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Abstract 

             

This deliverable (D6.4.3) presents the advanced models developed by the Institute of                                 

Biodiversity and Ecosystem Research (IBER) for Task 6.4. The models are 

implemented in learning spaces 5 and 6 (LS5 and LS6) of the DynaLearn software. 

The document covers advanced topics and models identified in the DynaLearn 

curricula for Environmental Sciences. For each model, a meta-description is provided, 

along with supporting scientific literature about the concepts addressed in the model. 
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1. Introduction 

This Deliverable presents the advanced models developed for Task 6.4.  “… A refined set of 

curriculum topics and related models will be timely provided by FUB, TAU, UH, CLGE, and BOKU for 

the evaluation study in WP7, so that WP7 beneficiaries have material to prepare the second lessons 

and evaluation activities. Topics and models will be customized in accordance to each beneficiary’s 

expertise and interest “(DoW).  

The main purpose of the environmental sciences expert models as developed in the DynaLearn 

project are to capture clear and insightful explanations of domain phenomena which can then be 

applied to semantic feedback from the repository (Noble et. al., 2010). The advanced models were 

developed in Learning Space 5 (LS5) and LS6, and were produced during the second phase of the 

project. 

The features identified for “advanced models” by WP6 and WP7 partners include: “advanced” means 

more complex models that provide insightful explanation for more complex domain phenomena. 

“Advanced” model “complexity” comes from two sources - by representing more complex phenomena 

= integration of basic laws and first principles to address a more complex problem and including more 

elements on the model. The refining concepts = requires complex LS 2-4 models, and LS5 and LS6 

models. Also, they describes mechanisms that explain how things work and integrate. Other features 

identified for “advanced models” are develop formal explanations for the system behaviour of 

advanced topics. Also advanced models should better explore the software capabilities. 

Therefore, advanced models, in the context of the refined DynaLearn curricula, are not just models 

that cover more complicated concepts but can also be seen as a refinement of models, using the best 

modelling practice identified here such that they make best use of the qualitative systems approach for 

conveying conceptual knowledge. In this context the models must work together with the software to 

support learning of a key concept within the overall topic of a broader environmental curriculum. The 

models delivered as part of Task 6.4 should therefore: 

• Be optimized for their use by the technological components of DynaLearn (in conjunction with 

using advanced modelling ideas to define how the technology should function). 

• Have consistency in their design and the approach to nomenclature from an expert, 

technological and educational perspective. 

• Act as a resource base of knowledge for the DynaLearn curriculum in the repository to support 

evaluation activities of feedback technologies. 

• Showcase the opportunities and technologies created by the DynaLearn environment. (Noble 

et. al., 2010). 
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This deliverable is organized as follows: In the next section (Section 2), an overview of the topics and 

models is given. Sections 3 to 7 describe advanced models and simulations delivered by IBER. 

Models are presented for the following topics: Biodiversity (Section 3), Urbanisation (Section 4), Fossil 

fuels (Section 5), Reproductive strategies (Section 6) and Legislation (Section 7). A discussion is 

presented in Section 8 and, finally, the conclusions are represented in Section 9.  

The topics are represented as follows: initially, the metadata about the models are described. Within 

each section the background knowledge as relevant for the topic and models at the appropriate 

educational level is presented. For each topic a suite of models is presented. The models associates 

with each topic are represented as follows: Concepts, the goals and the questions to be answered by 

the model. A table with model ingredients describes the entities, quantities and quantities spaces. 

After that the scenarios and simulation are presented in the deliverable. 
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2. Curriculum topics and models 

 

2.1. Links to DynaLearn curricula (D6.1) 

 

Deliverable D6.1 (Salles et. al., 2009) identified and described a set of topics in Environmental 

Sciences that cover the seven main themes. Curriculum topics are included in one of the three 

following themes (Table 2.1) - Earth System and Resources (ESR), The Living World (TLW) and 

Human Population (HP). Within these topics 9 advanced models have been developed by IBER team 

in LS5 and LS6 in the prototype DynaLearn software. 

 

Table 2.1 Summary of themes and topics assigned to IBER in the D6.1 curricula in Environmental 

Sciences and the advanced topics and models covered in IBER’s D6.4.3. 

Theme Topic Sub-topic LS5 LS6 

ESR Fossil fuels Fossil fuels usage 1 - 

    Biofuels usage 1 - 

TLW Biodiversity Srebarna Lake - 1 

    Loss of producers in the food web - 1 

  

Reproductive 

strategies 

Asexual reproduction 

(Parthenogenesis) 1 - 

    Sexual reproduction 1 - 

HP Urbanization Influence on biodiversity - 1 

    Influence on urban water cycle 1 - 

  Legislation 

Water Framework Directive, ecological 

status 1 - 

 Earth Systems and Resources (ESR), The Living World (TLW), Human Population (HP) 
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2.2. Educational context of modelling content and goals 

 

The requirement to use at least some of the models in the evaluation activities was implemented. Two 

of the topics presented in this deliverable were used during the second round of evaluation activities in 

Bulgaria. By defining the educational level at which the models would be used, the appropriate level of 

content and concepts was identified. The high school students learn by building models about two 

topics – Biodiversity (Section 3) and Urbanisation (Section 4). Their results will be present in the 

Deliverable 7.3.3 CLGE evaluation of DynaLearn final software. 
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3. Biodiversity 

 

3.1. Srebarna Lake_LS6.hgp 

 

3.1.1. Topic and model metadata  

 

Table 3.1.1 Metadata of model about Srebarna Lake 

Theme The Living World 

Topic Biodiversity 

Author Petya Borisova 

Version DynaLearn v 0.8.5 

Model files Srebarna Lake_LS6.hgp, LS6 

Target users High school students, bachelor and master degrees students 

 

3.1.2. Background  

Srebarna Lake is the last Danube riverside lake preserved in Bulgaria and is unique example of this 

common in the past type of wetlands downstream the Danube River. It shelters vast diversity of plants 

and animal species characteristic and rare for the region. Some of the plant formations are typical for 

the wetland like the floating reedbeds and flooded willow woodlands. The Srebarna Lake was 

designated as a Ramsar site (1975), UNESCO biosphere reserve (1977), World Cultural and Natural 

Heritage (1983), and Important Bird Area (1990) because of its extremely rich wild birds fauna and 

mainly because of the breeding of globally threatened species such as Dalmatian Pelican (Pelecanus 

crispus), Pygmy Cormorant (Phalacrocorax pygmeus) and Ferruginous Duck (Aythya nyroca) (Uzunov 

et. al., 2001) 

In 1949 the lake has been isolated from Danube River by a dike and since the only source for feeding 

the lake with water remained the springs and surface run-off from neighbouring hills. Connection with 

Danube was somewhat restored in 1978 but the river waters did not enter the lake regularly every 

year. The lack of adequate connection with Danube River for prolonged periods of the time has set up 

hydrologic conditions favouring the accumulation of bottom sediments (organic and inorganic sludge) 

while at the same time diminishing the lake maximum and average depth to only 1m and less (as 

measured in1993) (Uzunov et. al., 2001). 

During the last decades, the lake ecosystem underwent significant changes towards strong 

eutrophication and man-induced speeded-up succession. The main reasons were the interrupted 
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connection with Danube River (because of a dyke built in 1948) together with the pumping-out of the 

underground waters, as well as the intensive agricultural changes and activities in the watershed. The 

restoration activities undertaken in 1993-1994 periods and especially the construction of a canal which 

connected again the lake with the Danube have led to the beginning of lake’s ecosystem recovery. 

Some of the agricultural practices have shifted from cereals and grape production to less intensive 

fruit-growing. All these events influenced positively the biodiversity of the reserve. As a result of 

continuing investigations through 1999, 34 out of 74 macrozoobenthic species were newly recorded. A 

greater diversity and quantity of species are located in the communities at the edge of the reedbeds of 

the lake. Data evaluations indicated more stable lake conditions comparing with the period before 

1994-1995. Since that time, it would appear that the lake bottom invertebrate communities are 

recovering, showing the expected seasonal species diversity. Since 1997, a permanent trend of 

increasing abundance was detected.
1
 

 

Srebarna Lake 

Thus the new canal switched over the succession of the bottom invertebrate community in the 

Srebarna Lake and had an expression into considerable changes of its species composition. The 

water inflow from the Danube through the new canal was a “trigger” factor initializing the community 

recovering but recently provides rather indirect than direct influence over the succession of the 

macrozoobenthos through modification of the environmental parameters. Within the whole wetland 

area the local habitat parameters are considered to be the recent leading factor that directly controls 

the development patterns of the bottom invertebrate community and spatial distribution of species 

(Varadinova et. al, 2011). 

 

3.1.3. Concepts and goals 

Goal of the models are: 

• To show the effects of reconnection between Danube River and Srebarna Lake through 

Dragaika canal.  

• To explain the effect of the Danube water influx on the macrozoobenthic community as a 

result of the reconnection of the Dragaika canal.  

The model demonstrates how the water level changes influence the species/taxonomic 

enrichment. The model is able to explain how the immigration of the macroinvertebrate species 

                                                             
1
 http://www.ramsar.org/cda/en/ramsar-documents-rams-ram47/main/ramsar/1-31-112%5E22972_4000_0__ 
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(via biological drift) from both the Danube River and the surrounding fringing community affects 

the diversity of the bottom macroinvertebrates.  

Table 3.1.2 Entity, quantity and quantity space 

Entity Quantity Qspace name Qspace values 

Lake Depth 

zero, below four, four 

above four  zbfa 

  Water inflow zero, plus, max  zpm 

  Water level 

zero, positive, max, 

overflow zpmo 

Macrozoobenthos  Fringing community zero, max, plus  zpm 

  Bottom community zero, max, plus zpm 

 Drifting organisms zero, plus, max  zpm 

Canal  

 Flow zero, plus  zp 

 River Water inflow zero, plus, max  zpm 

  River runoff zero, plus, max zpm 

 

 

3.1.4. Scenarios and simulation 

The model about Srebarna Lake was built in LS6. The entity hierarchy of the model is presented in 

Figure 3.1.1. The main entities are divided in 3 groups: “Conservation activity”, “Macrozoobenthos”, 

and “Water body”. The main entities involved are “Macrozoobenthic community”, and “River” and 

“Lake” as types of the “Water body”. The Canal is a form of “Conservation activity”.  

Entity

Conservation activity Canal

Macrozoobenthic community

Water body

Lake

River  

 

Figure 3.1.1 Entity hierarchy of the model about Srebarna Lake 

Values in the Quantity Space (QS) are represents of the possible “qualitative states’’ of a quantity. The 

QS is a set of points and intervals. Determining the relevant quantity space for each quantity is an 

important aspect of constructing a qualitative model because it is one of the features that determines 

the variety of possible behaviors that will be found by the simulator when the model is simulated 

(Salles & Bredeweg, 2003). The model uses the following quantity spaces: zp {zero, plus}, zpm {zero, 

plus, maximum}, zpmo {zero, positive, max, overflow} and zbfa {zero, below four, four, above four}. 

The quantities water inflow and water outflow have QS zmp. The values of this quantity can be interval 

(plus), but they can to have values above this interval: point (maximum). The QS zp is very important 



Project No. 231526  

Page 14 / 65 

DynaDynaDynaDynaLLLLeeeeaaaarnrnrnrn    D6.4.3D6.4.3D6.4.3D6.4.3

and useful, because they describe different behaviour of the system. For example, it can to be used to 

indicate the whether particular processes are active or inactive. For instance the QS of flow is {zero, 

plus}. At zero the flow process is inactive, while at plus the process it is active. The QS of the fringing 

community, migrating community and the drifting organisms are zpm. They depend on QS of water 

level {zpmo}. If the water level increases and reaches the value overflow, then the bottom community 

will be maximum. The QS used for depth are zbfa {zero, below four, four, above four}. The main idea 

is that, if flow is plus, then depth increases from below four to above four meters. When the river runoff 

is plus or maximum, then the water inflow will increase from zero to maximum. Finally, if the water 

level is overflowing, then the water outflow will increase.  

The model about Srebarna Lake has one scenario “Full environment” (See Figure 3.1.2). The scenario 

specifies the system structure and starting values of simulation. 

Conservation activity

Conservation activity

River

Danube river

Lake

Srebarna lake

Macrozoobenthic community

Macrozoobenthic community in danube river

Macrozoobenthic community

Macrozoobenthic community in srebarna lake

Canal

Dragaika canal

Inflow bigger

Immigrates

Lives in

Lives in

From

To
Method of

Depth

Zbfa

Above four

Four

Below four

Zero

Water level

Zpmo

Overflow

Positive

Zero

Water outflow

Zpm

Max

Plus

Zero

River runoff

Zpm

Max

Plus

Zero

Water inflow

Zpm

Max

Plus

Zero

Fringing community

Zpm

Max

Plus

Zero

Bottom community

Zpm

Max

Plus

Zero

Drifting organisms

Zpm

Max

Plus

Zero

Flow

Zp

Plus

Zero

 

Figure 3.1.2 Initial scenario of model about Srebarna Lake 

Figure 3.1.3 shows the causal model obtains in state 15. The causal model is an overview of all the 

behavior details represented in the specific state (Bredeweg et. al, 2009). The causal model 

introduces direct influence and proportionality. Direct influences (I) are direct relations between two 

quantities. Direct influence is the cause of the change within a model. The proportionality (P) 

propagates the effects of the process. They are referred to as indirect influences. Both, direct 

influences and proportionality are either positive or negative.  
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Danube river

Max

Plus

Zero

River runoff

Max

Plus

Zero

Water inflow
Dragaika canal

= Water inflow(Danube river) - Water outflow(Srebarna lake)

Plus

Zero

Flow

Macrozoobenthic community in danube river

Max

Plus

Zero

Drifting organisms

Macrozoobenthic community in srebarna lake

Max

Plus

Zero

Fringing community

Max

Plus

Zero

Bottom community

Srebarna lake

Overflow

Positive

Zero

Water level

Above four

Four

Below four

Zero

Depth

Max

Plus

Zero

Water outflow

From

Immigrates

Lives in

Lives in

To

 

Figure 3.1.3 Causal model about Srebarna Lake 

    

Canal

Dragaika canal River

Danube riverLake

Srebarna lake

Inflow bigger

To

From

Flow

Zp

Plus

Zero

Water level

Zpmo

Overflow

Positive

Zero

Water outflow

Zpm

Max

Plus

Zero

Water inflow

Zpm

Max

Plus

Zero

River runoff

Zpm

Max

Plus

Zero

 

Figure 3.1.4 An example process model fragment representing the relationships between the main 

processes here (water inflow and water outflow). 

Assumptions explicitly represented in the modelAssumptions explicitly represented in the modelAssumptions explicitly represented in the modelAssumptions explicitly represented in the model    

This model has one assumption. The assumption is applied by including the assumption with label 

“Inflow bigger” in Sc01 Full environment. If this assumption holds, the water inflow is set to maximum. 

Figure 3.1.5 shows the state graph of the simulation results. The simulation is starting with scenario 

that produces one initial state and 7 in total.  
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1 2

3

4

5 6

7

 

Figure 3.1.5 State graph of model about Srebarna Lake. 

Figure 3.1.6 represent value history diagram of the quantities in behaviour path [1, 2, 3, 6]. The value 

history provides a particular view on the simulation results. 

Danube river: River runoff

Zero

Plus

Max

1 2 3 6

 

   

Danube river: Water inflow

Zero

Plus

Max

1 2 3 6

    

Srebarna lake: Water outflow

Zero

Plus

Max

1 2 3 6

    

           

Srebarna lake: Water level

Zero

Positive

Overflow

1 2 3 6

  

  

Dragaika canal: Flow

Zero

Plus

1 2 3 6

    

Srebarna lake: Depth

Zero

Below four

Four

Above four

1 2 3 6

  

 

 

    

Macrozoobenthic community in danube river: Drifting organisms

Zero

Plus

Max

1 2 3 6

    

Macrozoobenthic community in srebarna lake: Fringing community

Zero

Plus

Max

1 2 3 6

    

Macrozoobenthic community in srebarna lake: Bottom community

Zero

Plus

Max

1 2 3 6

    

 

Figure 3.1.6 Value history of model about Srebarna Lake 

 

The focus on this simulation is to show what will happen with bottom community, if water inflow is a 

plus and it’s bigger than water outflow. The system starts with quantity river runoff with a magnitude 

plus that has a P+ to flow. Water inflow has two positive proportionalities (P+) to the quantities 

“fringing community” and “drifting community”. The quantity flow determines the following quantities: 

water level, river runoff, water inflow and water outflow magnitude and derivative. Here we assume 

that water inflow is bigger compared to the water outflow. Furthermore, water level has a negative 

proportionality (P-) on the water inflow, and the river runoff has a positive proportionality on the water 

inflow. If the process of flow increases, then both water level and the depth increases too. The above 

mentioned processes lead to decreasing of both the fringing community around the lake and the 

drifting organisms from the Danube River, because they become part of the bottom community.  

The both processes of flow from Dragaika canal and increasing of drifting organisms and fringing 

community have a positive effect on the bottom community in the Srebarna Lake. This leads to 

increasing of the biodiversity in the Srebarna Lake macrozoobenthos. The processes of recovery and 

stabilization of the benthic communities continue to developing after the reconnection of the Srebarna 

Lake with the Danube. The species diversity of the lake’s bottom invertebrate fauna increased and the 

macrozoobenthos could be found during the whole vegetation period.  
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3.2. Loss of producers in the food web_LS6.hgp 

 

3.2.1. Topic and model metadata 

 

Table 3.2.1 Metadata of model about Loss of producers in the food web 

Theme The Living World 

Topic Biodiversity 

Author Petya Borisova 

Version DynaLearn v 0.8.5 

Model files Loss of producers in the food web_LS6.hgp, LS6 

Target users High school students, bachelor and master degrees students 

 

3.2.2. Background  

The concept of ecosystem stability and its relationship to biodiversity is an important issue and one 

that drives much of ecosystem management. The model represents this fundamental concept. In 

recent years, biodiversity has received a great deal of attention worldwide, especially in environmental 

education. Biodiversity generally includes three main levels namely genetic, species and 

ecosystemdiversity. These levels are important parameters of sustainable development.  

According to the UN Convention on Biological Diversity (Rio, 1992) "Biological diversity" means the 

variability among living organisms from all sources including, inter alia, terrestrial, marine and other 

aquatic ecosystems and the ecological complexes of which they are part; this includes diversity within 

species, between species and of ecosystems. According to the Canadian Biodiversity Strategy 

biodiversity… is “the variety of species and ecosystems on Earth and the ecological processes of 

which they are a part.” The biodiversity can be organized in three levels: ecosystems, species and 

genes. In the current model the ecosystem and species biodiversity level is used and model 

fundament is based on the attributes of biodiversity: composition, structure and functions. The balance 

in ecosystems is very fragile especially when the human activity is in action. “Ecosystem change can 

occur suddenly if the resilience that normally buffers change has been reduced. Such changes 

become more likely when slow variables erode. Slow variables include the diversity of species and 

their abundance in the ecosystem. All of these variables are affected by human influence.” (Vord & 

Buffett, 2008). In human-impacted ecosystems the loss of biodiversity can occur as a function of 

change in trophic cascades (i.e. consumer effects). The causal bond between the organisms part of 

the food web (producers→ consumers→ reducers) can be defined as bottom-up (i.e. trophic 

cascades) effect (Sean et. al., 2011). 

The intensive agriculture is one of the main reasons which leads to loss of producers. The extinction of 

the “producing” species changes the normal food web and reduces the species diversity of the 

consumers. The extinction is process which used to lead to loss of biodiversity. “In biology and 
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ecology, extinction is the end of an organism or of a group of organisms (taxon), normally a species 

(Pratt et al., 1997).” This process can be both natural and anthropogenic. Most littoral zones of sea-

coast and lakes are subjected by run-off of herbicides from agricultural areas. This pollution often 

leads to loss of primary production (Dorigo & Leboul, 2001) and consequently has repercussion 

through trophic pathways within the whole ecosystem. 

 

Siplified aquatic food web shows the food relation between the producers, consumers and reducers in 

the water bodies. 

3.2.3. Concepts and goals 

The main objectives of the model are:  

• To show the natural processes of extinction and colonisation 

• To represent the human impact (herbicides deposition) on primary producers 

• To show the influence between two different levels of biodiversity – ecosystem and species  

The key issues and concepts for explaining how the human activity affects the ecosystem are the 

following: 

• Stability of the ecosystem depends on the food web formed by organisms. 

• Number of organisms, part of the food web depends on the proportion of the two opposite 

processes – extinction and colonization. 

• Diversity of the producer → consumer → reducer system depends on each of the components 

on one hand, and on the other – on the herbicide deposition as part of the agricultural 

practices. 

To reach this aim, three questions should be answered: 

• How the species diversity corresponds to the ecosystem biodiversity? 

• How the food web components of different hierarchy level influence each other? 

• How the human impact affects the ecosystem biodiversity? 

http://en.wikipedia.org/wiki/Extinction 
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Table 3.2.2. Entities, quantities and quantity spaces  

Entity Quantity Qspace name Qspace values 

Biodiversity Richness zero, plus, max Zpm  

Ecosystem Stability zero, plus Zp 

Human activity 

Herbicides 

deposition zero, plus Zp 

Organisms Extinction zero, plus Zp 

  Number of zero, plus, max Zpm  

  Colonization zero, plus Zp 

Consumers Species zero, plus, max Zpm  

Producers Species zero, plus, max Zpm  

Reducers Species zero, plus, max Zpm  

 

3.2.4. Scenarios and simulation 

The ecosystem as a complex environment is represented with the “Biodiversity” and the “Food web” 

entities. The entity “Organisms” represents the components of the food web – “producers”, 

“consumers” and “reducers”. The entity “Human activity” is an external agent to the ecosystem and 

affects negative on the ecosystem. The entities used in the biodiversity model and the connections 

between them are shown in Figure 3.2.1. 

Human activities

Reducers

Producers

Organisms

Food web

Ecosystem

Consumers

Biodiversity

Are Are

Are

Consist of

Depending on

Destroying Has

 
 

Figure 3.2.1    System structure showing all entities and configurations included in the model. 

The entity hierarchy for the presented model is shown in Figure 3.2.2. The main entities used in the 

model are “Biodiversity”, “Ecosystem”, “Food web”, “Human activity” and “Organisms”. As an 

“Organisms” entity the involved entities are “Producers”, “Consumers” and “Reducers”. 
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Entity

Biodiversity

Ecosystem

Food web

Human activity

Organisms

Consumers

Producers

Reducers  

Figure 3.2.2    Entity hierarchy of the Biodiversity model in LS6 

Colonization vs extinction

Organisms

Organisms

Extinction

Zp

Plus

Zero

Number of

Zpm

Max

Plus

Zero

Colonization

Zp

Plus

Zero

 

Figure 3.2.3 Model fragment (MF) with a representation of equals colonization and extinction 

processes 
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Figure 3.2.4 MF representing the process of extinction bigger than those of colonization  
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Figure 3.2.5 MF representing the process of colonization bigger than those of extinction 
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Entity “Organisms” is represented by three quantities: “Extinction”, “Colonization” and “Number of”. 

The number of organisms represents the correlation between two opposite processes – extinction and 

colonization. The interaction between them in this model is shown by direct positive (I+) and direct 

negative (I-) influence. The number of organisms has indirect positive influence (P+) on those two 

processes. Model fragments showing this correspondence are presented in Figures 3.3.3 -3.3.5. 

The variable “Number of” organisms with QS {zero; plus; max} can be changed in three directions, 

regarding which process is dominating, so three different scenarios are showed in the model (Figures 

3.2.6 – 3.2.8): 

• If “Colonization” = “Extinction”, than the “Number of” organisms will be stable; 

• If “Colonization” > “Extinction”, than the “Number of” organisms will increase; 

• If “Colonization” < “Extinction”, than the “Number of” organisms will decrease; 
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Figure 3.2.6 Sc01 Colonization equals to extinction 
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Figure 3.2.7 Sc02 Colonization bigger than extinction 
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Figure 3.2.8 Sc03 Extinction bigger than colonization 

The agent “Human activity” with quantity “Herbicides deposition” affects the diversity of the component 

of the food web with negative direct influence (I-). The higher the herbicides decomposition is, the 

lower the organisms’ diversity is. The negative effect of this kind of human activity may results in 

increasing the extinction of species.  

The current model has 5 scenarios, starting with simple simulations that explore parts of the system 

and their relationships, up to the more complex scenario, which is presented in Figure 3.2.9. 
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Figure 3.2.9 Full scenarios with initial value, model about Loss of producer in the food web 
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Figure 3.2.10 show the causal relations between the quantities in model about loss of producers in the 

food web. 
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Figure 3.2.11 State graph obtained for scenario 5 Full environment, Loss of producers in the food web  

The simulation produces 3 initial states, 8 in total, and 4 end states.  
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Figure 3.2.12 Value history obtain in behaviour path [3-4] 

The value history diagram obtains in behaviour path [3-4] show the following result: Because of the 

increasing of the herbicides depositions, the producers decrease respectively consumers and 

reducers as well. In the result the richness and the stability also decrease and become to zero (Figure 

3.2.12). 
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4. Urbanisation 

 

4.1. Influence on biodiversity_LS5.hgp 

4.1.1. Topic and model metadata 

 

Table 4.1.1 Metadata of model about Fish mortality due to algal blooms 

Theme Human population 

Topic Urbanisation 

Author Petya Borisova 

Version DynaLearn v 0.8.8, DL v 0.9.4 

Model files Fish mortality due to algal blooms_LS5.hgp, LS5 

Target users Secondary school students, high school students, bachelor 

and master students 

 

4.1.2. Background 

The urbanisation is a process associated with population and physical growth of cities (urban area) 

and population decline in rural areas due to migration. The urbanization is a continuous process of 

increasing the population size in the cities. The population growth is associated with many 

environmental impacts and problems. One of them is loading with nutrients and the resulting 

eutrophication of surrounding rivers and lakes. Eutrophication is the anthropogenic import of nitrogen 

and phosphorous, which upsets the natural balances in the lake, and causes an increase in primary 

production. This process may lead to algal blooms (Uzunov & Kovachev, 2009). 

“An algal bloom is a rapid increase of or accumulation in the population of algae in an aquatic 

system”
2
. When the numbers of algae in a lake or in a river increase explosively, an algal bloom is the 

result. Lakes, ponds, and slow-moving rivers are most susceptible to blooms. Blooms generally occur 

where high levels of nutrients are presented, together with the occurrence of warm, sunny, calm 

conditions. However, human activity often can trigger or accelerate algal blooms. Natural sources of 

nutrients such as phosphorus or nitrogen compounds can be considerably supplemented by a variety 

of human activities. In highly eutrophic (enriched by nutrients) lakes, algal blooms may lead to anoxia 

and fish mortality during the summer (Figure 4.2.1a,b). Some algae may produce toxic chemicals that 

pose a threat to fish, other aquatic organisms, wild and domestic animals, and humans. The toxins are 

released into the water when the algae die and decay. Focal points of the model of the algal bloom 

phenomenon and its effects in the Danube Delta Biosphere Reserve (DDBR) are the relationships 

                                                             
2
 http://en.wikipedia.org/wiki/Algal_bloom 
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between temperature, water pollution from the Danube catchment area, and cyanotoxins. These 

factors gravely affect aquatic biota and ultimately human wellbeing (Cioaca et.al., 2009). 

Figure 4.2.1a,b Algal blooms (a) and fish mortality (b) 

  

Algal blooms and…….                                                     the subsequent fish mortality 

    

 “Therefore, urbanization is important topic, which has a great scientific and applied importance. The 

Americas (North America, Latin America and the Caribbean) had the highest percentage of their 

population living in urban centres in 2003 (78%). The urbanization in these countries has increased 

rapidly. That leads to increase of sewage production. The problems are the most of the wastewater, 

however, receives only primary treatment before it is discharged in water body. Consequently, a large 

volume of untreated sewage is discharged into surface waters, creating serious environmental 

problems (Martinelly et. al., 2006). The growing data set about North American the cities having 

carbon gains and losses in vegetation and soils following urbanization. Natural rivers and lakes around 

cities have historically been dumping grounds for all manner of waste. Consequently, this pollution has 

had varying effects of water quality. One of them is loss of habitats and loss of species diversity 

(Magadza, 2003). The good example for consequence of urbanization is Chivero Lake in Zimbabwe. 

The combination of poor planning, multiplicity of justification, mismatch between rate of urbanization 

and waste management investment, recent in the local climate and a permissive, immature political 

system that called for no public accountability resulted in environmental management breakdown 

leading to hyper-eutrophication of the lake. 

The population growth in urban areas leads to rapid increase of sewage production, and results in 

significant amounts of the main nutrients elements in the surface (rivers and lakes) and groundwater 

water. This leads to algal blooms, which in turn increase fish mortality both from anoxia and poisoning. 

When the size of the human population decreases, this will significantly reduce the amount of nutrients 

(nitrogen and phosphorous) released in the surface water and will restore the water quality.  

 

4.1.3. Concepts and goals 

The objectives of the models are: 

• To represent characteristic features of urban areas.  

• To show how nutrients cycle affect on water bodies nearby to the cities.  

• To model typical urban environmental problems and possible solutions for them. 
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The model demonstrates the main effects of an increasing population in urban areas on water quality. 

The key concepts in this model are: 

• Urbanisation process 

• Urban population, which increases the sewage production 

• Amount of the nutrients depends on amount of the sewage production 

• Increasing of the biomass of algal community depends on amount of nutrients in the water 

bodies 

• Mortality rate (due to algal blooms) of the fish community depends on algal blooms 

The main question is: 

• How does urbanisation and consequential increase in sewage production affect on water 

bodies surrounding the city? 

 

Table 4.1.2 Entity, Quantity and Quantity space  

Entity Quantity Qspace name Qspace values 

Rural population Size zero, plus, max Zpm  

Urban area Urbanization zero, plus Zp 

Urban population Size zero, plus, max Zpm  

  

Sewage 

production zero, plus Zp 

Water body Nutrients zero, plus, max Zpm  

Algae community Biomass zero, plus Zp 

  Algal blooms zero, plus, max Zpm  

Fish community Number of zero, plus Zp 

  Mortality rate zero, plus Zp 
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4.1.4. Model expression 

The model about fish mortality due to algal blooms was built in LS5. 
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Figure 4.1.1 Expression for model about Fish mortality 
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Figure 4.1.2 Initial values for model about Fish mortality due to algal blooms 

The model about fish mortality due to urbanisation is consist of two conditional statements: 

1) If the biomass of algae community is above critical Then the biomass will have possitive 

indirect effect on fish mortality due to algal blooms 

2) If the biomass is equal or below critical Then mortality of the fish community will be zero and 

stable 
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Figure 4.1.3 Conditional statement “Algal blooms” for model about Fish mortality 

If the biomass of algae community is above critical Then the biomass will have possitive indirect effect 

on fish mortality due to algal blooms (See Figure 4.1.3) 
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Figure 4.1.4 Conditional statement “Reduced algal blooms” for model about Fish mortality 

If the biomass is equal or below critical Then mortality of the fish community will be zero and stable 

(See Figure 4.1.4) 
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4.1.5. Scenarios and simulation 

The simulation results shows increasing of fish mortality from zero to plus due to algal blooms.  
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Figure 4.1.5 State graph of model about fish mortality 
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Figure 4.1.6 Value history of model about fish mortality 

The main aim of this model is to represent the consequences of the increase of urbanization on the 

fish mortality. If the process of urbanization increases, then size of urban population increases. That 

leads to an increase of sewage production and amount of nutrients. These compounds are food for the 

algal community. The algal biomass increases, which leads to algal blooms. As a result, the mortality 

rate increases due to algal bloom. 
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4.2. Influence on urban water cycle_LS6.hgp 

    

4.2.1. Topic and model metadata 

 

Table 4.2.1 Metadata of model about Urbanisation influence on urban water cycle 

Theme Human population 

Topic Urbanisation 

Author Petya Borisova 

Version DynaLearn v 0.8.8, DL v 0.9.4 

Model files Influence on urban water cycle_LS6.hgp, LS6 

Target users Secondary school students, high school students, bachelor 

and master students 
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4.2.2. Background 

Urbanization process is an important factor that distorts the natural water cycle, which affects both the 

availability and quality of water resources (Pouraghniaei, 2002). Furthermore, the urbanization causes 

increase of impervious surface areas and in this way influence the natural hydrological cycle. The 

elements such as infiltration, surface runoff, evaporation and groundwater recharge are used to 

analyse the water cycle. The process of evaporation in natural ground cover and in impervious surface 

is shown in figure 4.2.1. 

 
 

Figure 4.2.1 Evaporation in natural ground cover and in impervious surface* 

Urbanization is a process associated with migration from rural to urban area. The increased urban 

population is associated with intensive building and use of vast impervious surface. This changes the 

natural water runoff and increases the probability of occurring floods. The wider impervious areas are, 

the less the evapotranspiration and infiltration is. When the amount of infiltrated water decreases in 

affects negatively the amount of groundwater recharge and increases the surface runoff. The 

increased urban population in some ways causes urban climate changes that result in increasing the 

amount of precipitations. On the other hand urban population produces big amount of waste water. 

The surface water (waste water and precipitations) minus the quantity of evapotranspiration forms the 

surface runoff. In the case of doubling the urban population surface runoff may cause floods. 

 

 

 

 

 

*http://www.teamleaf.org/aqua/ourraingarden.html 
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The hydrological components such as evaporation, surface runoff and groundwater recharge are 

depended on changes in the impervious areas. Figure 4.2.2 about Annual water cycle of the Goonja 

drainage basin, “……illustrates the annual water cycle of the Goonja drainage basin. From the 

simulation of the urban water cycle, it was identified that, of an annual total of 1388 mm rainfall, 306 

mm were lost through evapotranspiration. The annual total surface runoff was 1044 mm, of which 937 

and 107 mm were from impervious and permeable areas, respectively. Finally, an annual total of 99 

mm of rainfall was recharged into the groundwater. In summary, of the total rainfall, 75% formed 

surface runoff; whereas, groundwater recharge accounted for only 7%. This suggests a serious 

distortion in the water cycle, which can be attributed to urbanization…….”  

 

Figure 4.2.2 Annual water cycle of the Goonja drainage basin (according Lee et. al, 2010) 

“The performance of water reuse scenarios was evaluated to assess their feasibility for improving the 

water cycle by promoting less stormwater runoff and reducing the need for imported water supply. It 

was shown that a saving of 13% in imported water supply could be achieved by the use of rainwater, 

with a surface reduction of 36%. It was also found that a water supply savings of 31%, with a 30% 

reduction in wastewater, could be achieved by the reuse of wastewater. (Lee et al., 2010). 

The serious distortion in the water cycle can be characterized by increased surface runoff and 

decreased infiltration, which can be attributed to urbanization. Figure 4.2.4 shows typical water cycle in 

an undeveloped area and typical water cycle in an urban area. Progressive urbanization is leading to a 

decrease the evapotranspiration, an increase the surface runoff and a decrease in groundwater 

recharge. 
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Figure 4.2.3 Typical water cycle in an undeveloped area and typical water cycle in an urban area 

 

 “As humans develop the land, they alter its natural composition in exchange for streets, houses, and 

parking lots. These impervious surfaces greatly disrupt the water cycle. Normally, water would be 

absorbed by the soil, but since a lot of this soil is being replaced with asphalt, the water is forced to 

evaporate or run off. According to raingardennetwork.com, when it rains in a natural, undisturbed 

environment about 50% of the rainwater infiltrates into the ground, 40% evaporates or is taken up by 

plants and only about 10% runoff the surface. 

This extra surface runoff is a major factor in modern floods. Greater amounts of water are entering 

oceans and streams than ever before. In addition, where we do have soil, such as in residential yards 

or commercial grounds, it is covered in grass or non-native plants. These plants all have shallow root 

systems, and are ineffective in absorbing high amounts of water.“ (Lee et. al., 2010). 

 

 

4.2.3. Concepts and goals 

The goal of this model is:  

• To demonstrate the changes in urban water cycle due to the changes in land use. 

The key concept in this model is surface runoff, which is hydrological component. Surface runoff 

depends on all? the rest hydrological components. Also, it depends on the impervious and infiltration 

of the land. 

The model can give answers of the following questions: 

• How does the urbanization process affect the long-term changes in the natural urban water 

balance? 

• Why does the urbanization process cause floods in urban areas? 
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Table 4.2.2 Entity, quantity and quantity space 

Entity Quantity Qspace name Qspace values 

Hydrological 

components Surface runoff zero, drought, normal, flood Zdnf 

  Precipitation zero, plus, maximum Zpm 

  Groundwater recharge zero, plus, maximum Zpm 

  Evaporation zero, plus Zp 

Land Impervious zero, plus Zp 

  Infiltration zero, plus Zp 

Urbanisation Built up area zero, plus, maximum Zpm 

  Rate zero, plus Zp 

Protection activity Imported water zero, plus, maximum Zpm 

  Wastewater store zero, plus, maximum Zpm 

  Wastewater reuse zero, small, medium, large Zsml 

 

4.2.4. Scenario and simulation 

The model about Urban water cycle was implemented in LS6. The model consist of two scenarios, 

which are showen in Figures 4.2.4 and 4.2.7. 
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Figure 4.2.4 Scenario 01 with initial values, model about Urban water cycle 
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Figure 4.2.5 Process model fragment. Built up area have direct positive influence on imprevios area 
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Figure 4.2.6 Process model fragment represent the relations between the hydrological components 

(precipitation, groundwater recharge, evaporation and surface runoff) 
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Figure 4.2.7 Agent MF represents the relations between external agent (protection activity) and 

hydrological components. 

The simulation of model about urban water cycle have one initial state and one end state (Figure 

4.2.8). 
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Figure 4.2.8 State graph of model about Urban water cycle obtain in Sc01 
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Figure 4.2.9 Value history of model about Urban water cycle, Sc01. Increased impervious surface in 

catchments associated with urbanisation causes increased surface runoff. 
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Figure 4.2.10 Scenario with initial values, model about Urban water cycle and protection activity 
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Figure 4.2.11 Value history of model about Urban water cycle and protection activity, Sc02 

The value history with the relevant quantities, shows decreasing of the surface runoff because of 

protection activity as wastewater reuse.  
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5. Fossil fuels 

 

5.1. Fossil fuels usage_LS5.hgp 

 

5.1.1. Topic and model metadata 

Table 5.1.1 Metadata of model about Fossil fuels usage 

Theme  Earth System and Resources 

Topic  Fossil fuels 

Author  Petya Borisova 

Version DynaLearn v 0.9.1 and v 0.9.4 

Model files Fossil fuels usage_LS5.hgp, LS5 

Target users Secondary school students, high school students, bachelor 

and master students 

 

5.1.2. Background 

Without the greenhouse effect, the planet would be too cold to support life. However, human activities 

are increasing the concentration of carbon dioxide and several other greenhouse gases, resulting in 

concerns about warming of the earth by 1–5°C over the next century. One of the main reasons leading 

to warming is an overuse of fossil fuels. “Fossil fuels are fuels formed by natural processes such as 

anaerobic decomposition of buried dead organisms. Fossil fuels are non-renewable resources 

because they take millions of years to form, and reserves are being depleted much faster than new 

ones are being made. The production and use of fossil fuels raise environmental concerns. The 

burning of fossil fuels produces around 21.3 billion tonnes (21.3 gigatonnes) of carbon dioxide (CO2) 

per year, but it is estimated that natural processes can only absorb about half of that amount, so there 

is a net increase of 10.65 billion tonnes of atmospheric carbon dioxide per year (one tonne of 

atmospheric carbon is equivalent to 44/12 or 3.7 tonnes of carbon dioxide). Carbon dioxide is one of 

the greenhouse gases that enhances radiative forcing and contributes to global warming, causing the 

average surface temperature of the Earth to rise in response, which the vast majority of climate 

scientists agree will cause major adverse effects.”* 

From the other hand, the biofuels are both a promising solution to global warming mitigation and a 

potential contributor to the problem. Renewable energy is a promising alternative solution because it is 

clean and environmentally safe. They also produce lower or negligible levels of greenhouse gases and 

other pollutants when compared with the fossil energy sources they replace. Using biofuels in the 

place of fossil fuels has the potential to reduce pollution and greenhouse gas emissions because the 
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plant materials they are derived from (feedstocks) sequester carbon from the atmosphere as they 

grow. “Biofuel is a type of fuel whose energy is derived from biological carbon fixation.”* 

*http://en.wikipedia.org/wiki/Fossil_fuel 

Biofuels include fuels derived from biomass conversion, as well as solid biomass, liquid fuels and 

various biogases. Biofuels can also reduce our dependence on foreign oil because feedstocks can be 

grown and refined in the United States. Though they have multiple potential benefits, biofuels can also 

have disadvantages, and their net environmental benefit depends greatly on how they are produced. 

The role that fuels from renewable biomass might play as a strategic option to address concerns of 

climate change by replacing fossil fuels, and thus the CO2 that is emitted when they are used. In 

principle, biomass-based fuels need not be a net source of CO2 emissions because CO2 released 

during combustion would be cycled back into plant materials by photosynthesis. In response to the 

concern that increases in atmospheric greenhouse gases may lead to adverse climate change, a 

number of proposals have been made to stabilize and ultimately reduce anthropogenic emissions of 

greenhouse gases. Most focus has been on reducing CO2 emissions from the use of fossil fuels. They 

include calls for near-term efforts to increase the efficiency of energy use, to reduce energy use, and 

to switch from high-carbon to lower no-carbon fuels. Algae can fix CO2 the atmosphere. Under natural 

growth conditions, algae assimilate CO2 from the air and can tolerate and utilize substantially higher 

levels of CO2 (Nigam & Singh, 2010). Biological CO2 mitigation has attracted much attention as an 

alternative strategy because it leads to production of biomass energy in the process of CO2 fixation 

through photosynthesis. Wang et. al., (2008) provide a systematic “account of recent developments in 

the field of algal CO2 bio-mitigation, with a focus on algal strains for the fixation of CO2 from different 

sources, the combined CO2 mitigation and biofuel production strategy, the combined wastewater 

treatment and CO2 mitigation strategy, algal nutrition and cultivation, and algal biomass 

harvesting.CO2 fixation using fast-growing algal species provides a very promising alternative for 

mitigation of CO2, the most prominent greenhouse gas. The primary merit of this strategy lays in the 

fact that, via the cultivation of algae, CO2 mitigation and biofuel production could be combined in an 

economically feasible and environmentally sustainable manner. The feasibility of this strategy could be 

further enhanced by fixing CO2 from industrial exhaust gases such as flue gases and by integrating 

algal cultivation with wastewater treatment’’ (Wang et. al., 2008). 

 

Figure 5.1.1 a, b shows both biofuels carbon cycle (a) and fossil fuels carbon cycle (b)*. 

 

 

*http://en.wikipedia.org/wiki/Biofuel 

**http://www.ethanolrfa.org/news/entry/rfa-carbon-accounting-should-be-equitable-based-on-science/ 
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5.1.3. Concepts and goals 

The goal of the model is:  

• To demonstrate the main effects of use of fossil fuels  

The main concepts used in the model are combustion rate of the fossil fuels, which cannot be 

compensating form Photosynthesis rate. Emission rate of carbon dioxide depend on combustion rate 

of fossil fuels. 

The main questions are: 

•  How does the fossil fuels usage influence the greenhouse gasses and greenhouse effect? 

• What will happens if are inuse? 

Table 5.1.2 Entity, Quantity and Quantity space 

Entity Quantity Qspace name Qspace values 

Greenhouse 

gasses Concentration 

zero, normal, critical, 

anthropogenic emission Znca 

Carbon dioxide Emission rate zero, normal, critical, hazardous Znch 

Fossil fuels Combustion rate zero, plus Zp 

Photosynthesis Rate zero, plus Zp 

 

5.1.4.  Model expression 

The model about fossil fuels usage was built in LS5.  
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Figure 5.1.2. Expression fragment  
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Expression fragment
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Figure 5.1.3 Conditional statement in model about Fossil fuels with relevant quantities 

The model about fossil fuels usage is consist of one conditional statement: 

1) If the combustion rate of fossil fuels is bigger than photosynthesis rate Then the emission rate 

of carbon dioxide will increase. 
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Figure 5.1.4 Causal model Fossil fuels usage 
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5.1.5. Scenarios and simulation 

The model about fossil fuels usage has one initial state and one end states (Figure 5.1.5). 

 

Figure 5.1.5 State graph model about Fossil fuels usage 
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Figure 5.1.6 Value history about Fossil fuels usage               

The value history diagram (See Figure 5.1.6) shows that photosynthesis rate cannot compensate the 

combustion rate of fossil fuels. In the result the emission rate of the carbon dioxide will increase from 

normal to hazardous level in the atmosphere. This will leads to increase as well of the concentration of 

the greenhouse gasses from normal to critical and anthropogenic level of emission. 

 

1 2 3
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5.2. Biofuels usage_LS5.hgp 

5.2.1. Topic and model metadata 

Table 5.2.1 Metadata of model about Biofuels usage 

Theme  Earth System and Resources 

Topic  Fossil fuels 

Author  Petya Borisova 

Version DynaLearn v 0.9.1 and v 0.9.4 

Model files Biofuels usage_LS5.hgp, LS5 

Target users Secondary school students, bachelor and master students 

 

5.2.2. Background 

See section 5.1.2 

5.2.3. Concepts and goals 

The goal of the model is: 

� To demonstrate the main effect of biofuels usage 

Main concepts are: 

• Biofuels usage, degradable biomass and photosynthesis depend on algae biomass 

• Greenhouse gasses depend on amount of the emission rate of carbon dioxide 

The main question is: 

� How does the biofuels usage influence the greenhouse gasses? 

Table 5.2.2 Entity, Quantity and Quantity space 

Entity Quantity Qspace name Qspace values 

Greenhouse 

gasses Concentration 

zero, normal, critical, 

anthropogenic emission Znca 

Carbon dioxide Emission rate zero, normal, critical, hazardous Znch 

Transport Biofuels usage zero, plus, maximum Zpm 

Biofuels Degradable biomass zero, plus Zp 

Photosynthesis Rate zero, plus Zp 

Algae Photosynthesis rate zero, plus Zp 

  Biomass zero, plus, maximum Zpm 



Project No. 231526  

Page 45 / 65 

DynaDynaDynaDynaLLLLeeeeaaaarnrnrnrn    D6.4.3D6.4.3D6.4.3D6.4.3

5.2.4. Model expression 
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Figure 5.2.1 Expression, Biofuels usage 
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Figure 5.2.2 Initial values of model about Biofuels usage 
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The model about biofuels usage consists of one conditional statement: 

1) If the biofuels usage is equal or less than photosynthesis rate Then the emission rate of 

carbon dioxide will be normal. 
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Figure 5.2.3 Conditional statement, model about Biofuels usage 
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Figure 5.2.4 Causal model about Biofuels usage 
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5.2.5. Scenarios and simulation 
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Figure 5.2.5 State graph of model about Biofuels usage 
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Figure 5.2.6 Value history, model about Biofuels usage 

The plants use this light in the process of photosynthesis for creation of their biomass. In this process, 

the plants use carbon dioxide from air or water. The plants’ biomass after their death can be converted 

in biofuels, through the process of biodegradation. The biofuels are a renewable sourced of energy. 

They emit amount of carbon dioxide in the air and do not lead to greenhouse effect and warming. 

When these plants die, they could become fossil fuels after millions of years. During the burning 

process of fossil fuels are emit the highest emission of carbon dioxide in atmosphere. This leads to 

increasing of greenhouse gases and as a consequence global warming. 
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6. Reproductive strategies 

6.1. Sexual reproduction_LS5.hgp 

6.1.1. Topic and model metadata 

 

Table 6.1.1 Metadata of model about Sexual reproduction 

Theme The living world 

Topic Reproductive strategies 

Author Petya Borisova 

Version(s) DynaLearn v 0.9.1, v 0.9.4 

Model files Sexual reproduction_LS5.hgp, LS5 

Target users Secondary school students, high school students, bachelor and 

master students 

 

6.1.2. Background 

Note: This section is compiled from Innes D. J. and Singleton D.R., 2000. 

This section describes both when sexual reproduction occurs and when parthenogenesis as type of 

asexual reproduction occurs (see section 6.2). The parthenogenesis is normal reproductive strategy 

for many organisms. Parthenogenesis is a form of asexual reproduction found in females, where 

growth and development of embryos occur without fertilization by a male. Typical examples are 

cyclically parthenogenetic cladoceran species Daphnia. If the conditions are favourable they maintain 

parthenogenesis, and opposite if the conditions are unfavourable this species maintain sexual 

reproduction. 

“Asexual reproduction is often considered a simpler, more efficient mode of reproduction than sexual 

reproduction. This assumption generates an apparent paradox because sexual reproduction is the 

dominant mode of reproduction for most plant and animal species (Williams, 1975; Maynard Smith, 

1978). Cyclically parthenogenetic species (monogonont rotifers, aphids and cladocerans) have 

attracted much interest because they maintain both sexual and asexual reproduction within the same 

life cycle. Williams (1975) proposed that cyclically parthenogenetic organisms provide evidence for the 

short-term benefit of sex or else sexual reproduction in these organisms would be replaced by strictly 

asexual reproduction. Pearse, Pearse & Newberry (1989) dismiss the paradox of sex as argued by 

Williams (1975) and Maynard Smith (1978), and consider asexual (clonal) proliferation a form of 

growth prior to investment in sexual reproduction, an idea Janzen (1977) used to explain the life 

history of dandelions and aphids. Whether the clonal descendants of a sexually produced individual 

should be considered equivalent to somatic growth or the alternative that parthenogenetic eggs are 

equivalent to sexual eggs except for the absence of genetic recombination is a matter of debate 
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(Charlesworth, 1980; Bulmer, 1982). However, if parthenogenetic reproduction is treated as a form of 

somatic investment then life-history evolution of cyclically parthenogenetic species can be studied as a 

problem in resource allocation between parthenogenetic and sexual reproduction including allocation 

to male and female sex function (Charnov, 1982; Hughes & Cancino, 1985; Hughes, 1987). The life 

history of cyclically parthenogenetic organisms involves a trade-off between parthenogenetic and 

sexual reproduction. Early investment in sexual reproduction is expected to reduce clonal growth while 

delaying sexual reproduction allows parthenogenetic reproduction to increase the size of a clone and 

hence make a greater contribution to the pool of sexual propagules (Hughes & Cancino, 1985; 

Hughes, 1987). Postponing sexual reproduction until the population density is increased by 

parthenogenetic reproduction is also expected to increase mating success in species that are initially 

established as sparse populations (Muenchow, 1978; Gerritsen, 1980). For cyclical parthenogens in a 

seasonal environment the optimal investment in parthenogenetic and sexual reproduction will be a 

function of the length of time the environment is favourable for parthenogenetic reproduction and 

mating success which will be a function of population density and sex ratio. Although detailed 

observations on allocation to sexual and parthenogenetic reproduction in cyclical parthenogens are 

lacking, demographic models suggest that an intermediate level of investment in sexual reproduction 

maximises sexual egg production for a variety of environments (Snell, 1987; Aparici, Carmona & 

Serra, 1996; Aparici, Carmona & Serra, 1998; Serra & King, 1999). In most species of the cyclically 

parthenogenetic cladoceran Daphnia, parthenogenetic reproduction occurs when conditions are 

favourable for growth while sexual reproduction is stimulated by unfavourable conditions such as high 

population density or changes in photoperiod that are correlated with the onset of unfavourable 

conditions (Hebert, 1978). Parthenogenetic eggs develop immediately, generating a clone of 

genetically identical descendants from a single female. Parthenogenetic reproduction in Daphnia may 

be viewed as a form of somatic growth prior to investment in sexual reproduction (Janzen, 1977; 

Hughes & Cancino, 1985). The environment determines sex in Daphnia and the transition to sexual 

reproduction is initiated when parthenogenetic females begin to produce broods of diploid males. 

Females then switch from parthenogenetic to sexual egg production. Following mating and fertilisation 

of meiotically produced eggs, sexual females release these eggs into their ephippium, a protective 

structure modified from the carapace. The sexual eggs are diapausing, surviving freezing and 

desiccation to hatch when favourable conditions return. Diapausing eggs are also the main dispersal 

stage of the Daphnia life cycle. The transition from parthenogenetic to sexual reproduction in Daphnia 

has received much attention. Bell (1982) reviews the older literature and concludes that the transition 

to sexual reproduction occurs at or soon after a peak in population density for both field and laboratory 

populations. Although the appearance of sexual stages often precedes conditions unfavourable for 

growth, the association between sex and peak population density suggests that the timing of sex may 

be related to the increased probability of finding a mate (Muenchow, 1978; Gerritsen, 1980). Daphnia 

often initiate the growing season as sparse populations in which parthenogenetic reproduction would 

be favoured over sexual reproduction. Sexual reproduction would then be favoured once population 

density reaches a level that ensures a high mating success. However, Daphnia in small temporary 

ponds may not have the luxury of a period of parthenogenetic reproduction prior to sexual 

reproduction if the time required for both is longer than the average time the habitat is in existence. 

Furthermore, in the low volumes of these shallow temporary ponds, the problem of finding mates may 

be less acute. Dense populations of Daphnia pulex Leydig are very common in small, shallow ponds in 

southern Ontario that may only be suitable for a few weeks before they dry up leaving only diapausing 

eggs. These populations invest in sexual reproduction through the production of males soon after the 

population is re-established by females hatching from resting eggs in the spring (Innes, 1997). The 

brief period of parthenogenetic reproduction and emphasis on sexual reproduction makes these 

populations ideal for studying patterns of allocation to sexual and asexual reproduction. Understand 

life-history evolution in cyclical parthenogens requires information on the genetic component of 

reproductive variation and the relationship between this variation and fitness. Fitness can be estimated 

as the total number of diapausing eggs that each clone has contributed to by the end of the season 

either as a male or female parent.”   
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6.1.3. Concepts and goals 

 

The goal of the model is: 

• To show when sexual reproduction occurs 

The main concept are: 

Asxual reproduction depends on conditions and on density of the population 

 

Table 6.1.2 Entity, quantity and quantity space 

Entity Quantity Qspace name Qspace values 

Conditions 

Food 

available zero, low, average, high Zlah 

Asexual 

reproduction Rate zero, plus Zp 

  Female ind. zero, plus, max Zpm 

Population Male ind. zero, plus, max Zpm 

  Density zero, low, average, high Zlah 
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6.1.4. Model expression 

The model about Sexual reproduction was built in LS5 (conditional knowledge). 

Expression fragment

Sexual reproduction

Population

Conditions
Develop via Depend on

Rate

Zp

Plus

Zero

Female ind

Zpm

Max

Plus

Zero

Density

Zlah

High

Average

Low

Zero

Food availability

Zlah

High

Average

Low

Zero

Male ind

Zpm

Max

Plus

Zero

 

Figure 6.1.3. Initial values, model about Sexual reproduction 

Expression fragment

Sexual reproduction

Population

Conditions

Develop via Depend on

Rate

Zp

Plus

Zero

Female ind

Zpm

Max

Plus

Zero

Density

Zlah

High

Average

Low

Zero

Food availability

Zlah

High

Average

Low

Zero

Male ind

Zpm

Max

Plus

Zero

 

Figure 6.1.4 Conditional statement of model by Sexual reproduction 

 

The model about sexual reproduction is consist of one conditional statement: 

1) If the density of population is equial or high and food availability is less than average Then the 

sexual reproduction rate is plus  
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6.1.5. Scenario and simulation 

The state graph obtained in scenario about Sexual reproduction consists of one initial and one end 

state (Figure 6.1.5). 
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Figure 6.1.5 State graph of model about Sexual reproduction 

 

Population: Density

Zero

Low

Average

High

1 5 2 12

    

Conditions: Food availability

Zero

Low

Average

High

1 5 2 12

  

 

 

           

Population: Female ind

Zero

Plus

Max

1 5 2 12

 

   

Population: Male ind

Zero

Plus

Max

1 5 2 12

 

   

Sexual reproduction: Rate

Zero

Plus

1 5 2 12

    

 

 

Figure 6.1.6 Value history about model Sexual reproduction. Sexual reproduction occure when the 

conditions become unfavourable. The density of the population is high and food avaiability from high 

decreases to low. 
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6.2. Parthenogenesis_LS5.hgp 

6.2.1. Topic and model metadata 

 

Table 6.2.1 Metadata of model about Parthenogenesis 

Theme The living world 

Topic Reproductive strategies 

Author Petya Borisova 

Version(s) DynaLearn v 0.9.1, v 0.9.4 

Model files Parthenogenesis_LS5.hgp 

Target users Secondary school students, high school students, bachelor and 

master students 

 

6.2.2. Background 

See chapter 6.2.1  

 

6.2.3. Concepts and goals 

The goal of the model is: 

• To show when asexual reproduction (parthenogenesis) occurs 

The key concept is: 

Sexual reproduction depends on conditions and on density of the population 

Table 6.2.2 Entity, quantity and quantity space 

Entity Quantity Qspace name Qspace values 

Conditions 

Food 

available 

zero, low, average, 

high Zlah 

Sexual 

reproduction Rate zero, plus Zp 

  Female ind. zero, plus, max Zpm 

Population Male ind. zero, plus, max Zpm 

  Density 

zero, low, average, 

high Zlah 
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6.2.4. Model expression 

The model about Occurs of parthenogenesis was built in LS5. 

Expression fragment

Asexual reproduction
Population

Conditions

Develop via Depend on

Parthenogenesis

Zp

Plus

Zero

Female ind

Zpm

Max

Plus

Zero

Density

Zlah

High

Average

Low

Zero

Food availability

Zlah

High

Average

Low

Zero
 

Figure 6.2.1 Initial values of models about Parthenogenesis 

 

 

Expression fragment

Asexual reproduction

Population

Conditions
Develop via

Depend on

Parthenogenesis

Zp

Plus

Zero

Female ind

Zpm

Max

Plus

Zero

Density

Zlah

High

Average

Low

Zero

Food availability

Zlah

High

Average

Low

Zero

 

Figure 6.2.2 Conditional statement of model about parthenogenesis 

The model about sexual reproduction consists of one conditional statement (See Figure 6.2.2) 

If the density of population is equial or below average and food availability is average or high Then the 

parthenogenesis is plus (occurs).  
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6.2.5. Scenarios and simulation 

1

2

3

4

5 6

 

 

Figure 6.2.3 State graph of parthenogenesis model about obtained after simulation shows one initial 

states and one end states.  

The value history diagram obtained in relevant path [1-3-5-6] is shown in Figure 6.2.4. The 

parthenogenesis occurs when population density is high and female individual are maximum. The food 

ability is high, but decreases to low.  

           

Conditions: Food availability

Zero

Low

Average

High

1 2 6

   

Population: Density

Zero

Low

Average

High

1 2 6

 

 

 

                      

Population: Female ind

Zero

Plus

Max

1 2 6

 

  

Asexual reproduction: Parthenogenesis

Zero

Plus

1 2 6

   

 

 

Figure 6.2.4 Value history for model about Parthenogenesis. The Parthenogenesis form of 

reproduction occurs when the conditions are favourable (high food availability and low density of the 

population). 
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7. Legislation 

7.1. WFD_status_LS5.hgp 

7.1.1. Topic and model metadata 

Table 7.1.1 Metadata of the model about European Water Framework Directive ecological status 

Theme Human population 

Topic Legislation 

Sub-topic Water Framework Directive – ecological status 

Author Petya Borisova 

Version DynaLearn v 0.9.1 

Model files WFD status_LS5.hgp, LS5 

Target users Bachelor, master and PhD students 

 

7.1.2. Background 

The main objective of the European Water Framework Directive 2000/60/EC (WFD) is the protection, 

restoration and improvement of the ecological status of water bodies. The general environmental 

objective of the WFD is achieving by the year 2015 good ecological status of all natural water bodies 

and good ecological potential of artificial or modified water bodies through development and 

implementation of River Basin Management Plans. These plans provide solutions for whole set of 

problems related with water quantity and quality, and in general – with the ecological status. The 

problems are increasing water use, decreasing river runoff, deterioration of both habitats and species 

diversity. For many students and stakeholders this is difficult to understand. Therefore, conceptual 

knowledge of system’s behaviour is crucial for society to understand and successfully interact with its 

environment.  

Educators experience educating students and stakeholders about the effects of ratifying and 

implementing legislation on the natural world as a difficult task. Particularly for environmental sciences 

students, who are taught to view the world as natural processes, law does not fit their learned 

perspective. Furthermore, teaching about the processes occurring in the natural world is already 

challenging without the added complexity of legislation. An added complication is that the 

environmental science and law disciplines are not well integrated. We argue that qualitative 

conceptual models can contribute to the education about legislation and environmental science due to 

their unique features. Conceptual models primary purpose is to capture a person’s understanding 

about the natural world and allow it to be communicated. As such, conceptual models are useful to 

use in educational settings. Such models encompass both the structure of the system and behaviour 

of the system, and these features are neatly separated within the models. Conceptually relevant 

values of quantities are explicitly modelled in favour numerical details that do not contribute to 

understanding. The explicit causal relationships between the quantities not only allows learners to 
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understand the underlying processes of the system, but also allows running simulations that predict 

the effects of implementing certain kinds of legislation. Furthermore, the representation allows 

environmental science and law to be integrated in a single representation, which allows showing a 

holistic view on water quality. This is a fundamental approach introduced by the WFD (Borisova et. al. 

2010). 

So far, it is however unknown widely how the assessment of ecological status according to the WFD 

relates to the status of lakes according to national environmental objectives including, e.g., the 

protection of important wetland areas and red-listed species. 

“The WFD classification scheme for water quality includes five status classes: high, good, moderate, 

poor and bad. 

‘High status’ is defined as the biological, chemical and morphological conditions associated with no or 

very low human pressure. This is also called the ‘reference condition’ as it is the best status 

achievable - the benchmark. These reference conditions are type-specific, so they are different for 

different types of rivers, lakes or coastal waters so as to take into account the broad diversity of 

ecological regions in Europe. 

To define “good ecological status”, the intercalibration exercise 

defines the upper and lower boundaries of good ecological status, i.e. 

the “high-good” and the “good-moderate” boundaries. The outcome 

of the intercalibration exercise establishes the boundaries of good 

ecological status applicable to all national classification systems.  

The intercalibration is carried out at the level of the biological quality 

elements, comparing the classification results of the national 

monitoring systems for each biological element and for each common 

surface water body type among Member States. Some biological 

quality elements that have been intercalibrated are e.g. 

macroinvertebrates in different types of rivers or phytoplankton in 

different types of lakes. *“ 

The WFD established several basic principles of a sustainable water policy in the EU by: 

�  acting as a comprehensive legal instrument;  

�  establishing a framework for the protection of inland surface waters, transitional waters, 

coastal waters and groundwaters; 

�  introducing a new holistic (basin) approach in the water sector management and policy; 

�  maintaining and improving the aquatic environment;  

�  preventing further deterioration and protecting the status of aquatic ecosystems and, with 

regard to their water needs, terrestrial ecosystems and wetlands directly depending on the 

aquatic ecosystems,  

�  Protecting the aquatic environment inter alia through specific measures, etc.  

 

 

*http://ec.europa.eu/environment/water/water-framework/objectives/status_en.htm 
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7.1.3. Concepts and goals 

The goals of the model are: 

� To establishing definitions for ecological status (= as expression of the quality of the 

structure and functioning of aquatic ecosystems associated with surface waters, which is 

quite different from water quality) of the natural water bodies and for biological potential of 

the artificial and heavily modified water bodies; 

� Introducing the key biological quality elements and respective ecological quality ratio 

(EQR) to be used in ecological classification ( = assessment of the ecological status) of all 

natural water bodies. 

Table 7.1.2 Entities, Quantities and Quantity Space 

Entity Quantity Qspace name Qspace values 

Status Biological quality elements bad, poor, moderate, good, high bpmgh 

  Chemical quality elements moderate, good, high mgh 

  

Hydromorphological 

quality elements  good, high gh 

Surface 

water Ecological status bad, poor, moderate, good, high bpmgh 

  Water status bad, poor, moderate, good, high bpmgh 

  Chemical status failing to achieve good, good fg 

Human Human pressure 

zero,  very low, low, medium, 

high, very high Zvlmhv 

 

 

7.1.4. Model expression 

 

Expression fragment

Surface water

Human

Status

Pollute

Have

Chemical status

Gd

Good

Failing to achieve good

Ecological status

Status

High

Good

Moderate

Poor

Bad

Water status

Status

High

Good

Moderate

Poor

Bad

Human pressure !

Values

Very high

High

Medium

Low

Very low

Zero

Biological quality elements

Status

High

Good

Moderate

Poor

Bad

Chemical quality elements

Hgm

High

Good

Moderate

Hydromorphological quality elements

Gh

High

Good

 

Figure 7.1.1 Initial values of model about ecological status 
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Expression fragment

Surface water

Human

Status
Pollute

Have

Chemical status

Gd

Good

Failing to achieve good

Ecological status

Status

High

Good

Moderate

Poor

Bad

Water status

Status

High

Good

Moderate

Poor

Bad

Human pressure !

Values

Very high

High

Medium

Low

Very low

Zero

Biological quality elements

Status

High

Good

Moderate

Poor

Bad

Chemical quality elements

Hgm

High

Good

Moderate

Hydromorphological quality elements

Gh

High

Good

 

 

Figure 7.2.2 Conditional statement of model about ecological status 

 

7.1.5. Scenario and simulation  

The state graph (Figure 7.2.3) of model about WFD consists of one initial state and one end state [21]. 
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Figure 7.2.3 State graph of model about WFD states  
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Human: Human pressure

Zero

Very low

Low

Medium

High

Very high

1 2 3 13 14 21

  

 

 

 

 

Surface water: Chemical status

Failing to achieve good

Good

1 2 3 13 14 21

      

Surface water: Ecological status

Bad

Poor

Moderate

Good

High

1 2 3 13 14 21

 

 

    

Status: Hydromorphological quality elements

Good

High

1 2 3 13 14 21

      

Status: Chemical quality elements

Moderate

Good

High

1 2 3 13 14 21

      

Status: Biological quality elements

Bad

Poor

Moderate

Good

High

1 2 3 13 14 21

 

 

    

Surface water: Water status

Bad

Poor

Moderate

Good

High

1 2 3 13 14 21

 

 

    

 

 

Figure 7.2.4 Value history of model about WFD states  

Value history diagram shows decreases both surface water quality and status defined in WFD due to 

increase of negative human pressure.  
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8. Discussion and Conlusion 

 

This deliverable presents 9 advanced models, in LS5 (6 models) and LS6 (3 models). The models 

address the three main themes and seven topics established in D6.1. The models were built for 

teachers and learners, who will teach/learn by building of models with DynaLearn for support.  

The models presented in this deliverable are about Srebarna Lake (Section 3.3), Loss of producers in 

the food web (Section 3.4), Influence on biodiversity (Section 4.3), Influence on urban water cycle 

(Section 4.4), Fossil fuels usage (Section 5.3), Biofuels usage (Section 5.4), Sexual reproduction 

(Section 6.3), Parthenogenesis (Section 6.4) and Legislation (Section 7.3). 

Two main paths for species enrichment of the lake’s bottom invertebrate communities assuming that 

the re-colonization of the bottom follows the most common pattern of the process - fringing 

communities surrounding the open lake surface and regular inflow of water masses from the Danube, 

which carries both drifting organisms and products of their reproduction. Benthic invertebrate (bottom 

community) composition and density in the lake was driven by a combination of water level change 

and unstable living conditions on the bottom substratum, conditioned by oxygen deficits. Qualitative 

reasoning model implemented in LS6, presented water level effect as a result of periodically influx of 

Danube waters feed up. The model assesses positive influence of drifting benthic species as well 

fringing communities for macrozoobenthic species enrichment in Srebarna Lake.  

Human population growth is of special interest to Environmental Sciences studies. It is the major 

driving force behind anthropogenic changes in Earth systems. Understanding the environmental 

consequences and social aspects of the human population growth is an essential requirement for the 

DynaLearn project. The curriculum and contents developed within DynaLearn will explore these as 

important factors that may contribute to sustainability (Urban water cycle, Fish mortality). To develop 

cities in a sustainable way, the characteristics of a sustainable city must be determined in a manner 

that is measurable and provides understanding of the complex interactions between the environment, 

the economy and society. The performance of water reuse scenarios was evaluated to assess their 

feasibility for improving the water cycle by promoting less stormwater runoff and reducing the need for 

imported water supply. It was shown that a saving of 13% in imported water supply could be achieved 

by the use of rainwater, with a surface runoff reduction of 36%. It was also found that a water supply 

savings of 31%, with a 30% reduction in wastewater, could be achieved by the reuse of wastewater. 

Wastewater reuse seems to have an advantage over the use of rainwater for providing a consistent 

water supply throughout the year for a country like Korea, where the rainy season is concentrated 

during the summer monsoon (Influence on urban water cycle). Furthermore, the migration of people to 

urban area leads to increase of the sewage production and nutrients in rivers and the lakes 

surrounding the cities. The growth of algae community increase and their biomass have critical values. 

This leads to algal blooms, which cause fish mortality (Influence on fish mortality). 

Parthenogenesis is a form of asexual reproduction found in females, where growth and development 

of embryos occurs without fertilization by a male. Parthenogenetic animals receive all of their genes 

from one parent and therefore no new gene combinations are created. It may seem that this method of 

reproduction would put species that use it at a competitive disadvantage to sexually reproducing 

animals but it may be advantageous in some cases. To reproduce, a sexually reproducing organism 

must first find a mate and then combine gametes with this mate. This process requires a great deal of 

time and energy, and it may well result in no offspring. Parthenogenesis organisms do not experience 

this cost of reproduction and therefore usually can reproduce sooner after birth and produce more 

offspring [19]. Organisms reproducing by cyclical parthenogenesis combine the benefits of both sexual 

and asexual reproduction within the same life cycle (Barbata et. al., 1995). 
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The European Water Framework Directive declared protection and use of water and water bodies as a 

long-term state policy based on rational water management at national and basin level aiming at: 

achievement of good status of all waters to ensure sufficient quantity and quality of water for the 

present and future generations, to establish favorable conditions and development of the ecosystems 

and the wetlands, and for economic and social activities. Further, it stated that the protection of water 

and water bodies ensures the balance between water use and its natural renewal, conservation and 

improvement of the quality of surface and ground water, and of the aquatic ecosystems associated 

with surface waters.    

Concluding, this deliverable presents a set of advanced models exploring knowledge about 

fundamental topics of the environmental science curriculum. The developed models are part of a 

larger set which covers the most important topics in the Environmental Science curriculum. For a 

complete overview of the topics in this curriculum consult D6.4.1 through D6.4.5. 
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