; 0.46, 63.10, 292.00p 4.08,
CR7P2 2.604 5.16 0.14, 83.10,;, 282.33, 4.90,

Shared lowercase letters indicate no statistical difference (p>0.05) between timeainés, as determined
by the Tukey test.

Assessment of root colonization

Roots were washed accurately with tap water and used for DNA extraction and for
measurement of mycorrhizal colonization. Five root fragments (corresponding to 1.5 g
fresh weight) were collected from each plant, washed and stained following the ink and
vinegar technique (Vierheilig et al., 1998). The level of the mycorrhizal colonization
(M%) as well as arbuscule abundance (A%) were determined using MYCOCALC
software (www.dijon.inra.fr/mychintec/Mycocalc-prg/download.html) after
examination of fungal structures inside the root according to Trouvelot et al. (1986).

Molecular analysis

The analysis of soil AMF assemblages was conducted using the sequences amplified
from soil cores adjoining the roots sampled, published in Magurno et al., 2014b.

Root DNA extraction was performed from 600 mg of washed roots per plant,
following the procedure described by Khan et al. (2007). After extraction the DNA
concentration was measured with NanoDrop Spectrophotometer and the final
FRQFHQWUDWLRQ ZDV YWDQGDUGL]JHG WR QJ —O
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Amplification of LSU fragments (large subunit rDNA) was achieved by means of a
nested approach with Phusion High Fidelity DNA Polymerase (Thermo Scientific)
using LR1 (5-GCATATCAATAAGCGGAGGA-3) and NDL22 (5'-
TGGTCCGTGTTTCAAGACG-3') as outer primers (van Tuinen et al.,, 1998) in
combination with the inner primers 28G1 (5'-CATGGAGGGTGAGAATCCCG-3') and
28G2 (5'-CCATTACGTCAACATCCTTAACG-3"), specific for arbuscular mycorrhizal
fungi (da Silva et al., 2006).

3&5 ZDV FDUULHG RXW LQ —O ILQDO YROXPH LQ D UI
High Fidelity DNA Polymerase prodRO $QQHDOLQJ VCHd e & WXUHYV
3&5 DQGE@ forfthe nested PCR) were calculated using the Tm calculator and
instructions on Thermo Scientific website (www.thermoscientific.com/pcrwebtools).

PCR products of the expected size (about 585 bp) were purified from agarose gel with

GFX PCR DNA and Gel Band Purification Kit (GE Healthcare). Fragments were

cloned into CloneJet PCR Cloning kit (Thermo Scientific) and transformed into
Escherichiacoli'+ . 3RVLWLYH WUDQVIRUPDQWY ZH2882FKHFNHG
primers for presence and size of the insert. Twenty positive clones per transformation

(480 clones totally) were sent to Beckman Coulter Genomics (United Kingdom) for

plasmid extraction and sequencing.

Phylogenetic analysis

Sequence similarities were determined using the blastn sequence similarity search
tool provided by GenBank. Sequences were also checked for chimeras using the
SFKLPHUD VOD\HU" FRPPDQG LQ ORWBG0RUGIYen a high 6FKORV\V
number of chimera detected in the full length sequences, a hypervariable region (about
255 bp, from residue 160 to 415) was trimmed and tested for suitability in phylogenetic
analysis. The trimmed sequences were verified again for similarities and presence of
chimera. Only sequences belonging to Glomeromycota were selected for the subsequent
analysis and the others were discarded. Sequence editing was conducted manually using
MEGA 6.06 and Chromas Lite 2.01. The sequences were deposited at the National
Cener for Biotechnology Information (NCBI) GenBank with accession numbers
KR536178 £+ KR536609. Sequences (KM87947KM879872) amplified from soil
cores (Magurno et al., 2014b) were trimmed as described above and included in the
subsequent analysis.

Before proceeding with the sequence clustering, a small subset of about 50 sequences
from isolates representing the main morphospecies of Glomeraceae was used to define
the most appropriate similarity level to distinguish AMF species on the basis of the
molecular target considered. Morphospecies were chosen only from the family of
Glomeraceae according to the blastn results of the sequences in study.

Clustering was performed using UCLUST (Edgar, 2010) from the pipeline of Qiime
(quiime.org). A level of similarity of 94.7 % was chosen and applied to cluster root and
soil sequences together.

Representative sequences for each MOTU were used in blastn to find reference
sequences to build a phylogenetic tree. To ease the handling of data, we ad®pted th
nomenclature proposed b§ F K « %ar@ Walker, 2010, including the modification of
the genufkhizophagugSieverding et al., 2014) and the introduction of two new genera

%aDVINRZVNL H®&erénte sequences and MOTU representative sequences
were aligned through the CIPRES web-portal with MAFFT on XSEDE (Miller et al.,
2010). Phylogenetic tree inference, using a maximum likelihood/1000 rapid
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bootstrapping run, was computed through the CIPRES web-portal with RAXML ver.
7.3.0. To enforce the robustness of groups topology, a phylogenetic tree built with 30
LSU (560 bp long) reference sequences was used as constraint.

AMF communitiesf VWUXFWXUH DQG GLYHUVLW\ LQGLFHV

We addressed the community structure by estimating several alfa-diversity indices
per each parcel sampled. The communities were named according to the source (R:
root; S: sail), the crop rotation type (1: monoculture; 3: alfalfa-maize rotation; 5: wheat-
maize rotation; 7: Norfolk type) and the number of parcel. For example R12 was the
root AMF assemblage of the parcel 2 in monoculture. Non-parametric richness indices
(ACE and Chaol) and Shannon diversity index were estimated with Mothur. The
standardized effect size of mean pair wise distance, SES-MPD (measure of the
phylogenetic diversity considering the taxa abundances), was calculated using the
picante package (Kembel et al., 2010) in R 3.0.2 (R Core Team, 2013) inpatting
square distance-matrix produckgl Mothur (calc=eachgap method) from the MOTU
representative sequences, previously aligned with MAFFT on XSEDE. Furthermore the
net relatedness index (NRI) value (measure of the clustering or segregation of the
overall AMF community) was calculated using a null.model="sample.pool" and
abundance.weighted=TRUE. The beta-diversity among AMF communities was
evaluated as phylogenetic beta-diversity using the picante package, in order to include
QRW RQO\ WKH 3Voa HUE dl$d e ghi/ldganetic Eebatgriships among them.

Statistical analysis

Root colonization data normalized by arcsine transformation and soil data were
subjected to one-way analysis of variance, using R software package version 3.0.2.
Tukey's multiple comparison test was used to assess significant differences between
pairs of mean values.

The data about MOTUs distribution were subjected to principal component analysis
(PCA) and common components coefficients, eigenvalues and the proportion of the
total variance expressed by each single MOTU were calculated. The analysis was
LPSOHPHQWHG XVLQJ WKH SDFNDJH )DFWROLQH5 /r HW [
between MOTUs and each principal component were calculated, and those having an
absolute value >0.5 were considered relevant. A hierarchical clustering on principal
components (HCPC) analysis was performed to define a set of clusters based on
MOTUs identified. The cluster analysis was performed only on the most significant
PCA components, with the remaining minor ones considered to represent noise.

A Principal Coordinate Analysis (PCoA) was computed, using the package ape in R
3.0.2, in order to assess the correlation between AMF assemblages on the basis of their
pairwise phylogenetic distances, considering the effect of the soil variables after log-
transformation (pH-kD, pH-KCI, CaCQ, Humus, N, P, K).
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Results and discussion
Root colonization

$FFRUGLQJ WR WKH 7XNH\fV WHVW WKHUH ZHUH QRW \
mycorrhizal colonization (M%) nor in the arbuscule abundance (A%) between samples
collected from the four cropping systems. The lowest level of colonization (M%) and
arbuscule abundance (A%) were observed in the roots of maize in monoculture (14.35%
and 5.22%) and in the roots of wheat in Norfolk type rotation (14.49% and 2.90%). The
highest values were detected in roots from the alfalfa-maize (25.09% and 6.72%) and
wheat-maize rotation (22.71% and 8.25%). In a previous study (Magurno et al., 2014a)
the root colonization of wheat in Norfolk type was significantly higher (p<0.01) than
the colonization of maize roots in the other rotation systems. The difference in the
results could be due to an overestimation of the colonization in wheat because of the
grid-line intersect method used in the assay.

Molecular and phylogenetic analysis

DNA was extracted successfully from all the root samples with an average yield of
Q J *—AD samples gave positive PCR products after the nested amplification.

Overall 435 good quality sequences were analyzed with blastn without detecting any
non-AMF sequence, proving the high specificity of the primers 28G1-28G2 used in the
amplification. According to the blastn results 100% of AMF sequences belonged to the
family Glomeraceae § F K « %art MMdlker, 2010; Redecker et al., 2013). The result is
in agreement with several studies conducted on agro-ecosystem where land-use
intensification through tillage, fertilizers, biocides and crop rotations negatively affects
AMF richness promoting the occurrence of members of Glomeraceae due to their
disturbance-tolerant and opportunistic behavior (ljdo et al., 2010; Lumini et al., 2010;
Verbruggen et al., 2012).

After trimming and chimera-checking, three sequences were discarded. The
remaining 432 sequences (255 bp long) were pooled with 446 trimmed sequences from
a previous analysis of the AMF community in the soil and then clustered by UCLUST
in 29 MOTUs according to 94.7% similarity level. The representative sequences for
each MOTU were used to build a phylogenetic treey.(1) with the reference
sequences identified by blastn.

Considering the relative abundance of the MOTUs and their position in the
phylogenetic tree, the genBhizoglomugformerRhizophagusSieverding et al., 2034
resulted the most represented with 73.1% of root sequences and 28% of soil sequences.
The genud-unneliformiswas the second most represented with 8.1% of root sequences
and 15.2% of soil sequences, followed ®gptoglomug7.6% of root sequences and
6.7% of soil sequencespominikia (3% and 5.2%)Sclerocystis(2.3% and 4%) and
Kamienskia(0% and 2.5%). The remaining sequences were found in MOTUs related to
Glomusspecies of uncertain affiliation clustering basal in the Glomeraceae. According
to the phylogenetic tree these MOTUs were divided in four cla@esnussensu lato
group 1-4).
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Figure 1. Maximum likelihood phylogenetic analysis of arbuscular mycorrhizal fungal LSU
rDNA sequences. The phylogenetic tree was built using representative sequences of 29 MOTUSs,
identified by UCLUST at 94.7% similarity level, and 31 reference sequences. In brackets the
percentage (when >1) of sequences clustering in the MOTU is reported. Beside the nodes,
bootstrap values >50 were reported. MOTUs were grouped according to the related genus
when it was possible to determinate. Claroideoglomus claroideum FR750077 was included as
outgroup
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$0) FRPPXQLWLHVY VWUXFWXUH GLYHUVLW\ DQG RYHUOD

MOTUs distribution and relative abundance were analyzed for each parcel in each
rotation system Kig. 2). To simplify the interpretation of data the analysis was
conducted considering the macro-clades illustrated in the phylogenetic tree
(Rhizoglomugyroup, Funneliformisgroup...). In the root AMF communities, with the
exception of the parcel R11, an overdominance oRthizoglomugroup was observed.

The relative abundance oRhizoglomus MOTUs increased substantially from
monoculture to Norfolk type root communities. Considering an average between the

two parcels per rotation, a relative abundance of 49% was found in maize monoculture,

74% in alfalfa-maize rotation, 75% in wheat-maize rotation and 93.5% in Norfolk type.
Rhizoglomusspecies are known to be widespread generalists, detected in a range of
KDELWDWY FRORQL]JLQJ D QXPEHUt&.| 2606).IEodditiery SODQW
the influence of the host specificity in the plant-symbiont interaction (Helgason et al.,

2007), the number of crops involved in a rotation could be correlated with a positive
selection towards those taxa that, as generalistd) Y HQW DQ (RSWLPDO" V\PE
high number of plant species (Magurno et al., 2014a).

Figure 2. Distribution of AMF phylotypes detected in the root samples (a) and in the soil
samples (b). In the histograms AMF taxa were represented by groups, corresponding to the
rank genus, as described in the phylogenetic tree. Crop rotations: maize monoculture (R1, S1),

alfalfa-maize (R3, S3), wheat-maize (R5, S5), Norfolk type (R7, S7)

In the soil AMF communities the distribution of MOTUs was more uniform with the
exception of the parcel S71 where the gréupneliformiswas overdominant. MOTUs
belonging to theGlomussensu latogroup 4 were well represented in almost all the
parcels while in the root AMF communities their presence was less significant.
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To evaluate a possible correlation between the crop rotations and the composition
and structure of AMF communities the overlap among the root and soil AMF
assemblages was computed by means of a Principgb@@amt Analysis (PCAHig. 3).
Principal component 1 (35.02%) and 2 (17.86%) explained about 53% of the
experimental variance, with a high correlation with the five most abundant MOTUs
detected (MOTUO8 and MOTU19Rhizoglomusgroup; MOTUOG6, Funneliformis
group; MOTU26,Glomus sensu latgroup 4; MOTU11Glomus sensu latgroup 1).

The PCA, supported by a hierarchical clustering on principal components analysis,
showed six main clusters. All the root AMF assemblages were found in the same cluster
with the exception of monoculture assemblages (R11 and R12) that clustered separately
together with S11, S31 and S52. The remaining soil AMF assemblages did not show
any correlation between crop rotation type and specific clusters.

Figure 3. PCA biplot of the AMF communities found in the soil (asterisk) and in the maize roots
(square) for the four different crop rotations. The circles represent the clusters according to the
HCPC

Furthermore a Principal Coordinate Analysis (PCoAY(4) was computed on the
basis of pairwise phylogenetic distances of the assemblages and the soil variables. The
analysis confirmed the results of the PCA, highlighting a possible influence of the
nitrogen on the position of R11 and S32 on the opposite sides of the plot.

The lack of correlation between treatments andtth& composition of AMF
assemblages could be related to the findings oérs¢\studies where, beside niche-
EDVHG PHFKDQLVPV %DOHVWUH@L DHOW DO WKHG6DRUDIH
stochastic-neutral processes was highly involved the shaping of AMF
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communities (Dumbrell et al., 2010; Lekberg et 2012). Analysis conducted in the
same experimental field in 2008 have shown on trdrary an influence of the crop
rotation on the composition of the AMF community giyurno et al., 2014a). The
discordance with the present results could be ex@iaby the different gene target
used and the lower number of clones sequenceddnpthvious study. With the

primers AMV4.5F- AMV4.5F, for example, it was pdsl® to detect one

RhizoglomusMOTU vs. the six found in the present analysis.

The PCA and PCoA did not highlight any correlation between the root and soll
communities belonging to the same parcel. This result is actually misleading. Because
the root AMF community is supposed to be a subgroup of the related soil AMF
community, for each parcel the number of MOTUs shared between root and soil
communities was divided per the total number of MOTU detected in the root
assemblage. The resulting value was used as index of overlapping for the parcel. The
percentages of overlapping ranged between 67% and 100%, confirming a high
correlation between root and the related soil communities. The relative abundance of
0278V ZDbV QRW FRQVLGHUHG EHFDXVH RI WKH 3GLVWRUW
the overdominance @&hizoglomusMOTUs.

Figure 4. Principal Coordinate Analysis (PCoA) conducted on the basis of pairwise
phylogenetic distances among the AMF assemblages and including the log-transformed soil
variables as explanatory variables (only N is shown)
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On the basis of the alfa-diversity predicted by ACE and Chaabl¢ 2 it was
possible to estimate the level of richness collected by the sampling. On average 88% of
the total richness predicted was represented by the MOTUs observed. The biodiversity,
as number of MOTUs estimated and Shannon index, decreased strongly from the
monoculture to Norfolk type in the root AMF assemblages. Even though less severe, an
opposite trend was observed in the soil AMF assemblages, where the highest richness
predicted was found in the wheat-maize rotation S5.

Table 2.0bserved versus estimated MOTUs, based on ACE and Chaol non-parametric
richness estimators, Shannon-Weaver diversity indices (H"), standardized effect size of mean
pair wise distances (SES-MPD) and the net relatedness index (NRI). The values represent
the mean of the two parcels per each rotation type in the root (R) and soil (S) compartments.
Monoculture: R1, S1; alfalfa-maize: R3, S3; wheat-maize: R5, S5; Norfolk type: R7, S7

Estimated MOTUs

Cro_p Observed SES NRI A O/E° Shannon

rotation MOTUs  MPD ACE  Chaol \'/A‘iré‘ge ,QGH]
R1 9.0 0.14 2.57 11.8 10.7 11.2 80.3 1.8
R3 55 0.10 2.74 5.8 55 5.6 97.6 1.3
R5 6.5 0.10 2.57 10.0 7.3 8.6 75.4 14
R7 5.0 0.06 3.82 55 5.0 53 95.2 1.1
S1 9.5 0.16 0.23 10.3 9.7 10.0 95.3 1.9
S3 8.0 0.16 -0.22 12.3 11.4 11.9 67.3 1.7
S5 13.5 0.17 0.24 18.1 16.6 17.4 77.8 22
S7 8.0 0.12 1.35 12.1 9.5 10.8 74.2 15

a . . )
O/E = % of the total richness sampled according to te'Ms observed and the MOTUs estimated (average value Inethee
two non-parametric richness estimators ACE and Chaol)

Regarding the standardized effect size of mean pairwise distance (SES-MPB2) (

2), explaining the phylogenetic diversity of taxa inside an AMF community, for root
AMF assemblages the index decreased from monoculture (R1, S1) to Norfolk type (R7,
S7). In the soil community the values, as expected, were higher than the root
communities because of wider range of MOTUs detected. Among the soil communities,
a similar value of SES-MPD was found among all the treatments with the exception of
the Norfolk type assemblages where it was lower.

The net relatedness index (NRI) gives a measure of the clustering or segregation of
the AMF community. NRI was positive for all the root assemblages and the highest
value was detected in the Norfolk type treatment. In the soil communities the values
were lower compared to the former.

Monoculture (S1) and wheat-maize rotation (S5) shared a similar NRI value (0.23;
0.24) while a negative NRI was found for alfalfa-maize rotation (S3) (-0.22). On the
other hand the Norfolk type rotation showed a high positive value (1.35).

The level of relatedness among taxa in the AMF m$édages and the indices of
richness considered could provide a key to interphet effect of different crop
rotations on the AMF community. The maize monocw@tuas found to host in the
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soil and root compartment a high diversity both asnher of taxa predicted and
level of phylogenetic diversity SES-MPD. While naltprocesses could have
played a major role on the composition, a signiftcaommunity clustering, as
observed particularly in the root assemblages, migatevidence of positive
ecological interactions (Vamosi et al., 2009), eganted, in this case, by a long
term stable relationship among host and AMF comityuniCompared to
monoculture, the wheat-maize rotation root AMF commity was characterized by
a lower alfa-diversity (taxa predicted and SES-MPWith a similar level of
clustering. In the soil assemblages the numberxd testimated was significantly
higher than in monoculture while SES-MPD and NRFevsimilar.

Assuming preferential host-symbiont associations as an environmental filter, the two
crops involved in the rotation, wheat and maize, could have selected, in the long term,
their own AMF communities, inducing an overall increase of the richness in the soil. As
D FRQVHTXHQFH DW URRW OHYHO WKH 3KRVW SUHIHUHQMW
advantage in the colonization causing a reduction in the diversity. It would be expected
to find, at soil level, a community overdispersion (assemblages made up of distantly
related organisms) but the NRI value was similar to that calculated in monoculture. A
possible explanation could rely upon the fact that maize and wheat belong to the same
family (PoaFHDH DQG WKXV WKH\ FRXOG KDYH VLPLODU 3F
preferential AMF communities. This hypothesis could explain the alfalfa-maize rotation
outcomes where a lowly diverse but clustered community was detected at root level,
while a richer and slightly overdispersed community was present in the solil. In this case
alfalfa and maize, given their long permanence in the field (3 years alfalfa, 5 years
maize), would represent a reduced niche overlap for the related AMF communities with
a negative effect on the overall soil community clustering (Cavender-Bares et al., 2009).
In Norfolk type treatment, wheat was present instead of maize at the sampling times.
Even considering the possible influence of a different host on the structure of the AMF
commXQLW\ WKH GDWD DERXW URRW DQG VRLO DVVHPEOD.
DVVRFLDWLRQV® PRGHO SURSRVHG ,Q WKH URRW DVVHP
diversity were indeed extremely low while the level of community clustering was the
highest among all the assemblages due to strong relatedness among the taxa detected. In
the soil (S7) the richness predicted was slightly higher compared to the monoculture but
the SES-MPD value was the lowest among all the soil assemblages. Unlike the alfalfa-
maize rotation, in the Norfolk type permanence in the field of the four crops in rotation
was limited to one year per crop. Instead of an overdispersion for reduced niche
overlap, the fast succession of crops promoted the selection of a clustered AMF
generalist community, characterized by a number of predicted taxa comparable with the
monoculture but with the highest relatedness among the taxa. Indeed the dominant
MOTUs found in S7 were related to the generalist tBManeliformismosseaeand
Rhizoglomusrregularis (Oehl et al., 2010).

Conclusions

In conclusion the analysis of the AMF communities associated to different crop
rotations did not reveal any influence of the treatments on the composition of the
communities, where stochastic processes play probably a major role. At the same time
the results were in agreement with Magurno et al. (2014a), about a gradient of diversity
in the root communities, decreasing from monoculture to Norfolk type rotation.
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Furthermore, considering root and soil communities, the analysis of the phylogenetic
diversity and the index of relatedness, shined a light on a possible model to interpret the
correlation between rotation system and structure of AMF communities.

Acknowledgements.7KH DXWKRUV WKDQN 'U =ROWiQ %HU{DHEQH M®&YG BHWHLG ¥
helpful comments on field experiments and Mark Gebel for manusagptrpading. This study was

financially supported by grants from the National Research CounciKAOK101878) and by the

Research Centre of Excellence-9878/2015/FEKUT.

REFERENCES

[1] Arihara, J., Karasawa, T. (2000): Effect of previous crops on arbuscular myabrrhi
formation and growth of succeeding maize. - Soil Science and Plant Nutrition 46: 43-51.

2] $XJp 50 :DWHU UHODWLRQ®&orrhizal ByKiBigEsW. -DQG 9% F
Mycorrhiza 1: 3-42.

[3] Balestrini, R., Magurno, F., Walker, C., Lumini, E., Bianciotto, V. (2010): Gshofr
arbuscular mycorrhizal fungi (AMF) in Vitis vinifera, a typical Meditarean fruit crop.

- Environmental Microbiology Reports 2: 5%D4.

[4] Bardgett, R.D., Usher, M.B., Hopkins, D.W. (2005): Biological diversity and foindti
soils. 1st ed. Cambridge: Cambridge University Press, 2005. Cambridge Books Online.
Web. 05 May 2015.

[5] Berruti, A., Borriello, R., Orgiazzi, A., Barbera, A.C., Lumini E., Biatito V. (2014):
Arbuscular Mycorrhizal Fungi and their Value for Ecosystem Management. - In: PhD.
Oscar Grillo (ed.). Biodiversity - The Dynamic Balance of the Planet.

[6] %HU]JVHQ\L = *\ ULV % /IDS ' (INTHFW RRGURS URW
maize and wheat yields and yield stability in a long-term experiment. - Europaaral)
of Agronomy 13(2-3): 225-244.

[7] %A&4aDV]NRZVNL - &KZDW * *yUDOVND $ To&dweWwD 3 .RYi|
genera,Dominikia and Kamienskia andD. distichasp. nov. in Glomeromycota. Nova
Hedwigia 100, 225-238.

[8] Burrows, R.L., Pfleger, F.L. (2002): Arbuscular mycorrhizal fungi respond to inngeasi
plant diversity. - Canadian Journal of Botany 80: 120-130.

[9] Cavender-Bares, J., Kozak, K.H., Fine, P.V.A., Kembel, S.W. (2009): The merging of
community ecology and phylogenetic biology. - Ecology Letters 12: 693-715.

[10] da Silva, G.A., Lumini, E., Maia, L.C., Bonfante, P., Bianciotto, V. (2006): Phylogenetic
analysis of Glomeromycota by partial LSU rDNA sequences. - Mycorrhiza 16: 183-189.

[11] Dumobrell, A.J., Nelson, M., Helgason, T., Dytham, C., Fitter, A.H. (2010): Relative roles
of niche and neutral processes in structuring a soil microbial communitye 1SME
Journal 4: 337-345.

[12] Edgar, R.C. (2010): Search and clustering orders of magnitude faster than BLAST. -
Bioinformatics 26: 2460-2461.

[13] FAO (2012): Food and Agriculture Organization of the United Nations, Land Resources.
FAOSTATS-Crops. http://faostat.fao.org/site/567/default.aspx#ancor

[14] *LDQLQD]]L 6 9RVIWND O ,OQRFXOXP RI DUEXVFXC
production systems: science meets business. - Canadian Journal of Botany 82: 1264
1271.

[15] Helgason, T., Merryweather, J.W., Young, J.P.W., Fitter, A.H. (2007): Specifiody
resilience in the arbuscular mycorrhizal fungi of a natural woodland community. - Journa
of Ecology 95: 623-630.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 1215-1229
http://www.aloki.hu” ISSN 1589 1623 (Print) ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1304_12151229
a $/g., .IW %XGDSHVW +XQJDU\



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Magurno et al.: Assessment of native arbuscular mycairhingi assemblages
-1228 -

Higo, M,, Isobe, K., Yamaguchi, M., Ishii, R., Drijber, R.A., Jeske, E.S. (2013): Diversity
and vertical distribution of indigenous arbuscular mycorrhizal fungi under two soybean
rotational systems. - Biology and Fertility of Soils 49(8): 1085-1096.

+LMUL 6ENRURYI = 2HKO ) ,QHLFKHQ . OIGHU
(2006): Communities of arbuscular mycorrhizal fungi in arable soils araeuassarily

low in diversity. - Molecular Ecology 15: 2277-2289.

lldo, M., Schtickzelle, N., Cranenbrouck, S., Declerck, S. (2010): Do arbuscular
mycorrhizal fungi with contrasting life history strategies diffar their responses to
repeated defoliation? - FEMS Microbiology Ecology 72: 114-122.

Kembel, S.W., Cowan, P.D., Helmus, M.R., Cornwell, W.K., Morlon, H., Ackerly, D.D.
et al. (2010): Picante: R tools for integrating phylogenies and ecologginfdmatics

26: 1463-1464.

Khan, S., Qureshi, M.l,, Alam, K.T., Abdin, M.Z. (2007): Protocol for isolation of
genomic DNA from dry and fresh roots of medicinal plants suitable for RAPD and
restriction digestion. - African Journal of Biotechrg}d(3): 175-178.

Lekberg, Y., Koide, R.T. (2005): Is plant performance limited by abundance of
arbuscular mycorrhizal fungi? A meta-analysis of studies published between 1988 and
2003. - New Phytologist 168: 189-204.

/HNEHUJ < 6 F KQ R R U Gilibons, 18.M), ®leden, 9..H., Al-Soud, W.A,,
6iUHQVHQ 6 - 5R V H Q &&yledcing reveals stochastic local reassembly
and high disturbance tolerance within arbuscular mycorrhizal fungal comrsunitie
Journal of Ecology 100: 151-160.

/r .6Josse, J., Husson, F. (2008): FactoMineR: An R package for multivariate analysis.
- Journal of Statistical Software 25(1).

Lumini, E., Orgiazzi, A., Borriello, R., Bonfante, P., Bianciotto, V. (2010): D&okp
arbuscular mycorrhizal fungal biodiversity in soil through a land use gradient using a
pyrosequencing approach. - Environmental Microbiology 12: 2165-2179.

Magurno, F 6DVYiUL = 3 R)V Mydin monocultur® to the Norfolk system:
assessment of arbuscular mycorrhizal fungi communities associated with differpnt
rotation systems. - Symbiosis 64(3): 115-125.

ODJIJXUQR ) 6DVYiUL = % D U F lklom Mon@&RItvré/ Norfolk E
System: How the Number of Crops in Rotation Can Influence the Biodiversity of
Arbuscular Mycorrhiza Assemblages in the Soil. - Open Journal of Ecology 4: 1080-
1088.

Miller, M.A., Pfeiffer, W., Schwartz, T. (2010): Creating the CIPRES Science Gateway
for inference of large phylogenetic trees. - In: Proceedings of the Gateway Computing
Environments Workshop (GCE). New Orleans, LA.

Oehl, F., Sieverding, E., Ineichen, K., Mader, P., Boller, T., Wiemken, A. (2003): Impact
of land use intensity on the species diversity of arbuscular mycorrfungi in
agroecosystems of central Europe. - Applied Environmental Microbiology 69: 2816-
2824.

3

2HKO ) IDFINR ( % RJIHQULH GR,Wangler 8Bk M.G.A., % |V FK

Sieverding, E. (2010): Soil type and land use intensity determine the composition of
arbuscular mycorrhizal fungal communities. - Soil Biology and Biochemistry 42: 724
738.

gSLN O ORRUD O /[LLUD - CompoEitib® of @oot-colonizing
arbuscular mycorrhizal fungal communities in different ecosystems aroundotie g
Journal of Ecology 94: 778-790.

3R]R 0 - -AduarQC. (2007): Unraveling mycorrhiza-induced resistance. -
Current Opinion in Plant Biology 10: 393-398.

R Core Team (2013): R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing: Vienna.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 1215-1229
http://www.aloki.hu” ISSN 1589 1623 (Print) ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1304_12151229
a $/g., .IW %XGDSHVW +XQJDU\



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Magurno et al.: Assessment of native arbuscular mycairhingi assemblages
-1229 -

5HGHFNHU 6FKeVVOHU $ 6WRFNLQJHU + 6WeUPHU
(2013): An evidence-based consensus for the classification of arbuscular mytorrhiz

fungi (Glomeromycota). - Mycorrhiza 23: 515-531.

Roger, A., Colard, A., Angelard, C., Sanders, |.R. (2013): Relatedness among arbuscular
mycorrhizal fungi drives plant growth and intraspecific fungal coexistenthe ISME

Journal 7(11): 2137-2146.

6DVYiUL = +RUQRN / TR ¥Yommunity structure of arbuscular
mycorrhizal fungi in roots of corn grown in a 50-year monoculture. - Biolagg

Fertility of Soils 47: 167-176.

Schloss, P.D., Westcott, S.L., Ryabin, T., Hall, J.R., Hartmann, M., et al. (2009):
Introducing mothur: Open-source, platform-independent, community-supported software

for describing and comparing microbial communities. Applied Environmental
Microbiology 75: 7537-7541.

6FKe% OHU $ :DONHU & 7KH *ORPHURP\FRWD D VSHF
JHQHUD $UWKXU 6FKe%OHU &KULVWRSKHU :DONHU *ORXF
Sieverding, E., da Silva, G.A., Berndt, R., Oehl, F., 2RHizoglomusa new genus of

the Glomeraceae. Mycotaxon 129(2), 3336.

Smith, S.E., Read, D.J. (2008): Mycorrhizal Symbiosis, 3rd edn. Academic Press:
London.

Trouvelot, A., Kough, J.L., Gianinazzi-Pearson, V. (1986): Mesure du taux de
P\FRUKL]DWLRQ 9% GYXQ V\VWgPH UDGLFXODLUH B5HFKHUFI
une signification fonctionnelle. - In: Gianinazzi-Pearson V., Gianinazzi S. (eds.),
Physiological and Genetical Aspects of Mycorrhizae, INRA Press, Paris: 217-221.

Vamosi, S., Heard, S., Vamosi, J., Webb, C. (2009): Emerging patterns in the
comparative analysis of phylogenetic community structure. - Molecular Ecology 18: 572-

592.

van Tuinen, D., Zhao, B., Gianinazzi-Pearson, V. (1998): PCR in studies of AM fungi:

from primers to application. In: Varma, A. (ed.), Mycorrhiza manual, Springer,
Heidelberg: 387-399.

Verbruggen, E., van der Heijden, M.G.A., Weedon, J.T., Kowalchuk, G.A., Roling,
W.F.M. (2012): Community assembly, species richness and nestedness of arbuscular
mycorrhizal fungi in agricultural soils. - Molecular Ecology 21: 2341-2353.

Verbruggen, E., van der Heijden, M.G.A., Rillig, M.C., Kiers, E.T. (2013): Mycorrhizal

fungal establishment in agricultural soils: factors determining inoculation suedésw

Phytologist 197: 1104-1109.

Vierheilig, H., Coughlan, A.P., Wyss, U., Piche, Y. (1998): Ink and vinegar, a simple
staining technique for arbuscular-mycorrhizal fungi. - Applied Environmental
Microbiology 64(12): 5004-5007.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(4): 1215-1229
http://www.aloki.hu” ISSN 1589 1623 (Print) ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1304_12151229
a $/g., .IW %XGDSHVW +XQJDU\



