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Abstract
This study was located at Hanna reservoir (Southwest of Iran).Water samples were collected from April 2015 through March 2015 in Six selected silts. Environmental parameters were measured. According to this study, Chemical analyses were conducted to evaluate the magnitude and variations of COD, BOD5, O2, NH3+ and NO2-concentrations in Hanna Reservoir. The results were as fallow, respectively: 0.4 – 45.0 mg/lit, 0.02 – 18.2 or. In the headwaters the magnitude values of BOD5, COD and early morning oxygen minima were quite identical with recommended optimum levels. But the concentrations of unionized ammonia in winter and spring and the concentration of nitrite in summer and autumn exceeded the allowable levels sited in different literature and might exert some growth retarding or lethal effects on fish population. In the surveyed reservoir, however, all of the measured parameters exceeded the allowable levels in concrete part of the year the combined effects.  2/3 of the reservoir surface area was approximately covered with dense populations of Myriophyllum, Ceratophyllum and Potamogeton species. The headwaters of the reservoir were considered as a hard water and had both carbonatic and none carbonatic hardness. When they exposed to lentic condition of the reservoir and its intensive photosynthetic activities of macrophyte communities, the bicarbonate ions were absorbed significantly and the pH of water increased to relatively serious levels and calcium carbonate precipitated as subsequences.. Hanna Reservoir, a small, seasonally stratified, oligotrophic lake, contains Isfahan province of Iran’s first natural lake cage culture site. Water quality, zooplankton, benthos and sediments were monitored at sites of2 20 m depth to determine the effects of rainbow trout cage culture on the lake environment. Nutrient and chlorophyll a levels remained low ([ PO4 ] : < 0.20 mg/l; [ NH41 : < 0.10mg/l; [NO,]: x2.2 mg/l; [chl a]: < 10 mg/l) despite loading from the farm . Anoxygen depletion occurred in the vicinity of the cages due to respiration of the farmed fish. About90% of the zooplankton counted were Daphnia sp. They were less abundant during summer in thearea of the cages than at control sites (Friedman’s ANOVA SS = 11.20, P< 0.00 1). Benthic invertebrates were rare at all three sites of the lake. The sediments below the cages had a pH and I organicmatter comparable to areas of the lake receiving the natural input of allochthonous material. Sedimentavailable P levels were higher at the farm than at control sites (Friedman’s ANOVA SS = 11.64,P<O.O05) and showed peaks coinciding with periods of overfeeding. These results indicated that atits present production level the farm had short-term, localized impacts on the lake environment.
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Introduction
Commercial aquaculture in Isfahan province of Iran began in the 1990’s and has expanded since that time, although it is still neither alarge nor a prosperous industry. The availability of marine sites in the province is limited, so freshwater lakes are being considered for expansion of theindustry. Many Isfahan province of Iran lakes are nutrient poor and have excellent potentialfor aquaculture. However, lake-based cage aquaculture facilities are open systems, depositing the wastes (uneaten food, feces, fish scales, mucus and solublewastes) directly into the lake environment. In many temperate NorthAmerican lakes, phosphorus is the limiting nutrient (Hecky and Kilham, 1988). Consequently, since the wastes are phosphorus-rich, cage fish farming poses an eutrophication risk. Water volumes and flushing rates at marine sites tend to be high; giving them the capability to continuously replenish oxygen and to dilute farm wastes.In contrast, lake systems developed for aquaculture will probably have smallervolumes and lower flushing rates than marine areas. Oxygen will be rechargedslowly and the wastes will remain in the vicinity of lake-based cages. Thus,the potential for a deterioration of site quality is greater in freshwater sitesthan marine sites. However, the impacts on a given lake are variable, dependingon the farming practices, the size of the farm, the nature and volume ofthe wastes produced, the volume of the lake, the water exchange rate, andother characteristics of the water body (Phillips, 1985 ). Impacts may be shortterm and concentrated around the cages, or they may be long term and affectall trophic levels, particularly after a long period of culture. However, lakesystems tend to be resilient. After fertilization has been terminated, they revertrapidly to their natural status (Shearer et al., 1987; Levine and Schindler,1989).Impacts associated with cage farming include increased nutrient levels, turbidity,and sediment organic matter, decreased richness and biomass of benthic organisms, decreased Secchi disk depths, reduced concentrations ofdissolved oxygen ( 02), lower conductivity levels and drops in pH and, morerarely, changes in the temperature profiles (Beveridge, 1984; Phillips, 1985;Gowen and Bradbury, 1987; Rosenthal et al., 1987; Wildish et al., 1988; Nature Conservancy Council, 1990). Since different species of zooplankton andphytoplankton do not respond in the same way to lake fertilization (Smith,1969), changes in the relative abundances of both might also be expected(Weglenska et al., 1987; Stirling and Dey, 1990).In 1987, Isfahan province of Iran’s first natural lake-based cage farm was established in Lacdu Passage, a small, oligotrophic lake. Small lakes are desired by operators ofsmall farms (< 20 tonnes fish/year) because there is a reduction in user conflictsand in the wave damage to cages compared to marine sites and largelakes. Our objective was to evaluate the effects of rainbow trout cage aquacultureon the water quality, sediments, zooplankton and benthos of Lac duPassage. We hypothesized that the introduction of cage aquaculture into Lacdu Passage would cause short-term, localized effects characteristic of eutrophication.We predicted increased water nutrient levels, higher concentrationsof chlorophyll a (chl a), elevated turbidity levels, decreased [ 021, and decreased Secchi disk depths compared to other oligotrophic lakes. An increasein the % organic matter and nutrient levels of the sediments was expectedas a result of the sedimentation of the farm wastes. Finally, we predictedthat the farm would cause numerical changes in the zooplankton andbenthic communities. As this is the first study of the impacts of lake-based cage aquaculture in Isfahan province of Iran, it will make an important contribution to thefuture development of similar farms.

Study site
The Agh Dagh, Rag Hanna, Dare Ali, Dela and Morvarid Mountains located in southern part of the Isfahan province form the Hanna River Watershed. The watershed is located at coordinates of 31 N, 51 W, and is adjacent to south- western part of large central watershed of the Iranian plateau, and is a small portion of very large watershed of Karon River (1). The watershed has high mean altitudes of 2600 meters above sea level and enlarged 40 Km in length and 18 Km in width with total surface area of 71 square kilometer. Bahmanzad and Chahtal rivers form the head waters of the Hanna River, the former flowing from south-eastern to north-western parts of the watershed and the latter running from north to south and meet each other at 4.5 Km west of Hanna village. The headwaters supplied mainly by many small and large springs in addition with snow melt and in lesser extent with run-off initiated from heavy rains (Eskandary, 1993). 
	The Hanna Dam was constructed and impounded in 1997 on Hanna River at meeting point of the headwaters, situated at a distance of 30 kilometers from southwest of Semiron town. It has 245 meters length, 10 meters width at the top and maximum height of 35 meters. The maximum capacity of the basin is 50 million cubic meters and serves water supply for irrigation of 900 hectares agricultural lands in Hanna plain. The reservoir has maximum depth of about 30 meters adjacent to the dam, and according to the depth and slope of the bottom it was divided in two parts. The upper large and shallow part, which permanently serves by headwaters and the lower small and deep part situated near by the dam, and supplies out flowing waters. The surface area of shallow and large upper part is approximately 8 times higher than deep lower one.
	Water samples from Hanna Reservoir and the headwaters have taken with monthly intervals from April 2015 through March 2015 in Six selected silts. Whole water column samples, in the headwater, the river and shallow parts of the reservoir were taken by P.V.C. tube with 5-Cm diameter and in the deep parts of the reservoir by Rutner bottle sampler. The sub-samples of each sampling site were mixed carefully and adequate amount of them, have taken to the laboratory for further analysis.  2 shows the location of sampling sites in the headwaters and in the reservoir. 
	The water temperature and pH – values were measured in situ at sun- rise and sun set with mercury – glass thermometer and portable pH meter. The concentration of major anions and cations were measured according to the standard methods developed by Iranian Environmental Protection Organization (1998). The hydrological data were obtained from the management office of the dam and the reservoir and the climatic data were collected in Shahid Hamzaviy meteorological station located at southern part of the Hanna village and managed by our research center. During samplings of summer months limits of macrophyte community were identified by Ekman Grab sampler and then the extent of macrophyte coverage was estimated by planimetery of water counter line map of the reservoir (Olah, 1990). The main taxonomic group of macrophytes was identified according to Raju, 1996 and Terrell and Perfetti, 1996. 
Six stations on the lake were regularly sampled (. 1). The first was at the farm site, situated at the north end of the lake (2 1 m deep). Two controlsites were also established. Control site 1 (CS 1) was at the south end of thelake where the depth is similar to the farm site (20 m). The second (mid lake) was in the center of the lake at its deepest point (5 1 m). Whoriskey and Smith (1988) found that the sedimentation rate at the farm site was 5.5 times greaterthan at either the mid lake or CS 1. However, this was a much localized effect; the sedimentation rate returned to background levels within 10 m of the cages.The control sites were therefore well away from the areas directly affected by the farm wastes.



	
Material and Method
Each of the 6 lake sites of Hanna Reservoir was sampled for indications of environmental impacts of the farm on the lakewater quality, zooplankton, benthos, and sediments. Samples were taken monthly from 2015 months.
Since lake stratification may play a role in the distribution of nutrients byconcentrating them in areas of little mixing, water samples (Van Darn sampler) were taken for nutrient analysis from the epilimnion, metalimnion, hypolimnion, and from l-2 m above the sediments, both at the farm and thetwo control sites. The lake outflow and inflow were also sampled. All sampleswere analyzed for [NO3 1, [NH4 1, [PO, ] and turbidity levels using standardcalorimetric methods (Walters, 1989). At each site, a nutrient profile fromthe surface to the bottom was done once during the summer.
The input of PO4 from the farm was determined by an analysis of the feed(% phosphorus) and by the company records of the feed given to the trout.Temperature, conductivity and [ 0, ] at 1 -m intervals from the surface to14 m were measured at each site using a Yellow Springs Instruments model57 oxygen meter and S-C-T meter. To determine if the hypolimnion was anoxicor oxygenated, a steel wire was anchored to the lake bottom. The absenceof rust on the wire after 10 days indicated anoxic conditions (Golterman, 1975). Surface pH was determined with a Hanna Instruments model 0624-00 pH electronic paper. Secchi disk depths were measured at the three siteswithin 15 min of each other to ensure similar weather conditions
At the farm, mid lake and CS 1, zooplanktons were sampled using a net of0.5 mm mesh size. Six vertical tows were made at each site, three from 7 mand three from 14 m. The difference between the two depths indicated thenumber of zooplankton between 7 and 14 m. The zooplankton was preserved by freezing before being identified and enumerated. Subsamples splitwith a Folsom plankton splitter (McEwen et al., 1954) were counted. Benthicorganisms were sampled from each of the three sites using an Ekman dredge.At each site, three distinct samples were collected and washed through a sievebucket of 1 mm mesh size. Thirty-five sites in the littoral areas of the lakewere sampled once during the summer to determine the general distributionof benthic organisms. Algal levels were determined from [ chl a ] (an index ofphytoplankton biomass). Samples were taken from the surface, 7 m and 14m at the farm, and the two control sites, as well as from the outflow and inflowstreams. [ Chl a] at 3-5-m intervals from the surface to the lake bottom weremeasured at the lake sites to determine the vertical distribution of the phytoplankton.The chlorophyll a was extracted in ethanol and read at wavelengthsof 750 nm, 665 nm and 640 nm (Bergmann and Peters, 1980).
The lake sediments were sampled using a standard Ekman dredge. For each sample, the O/borganic matter (Walkley-Black procedure), pH (in water witha 1: 1 ratio of soil: water) and the [available P] (Mehlich III procedure),[available NOJ], and [available NH41 (KC1 extraction) were analyzed bythe Macdonald College soils analysis laboratory. The available nutrient portionsrather than total concentrations were measured since these would havethe most immediate and important effects on the lake biota.
Statistical tests were done with the Statistical Analysis System (SAS InstituteInc, Version 6.3 for IBM PC’s). All comparisons used Friedman’s testfollowed by multiple comparisons when necessary. The null hypothesis wasthat a given parameter was the same at the farm and control sites, whereasthe alternative hypothesis was that the parameter measured was not the sameat all sites. For the zooplankton abundance and the concentrations of chlaand nutrients, replicate samples were averaged before any analysis was done.

Results
	The highest and lowest values of mean depth, inflow water and surface area of the reservoir were observed in rainy and dry seasons, respectively, and the values of outflow and retention time were completely related to agricultural cultivation and dry seasons (Table 1). Due to decrease in depth and volume of water in summer and autumn, approximately 2/3 of surface area of the upper shallow part of the reservoir was dried and its macrophyte communities were exposed to the air.
	Rainy season in Hanna district lasted from November to April with monthly precipitation variation of 12 to 105 millimeters. The total annual precipitation was 248 millimeter. During the surveyed year Hanna area was very windy, especially in summer months, when there were only three calm days in a month. But in late autumn and whole winter, windy days significantly reduced (Table 2).
	During the year the mean PH values in the headwaters and the reservoir fluctuated between 7.8 – 8.5 and 7.8 – 9.5, respectively. From early spring to late autumn the measured mean PH values of the reservoir were higher than headwaters and the highest differences were found in summer months, in contrast in most of the samples of late autumn and winter the PH of headwaters were higher than reservoir. During the year, PH values of headwater increased almost monthly and reached maximum values in autumn and winter, But PH values of the reservoir showed monthly fluctuations with minimum and maximum values in late autumn and summer, respectively. (Fig 3)
	During spring and summer daily fluctuations of PH values in reservoir were higher than in the headwaters, but during autumn and winter they were approximately equal in both ecosystems. The maximum daily value difference of 0.8 unit was observed in the reservoir in spring (Fig. 4)
	The variations of carbonate concentrations in headwaters were characterized by July minimum and October maximum, in the reservoir they also showed minimum values in July but the maximum concentrations in upper and lower part of the reservoir were found in October and May, respectively. The variation of carbonate concentrations in out-flowing water and the lower part of the reservoir were similar (Fig. 5).
	The fluctuation of bicarbonate concentrations in most samples of head waters showed marked fluctuations and were characterized by three maxima in April, October and March and two minima exhibited more regulated and modified variations with two maxima in April and May and one minimum in August or September. Out flow however, had marked variation in bicarbonate concentrations with three maxima in April, July and November and two minima in May and August (Fig. 6).
	There were significant differences in chloride concentrations between two branches of headwaters. In Bahmanzad River chloride concentration was minimum in April, May and December and was maximum in June. But Rahimi River was characterized by quite mach higher chloride concentrations with two minima in April and July and two maxima in May and September followed by no significant changes 
in autumn and winter. The chloride concentrations in upper part of the reservoir were higher than lower one, and showed marked monthly fluctuations in both ecosystems, in contrast, the outflow had regulated changes in chloride concentrations, increasing from early spring to late winter with no significant fluctuation (Fig. 7).
           During the year in Bahmanzad River the sulfate concentrations were very low and relatively constant, but Rahimi River had higher and more variable constant sulfate (Fig. 8). 	
	The concentrations of calcium ions in the headwaters, reservoir and outflow varied between 2 – 4.2, 796 – 2.6 and 1.4 – 2.4 meq/l, respectively. Therefore the reservoir and outflow had always much less calcium ion content than the headwaters (Fig. 9).
	From April to August the concentrations of magnesium ions in the reservoir were approximately higher than in the headwaters. But in the rest of the year opposite condition was observed (Fig. 10).
	Similar to chloride ions, the concentrations of sodium ions in two branches of headwaters were also not identical. Bahmanzad River was characterized by much lower sodium concentration than Rahimi River. In all samples the sodium content of reservoir was relatively higher than mean values of headwaters.	During the surveyed year the concentrations of sodium in outflow were quite identical with average values of lower part of the reservoir (Fig 11).
	The ionic rations varied between different surveyed ecosystems. Ca2+: Mg2+ in headwaters and reservoir fluctuated between 1.48 – 1.58 and 0.85 - 0.94, respectively, Ca2+: Na+ in Bahmanzad River was 6.33 and it was quite lower in the other surveyed ecosystems, ranging from 1.11 to 1.46. Mg2+: Na+ in Bahmanzad River was 4, in Rahimi River was lower than 1 and in different parts of the reservoir it was around 1.3. In all of the examined ecosystems the CO32-: HCO3- and (CO32- + HCO3-): Cl- ratios were lower than 1, but the ratios of (CO32- + HCO3-): SO42- were much higher than 1, fluctuating from 5.28 to 16.28.
Cl-: SO42- were and largely high, ranging between 7.4 – 12.48, and ratios of Cl-: Na+, Cl-: HCO3-, Cl-: CO32- and (Ca2++Mg2+): (CO32- + HCO3-) were relatively more than 1(Fig. 12).
	2/3 of reservoir surface area was covered with dense populations of Myriophyllum, Ceratophyllum and Potamogeton species. The macrophyte started to fast growth in early spring and reached maximum growth in summer and disappeared in December.
Through the year the magnitude values of BOD and COD in the surveyed ecosystem were relatively weary low except in June and July, when they tend to significant increases.  In headwaters most of the measured BOD values were lower than 4.0 mg/lit only in June and July they increased to maximum values of 7.5 to 11.5 mg/lit. In upper and lower part of the reservoir most of the BOD values were also quite low except in June and July, when the maximum values of 18.25 and 16.7 were observed. The BOD in out flowing water was relatively well lower than the other parts of the reservoir and in most of the samples it was lower than 2.0 mg/lit-1.
	Most of the obtained samples from the surveyed ecosystems were characterized by very low COD values, ranging between 0.4 to 4.6 mg/lit-1, only in June and July COD tend to increase and reached maximum values of 7.0 to 45.0 mg/lit-1.
In 1989, a total of 7950 kg of starter feed and 67 225 kg of grower feed werefed to the fish. The phosphorus contents of these feeds were measured at 2%and 1% respectively. Presuming a feed conversion ratio (FCR) of 2: 1, Phillips (1985) predicted that 86O/b of the phosphorus would be wasted. Usingthis estimate, we calculated that at least 720 kg of phosphorus were loadedinto the lake in 1989, whereas in 1990 this rose to about 780 kg. The additional[P ] for IX du Passage resulting from the farm can be predicted by themodel of Kirchner and Dillon ( 1975 ) as modified by Jeffries and Mills Based upon the 1989 production of 14 tonnes of fish (780 kg of wastephosphorus, area1 loading= 1.70 mg P rns2 year- ’ ), this model predicts anadditional [P] of 0.146 mg/l. Since our estimated FCR was somewhat higherthan 2: 1, the phosphorus loading may be underestimated and therefore, thepredicted additional phosphorus concentration may also be conservative.Water qualityEpilimnetic, metalimnetic and hypolimnetic [Pod], [ N03], [ NH4], andturbidity levels at the farm and the two control sites were similar (Table 1).Although some seasonal variation in nutrient levels was evident, a systematicincrease in nutrient concentrations during the 2 years sampled did not occur.[ NH41 ranged from 0 mg/l to 0.1 mg/l with a slight peak in April 1990. [NO31also peaked in April reaching a maximum of 2.7 mg/l. [NO,] decreasedto 0 mg/l throughout the remainder of the study. [PO41 fluctuatedwith a peak from April to July 1990 (. 2). Values remained similar to thelevels of other oligotrophic lakes (Wetzel, 1983; Rodrigue and Desgranges,Comparisons of annual mean  physico-chemical parameters at the farm and control sites ofHanna Reservoir, with significance levels of Friedman’s analysis of variance (NS = not significant).Annual maximum and minimum values are also shown for the Secchi depths and surface pH
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1988) . At the midlake site only, PO4 and NH4 had accumulated in the hypolimnion.In the summer of 1990, these reached maximum levels of 8.1 mg/land 5.97 mg/l, respectively.Between 1989 and 199 1, the [ 0, ] in Hanna Reservoir reached a maximum of 12 mg/l at the surface and a minimum of 0.7 mg/l at 14 m. On 18 of the
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28 sample days, the [O,] was significantly lower at the farm than at the controlsites due to a depletion in the O-9-m cage zone (. 3). Depletions weremore frequent from June to October than during the winter.No general trends were evident in either of the temperature or conductivityprofiles. Both showed large seasonal variation; the temperature ranged annuallyfrom 0’ C to 27 ‘C while the conductivity ranged from 50 pmhos to 92, umhos.
The pH values were similar at the three sampling sites, indicating that thefarm has had no effect on the pH (Table 1) .Secchi disk depth readings ranged from 3.5 m to 10.75 m and were similarat all sites (Table 1). Hanna Reservoir had a mean annual Secchi depth reading of 6.33 m which falls within the range of oligotrophic lakes (Rast and Holland, 1988).
[Chl a] ranged from undetectable (co.02pg/l) at 14 m to 16.19 pg/l at 7m. The seasonal distribution (. 4) corresponded to the expected patternfor oligotrophic lakes described by Marshall and Peters (1989). In 1990, noalgal blooms were observed in Hanna Reservoir. The [chl a] did not differamong the sites at 0,7 or 14 m (Table 1). Concentrations peaked (> 2 pg/l)at all sites between 4 m and 9 m.
Sediments
The % organic matter in the farm sediments was similar to that at CS 1,However, both of these sites were significantly higher in % organic matterthan the midlake site (Friedman’s ANOVA SS = 13.4, PC 0.00)5 ( Table 2 ) .The sediment pH at the midlake site was also significantly lower than at thefarm site and CS 1 (Friedman’s ANOVA SS = 12.200, P<0.005 ) (Table 2).Sediment [available P ] at the control sites remained similar and constant( ~275 pg/g) throughout the study. However, 20-fold variations in [availableP ] occurred in the farm sediments (Table 2). Two large peaks in Januaryand July 1990 corresponded to periods of overfeeding when pellets of uneatenfeed were observed in the samples. The subsequent recovery to “pre-peak”levels indicated a capacity of the lake to absorb phosphorus. A comparisonamong the three sites indicated that the farm site had significantly more availableP than the midlake site (Friedman’s ANOVA SS= 9.800,0.005 <P<0.01 ), but did not differ from CSl. Sediment [available NO31and [available NH,,] varied annually, but were similar at all sites (Friedman’sANOVA SS = 2.667 and 5.00 respectively, P> 0.05 ).
Zooplankton and benthos
A total of 236 Ekman grabs at the three lake sites produced only threebenthic individuals, all chironomids. Benthic organisms were present in thelittoral areas of the lake to a depth of 13 m. The dipteran bloodworm, Chironemus,was most widespread, occurring in 32 of the 35 samples.
Numerically, Duphnia spp. were the most abundant zooplankton throughoutthe year, constituting about 90% of the individuals counted. Other generain the lake included Cyclops, Chaoboms and Diuptomus. In summer, therewere significantly fewer Duphniu in the zone of the cages (O-7 m tows) thanat the control sites (Friedman’s ANOVA SS = 11.20, P< 0.00 1) (. 5 ) . Atall sites, more Duphniu were found in the O-7-m zone than in the 7-14-mzone (Friedman’s ANOVA SS = 10.02, P-c 0.0 1). No other differences in thepopulation distributions were found. The total zooplankton abundance variedfrom 1.99 individuals/m3 to 6920.7 individuals/m3. These densities arelower than those found in other oligotrophic lakes (e.g. Blancher, 1984).

	
 




Discussion
The surveyed watershed is hilly or mountainous region and calcite, conglomerate and marl comprised most components of its rocks, sands and soils (Eskandary 1993).
	Snow is the main component of precipitation in the watershed and raining is usually rare. The fast moving surface run-off, created by snow melting or raining, significantly eroded the rocks and soils of watershed and washed out different salt components to the headwaters and reservoir. Moreover there were approximately 48675 hectares of non-irrigated and 9000 hectares of irrigated lands in the watershed (Shahmoradi et. al 1987). The irrigated lands lies along the headwaters.  During agricultural season water from Bahmanzad and Rahimi rivers turned to the agricultural lands and due to relatively high slope of the grounds accumulate at the end of the patches and then overflow to the same river and washed out additional different chemical component to the headwaters. For this reasons the ionic concentrations in headwaters were high, especially for calcium. Due to high calcium concentration the headwaters considered as hard waters. High hardness were also reported in Siahrod and Haraz rivers which exposed to industrial and agricultural pollution (Rooshan Tabari 1996, 1997). Among anions, the concentration of bicarbonate was highest, followed by chloride and carbonate and the concentration of sulfate was the lowest. In headwaters calcium was the main cation but the concentrations of magnesium and sodium were also high, especially in Rahimi River the concentration of calcium was only 1.5 times more than the concentration of magnesium or sodium. In this river the concentration of sodium ions were higher than magnesium. Therefore in headwaters in addition to calcium and magnesium salts, the sodium salts especially sodium chloride were also important. In world scale, the cationic and anionic composition of rivers reported as Ca2+ > Mg2+ >Na+ >K+ and HCO3->CO32->SO42->Cl-, respectively. The composition of soils and rocks, etc in watershed significantly changed above mentioned ionic composition. The composition of Ca2+>Na+> Mg2+>K+ in volcanic watershed and Cl->SO42->CO32- in very soft waters are dominated (Wetzel 1975). In rivers having watershed with marine deposits and exposed to agricultural and industrial pollution ionic composition changed to Cl->HCO3->SO42- and Na+ >Mg2+>Ca2+>K+ (Markich & Brown 1998). Similarly in headwaters of Hanna River, the watershed properties, climatic conditions and agricultural pollution identified the ionic composition of the water. 
In the headwaters the sum of equivalent of calcium and magnesium were higher than total equivalent of carbonate and bicarbonate ions. It means that total hardness were more than bicarbonate hardness and bivalent cations could combine to other anions as well, providing the existence of none carbonatic hardness. Because the concentration of chloride anions were significantly more than the concentration of sodium cations, the none carbonatic hardness probably originated from existence of calcium chloride and magnesium chloride salts in the headwaters.
	The above mentioned special feature for hardness and ionic composition of water exerts significant influence on buffering capacity of headwaters and when they reach to the reservoir environment with high photosynthetic activity and related high proton exchange, cause vast annual and daily fluctuation in PH of the reservoir water column.
As mentioned previously, in headwaters the bicarbonate was the most important anion followed by chloride, carbonate and sulfate but in the reservoir the chloride ions dominated over bicarbonate, carbonate and sulfate. The prevalence of chloride in general is related to increase in evaporation surface (Rippey & Wood 1985), and photosynthetic activities of phytoplankton and macrophytes (Jones 1990). When inflow waters, reach in calcium and bicarbonate ions, exposed to lentic ecosystem of the reservoir with dense populations of macrophytes, the bicarbonate ions absorbed significantly and PH increased and calcium carbonate precipitate as a subsequence (Pokorny et al 1984), When the bicarbonate reduced the chloride became dominant. The precipitation of bicarbonate calcium carbonate creates blue – greenish color in the water column of the reservoir. The lentic condition of the reservoir caused only prevailing of chloride ions over bicarbonate one and there were no changes in situation of carbonate and sulfate ions.
	The measured mean 5.1 mg/l of carbonate concentration in the reservoir was well lower than 11 mg/l reported in Parishan Lake (Esteky 1997). And 14 mg/l reported for a lake in North America (Awadallah & Mollas 1996).
	The average reservoir bicarbonate concentration of 181 was more than concentration of 30 mg/l in Parishan Lake (Esteky 1997) and 93 mg/l in a lake in North America (Awadallah & Moallas 1996). It was also higher than 152 mg/l reported for a lake in Estonia (Noges et. al 1996).
	In all of the samples chloride concentrations in headwaters were little bit higher than in the reservoir. Therefor chloride concentrations did not increase in the reservoir and its prevalence in ionic composition was a result of vast absorption and reduction of bicarbonate ions through the intensive photosynthetic activities. This finding in Hanna Reservoir is not in agreement with Rippey & Wood 1985, Who postulated that evaporation is main reason for prevalence of chloride ion in ionic composition of many reservoirs and lakes.
	There were no significant difference in sulfate concentrations between the headwaters and the reservoir. During the surveyed year the fluctuation of sulfate concentrations of most samples were also not significant. It is well known that in aerated aquatic ecosystems such as Hanna Reservoir sulfate usually is not essential pathway for energy flow and recycling of nutrient salts (Wetzel, 1975).
	The cationic composition of Ca2+>Mg2+>Na+ in the headwaters changed to Mg2+>Ca2+>Na+ when retained in the reservoir. Increasing in photosynthetic activities and PH were the reasons for calcium carbonate precipitation and reduction. In Hanna Reservoir white deposition of calcium carbonate covered vast populations of macrophytes in dried littoral area, coverage of macrophytes with precipitated calcium carbonate in macrophyte dominated lakes is also reported by moss 1980.
	Due to raining and anthropogenic activities calcium concentrations in the headwaters were rather changeable, but in the reservoir its fluctuations were regulated to some extent by photosynthetic activities.




Hydrological data of Hanna Reservoir (2015).

	Month
	Surface area (ha)
	Water level (m)
	Inflow (m3/s)
	Outflow
(m3/s)
	Volume (mil/m3)
	Retention time (day)
	Mean depth (m)
	Changes of depth (m)

	Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan
Feb
Mar
	870
840
760
665
620
540
520
530
600
650
710
890
	2332.25
2331.70
2131.30
2330.40
2329.60
2328.80
2328.40
2328.70
2329.30
2330.0
2330.70
2331.40
	5.5
3.2
3.4
1.6
1.5
1.2
1
2.3
2.5
2.6
3.4
3.4
	0.2
4.12
3.8
4
3.5
2.5
1.7
1.5
0.95
0.8
0.7
0.4

	51
47.3
44.3
36.5
30.6
26.08
23.85
25.5
29
33
39.5
47.9
	2951
132
135
105
101
120
162
196
353
477
653
1385
	5.8
5.6
5.8
5.5
4.9
4.8
4.5
4.8
4.8
5
5.5
5.3
	-0.8
-0.5
-0.4
-0.9
-0.8
-0.8
-0.4
-0.3
-0.6
-0.7
-0.7
-0.7




 Precipitation (millimeter), wind speed (Natural mile) and wind direction (degree) in Hanna district (2015).

	Month
Ecosystem
	Apr.
	May.
	Jun.
	Jul.
	Aug.
	Sep.
	Oct.
	Nov.
	Dec.
	Jan.
	Feb.
	Mar.

	Changes in wind speed
	4-28
	8-28
	4-20
	4-20
	4-28
	4-20
	4-20
	8-28
	4-16
	4-20
	8-16
	8-28

	Mean wind speed
	3.74
	6.32
	5.74
	6.62
	8.06
	5.16
	5
	3.73
	1.24
	2.66
	1.24
	3.81

	Calm
Days
	10
	8
	6
	3
	3
	9
	19
	7
	22
	15
	24
	15

	Wind direction
	28.57
	24.78
	27.38
	16.54
	17.42
	28.28
	30.05
	30.07
	24.08
	30.85
	25.11
	23.86

	Precipitation
	40
	0
	0
	0
	0
	0
	0
	12
	39
	105
	33
	19



Hanna Reservoir has been the site of cage aquaculture for 4 years. Severalchanges have taken place in the lake environment, presumably due to the installationof the cages. These included an oxygen depletion in the vicinity ofthe cages, decreased densities of Duphniu around the farm, an increased sedimentationrate below the cages and an increase in sediment pH, % organicmatter and [available P ] below the farm compared to control sites. These areall common short-term impacts associated with cage farming (Beveridge,1984; Gowen and Bradbury, 1987; Anon., 1988). The farm has had no measurableeffects on temperature, conductivity, surface pH, [ chl a], water nutrientlevels or sediment [available NO3 ] and [available NH4 1.The oxygen depletion in the water surrounding the cages was due to therespiration of the caged fish and will become more pronounced if productionis increased. Wild fish living around the farm would not be adversely affectedsince they are free to swim away and select their preferred oxygen levels.However, the farmed fish must tolerate a trade-off between areas with suffrcientoxygen (i.e. the surface) and depths with the preferred temperatures(below about 7 m ) . These suboptimal conditions add to their daily stress andcould result in decreased feeding and growth efficiency or even mortality. Suchcompromises will limit growth of the farm in the absence of oxygenation. Severalauthors have recorded similar decreases in hypolimnetic oxygen concentrationsdue to the decomposition of organic matter deposited below the cages(Wisniewski and Planter, 1987; Anon., 1988). In Hanna Reservoir, this wasnot a concern since the hypolimnion is already anoxic and reoxygenation isminimal during spring and fall turnovers.Most phosphorous wastes are bound in particulate form and sink to thesediments rather than leaching into the water column as nitrogenous wastesdo (Phillips, 1985; Anon., 1988 ) . The solid phosphorus-rich wastes from thefarm at Hanna Reservoir appear to sink since there is an increase in the sediment[available P 1, but not water [ PO41 when compared to the control sites.Once in the sediments, the phosphorus may be released to the water column
particularly when conditions are anoxic (Wisniewski and Planter, 1987 ) . Thismay account for the increased [PO,+] in the hypolimnion at the midlake site.However, the accumulation may also result from other processes, such as thesettling of PO&hseston to the sediments (Schindler and Lean, 1974). ThisPO4 accumulation in Hanna Reservoir probably does not contribute to plant oralgal growth since at these depths, growth is light limited (Aure and Stigebrand&1990). Hanna Reservoir has very short spring and fall turnover periodsof about 1 week. Our data indicated limited reoxygenation of the lower hypolimnion,and thus limited mixing of the bottom waters with upper layers.Consequently, there is little chance of these nutrients becoming resuspendedeven during lake turnover. Choosing lakes having the appropriate morphologyof steep sides and high relative depths may help to control eutrophicationby isolating nutrients in or above the sediments. Deep lakes with small surfaceareas which limit wind stirring may be more desirable as sites for cagefarming than lakes having a similar volume but larger surface areas. Within achosen lake, situating the cages over deeper areas may reduce the effectivelevels of pollution since these areas will most efficiently trap waste products.Relocation of the cages at Hanna Reservoir to the deepest portion of the lakecould help reduce pollution effects, provided that water currents are takeninto account in their positioning.Although the predicted area1 phosphorus loading from the farm at Lac duPassage is about 10 times the natural phosphorus load of other oligotrophiclakes (Vollenwieder, 1970), it is unlikely that this loading will exceed thebuffering capacity of Hanna Reservoir in the short term. Because the effects ofcontinued and greater loading are unknown, production should be increasedcautiously and efforts should be made to increase the efficiency of the farm,particularly with regard to the input of feed. The FCR of 3.7: 1 at Hanna Reservoiris unusually high, but may be due to poor record keeping by the farmmanagement. However, an improvement in feeding techniques would alsohelp to reduce the amount of wasted feed. Although the fish are fed manually,which tends to minimize waste, the feeding schedule is not rigid, resulting inthe fish feeding at variable times. Due to the time and effort required to gradethe fish, grading is infrequent so a single cage often contains fish of differentsize classes. More frequent grading would help to maximize feed use bygrouping the fish uniformly. These changes are important both to decreasethe costs to the farm and to reduce the potential for significant environmentaldegradation.
In Hanna Reservoir, an accumulation of NH4 is evident in the hypolimnionat the midlake site. At this depth (below 20 m) conditions are anoxic andthus the accumulation probably results from the decomposition of organicmaterial and the release of ammonium from the sediments ( Wetzel, 1983).Ammonium can be directly toxic to fish between 0.5 and 2.5 mg/l (CCREM,1987; Weston, 1988). Since the maximum levels in Hanna Reservoir are con-
siderably lower than this in all except the deepest portions of the lake, thereis little threat to farmed or indigenous fish. Furthurmore, the areas of ammoniumaccumulation have very low concentrations of oxygen and could notsupport fish life. As with the phosphorus, the ammonium is probably isolatedin the hypolimnion since little mixing seems to occur. Consequently, the ammoniumis unavailable to algae and will contribute little to lake productivity.
Solid wastes from the farm have accumulated below the cages. These sedimentswere similar to those found at CS 1. CS 1 is situated in an area which,because of its location in the lake, has an accumulation of plant detritus onthe sediments. This suggests that the effect of the farm on the underlying sedimentshas been to elevate the pH, % organic matter and the [available P]from the background level of the lake (as found at midlake) to the level in anarea of the lake receiving the natural input of allochthonous material. Therewas no risk of direct impacts upon the benthos from the increased sedimentationor enrichment below the cages since a community as such did not existin that area. The absence of benthos from the deeper areas of Hanna Reservoiris unusual and has not been widely observed in other lakes. Lakes in the ExperimentalLakes Area of Ontario contained benthic organisms at similar andgreater depths than Hanna Reservoir (Hamilton, 197 1). This abenthic conditionmay result from the low oxygen conditions or from unsuitable habitats.The dominant zooplankters in Hanna Reservoir were Daphnia spp. AlthoughDaphnia occurred in the lake throughout the year, their abundance fluctuatedseasonally. Brooks ( 1969) observed that in Lago Maggiore (Italy), Daphniawere virtually absent from the plankton in winter (December-April), andbecame common thereafter with a peak in June-July. In Hanna Reservoir,Daphnia were present during the winter, but in relatively low numbers. Apeak occurred from late May to early June coinciding with a peak in [ chl a 1.The presence of Daphnia spp. in Hanna Reservoir may help to buffer the effectsof the fish farm and thereby maintain its oligotrophic state. Daphnia exhibitdie1 vertical migration. As they do so, they act as active transporters of nutrients,causing a net downward movement of phosphorus from the epilimnionto the hypolimnion (Wright and Shapiro, 1984). This phosphorus isthen unavailable to the phytoplankton and can settle to the sediments in theDaphnia faeces. The high grazing rate on algae of large, as opposed to small,Daphnia may also buffer eutrophic effects (McQueen et.. al., 1986).Daphnia were less abundant in the vicinity of the farm during the summermonths than at the control sites. Perch (PercaJlavexens) and escaped troutwhich reside around the cages because of the easy availability of waste feedor the cover offered by the cages (Chain& and Whoriskey, 1992) may grazeupon the Daphnia in the area. As the zooplankton are washed through thecages, the farmed fish can also feed upon them. Daphnia may also avoid thefarm because of the predators or due to changed water currents, oxygen depletionor a scarcity of food in the area arising from the shading effect of the
farm upon the algae. Finally, the increase in solid wastes in the water column,especially during feeding, may also deter zooplankton (Clarke and Phillips,1989). The occurrence of more Daphnia in the O-7-m zone than in the 7-14-m zone may be a result of food availability since [ chl a] peaked at about 6-7m deep.
The community structure and biomass of the phytoplankton are regulatedmainly by nutrient availability (i.e. bottom-up dynamics) (McQueen et al.,1986). Cage aquaculture can disturb trophic relationships in a lake by theaddition of nutrient sources for primary producers. In Hanna Reservoir, availablenutrients are probably assimilated quickly by the algae, eventually increasingtheir productivity. Subsequent changes in the zooplankton populationsmediated by these changes in the algal populations may occur. Mostcommonly, species abundance is altered, with less effect on species composition(Brooks, 1969 ) . Odum( 198 5 ) predicted that disturbed systems will havea decrease in the size of organisms and species diversity as well as a shorteningof food chains. Following nutrient enrichment of Ontario lakes, Schindler( 1990) found an increase in the proportion of r-strategists and a decrease inthe size and lifespan of the zooplankton. Finally, changes in lower trophiclevels will affect the native fish populations. However, the impacts on nativefish in Hanna Reservoir will be complicated by the introduction of rainbowtrout escaped from the farm which may compete for resources.These bottom-up trophic interactions can result in communities vastly differentfrom those occurring before nutrient input began. Such long-term impactsare of concern since lakes containing aquaculture farms (including Lacdu Passage) often support other fish species exploited by sport fishermen oras food sources for other predators, and it is difficult to predict their responsesto nutrient enrichment. However, unproductive lakes are often fertilizedto enhance the sport or commercial fisheries (Reinertsen and Langeland,1982; Hyatt and Stockner, 1985; Perrin et al., 1987). Cage farms operated inlakes managed for fisheries could be a source of “fertilizer” and thus benefitother users of the lake.Aquaculture facilities are of concern as they may affect the quality of drinkingwater. The water at Hanna Reservoir meets the norms for drinking andrecreation (CCREM, 1987 ). Fecal coliform levels were below the acceptablelimit of 200 organisms/ 100 ml (R. Fisher, pers. commun. ), the pH fell in theprescribed range (6.5-8.5 ) and nitrate levels were well below 10 mg/l. Thewater from Hanna Reservoir is used for drinking, washing and swimming withno ill effects.
Conclusion
In Hanna Reservoir, there was evidence of short-term, localized impacts of arainbow trout cage farm. These included a local depletion of oxygen levels, a
decreased density of Daphnia in the vicinity of the cages and changes in thesediments below the farm. The nutrient loading resulting from the presentlevel of production (about 14 tonnes/year) is unlikely to exceed the shorttermbuffering capacity of Hanna Reservoir, but long-term effects and the resultsof increased production are unknown and are difficult to predict becauseof the complexity of the food web interactions. Other research has shown thatlong-term environmental degradation is probably the most critical factor controllingthe effects of cage farms on the environment (Anon., 1988). Our resultssuggest that well chosen oligotrophic lakes may serve as excellent sitesfor cage aquaculture although continual monitoring of the site over many yearsis necessary to evaluate the full effects of the farm on the lake environment.
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Fig.4.The daily differences of PH in Hanna Reservoir.
Bahmanzad	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.3	0	0.5	0.5	0.7	0.1	0.1	0	0.1	0.1	0.1	Rahimi	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.4	0	0.1	0	0	0.1	0.1	0.2	0.1	0.1	0.2	upper part	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.8	0.1	0.2	0.3	0.3	0.1	0.1	0.2	0.1	0.1	0.1	lower part	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.1	0.3	0.7	0.1	0.1	0.2	0.1	0.4	0	0	0	outflow	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.2	0.1	0	0	0.1	0.1	0	0	0.4	mean	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.2	0.1	0.3	0.1	0.1	0.1	0.1	0.3	0	0	0.1	



Fig.11.The concentrations of Sodium Ions in Hanna Reservoir(meq/l).
Bahmanzad	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.43	0.52	0.36	0.36	0.9	0.43	0.43	0.43	0.32	0.57999999999999996	0.23	Rahimi	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	2.6	2.2999999999999998	2.36	0.36	3	2.5	2.64	2.5	1.37	2.83	2.4	upper part	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	1.66	1.5	1.5	1.53	2.1	1.68	1.71	1.64	1.82	1.55	1.59	lower part	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	1.65	1.55	1.54	1.51	1.9	1.69	1.72	1.58	1.66	1.57	1.63	out flow	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	1.69	1.5	1.53	1.54	1.9	1.68	1.73	1.65	mean	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	1.66	1.51	1.53	1.52	1.96	1.68	1.72	1.61	1.74	1.56	1.62	



Fig.8.The concentrations of Sulfate Ions in Hanna Reservoir(meq/l).
Bahmanzad	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.22	0.33	0.31	0.23	0.25	0.25	0.3	0.21	0.21	0.25	0.21	Rahimi	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.45	1.05	0.62	0.65	0.39	0.35	0.32	0.28000000000000003	0.32	0.32	0.78	upper	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.52	0.69	0.48	0.47	0.31	0.4	0.4	0.47	0.51	0.53	0.46	lower	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.53	0.73	0.4	0.39	0.43	0.41	0.44	0.42	0.52	0.48	0.46	outflow	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.53	0.86	0.42	0.42	0.46	0.42	0.42	0.5	mean	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.52	0.76	0.43	0.42	0.4	0.4	0.42	0.44	0.51	0.5	0.47	



Fig.7.The concentrations of Chloride Ions in Hanna Reservoir(meq/l).
Bahmanzad	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	2	5	3	4	4	2.8	3.5	2	3.1	3	2	Rahimi	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	7	6	3	6	8	5.9	6	5	5.5	5	4	upper part	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	3.66	5	3.33	7	3	5.13	4.9000000000000004	3.5	3.1	3.66	3.33	lower part	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	3.25	4.5	2.66	5.75	4.66	4.72	4.0199999999999996	3	3.85	3.75	3	outflow	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	2	2.5	4	3	5	4	5	5.8	2	mean	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	2.97	4	3.33	5.25	4.22	4.6100000000000003	4.6399999999999997	4.0999999999999996	3.47	3.7	2.77	



Fig.6.The concentrations of Bicarbonate Ions in Hanna Reservoir(meq/l).
bahmanzad	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	3.77	3.75	3.05	4.75	2.69	3.35	3.48	3.67	3.67	3.62	4.24	Rahimi	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	3.76	3.3	3.3	4.45	3.37	3	3.26	3.39	3.39	3.61	4.1100000000000003	upper part 	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	3.23	2.25	2.95	1.04	2.3199999999999998	2.76	3.16	3.25	3.23	3.64	4.28	lower part	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	3.26	2.16	2.65	2.4500000000000002	2.13	2.58	3.13	3.13	3.34	3.48	4.1900000000000004	outflow	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.79	2.08	3.4	1.9	2.17	2.4700000000000002	3.3	4.01	mean 	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	2.42	2.16	3	1.79	2.2000000000000002	2.58	3.19	3.19	3.24	3.56	4.16	



Fig.5.The concentrations of Carbonate Ions in Hanna Reservoir(meq/l).
Bahmanzad	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.8	0.45	0	0	0.73	1.05	0.39	0.3	0.42	0.5	0.66	Rahimi	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.84	0.55000000000000004	0	0	0.65	1.1499999999999999	0.32	0.37	0.66	0.32	0.92	upper part	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.66	0.41	0	0.6	0.6	0.68	0.28999999999999998	0.49	0.56999999999999995	0.33	0.57999999999999996	lower part	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.8	0.27	0	0.38	0.66	0.52	0.25	0.44	0.49	0.4	0.67	outflow	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.79	0.35	0	0.35	0.46	0.65	0.24	0.53	mean 	may	jun	jul	aug	sep	oct	nov	dec	jan	feb	mar	apr	0.75	0.34	0	0.44	0.56999999999999995	1.28	0.26	0.46	0.53	0.36	0.59	
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Depth (m) Farm Midlake csi Friedman's
PO, (mg/1) 0 010 0.09 ol NS
7 009 0.10 0.10 NS
14 011 [ 010 NS
NO; (mg/1) 0 005 009 007 NS
7 006 005 007 NS
14 0.06 0.06 005 NS
NH, (mg/1) 0 0.04 0.06 003 NS
7 0.04 0.04 005 NS
14 003 0.03 004 NS
Turbidity 0 0.87 017 0.69 NS
(ftw) 7 1.50 0.52 101 NS
14 052 0.68 141 NS
Secchi depth 67 59 58 NS
(m) max 9.8 108 100
min s 19 39
PH 0 70 73 72 NS
‘max 81 81 8.1
min 54 50 52
Chiorophyll a 0 233 245 262 NS
(ug/1) 7 314 397 427 NS
1 165 Lot 183 ns
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TABLE 2

% organic matter, [available P] and pH of the sedimentsat the farm, midlake (midl) and control site
1(CS1) of Lac du Passage from 1988 to 1991

Date % Organic Matter {ug/g) [available P] pH

Farm  Midl  CSl Farm Midl Cs1 Farm  Midl  CS1

07 Jul 88 59.3 46.6 62.9 641.3 109.0 1657 6.1 5.8 6.1
24 Sep 89 66.8 380 48.5 199.5 147.0 253.5 6.1 5.7 6.2
250ct 89 54.0 47.5 65.5 1325 83.5 146.5 6.1 5.6 6.2
21Jan 90 69.0 470 50.0 170 285 216.5 6.1 5.4 6.0
03 Mar 90 67.5 417 50.0 1281.0 43.0 280 54 5.3 54
31 Mar 90 39.0 46.0 57.0 450.0 131.0 105.5 5.8 s 33
03 May 90 49.7 479 56.0 201.0 82.0 64.0 6.3 59 6.0
29May90 477 45.6 71.4 387.0 55.5 1440 6.6 5.8 6.2
07 Jul 90 65.8 4.3 68.0 2175.0 69.5 171.0 55 6.2 6.5
03 Oct 90 50.2 38.6 58.6 780.0 1600 2750 5.5 53 5.7
18Jan 91 40.6 428 43.8 162.0 62.0 655 62 5.8 58
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