Masters in Applied Environmental Science

MASTERUPPSATS

Effects of Environmental Variables on Four
Aquatic Insect Taxa among Smaller Water
Bodies of Different Ages on Farmland; A Pilot
Study

Assad Jaggwe

Environmental Science 15hp

Halmstad 2015-06-15

Effects of Environmental Variables on Four Aquatic Insect Taxa among Smaller
Water Bodies of Different Ages on Farmland; A Pilot Study

Department of Biological and Environmental Science

By Assad Jaggwe

Masters in Applied Environmental science

Halmstad University
Sweden

Supervisor: Göran Sahlén (Prof)

Dedication
I dedicate this work to my mother Miss Namwanje Rovita and to my family

2

Acknowledgements
I am especially grateful to my supervisor, Göran Sahlén (Prof). Sahlén introduced me to the
world of research, and since then has been an inspiration, role model and invaluable mentor.
Thank you for your expert knowledge, invaluable discussions, positivity and continuous support.
I was greatly aided in this work by Stefan Weisner (Prof) of the Wetland Research Centre
Halmstad who has always been besides me not only as an advisor but also a friend; he constantly
revised my work and offered a lot of academic assistance.
My thanks also extend to Per Magnus Ehde of the Wetland Research Centre Halmstad, who
offered a lot of technical support especially in chemical analysis.
I thank all my classmates who have been on a similar journey, thank you for the warm gestures
and your constant encouragement, you merit my appreciation.
I am obviously grateful to my family for the love, patience, encouragement and moral support.
Special thanks go to Kisakye Eva.

3

Abbreviations and Explanation

WRC

- Wetland Research Centre
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- Northern part of Halmstad region
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Abstract
High anthropogenic modification like infrastructural development, drainage, eutrophication,
dumping garbage, is a threat to biodiversity of smaller water bodies in agricultural landscapes.
However, smaller water bodies have historically been constructed for drainage, waste treatment
and other purposes. Further, new small water bodies are now being constructed in agricultural
areas in Sweden, mainly to remove nutrients and to improve landscape biodiversity. This creates
two different age classes (old and new) of smaller water body habitats. I sampled aquatic insects
in 27 smaller water bodies of varying types and ages in Halmstad region and related insect
biodiversity, species richness, composition structure to environmental variables. I partitioned the
region into two locations (Northern and Southern) for easy data comparison and due to
difference in topography. The data was analysed using a Canonical Correspondence (CCA) and
regression analysis. The CCA results show a difference in the species composition between old
and new sites. The most important variables in explaining species assemblage structure was age
of the aquatic water bodies. The species richness decreased with increase in nutrient
concentration (total phosphorus) according to regression analysis. Species composition and
diversity were related to Vegetation and tree cover in and around the water body. The results of
my study shows that the older the water bodies the better for specific species like Aeshna cyanea
and the new water bodies tolerate more specimens. My results suggest that, as there is need to
facilitate plant growing, protecting vegetation and trees to better mimic natural conditions of
water bodies, creating new water bodies while protecting aged water bodies is important for
conservation of biodiversity.

Key words: Water bodies, Age, Insect species, Biodiversity, Agricultural land, Conservation.
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Introduction
In recent years the field of conservation biology has widened its trajectory from a view of
preserving pristine ecosystems to also include areas highly influenced by human activities.
Natural or man-made ecosystems, such as constructed wetlands, ponds, marl pits, ditches,
provide a wide variety of resources that have a social and economic value as well as biodiversity
conservation (Hansson et al., 2005; Gledhill et al., 2012). The Small aquatic water bodies out
number larger lakes by a ratio of about 100:1 (Oertli et al., 2005), despite their small size, they
disproportionately contribute to regional diversity than streams, large rivers, or lakes (Oertli et
al., 2002; Williams et al., 2003; Karaus et al., 2005). For example recent studies have revealed
and demonstrated that wetlands located in agricultural landscapes may support a diverse aquatic
fauna (Hazell et al., 2004; Robson et al., 2005). The water bodies have emergent, submerged and
floating macrophytic growth that is an important factor governing the habitat selection of biota
and support more larvae of many invertebrate species than newly excavated or deeply shaded
sites with poor plant development. Animal biodiversity therefore in the small water bodies rely
on interactions with plants, for example there is a positive relationship between species richness
of aquatic insects and plants, the most important aspects of insect-plant interactions are:
herbivory, oviposition, predator evasion and foraging (Parsons et al., 1995). However the small
water bodies and biodiversity today are highly threatened by human activities such as mining,
agriculture, fishing, increased pollution in the aquatic bodies of water and land (Sweaney et al.,
2015).
In a recent study, Andersson (2014) showed that urbanisation degrades biodiversity through
many processes, e.g. introduction alien species, habitat (pond) fragmentation as a main
challenge. Filling the smaller water bodies, construction of new water bodies for drainage in
regards to urban development, negatively affect the original biodiversity and the secondary
biodiversity. Additionally biodiversity is also affected by the local water chemistry; Pollutants
from agriculture have a significant negative impact on water quality and aquatic biota (Ruggiero
et al., 2008). The pollutants include nutrients and other chemicals used to maximise production
on arable land; animal waste and animal health biproducts, e.g. antibiotics, from pastoral land; as
well as sediment resulting from eroded soils. They affect aquatic ecosystems both by altering the
physicochemical characteristics and quality of a waterbody (e.g. eutrophication, changes to
sediment composition) and by direct toxicity impacts on the organisms within it (Parsons et al.,
1995; Foley et al., 2005). The environmental factors are most highly correlated with species
number in the water bodies, consequentially, numerous invertebrates are susceptible to fish
predation and presence of fish has been shown to play a key role in structuring invertebrate
communities (Elliott et al., 1987; Céréghino et al., 2003)
In the Halmstad region the smaller water bodies range from constructed wetlands to marl pits.
These are dotted throughout the region with varying sizes, most found in the agricultural land
fields. Traditionally, as clay was being spread over sandy soils, volumes of marl were dug out of
the ground resulting into Marl pits after filling with rain water. Other smaller water bodies were
constructed to provide societal services like, irrigation, water storage, drainage, etc (Painter,
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1998; Lundkvist et al.,2001; Cushman 2006; Tejero et al.,2013). With more anthropogenic
modification on the agricultural landscape and towns such as removal of natural vegetation;
some of the smaller water bodies become filled up, others maintained or restored as well, some
new smaller water bodies become created/constructed to either steadily treat agricultural waste
water, urban drainage, ornament features or provide refuge to different species (Painter, 1998).
These natural and constructed smaller water bodies could be for different purpose by design and
intension; but they have high conservation value and contribute significantly to regional
biodiversity and ecosystem services (Parsons et al., 1995; Usio et al., 2013). However it creates
two distinctive habitats for biodiversity, i.e., the old and the new habitats (water bodies) (Gledhill
et al., 2008), posing a threat for biodiversity.
Insect populations respond quicker to environmental factors in such anthropogenically stressed
landscape than other organisms like vascular plants (Koch et al., 2014). For example, dragonﬂies
(Odonata) which are very sensitive to human disturbance such as farming and forestry form a
good indicator of general species richness of aquatic and terrestrial ecosystems, However manmade aquatic habitats are important breeding sites for Odonata (Williams et al., 2003; Usio et al.,
2013). Similarly, Coleoptera are considered rapid colonizers of newly available sites, therefore
aquatic body age (time span for colonization) can affect aquatic beetle assemblages (Thiere et.al,
2009), in the same perspective fewer and perhaps more generalistic species like a group of insect
predators e.g. lady beetles and lacewings (Qureshi et al., 2013), are expected to occur in a
modern landscape than in a more unaffected (older type) environment (Koch et al., 2014). Some
taxa like Heteroptera (water bugs) inhabits areas close to running waters or stagnant water bodies
with relations to streams, so destruction of the natural vegetation by man reduces the waterreceptive abilities of the soil and changes the regional climate, both of which have disastrous
affects to the stability of running waters; a rapid reduction of permanent stream habitats posing a
potential endanger (Zettel et al., 1999). Another potential danger is with Ephemeroptera which is
very sensitive to effluents, nutrients that could alter pH (and the related chemical measures of
alkalinity) and eutrophication (Takougang et al., 2001; Biggs et al., 2005), yet most of the manmade water bodies aim at effluent treatment. There is exceptionally high risk of freshwater
biodiversity across wider catchment areas of different age groups within agricultural landscape,
either natural, semi-natural or man-made(Williams et al., 2003; Illoldi-Rangel et al., 2012).
I wanted to investigate whether the species composition in old and new water bodies was
different, and whether new water bodies harbour unique or more biodiversity as compared to the
old ones and vice versa on agricultural land in the Halmstad region. I further wanted to examine
a set of environmental variables and their effects on species assemblage in the water bodies of
different ages on agricultural land. This is to increase understanding and explain any differences
observed in the biodiversity of the old and new water bodies, such that I give suggestions on
protection of deteriorating habitats and biodiversity conservation.
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Materials and Methods
Study site
The study was conducted in Halmstad region in the southern part of Sweden located at 56°
40'North 12° 51'East. The region was partitioned into two parts the location A and B, for easy
categorical survey of small water bodies and the difference in topography. location A of
Halmstad the study was conducted at, Frenarp-Kårarp located 56° 41' North 12° 52'East which is
generally hilly and location B of Halmstad was conducted at, Fyllinge, Tronninge, Laxvik
located at 560 36'North, 120 55'East which is generally flat.
Aquatic bodies of water for the study
The new and old aquatic bodies of water sampled were constructed wetlands, ponds, marl pits, or
swamps in the agricultural landscape. I chose to categorise the age of old ones to >50 years and
the new ones to <20 years. In total, 27 aquatic bodies of water were sampled. 14 water bodies
were sampled in the northern part, six of which were new and eight were old water bodies (figure
1). In the southern part, 13 water bodies were sampled in total, with seven new and six old
(figure 1). To locate the water bodies, I contacted staff at Wetland research centre Halmstad to
get a list of newly constructed wetland in the area. In addition, I searched for smaller water
bodies on digital Google maps. All the sampled bodies of water were randomly selected and
ranged in size from 15m2 to 3 ha, making it easy to sample all the structures in the water (Flenner
& Sahlen 2008). The old aquatic bodies were determined by appearance, the irregular structural
pattern and according to farmer information.

A

B
5Km

Figure 1; Location A and B with sampled smaller water bodies in Halmstad region; Yellow
triangle - Newly constructed, Red triangle - Old water bodies.
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Sampling
Sampling was done in the first two weeks of April 2015 since it’s normally sufficiently warm
and the larvae of most groups are active (Sahlén G. pers. comm.). I used a standard student’s
water net (diameter 22 cm) with a mesh size of 1.5 mm, sweeping it through the aquatic
vegetation 0–1 m out from the shoreline and to a depth of approx. 0.5m. Each location was
visited two times on different days. In a single visit to each location, about 15 or higher number
of nettings were done. This involved sampling all different structures of water (e.g. plants, roots,
branches hanging down etc.) seen at the site. All insect larvae were determined to order at the
site and preserved in 80% ethanol in labelled plastic tubes and were taken to the laboratory. All
species belonging to taxa not considered in this study (below) were released back to their
respective aquatic habitats
Biodiversity
Larvae of four different taxa was sampled, the order Odonata (dragonflies), Ephemeroptera
(mayflies), Coleoptera (water beetles) and Heteroptera (water bugs, with focus on families;
Corixidae, Nepidae, Naucoridae, Aphelocheiridae and Notonectidae). The orders were selected
because identification to species level is possible and comparatively easy. Species were
identified in the laboratory using Nilsson (2006). The two species Coenagrion puella and
Coenagrion pulchellum are not distinguishable and are therefore treated as a single taxon in the
analyses. Agabus sp, Colymbetes sp (larvae), Dytiscus sp, Haliplus sp, Hydaticus sp,
Hydrophilus sp, Hydrochus sp, Hyphydrus sp, ans Ilybius sp were only identified up to genus
level.
Measuring of Environmental variables
Aquatic body age and surface area were obtained by means of interviews with local dwellers and
examination of satellite images, respectively. Percentage of marginal tree cover around the
aquatic body was visually determined (where 0 is total absence, 20% is sparsely covered and
80% is ‘total cover’ since there were always open patches around the water bodies), and structure
of dominant vegetation and macrophyte richness (emergent, floating and submerged vegetation)
at each small water body were also measured along the shoreline (on the scale of 0-4; where 0 is
total absence, 2 is sparse cover and 4 is total cover e.g. which means an unbroken board of reeds
around the water body or floating vegetation around the whole perimeter of the environment).
Agricultural activity and how active the land is cultivated, on the farm was visually determined
(on a scale of 0- no activity, 1- just ploughed land, 2- active planting). The rubbish dumping
around the ponds (on scale of 0 –total absence, 1- somewhat dumping, 2 - a lot of garbage). I
took water samples from selected sites and determined total nitrogen and total phosphorous in
the laboratory as a measure of eutrophication.
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Chemical analysis of water
The water for chemical analysis was collected in a well labelled 20ml plastic bottle from three
old and three new sites within each location, making twelve water samples in total for location A
and B. Total phosphorus and total nitrogen was analysed by a staff of Wetland Research Centre
(WRC) using a FIAstar analyzer according to ISO/FDIS 15681-1 for phosphorus and ISO 11901 for nitrogen.
Data analysis
I performed a student’s t-test to investigate the difference in species number as well as specimen
number (number of individuals) between old and new sites. The same test was also used to
analyse the difference in species number as well as specimen number between location A and B.
The effect of eutrophication was analysed with Pearson correlation between the number of
species and total nitrogen and total Phosphorus. Linear regression analysis was performed to
determine whether the number of species and number of specimen in different water bodies was
dependent on total nitrogen and total phosphorus. The analysis was performed on limited dataset
of total nitrogen and phosphorous from only twelve sites.
Of the eight environmental factors in total, six factors were used in a Canonical Correspondence
Analysis (CCA) to determine the impact of age of water body, tree cover, vegetation cover,
infrastructure, agricultural activities and garbage dumping on the species composition using the
respective abundance categories as described above. The species abundance was categorised on a
simplified scale (0- absence, 1- single representative, 2- several representatives) eliminating
effects from abundant species.
All analyses were performed using the PAST Version 3.06 software (Hammer, 2015).
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RESULTS
Insect records, abundance and diversity
I recorded 75 different species from the 27 aquatic water bodies. Odonata had 10 species,
Ephemeroptera had 8 species, Coleoptera had 38 species with 11 taxa of small larvae determined
only to genus level, and Heteroptera had 19 species. Species richness for the water bodies varied
between 1 and 11 species. The mean number of species and standard deviation per aquatic body
of water was 5.26 ± 2.41, whereas the mean number of species in the new water bodies was
related to old water bodies but not significant. There was no significant difference of species
number between location A and B analysed by t-test (Table 1).
The mean number of specimens and standard deviation per water body was 16.56 ± 10.37,
whereas the mean number of specimens for new water bodies was similar to old water bodies but
not significant. Location A and B showed significant difference in number of specimen (t-test;
df= 25, P<0.05), with location B having higher mean number of specimen than A (Table 1).
Table 1; Mean number of species and number of specimen of different sites and locations with
their respective P-value.
Sites/location

Species
Mean ± SD
1
2

P

Specimen
Mean ± SD
1
2

P

Old(1) - New(2)

5.14 ± 2.41

5.39 ± 2.50

> 0.05

17.00 ± 11.43

16.15 ± 9.51

> 0.05

A(1) - B(2)

4.64 ± 2.34

5.92 ± 2.40

> 0.05

12.71 ± 7.56

20.69 ± 11.64 <0.05

The most abundant Taxa were Heteroptera with 156 representatives and the least abundant was
Odonata with 70 representatives. The most commonly occurring species within respective order
were: Odonata; Enallagma cyathigerum (9 water bodies), Coenagrion puella/pulchellum (6
water bodies), Ephemeroptera; Baetopus tenellus (8 water bodies), Heteroptera; Notonecta
glauca (7 water bodies), Coleoptera; Haliplus ruficollis (5 water bodies).
Environmental variables and Species assemblages
The canonical correspondence analysis (CCA) showed that age has the highest impact on species
composition (Figure 2). And age of water bodies (Eigenvalue: 0.72) could explain 29.01% (P =
0.001; Figure. 2) of the compositional variation. Some species were specific to old sites and
others occurred in new sites, the old sites had a greater number of unique species with some
species Aeshna cyanea, Leptophlebia vespertina having specific ecological requirements and
others like Corixa dentipes more generalist. The unique species in the new site where more
generalist (Table 2). Tree cover (Eigenvalue; 0.58), 23.12% and vegetation cover, (Eigenvalue;
0.55) could explain 22.1%, the two variables were generally related to the differences in species
composition between water bodies of different ages. Some species preferred older sites with high
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tree cover like Baetopus fuscatus, Agabus sp (larvae), liybius Sp and others preferred newer
vegetated sites like Callicorixa praeusta , Hyphydrus sp, Hydrophilus sp, Gyrinus natator . On
the other hand species like Baetis digitatus, Corixa goeffroy, Cymatia bonsdorffii, Haliplus
flauicollis, Helochares obscures, Noterus crassicornis appear to prefer water bodies with no
trees and vegetation cover, Hence Vegetation cover and tree cover were also important factors
influencing the species occurrence (Figure 2). Garbage dumping, infrastructure, and agricultural
activities have only limited influence on species composition (Figure 2).
Table 2; Species that occurred in only new sites and old sites of the two locations in alphabetical
order; and showing ecology of some species, i.e. G - Generalist, S – species with specific
requirements; according to (Dijkstra & Douwe 2006; Nilsson, 2006)
New sites
Agabus striolatus (G)
Anax imperator (G)
Baetis digitatus (G)
Baetopus tenellus
Callicorixa wollastoni
Calopteryx virgo
Centroptilum luteolum
Coelostom orbiculare

Old sites
Acilius leach
Aeshna cyanea (S)
Baetopus fuscatus
laccophilus hyalinus
Leptophlebia vespertina (S)
Callicorixa praeusta
Colymbetes fuscus
Copelatus haemorrhoidalis

Coenagrion johanssoni
Coengrion armatum
Corixa punctata (G)
Enochrus fuscipennis
Gerris lacustris (G)
Haliplus laminatus
Hydroporus ovatus
Ischnura elegans (G)
Notonecta reuteri
Paracorixa concinna

Cordulia aenea (S)
Corixa dentipes (G)
Corixa goeffroy (G)
Corixa panzer (G)
Cymatia bonsdorffii
Ephemerella mucronata
Glaenocorisa cavifrons
Gyrinus natator (G)
Helochares obscures
Hydroglyphus motschulsky
Hygrotus scalesianus
Ilyocoris cimicoides (S)
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Figure 2; CCA ordination based on abundance data, showing impact of age of water
bodies(highest
(highest impact), tree cover and vegetation cover (moderate impact) and garbage dumping,
infrastructure and agricultural activates (low impact). Species names
names abbreviated as in Appendix
Append
1.
Influence of Eutrophication
utrophication
The correlation analysis carried out on total nitrogen and total phosphorus with age of water
body showed that, nutrient enrichment is weakly correlated with age. Although there is a strong
correlation between total nitrogen and total phosphorus in the water bodies (Pearson correlation;
r=0.98, p = 0.01), Total
Total nitrogen is not significantly correlated with age (Pearson correlation; r=
0.25, p > 0.05) as well as total phosphorus (Pearson correlation; r= 0.17, p > 0.05).
0.05)
The linear regression analysis showed that, total nitrogen was not significantly correlated with
number of species (r =0.29, F= 0.90, p> 0.05) while total Phosphorus
hosphorus was significantly
significantly correlated
with number of species (r = 0.59, F= 5.32, p= 0.04),
0.04) see figure
f
3 a & b.
b
The results further revealed that, total nitrogen was not significantly correlated with number of
specimen (r= 0.28, F= 0.86, p= 0.38) while phosphorus was significantly correlated (r = 0.60
0.60, F=
4.59, p= 0.02)) with the number of specimen in smaller water bodies.
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a

b

Figure 3; (a & b) Regression analysis and relationship of total phosphorus (r = 0.59, F= 5.32, p=
0.04) and nitrogen (r=0.29, F= 0.90, p> 0.05) with number of species per water body.
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Discussion
My results show that age of water bodies is an important factor determining the species
composition in smaller water bodies among other variables like vegetation cover, tree cover, size
of water body which is not considered in my study (Haddad et al., 2001). My results further
show new water bodies, more or less appeared to be sustaining a higher biodiversity in the
region. Similarly, a previous study found that development of new watersheds was the best
predictor of several macroinvertebrates including Aeshna abundance (Kovalenko et al., 2014).
However in my study older water bodies harboured more unique species that didn’t occur in new
sites, as well the new sites also housed many species which didn’t occur in the old ones(table 1);
demonstrating that older water bodies maybe provided conditions for a more varied species
composition. Also considering a small difference in species numbers in new and old sites, the
two sites differ in quality of species; old sites have more specialized species which do not occur
in new sites. While new sites were important in housing generalist species like Agabus striolatus,
Anax imperator, Baetis digitatus which are considered early colonizers, the older sites housed a
mixture of unique species, both generalist species and species with specific requirements. For
example Corixa dentipes, Corixa goeffroy, Corixa panzer can occur anywhere (more generalist)
whereas Aeshna cyanea, Leptophlebia vespertina, Ilyocoris cimicoides are more specific in
habitat selection (e.g. Dijkstra & Dovwe 2006). This implies the two age water bodies are
important; in a conservation perspective old sites require proper protection for the varied species
composition with constant addition of new ones to conserve the regional biodiversity.
Whatever the age (Old or New) of the water body, Vegetation cover and tree cover secondarily
impacted on the distribution of species, with higher density of specimens in densely vegetated
new sites, I assume this could largely be for protection from predation (Williams et al., 2003).
For example Agabus sp, Callicorixa wollastoni, Corixa punctata, Ephemerella mucronata,
Iiybius sp seem to have responded to vegetation and tree cover of the habitat (Figure 2). This is
in line with earlier studies that plant richness and vegetation in wetlands efficiently contributed
to biodiversity in highly managed agricultural landscapes (Haddad et al., 2001; Robson et al.,
2005) implying that removal of vegetation from habitats is detrimental to biodiversity.
Vegetation is also good at Nutrient removal (Jurado et al., 2009) which nutrients showed
negative effects on number of species, similarly Becerra et al. (2008) suggested in a previous
study that vegetation structure and pollution levels were the most important environmental
factors influencing biodiversity. My results showed generally a weak correlation of age with
nutrient enrichment; hence need to preserve more water bodies for ages as the most important
factor in this landscape.
The results further demonstrate that garbage dumping had limited influence on species
composition as compared to age of the water body, although species like Acilius leach, Dytiscus
sp, laccophilus hyalinus, Notonecta glauca preferred the sites with lots of garbage. Commonly
human activities like garbage dumping occurs in old water bodies, this garbage should be
ignored/left in the sites to avoid unnecessary creation of new water bodies from old ones through
cleansing, to reduce possible threat to biodiversity. Agricultural activities had little effect on
15

species number however the fields appeared to have been fertilized. The analysis show generally
high nutrient enrichment probably due to artificial and natural application of fertilizers on the
agricultural land. And nutrients show a negative relationship with the number of species per
water body (Figure 5 a & b) because high eutrophicated water kills some taxa like
Ephemeroptera and Heteroptera (Takougang et al., 2001).
As environmental factors like infrastructure, agricultural actives, garbage have little influence on
species composition; vegetation cover, tree cover in and around aged water bodies is vital. The
focus of Halmstad region, like in many pert’s of southern Sweden for the last decades has been
to construct new water bodies (as described in Thiere et al., 2009). Considering the strong impact
of age in my analysis, it is important to have water bodies with a bigger span of age in a region to
protect and conserve biodiversity. As my results suggest old water bodies have a more complex
food web with a mix of generalist and specialised species, keeping and maintaining them will
conserve all regional biodiversity except primary colonizers. Hence there is need to maintain a
wide spectrum of water bodies of different ages in the agricultural landscape. However, with a
closer look at the results, old water bodies emerge to make a significant contribution to
freshwater invertebrate conservation of unique taxa in the Halmstad region.

Conclusions
A striking result of my study is that the invertebrate assemblages and the taxa richness hosted by
water bodies were primarily related to age patterns of the water bodies and to the environmental
factors like vegetation cover. Chapman et al., 2001 study show that smaller water bodies have
obvious ecological functions; therefore destruction of the old habitats destructs the ecological
functioning of the ecosystem. This means once the old habitats are destroyed and no new ones
are added will pose a great threat on the biodiversity. On the other hand as new ones are
continuously being constructed, old ones should be maintained and wide range restoration should
be adopted, to ensure all round species conservation and efficiently sustain biodiversity
(Ce´re´ghino et al., 2008). Similarly, the old water bodies, as they grow older, smaller, more
vegetation, more older trees with general ecological value, provide a more natural environment
(Stark et al.,2014) and conserve special species like Aeshna cyanea ,Corixa dentipes, Cymatia
bonsdorffii and others. In conclusion therefore, proper management of smaller water bodies is
important, to conserve and protect old aged smaller water bodies from natural filling, human
destruction etc, because old age is a very important factor in species conservation as well as new
ones which host both rare and common species (Briers et al., 2003). Having been a neglected
area of study, my results support the idea that agricultural landscapes containing smaller water
bodies of different ages can make a significant contribution to freshwater biodiversity. Having
made a single sampling in the year (spring season) makes this a preliminary conclusion,
therefore further study is necessary were at least the sites are sampled twice a year.
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Appendices
Appendix 1- Species list, abbreviations and occurrence

TAXA
COLEOPTERA

SPECIES

ABBREVIATION

Agabus striolatus
Elodes(marginata) -small

A.st
E.ma -small

Agabus sp (large)
Enochrus fuscipennis
Haliplus laminatus
Haliplus flavicollis
Platambus maculatus
Hydrophilus sp
Noterus crassicarnis
Haliplus flauicollis
Iiybius sp (small and black)
Agabus sp(larvae)
Bidessus grossepunctatus
Hygrotus scalesianus
Haliplus ruficollis
Helochares obscurus
Colymbetes fuscus
Copelatus haemorrhoidalis

A. sp (large)
E.fu
H.la
H.fl
P.ma
H. sp
N.cr
H.fla
I. sp (small and
black)
A. sp(larvae)
B.gr
H.sc
H.ru
H.ob
C.fu
C.ha

Colymbetes sp (larvae)
Coelostom orbiculare
Hydroporus ovatus
Hydaticus
Hydrochus sp
Plateumaris sericea
liybius Sp(larger)
Agabus Sp
Agabus arcticus
Colymbetes fuscus(larvae)
Noterus crassicornis
Copelatus heamorrhoidalis

C.sp (larvae)
C.or
H.ov
Hy.sp
Hyd. sp
P.se
li. Sp(larger)
A. Sp
A.ar
C.fu (larvae)
N.cri
C.he

Hyphydrus sp
Gyrinus natator
laccophilus hyalinus
Acilius leach
Dytiscus sp
Platambus maculates
Hydroglyphus motschulsky
Haliplus sp

Hyp.sp
G.na
l.hy
A.le
D.sp
P.ma
H.mo
Ha.sp
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NO. OF
INDIVIDUALS
2
1
1
1
1
3
1
2
1
4
1
1
6
1
16
5
1
8
1
4
2
12
1
1
3
2
1
2
2
1
2
10
1
4
1
2
1
3

NO. OF WATERBODIES
2
1
1
1
1
1
1
2
1
1
1
1
3
1
5
1
1
2
1
1
1
2
1
1
2
2
1
1
1
1
1
3
1
2
1
1
1
2

HETEROPTERA
Arctocorisa carinata
Paracorixa concinna
Notonecta reuteri
Corixa punctata
Paracorixa poisson
Callicorixa wollastoni
Notonecta glauca
Corixa dentipes
Cymatia bonsdorffii
Corixa goeffroy
Paracorixa concinna(large)

A.ca
P.co
N.re
C.pu
P.po
C.wo
N.gl
C.de
C.bo
C. go
P. con

Ilyocoris cimicoides
Glaenocorisa cavifrons
Geris lacustris
Plea leachi(Nepomorpha)
Callicorixa praeusta
Notonectide glauca
Cymatia coleoptrata
Corixa panzeri

I.ci
G.ca
G.la
P.lei(Nep)
C.pr
N.gl
C.co
C. pa

9
5
13
13
2
13
11
3
2

Anax imperator
Coenagrion
pulchellum/puella

A.im
C. pul/pue

1

1
6

Coenagrion hastulatum
Enallagma cyathigerum
Aeshna cyanea
Ischnura elegans
Coengrion armatum
Calopteryx virgo
Coenagrion johanssoni
Cordulia aenea

C.ha
E.cy
A.cy
I.el
C.ar
C.vi
C.jo
C.ae

17
16
20
6
2
2
1
4
1

5
8
3
1
1
1
1
1

Procloeon bifidum
Ephemerella mucronata
Baetis digitatus
Baetopus fuscatus
Baetopus tenellus
Leptophlebia vespertina
Centroptilum luteolum
Procloeon pennulatum

P. bi
E.mu
B.di
B.fu
B. te
L.ve
C.lu
P.pe

21
19
14
7
35
3
10
2

2
5
4
1
8
1
2
1

30
2
8
2
7
16
12
4
2
1

3
1
2
2
2
2
7
1
1
1
1
3
1
1
2
1
1
2
2

ODONATA

EPHEMEROPTERA

Total individuals
Total number of species

448
75
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