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Abstract

The research started at the beginning of October 2001 and it finished at the beginning of April 2002. The authors investigated five small water habitats in the wider area of Opatija. All the necessary data about a particular habitat were recorded on forms along with its coordinates, using the GPS. We carried out the following water chemical analysis: nitrates, nitrites, pH, phosphates, carbonate hardness, total hardness as well as the bacteriological water analysis. Also we measured the water and soil temperature and made ground and side plans.

One water habitat (Veprinac) was studied in more detail than the other ones. We studied the plant and animal species which we were able to see and some organisms we observed through a microscope. For the study of macrozoobenthos and determination of diversity index we used the methods used in the GLOBE programme. On this occasion the organisms were taken out with the so-called D net.

We compared the obtained data with some other GLOBE schools in Croatia which conducted a similar study of the living organisms in pools. In order to reach a conclusion from the results obtained, we also compared the air temperature (taken from the GLOBE server). Our water analysis led us to the conclusion that the water quality is not the same on the surface and at the bottom, which was evident from the presence of some organisms found in the silt. These organisms are of  extreme importance for the habitats because they represent an important link in the food chain. The results of our research on the above water habitats were made available to the public.

2. The Research Questions / Hypotheses 

Little more than two years ago our school acquired the international status of an Eco school, with the water protection programme of our area, so we too wanted to get involved and make a contribution with our project on the research of small water habitats. Taking into consideration the fact that we have already been successfully working for six years on the matters with which the GLOBE programmes are concerned and where we also did certain hydrology measurements, we have considered ourselves knowledgeable enough (with the additional literature study) to do this project. Students and teachers in  the GLOBE programme have so far done several water projects, The Cisterns of Our Area, The Water Management in Opatija, The Study of the Seawater Quality in the Beaches of Opatija, to mention just some of them. With our project we wanted to close the circle on this matter. Once, pools were used for watering cattle and gardens and were fenced off and looked after. Nowadays they do not serve this purpose (only the wild animals drink from them), and are therefore neglected. We were interested to know what was the water quality in pools and whether the humans managed to pollute them. Further we wanted to become familiar with the organisms of these habitats in order to find out if a particular species dominates in case the ecological balance was disrupted.

3. Research  Methods

In order to determine the coordinates and the height above sea level we used the GPS apparatus (PS 2000). The data were entered in the map and in the special forms. The length and the width of the pool we measured with a metal tape while moving around the pool. To measure the depth we used a long pole with a piece of rope on one end and a stone tied to it. We cast the rope with the stone in the center of the pool, measured the wet part of the rope and so determined the depth. The air, water and soil temperature was measured between 10 and 11 am. As pools and springs have no developed bank vegetation we could identify only a few unicellular and multicellular algae which we found in the pool; some we photographed, and some we observed through the microscope. The small benthos organisms, i.e. the macroinvertebrates, mainly live in silt or rocky substrata and are therefore impossible to observe in an ordinary manner. For this purpose we used the D net for macrozoobenthos according to the GLOBE protocol.
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Figure 2.Determination of diversity index    Figure 1. and 3.D net for macroinvertebrate sampling 
The collected organisms we washed, counted and  determined diversity index 

Macrozoobenthos work data
Site: VEPRINAC

Coordinates:  latitude N  45º, 20' 28,2", longitude  E  14º   16 '  32"; Sample collection: sample  No.1, date: 20.03.2002.,Time: 10 am; Students carrying out the analysis:Karmen Čuljat and Ivana Gregov
Analysis (the diversity index ) : Date: 22. 03. 2002.; Time: 12.30 pm; Sampling method : D net
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String total:  38  ( x or o ) :  34  ( Quantity in net )

String total  / sample total ( 50 )  1.12  ( String index )                                                                    

Species total:  10
(string index) X  (species total) =  11.2 ( diversity index )  

The chemical water analysis we carried out in school using Compact Laboratory for water testing, Merck KgaA kits. The following analyses were carried out: ammonium, carbonate hardness, nitrate, nitrite, pH, phosphate and dissolved oxygen.

NB: we did not describe the process of chemical analyses in detail because these procedures are known.
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Figure 4. and 5. Chemical water analysis

In December we analysed the water from all 5 sites while we did the same for Veprinac habitat four times: in October, December, March and April of 2002. The bacteriological water analysis was carried out at the Faculty of Medicine in Rijeka.

4. Data summary

The obtained results were collected on five sites of the small water habitats in the wider area of Opatija by means of various measuring and observing. The data were entered in detail in appropriate forms (in October and December) and marked in the map.
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Figure 6. Map with marked small water habitats sites
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Figure 7. and 8. Ground and side plan and a photography of Vrutki Pool (one of  five sites) 
Coordinates  N  45◦    20’    09,4”         E  014 ◦    17’      44,1”

Height above sea level: 59m

Table 1. Chemical analysis of water on 5 investigated sites on December 2nd 2001.
	
	Veprinac
	Vodice
	Majkovac
	Bregi 
	Vrutki

	Ammonium  mg / l
	0
	0
	0
	0.2 
	0

	Carbonate
Hardness °d
	2.6
	2.9 
	1.4 
	2
	3.3 

	Total hardness °d
	4.5 
	5.8 
	2.6 
	3.2 
	5.9 

	Nitrate mg / l NO3‾
	0
	0
	0
	0
	0

	Nitrite mg / l  NO2‾ 
	0
	0
	0.025
	0
	0

	PH
	7.5
	8
	6.8
	7.5
	8

	Phosphates mg / l PO4³‾
	0.5
	0.25

	0 
	0.5
	0.25

	Oxygen mg O2 / l
	9
	10
	9.1
	8
	9.5

	Bacteriological
Analysis
	Only saprophytes
	Only saprophytes
	Enterobacteria-to large quanttaties
	Enterobacteria-to small quanttaties
	Only saprophytes


It is evident from the table 1. that ammonium is present only in Bregi pool (0.2 mg/l) and the total hardness is higher in Vrutki and Vodice (5.8 ˚d and 5.9 ˚d) respectively. There are higher levels of the carbonate hardness in Vrutki pool, 3.3 ˚d. Nitrates were not noticed at any of the sites while nitrites were measured at 0.025 mg/l NO2 in the pool Majkovac. pH oscillates from 6.8 in Majkovac to 8 in Vrutki and Vodice. Veprinac has the highest amount of phosphates (0.5 mg/l PO) whilst there are none in Majkovac. The amount of dissolved oxygen varies from 8 mg/l in Bregi to 10 mg/l in Vodice.

As far as the bacteria are concerned the saprophytic ones were found everywhere, and only in Majkovac (more) and Bregi were discovered enterobacteria (antrakoid).

Table 2. Physio – chemical  water characteristics in Veprinac pool 2001/2002.
	Site: Veprinac
	Dissolved oxygen mg O2 / l
	pH
	Temperature ◦C

	13 October
	6.8 
	6.8
	      12.1

	01 December
	9 
	7.5
	       3.1

	22 March
	7.6 
	6.6
	       8.2

	8 April
	7.9 
	6.5
	       10


 Table 2 shows that the highest levels of dissolved oxygen were recorded in December ( 9 mg O2/l ) and the lowest in October ( 6.8 mg O2/l ). pH also oscillates from 6.5 in April to 7.5 in December. The lowest water temperature was recorded in December, 3.1 ˚C, and the highest in October, 12.1 ˚C.

 The observed water colour was greenish, the silt smell was characteristic for the decomposing organic matter and the transparency poor.

The results obtained by the identification of algae and some plankton, by eye-observing through a microscope on Veprinac site:
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Figure 9. Spirogyra   10. Blue-green algae    11. Chlamydomonas   12. Paramecium   13. Hydra
The organisms found on the surface and in the water: 
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Figure14. Common toad      15. Smooth newt                 16. Damselfly                              17. Mayfly

We made drawings of the following animal species found in the net:
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Great pond snail     Water mite    Sludge worm       Mosquito larvae      Dragonfly larvae
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Dwarf pond snail     Water strider     Ramshorn snail    Caddisfly larvae    Twisted ranshorn snail
5. Analysis

We compared the results of our study of flora and fauna of the five small water habitats with a very similar study called Karst Pools of Istria. This project was done by the high school students within the Summer School course which was tutored by professor Željko Jambrešić and B.S.C. Zrinka Mesić.

In Istrian pools Korneda, Radoši, Čista lokva and Lokva near Deklevi many organisms were found which were the same as at our sites of research. They are as follows animal species: ramshorn snail, dwarf pond snail, great pond snail, water strider, water mite, dragonfly, smooth newt and common toad. The plants we have in common are spirogyra and blue-green algae.

 Unfortunately they did not carry out the diversity index, which would have been very important to compare. We claim that our own sites and the Istrian karst pools have very similar climatic conditions, so we compared the air temperatures we recorded with the ones recorded by the High School in Labin (from December 2001 to april 2002). We found the data on the GLOBE server.

We compared the current air temperature during the period of our research with the temperatures of High School from Labin. We chose  this school on the basisof its location, which is in the heart of Istria. The karst pools with which we compared our work are also located in Istria. From the results obtained it is possible to notice that the current air temperatures of our two schools are rather identical, except for the period in December 2001 and March 2002. In order to analyse the complete flora and fauna world in Opatija area and the karst pools of Istria, we should also have the results of chemical water analysis of the karst pools. This data were unfortunately not available to use. The current air temperatures can but do not necessarily have to influence the life in pools in a significant manner.
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Figure 18. Current air temperature
6. Conclusion

From the work done so far and the results obtained from it, it is possible to conclude that the small water habitats make a very important part in the complete ecosystem. 

They are very often unattractive, neglected and not known to the public. They are inhabited by a large number of invertebrate and vertebrate as well as by the numerous plants, the algae in particular.

The macrozoobenthos organisms can be found in great numbers in silt and rocky substrata thus there is a general belief that they do not exist at all. On the contrary they are very numerous, and often they are an important link in the food chain. These organisms can often be indicators of the water quality. The water analysis we carried out according to the protocol led us to the conclusion that the water is not of the same quality on the surface and at the bottom. This is indicated by some organisms present in the silt.

7. Discussion 

1. We studied five small water habitats, collected the data by the means of observation, various measuring and we filled out the special forms. We recorded everything with photographs, ground and side plans and marked the research sites on the maps.

2. We carried out the water analysis (in December) of all the five sites and compared the  obtained results. We found out that only in Bregi pool there is a certain amount of ammonium (0.2 mg/l), while the nitrates are present only in Majkovac (0.025 mg/l NO2). pH varies from 6.8 in Majkovac to 8 in Vrutki and Vodice. Higher pH can be compared to higher carbonate and total hardness at following sites: Majkovac, carbonate hardness 2.9 ˚d, total 5.8 ˚d while pH is 8; Vrutki, carbonate hardness 3.3 ˚d, total 5.9 ˚d and pH is 8, too.This proves that if the carbonate values are raised, the pH is raised too. Oxygen, one of the important parameters, is present from 8 mg O2/l in Bregi to 10 mg O2/l in Vodice. Enterobacteria (Antrakoid) are discovered in greater quantities in Majkovac and in smaller quantities in Bregi, which we explain with the presence of wild animals that go there to drink.

3. Veprinac habitat we analysed in more detail, the chemical analysis of water as well as the plant and animal species. In Veprinac we carried out four physical and chemical water analysis for dissolved oxygen and pH, and took the water temperature four times. These parameters are among the most important ones because they (and some others too) can limit the life in water for many organisms, from the larval stage to the fully-grown organism. We know that the biological diversity is connected with the chemical contents of the water, therefore many organisms are sensitive to the change of pH, the amount of dissolved oxygen and the water temperature. Species have different needs in connection to habitat (different eco valences). From the results obtained (Veprinac pool) it is possible to see that the amount of oxygen varies also with the raise of temperature, and the pH during a year is not always the same.

4. In carrying out of the methods for determining the macrozoobenthos, we wanted to establish the diversity index for this habitat. Biological diversity is determined by the number of different organisms in an ecosystem. In our samples of zoobenthos the most numerous ones are dwarf pond snails, and some parameters of the habitats for their life are very low. For example, they can live at a very low amount of oxygen, up to 4 mg/l, and at pH from 7 to 9. 

The most adequate pH for caddisflies is from 6 to 8, but they can not survive in a low concentration of oxygen. Dragonflies like more medium temperatures (12.8 ˚C to 20 ˚C), warm areas above 20 ˚C and medium amount of dissolved oxygen from 4 to 8 mg O2/l (data from the literature)

According to the ammount of dissolved oxygen and pH, the waters that we studied belong to the first category ( NN No. 77, 1998 ). However, taking into consideration the fact that our habitats have bottoms made mainly from silt, with lots of decomposition of organic matter (the silt smells of rot ), it is possible that the oxygen at the bottom level is not abundant (it is used a lot by the decomposers). Therefore it is not surprising at all that in Veprinac water habitat we have found some organisms like sludge worm, mosquito larvae and pond snails which live in the environment with little oxygen.
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