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ABSTRACT

This study was seasonally performed over a three year period in a large freshwater temporary pond to investigate
(a) seasonal trends of the main abiotic factors, (b) the most important abiotic drivers in shaping macrobenthic inver-
tebrate communities and (c) the structures of these communities among different years. As the study area was placed
within a Natural Reserve, the leaf bag technique was used as non invasive sampling method in order to reduce dis-
turbance. The results of chemical and physical investigations point out a clear seasonal trend, while macrobenthic
communities differ significantly from year to year, and their main shape drivers were identified to be conductivity,
temperature and dissolved oxygen.
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DINAMICA STAGIONALE DELLE COMUNITA MACROZOOBENTONICHE NELLA
RISERVA NATURALE REGIONALE DELLA FOCE DELL'ISONZO, NORDEST ITALIA:
ANALISI TRIENNALE

SINTESI

Il presente studio triennale e stato condotto stagionalmente in un ampio stagno temporaneo d’acqua dolce, allo
scopo di (a) verificare la presenza di gradienti stagionali per i principali fattori abiotici, (b) identificare quali tra
questi fattori abbiano il maggior peso nel plasmare le comunita macrozoobentoniche e (c) indagare la struttura di
dette comunita su scala pluriennale. Poiché I'area di studio é situata all’interno di una Riserva Naturale, per i cam-
pionamenti é stata utilizzata la tecnica dei pacchi fogliari, allo scopo minimizzare I'impatto dovuto alle operazioni di
raccolta. Per quanto concerne i parametri abiotici é stato individuato un chiaro trend stagionale, mentre le comunita
macrobentoniche sono risultate differire significativamente di anno in anno ed i principali fattori abiotici che le con-
dizionano sono stati identificati nella conduttivita, nella temperatura e nell’ossigeno disciolto.

Parole chiave: macrozoobenthos, pacchi fogliari, zone umide, stagni temporanei, dinamica stagionale
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INTRODUCTION

Wetlands are one of the most biologically productive
ecosystems (Dixion & Wood, 2003; Rolon & Maltchik,
2006; Mereta et al., 2012), which perform a wide variety
of ecological functions, including nutrient cycling (Bunn
et al., 1999) and carbon storage (Adhikari & Bajracha-
raya, 2009). They are also main breeding and feeding
grounds for many birds and other wildlife (Williams,
2006). Some temporary wetlands in the Mediterranean
Region are considered as priority habitat under the Hab-
itat Directive 92/43/CEE, according to the Natura 2000
network of the European Union (Natura code 3170,
92/43/CEE, 21 May 1992), wetland restoration becoming
increasingly important to reverse habitat degradation,
recover ecosystem services and maintain biodiversity
(Sebastian Gonzalez & Green, 2014).

Macrobenthic invertebrates have a central role in
these ecosystems as they cover all trophic functions
(Cummins, 1974; Metcalfe Smith, 1994) and are trophic
resources for many species of fishes and birds (Pizzul et
al., 2008). Due to the severe conditions characterizing
temporary habitats, morphological, physiological and/
or behavioural adaptation is required for living organ-
isms to survive (Wiggins et al., 1980). Alternation of dry
and wet phases, which vary from year to year in the
Mediterranean Region makes hydroperiod one of the
main challenging factors for macrobenthic community
structures (Wellborn et al., 1996; Spencer et al., 1999).
Drought in particular, due to its unpredictability, repre-
sents a major constraint for organisms inhabiting tem-
porary waters (Grillas & Roche, 1997). In fact, the mac-
roinvertebrate assemblage structures are deeply affected
by droughts (Acufa et al., 2004; Bonada et al., 2006),
though the extent of changes depends on the biological
adaptations of the species within the community (Boul-
ton & Lake, 1992). Annual and seasonal variations of
macroinvertebrate assemblages have been reported for
temporary ponds in wetlands of Massachusetts (Brooks,
2000) or in intermittent streams in Victoria Australia
(Boulton & Lake, 1992) and have been associated with
parallel changes in environmental conditions during the
wet phase. Jeffries (1994) found differences in the mac-
roinvertebrate assemblages of the same ponds in three
different years, including a low rainfall year in which
ponds did not fill. Similar studies have been also recent-
ly carried out, also in the Mediterranean area (Florencio
et al., 2009; Diaz-Paniagua et al., 2010).

Our investigation was carried out in the Regional
Reserve of the Isonzo River Mouth (Northeast Italy),
a marshy area including mainly freshwater environ-
ments alongside with brackish. The Reserve represents
the northernmost wetland in the Mediterranean area
and it is included in a Site of Community Importance
(SCI'IT3330005) and in a Special Protection Area (SPA
IT3330005). Several studies on the macrobenthic fauna
were conducted in the Reserve, both in freshwater and

56

salt marshes (Stoch, 1995; Pizzul et al., 2008; Boggero
et al., 2011; Ruzi¢ et al., 2013) to assess the taxonomic
structure of the communities, but a long temporal scale
(years) was yet never considered.

This study was performed within a large freshwater
temporary pond over a three year period. Our aims were
to investigate (a) the presence of seasonal trends for the
main abiotic factors, (b) which are the most important
chemical and physical drivers in shaping macrobenthic
invertebrates communities, and (c) the presence of differ-
ences in macrobenthic invertebrate communities struc-
ture among different years in a temporary environment.

MATERIAL AND METHODS
Study area

The study was performed in an enclosed basin with
a surface of about 30 ha (Fig. 1) and supplied mostly by
rainwater and by an artesian well. The basin, enclosed
by an embankment, looks like a large temporary pond,
partially resulting from environmental recovery man-
agement. The western portion of this area is a damp pas-
ture, while the eastern portion is a reed bed (Phragmites

==

Fig. 1: Study area and sampling sites (UTM coordi-
nates: site 1 N 3375067699.47 — FE 383832.23; site 2 N
33T5067605.64 - E 383897.48; site 3N 33T5067474.89
— E 383955.56; site 4 N 33T5067349.38 — E 384063.44;
site 5 N 33T5067140.24 — E 384187.07).

Sl. 1: Obmodje raziskave in vzorcna mesta (UTM koor-
dinate: lokaliteta 1 N 33T5067699.47 — E 383832.23;
lokaliteta 2 N 33T5067605.64 — E 383897.48; loka-
liteta 3 N 33T5067474.89 - E 383955.56; lokalite-
ta 4 N 33T5067349.38 — E 384063.44; lokaliteta 5 N
33T5067140.24 — E 384187.07)
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australis (Cav.) Trin ex Steud). The study pond was of
autumnal origin (autumnal ponds, sensu Wiggins et al.,
1980): the dry phase occurs in summer (from June to
September) and the wet phase begins in early autumn.
Basin waters are classified from limnic to oligohaline
(Stoch, 1995) and maximum depth ranged from 1.7 to
2.0 m (Stoch, 1995; Perco et al., 2006).

As this area represents a wintering and stopover site
for many bird species, management policy limits the hu-
man access only to the working personnel. However,
some management actions are conducted: the vegeta-
tion growth control is performed both passively (grazing
of Camargue horses and periodically cattle) and actively
(using machines), while the water level is controlled only
with a flap sluice gate placed at the northwest side of
the basin. This gate is occasionally open in summer for
a few days (usually late July/mid August, but not every
year) to ease the up drying of the basin. The water level
is controlled for ecological reasons (Pizzul et al., 2008),
to avoid anoxic condition in the bottom sediments and
to favour the nutrients remineralisation (Street, 1982).

Sampling design

The present study was carried out from October
2009 to July 2012 at five sampling sites (Fig. 1), which
were chosen considering water depth, vegetation cover-
age on the bottom and presence of vegetation nearby.
The first site was placed near the sluice side gate, the
second beside an islet without vegetation and the third

beside a wooded islet, the fourth site was placed at the
centre of the basin and the fifth near the reeds, where
vegetation cover was observed. Sampling campaigns
were conducted in autumn, spring and early summer.
Although planned, the winter campaigns were not per-
formed, as the presence of ice prevented the access to
the area.

Abiotic parameters

Depth was measured at each sampling time with a
graduated rod. In water column, conductivity, tempera-
ture, dissolved oxygen (DO) and pH were recorded us-
ing field meters. Sediment samples were collected with a
manual corer (6 cm internal diameter) in order to assess
concentrations of NH,*, NO,, and NO, in the bottom
interstitial water from October 2011 to July 2012. The
corer was pushed into the surface sediment about 20-
25 centimetres, then samples were frozen and brought
to the laboratory, where concentrations of nutrients
were measured using the methods reported by Solér-
zano (1969) and Presley (1971) for NH,*, IRSA CNR &
APAT (2003) for NO,, and APHA (1992) for NO,. Sea-
sonal rainfall data (mm of fallen rain) were obtained by
a weather station placed nearby the Reserve.

Macrobenthic invertebrates

The leaf bag technique (Petersen & Cummins, 1974)
was used to assess macrobenthic community structure.

Tab. 1: Mean seasonal values and standard deviations (in parenthesis) of the physical and chemical parameters for

the whole study area.

Tab. 1: Srednje sezonske vrednosti in standardni odkloni (v oklepaju) fizikalnih in kemijskih parametrov za celotno

obmodje raziskave

2009-2010 2010-2011 2011-2012
Autumn Spring Autumn Spring Autumn Spring Summer
Depth (cm) 30.2(9.2) | 36.4(11.1) 37.9(11.4) | 24.2 (14.6) 33.8(10.4) | 27.8(10.7) 12.6 (11.5)
T(°C) 11.7 (3.4) 19.0 (4.2) 13.3(1.9) 19.3 (2.5) 10.0 (5.2) 20.3 (2.6) 22.3(1.6)
pH 7.2 (0.5) 7.8 (0.6) 7.7 (0.6) 8.5(0.4) 7.7 (0.3) 7.8 (0.3) 8.3(0.7)
DO (mg ") 4.5(2.3) 4.0(1.9) 5.1 (1.0) 2.3 (0.6) 8.5(2.7) 2.4(1.3) 3.2(1.3)
Cond (mS cm™) 2.6 (0.9 2.7 (0.6) 2.1(0.2) 3.0(1.4) 3.7(1.0) 4.9 (1.3) 6.5(2.9)
Rainfall (mm) 1853 (3.8) | 62.4(26.8) | 172.2(65.3) | 51.8 (21.1) | 96.9 (103.5) | 104.6 (39.1) | 31.5(28.2)
NO, (mg I) - - - - 0.74 (0.41) | 0.55(0.16) | 0.52(0.25)
NO, (mg I") - - - - 0.06 (0.08) 1.11(1.07) | 1.38(1.40)
NH,*(mg I") - - - - 2.78(1.85) | 3.97(1.91) | 4.73(1.93)
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This method is commonly accepted as a quantitative
approach to the study of both detritus processing and
colonization by macrobenthic invertebrates and it was
used in lotic environments (Robinson & Jolindon, 2005;
Fenoglio et al., 2006) as well as in lentic (Pope et al.,
1999) and transitional waters (Mancinelli et al., 2005;
Sangiorgio et al., 2008). The technique was chosen in
agreement with the management policies of the Reserve
in order to reduce the disturbance and the impact of the
sampling operations, because this method is less inva-
sive than others (e.g. grabs and corers), it is faster to be
performed on the field and therefore the disturbance to
the present fauna (especially birds) was reduced. Leaves
of P. australis were collected within the Reserve in early
autumn 2009 and were air dried. The fragments of cen-
tral leaf section (10 cm length) were oven dried to con-
stant weight (60 °C for 72 h) and single lots of 3+0.001
g dry weight were placed in mesh bags (5x5 mm mesh
size). Subsample units were set up connecting four leaf
bags. Three subsamples were placed at each site in early
October, early April and at the beginning of June for the
collection in autumn, spring and summer, respectively.
Subsamples were recovered after 15, 30 and 45 days of
submersion. In the laboratory, leaf bags were opened
and macrobenthic invertebrates were separated from the
leaves and stored in a formaldehyde solution (final con-
centration 4%) until sorting operations. After washing,
all invertebrates were counted and identified to family
level. Chironomidae were identified until subfamily or
tribe level. Percentage frequencies and seasonal mean
number of observed taxa were calculated for each site.

Statistical analysis

Seasonal mean values of physical and chemical pa-
rameters were calculated for each sampling site and
Principal Component Analysis (PCA) was performed us-
ing a three year data set to search for ecological gradi-
ents. Another PCA was carried out using only the third
year data set, which includes also nutrients. Pearson’s
coefficient was used to seek correlation among abiotic
variables and between variables and PCA axes. Two
way ANOVA (factors: season, year) and LSD post hoc
tests were performed to search for significant differences
among the seasons and among same seasons of differ-
ent years, while one way ANOVA was performed on the
last year data set, to assess seasonal differences. Before
analysis, all data were log(x+1) transformed.

Differences about community composition were in-
vestigated with two way PERMANOVA (factors year and
season; 999 permutations) (Anderson, 2001) and SIM-
PER test, which were carried out on the similarity matrix
based on the Bray-Curtis coefficient. Finally, Canonical
Correspondence Analysis (CCA) was adopted to corre-
late abiotic factors and taxa relative abundances. Taxa
present only in a subsample and with very low occur-
rences (1 individual) were considered rare and excluded
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from the analysis. Relations between biotic and abiotic
data were also investigated with Mantel test (Mantel &
Valand, 1970) performed on Bray Curtis based similarity
matrix. The normality of all datasets was verified with
the Kolmogorov-Smirnov test and variance homoge-
neity was checked with Brown-Forsythe test. We used
STATISTICA 7.1 and PAST 3.2 (Hammer et al., 2001) for
all analyses. Leaf bags for site 3 were lost in autumn
2009, because of the interference of animals living in
the area (horses and/or coypus). Summer data were ob-
tained only for the last year (summer 2012), but not for
site 5 because it dries up before the end of the sampling
operations. Therefore, data of sites 3 (autumn 2009) and
5 (summer 2012) were not included in the statistical
analysis.

RESULTS
Abiotic parameters

Mean seasonal abiotic parameters are reported in
Table 1. The first two components obtained with the
PCA using the three year dataset, explain 70.2 % of the
system variance (Fig. 2a): loadings of sampling stations
groups indicate a seasonal gradient, identified by the
first axis, which explains 53.0 % of the system variation.
Total rainfall, dissolved oxygen, conductivity and tem-
perature are correlated to the first axis. The second axis
explains 17.2 % of variance and is correlated to depth
and pH (Tab. 2) and likely identifies a spatial gradient.
In particular, we observed that site 5 always displayed
at the bottom of seasonal groups: this site shows lower
depths than the others, it was the first site subjected
to draining in late spring and the last site subjected to
flooding in early autumn. Finally, it harbours rich cover
vegetation during spring. Except for depth and pH, two
way ANOVA showed significant differences for all abi-
otic parameters among seasons and confirmed the sea-
sonal trend (F;,,> 3.13, p < 0.05; LSD test: at least p
< 0.05, except for dissolved oxygen and conductivity
during the first year and for rainfall during the last year).

Temperature values differ significantly from year to
year both in autumn and spring as dissolved oxygen lev-
els do (except between first and second year in autumn)
(LSD test: at least p < 0.05). Conductivity and rainfall
values observed during the third year differ significantly
from others (LSD test: at least p < 0.05). Positive cor-
relations with rainfall were found for depth (r = 0.42, p
< 0.05) and dissolved oxygen concentrations (r = 0.45,
p < 0.05) while a negative correlation was found with
water temperature (r = -0.66, p < 0.05), pH (r =-0.46, p
< 0.05) and conductivity (r = -0.54, p < 0.05).

The seasonal trend was confirmed by the results of
the PCA using the last year data set with an increased
number of parameters (Fig. 2b). The first two compo-
nents explain 71.3 % of the variability and the main sea-
sonal gradient was identified by the first axis again: all
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Biplot: PCA1 and PCA2 (70.2%) Biplot: PCA1 and PCA2 (71.3%)
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Fig. 2: (a) Principal Component Analysis (PCA) applied to the mean seasonal values of physical and chemical pa-
rameters for each sampling site to the three year data set; (b) PCA applied to the mean seasonal values of physical
and chemical parameters (including nutrients) for each sampling site during the years 2011-2012. DO - dissolved
oxygen, Cond - conductivity, Temp - temperature.

Sl. 2: (a) Analiza glavnih komponent (PCA) srednjih sezonskih vrednosti fizikalnih in kemijskih parametrov za
vsako vzorcéno mesto na triletnem podatkovnem nizu; (b) PCA analiza srednjih sezonskih vrednosti fizikalnih in
kemijskih parametrov (vkljucno s hranili) za vsako vzorcno mesto v letih 2011 in 2012. DO - raztopljeni kisik,
Cond - prevodnost, Temp - temperatura.

Tab. 2: Significant correlations (Pearson coefficient en-
lightened in bold, p < 0.001) among parameters and
PCA factors (axes 1 and 2).

Tab. 2: Znacilne korelacije (Pearsonov koeficient v
krepkem tisku, p < 0,001) med parametri in PCA dejav-
niki (osi 1in 2)

PCA 1 PCA 2

Axis F1 F2 F1 F2

Depth -0.445 -0.664 -0.538 0.753
Temperature 0.879 -0.022 0.930 0.004
pH 0.411 -0.756 0.235 -0.800
DO -0.724 -0.359 -0.776 0.145
Cond 0.602 -0.220 0.781 0.198
Rainfall -0.903 0.126 -0.758 0.015
NO, - - -0.679 -0.406
NO, - - 0.833 -0.287
NH,* - - 0.593 0.502
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monitored nutrients are correlated to the first axis (Tab.
2) and follow the seasonal trend with higher concen-
tration of NO, in autumn and higher concentrations of
NO,  and NH,* during the warmer seasons. One way
ANOVA showed significant seasonal differences for
depth, temperature, dissolved oxygen, conductivity and
NO, (F,,,> 4.66, at least p < 0.05). Water temperature
was positively correlated with NO,"and NH,* concen-
trations (r = 0.83 and 0.59, respectively, p < 0.05) and
negatively with NO," (r = -0.69, p < 0.05).

Macrozoobenthic community

27,154 macrobenthic invertebrates, belonging to 23
taxa, were identified. Differences were detected among
relative abundances during the three years but the or-
ganisms most frequently observed belonged to few taxo-
nomical groups: Hexapoda, Oligochaeta, Ostracoda,
Malacostraca and Nematoda (Tab. 3). Mean number of
observed taxa was always significantly higher in spring
(Fig. 3) (F5,23 =11.9, p < 0.001; LSD test: p < 0.001 for
all comparisons). The two way PERMANOVA (factors:
year and season) was highly significant for both main
effects (year: F = 6.67, p < 0.001; season: F = 2.18, p
< 0.001) and also for the year x season interaction (F =
-0.48, p < 0.001). SIMPER test showed that main con-
tributes to the differences are related to Chironominae
(30.8 %), Ostracoda (24.4 %), Nematoda (12.5 %) and
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Tab. 3: Seasonal occurrence (%) of the observed taxa for all the study years. Codes used in the CCA analysis are
reported for each taxon. Legend: Aut — autumn, Spr - spring, Sum — summer.

Tab. 3: Sezonsko pojavljanje (%) opazovanih taksonov v vseh letih raziskave. Za vsak takson je prikazana tudi koda,
uporabljena pri CCA analizi. Legenda: Aut — jesen, Spr — pomlad, Sum - poletje.

. .| CCA| Aut | Spr | Aut | Spr | Aut | Spr | Sum
Phylum Class Order | Family /Subfamily | (.40 | 2009 | 2010 | 2010 | 2011 | 2011 | 2012 | 2012
Nematoda Nem 1.61| 0.87| 5.00(32.76|11.94| 1.49
Planorbidae Pla | 031| 0.93| 0.14| 0.03 0.09
Mollusca | Gastropoda | Pulmonata
Physidae Phy | 0.10| 0.03| 1.92| 0.13 0.03
Tubificidae Tub | 0.31]11.97| 8.60(30.17| 3.43| 0.66
Tubificida Naididae Nai 031 1.83| 6.40[16.89| 0.53| 0.02
Anellida Oligochaeta
Enchytraeidae - 0.01
Opisthopora | Lumbricidae - 0.20
Ostracoda Ost [20.90(15.63 |12.83| 7.59(23.78 [63.40 [36.31
Asellidae Ase 1.67| 3.10| 0.17| 0.16| 4.43| 0.54| 0.13
Malacostraca
Gammaridae Gam | 0.63| 2.79| 0.98| 2.32| 3.10| 2.31| 5.57
Odonata Libellulidae Lib 0.19 0.01
Corixidae Cor | 0.10 0.05| 0.26
Haliplidae Hal 0.16 0.03
Coleoptera | Dytiscidae Dyt 0.59| 0.07| 0.06 0.02
Hydrophilidae Hyd | 0.10| 0.84| 0.03| 0.08 0.15| 0.71
Arthropoda
Ceratopogonidae | Cer | 0.52| 1.27 0.21] 0.33| 031| 0.06
Hexapoda Chironominae* Chi |74.51[58.91|67.35|36.43 30.84|20.31 | 55.91
Orthocladiinae* Ort 0.03 0.09
Tanypodinae* Tan | 0.21| 0.09| 0.59| 0.76| 0.33| 0.12| 0.26
Diptera
Tabanidae Tab 0.31| 0.03| 0.03| 0.01| 0.07| 0.03
Dolichopodidae - 0.07
Ephydridae Eph 0.13] 0.02
Muscidae - 0.02
* Subfamily

the Oligochaeta Tubificidae (12.4 %) and Naididae (7.1
%). Remaining taxa shows contributes less than 5 %.
Diptera Chironomidae of the subfamily Chironominae
(tribes Chironomini and Tanytarsini) represent the most
abundant taxon (Tab. 3). The crustacean class Ostracoda
showed percentage frequencies between 7.59 and 63.4
% and was the most abundant taxon during spring and
summer of the third year (Tab. 3). Oligochaeta belonged
almost exclusively to the families Tubificidae and Naidi-
dae and were more abundant in samples taken between
spring 2010 and spring 2011 (Tab. 3), while a decline
was observed during the third year. Finally, the Phylum
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Nematoda was one of the most abundant taxon in the
last year, showing percentage frequencies significantly
higher than in previous. Coleoptera (families Dytiscidae,
Haliplidae, Hydrophilidae) and Gastropoda (families
Planorbidae, Physidae) showed higher abundances in
the sites near the reeds (sites 1 and 5).

Temperature, dissolved oxygen and conductivity
were significantly correlated with biotic dataset (Mantel
test: p < 0.01 for all cases). The relations among abiotic
parameters and taxa are showed in the CCA graph (Fig.
4): the first two axes explain 74.8 % of the system vari-
ance; eigenvalues are reported in Table 4. All the sites
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Number of taxa

2009-2010

2010-2011

2011-2012

Fig. 3: Mean number of taxa + SD observed in every site at each sampling season.
Sl. 3: Povprecno stevilo taksonov + SD za vsako vzorcno mesto, v vsaki sezoni vzorcenja

studied during the last year are placed at the left side
of the graph, corresponding to significantly higher val-
ues of conductivity (Tab. 1) and to higher occurrences
of Ostracoda (Tab. 3). Oligochaeta (families Tubificidae,

CCA I+ CCA 2: 74.8%

CCA 2: 28.7%

A5 5
5
22,44
| M
CCA 1: 46.1%
A 2009-2010 Autumn I
Sampling sites: 0 2010-2011  Seasons: Spring +Taxa
O 2011-2012 Summer [

Fig. 4: Canonical Correspondence Analysis (CCA) biplot
of environmental-taxa relationships. DO - dissolved
oxygen, Cond - conductivity, Temp - temperature; taxa
codes are reported in Table 3.

Sl. 4: Kanonicna korespondencna analiza (CCA): prikaz
sestave taksonov v odnosu s spremenljivkami okolja.
DO - raztopljeni kisik, Cond - prevodnost, Temp — tem-
peratura; kratice taksonov so prikazane v tabeli 3.
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Naididae) and Gastropoda (families Planorbidae and
Physidae) showed negative preferences for higher con-
ductivity values. Coleopterans Dytiscidae, Haliplidae
and Hydrophilidae, as Gastropoda families Planorbi-
dae and Physidae seem to be more related to the lower
depths of site 5, where their occurrences were higher.

DISCUSSION

The coupled effect of physical environmental factors
and biotic interactions has been proposed as the mech-
anism for generating community structures in freshwa-
ter habitats (Wellborn et al., 1996). Along a gradient
from small ephemeral pools to larger semi-permanent
and permanent ponds, periodic drying is recognized
as a major constraint to invertebrate species composi-
tion (Jeffries, 1994; Schneider & Frost, 1996; Williams,
2006). The observed ranges for the values of dissolved
oxygen concentrations, pH, water temperature and
depth appear to be similar to what reported from other
Authors in studies about Mediterranean temporary envi-
ronments (Waterkeyn et al., 2008; Bazzanti et al., 2010;
Diaz-Paniagua et al., 2010; Florencio et al., 2013) and
the results of chemical-physical investigations point out
a seasonal trend, due to the partially natural and par-
tially managed draining/flood cycle.

Conductivity shows a wide range among the years,
probably because of infiltrations through the flap sluice
gate but also because of the different rainfall observed.
In fact, all the abiotic parameters appear to be related to
rainfall, which can have great influence on many physi-
cal characteristics of temporary ponds, with important
variation from dry to wet years. Consequently, macroin-
vertebrate assemblages may also differ among wet and
dry periods (Jeffries, 1994).

Chemical and physical analyses point out a seasonal
trend and the taxonomical richness (as number of taxa)
was always significantly higher in spring. Nevertheless, the
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Tab. 4: Summary of the CCA analysis performed on
the observed taxa relative abundances and the physi-
cal-chemical parameters.
Tab. 4: Povzetek CCA analize, izvedene na podatkih
o relativni stevil¢nosti opazovanih taksonov in fizikal-
no-kemijskih parametrih

Axis 1 | Axis 2
Eigenvalue 0.109 | 0.068
Cumulative percentage variance of
taxa-environment relationship 46.08 | 72.75
Significance to Montecarlo test (999
permutations), p 0.002 0.001

macrobenthic community was always dominated by few
taxa which showed different occurrences from year to year.

Higher abundance of Ostracoda observed during the
last year could be related to their wide ranges of eco-

logical tolerance (Kilkdyliioglu et al., 2012). In particu-
lar, some species tolerate a wide range of salinity and/
or temperature (Ghetti & Mc Kenzie, 1981). In addition
a previous study within the study area (Stoch, 1995) re-
ported the presence of Cyclocypris ovum and Cypridop-
sis vidua, able to resist to low concentrations of dissolved
oxygen (respectively down to 2.0 and 1.6 mg I') and to
colonize both limnic and oligohaline environments. In
this way temperature, dissolved oxygen and conductivity
were found to be the main factors affecting the structure of
macrobenthic invertebrates communities (Rossaro, 1991;
Kagalou et al., 2006; Gabriels et al., 2007; Boets et al.,
2010), whereas the duration of the wet phase may have
a particular impact on the number of present taxa (Sch-
neider & Frost, 1996; Brooks, 2000; Batzer et al., 2004;
Della Bella et al., 2005). The most abundant invertebrates
collected during this study were Diptera Chironomidae
(subfamily Chironominae), Oligochaeta, Ostracoda and
Nematoda, which mainly contributed to the community
differences among the years. The high abundance of these
taxa is linked to their time of colonization strategies (Oter-
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Fig. 5: Total number of bird specimens + SD in the study area from August 2009 to December 2011. Considered
species are: Cygnus olor, Cygnus atratus, Anser fabalis, Anser albifrons, Anser erythropus, Anser anser, Tadorna tador-
na, Anas penelope, Anas strepera, Anas crecca, Anas platyrhynchos, Anas acuta, Anas querquedula, Anas clypeata,
Philomachus pugnax, Limosa limosa, Limosa lapponica, Anser indicus, Branta ruficollis, Branta leucopsis and Alopo-
chen aegyptiaca (data provided by the Biological Station of Cona Island).

Sl. 5: Skupno stevilo osebkov pticjih vrst + SD na obmodju raziskave med avgustom 2009 in decembrom 2011.
Upostevane vrste so: Cygnus olor, Cygnus atratus, Anser fabalis, Anser albifrons, Anser erythropus, Anser anser, Ta-
dorna tadorna, Anas penelope, Anas strepera, Anas crecca, Anas platyrhynchos, Anas acuta, Anas querquedula, Anas
clypeata, Philomachus pugnax, Limosa limosa, Limosa lapponica, Anser indicus, Branta ruficollis, Branta leucopsis in
Alopochen aegyptiaca (podatke je posredovala Bioloska postaja Isola della Cona).
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min et al., 2002) and adaptations to overcome dry phases
(Wiggins et al., 1980). Furthermore, subfamily Chironomi-
nae can become numerically dominant in environments
with features similar to those of the study area (Bazzanti
et al., 1997), whereas Oligochaeta and Nematoda can
be found in the sediments, where they can feed on huge
quantities of small sized organic matter (Heino, 2000). As
observed by Ruzi¢ et al. (2013), due to the water shal-
lowness, the sediment probably greatly affects the water
column processes. In fact, low concentrations of dissolved
oxygen are likely influenced both by redox conditions and
by deposition of an organic layer on the bottom sediment
(Mereta et al., 2012). In this work the nutrient load, in par-
ticular ammonium, was rather high and could be related
to the massive presence of birds (Boros et al., 2008). In-
deed, during the study from August 2009 to December
2011 a higher number of individuals of main bird species
always occurred between September and February (Fig.
5). Most likely, the sediment got a load of nutrients dur-
ing autumn/winter whereas in summer the drainage of
the area could have had an effect both on the substrate
oxygenation and on the nutrients mineralization dynam-
ics, which is dominated by aerobic processes (Reed et al.,
2011). Furthermore, also the management practices have
to be considered: water level control can be implemented
through the opening of the sluice gate during summer,
which may have important consequences on the system,
as observed, because dry phase enhances the mineraliza-
tion of nutrients, avoiding hypoxia or anoxia conditions
(Street, 1982; Pizzul et al., 2008).

Finally, even though the leaf bag technique is known
to be potentially selective for certain taxa (Basset et al.,
2006), for this long term study we preferred it instead of
a quantitative approach with a box corer sampler, which
was used by Boggero et al. (2011) in the same sites in a pre-
vious work. As shown by Quintino et al. (2011), box-corer

63

and leaf bags could potentially lead to different results, but
both techniques can disclose same ecological patterns in
linkage between macrobenthic communities and abiotic
descriptors. Furthermore, patterns of benthic communi-
ties variation present important similarities. As reported
by Ruzi¢ et al. (2013), data obtained for the spring com-
munities appear to be comparable with those obtained by
Boggero et al. (2011), and the impact of the sampling op-
erations was considered greatly lower than a box-corer ap-
proach, which can be potentially unsustainable for a pro-
tected area, both in terms of human presence in the study
site and environmental perturbation. Furthermore, the use
of the box corer can be very time consuming.

The study area is included in a Natural Reserve,
which is also a Site of Community Importance and a
Special Protection Area and represent an example of
ecological restoration, where biodiversity reaches high
levels and where many microhabitats can be found (Per-
co et al., 2006). The investigated system as the whole
Natural Reserve could provide an excellent model to
study succession and changes in macrobenthic inver-
tebrate community structures (Boix et al., 2012; Miguel
Chinchilla et al., 2014) and it represents a natural labo-
ratory in a permanent re-colonization state (Matthaei et
al., 1996) in which the effect of conservation manage-
ment strategies on communities of macrobenthic inver-
tebrates could be directly observed (Ruzi¢ et al., 2013).
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POVZETEK

Pricujoca triletna raziskava je bila izvedena sezonsko v veliki zacasni sladkovodni mlaki, z namenom, da se: (a)
preveri prisotnost sezonskih gradientov za glavne abiotske dejavnike, (b) ugotovi, kateri od teh dejavnikov imajo
najvecjo tezo pri oblikovanju makrobentoske skupnosti, in (c) razis¢e strukturo teh skupnosti v vecletnem obdobju.
Ker se obmocje raziskave nahaja v naravnem rezervatu, so avtorju uporabili tehniko »listnatih zavojev« za vzorcenje,
da bi zmanjsali vpliv nabiranja vzorcev. Potrdili so sezonski trend abiotskih parametrov, medtem ko so se makroben-
toske skupnosti bistveno razlikovale med leti. Avtorji so ugotovili, da med glavne abiotske dejavnike, ki vplivajo na
makrobentoske skupnosti, lahko Stejemo prevodnost, temperaturo in raztopljeni kisik.

Klju¢ne besede: makrozoobentos, listnati zavoji, mokrisc¢a, zacasne mlake, sezonska dinamika
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