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b tract 

Al Wathba Lake \va created in 1982 by accidental discharge of 0 er-capacity 

treated ewage water from Al Mafraq Waste Water Treatment Plant ( WWT). The lake 

l ie on the north side of the Abu Dhabi - Al Ain truck road, approx imately 40 km 

outhea t of Abu Dhabi I sland. I n  1998, the lake and its surroundings were designated 

as protected area, the Al Wathba Wetland Reserve, and placed under the management 

of the Environmental Re earch and Wi ld l ife Development Agency ( ERWDA).  The 

re erve covers an area of approximately 5 km2, and the lake system covers an area of 

1 . 5 km2. The cont inued inputs of water and h igh evaporation rate have resu lted in 

fluctuating water sal inity of the lake from fresh to hyper-sal ine. The reserve attracts 

large numbers of migrat ing waterfowl and waders including the greater flanungos 

(Phoenicopterus ruber) which is the only known currently breeding colony in the 

Arabian Peninsula .  Bline shrimp (Arfemia sp. ), the only crustaceans inhabiting the 

lake, are the main food source for the flannngos. Brine shrimp can tolerate a wide 

range of water qual i ty cond it ions, particularly water sal ini ty variations. However, 

l itt le information is avai lable on the effects of water quality on Artemia populations 

inhabi t ing AI Wathba Lake. Considering the potential importance of brine shrimp as a 

food source for the flamingos popUlation, and the government interest to conserve the 

establ i shed populat ion, the present study was carried out to exannne the dynamics of 

brine shrimp populat ion in relation to the surrounding environment .  The second goal 

of the study has a lso aimed to develop a management plan for the lake environment, 

in order to guarantee con6nuous reproduction of Artemia population and consequently 

the conservat ion of the establ i shed flannngos population. 
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In  the framework of the present study, a total of 1 4  sampling site were 

inve tigated on a monthly basis form Apri l 2002 to January 2003 . At each site, water 

sample were col lected from both surface and near-bottom levels and in case of 

ampl ing site that are Ie than 50cm in depth, only surface sample was col lected. 

Water temperatu re,  sal i n ity and pH were measured in situ using a multi meter 

hydrolab device. The col lected water samples were analysed in the laboratory to 

detelm ine the urface and near-bottom concentrat ions of nitrite, nitrate, phosphate, 

ammonia, magnesium and calcium for each sampling site. Moreover, the density of 

Anemia organisms and their cysts numbers were counted for each site. 

In order to evaluate the tolerance of Artemia organ isms to the variations in  the 

l ake en i ronment, Artel1lia spec imens were col lected from AI Wathba Lake and tested 

for the fol lowing vaIiables: a- water temperature ( 1 50, 250, 300, 400C), b- water pH 

(7 .5 ,  8 ,  9 . 5 ,  1 0) , c- water sal in i ty ( 75 ,  1 00, 1 50, 200 ppt) and d- food types 

(Duluniella, Chiarella, Tetraselimus sp. ,  yeast) .  These tests were run for three weeks 

unt i l  the last i nd ividual  d ied, and the optimum survival  rates were detected. I n  

addition, Artemia specimens were sent to  the Laboratory of Aquacu ltu re and Artemia 

Reference Centre in Belgium for taxonomic identification. From the prel iminary 

invest igat ion, the centre has ident ified the given specimens as A l1el1liajranciscana. 

Results from the col lected field data revealed that the Artemia population 

inhabi t ing A l  Wathba Lake is most ly affected by water temperature and water salinity. 

Artenzia was absent during the summer months due to the high water temperature 

( maximum= 3 4. 5  °C ) and sal in i ty ( maximum= 237 .5  ppt ) .  I n  winter, Artemia was 

abundant in the lake when water temperature was 1 8 .6 °C and water sal in ity was 
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dropped off to 70.4 ppt . The tati t ical analy i of the tudied parameters howed that 

the chemical compo it ion of the lake water had no significant effect on the presence 

or absence of Anemia in the l ake. 

The laboratory experiment showed that Artemia sp. was great ly influenced by 

water a l in ity and water p H .  I t  was found that Artemia population inhabit ing Al 

\\Tathba Lake maintain better performance at sa l in ity of 75 ppt and a pH of 8, and the 

un,ival was longer than the other combinat ions. In addit ion, it was found that the 

opt imum temperature at which the best perfonnance and longest sUf\Tival were 

recorded of a l l  between 25-30 0c. 

According to the pre l iminary identification of the Artemia species, and in l ight 

of the field and l aboratory resu lts, i t  seems that the exist ing Artemia species at Al 

Wathba Lake may match the A . franciscana behavior. However, the response to other 

envirOIlllental parameters did not match that of A. franciscana featu res. Therefore, 

further genome analysis i s  uggested in  order to ident ify  the specific taxonomic rank 

of the Artemia populat ion in Al Wathba Lake. 
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Introduction 

According to the Ram ar Convent ion, wet lands are defined as areas of marsh , 

fen, peat- land or \vater, whether natural or art ificial ,  penn anent or temporary, with 

water that i s  tatic or flowing, fresh, brackish or alt  ( Article 1 . 1 ,  Ramser Convent ion, 

1 996 ).  In addition, they could be human-made wet lands, such as shrimp ponds, faml 

pond , i n-igated agricul tural land, salt pans, reservoirs, gra el pits, sewage ponds and 

canal . It is widely known that, wetlands and alt lakes sustain a huge diversity of l ife 

and perform essent ia l  functions in  the maintenance of ecological balance. Interfacing 

between land and water systems had made them highly productive, biological ly rich, 

and also endangered ( Barbier et.a !. ,  1 997; Ramchandra, 200 1 ) . In fact, wetlands have 

been described as "the k idneys of the landscape", because of the functions they 

perfonn in  the h drological and chemical cycles ( M itch et. a I. ,  1 993) .  

Both fresh water and sa l ine lakes have a large number of uses and values. A 

major economic u e of fresh water lakes and reservoirs is as a source of fresh water 

for i rrigat ion. Other uses incl ude: domestic usage, industrial usage and generation of 

electric i ty .  Sa l ine lake are a lso useful  as a source of minerals, fine biochemicals and 

as a ource of food for maintain ing sal ine spec ies for aquaculture; especia l ly Artenzia 

sp. ( Wi l l iams, 2000) .  Because of th is  d iversity in  biological and physical attributes, 

wet lands have attracted the attention of ecologists, physiologists, biochemists, 

geochemists, palaeo l imnologists and others. Moreover, the educat ional value of 

wet lands should not be underest imated. As environmental i ssues become increasingly 

important, and as global c l imatic and atmospheric changes take effect they provide 

important examples of natural environmental systems to demonstrate the importance 

of mainta in ing sustainable ecosystems. 
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1any lake in pire piritual emotions and feature prominent ly in rel igious 

\Iovri t i ng ; a lso many recreational activit ies take place on or near by. They may be used 

for 'wind- urfing', peed trials, and lake mud cou ld also be used for therapeutic 

purpo es as for example, in the Dead Sea ( Wi l l iams, 2000) .  

al ine lake and wet lands are found on al l  the Earths' continents except the 

Antarct ic .  In 1 933 ,  it ha been est imated that, North America had more than 200 

natural and constmcted wet lands ( Knight et al. , 1 993 ), and Europe had more than 500 

ubsurface flow wet land ( Blix, 1 993) .  As for dryland lakes, the world's largest lake, 

the Ca pian Sea ( 3 74000km2 ), occurs in an arid environment, in addition to several 

other lakes of areas greater than 1 0000km2 (Ara l  sea, Chad lake, Balkhash, Eyre and 

Torren lake) ( Herdendorf, 1 990) .  

In Arab lands, apart hom ephemeral salt  lakes that occur after rams on 

lowlying areas with h yper-sal ine substrate ( sabkha), several extremely large reservoirs 

have been bui l t  i n  d rylands, i nc luding the Aswan H igh Dam in  Egypt and Sudan and 

the Razza Dyke in I raq ( Wi l l iam, 2000) .  The rapid urban and agricultural  

development i n  the Arabian Pen insula has a lso resulted in  the creation of art ificial 

wet lands which are ei ther water storage reservoi rs areas of spi l lage from i rrigat ion 

systems, sewage treatment ponds or art ificial lagoons created by waste water from 

urban and industria l  areas ( Dugan, 1 993) .  In the Gulf region, there are no known 

pennanent sal ine lakes with year-round standing water only ephemeral lakes that 

form after rains on sabkha. However, a number of large artificial wet lands known to 
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exi t uch a the re ervoir in Wadi Hanifah and Wadi J izah in  Suadia Arabia which 

upport everal thou and of waterfowl during winter season ( Dugan, 1 993 ). 

In the Un ited Arab Emirates during 1 982 an unplanned discharge of water 

from a \Va tewater treatment plant onto an adjacent area of sabkha led to the 

format ion of a lake, 40 km ea t to Abu Dhabi Is land ( Brown, 1 983;  Aspinal l  et. aI. , 

1 993) .  Subsequent smal l  d ischarges maintained the lake as a permanent body of water 

and attracted a variety of wi ld l i fe to the area. In 1 998, the lake and its surroundings 

were designated a a protected area, known as the AI Wathba Wetland Reserve, and 

p laced under the management of the Environmental Research and Wi ld l ife 

Development Agency ( E RWDA) .  

The reserve co ers an area of approximately 5 krn:!, whi le the lake itself covers 

an area of 1 . 5 km2. The reserve supports a wide biologjcal diversity of birds, smal l  

mammals, p lants and invertebrates . The pennanent water body of the lake attracted 

many species of birds that became resident on the site, such as Black-winged st i l ts and 

Kent ish p lovers. I t  a l so made a good stop stat ion for migrating birds such as the 

greater flamingo. I n  1 993 , a population of greater flamingo (Phoenicopferus ruber) 

became resident in  the site and attempted to breed for the first t ime in  the Arabia in 

over 75 years ( Aspinal l  & E ri k, 1 993 , Aspina l l  et. al. , 1 999) .  With the view of 

promoting continued occupat ion and breedi ng at the reserve by this regional ly 

important flagship species, the avai lab i l ity of sufficient food resources was identified 

to be of prime importance. 
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ince the fomlation of the lake, its water a l i nity has increased from brackish 

to al ine and lately to hyper- al ine. This happened because of the continuous input of 

alt with water from the sewage treatment plant coupled with leaching from soil 

ub trate and the extremely high rates of transpiration common in the hot, arid 

c l imate of Abu Dhabi Emirate. In fact, the high rate of evaporat ion and the sabkha 

ub trate has led to a situation where the water sal inity within the lake now ranges 

from 50 - 200 ppt . The lake, with its hypersa l ine nature has become suitable for the 

brine hrimp (Artemia sp. ) development . 

Brine shrinlp have been known to man for centuries, and have been found to 

be a good food source for newly hatched fish larvae as wel l  as for birds ( Van Stappen, 

1996) .  The present study is the fi rst study on brine shrimp in the UAE.  It is also 

unique in that it focuses mainly on fi nding the proper way to manage the water body 

in the re erve.  The objectives of the study were to: 

1 .  Assess the Artel71ia population inhabit ing A l  Wathba Lake. 

2 .  Quantify the lake environmental conditions and the distribut ion of the brine 

shrimp population. 

3. Understand the relationships benveen environmental conditions and brine 

shrimp population dynamics. 

4 .  Design a management program that cou ld maintain the lake condit ions 

favouring the sustainable Artemia popu lation as a food source for the greater 

flamingos. 
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ite Description 

H i  tory 

AI Ghar j a sabkha area, located 40 km east to Abu Dhabi along the north side 

of the Al Ain truck road ( Fig.  I ) . This  area had been known to become water saturated 

during the \vinter months, pre umably as a result of sub-surface flow through and 

hydro tatic back-up during pring h igh t ides ( Aspinal l  et. 01., 1 999 ) .  Subsequent rain 

and the construction of the road truck to the south fOlmed body of open water, often 

exi t ing for several months each year. 

Fol lowing heavy rams 111 1 9891 1 990, a substantial  amount of water was 

col lected on the northern side of A l  Ain truck road. The water body started to attract 

watelfowl such as Kentish P lover Charodrius olexondrinus, Black-winged St i l t  

Himantoplis him07ztopuS and Greater flamingoes Phoenicopterus rubeI'. 

In 1 990, Emirates Natura l  H istory group ( ENHG)  members reported i l l egal 

shooting to H . E .  Sheikh Nahyan Bin Mubarak Al Nahyan. Shooting was banned in 

the area and a 24-hour pol ice patrol was init iated. S ince the shooting was banned, 

waterfowl and waders started to return again to the site. In early 1 99 1 ,  about 1 25 

flamingos were recorded, increased to about 650 individuals by the end of the same 

year ( Aspinal l  & Erik, 1 993 ) .  In June ] 993, flamingos started to colonize and nest on 

the l ake to the south of the truck road, but the breed ing fai led due to ei ther human or 

predator d i sturbance. 

After the shoot ing inc idence, and according to the instructions of H .H .  Sheikh 
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Zayed Bin ultan A l  ahyan, the area has been de ignated as a natural reserve named 

"AI Wathba Wet land Re erve" and managed by the Environmental Research and 

Wi ld l i fe Development Agency ( E RWDA).  

In 1999, at  lea t a dozen nests containing eggs were seen by E RWDA staff. 

Unfortunately, the unplanned release of water from Al  Mafraq Waste Water 

Treatment Plant washed some of the nests away. A few days after the incident, there 

were st i l l  some adult flamingos occupying nests. Ten chicks were recorded in the 

fol lowing week. This instance of successful reproduction by flamingos in 1999 was 

the fir t recorded in the Arabian Gu lf  pen insula in over 75 years ( Aspinal l  et. aI., 

1999). 

Ecology of AI \Va th ba Reserve 

A l  Wathba Reserve covers an area of approx imately 5 km2 and the lake body 

itse lf  covers about 1 . 5 km2 ( Fig. 2 ) .  The reserve consists of several d ifferent habitats, 

including a fresh water l ake, sal ine l akes, tal l -reeds marshes, sand dunes and sabkha. 

Th is  habitat mosaic has attracted a high diversity of fauna to the reserve and has given 

the site a h igh priority for conservation. 

Around 35 spec ies of native flora have been recorded in the reserve. The dense 

cover of these p lants has created a good habitat for cheesman's gerbi ls  Gerbillus 

chee lIlani brown mouse and the other rodents in the reserve. I t  has a lso provided , 

good shelter for desert hares Lepus capensis. Therefore, the diversity of the flora such 

as Zygophyllum qafarense, Haloxylon salicornicum and Diptergium glaucum in the 
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reo ef\ e has pro\ ided not only good shel ter, but also a good source of food for both 

rodents and hares in the re erve. 

The lake body, which i about 1 .5 krn long and about 0 .5 krn wide, with a 

depth range from a few cent imeters up to two meters has attracted more than 200 

pecie of birds.  For example, apart from the greater flamingoes, the reserve holds the 

only breeding avocets Recllrvirostra avosetla and black-necked grebes Podiceps 

nigricolli and the largest breeding population of black-winged sti lt Himal1topus 

hil71amopu and Kent ish plovers Charadrius alexandrinus in the UAB. 

Al  Wathba resef\'e hosts not only birds and smal l  mammals but also a fami ly 

of at  least five red fox Vulpes vulpes. Cemented sand balTows and the availabi l i ty of 

food in  A l  Wathba reserve have made i t  a good place for the red foxes to be present 

year-round. 

The rese rve is also characterized by a high diversity of invertebrates and 

rept i les.  I nvertebrates such as butterfl ies, dragonfl ies, damse lfl ies, wasps, and beet les 

had a huge distribution in  the reserve. The two largest desert rept i les, the "dhub" 

Spiny tai led l i zard Uromastix microlepis and the desert monitor l izard JTaranus 

griseus have a good burrows habitat which is fonned from the cemented sand found at 

various locat ions in the reserve. Schmidt 's fringe-toed l izard Acanthodactylus 

schmiditi, baluch roch gecko Bunopus tuberculatus and dune sand gecko 

Stenodactylus doriae are just a few examples of the rept i les that can be seen in the 

reserve. 
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A l  \Vathba wetland re erve exist only because it i s  suppl ied with secondary 

treated water from Al  Mafraq Waste Water Treatment Plant and with sal i ne irrigation 

run off from Al Wathba Camel Race Track. The requirement for water, in order to 

counteract the effects of evapo-transpirat ion, varies from 8,000 m 3 of water per day in  

winter up to  22,000 m 3 per day in  summer (A I  Wathba Management Plan, 200 1 ) . 

The cont inuous evaporation of the water and the input of the brackish water 

have cau ed some parts of the lake to become hyper-sal ine. This h igh sal inity i s  

thought to be a primary factor making the s i te  suitable for the flouri shment of Artenzia 

p. , which i s  known as the on ly food resource for the Greater Flamingos, and some 

other bird species. 
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Brine Shrimp (Artemia p.) 

The brine hrimp Arfemia sp. belongs to the phylum Arthropoda class 

Crustacea. and were fir t recorded in 1 755  ( Kuenen et. af, 1 938 ) .  From the second 

half of the 1 9th centu ry onward, many studies were publ ished on the morphology and 

ta'\onomy of th is  anost racan crustacean. I n  the period from 1 9 1 0  to 1 968, the 

profu ion of names wa abandoned and most workers referred to all brine shrimps as 

A. salina L innaeus 1 75 8  ( Browne, 1 99 1 ) .  Early taxonomist assigned species names to 

populat ion v,7ith d i fferent morphologies, although they were col lected at d ifferent 

temperatures and sal i n i t ie . 

I t  i s  wel l  known that A rtel71 ia i nhabits hyper-sal ine environments and has a 

wide geographical di stribut ion ( Persoone & Sorgeloos, 1 980; Browne & MacDonald, 

1 982; Vanhaecke et. al. 1 987 ) .  Brine shrimp is  a lso global ly distributed in 

h� per a l ine biotopes inc luding salt lakes, coastal lagoons and solar salt works 

(Vanhaecke et. al. 1 987,  Tackaert et.al. , 1 993 ) .  I n  1 9 1 5 , Abonyi publ ished a l ist of 80 

Artemia s i tes  located in 2 1  d ifferent countries. Later on, 28 sites were reported by 

Ste l la  ( 1 933). Moreover, Persoone & Sorgeloos ( 1 980) included a l ist of 243 sites 

di  tributed over 48 countries. A lso, Vanhaecke ( 1 987)  provided an updated li t of 

Artemia sites result ing from a thorough l i terature survey and several personal 

communications received at the Artemia Centre in Ghent ( Belgium) .  He provided a 

Ii t of more than 350 Artemia sites including their geographical coordinates. 

The divers ification of A rtemia habitat varies in terms of anionic composit ion, 

c l imatic condit ions and al t i tude. Depending on the prevai l ing anions, Arfemia may 

inhabit ch loride, sulphate or carbonate waters and a combination of two or even three 
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major an ions ( Bowen el af . ,  1 985; Bowen et al. , 1 988) .  I t  can be found in alt itudes as 

Iow a ea level to almost 4500m in  Tibet ( X in et af. , 1 994) and in c l imatological 

ondit ion ranging from humid- ubhumid to arid ( Vanhaecke et al., 1 987) .  In  general,  

..Jrfemia are found on a l l  continents throughout tropical ,  sUbtropical and temperate 

c l imatic zones except Antarct ica (Triantaphyl l idis, 1 995) .  

Recently, substantial information became avai lable about the existence of 

Artemia in As ia  and especia l ly in  the People's RepupJic of China (Triantaphyl 1 id is et. 

al., 1 994; X in  et. al . ,  1 994) .  De pite the efforts made in recent years on new Artel71ia 

populat ions, informat ion on the biogeography of this anostracan is  st i l l  very l imited in  

many Asian, African and East European regions. On the  other hand, the history has 

a lready proved that brine shrimp popUlations and biotopes might disappear not only as 

a re ul t  of human intervention, but a lso due to natural causes such as temporal c l imate 

changes ( Vanhaecke et. af. 1 987 ) .  

As poin ted out by Browne & MacDonald ( 1 982), the brine shrimp that ex ist in 

the Americas i s  exclusively sexua l .  With the except ion of the geographical ly isolated 

Arlemia persimilis in Argent ina, a l l  Arlemia in the Americas belong to the Arlemia 

Jranciscana.  The distribution of Artemia ji'anciscana in the Americas may largely be 

attributed to the d ispersal by birds where Artemia biotopes are known to be feeding 

grounds for many birds and especia l ly flamingos ( Rooth, 1 976) . Furthem10re, the 

migration route of these birds had p layed an important role in dispersing Arlemia over 

large distances . On the other hand, a l l  Asian brine shrimps are parthenogenetic with 

the exception of one Artemia urmiana population in I ran CLenz et. aI, 1 99 1 ,  Van 

St t I 200 1 ) In Europe Africa and Austral ia both parthenogenetic and appen e. a . , . , 
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bi exual fonn occur ( Browne & MacDonald, 1 9  2; Vanhaecke , 1 987; Browne & 
Bowen, 1 99 1 ) . There are many problems in recognizing the pec ies de ignation of a 

newly di CO\ ered brine shrimp population. There may be two populations in  the same 

a l ine habitat. For example, mixture of parthenogenesis and biparental populations 

have been reported in Meditenanean salterns ( Van Stappen,  1 996) .  

Economic and Nutritional Value of Brine Shrimp 

Although Artemia has been known to man for centuries, its use as l ive food for 

larval culture of se\'eral aquat ic species apparent ly began on ly in  the 1 930s, when it 

\ as found that it provide an exce l lent food for newly hatched fish larvae (Seale, 1 933 ;  

Gross, 1 937 :  Rol lefson, 1 939;  Van Stappen, 1 996 ) .  Moreover, recent developments in  

aquacultu re product ion of fish  and shrimp have resu lted in  increased demands for 

Artel71ia as a valuable source of l ive feed (Tackaert et.al. , 1 993) .  Artemia cysts can 

also be stored for long periods in cans and used as food requiting less than 24 hours of 

incubat ion,  and th is  process is not labour intensive, making them the most convenient 

l i\'e food in  aquaculture industry.  

In the 1 950s, Artemia cyst harvest ing for commercial purpose started in the 

Un ited States from the Great Salt Lake and the saltpans in the Bay of San Francisco. 

Cysts were marketed from both sites at a very low price ( less than 1 0$/ kg). As 

aquaculture developed in  1 960 ' s  and 70s, the use of Artemia also became widespread 

due to i ts nutritional value for larval organ isms, as well  as its low price ( Bengtson, 

1 99 1 ) .  The increased i nterest in aquaculture research and development around the 

globe as wel l  as a decrease in the cyst harvest from the Great Salt Lake resulted in a 

severe rise in  the A rtemia cyst price, which ranged from 50 to 1 00 $ per k i logram. 
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ince developing countrie could not afford to import the expensive cysts from 

the U A, commercial cy t production began from new sources including a number of 

deve loping countries. I n  the 1 980s, new commercial products were avai lable from 

Arg nt ina, Au tral ia, Brazi l ,  Colombia, France and Thai land. Prices dropped 

dramat ical ly and compet it ion wa aggressive between suppl iers. A market survey in  

the  early eighties e t imated that the  annual cyst consumption by aquacultu re 

hatcheries wa about 60 metric tons ( Sorgeloos, 1 986) .  On the other hand, Tackaert et. 

al. ( 1 993 ) reported that the world market for Artemia cysts for the use in aquaculture 

i over 700 metric tons per year. 

CUlTent ly, cyst production, avai labi l ity and p lice are re latively stable due to 

the efforts in Arlemia research and developments made in early 1 980s. The prices of 

cy t are now qual ity dependent, ranging from 25$  per k i logram for Great Salt Lake 

cy ts to 80$ per k i logram for cyst characterized by high yield and smal l  napu l i i ,  which 

are pol lutants free. Annual ly, over 2000 metric tons of dry Anemia are marketed 

world wide for on-site hatching into 0.4 mm napu l i i  ( Van Stappen, 1 996). However, 

only the Great Salt Lake, Utah, U SA, unt i l  recently, has been the source of the large 

majority of raw cyst material i n  the world market ( Lavens et. al. , 2000) .  

I t  i s  genera l ly  known that no art ificial feed fommlation is ye t avai lable to 

completely subst itute Artemia as a feed supply for marine fish and crustacean larvae. 

Therefore marine larval culture st i l l  largly depends on Artemia as a major food 
, 

source in  commercial hatchery operations ( Sorgeloos at. el. ,  200 1 ). The smal l  size of 

Arlemia and donnant eggs cal led cysts, may be the reason why they are a convenient, 
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unable and excel lent larval food ource ( Leger el.al. , 1 986) .  These cy ts are avai lable 

aJl - year round in large quantit ies in hypersa l ine lakes, shorel ines, solar saltworks 

di tributed worldwide ( Per oone, 1 980; Vanhaecke, 1 983 ;  Tackaert, 1 985) .  

orbin et. al. ( 1 983 ) reported that, i n  marine aquaculture production around 

the world,  Arfemia naup l i i  are the princ ipal food during the fIrst weeks of larval 

reanng. onethele s, the culture of the fresh water prawn is also dependent on 

Artel71ia naupl i i  as the most successfu l  food during their larval stages ( Leger et. aZ., 

1 986) .  In addition, Leger et. al ( 1 986) claimed that the nutritional value of on-grown 

Anemia is more superior compared to the freshly hatched naupl i i ,  i .e .  protein content 

( on dry weight basi ) i ncreases from an average of 47% in naupl i i  to 60% in adults. 

Moreover, protein qual i ty improves as adults are rich in amino acids. They also 

reported that the exoskeleton of adul t  Artemia i s  extremely thin which inhances the 

dige t ion of the whole animal by the predator. 

A study carried out by Kim et. af ( 1 996) showed that Coho salmon fry fed 

adult Artemia grew s igrri ficant ly faster than fry fed on other tested diets, and that was 

due to the increase in food intake. However, juveni le Artemia are genera l ly used more 

intensively than adult Arlemia just before weaning (Olsen et.a!. , 1 999; Lee et.al. , 

1 996) .  

In 1 969, Mead and Finamore had discovered the Ascorbic acid 2-sulphate 

( AAS ) which is a stable derivat ive of Ascorbic acid in dormant cysts of Artemia .  

Ascorbic ac id ( V itamin  C ), i s  considered to be an essential d ietary component for the 

various stages of aquaculture organisms for several biological and physiological 
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functions ( e .g .  keletal development, grO\vth, survival, i nununoact i ity ) ( Merchie 

e/.al, 1 997) .  Difference among geographical populations and Arlemia spec ies and 

broods from d ifferent years may sign ificantly affect the AAS content in the cyst 

material  and therefore wou ld influence the A corbic acid levels in the fresh ly hatched 

naup l i i  and consequent ly, their nutritional value for larval fish ( Sorgeloos et.al, 200 1 ) . 

The nutrit ional value of Artemia i s  not restricted to its value as a l ive food. 

Experiments on encap ulated cysts, which are a lso cal led de-shel led or free-shel l  cysts 

have demonstrated that they can be used in start feeding for some freshwater species 

( Dehert et.al. 1 997) .  Two eries of feeding experiments were conducted to study the 

fea ib i l i ty of using encapsulated Artemia cysts for d irect feeding to ornamental fish by 

L i m  et al. , ( 2002 ) .  Their findings indicated that encapsulated cysts could be used as a 

substitute of Artemia naupl i i  in fresh water ornamental fish culture. The study showed 

al 0 that the performance in terms of growth, survival and stress resistance of guppy 

adults and fry fed encapsulated ArTel7lia cysts was better than to those fed Arlemia 

naup l i i  or Mania .  

A lthough the fresh- l ive fonn of  A rtemia has the h ighest nutritional value, 

harvested A rtmia can be frozen, freeze-dried or acid-preserved for later use, and also, 

can be made in fonn of flakes or other fOl111Ulated feed ( Abel in  et.al, 1 99 1 ;  Naessens 

et. al ,  1 995 ) .  

Artemia biotopes are known to  be feeding grounds for many birds and 

especia l ly  flami ngos ( Rooth, 1 976) .  In the Great Salt Lake of Utah, the brine shrimp 

A .  franciscana Kel logg is  an important food resource for birds ( Wurtsbaugh et. af. , 
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200 1 ) . onethele , they are crit ical food resource for many migratory birds (Cooper 

ef. al. , J 984) 

Artemia and Research 

Arremia ha e bt"en widely used as a model orgamsm for biochemical, 

phy iological,  genet ic and ecological studies with more than 500 published papers 

( Ic Court & Lavens, 1 985 ) .  Several studies have est imated the environmental and 

genetic components of d i fferences for l i fe span and reproduct ive traits of Artemia 

( Kinne, 1 963: Browne, et.a !, 1 984; Wear et. al, 1 986; Browne, 1 988; Vanhaecke, 

1 9  9; Tliantaphyl l id i  et.al . ,  1 995; Browne & Wanigasekera, 2000; Herbest, 200 1 ;  

Camara, 200 1 ·  Van Stappen, 200 1 ; Browne et. al. , 2002) .  Most of these studies have 

focused on temperature and sal in i ty, which are the most important physical 

parameter affect ing the l i fe h istory of hyper-sal ine organisms. 

The combined effects of temperature and sal in ity on tolerance, survival and 

reproduction of Artel71ia have been investigated by many researchers. Vanhaecke et. 

a !. ( 1 984) examined the combined effects of temperature and sal in i ty on the survival 

of 1 3  geograph ical strains covering four spec ies. They noted that sal in i ty resistance 

was h igh, the tolerance ranged from 3 ppt to 300 ppt . The results of that study were 

restricted to sub-adult  survival ,  because the experiment peliod was l imited to nine 

days. 

Wear & H aslett ( 1 986)  and Wear ef. al. ( 1 986)  studied the effect of sal in i ty 

and temperature on A .  franciscana from Lake Grassmere in  New Zealand. They 

rep0I1ed that more than 90% of the naup l i i  survived to maturity within a temperature 
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range of 20-28°C and J 00- 1 70 ppt al in ity. They also noticed that adult Artemia were 

more tolerant than juveni le  Artelllia and they can in it iate rapid population increase in 

the field at  1 5°C . H owever, no direct i ntraspecific or interspecific comparison could 

be made in their study because A. jranciscana was the only species tested from 

Gra mere Lake. 

Furthermore , Artel11ia populat ions were studied to determine the effects of 

temperature and sal i n i ty on hatchab i l i ty of cysts, resistance of larvae, and biomass 

production ( Vanhaecke & Sorgeloos, 1 989) .  The authors tested Artemia under two 

a l in ity level s  ( 3 5  ppt and 1 20 ppt ) at four d ifferent temperatures ( 25°C, 30°C, 34°C 

and 3 7°C ). Their resul ts indicated that temperature tolerance was clearly affected by 

sal inity. A. salina and A. persimilis strains were the least tolerant to h igh temperatures, 

with A. jranciscana having the h ighest temperature tolerance and A. parthenogenetica 

stra ins intermediate. 

Another study by Vanhaecke ( 1 989)  on the effects of increasing temperature 

on cyst hatching, as wel l  as the temperature resistance of the larvae indicated that A. 

jranciscana strains are most resistant, whereas A. tunisiana and A. persimilis strains 

were very sensit ive to h igh temperatures and cyst hatchab i l ity was significantly 

affected in a l l  Artemia strains.  The hatching percentage was always maximal at 25°C 

up to 30°C, however, cysts hatching perform better at 25° C than at 30° C and the 

hatchab i l i ty dropped cont inual ly with temperatures up to 37° C. 

Moreover, two Artemia populations (a bisexual from San Francisco Bay & a 

parthenogenetic fonn from the Tanggu area in  China) were assayed under laboratory 
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condit ion , for their tolerance and filtnes at van'ou l '  a mi ty levels ( 3 S, 60, 1 00, 1 40 

and I 0 ppt ) a l l  at 2 S o  ( Triantaphyl l idis, 1 995 ).  al inity effect on special 

characteri tics of the two Artell1ia populatl'ons, sucl1 . 
1 h as survlva , growt rate, 

maturat ion . morphology, fecundity and l i fe duration were also investigated. The study 

howed that the opt imum al in ity for A.  parti1enogenetica population was between 60 

and 1 00 ppt, whi le A. frand calla appears to be more euryhal ine exhibit ing high 

urvi\'al and better reproductive c haracterist ics at a wider range of sal inity. A gradual 

i ncrea e in a l in i ty resulted in better survival of A. franciscana up to 1 80 ppt . The 

re u lts of th is  tudy ind icated that sal i n ity has a marked effect on the l i fe cycle 

characteri t ics of both examined species. 

In addition, a study on the competit ion between sexual and parthenogenetica 

Artemia rose as a s ingle populat ions and as compet it ive cultures at I S O, 24° and 30°C 

was carried by Brata et. al. ,( 1 996) .  Their results indicated that there are significant 

d ifferences in competi t ive abi l it ies between sexual and parthenogenetic a strains when 

cultured together at d ifferent temperatures. Nonetheles , i t  indicated that the outcome 

is temperature- and strain-dependent, with the sexual species out-competing the 

parthenogenesis population at I S°C. Al though, the parthenogenetica strain was the 

poorest competitor at l S oC and 24°C, the sexual spec ies was the poorest competitor at 

It was proved that at least 60% of the embryos of Arte11lia franciscana 

urvived for 4 years of cont inuous anoxia at physiological temperatures ( 20°-23°C ) 

when ful ly hydrated, as reported by Clegg ( 1 997) .  He  found that these embryos seem 

to carry on metabol ism during the first day of anoxia, however, no evidence for a 

continuing metabol ism throughout the 4 years was obtained. 
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The combined effects of sal ini ty and temperature on the survival and 

reproduct ion of fi e pecies of Artemia ha e been invest igated by Browne et a!. , 

( 1 988,  2000). The authors found that 1 5°C i s  near the lower temperature l imi t  for 

uccessfu l Artel71ia reproduction. Their results a lso ind icated that at 30°C Artel1lia , 

approach their l imit for uccessful reproduct ion. However, sal inity tolerance for the 

genu is  higher than the 1 80 ppt upper l imit  used in the study, because four of the five 

pec le tud ied produced relat ively high numbers of offspring at the highest sal in ity 

te ted. The resul ts of the study al 0 indicated that the specIes which has higher 

reproductive output compared to other Artemia species at one temperature-sal inity 

combination does not necessari ly have a higher reproductive output at d ifferent 

temperature-sa l in ity combinat ion. This concludes that comparative analysis of 

d i fferent species based on just one temperature-sa l in ity combination may be 

rill l eading. 

The brine shr imp A. franciscana Kellogg of the Great Salt Lake of Utah 

produces donnant cysts that are harvested and used extensively in the aquaculture 

industry ( Wutsbaugh et. ai, 200 1 ) . They analyzed the l imnological factors contro l l ing 

Artemia growth and cyst production over 1 2  months in  1 994 and 1 995 .  Laboratory 

experiment showed that inter-brood intervals were highly dependent on temperature 

and s l ight ly  on food level . J uveni les reached reproductive size within 7 days under 

opt imal  temperatures and nutrition food where they grew rapidly and reached length 

of 9 mm after 9 days . I n  winter, when the temperature was below 3°C, Artemia were 

absent from the lake and phytoplankton abundance was high. I n  spring, when the 
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temperature wa above 20° , c sts hatched and Artemia grew and produced large 

clutche of o\'oviviparou egg . 

An Anemia c lone wa isolated from pathenogenetic populat ion of M Embolon 

altwork ( Thes aloniki ,  Greece) and analyzed for 1 0  reproductive and l i fe span 

characterist ics under laboratory conditions (Abatzopoulos et. a!. , 2003 ) .  The 

reproductive performance of th is  species was tested at three selected sal in it ies ( 50, 80 

and 1 20 ppt) at a constant temperature of 22°C, whi le another clone was tested for the 

ame perfOlmance at three d ifferent temperatures (22,  26 and 30°C) at a constant 

a l i nity of 80 ppt . The interclonal comparison revealed that sal inity had a major 

impact on five out of six reproductive traits studied. At sal in ity of 80 ppt, the c lone 

had the h ighest reproductive output expres ed as total off-spring per female.  

Abatzopoulos el. a!. ( 2003 ) found also that the l i fe span characterist ics were affected 

by sal in ity. H igher sal in it ies caused delay in growth development ( e.g. at 1 20 ppt the 

fir t brood occurred after 4 1  days) .  On the other hand, their study also showed that the 

temperature had an influence on the reproductive traits that were studied. The results 

revealed that, at 22°C the clone had the h ighest reproductive output expressed as total 

number of off-spring per female. Their overa l l  conclusion was that the c lone 

performed best at 80 ppt and at temperature of 22°C . 

The lunar cycles are known to influence the behaviour of aquatic organisms, 

al though the magnitude of such influence is not wel l  understood. A study was 

conducted in two d ifferent locat ions in Colombia to determine the effect of medium­

term cycles ( lunar cyc les)  on the presence of A.  jranciscana density (Camargo, 2002 ) .  
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DUling the two year tudy, no ign ificant difference was found between 

increa ing and decrea ing moon phase. Also, Arfemia density was not sign ificantly 

h igher during the new moon than at ful l moon. 

From the foregoing discussion, it i c lear that, temperature tolerance of some 

populations wa clearly affected by sal in ity. A. salina and A. persinzilis strains were 

the lea t tolerant to h igh temperature, whi le  A. franciscana have the h ighest 

temperature tolerance and A. par1henogenetica strains have intermediate tolerance. 
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Materials and Methods 
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l\ 1 aterial s and M ethods 

Thi tudy wa conducted in two stages. The first stage aimed at studying the 

di, tribution of Arte171 ia p. in natural environment of A l  Wathba Lake together with 

an a es ment of variou environmental parameters at the sampling sites. The second 

tage e\ a luated Artel11ia urvival under a range of individual ly-manipulated 

nvironmental conditions. 

A. Field Study and A n a lysis 

Sa m pl ing  design 

1 .  Sampl i ng sites for the survey were cho en based on a 1 00 m grid overlaid 

on a geo-corrected digital sate l l ite image of the Al Wathba Lake managed 

area. 1 4  sampl ing locations were chosen at the intersection of horizontal and 

vert ical  grid l i nes. 

2. A l l  sites occurring over the water body were ident ified and the co-ordinates 

entered i nto hand-heJd geographic posit ioning system (GPS)  units (Garrnin 

1 75 )  using map source software ( Fig. 3 ) . 

3 .  Samples col lection was carried out month ly at day t ime for ten months 

( Apri l 2002- January 2003 ) .  

4 .  Surface and near-bottom samples were col lected from each stat ion. I n  case 

of water depth is less than 50 cm, samples were only col lected from surface 

water. 
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a m pl i ng M ateria l  and  Equ ipment 

The fo l lowing equipments were used in the month ly ampl ing: 

1 .  mal l  e lectric motor boat 

2. GPS  (Geographical posit ioning system unit "Gannin 1 75") 

3 . 23 sampl ing bott les (2.2 l itre )  

4 .  Mult imeter sensor 

5 .  H orizontal water sampl ing de ice ( Van-dom water sampler) 

Sam pl i ng P rocedu res 

1 .  During each sampl ing month,  the boat wa loaded every t ime with the main 

equipment ( sampl ing bottles, horizontal water sampling device, multimeter 

and G PS uni t ) .  

2 .  Using the GPS receiver, the boat was navigated to the starting sampl ing 

point ( W6644), and from there along a pre-designated route to sequential 

sampl i ng points up to the fina l  sampl ing point ( W585 1 ). 

3 .  At  each site, the horizontal sampl ing device was deployed for surface 

sample col lect ion.  

4 .  The sample was poured into an appropriately label led sampl ing bottle. 

Temperature and pH were measured in  situ using the mult imeter. 

5 .  I f  the s i te depth was more than 50 cm, another (deep) sample was col lected 

from the near-bottom layer using the horizontal sampl in g  device, and stored in 

a l abel led sample bott le .  Temperature and pH were measured in situ using the 

mul t imeter. 

6. Time of col lection for each sample was recorded in the survey sheet. 

7. The col l ected water samples were used to measure the fol lowing 

parameters : 
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I .  Phy ica]  and chem ica]  parameter . 

1 .  Sa l in i ty and Conduct iv i ty 

Material 

I .  Di  t i l led water 

2. Mu lt imeter en or 

3 .  Graduated cyl inder ( 50ml) 

Method 

1 .  1 0  ml of the \ ater samples was d i luted up to 50 ml with disti l led water. 

2. Sa l in i ty and conductiv i ty were measured using the multimeter. 

3 .  The reading of the a l in ity and conductivity were multipl ied by 5 for the 

fi nal  resul t .  

Sa l in i ty = Dilution reading x 5 = sample sal in i ty (ppt) 

2 .  Chem ical  Ana lysis 

Water amples were analyzed for the main nutrients as wel l  as calcium and 

magnesium concentrat ions using the automated San ++ analyzer ( Skalar). A l l  

chemical analyses were carried out at t he  laboratories of  the  EnvirorU11ental Research 

and Wi ld l i fe Development Agency ( E RWDA )  in Abu Dhabi ,  according to EPA 

methods for chemical  analysis  of water and wastes ( EPA, 1 983 ) .  

2. 1 N itrite 

Princ ip le 

The automated determination for the n itrite was based on the fol lowing 

reaction : 
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The d iazonium compound formed by diazot izing of su l fani lamide by n itrite in water 

under acid condit ions are coupled with a-naphthylehylenediamine dihydroch loride to 

produce a reddish-purple colour which is measured at 540nm. 

Reagents a n d  Standard Preparation 

A. Di t i l led water + B rij 35 

Preparation 

1 .  Brij 35 d i luted in I l i tre d ist i l led water and stored at 4°C . The olut ion is 

table for one week only .  

B. Colour Reagent  

Preparation 

1 .  O-phosphoric acid was di luted in ± 700mJ of dist i l led water. 

2. The su lfan i lami de and the a-naphthylethylene were added and fi l led up to 1 

l i tre with d ist i l l ed water. 

3. The solution was stored at 4°C in a dark bottle and was stable only for one 

week. 

C. Stock solut ion l OOppm N 

Preparation 

1 .  The sodium nitrite was dissolved in  ±800mJ dist i l led water. 

2. The solution mixture was fi l led up to 1 l itre with d ist i l led water. 

3 .  The solution was stored at 4°C which was stable for one month . 

D. Stock solu tion  l Oppm N 

1 .  1 0m l  of stock solution 1 00ppm N was di luted to 1 00 ml with dist i l led 

water. 
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2.2.  Ni tri te  + Ni trate 

Princ ip le  

The automated detemlination of ni trite and n itrate was based on the cadmium 

reduction method. The sample was pa sed through a column containing granulated 

copper-cadmium to reduce nitrate to n itrite. The n itrite (original ly present p lus 

reduced nitrate) \va determ ined by d iazot izing with sulfani lamide and coupl ing with 

a-naphthylenediamine d ihydrochloride to fonn a h ighly coloured azo dye which is 

mea ured at 540 run. 

Reagent  and Standards Preparation 

A. Bu ffer o lut ion 

Preparation 

1 .  Ammonium chloride was d issolved in  ± 800 ml  dist i l led water. 

2 .  pH was adjusted to 8 . 2  using the ammonium hydroxide solut ion. 

3. B irj 35  was added to the solution and then fi l led up to 1 l itre with dist i l led 

water. 

4 .  The olut ion was stored at 4°C which was stable for one week .  

B. Colou r reagen t  

See page 35  

C .  Stock solut ion ( l OOppm N )  

Preparation 

1 .  The sodium n itrate was d issolved in ± 800 ml and fi l led up to 1 l itre .  

2 .  The sol ut ion was stored at 4°C which  was stable for one month .  

D .  Stock solu t ion ( 1 0  ppm N)  

1 .  1 0 m} of  stock solution 1 00ppm N was d i  l uted in  1 00 ml of  dist i l led water. 
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2 .3. Pho phate  

Princ ip le  

The automated procedure for the determination of phosphate was based on 

thefl 110wing reaction : 

AnU110nium molybdate and potassium ant imony tartrate react in  an acidic medium 

with d i luted olut ions of phosphate to form an antimony-phospho-molybdate 

complex . Thi  complex was reduced to an intense ly b lue-coloured complex by 

ascorbic acid. The complex is measured at 880 nm. 

Reagents a n d  Standards P reparation 

A. 'Vater d igest 

The water sample was digested with sulphuric acid, potassium sulfate and 

mercuric su lfate as catalyst .  Amino n itrogen of many organic matelia ls  was converted 

into almnoniwn su lfate .  Free ammonia and anU110nium nitrogen were also converted 

into mmnonium sul fate. Phosphorus was transferred into ortho-phosphate. 

Mercuri c  su lfate solut ion 

1 .  8 g of red mercuri c  oxide ( H gO)  was dissolved in  1 00 ml  sulphuric acid 

( H2S04 1 . 8 M ) . 

D igest ion solut ion 

I .  1 34 g of potassium sulfate were added in  1 l itre beaker. 

2 .  650 ml of dist i l led water and 200 mI of concentrated sulphuric acid were 

added. 

3 .  25  m I  of mercuric sulfate solution were added whi le st irring. 

4 .  Dist i l led water was added up to I l itre .  
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Water dige t ion preparation 

I .  25 ml  of the water sample were added into digest ion tube. B lank sample 

was al 0 prepared con i t i ng of 20 ml  d ist i l led water. 

2. Few TFE fluorocarbon boi l i ng stones were added. 

3. \Vhile mix ing, 5 ml of the d igest ion solution was added. 

4. The digest ion block was pre-heated to 1 60°C. 

5. The d igest ion tube was inserted into the digest ion block and heated for 1 

hour at 1 60°C .  

6 .  Later, t he  digest ion block was heated to  380°C for 2-2 Y2 hour. 

7. The d igest ion tube was removed from the digest ion block and left to cool 

down. 

8 .  Carefu l ly ,  20 m l  of d ist i l led water were added and mixed. 

9 .  Dist i l l ed water was added up to 75mJ . 

B. A m m on i u m  m o lybdate solut ion 

Preparation 

I .  Potassium ant inmony taI1rate was dissolved in  ± 800 ml of dist i l led water. 

2 .  \Vhile swirl ing and cool ing, sulphuric ac id was added. 

3. Ammonium molybidate was added and fi l led up to 1 l itre with dist i l led 

water. 

4. F inal ly ,  FFD6 was added to the solut ion.  

C. Preparation of ascorbic acid sol u tion 

1 .  Ascorbic acid was dissolved in ± 800 ml  of dist i l led water. 

2 .  Then, the Aceton was added and fi l led up to 1 l i tre with dist i J led water. 

3 .  F ina J ly, F FD6 was added to the solut ion.  
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D. Prepa ration of tock olut ion ( l OOppm P)  

1 .  Potas ium dihydrogen pho phate was di o lved In ± 800ml disti l led 

water. 

2. The solut ion wa fil led up to I l i tre with dist i l led water. 

E. tock o lut ion ( l Oppm P)  

1 0 m! of stock olution 1 00ppm P was di luted to 1 00 m} wi th  dist i l led water. 

2A. A m monia  

Principle  

The automated procedure for the determination of ammonia i s  based on the 

modified Berthelot reaction. Ammonia is chlorinated to monochloramine which reacts 

with phenol .  After oxidat ion and oxidative coupl ing a green coloured complex is  

fonned. The reaction i s  catalysed by n itroprusside, sodium hypoch lorite i s  used for 

ch lorine donat ion.  The absorpt ion of the f0l111ed complex is  measured at 630 run .  

Reagents and Standards Preparation 

A. 'Vater  digest 

See page 38 

B. Preparation of buffer solu t ion 

1 .  Potassium sodium tartrate was d issolved in ± 800ml of dist i l led water. 

2 .  Then sodium citrate was added and the pH adjusted to 5 .0  using sulphuric 

ac id  solution. 

3 .  The mixture was fi l l ed up to 1 l itre with dist i l led water and Birj 35 .  

4 .  The solut ion was stored a t  4°C and was stable  for one week. 

C. Preparat ion of P h enol solu t ion 

1 .  Phenol  was di ssolved in  ± 50 m] of disti l led water. 
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2 .  Then odium h droxide was added and fi l led up to 1 l itre with dist i l led 

water. 

D. Sodi u m  hyp och lorite sol ution 

Preparat ion 

I .  odium hypoch lorite was di luted in ± 700ml dist i l led water. 

2. Then the o lut ion wa fi l led up to 1 I i tre with dist i l led water. 

3 .  The solut ion was stored at 4°C and was stable for one week. 

F. Sod i u m  n i troprusside solut ion 

Preparation 

1 .  Sodium nitroprusside was dissolved in  ± 800ml .  

2 .  The solution was fi l l ed u p  t o  1 l itre with dist i l led water. 

3 .  The solution was stored in dark coloured bottle. 

G. Air crubber sol ut ion ( 2 .5M su lph u ric acid sol u t ion)  

Preparation 

1 .  Careful ly,  the u lphuric acid was di luted in  ± 800ml of dist i l led water 

2 .  The sol ut ion was fi l l ed up to 1 l itre with dist i l led water. 

I I .  Biological  para m eters 

Sam pl ing of A rtemia and cysts 

At each stat ion, Arfemia and cysts samples were also col lected both at surface 

and near-bottom leve ls  using the Van-Dom water sampler. The col lected samples 

were kept in  big p lastic containers and the fol lowing processes were undel1aken in the 

laboratory. 

1 .  Evalu at ion of A rtemia and cyst densit ies 

Method 

I .  The sample volume was measured using graduated cyl inder. 
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2 .  Each ample \Va filtered eparately using the filtration device plankton net 

me h size 20 !lm . 

3 .  The c l Iected organi ms and cysts from the fi l trat ion proces were washed 

with di ti l ied \ ateL 

4. A rlel11ia organi 111 (adults and naup l i i) were counted in the whole sample 

u ing the stereomicroscope. 

5. 2m1 of the concentrated sample was taken for cyst count ing under 

stereomicro cope. 

6. The above step (# 4) was repeated 3 t imes. 

7 .  For the calculation for cy t density in 1 000 ml of the sample the 

Fol lowing equat ion was appl ied:  

Total cyst/ 1 000 m l  = ( ( total cyst/6ml ) x 1 000) 

B. Laboratory E xperi m e n ts 

A I1emia opti m a l l ivi ng condit ions experi m ents 

The A nemia, cyst and water used in  these expeliments were obtained from the 

same study site ( AI Wathba Lake).  Sal in i ty, temperature, pH and food type preference 

were the main four parameters that have been tested in these expe11ments. These 

experiments were carried out under l ight ( 1 2 :  1 2L : D) and temperahlre control led 

incubators at the B io logy Department, Facu lty of Science,UAE U niversity. 

The condi t ions and the parameters of theses expeliments are described in deta i l s  here 

below: 

1 .  'Vater sam ple filtrat ion 

Method 

1 .  20 l i tres of water sample were fi ltered through G FC 47 111111 fi lter paper. 
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2 .  A l l  the fil ter paper were dried in an oven at 30°C for cyst col lection. 

3. F i l tered water was teri l ized in an autoclave for 1 5  minutes at 1 1 0°C and 

cooled down for 1 1'2 hour. Steri l izat ion process was carried out in autocla e to 

k i l l  any l iving organism in the water. 

2 .  a l in i ty adj u  tment  and a l i n i ty tolerance experiem nt 

Method 

1 .  1 000 ml  of brine water was prepared using N aCI added to the water sample 

from the lake. 

2 .  The sal in i ty of the brine solution prepared was adjusted to 200 ppt and 

measured us ing the mult imeter. 

3. T hree repl icates of 1 00 ml of the solution ( 200 ppt ) were added in 250 m l  

conical fl ask. 

4 .  Another solut ion with sal in i ty of 1 50 ppt was prepared from di lut ing the 

previous prepared brine sample ( 200 ppt ) with dist i l led water. Sal in ity of the 

sample was measured using the mult imeter. 

5. T hree repl i cates of 1 00 ml of the solut ion ( 1 50 ppt) were added in 250 m] 

conical flasks. 

6. A solut ion with sal in i ty of 1 25 ppt was prepared from di luting the previous 

prepared brine sample ( 200 ppt) with dist i l led water. Sal inity of the sample 

was measured us ing the mult imeter. 

7. Three repl icates of 1 00 ml of the solution ( 1 25 ppt ) were added in 250 ml  

conical fl asks. 

8 .  A solut ion with sal i nity of 1 00 ppt was prepared from d i lut ing the previous 

prepared brine sample ( 200 ppt) with dist i l led water. Sal in i ty of the sample 

was measured us ing the mul t imeter. 
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9. Three repl icate of 1 00 ml  of the olut ion ( l 00 ppt ) were added in 250 ml  

conical flask . 

1 0 . A solut ion with a l in ity of 75 ppt was prepared from d i lut ing the previous 

prepared brine ample (200 ppt) with dist i l led water. Sal inity of the ample 

wa measured u ing the mult imeter. 

I I . Three repl icate of 1 00 ml of the solution ( 75 ppt) were added in 250 ml 

conical  fl a  ks . 

1 2 . Three individuals of Artemia were added in each conical flask with I ml of 

DlIl1aliella added in each flask. 

1 3 . A total of 1 5  olut ions were prepared with d ifferent sal in i t ies ( 200 ppt, 1 50 

ppt, 1 00 ppt, 1 25 ppt ,  75  ppt ) and with tlu'ee Artemia individual in each with 

total of 45 i nd ividuals .  

3. pH 

Method 

1 4. A l l  flasks \ ere incubated at 25°C . ( Diagram. 1 )  

1 .  The pH  for the water sample from the study site was measured using the 

mul t imeter device. pH measured was 8A. 

2. So lut ions with pH 8 and 7 were prepared. The pH of the water was adjusted 

by adding drops of (O .O I M )  Hel  and measuring i t  with the mult imeter. 

3 .  Three repl icates of 1 00 ml water sample ( sa l ini ty =75 ppt ) of each pH ( 7  

and 8 )  were added in 250ml conical fl asks. 

4. Solutions with pH 9, 9 . 5  and 1 0  were also prepared. The pH of the water 

was adjusted by adding drops of NaOH and measuring it with the mult imeter. 
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No. of 
adult 
A rtemia in 
each Oask 

I 200 ppt I [ 1 50 ppt 

75 ppt 
Lake water 

� N.CI concen tration 

200 ppt 

� Di l ut ion 

1 25 ppt [ 1 00 ppt I 

Diagram 1 .  Experimental design for studying Artemia tolerance under d ifferent sal i n ity range. 
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5 .  Three repl icate of 1 00ml of each pH ( 9, 9 .5  and 1 0 )  were added in 250ml 

conical flasks. 

6. Three ind iv iduals of A rtenzia were added in each conical flask with 1 ml  of 

DZl17aliella in each .  

7 .  Total of 1 5  olut ions were prepared wi th  d ifferent pH ( 7, 8 9, 9 .5  and 1 0) 

and with t hree A rtel77ia individual i n  each with total of 45 individuals. 

8 .  A l l  flasks were kept inside the i ncubator at 25°C ( Diagram.2) .  

�.  Food type p reparat ion and food preference experim ent 

Method 

1 .  Twelve conical flasks with 1 00 mJ water sample were prepared ( sal in i ty 

=75 ppt, pH  = 8, temperature = 25 °C) .  

2 .  Three repl icates of  conical flasks wi th  1 ml  of  yeast suspension in each were 

prepared. ( yeast suspension = 3 g dry yeast per 1 l i tre d ist i l led water) 

3. Three rep l icates of conical flasks with 1 ml of suspended Dunaliella in each 

were prepared. 

4 .  Three repl i cates of conical flasks were prepared. In each 1 ml of 

Tetraselimus sp. from a monoclonal culture reared at the Department of 

Bio logy, UAEU was added ( density = 20,000 cel ls/mJ ) .  

5 .  Three repl icates of conical flasks were prepared. I n  each 1 mJ of Chlorella 

sp. from a monoclonal culture reared at the Department of B iology, UAEU 

was added ( density = 35,000 cel ls/m l ) . 

6 .  Three adult A rtemia were added to each conical flask. 
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No. of 
adult 
A rtemia in 
each flask 

I PH 7 I I pH S I 

pH 8.4 
Lake water 

Adj usted by adding Hel or NaOH 

I pH 9 I I pHS 1 

Diagram 2. Experimental design for stu dying Artemia tolerance under different pH range. 
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7 .  Total of 1 2  olutions with d ifferent type of food ( yeast, DUl1aliella, 

Chlorella and Tetra elimus sp. ) were prepared with three Artemia individual 

in each of total 36.  

8 .  Al l  prepared olutions were put in  the incubator at  25°C. ( Diagram.3 )  

DlIl1aliella suspension 

1ethod 

1 .  5 l itre water ample collected from the study site was centrifuged at 

3500rpm for 1 2  minutes to concentrate the Dunaliella cel ls .  

2 .  The cel l s  were concentrated i n  1 00 ml  then stored in  a glass bottle at  4°C for 

later feeding of Artemia organ isms used in the laboratory experiments ( density 

= 2 1 ,000 cel ls/rnl) .  

5.  Tem perature tolerance experi m en t  

Method 

1 .  Twelve conical flasks with 1 00ml water sample were prepared ( sal in i ty = 

75 ppt ) .  

2 .  Three repl icates with 1 m l  of Dunaliella and 3 Artemia indiv iduals in each 

were i ncubated at 1 5°C. 

3 .  Three repl icates with 1 ml of Dunaliella and 3 Artemia individuals in each 

were incubated at 25°C. 

4 .  Three repl icates with 1 ml of Dunaliella and 3 A rternia ind ividuals in each 

were incubated at 30°C. 

5 .  Three repl icates with 1 ml of Dunaliella and 3 Artemia individualsnin each 

were incubated at 40°C. 
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No. of 
adult 
Artemia in 
each flask 

Tetras elil1lus 
sp. I Yeast J Chlorella 

Diagram 3.  Experimental design for studying Artemia tolerance in d ifferent types of food. 
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6. Total of 1 2  olut ion were incubated at d ifferent temperatures ( 1  5°C, 25°C, 

30°C and 40°C) and with 3 three Artemia individual in each with total of 36 .  

( Diagram.4) 

I n  a l l  e periments, the surv ival of Artemia orgamsms was observed twice 

dai ly and the obtained result were recorded unt i l  the death of the last organism. The 

e peri ments were carried out for three weeks. In certain experiments with favouring 

condit ion � new born individuals were observed. 

C. Stat ist ical  A na lysis 

The re ults obtained from both field and laboratory experiments have been 

treated tatistical ly,  using StatView ®. The stat istical methods used in the present 

study were :  

1 - Correlation coefficients: where al l  fie ld  parameters measured during the 

study period were examined against themselves and against the Artemia 

organi sms and cysts. 

2- The Pearson correlation coefficient was calculated between each of the 

independent and dependent variables. 

3 - F isher ' s  r to z transfonnation was used to calculate a probabi l ity (p  value) 

to determine if each correlation coefficient i s  significant ly  d ifferent from zero. 

4- F isher' s and the non-parametric KIuskal-Wal l i s  test were used to compare 

Artemia tolerance cultured under d ifferent treatments range of temperature, 

sal i n ity, pH and food type. 
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No. of 
adult 
A rlelllia in 
each Oask 

I 1 5'c l I 25'C - 1 1---30'C I L 40'C I 

Diagram 4. Experimental design for studying Artemia tolerance incubated at different temperatures. 
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1 .  Physica l a nd Chemica l P a ra meters of AI Wathba La ke 

1 . 1 .  Air  tem pera t u re 

Air temperature at Al Wathba Wetland Reserve varied diurnally as shown by 

dai ly  minimum and maximum temperatures (Table l ) . The highest temperatures were 

recorded during Ju ly (48 .05°C )  and the lowest were recorded duri ng January ( 8 .03°C) 

( Fig.  4 ) .  
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Time 
Figure 4. Dai l y  a i r  temperature minima ( sol id l ine)  and ma�ima ( dotted l ine) 

and cumulative precipitation measured dai ly ( long dashed l Ine)  for the AI  Wathba 

area during the study period from April 2002 to January 2003 . 
( Data from Water Resource Studies Department) 

P .s. Al l  tables are l isted at the appendix caption. 
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1 .2 .  Lake depth 

Lake depth wa very variable pat ial ly by sampling location, and easonally 

(Table 2 ) .  On average, locat ion W6047 was the deepest ( 1 . S - 2m) while locat ion 

Hyper I wa the hal lowest (0 .4 - 1 rn). The lowest depth recorded during the whole 

period of the ufvey wa in September, whi le the h ighest record was in November 

( Fig.S ) .  

1 00  

0.95 
1 ___ Site depth 1 

0.90 

E 0.85 
.c 
a. 
CIl 0.80 0 
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0.70 

0.65 
Apnl May June July Aug. Sep Oct. Nov Dec. Jan. 

Months 
Figu re 5. Average month ly  depth recorded for the surveyed sites 

1 .3. 'Vater  tem pera ture of the  Lake 

The average surface water temperature recorded at the vanous sampl ing 

locat ions on the lake duri ng the survey in 2002 ranged from 34.SoC in August to 

1 8 .6°C i n  December. The average near-bottom temperature recorded for the lake 

ranged from 3S .2°C in August to 20.3°C in December. The annual pattern of mean 

water temperatures for surface waters and near-bottom is  shown in figure 6 .  The 

surface and near-bottom temperatures fol low a s imi lar pattern with h ighest 
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temperatures occurring around August decreasing through December fol lowed by a 

gradual i ncrea e .  

Based on the month ly urface water temperatures recorded for each station, 

the h ighe t temperature was recorded in  August-September (38 . 1 °C) at station W6050 

and the lowest surface water temperature was ( 1 8 .2°C ) recorded in December at the 

ame stat ion (Table 3 ) .  On the other hand the highest near-bottom temperature 

(4 1 .5°C) was recorded in Ju ly at stat ion W5950D and the lowest near-bottom 

temperature ( l 8 . 7°C) was recorded in December at stat ion W5749D (Table 4) .  
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Figu re 6. Variat ions in surface and near- bottom water temperatures 

during the samp l ing period, from Apri l 2002 to January 2003 . 

1 .4. Sal i n ity 

The mean surface sal in ity of the lake varied from a h igh of 1 77 .2 ppt in  

November to a low of 70.4 ppt recorded in  December. H owever, the mean near-
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bottom a l in ity of the lake ranged from a high of 202.4 ppt in ovember to a low of 

8 1 .2 ppt in  October ( Fig. 7 ) .  

At  the  water surface, the  h ighest sal i n i ty was recorded a t  station Hyper l in 

JWle (237 . 5  ppt) .  This tation al  0 had the h ighest mean sal in i ty duri ng the study 

period (Table 5 ) . The lowest sal in ity  was recorded at stat ion W585 1 in July ( 1 l . 5 

ppt), and thi  station also had the lowest mean sal in ity (95 .9  ppt ) during the study 

period. 

The h ighest near-bottom a l ini ty recorded was 236 .5  ppt at station Hyper l in 

September, and the lowest 55 .2 ppt at station W5950 in October. Stat ion H yper l also 

had the h ighest mean annual sal inity ( 1 60.4 ppt) whi le stat ions W5950 and W6047 

had the lowest mean annual sal i n i t ies ( 1 27 .6  & 1 27.4 ppt, respect ively) of all near 

bottom locat ions ( Table 6 ) .  
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Figure 7. Sal in ity variations in surface and near-bottom waters during the 

study period. ( Apri l 2002 to January 2003 ) .  
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1 .5. p H  

The pH data for urface and near-bottom waters col lected from the lake are 

hown in Table 7 and 8 .  Monthly amples showed that, for surface waters the highest 

pH value was 1 0.07 and ha been recorded in November at station W5950, while the 

lowe t urface p H  of 7 .6  was recorded at stat ion W6050 in June. For near-bottom, the 

mo t alkal ine pH of 1 0 . 1  was recorded at stat ion Hyper l in November, while the 

lowest pH of 7 .6  was recorded at stat ion W6246D in December. 

The 0 eral l ,  mean urface water pH ranged from 7 .8  in June to 9.95 In  

ovember, wh i le  a t  near-bottom the  pH ranged from 7 .8  also in  June to 9 .4 In  

eptember. For  surface waters, station W5950 had the h ighest mean pH (9 .0) and 

stat ion W6644 the lowest, whi le for near-bottoms stat ion, Hyper l had the highest 

mean pH (9 . 1 3 ) and station W6246 (pH  8 .49) the lowest. 

There was a general  pattern of low pH in June, increasing thereafter and 

peaking around No ember ( Fig .8 ) .  However, the shal low and near-bottom patterns 

diverged from each other after September, when near-bottom pH decreased while 

shal low pH cont inued to increase. 
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Figu re 8. Monthly mean pH values of surface and near-bottom waters 
during the rudy period, from April 2002 to January 2003 . 

1 .6 .  Phosphate ( P04) 

At the l ake surface waters, the h ighest concentrat ion of phosphate (4 .27 mg r ' ) 

occurred at W6074 in  May and the lowest concentrat ion (0 . 1 mg r ' ) occurred at s i te 

W5749 in  Ju ly  (Table 9 ) .  For near-bottom water , the h ighest phosphate concentration 

( 2 . 58  mg r l ) occurred at site W6246 in December, and the lowest concentrat ion (0 . 1 1 

mg r l ) at the same s i te in  Ju ly (Table 1 0) .  

The overa l l  monthly mean phosphate values for surface water ranged from 

2 .09 mg r l in Apri l to 0.46 mg r l i n  July, whi le i t  ranged from 2 .07 mg r l in Apri l to 

0.34 mg r l in May for near-bottom waters. The general pattern was for high 

concentrations of phosphate during the cooler months and lower values during the 

summer months ( Fig.9 ). 
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Fig u re 9. Monthly mean phosphate values of surface and near-bottom 
locations during the study period from April 2002 to January 2003 . 

1 . 7. A m m onia  

The anm10nia concentrat ions data for surface and near-bottom waters are 

shown in  Tables 1 1  and 1 2 . For surface waters, the h ighest ammonia concentration 

( 5 .64 mg r l ) was recorded in Apri l  at stat ion W6246, while the lowest concentration 

(0 . 1 mg r l ) was recorded at stat ions Hyper2 and W5 749 in December. For near-

bottom water, the h ighest ammonia concentrat ion (9 .78 mg r l )  was recorded at station 

W6047 in J anuary, whi le  the lowest concentrat ion (0 . 1 mg r l ) was measured at 

Hyped and H yper2 in December. 

For surface waters, station H yper2 had the h ighest mean annual ammoma 

concentrat ion ( 2 .09 mg r l ) and stat ion W6644 the lowest (0.65 mg r l ) (Table 1 1 ) , 

whi le  for near-bottom waters, station W6047 had the h ighest mean ammonia 

concentrat ion (4 . 1 1 mg r l ) and stat ion H yped (0 .79 mg ] " 1 )  the lowest (Table 1 2 ) .  
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Overa l l  the mean urface water ammonia concentrat ion ranged from a high of 

4 .37  mg [ " I i n  Apri l  to a low of 0. ] 6  in November, whi le at near-bottom, the ammonia 

concentrations ranged from 5 .89 mg r l i n  Apri l to 0.57 mg r l in May ( Fig. 1 0) .  
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Figu re 1 0. Monthly mean ammonia values of surface and near-bottom 
\\'aters during the study peliod from Apri l 2002 to January 2003 . 

1 .8.  i t rate  

Monthl y  samples showed that for surface waters, the h ighest concentration of 

n it rates ( 5 . 8  mg r l ) was recorded in Apri l at station W6 1 46, whi le the lowest surface 

n i trate concentrat ion (0 .28 mg r l ) was recorded at stat ion W6047 (Table 1 3 ) .  For 

near-bottom waters, the h ighest n itrate concentrat ion ( 7 .9 mg r l ) was recorded at 

station H yper l in Apri l ,  whi le  the lowest concentrat ion (0 . 1 mg r l ) was measured at 

W6246 in December ( Table 1 4) .  

The  overa l l ,  mean surface water nitrate concentration ranged from a h igh of 

3 . 35  mg r l in Apri l  to a low of 1 .02 mg rl in January, whi le at near-bottom, the 
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nitrate concentration ranged from 4 .0 mg r ' in Apri l to 0 .75 mg r ' i n  January. For 

urface water - tation W6049 had the highest mean annual n itrate concentration (2 . 5 1 

mg r l ) and stat ion W6644 the lowest (0 .65 mg r ' ) , while for near-bottom waters, 

tation W6047 had the h ighe t mean nitrate concentrat ion ( 2 . 5 1 mg r ' ) and station 

Hyper2 ( 1 .62 mg r ' )  the lowest . 

There wa a general pattem of decreasing nitrate concentrat ion from Apri l 

through January, a l though the surface water n i trate concentrations fluctuated greatly 

between adjacent months ( Fig.  1 1 ) . 
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Fig u re 1 1 . Monthly mean n itrate va1ues of surface and near-bottom waters 

during the study period from Apri l 2002 to January 2003 . 

1 .9. N i t rite 

For surface waters, the h ighest concentration of ni trites ( 1 . 52 mg r ' ) was 

recorded in Ju ly  at stat ion W6075 whi le the lowest surface n it ri te concentration (0 .07 

mg 1" ) was recorded at stat ion W5950 in Apri l (Table 1 5 ) .  For near-bottom water, the 
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highe t n i trite concentration ( 1 .08 mg r l ) was rec rded at tation Hyper l in October, 

whi le the lowest concentration (0 .08 mg r l ) wa measured at W5950 in Apri l (Table 

\ 6 ). 

The average urface nitrite concentration of the lake ranged from a h igh of 

1 . 1  mg r l recorded in October to a low of 0.2 mg r l recorded in April and May, 

\vh i le  i t  ranged from high values (0.68 mg 1 ' 1 ) recorded in January and low values 

(0. 1 6 1 6  mg r l ) recorded in Apri l for the near-bottom n it rite concentration. There was 

a general pattern of gradual i ncrease in n itrate concentrat ion from Apri l to September, 

fol lowed by a sharp increase in October, and a gradual decrease thereafter unti l  

January ( Fig .  1 2 ) .  
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Figu re 1 2 . Monthly mean ni trite values ?f urface and near bottom 

waters during the study period from Apnl 2002 to January 2003 . 
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1 . 1 0. Calc ium 

The calcium concentrat ion data for surface and near-bottom waters are shown 

In table 1 7  and 1 8 . Monthly amples showed that for surface waters, the highest 

calc ium concentrat ion ( 3563 mg r l ) was recorded in Apri l  at stat ion Hyper ! ,  whi le 

the lowe t calcium concentration ( 1 0 1  mg r l ) was recorded at stations W585 l i n  July .  

For near-bottom water , the h ighest calcium concentrat ion ( 3574 mg r l ) was recorded 

at tation H yper l in Apri l ,  and the lowest concentration ( 1 463 mg r l ) was also 

mea ured at H yper l ,  i n  October. 

The overa l l ,  mean surface water calcium concentrat ion ranged from a high of 

3229 mg r l in Apri l to a low of 1 26 1  mg r l in July, whi le at deep locations the 

calcium concentrat ion ranged from a h igh of 3 1 92 mg r l in Apri l to 1 978 mg r l i n  

October. 

There was a general  decreasing trend of calcium concentrat ion from Apri l  

through January for the sUlface and near-bottom waters, however, there was a sharp 

decrease in  Ju ly for the surface samples. Aftelwards, it was fol lowed by an increase in  

August and  September, and  another decrease in October for both surface and near­

bottom water calcium concentrat ion. A gradual increase in calc ium concentration of 

surface and near-bottom waters was then recorded from October, unti l  January 

( Fig. I 3 ) . 
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Figu re 1 3. Monthly mean calcium values of surface and near bottom 
waters during the study period from Apri l 2002 to January 2003 . 

1 . 1 1 .  l\lagnesi u m  

The h ighest concentration o f  magnesium (6040 m g  r l ) i n  surface waters at A l  

Wathba Lake was found in  June at the H yper l site, and the lowest concentration ( 1 23 

mg r l ) was found at the W585 1 site i n  Ju ly (Table 1 9) .  Near the l ake bed, the highest 

magne ium concentration ( 6325 mg r l ) was again found at the Hyper l location in 

June, but the lowest concentrat ion ( 20 1 2  mg r l ) was recorded at s i te W5749 in  

December (Table 20) .  

The overa l l, mean surface water magnesium concentrat ion ranged from a high 

of 4 1 42 mg r l i n  June to a low of 1 26 1  mg r l in July, whi le at near-bottom locat ions 

the magnesium concentration ranged from a h igh of 4427 mg r l in May to 2549 mg r l 

in December. 
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A'v erage urface magne )um alues were a lmost sim i Jar from Apri l to 

eptember, except for a harp decrease in July.  A gradual decrease was recorded 

thereafter. For near-bottom \ aters, there was a trend of a s l ight and gradual decrease 

from Apri l unt i l  January ( Fig.  1 4 ). 
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Figu re 1 4. Monthly  mean magnesium values of surface and near-bottom 
waters during the study period from Apri l 2002 to January 2003 . 

2. A bundance of A rtemia a nd A rtemia Cysts in  AI Wathba Lake 

2 . 1 .  A ,1el1lia 

Counts of A rtemia present in the surface and near-bottom water samples from 

Al -Wathba Lake are given in  Tables 2 1  and 22.  I n  both cases, Artemia were present 

only duri ng Apri l ,  May and June ( and in one surface sample in December). The 

greatest numbers were found at W6050 in Apri l  and again at W5950 in JW1e, whi le 

throughout th is  period there were some locations with no Artemia detected in  the 

water samples.  Near-bottom samples tended to have fewer Artemia, with the highest 

numbers being recorded at locat ion W6545 in June. Meanwhi le, no Artemia were 
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detected in amples from many locations. The h ighest mean month ly count were 

found in June for both surface and near-bottom locations ( 30.4 ind.r l and 25 .4 indT 1 , 

re pect ively) and there wa no general pattern of Artemia abundance ( Fig. 1 5 ) .  
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Figu re 1 5. Mean month ly  Artemia counts from surface and near-bottom 
waters of AI Wathba Lake during the study period from April 2002 to 
January 2003 . 

2. 2. A rtemia cysts 

A rtemia cysts were recorded from Apri l through August in surface waters and 

from Apri l through Ju ly  in the near-bottom waters . H owever, no cysts were detected 

at any locat ion or depth during June (Tables 23 & 24) .  The h ighest numbers were 

found in surface waters at site W5850 (4000 r l ) in May and no A rfemia cysts were 

found in several  locations, whi le in deeper waters, the highest cyst numbers were 

detected at site W6 1 46 in May and no cysts were found in several locations. I n  both 

surface and near-bottom waters, the greatest mean number of cysts was found in May 

( Fig. 1 6 ) 
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Figure 1 6. Mean monthly Artemia cysts cOlmts from surface and near-bottom waters 
of Al Wathba Lake during the study period from April 2002 to January 2003 . 

3. The stat ist ical  resu l ts 

3 . 1 . The relat ionsh ip  between chem ical  and physical param eters and A nemia 

abu ndance in both su rface and near-bottom sam ples. 

A. Effect of physical  factors 

A lthough there was a sigrlificant correlation ( P=O.O I 75 )  between the nwnber 

of Artemia and lake water temperature (Table 2 5 ), the scatter p lot of these two 

vari ables ( Fig. I 7  A) c learly shows that the correlation is heavi ly  weighted by the 

absence of Artemia during many of the measurements. The significant correlation is 

therefore generated due to these 'zero' values, and there is no true correlation between 

these variables. 

This pattern of sigrlificant correlations and 'zero' weighted scatter plots is 

repeated for number of A rtemia versus Sal in ity ( Fig. 1 7B )  and number of Artemia 

versus p H  ( Fig.  I 7C)  and the reasons for the apparent correlation are the same. 
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!though there were no l inear patterns in the distribution of Artemia relative to 

temperature, a l in ity  and pH,  the occurrence of Artemia was clustered around (28-

34°C ). ( 1 40- I 70 ppt ) and ( 7 .5-8 .4 )  for temperature, sal inity and pH,  respect ively. 

MoreO\ er, there was no significant correlation ( P=0. 1 1 8 )  between the number of 

Artemia and number of cysts counted . However, Fig.(  1 7 D) shows a negative 

corre lation between A rtemia and cyst counts. 
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Figure 1 7. The relat ionships between Arte71lia numbers per l i tre for surface and near­

bottom water samples and A :  temperature, B: sal inity, C: pH and D: number of 

Artemia cysts during the study. 

B. Effect of chem ical  factors 

There was a significant correlation between the number of Artemia and a l l  the 

nutrients examined ( P<0 .05 ) ( n i trate, nitrite, phosphate, calcium and magnesium), 

except for ammonia where P>0.05 (Table  25 ) .  The scatter plot of these five vari ables 

( Fig. 1 8A, B, D,  E, F) clearly shows that the correlation i s  a lso effected by the absence 
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of Arfel7lia in many of the sample . The significant correlation is therefore generated 

due to the e 'zero' value , and there i no true correlation between these variables. 

a lthough there were no ob erved l inear patterns in the distribution of A rte771ia relative 

to nitrate, ni trite, phosphate, calcium and magne ium, the occurrence of Artemia was 

clustered around (0 . 1 -0.4 mg r ' , ( 2-4 mg r ' ) ,  (0 . 1 -2 mg r ' ) ,  ( 2500-3500 mg r ' ) and 

( 3500-4700 mg 1" ) for n i trite n itrate, phosphate, calcium and magnesium 

re pectively.  On the other hand, there was no significant correlation between 

anunonia and number of A rtemia (Table 25 ,  p=0.208 ), the scatter plot for this variable 

( Fig. 1 8C) shows that Artemia was c lustered around (0 . 1 -6 mg r ' ) .  
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3.2.  The relat ion h ip  between chem ical and ph ical param eters and A rtemia 

cy t abu ndance in  both urface and nea r-bottom a rn pJes. 

A. E ffect of  physical factor 

There was a signi ficant cOlTelation between the number of cysts in the water 

ample and both water temperature and pH (Table 25 ) .  The scatter plot of these two 

\'ariable ( Fig . 1 9A,  C )  c learly shows that thi cOlTelation is a lso effected by the 

ab ence of Artemia cy t during many of the samples. Therefore, this significant 

cOlTe lat ion is generated due to these 'zero' values, and there is no true cOlTelation 

between these variables.  

On the other hand, there was no significant cOlTelation between the number of 

Artemia cysts and sal inity (Table 25, P>0.05 ) .  However, the scatter plot ( Fig. 1 8 B)  

show that the  .drlemia cysts were clustered between sal ini t ies of  1 20- 1 70 ppt . ,  

temperatures of 28-34°C and pH of 8 .2-8 .5  ( Fig. 1 9A, C ) .  Also, there was no 

sign ificant corre lat ion between the number of Artemia cyst and number of Artemia 

(P>0.05 ) counted. Howe er, the number of cysts was in ersely cOlTelated with the 

number of A rtemia ( Fig . 1 9D) .  
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Figure 1 9. The rel at ionships between number of Artemia cysts per l itre for surface 
and near-bottom water samples and A :  water temperature, B :  sal inity, C: pH and D :  
number of A rtemia during the  study. 

B. E ffect of chem ica l  factors 

There was a sign ificant correlation ( P<0.05) between the number of Artemia 

cysts and a l l  the nutrients and minera ls  examined (n i trate, nitrite, phosphate, calcium 

and magnesium), except anm10nia (Tabl e  25 ) .  The scatter p lots, of these five variables 

(F ig .20A , B, D, E,  F) c learly show that the correlat ion i s  also affected by the absence 

of A rtel11ia during many of the samples. The sign i ficant correlation is also generated 

due to these 'zero' va lues, and there is no true correlation between these variables. 

A lthough there were no observed l inear patterns in the distribution of Artemia cysts 

re lat ive to nitrate, n itrite, phosphate, calcium and magnesium, the OCCUlTence of 

Artemia cysts were c lustered around (0. 1 - 1  mg r l , ( 1 -5 mg r\ (0-2 . 5  mg r l ) , (3000-

4000 mg r l ) and ( 3800-4800 mg r l ) for nitri te, nitrate, phosphate, calcium and 

magnesium, respectively. There was no significant correlation ( P>0.05 ) between 
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ammonia and number of Arlemia (Table 2 5 ), however, the scatter p lot for this 

variable ( Fig.20C) hows that A rfemia cysts wa clustered around (0 . 1 -6 mg r l ) . 
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Figure 20.  The relationships between Artemia cysts per l itre for surface and near­
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calcium and  F:  magnesium during the study. 

3.4. The relationsh ip  between chem ical and physical param eters and A rtemia 

abu ndance i n  the  surface water sam ples. 

A. E ffect of physical  factors 

There was a significant corre lat ion between the number of Arfemia i n  the 

surface samples and water temperature (Table 26) .  A lthough, there was no l inear 

d istribut ion pattern for A rtemia number ( Fig"2 1 A),  probably due to the effect of h igh 
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"zero" \ a Jue that counted during ampl ing period, Arte71lia were clustered between 

temperature of 27-34° . This "zero" effect was a lso shown in the scatter plot for 

a l in ity and pH ersu Artemia number ( F ig.2 I B, C )  where a significant correlat ion 

between Artemia number and those two ariables existed. For those two variables, 

A rlelllia wa clustered bet\ een 1 40- 1 60 ppt for sal inity and 7 .5-8 .5 for pH .  

There was no  significant correlat ion between Artemia numbers and cysts 

number (Table 26)  however; the scatter plot shows a negative correlation ( Fig2 I D) .  
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Figure 2 1 .  The relat IOnshIps between numbers of Artemza per h tre 111 surfac
.
e water 

samples and A :  temperature, B: sal in ity, C: pH and D: number of Arte71l za cysts 

during the study. 

B. Effect of Chem ica l  factors 

There was a significant correlat ion between Artemia number in the surface 

samples and n itrite, nitrate, ammonia, phosphate, calcium and magnesium (Table 26) .  
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There \va no l i near pattern in the scatter plot for the Artemia distribution ( Fig.22A, 

B, C, D, E ,  F), which wa caused by the large number of zero counts during the 

ampl ing peliod . Therefore, th is  significant correlation i s  not considered to be true . 

However, A rtemia was c1u tered between (0 . 1 -0.5 mg r l ), (2-4 mg r l ) ,  (0 . 1 -4 mg r l ), 

( 1 -2 mg ) " 1 ), ( 2 500-3 500 mg ) " 1 ) and ( 3 5 00-4500 mg ) " 1 )  for n itrite, n itrate, ammonia, 

pho phate calc ium and magnesium, respectively. 
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3.5. The rela t ionsh ip  between chem ical and pby ical  param eter and A I1emia 

cy ts abu nda nce i n  the  u rface am ples. 

A. Effect of ph sical  factors 

There wa a ign i ficant correlation between the number of cysts Arfemia and 

lake water temperature in the urface samples ( Table 26) .  Meanwhile,  the scatter plot 

of the e two variable c learly shows that this correlation i s  strongly affected by the 

ab ence of A rtel7lia cysts in most of the amples ( Fig.23A) .  Te significant correlat ion 

was there fore generated due to these 'zero' values, and was not true. This pattern of 

ignificant correlations and 'zero' weighted scatter plots was repeated for number of 

A rfemia cysts ver us p H  ( F ig .23C), and the reasons for the apparent correlat ion i s  the 

ame. A lthough there were no l i near patterns in the d istribution of Artemia cysts 

relative to temperature and p H ,  the occurrence of Artemia cysts was clustered around 

2 8-34°C and 8 .2 p H . 

Moreover, there was no significant correlation between the number of A rtemia 

cysts and al i nity ( F ig .23 B ) .  Therefore, A rtemia cysts were clustered around 1 25- 1 75 

ppt . There was a lso no sign i ficant correlation between numbers of A rfemia cysts 

versus number of A rtel1lia counted ( Fig.23 D),  however, the scatter plot showed a 

negative correlation. 

74 



5000 ,-------_____ � 

� 4000 (/) >-U 
ro 
E Q) t 4:: 
o 

3000 
2000 

1 000 

Z 0 

... 
. . 

. . . ... 
_ .... _ .... . t. 

. . 
. .  -

A 

15 20 25 30 35 40 45 

Temperature (oC) 

5000 ,-----------� 
(/) 4000 U) >­u 
ro 
E Q) t 4:: 
o 

2000 

1 000 

Z 0 

· 
· 

... . 
· 

.a. ... .a1. 

C 

.. _. 

7.0 7.5 8.0 8.5 9.0 9.5 1 0.0 10.5 

pH 

5000 ,-----------� 
(/) 4000 (j) 
G 
ro 
E Q) t 4:: 
o 

3000 
2000 

1000 

Z o • 

o 

. . . . . . .  
• . . .--: .:: . ,Os, 

50 1 00  1 50  

Salinity (ppt) 

B 

. .. . . .. 

200 250 

5000 ,-------------, 

� 4000 (/) >-u 
ro 
E Q) t 4:: 
o 

3000 
2000 

1000 

Z 0 

• 

• 

• 

� . .  
:.:. ...

. 
• • 

D 

• 

• 

o 20 � 00 00 100 120 

No. of Artemia 

Figu re 23. The relationships between number of Artemia cysts per l itre in surface 
water samples and A: water temperature, B: Sal inity, C: pH and D: number of 
A nemia during the study. 

B. E ffect of chem ical  factors 

There was a significant correlation between Artel17ia cysts in surface samples 

ver u nitrite ammonia, phosphate, calcium and magnesium (Table 26,  P<0.05 ) .  This 

correlat ion may not be true because of the effect of "zero" values that have been 

counted duri n g  the measurements. However, there was no l inear pattern for Artemia 

cysts distribution, but the values of nitrite, ammonia, phosphate, calcium and 

magnesium were clustered around (0 . l -0 .5  mg ) " 1 ) , ( 0. 1 -4 mg ) " 1 ) ,  ( 0 . 1 -2 . 5  mg r 1 ), 

( 3 1 00-3 500 mg r 1 )  and ( 4000-4800 mg ) " 1 ) ,  respect ively ( Fig.24A, C, D, E, F ) .  
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On the other hand, there wa no i gn i ficant correlation between Anemia cysts 

number in urface ample and nitrate concentrat ions ( Table 26, P>O,05 ) ,  A rtenzia 

cy t were al 0 cJu tered around ( 0, J -4 mg r l ) for nitrate concentration ( Fig,24B), 

(j) 
iii 
i)' 

120  
100 ; . � I (j) 

5000 J iii 4000 
ro 
'E OJ t « 
o 
o 

Z 

80 i 
60 
40 
20 

o 

. . 

., , ,.s. 
o 

A 

2 
N itrite concent rat ion  ( m g  ,- 1 ) 

6 

5000 �--------____ --, 
(j) 
iii 4000 >-U ro 3000 
'E {! 2000 
« 

o 
Z 

1 000 
o 

. . . ;;,. .
, .. : . 

. . .  

C 

o 2 4 6 8 10 1 2  14 1 6  1 8  

A m m o n ia conce ntrat ion ( m g  r l )  
5000 r--------------� 

(j) � 4000 1 ro 3000 
'E {! 2000 
« 
o 
ci z 

1 000 
o 

o 

E 

. 
. 

-
. . .  

. - . . 
. - - :. -:..:.. ..... � . .  

1 000 2000 3000 
C alc i u m  concent rat ion  ( m g  ,, 1 ) 

4000 

>­
U 
ro 3000 
'E {! 2000 
« 
o 1 000 

. 
. 

B 

.. . . + _. +. _ =  t 'b : .' 
. 

. .  � 0 1 ��--�----------�--� 
o 2 4 6 8 1 0  

N itrate concentratio n (mg ,- 1 ) 
5000 �----------__ � 

(j) 
iii 4000 G 
ro 3000 
'E {! 2000 
« 
__ 1 000 
o 

� 0 

. 
. 

. 
. -- . 

o 

. . 
. 

. . 
0- . � , . : 

3 

D 

4 
P h os p h a te concen tra t ion ( m g  ,, 1 ) 

5 

5000 r--------------� 
(j) 

iii 4000 
>-
U 
ro 3000 
'E {! 2000 
« 
o 
o 

Z 

1 000 
o 

. 
- .;. -'-" . 

. 

. 

. . 
. 

. .  . 
. .  _ .  
nO .. 

F 

o 1 000 2000 3000 4000 5000 6000 7000 
M ag n e s i u m  concentrat ion ( m g  , - 1 ) 

Figu re 24.  The relationships between number of A rtemia cysts per l i tre in surface 
water samples and A :  nitrite, B: n i trate, C: ammonia, D :  phosphate, E :  calcium and 
F: magnesium during the study, 

3.6. The  rela t ionsh ip between physical  a n d  chem ical  param eters and A rtemia 

abu ndance i n  su rface water sam ples d u ri n g  Apri l - June. 

A .  E ffec t  of physical  factors 

There was no significant correlation between A rtemia number in  surface 

samples during A pri l ,  May and June versus water temperature, sal in i ty, pH and cysts 
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number ( Table 27 ,  P>O.OS ) .  Although there is no l inear pattern in the scatter plot for 

the e variables ( Fig.24A B, C ), A rtemia number were clustered around ( 2 7-340C ), 

( l -lO- 1 70ppt ), ( 7 . S-8 .4)  for water temperature, sal in ity and pH respect ively. Moreover, 

( F ig.2 S D) ho\vs that with more A nemia counted in the samples there was far less 

cy ts in the ample.  
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Figu re 25.  The relationships between A rtemia number per l itre in surface water 
sample and A: water temperature, B: sal ini ty, D: pH and C: cysts number duri ng 
Apri l - June.  

B. Effect of cbem ical  factors 

There was no s ign ificant correlat ion between Artemia nwnbers i n  the surface 

samples versus n itrite, n itrate, ammonia, phosphate, calcium and magnesium ( Table 

27, P>O.OS ) .  This  weak correlat ion is shown clearly in the scatter plot for these 

variables ( Fig.26A, B, C, D, E,  F) .  
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Figure 26.  The relat ionsh ips between Artel71ia numbers per l itre in  surface water 
amples and A :  n i tlite, B: n itrate,  C :  anU110nia D: phosphate, E: calcium and F :  

magnesium during Apri l - J uneo 

3.7. The relat ionsh ip between the physical and chem ical  para m eters and A l1emia 

cyst abu ndance i n  su rface sam ples d u ring April - J une. 

Physical  factors 

There was no s ignificant correlation between Artemia cysts number in surface 

samples during Apri l -June versus water temperature, sal in i ty, and Artemia numbers 

(Table 27,  P>Oo05 ) o  Although, there is no l i near pattern in the scatter plot for these 
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\ ariable ( Fig .27 A, B, D) but it is clear that Artemia cyst were clu tered around (27-

34° ) and ( 1 40- 1 70 ppt )  for water temperature and a l in ity respectively.  Moreover, 

( F ig .27 D) clearly how that with more Artemia cysts counted in the samples there 

wa far I e  Artemia i n  t he  ample. On  the other hand, there was a significant 

correlat ion between cy t numbers in the surface samples versus pH (Table 27,  

P<0.05) .  Thi  correlat ion ( Fig.27C) i s  probably due to the effect of many 'zero' values 

that were counted dming the mea urements which made th is  correlation not true. 
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Figure 27.  The rel at ionships between A rtel11,ia cysts number per l itre in  surface
, 
water 

samples and A :  water temperatme, B :  sal in ity, D :  pH and C: cysts number durmg 

Apri l -June. 

B. Effect of chem ica l  factors 

There was no sign ificant corre lat ion found between Artemia cysts numbers in 

the surface samples versus n itrite, n itrate, ammonia, phosphate, calcium and 
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magnesium ( Table 27,  P>O.05 ) .  This weak correlation is hown clearly in the scatter 

plot for the e variable ( Fig.28A, B, C, D, E, F) .  
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3.8.  The relat ion h i p  between chem ical and phy ical param eters and A rtemia 

abu n dance in  near-bottom water a m ple . 

A. Effect of physical  factors 

There was a ignificant con-elation between the numbers of Artemia and pH in  

the near-bottom amples (Table 28, r = -0 .330, P>0.002) .  Even though there was no 

l i near di tribution pattern for Artemia nwnber ( Fig.29C), presumably due to the effect 

of h igh "zero" alues counted dUli ng sampl ing period, Artenzia were clustered around 

7 . 8-8.4 of p H .  This "zero" effect was also shown in the scatter plot for Artemia 

number ersu sal in i ty and temperature ( F ig.29A, B) where there was no significant 

con-elation between A rtemia number and those two variables, where Artemia was 

clu tered between 1 25 - 1 80 ppt for sal inity and between 28-36°C for temperature .  

There was no s ign ificant con-elation between Artemia numbers and cyst number 

(Table 28) ,  however, the catter plot shows that with less Artemia number counted 

there was an i ncrease in the number of cysts ( Fig29. D) . 
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Figu re 29.  The relatIOnshIps between the numbers of Artemia per l itre in near­
bottom samples and A :  water temperature, B: sal in ity, C: pH and D: number of 
Artemia cysts duri ng the study. 

B. Effect of chem ical  factors 

There was a s ign ificant correlation between Artemia number in near-bottom 

amples and n itrate pho phate, calcium and magnesium (Table 28) .  However, there 

was no l inear pattern in the scatter p lot for the Artemia distribut ion ( Fig.30B, D, E,  

F) ,  which may have been due to the large number of zero counts during the sampl ing 

period. Therefore, th is  significant correlation i s  not considered to be true correlation. 

However, A rtemia was clustered between ( 1 . 8-4 mg r l ) ,  (0-2 . 5  mg r l ), (2500-3400 

mg r l ) and ( 3 500-4700 mg r l ) for nitrate, phosphate, calcium and magnesium 

respect ively .  Moreover, there was no significant correlation found between number of 

Arlemia numbers in near bottom samples versus n itrite and ammonia (Table 28) .  

Artemia numbers were clustered around (0 . 1 -0.6 mg r l ) and (0-3 mg r l ) for n i trite 

and ammonia, respectively (F ig.30A, C) .  
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Figu re 30. The relatIOnsh ips between numbers of Artemia per l itre in  near-bottom 
samples and A :  n i t rite, B :  nitrate, C: ammonia, D: phosphate, E :  calcium and F :  

magnesium during the study, 

3.9. The relat ion h ip  between chemica l  and physical parameters and A rtemia 

cysts abu ndance i n  near-bottom sam ples. 

A. Effect  of physical factors 

There was a significant correlation between the number of Artemia cysts and 

near bottom water temperature in the samples (Table 28) ,  However, the scatter plot of 

these two variables clearly shows that the correlation i s  strongly affected by the 

absence of Arfemia cysts during many samples ( Fig,3 1 A) ,  The significant correlation 

therefore generated due to these 'zero' values, and there is no true con-elation 

between these variables, This pattern of significant correlations and 'zero' weighted 
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catter plot repeated for number of Artel77ia cy ts ver us pH ( Fig.3 1 C), and the 

rea on for the apparent correlation i s  the arne. Although there were no l inear 

pattem in the di tribution of Artemia cysts relative to temperature, and pH,  the 

occurrence of A rtemia cy ts was c lustered around 28-34°C and 8.2 pH .  Moreover, 

there wa s ign ificant correlation between the number of Artemia cysts and sal in ity 

( Fig.3 1 B) and the 'zero' weighted catter plot is repeated due to the same mentioned 

rea on, therefore, A rlemia cysts was clustered around 1 60-200 ppt. 

There was no significant correlation between numbers of A rtemia cysts and 

number of A rfenzia counted ( Fig.3 1 D) .  The scatter plot shows that with more Artemia 

cysts count there was a decrease in A rtemia count . 
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A rtemia during the study. 
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B. Chern ical  factor 

There wa a igni ficant correlation ben een Arlemia cysts numbers in near 

bottom amples and nitrite, calcium and magnesium (Table 28, P<0.05) .  This 

correlation ma not be true, because of the effect of "zero" values that have been 

counted d uring the mea urements . H owever, there was no l inear pattern for Artemia 

cy t d i  tribut ion but they were c lustered around (0 . 1 - 1  mg 1 '\ (3000-3 500 gmll ) and 

( 3 800-4800 mg r l ) for nitri te,  calcium and magnesium respect ively ( Fig .32A, E, F) .  

On the other hand,  there wa no s ign ificant correlation between Artemia cysts 

number in near bottom samples versus nitrate, ammonia and phosphate concentrat ions 

(Tabl e  28, P>0 .05 ) .  A rtemia cysts was also clustered around ( 1 -4 mg 1 ' 1 ) ,  (0 . 1 -4 mg l' 

I ) and (0 . 1 -2 mg r l )  for n i trate, ammonia and phosphate concentration ( Fig .32B, C, 

D) .  
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Figure 32.  The relationships between number of A rtemia cysts per l itre in near­
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F: magnesium during the study. 

3. 1 0. The rel at ionship between physical and chem ical  param eters and A rtemia 

abunda nce i n  near-bottom sam ples d u ri ng  Apri l - J u ne. 

A. E ffect of  p hysical factors 

There was no significant correlation between the number of A rtemia i n  near-

bottom samples during Apri l -June versus water temperature, salin ity and pH (Table 

29, P>0.05 ) .  H owever" the scatter plot ( Fig.33A, B, C) c learly shows that A rtemia 

numbers were c lustered around (27-37°C), ( 1 40- 1 70 ppt ) and ( 8 .3-8 .4)  for water 

temperature, sal in ity and pH respectively. 
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There w i ' ' fi  . a a 0 no S lgn l  Icant correlation between A rtemia number during 

Apri l -June for near-bottom samples versus number of Artemia cysts, however, the 

catter plot ( Fig.33 D) how that with Ies number of A rtemia counted there was 

increa e in the number of Artemia cy ts counted. 
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Figu re 33. The relationships between number of A rtemia per l itre in near-bottom 

\vater samples and A :  temperature, B: sal in ity, C: pH and D: A rtemia cysts 

number during Apri I - June. 

B.  Effect of chem ical factors 

There was no sign ificant correlation between Artemia number in near-bottom 

samples during Apri l -June versus n itrite, n itrate, ammonia, phosphate, calcium and 

magnesium ( Table 29 ) .  It is shown clearly in the scatter plot ( Fig.34A, B, C, D, E, F )  

that there i s  no l inear pattern for the  distribution of  A rtemia numbers during the 

spec ified months versus mentioned variables ( P>O.OS ) .  Therefore, Arlemia numbers 

were distributed among large scale of concentrat ions. 
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Figu re 34. The relationships between number of Artemia per l i tre in near-bottom 
water samples and A :  nitrite, B: n itrate C: ammonia and D: phosphate, E :  
calc ium and F :magnesium during Apri l -June. 

3 . 1 1 .  The rela tionsh ip  between the physical and chem ical param eters and 

A l1emia cysts abu nda nce in  near-bottom sam ples d u ring Apri l  - Ju ne. 

A. Effect of physicaJ factors 

There was a sign ificant correlation between number of Arfemia cysts in  near-

bottom samples during Apri l -June versus salinity and pH (Table 29) .  However, this 

correlation was trongly affected by the large number of 'zero' that was counted 
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during the e month ; therefore, this significant correlation i not true. However, the 

catter plot ( Fig .35 B C )  how that Artenzia cy ts were clustered around ( 1 50-

1 70ppt ) and ( 8 . 3-8 .4)  for al inity and pH respect ively. 

Moreover, there \ as no sign ificant correlation between number of Artemia 

cy t during th is  period versu \ ater temperature and number of Arfemia. The scatter 

plot for those two variables shows that there is no clear l inear pattern for the 

di  t ribution of Artemia cysts in  the near -bottom amples ( Fig .35A, D) .  
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B .  Effect of chem ical factors 

There was no significant correlation between number of Artemia cysts in  near 

bottom samples during Apri l -June versus nit rite, n itrate, ammonia, phosphate, 

calcium and magnesium concentrat ions (Table 29) .  The scatter p lot for all these 
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variable ( Fig.36A, B, C, D, E, F) hows that there i s  no strong l inear pattern for the 

di tribution of A rtemia cy t in near bottom samples during the specified months. 
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1 2 . A rtemia tolerance experi ment  

The mean tolerance of  Arlemia sp. grown under a range of  en  i ronmental 

condit ion of temperature, pH,  food type, and sal inity i given in Table 30. Tolerance 

ranged from 1 to 6 day at a growth medium temperature ranging from 1 5  to 40°C . 

Hmve er, there were no significant d ifferences in the mean survival between any of 

the treatments ( Table 3 1 ;  P > 0.05 ) .  Unl ike temperature, pH did have a sign ificant 

effect on A rtemia survival which was significant ly greater at pH 8 than at pH 9 or 1 0  

( Table 32 ;  P < 0.05 ) .  

The four food type tested in  th is  experiment resulted i n  mean survival period 

ranging from 1 .0 to 4 . 1 days (Table 3 3 ) . However, there were no significant 

d ifferences among any treatment combination ( P  > 0.05 ) .  Sal in ity was the final 

environmental factor tested via control led experiments, and produced the most 

ignificant effects .  Mean l ife spans ( urvival period ) ranged from 7 .7  days at 75 ppt to 

only one day at 1 25 ppt and 200 ppt (Table 34) .  Statistical analysis revealed that the 

75  ppt treatment resulted in significant l y  longer Artemia l ife-spans ( survival period) 

than d id the 1 25 ppt, 1 50 ppt, or 200 ppt treatments (Table 34; P < 0.0 1 ) . Only the 

1 00 ppt treatment did not significantly reduce Artemia l ife spans compared to the 75 

ppt treatment, al though it d id result i n  marginal ly longer l i fe-spans compared to the 

1 25 ppt ,  1 50 ppt ,  and 200 ppt treatments ( P  < 0. 1 ) . 

The stati st ical analysis ind icated that the main factors significant ly influencing 

the l i fe span of A rfemia were pH and sal in ity, while the other factors ( food type and 

temperature )  had no sign ificant effect. The optimum pH and sal in i ty for optimum l ife 

of Artemia organi m in  the present study were 8 and 75ppt, respect ively. 
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Discussion 
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Di cussion 

Mo t of wetland are very valuable ecosystems; however, some expenences 

howed that the value of wetland can be reduced considerably when they are managed 

without adequate knowledge. Global ly, wetland losses are monitored by Ram ar 

Convention, an international organization establ ished in a 1 97 1  meeting in Ramsar, I ran . 

The Convention aims at rai ing the internat ional awareness of the importance and the 

ecological services provided by wetlands. I t  has also compi led a l i st of 1 060 wetlands of 

internat ional importance. Although few countries have the funds available for adequate 

protection or restoration, this l ist provides support-in the form of internat ional 

recognition-for local activit ies working to control wetland losses (Cunningham et al., 

2003) .  

Al Wathba reserve is  an  a11i ficial wet land developed a s  a result of  the 1 982 

di charge of over-capacity treated sewage water from the Mafraq Waste Water Treatment 

Plant i nto low l and. However, the standing water in the developed lake and its 

maintenance as a pemlanent lake, due to the continuous di scharge from the adjacent 

plant, has attracted many animals and birds as a seasonal or permanent refuge, forming a 

valuable wet land environment that must be protected. The continuous inputs of water, 

some of wruch is salinelbracki sh and the high evaporation rates have lead to considerable 

changes in water sal in i ty,  with a range from freshwater to hyper-sa l ine water ( from 1 1  

ppt to 250 ppt ) .  The reserve i s  also known for its unique mosaic habitat which includes 

fre h lakes, sal ine lakes, sand dunes, marsh reeds and sabkha. This mosaic habitat i s  
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actual ly con idered a home for many birds a well as a main stop for other migrating 

bird , e pecial ly the greater flamingos. 

I n  1 998 the lake and its sUlToundings were designated an protected area, known as 

"AI Wathba Wet land Re erve", and placed under the management of the Environmental 

Re earch and Wildl ife Development Agency ( ERWDA) .  This posi tive action toward an 

artificial ly developed wet land is ari ing from the great attention and interest of the UAE 

go\"emment in  protect ing and conserving natural resource and wildl ife environment, 

either exi ting or de eloped within the UAE territory. 

I n  fact, after the colonization of the flamingos and their breeding incidence in 

1 999, the ite more importance, as this breeding is known to be the first breeding in the 

Arabian Peninsula from over than 75 years (Aspinal l  et. al. , 1 999). AI Wathba Wetland 

Reserve is also considered a unique habitat that has not been found any where else in the 

country. onetheless, it represents a good example of co-existence in harmony between 

industry and nature. Without the water discharge from the Sewage Treatment Plant, AI 

Wathba Wetland would have not been existed. The prime role of AI Wathba Wetland 

Reserve i s  to provide breeding habitat for the greater flam jngo as wel l as to support and 

conserve biodiversity in a l l  its forms. I t  wi l l  also become an environmental education and 

research stat ion for the Emirate of Abu Dhabi . 

I t  has been reported that that brine sluimp is the main food source for the greater 

flamingos ( Rooth, 1 976, Cooper et. ai. , 1 984). It was also found that brine shrimp is the 
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only aquatic cmstacean that inhabits Al Wathba Lake. Therefore, it was essential to study 

the lake ecology and the brine hrimp population dynamics and reproductive cycle, and 

their correlation with prevai l ing en ironmental conditions, with the aim to maintain their 

u tainabil i ty ,  and in tum, to guarantee the existence of the e tablished flamingos 

population the whole year around. Before this study, very l ittle information was avai lable 

on brine hrimp that inhibit the lake. Therefore, the present study is the first detai led 

tudy to be carried out on Artemia sp. in the lake and in the whole Gulf region. Such a 

tudy wa e sential as a managerial tool, to provide the managers of the reserve with the 

nece ary information about the brine shrimp population in Al Wathba Lake and i ts 

optimal growth conditions. This  information i s  necessary for the maintenance and 

ustainabi l i ty of the greater flamingos' population in the reserve. 

The present study revealed that the cl in1ate of Al Wathba Wetland Reserve is  

s imi lar to the cl imatic condit ions of Abu Dhabi city, and reflects the cl imatic nature of 

the Gulf region, which is hot and humid during summer with a maximum air temperature 

of 48°C.  I n  winter months ( December-January) ,  a minimum air temperature may reach 8 

0C. Such great variation in  seasonal temperature is seriously affecting not only the 

physical and chemical parameters of the water body of AI Wathba Lake, but also the 

l iv ing organisms ( Kinne, 1 963 ) .  On the other hand, and in addition to the seasonal 

variations in weather conditions the quantity and qual i ty of water inputs from the 

adjacent waste water treatment plant significantly affect the stabi l i ty of the lake 

ecosystem. 
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During the tudy period, ummer air temperature was often high, resulting in high 

water 10 s through surface e aporat ion . The surface water temperature ranged from 36°C 

in  ummer to I °c in  winter with 2°C increa e for the near bottom temperature (FigA).  

The high rate of surface evaporation during the sunmler months resulted in  lowering 

water levels and increa ing water sal inity, which ranged from 263 ppt in summer to 1 1 .5 

ppt in winter ( Fig .7) .  The pH values fluctuated between 7.6 and 1 0 .0 during the study 

period. In an annual urvey of the salt ponds of nOliheastern Brazi l ,  Camara (200 1 )  

reported that water temperature ranges from 26. 1 to 3 1 .5°C, pH from 7.26 to 8.23, and 

salinity from 1 0 1  ppt to 1 77 ppt. These values, even they are not simi lar of what was 

found at A l  Wathba Lake, they reflect certain conditions in similar lati tudes. The 

differences may result  from the nature of the water source as well as the nature of the 

bed-rock formation. It is  wel l  known that the Sabkha environment of Abu-Dhabi is  very 

rich i n  carbonate materials .  

A l  Wathba Lake is different in  i ts environment to many existing Lakes however, 

it is considered to be very small  and shal low compared the lakes around the world .  The 

Great Salt Lake is the largest sal ine lake in the Western Hemisphere located in USA with 

aCl ( 850 o )  dominant salt in  the lake (Wurtsbaugh et. al., 200 1 ). They reported that the 

sal inities in this closed basin lake vary with the cl imatic cycles which ranged from 50 to 

250 ppt over the past 30 years and with average depth of 4.9 m. I n  addition, the physical 

characteristics of Al Wathba Lake are sinUlar to the Mono Lake in USA but in a smal ler 

scale. The Mono Lake is an alkal ine hyper-sal ine lake located east of Sierra Nevada in 

USA and covers 1 60 km2 with a mean depth of 1 8  m ( Jel l ison et . al. , 200 1 ). Not 
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urprisingly, they tated that ch loride; carbonate and sulphate are the dominant anions 

\\ ith a l in ity more than 85 ppt and pH 1 0  which is similar to what we found in Al Wathba 

Lake. Moreo er, we found that the Arrel7lia is the main aquatic i nvertebrate that inhabits 

Al Wathba Lake which is smil iar to the Mono Lake as wel l .  Lenz & Cooper ( 1 986) stated 

that the Mono Lake has a simple food web, with brine shrimp Arlemia monica as the 

major grazer. Nonetheless, Lake Urimah in  I ran is a large thalassohal ine hyper-sal ine 

lake with sal inity range from 1 50- 1 80 ppt and average depth of 1 6  m (Van Stappen et. 

aI. , 200 1 ) . They found that the surface temperature ranged between 3 . 1 °C ( December) 

and 27 .5°C (August) during survey in 1 995 . while, a survey during 1 989- 1 990 in Lake 

Torrens in Austral ia (maximwn length of 220 km and width of 70 km) recorded sal inity 

range between 1 6  ppt to 249 .5  ppt with maximum air temperature of 40°C in summer and 

1 °C in winter (Wi l l iam et. al. , 1 998 ) .  

ince there is  no mean of reducing water levels at the lake ( through outflows), 

fluctuations in  the water level are due to a combination of the rate of water input (either 

through direct i nput or ground water level )  and the rate of loss through surface 

evaporation. The rate of water input from the adjacent treatment plant was increased in  

sununer to compensate the water 10 s from the lake through the evaporation and to 

maintain a constant water level . The effects of ground water were not known, as there are 

no bore holes, either on site or nearby, for measuring ground water level s. During winter, 

there was l i tt le water input from rainfal l  during the survey period. Therefore, inputs from 

the Sewage Treatment Plant were the only source of fresh water for the lake. The studied 

chemical factors studied were affected by the water dynamics described above. 
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Fluctuat ions of low and high water levels cau ed an increase and decrease in the 

concentrat ions of phosphate, ammonia, nitrate, nitrite, calcium and magnesium 

( Figures.9, 1 0, 1 1 , 1 2 , 1 3 , and 1 4 ). uch fluctuation did not show sign ificant effect on the 

phytoplankton diver ity in the lake. In fact, the only exist ing algae species in the lake is 

the DUllaliella sp., which repre enting the food ource for the Artemia population. The 

fluctuation of the DZll1aliella population den ity during the study period was in fact 

related to the easonal variation in temperature more than to the nutrients concentrations. 

Where, the high temperature and the consequent increase in water sal inity dwing the 

ummer, could be the main factors control l ing the increase in DunalielLa population, in 

addition to the variation in grazing intensity by Artemia organisms . I t  has been reported 

that, i n  i nl and water bodies, the continuous fluctuations in their water level and the 

increase of their water sal in ities may negatively alter the abundance and the survival of 

their biota (Wi l l iams,  200 1 ) . Another factor that could have affected the lake 

environment and its heterogeneity is the physical tmcture of the lake. The lake is 

compo ed of several connected water bodies rather than a single large body. When water 

levels  drop down i n  summer these water bodies tend to become disconnected. Due to the 

low rate of water mixing, each of these separate water bodies, even when connected has 

unique properties and therefore provides unique environmental conditions. 

The seasonal fluctuat ions in water levels, water sal in ity and water temperature 

have revealed an extreme effect on the Artemia population of AI Wathba Lake. I n  

summer, when the temperature was h igh, the Artemia population dropped down and the 

number of the cysts increased. Statistical analysis revealed that tlus decrease in Artemia 
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population wa attributed to the high temperature and sal inity .  Correlation analysis of the 

data ( physical and chemica l )  revealed that there was no significant correlation between 

Arfel7lia and cy t number with any of the variables ( ni trite, n i trate, anunorua, 

pho phate, calcium and magne ium ) except for the pH, water temperature and water 

a l in i ty .  Wear & Haslet ( 1 986)  reported that temperature and sal inity rarely acted 

independently.  Moreover, Browne ef. al. ( 2000 ) mentioned that there is often a complex 

relat ionship between the two factors where the temperature can modify the effects of 

a l inity ,  and therefore changing the sal i nity tolerance range of the Artel1lia. In addit ion, 

laboratory results of Wutsbaugh ef al. ( 200 1 )  showed that Artemia growth and cyst 

product ion over 1 2  months were highJy dependent on temperature and sl ightly on food 

level . They reported that under 25°C and high food levels, Artemia grew rapidly and 

reached lengths of 9 rom in 1 2  days after the hatching of the cyst . S imi larly, Browne et. 

al. ( 2000) indicated that at 30°C A rtemia approaches their upper temperature l imit for 

succe sful reproduction. I n  the mean time, on-site observat ions of Tackaert & Sorgeloos 

( 1 99 1) indicated that the A .  parthenogenetica population from Tanggu Lake in China 

experienced high mortal i ty at h igh sal inities, but A. franciscana appears more euryhal ine, 

exhibit ing high survival and better reproductive characteristics in a boarder range of 

a l init ies ( Wear et. al. , 1 986) .  

I n  a ery recent study of the sal in i ty effect on four Egyptian A rtemia populations, 

Baxevanis  et al., ( 2004) found that the parthenogenetic populations were more euryhal ine 

compared to the bi exual one. Moreover, the bisexual population showed significantly 

lower reproductive output compared to the parthenogenetic ones and performed best at a 
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al in ity of 3 5  g r l .  The e finding could also explain more the absence of Artemia 

organisms from Al Wathba Lake during the summer months. Where, due to the high 

temperature of the lake water and the consequent increase of water sal inity (237 .5 ppt in  

June) Artemia populat ion tarted to d ie  and cysts numbers were high in that period of 

amp l ing. 

On the other hand, Wear & Haslett ( 1 986) reported that more than 90% of the 

Arlelllia naupl i i  survived to matUlity within a temperature range of 20-28°C and a sal inity 

of 1 20-200 ppt. Moreover, Basil et. ai. ( 1 987)  reported that the occurrence of A. 

partlzenogenetica in  India at  temperatures ranging from 34 to 36°C and sal inities of 1 55-

204 ppt, however, i t  is  not confinned whether this OCCLUTence represents a transitional or 

pelmanent population. 

In winter, when water temperature was low ( 1 8 .6°C) and sal inity was favorable 

( 70'-+ ppt) for the growth of A rle1l1ia organisms, the cysts number decreased. This result is  

also close to what was found by Abatzopoulos et. al. ( 2003) ,  who reported that the 

parthenogentic clone from Embolon salt works performed best at 80 ppt and at a 

temperature of 22°C . I t  was also confinned that the incubation temperature significantly 

affects cysts hatchabi l ity in all Artemia strains and the hatching percentage is always 

maximal at 25°C up to 30°C and this pattern of absence or presence of Artemia 

population or cysts was repeated and significantly affected by the pH as wel l  (Vanhaecke 

et. al. , 1 989) .  
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On the other hand, during the winter eason, al though the water temperature 

decrea e ( i .e.:::::8°C), the al inity remains high. Such condit ions favor the development of 

algal bloom , mainly related to the Duanlliela species. The increase in  pH of the water 

could be a con equence of algae bloom photosynthesis and/or the high calcium ion 

concentrat ion which characterize the sabkha substrate of the lake. The fluctuation in  

water temperatures in the summer and winter seasons, coupled with the high pH and 

a l in i ty values in the lake water throughout the year have certainly had an impact on the 

dynamic of the Artemia popUlation . This  is demonstrated by the absence of l iving 

Artemia organisms in sanlples collected during the sununer months, but the presence of 

cyst in  high numbers . Conversely, during the winter months the cyst numbers are low. 

In the present study, the laboratory experiments on the survival of the Artemia 

orgarusm under the different tested conditions have shown that Artemia tolerance was 

affected mostly by pH and alinity ( P<0 .05 ) .  It was also proved that AI Wathba Artemia 

sp. cul tured at 25°C, had longer l ife span and wider tolerance at lower sal ini ty (75 ppt ) 

with lower pH (PH 8) .  Another study carried out by Traintaphyll idis et af. ( 1 995)  

i ndicated that the optimum sal in i ty for a parthenogenetic species from China is between 

60 ppt and 1 00 ppt. 

In the laboratory experiments, it has been also found that Al Wathba Lake 

Artemia survival and tolerance was greater at lower temperatures (between 25°C and 

300C) than h igher temperature (40°C),  but the difference was not significant. The 

laboratory findings about the effects of temperature were simi lar to what was fowld in the 
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field urvcy, regarding the ab ence and presence of Arfe17lia and cysts. I n  that concern, 

Browne et. al. ( 1 988)  reported that A. jranciscana stands out among the populations 

nld ied in  it reproduct ive performance at extreme temperatures range from 27.5°C to 

32 . 5°C. 

Once again, it i nece sary to mention that, the taxonomic identification of the 

A rtemia sp. that inhabit Al Wathba Lake has been carried out with the co-operat ion of the 

A rfemia Reference Centre at Ghent University Belgium. From the irutial identification, 

the Centre uspected that this species belongs to A. jranciscana. However, such 

prel iminary ident ification may not be sufficient to confinn the species-specific identity of 

AI Wathba Arternia population. That is mainly because of the striking infoffi1ation 

available in l iterature regarding the l i fespan, the survival and the tolerance of A .  

jranciscana, which some times becoming more related to  local environmental features 

than the genetic ones. I n  their study Baxevanis et ai. , ( 2004) have recorded for the first 

t ime the inhabit ing oj A .  salina in an Egyptian carbonate lake. They concluded that, such 

fi ndings may provide valuable information on Artenzia biodiversity. 

I n  this study, the Artel71ia population inhabiting Al Wathba Lake was found to be 

sigill ficantly affected by water temperature and sal inity. This result is in agreement with 

the results of several researchers ( Browne et. a/. , 1 984; Wear et.a!. , 1 986; Browne, 1 988; 

Vanhaecke, 1 989; Triantaphyl l idis el.a!. , 1 995; Herbest, 200 1 ;  Camara, 200 1 ;  Van 

Stappen, 200 1 ;  Browne et aI. , 2002) .  
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Other tudied variable including the chemical characteristics of the water body 

had no ignificant effect on the presence or absence of the Arfemia population or their 

y t i n  the lake. Moreover, the Artel1lia tolerance e periment data indicated that sal inity 

and pH had a igni ficant effect while food type and temperature had no significant effect . 

Moreover, the carbonaceous nature of the urrounded sabkha, which also repre ent the 

lake ba in, may have a side effect on the l i fe cycle and reproduction of the exist ing 

Artenzia pecie , lmless it is genetically adapted. 

I n  that concept, it i s  necessary to carry out further genonuc taxonomic 

inve t igation on the Anemia sp. of Al Wathba Lake to confirm the primary identificat ion 

and whether it belong to A. franciscana or A .  parthenogenetic. 

De pite that A rtemia sp. inhibit ing AI Wathba Lake are significantly by and 

en i t ive to temperature and sal inity, water temperature can not be control led, while 

a l ini ty can be managed to favor A rtel71ia performance in the lake by controll ing the fresh 

water inputs, especial ly in summer. It is strict ly reC0l1Ul1ended to stop fresh water input 

during the SUJ1uner and start it again in winter (October) when temperature starts to 

decrea e. Stopping fresh water input in SlU1Ul1er wi l l  l ikely al low the water level to drop 

down to its maximum due to e aporation. Therefore, when the water starts to cool down 

in  winter, a huge amount of fresh water can be pumped into the lake. By fol lowing this 

scheme, cysts wi l l  start to hatch and Artemia l ife cycle will continue. This process wil l  

provide a sustainable food source for flamingo unt i l  end of winter (Apri l ) .  
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Here, it i s  impOJ1ant to note that, al though the ecosystem of Al Wathba Lake is 

considered as a smal l  re latively simple one, the behaviour of the different components in 

the ystem and their interaction was a nece sary first step in the design of a successful 

management plan . Therefore, and in order to make the lake ecosystem perform as 

ucce sful as desired a comprehen i e guidel ine was written as an output from this study 

for managing the water body of Al Wathba Reserve. The pwpose of this guidel ine is to 

help the managing authority to understand the ecology of the Artemia sp. of Al Wathba 

Lake and to make the proper management decisions for the water body in favor of 

blooming and ustainabi l i ty of the A rtemia population . 

The fol lowing Guidel ines are written as a summarized report describing the lake 

envirorunent and the problem faced i ts ecosystem. The report extends unti l  reaching the 

main steps to be fol lowed in order to have a sound management. In fact, this report has 

submitted to the E RWDA deci sion makers and they are actual ly applying it with uccess. 
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G U IDELINES FO R T H E  lV I A NA G E M E NT OF T H E  BRI NE SH R I M P  

PO P U L A T IO N  AT A L  WAT H BA LA K E  

I ntroduction 

Al Wathba Wetland Reserve is located 40 km ea t of Abu Dhabi I sland on the left 

ide of the truck road to Al Ain. The water body extends for approximately 1 .5 km in 

length and 0 .5  km in width with a maximum depth of almost two metres. Al Wathba 

Lake exi ts primari ly because it is suppl ied with secondary treated waste water from the 

Mafraq Waste Water Treatment Plant C WWT). The sal inity of the water throughout the 

l ake i variable due to the fresh water input and because of the underlying sabkha 

ubstrate. The maximum sal ini ty recorded in the lake is 250 ppt which is approximately 

4 .5  t ime h igher than that of sea water. 

The sabkha substrate and high evaporation rates have made the water body a 

hyper- a l ine habitat. The only invertebrates that are able to l ive in this harsh habitat are 

brine sluimps (Artemia sp.) and occasionally blood worms ( Chironomus sp. ), that both 

feed on algae. Brine shrimps, in tum, are the main food source for the greater flamingos 

( Phoenicopterus ruber). They also provide supplementary food for other wading bird 

species that feed mainly on algae. 
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The l i fe cycle of Anemia begins from either a dormant cyst that is extremely hard 

and may remain viable for few years or an ovoviviparous egg which hatches 

immediately.  During periods of low salinity and temperature, the cysts begin to rehydrate 

and open to relea e the fir t stage larva which is known as a naupl ius l arva. The larvae 

remain in thi stage for about 1 2  hours feeding on the yolk sac before moulting to a 

econd in tars known as the metanaupl iar stage, which remain unt i l  the sixth moult when 

they are tem1ed postmetanaup l i i ;  fol lowing the l ih moult  they are termed post-larval and 

by the 1 ih moult they are regarded as adult From the second ins tar onwards, they feed on 

mal l algal cel ls ;  by the t ime they reach an adult size of 1 0mrn length they are able to 

feed on l arge conglomerates of algae. 

Under optimum conditions of food supply and lack of stress due to increased 

a l in i ty or decreased di ssol ed oxygen the female shrimp may produce eggs. These eggs 

'wi l l  hatch after being relea ed from the ovisac to produce naupl ius l arvae. The female 

shrimp can l ive for up to 3 months and produce up to 300 naupl i i  every four days under 

such optin1Um conditions. 

Brine shrimp inhabit hyper-sa l ine lakes and ponds where there are few aquatic 

predators and competitors. The salt content of these lakes may reach 250 ppt compared to 

a sal in ity of about 35 ppt in sea water. In general ,  bl1ne shrimp can survive temperatures 

benveen 6° C and 40° C with an optimum range of 25° C to 30° C; whi lst cysts can 

tolerate a much wider range of temperatures from below freezing to almost 1 00° C. 

Sal in ity thresholds can vary for different starins of Artemia. I n  general, the Artemia 
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,peCle inhabiting AI Wathba Reserve can tolerate al inities up to 200 ppt and a pH range 

from 7 to 1 0, whilst the optimal pH range for cyst hatching is 8 to 8 . 5 .  

The Anemia tudy \ as  conducted in order to  understand the relationship between 

the environmental conditions and brine shrimp population dynamics. The study started in 

early 2002 and has cont inued for more than a year. Water samples were col lected 

monthly from 1 4  fixed sites at the surface and bottom of the water colunm. The 

parameters measured were water temperature, depth, sal irllty, pH, ru trite, nitrate, 

pho phate, Ca ++ and Mg ++ .  A rtel71ia adults and cysts pre ent in the samples were counted 

in the laboratory under a stereorrucroscope. 

P u rpose of the g u idelines 

The purpose of the guidel ines I S  to al low decision makers to develop a 

management regime for the water level of the lake. Appropriate management of the water 

level has an influence on the sal inity of the lake which has a direct effect on the 

population of A rtemia which in tum influences the numbers of Flamingos resident and 

potential 1y breeding at the lake. 

Para meters that should be controlled 

The input of fresh water i s  the main parameter that can, and should, be control led 

at the lake. Control l ing  the water input al lows a degree of control over water sal i llity. The 

right amount of water input during winter and sun1l11er is vital to ensure the optimum 

sal ir uty for cyst hatching and subsequent population development. 
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The need for year-round water level m anagem ent 

Water Ie el in ummer i one of the key factors ensuring maximum breedi ng of 

Artelllia. I f  the \vater level i low, temperature and salinity wil l  increase and cysts wi l l  be 

fom1ed. Fol lowing this, at the begim1ing of winter when the ambient temperature has 

fal len, fresh water can be input to the lake. This wi l l  trigger the hatching of cysts and the 

lake body wil l  be at the optimum sal ini ty and temperature for maximum reproductive rate 

within the Artemia population . I f, on the other hand, the water level remains high in 

ummer, the A rfemia population wil l  s imply die due to temperature increase and few 

cyst wi l l  be fom1ed. Furthermore, because the levels are high, it wi l l  be impossible to 

input ufficient fresh water from the Mafraq Waste Water Treatment Plant to trigger cyst 

hatching, and consequently the population wi l l  not develop. 

The relationship between A rtemia and salinity 

Sal i nity i s  one of the most important physical factors affecting the Artemia l i fe 

cycl e  at the l ake.  As ambient temperature increases, the water sal inity subsequently 

increa es due to evaporation. Nonnally, at sal in i ties of less than 80 ppt, Artemia 

reproduce by l aying eggs, which hatch i mmediately upon contact with water ( such a 

strategy i s  referred to as being ovoviviparous) .  As the sal inity i ncreases above 80 ppt the 

eggs no longer hatch on contact with water, but instead become cysts; they do this by 

fom1i ng a hard outer shell ( known as a chorion) around the egg itself. Cysts wi l l  only 

hatch when the sal inity is less than 25 ppt. Consequently, if at some point the sal in ity has 

exceeded 80 ppt, then in order to restore the Arremia population, it is necessary to try to 
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reduce the a l in i ty to Ie s than 25 ppt, or to at least have some parts of the lake where the 

a l in i ty i Ie  s than 25 ppt . 

Relation ships between A rtemia and tem pera ture 

Temperature is the other major factor that has direct effect on the population 

dynamic of Memia. Artemia are able to survive relatively high temperatures, up to 40° 

C. HO\ ever, they stop reproducing as temperatures rise above 30° C. Consequently, we 

have to accept that as summer approaches natural mortality within the Artemia 

populat ion wi l l  increase (the summer water temperature at Al Wathba regularly exceeds 

40° C at 1 .75m depth) .  During winter, when the water body fal ls  to approximately 20 ° C, 

reproductive rate wil l  increase, provided that sal inity is less than 80 ppt and that the 

Artemia  are reproducing using the ovoviviparous strategy. 

Potential risks 

1 .  Fai lure to reduce the water level during swnmer 

Fai l ure to reduce water level during summer has an effect on water input 1J1 

winter. I n  winter, when the temperature fal ls  to within the optimum range required for 

cyst hatching, it would be impos ible to put sufficient amount of fresh water into the lake 

in order to decrease the sal inity ( see: The need for all year-round water level 

management) .  It is strictly recommended to avoid any excessive water inputs to the lake 

during summer thus al lowing it to partly dry out ( by evaporat ion as a result of 

temperature i ncreasing up to 48° C) .  Drying the lake in summer wil l  help toward putting 

ufficient amounts of fresh water in winter to enhance the hatching process. Also, it wi l l  
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help to combat the algal blooms that have occurred toward the end of swnmer in the , 

pa t .  

2 .  I n  ufficient fresh \ ater input during early winter 

I n  ufficient fresh water input during early winter ( the beginning of the hatching 

and breeding ea on of Artemia) wil l  al 0 have an effect. Too l i ttle water input to the lake 

would fai l  to reduce the sal inity and cysts wi l l  remain donnant .  If the reason for too l i tt le 

fre h \ ater being input i that the water levels are too high, then we recommend using 

pump to lower the water level in order that fresh water can be input. Without low 

a l inity water input the Artemia population wi l l  sinlply not develop. 

3 .  Sal inity greater than 80 ppt throughout the lake during winter 

I f  the salinity is greater than 80 ppt throughout the lake during winter either 

because of insufficient low sal inity water input or because of fai lure to reduce water 

levels  in ummer, the cysts wi l l  not hatch and thus remain dormant. I t  is not necessary to 

reduce the sal inity in the whole lake but it is important to have some parts of the lake 

with lower sal inities (below 25 ppt ) where cyst may be able to hydrate and complete their 

l i fe cycle. 

4. Effect of Algal blooms 

Algae are known to be the main food source for Artemia. The algal growth wil l  

start to increase if cyst did not hatch in winter due to any above mentioned reasons. This 

situation where the main predator of algae is  absent would drive algae to bloom in the 
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lake which al 0 known a red tide. Following the bloom, algae death and subsequent 

decomposition can deplete dis olved oxygen in water thus making the habitat unsuitable 

for organi m requiring di ssolved oxygen such as brine shrimp. To avoid such si tuation 

the lake hould be dried in ummer 0 the over growth of algae wil l start to die because of 

dehydration . 

G los ary 

A rtem ia :  IS a smal l crustacean belongs to the phylum Arthropoda (joint-legged 

invertebrates) . 

Cysts:  ferti l ized eggs that sWTolmded by a thick shell which are in diapauses. 

Fresh water: secondary treated waste water. 

A lgae bloom : it is an increase in the number of algal cel ls especially in surruner. 

Ovoviviparous :  ferti l ized eggs that are developed into free-swimming naupl i i  by the 

female shrimp.  

Blood worm : i s  a red colour larva of mosquito. 
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Ta ble. I .  Air  temperature CC ) recorder during the study form Apri l 2002 to January 
2003 . 

Dry Tem perature ec) 
Day lY I i n  M ax.  Avg. Day Min .  M a x. Avg. 

0 1 -Apr-02 20.29 38 .06 28 .75 0 1 -May-02 20.53 43.95 32.23 
02-Apr-02 2 1 . 56 4 1 . l 7  32 .56 02-May-02 22 .35 44 .99 34. 1 2  
03-Apr-02 22 .85  42.07 3 l .65 03-May-02 24.62 45 .05 35 .8 1 

04-Apr-02 1 7 .85 27 . 1 9  22 .73 04-May-02 24.36 43.94 33 .69 

05-Apr-02 1 6 .2 26.65 22 .3 1 05-May-02 2 1 .72 37 .89 30.08 

06-Apr-02 1 6 .82 27 .43 22 .36 06-May-02 2 l .24 38.0 1 30.04 

07-Apr-02 1 6 .47 30.6 1 23 .23 07-May-02 2 1 .69 4 1 .84 32 .03 

08-Apr-02 1 4 .97 33 .83 24.36 08-May-02 23 . 1 6  44.07 34. 1 5  

09-Apr-02 1 8 .88  36 .74 27 .75 09-May-02 26.3 44.86 35 .8 1 

1 0-Apr-02 22 .22 35 .66 29.83 1 0-May-02 27 .5 1 4 1 .6 34.26 

1 1 -Apr-02 22 .82 34.63 28 .03 1 1 -May-02 27.07 39 .5 1 3 1 .85 

1 2-Apr-02 2 1 .08 33 . 5 1 27 .37  1 2-May-02 26.48 35 . 1 6  30.86 

1 3 -Apr-02 1 9 .59  28 .73 23 .78 1 3 -May-02 25 .74 39.0 1 32 .6 1 

1 4-Apr-02 1 8 . 1  3 1 .43 24.48 1 4-May-02 22.2 36.69 29.89 

1 5-Apr-02 1 7 . 84 3 l . 7 1  24.82 1 5-May-02 20.87 37 .32 28 .6 

1 6-Apr-02 1 8 . l 6  30.86 24.49 1 6-May-02 20. 1 8  4 1 .57 30.99 

1 7-Apr-02 1 8 . 1 6  36.0 1 26 .03 1 7-May-02 23 .3 1 4 l .3 1  32 .46 

1 8-Apr-02 20 .58 38. 1 1 29 .08 1 8-May-02 23 .64 43 .38  32 .87 

1 9-Apr-02 2 1 .99 39.95 3 1 .48 1 9-May-02 24. 1 2  45.22 33 .99 

20-Apr-02 25 . 37  4 1 . 5 34. 1 8  20-May-02 23 .38 45.83 34.08 

2 1 -Apr-02 24.32 34 .82 28 .65 2 1 -May-02 25 .79 47. 1 4  35 .65 

22-Apr-02 23 .07 36.94 27 .93 22-May-02 24.3 4 1 .05 32 .8  

23-Apr-02 1 9 . 53  3 l .9 25 .6  23-May-02 24.24 43 .7 1 33 .08 

24-Apr-02 1 8 . 1 8  30.27 24. 5  24-May-02 23 .7  43.29 33 .56 

25 -Apr-02 1 7 .69 36.3 26.23 25-May-02 24. 1 5  44.32 33 .46 

26-Apr-02 1 9 . 37  40.93 29.0 1 26-May-02 24.76 46 34.02 

27-Apr-02 2 1 .49 4 1 .07 29.28 27-May-02 25 .24 44.37  33 .65 

28-Apr-02 2 1 .68  42 .38 3 1 . 35  28-May-02 25 .08 40.39 32.72 

29-Apr-02 2 1 . 1 5  43 .35  32.26 29-May-02 23 .66 45.08 34.35 

30-Apr-02 2 1 . 5 8  42. 8 1 32 . 1 2  30-May-02 26. 1 5  45 .52 34.95 

3 1 -May-02 24.95 44.27  33 .37  

1 20 



Cont .  

D ry Tem perature (Oe)  
Day M i n  . Ma x  Avg Day M in M a x  Avg 

o I -Jun-02 23 .82  42.94 33 . 1  o I -Jul-02 27 .56 43 .62 34.93 

02-Jun-02 23 .34 44 32 .9  02-Jul-02 25 .5  4 1 .99 33 .66 

03-Jun-02 24.65 43 . 38  34.54 03-Jul-02 27.4 44.09 35 . 1 2  

04-Jun-02 25 .22 43 .85  34.86 04-Jul -02 27 . 1 9  46.29 37 .23 

05-Jun-02 25 .67 44 .47 3 5 .25 05-Jul-02 29.28 47.67 38 .04 

06-Jun-02 2 3 . 76 42 .5 1 33 . 52  06-Ju\-02 28.29 46. 1 1 36 . 1 8  

07-Jun-02 26.07 44 .27  34.55  07-Jul -02 28 . 1 44.26 35 .43 

08-Jun-02 24.92 36 .33  30 .92 08-Ju\ -02 26.46 4 1 . 87 34. 1 1 

09-Jun-02 23 .27  40.45 32 . 58  09-Jul-02 26.92 45 .02 35 .07 

1 0-Jun-02 25 .66 42 . 1 4  34.24 1 0-Jll J -02 26.9 46.68 36 .37 

I 1 -Jun-02 29 .37  44 . 1 2  34.78 I 1 -Ju\-02 28 .78 45 .37  35 .66 

1 2-Jun-02 28 .09 43 .52  34.68 1 2-JuJ-02 27 .85  45 .54 35 . 74 

1 3 -Jun-02 25 .88  44.84 34.5 1 1 3 -Jul -02 27 . 1 6  45 .37  36.34 

1 4-Jun-02 24.77 43 .64 33 .49 1 4-JuJ-02 26.9 46. 57  37 .6 1 

1 5-Jun-02 24.95 46.0 1 34 .87 1 5-Jul-02 27 .37  48.05 36.93 

1 6-Jun-02 25 .32  43 . 1 2  33 .6  1 6-JuJ-02 26.47 45 .94 35 . 86 

1 7-Jun-02 24.92 45 .6  34.83 1 7-JuJ-02 28 .49 43 .59 35 .4 1 

1 8-Jun-02 26.08 45 .23 35 . 3 1 1 8-Jul-02 28.62 47 .3  36 .33 

1 9-Jun-02 26 . 1 5  44.94 3 5  1 9-JuJ-02 27 . 1 47 .36 37 .25 

20-Jun-02 2 5 . 1 5  43 .52  34.43 20-Jul -02 29.27 46. 1 3  35 .64 

2 1 -Jun-02 26 .53  44 . 1 4  34.47 2 1 -Jul -02 27 .77  44.53  35 .76 

22-Jun-02 26 .5 1 40. 1 6  33 . 1 8  22-Jul-02 27 .7  44. 1 9  34.87 

23-Jun-02 24.9 39 .7  32 .67 23-Jll l -02 27 . 1 3  47 .2 1 37 . 1 4  

24-Jun-02 24.0 1 39.93 32 .68 24-Jul-02 29.44 45 .46 37.24 

25-Jun-02 26 .84 42.83 34 .58 25-Jul-02 30 .75 43 .97 37 .77  

26-Jun-02 27 .26 44 .54 35 . 84 26-JuJ-02 29.65 46.23 3 7 . 1 1 

27-Jun-02 29 .2 46.95 38 . 33  27-Jul -02 28 .64 43.0 1 3 5 .25  

28-Jun-02 3 1 . 1 8  47 .56 39 .38  28-Jul-02 27 .87  39.92 33 .67  

29-Jun-02 3 1 . 56  47.68 39. 1 5  29-Jul -02 27 .57  43 . 1 8  34. 5 1 

30-Jun-02 29.48 46.2 1 3 8.23 30-Jul-02 28 .4 45 .76 37 . 1 8  

3 1 -JuJ -02 28.65 46.67 37 . 55  

1 2 1  



Cont.  

D ry Tem perature ec) 
Day .Mi n  M a x  Avg Day Mi n  M a x  Avg 

o I -Jun-02 23 . 82 42.94 33 . 1 0 1 -Jul-02 27 .56 43.62 34.93 
02-Jun-02 23 .34  44 32 .9 02-Jul-02 25 . 5  4 1 .99 33 .66 
03-Jun-02 24.65 43 .38  34.54 03-Jul -02 2 7.4 44.09 35 . 1 2  
04-Jun-02 25 .22 43 . 85 34.86 04-Jul-02 27 . 1 9  46.29 37 .23 
05-Jun-02 25 .67  44.47 3 5 .25 05-Jul -02 29.28 47.67 38 .04 

06-Jun-02 23 .76  42 .5 1 33 .52 06-Jul-02 28 .29 46. 1 1 36 . 1 8  

07-Jun-02 26.07 44.27  34 .55 07-Jul-02 28 . 1 44.26 35 .43 

08-Jun-02 24.92 36 .33  30 .92 08-Jul-02 26.46 4 1 . 87  34. 1 1 

09-Jun-02 23 .27  40.45 32 .58  09-Jul-02 26.92 45 .02 35 .07 

1 0-Jun-02 25 .66 42. 1 4  34.24 1 O-Jul-02 26.9 46.68 36 .37 

1 1 -Jun-02 29.3 7 44 . 1 2  34 .78 I 1 -Ju l -02 28 .78  45 .37  3 5 .66 

1 2-Jun-02 28 .09 43 .52 34.68 1 2-Jul-02 27 .85  45 .54 35 . 74 

1 3 -Jun-02 25 . 88  44. 84 34.5 1 1 3-Jul-02 27 . 1 6  45 .37  36.34 

1 4-Jun-02 24 .77 43 .64 3 3 .49 1 4-Jul-02 26.9 46 . 57  3 7 .6 1 

1 5 -J un-02 24.95 46.0 1 34 .87 1 5-Jul -02 27 . 37  48.05 36.93 

1 6-Jun-02 25 . 32  43 . 1 2  33 .6  1 6-Jul -02 26.47 45 .94 35 .86 

1 7-Jun-02 24.92 45 .6  34.83 1 7-Jul-02 28 .49 43 .59 3 5 .4 1 

1 8-Jun-02 26.08 45.23 35 . 3 1 1 8-Jul -02 28.62 47.3 36 .33 

1 9-Jun-02 26. 1 5  44 .94 3 5  1 9-Jul-02 27 . 1 47 .36 37 .25 

20-Jun-02 25 . 1 5  43 .52 34 .43 20-Jul-02 29.27 46. 1 3  3 5 . 64 

2 ] -Jun-02 26 .53 44 . 1 4  34.47 2 1 -Jul-02 27 .77  44 .53  35 . 76 

22-Jun-02 26 .5 1 40. 1 6  3 3 . 1 8  22-Jul -02 27 . 7  44. 1 9  34 .87 

23 -Jun-02 24.9 39 .7  32 .67  23-Jul-02 27 . 1 3  47.2 1 37 . 1 4  

24-Jun-02 24.0 1 39.93 32.68 24-Jul -02 29.44 45 .46 3 7.24 

2S -Jun-02 26.84 42 .83 34 .58 25-Jul -02 30 .75 43 .97 37 .77 

26-Jun-02 2 7 .26 44.54 35 . 84 26-Jul-02 29.65 46.23 3 7 . 1 1 

27 -Jun-02 29.2 46.95 38 .33  2 7-Jul -02 28 .64 43.0 1 3 5 .25  

28-Jun-02 3 1 . ]  8 47 .56 39 .38 28-Jul-02 27 .87  39.92 33 .67 

29-Jun-02 3 1 . 56  47 .68 39. 1 5  29-Jul-02 27 . 57  43 . 1 8  34.5 1 

30-Jun-02 29.48 46.2 1 38 .23 30-Jul -02 28 .4 45 .76 37 . 1 8  

3 1 -Jul-02 28 .65 46.67 37 .55  
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Cont.  

D ry Tem perature (Oc) 
Day M j n  M a x  Avg Day M i n  .Ma x  Avg 

0 1 -Aug-02 29.4 1 47 .23 37 .23  0 1 -Sep-02 29.67 4 1 .84 34.68 
02-Aug-02 28 . 73  47 .63 3 7 .94 02-Sep-02 29.53 42 .87  35 . 54 

03-Aug-02 28 . 1 47 .65 36 .73  03-Sep-02 3 1 .28 45 .04 36 .57 

04-Aug-02 26 .36 46.8 3 5 . 75 04-Sep-02 28 .4 45 . 1 2  3 5 . 7 1 

05-Aug-02 26.4 45 .94 36 05-Sep-02 28 .2 42 .68 34.6 

06-Aug-02 27 . 1 2  45 .49 36.04 06-Sep-02 27 .67 43 .04 34.3 7  

07-Aug-02 30.0 1 43 . 55  36 .02 07-Sep-02 25 .97 4 1 .44 33 .22 

08-Aug-02 29 44.46 36 . 1 08-Sep-02 24.62 44.42 33 .52  

09-Aug-02 29.26 44.2 35 . 88 09-Sep-02 25 .8 1 43 .85 34.65 

1 0-Aug-02 26 .27 42 .22 34.64 1 0-Sep-02 27 . 1 6  4 1 .55  33 . 54 

l 1 -Aug-02 25 . 1 1 43 .66 34 .33 1 1 -Sep-02 26 .57 4 1 .59 33 .3  

1 2-Aug-02 27 .59  4 1 .94 34.6 1 2-Sep-02 27 .38  42. 1 33 .42 

1 3-Aug-02 28 .69 43 . 1 4 3 5 .08 1 3-Sep-02 28 . 1 2  4 l . 1 1 33 .94 

1 4-Aug-02 28 .6  43 . 1 2  3 5 .95 1 4-Sep-02 26.4 1 40.36 32 .54 

1 5 -Aug-02 29 .76 43 .48 3 5 .67 1 5 -Sep-02 25 .28 40.42 3 1 .93 

1 6-Aug-02 27 .6  44 . 3 7  34.96 1 6-Sep-02 25 . 77 39 .92 3 l . 89 

1 7-Aug-02 26.08 43 .6 1 34 .62 1 7-Sep-02 24. 1 2  39 .72 3 l . 1 8  

1 8-Aug-02 28. 1 1 40. 1 1 34 .53  1 8-Sep-02 23 .8  42 32 .26 

1 9-Aug-02 29.02 43 . 1 4  34.99 1 9-5ep-02 24.24 4 1 .93 32 .85 

20-Aug-02 29. 1 8  45 .32  35 . 78  20-Sep-02 25 . 1 8  4 1 . 58  33 .77  

2 1 -Aug-02 27 .86  44. 74 35 . 1 7  2 1 -Sep-02 24.78 40.94 33 .07 

22-Aug-02 27 . 1 3  45 .4 1 3 3 . 89 22-Sep-02 23 .63 40.38  32 .0 1 

23-Aug-02 25 .62 4 1 .98 3 3 .82 23-Sep-02 24.76 4 1 .44 32 .72 

24-Aug-02 29. 1 6  39.93 35 . 1 3  24-Sep-02 27 .24 4 1 .2 1  33 . 1 9  

25-Aug-02 3 1 .02 4 l .82 3 5 . 1 1 25-Sep-02 27 .54 42 .96 33 .78  

26-Aug-02 2 7.34 40.97 34. 1 9  26-Sep-02 24. 8 1 40.84 33 .08 

2 7-Aug-02 27 . 1 5  45 .08 3 5 .99 2 7-Sep-02 23 .86 42.2 32 .64 

28-Aug-02 28.96 44.64 3 7 .47 28-Sep-02 24.83 4 1 .47 32 .7  

29-Aug-02 29.4 1 42 .6 1 35 . 8 1 29-Sep-02 24.0 1 42.22 3 l . 1 9  

30-Aug-02 29 .56 40. 77  34 30-Sep-02 22 .04 40.83 3 l . 76  

3 1 -Aug-02 28 .9 1 40.7 34.3 1 

1 23 



Coot .  

Dry Tem perature (Oc)  
Day M i n  M a x  Avg Day M i n  :Max Avg 

0 1 -Oct-02 25  39 .84 33 .04 0 1 -Nov-02 20.3 1 34.37 27.25 
02-0ct-02 24 .8  39 .44 3 1 . 58  02-Nov-02 20. 1 1 34.8 27 .28 
03-0ct-02 23 .3 1 38 .73 3 1 . 1 5 03-Nov-02 2 1 .26 34.08 27 . 1 1 
04-0ct-02 23 .4 1 37 .88 30.29 04-Nov-02 2 1 .07 33 .03 26 .95 

05-0ct-02 23 .76 37. 1 9  30.55 05-Nov-02 20.83 32.69 26.79 

06-0ct-02 22 .82 39 .58  30.6 06-Nov-02 1 9 .4 1 33 .66 26.65 

07-0ct-02 23 . 1 2  42.4 3 1 .28 07-Nov-02 20.49 32.78 25 .59 

08-0ct-02 2 1 .72 39 .08 30.33 08-Nov-02 1 9 .89 30.5 1 24.82 

09-0ct-02 25 . 1 1 4 1 .05 3 1 .98 09-Nov-02 1 8 .42 32 .2 1 25 .62 

1 0-0ct-02 22 .54  40.42 3 1 . 59  1 0-Nov-02 1 8 .7  3 l . 94 25 .37  

1 1 -0ct-02 23 .84 37 .4 1 30.43 I 1 -Nov-02 1 9 .08 3 1 . 52 24.88 

1 2 -0ct-02 23 . 1 8  40.7 3 1 . 58  1 2-Nov-02 1 7 .82 32 . 1 1 25  

1 3 -0ct-02 23 .6 1 38 .34 29.98 1 3 -Nov-02 1 8 .65 33 .0 1 25 .28 

1 4-0ct-02 2 1 .99 39.63 29.89 1 4-Nov-02 1 8 .56  33 .75 25 .92 

1 5-0ct-02 2 1 .08 40.5 30.62 1 5-Nov-02 1 8 .85 30.89 24.87 

1 6-0ct-02 20 .57 39 .75 29.68 1 6-Nov-02 1 9 .63 29.96 24.2 

1 7-0ct-02 2 1 . 54  39.94 30. 1 6  1 7-Nov-02 1 8 .28 29. 1 5  23 .07 

1 8-0ct-02 20.47 39.73 29.83 1 8-Nov-02 1 6 .38  30.74 23 .46 

1 9-0ct-02 20.3 3 8 .69 29.23 1 9-Nov-02 1 7 .94 30.89 24.29 

20-0ct-02 1 9 .66 37  28 .35  20-Nov-02 1 7 .9 30.67 23 .99 

2 1 -0ct-02 1 9.4 1 37 . 1 1 27 .92 2 1 -Nov-02 1 7 .77 27 .94 22 .43 

22-0ct-02 1 9 .46 38 .4 1 28 .8  22-Nov-02 1 6 .28 28 .4 22 . 1 2  

23-0ct-02 20. 1 9  37 . 1 7  28 .29 23-Nov-02 1 5 .04 29.52 22. 1 5  

24-0ct-02 20.5 1 37 .8  29.96 24-Nov-02 1 5 . 74 29.5 1 22 .92 

25-0ct-02 22 . 1 2  3 5 .33 28 .68 25-Nov-02 1 6 .65 28.82 22. 1 6  

26-0ct-02 20.97 33 .53  27 .92 26-Nov-02 1 4 .58 28 .6 1 20.93 

27-0ct-02 20.03 34.4 27 .38  27-Nov-02 1 5 .76 27 .43 2 1 . 1  

28-0ct-02 22 .3  35 .79  29.42 28-Nov-02 1 5 .02 26.9 20.29 

29-0ct-02 2 1 . 36  35 .25 28 . 1 6  29-Nov-02 1 3 .82 26.77 20.4 1 

30-0ct-02 2 1 .7 36.05 28. 74 30-Nov-02 1 2.97  27. 84 20.08 

3 1 -0ct-02 2 l . 39  35 .77  28 .06 

1 24 



Cont.  

D ry Tem perature ec) 
Day M i n  M a x  Avg Day M in M a x  Avg 

0 1 -Dec-02 1 1 .93 29.99 2 1 .39 0 1 -Jan-03 1 1 .05 23 .5 1 1 6 .78 

02-Dec-02 1 5 .26 3 1 .06 22 .67 02-Jan-03 1 2 .3 1 22 .8 1 1 8 .0 1 

03-Dec-02 1 4 .69 28 .59 22 03-Jan-03 1 6 . 1 4  23 .9  20.94 

04-Dec-02 1 6 . 8 1  29.4 22 .45 04-Jan-03 1 3 . 59 24. 37  1 9 . 1 8  

05-Dec-02 1 5 .0 1 28 . 1 4  20.97 05-J311-03 1 1 .0 1  24.95 1 7 . 1 7  

06-Dec-02 1 3 .32 28 20.48 06-Jan-03 8 .89 23 .84 1 6 .66 

07-Dec-02 1 3 . 58  28 . 87  2 1 . 1 8  07-Jan-03 1 0 . 1 8  24 .52 1 7 . 52 

08-Dec-02 1 4 . 79 30 .02 2 1 .74 08-Jan-03 1 2 .09 24.9 1 1 8 . 1  

09-Dec-02 1 6 .24 30.6 22 .22 09-J311-03 1 0.56 25 .65 1 7 .56 

1 0-Dec-02 1 6 . 87  28 . 7  22 .87  1 0-Jan-03 1 2 . 1 2  25 .86 1 8 . 1 4  

I 1 -Dec-02 1 7 . 1 6  29.35 22 .56 1 1 -Jan-03 1 1 . 52 24.95 1 7 .37  

1 2-Dec-02 1 7 . 1 5  30. 38  23 .04 1 2-Jan-03 9.73 24.93 1 7 .63 

1 3-Dec-02 1 7 .4 30 .04 24.07 1 3 -Jan-03 8 .36  25 . 74 1 7 .3 1 

1 4-Dec-02 1 8 . 77  28 .79 23 .56 1 4-Jan-03 9 .95 24. 1 2  1 6 . 77  

1 5 -Dec-02 1 7 .65 27 .55  22 .02 1 5-Jan-03 9.42 24. 7 1  1 6 .46 

1 6-Dec-02 1 5 .6  27 . 1 4  2 1 .6 1  1 6-Jan-03 9.05 25 .85  1 7 . 76 

1 7-Dec-02 1 5 . 77  27 .63 2 1 .93 1 7-Jan-03 1 1 . 57  26 .23 1 9.04 

1 8-Dec-02 1 6 .03 28 .5  22 .22 1 8-Jan-03 9.43 1 9 .65 1 4 . 73 

1 9-Dec-02 1 5 .05 26.42 20.43 1 9-Jan-03 8.03 20. 5 1 1 4 .29 

20-Dec-02 1 3 .26  25 .36  1 8 .86 20-Jan-03 8. 1 5  22 .84 1 5 .69 

2 1 -Dec-02 1 2 . 35  29.08 20 .72 2 1 -J311-03 8 .64 26 .38 1 8 . 73 

22-Dec-02 1 8 .28 3 1 . 5 23 .45 22-Jan-03 1 5 . 1 2  28 .3 1 2 1 .68 

23-Dec-02 1 2 .75  22 .43 1 8 .05 23-Jan-03 1 6 .66 28 .92 22 .32 

24-Dec-02 1 2 . 5 3  22 . 1 1 6 .96 24-Jan-03 1 4 .4 24.27 1 9 . 1 5  

25-Dec-02 1 3 . 1 1 22 .96 1 7 .64 25-J311-03 1 2 . 1 6  22 .38 1 7 .28 

26-Dec-02 1 2 . 1 6  2 1 . 84 1 6 .52  26-Jan-03 1 1 . 88 22 .38  1 7 .0 1 

27-Dec-02 1 1 .03 23 .02 1 6. 59  27-J311-03 8 . 57  24.06 1 6 .72 

28-Dec-02 1 2 . 35  2 3 .4 1 7 .39 28-Jan-03 1 0.23 29.52 22.06 

29-Dec-02 1 2 . 1  23 . 3 8  1 8. 1 6  29-Jan-03 1 8 . 1 7  30 .54 23 .68 

30-Dec-02 1 0. 8 1 25 .48 1 8 .93 30-Jan-03 1 5 .46 26.49 20.08 

3 1 -Jan-03 1 1 . 89 24.05 1 8 .2 1 

1 25 



T able 2. Depth measurements ( m )  for the whole 1 4  surveyed s i tes during the sampl i ng period from Apri l 2002 to 

Januarv 2003 

� Apri l  M a y  J une J u ly A u gust  Septem ber October November December January 

Site # 
W6644 0 .75  0 .70 1 .00 1 .25  0 .75 0 .75 0 .75 1 .20 1 .20 1 .20 

\V6545 1 .00 0.80 1 . 50 1 . 75 1 .00 1 .00 1 . 1 0  l .20 l AO 1 .20 

W6446 1 .00 0 .80 1 .00 0 .75 1 .00 0 .75 1 .20 1 .20 1 .30 1 .30 

W6246 1 . 25 1 .20 1 .25  1 . 50 1 .25  1 .20 1 . 50 1 . 50 1 . 60 1 . 50 

W6 1 46 1 . 30 1 . 75 1 .25 1 .25  1 . 50 1 .25  1 .60 1 . 70 1 . 80 1 . 70 

W6074 1 . 50 0.25 0.20 0.20 0.20 0.25 0.50 0 .35  0.25 0.30 

W6050 0. 1 0  0 .20 0. 1 5  0.20 0.20 0.20 0.60 0.50 0.25 0.35 

W6049 0.20 1 . 50 1 . 50 1 . 75  1 .60 1 . 50 1 .60 1 .90 2 .00 2 .00 

W5950 1 .00 0 .75 0 .75 0 .75 0 .75 1 .00 1 . 1 0 1 .20 1 .00 1 .20 

W5851 0. 1 0  0.20 0 .20 0 .25 0 .20 0.20 0.30 0.25 0.25 0.50 

W5850 0.20 0.20 0 . 1 5  0.30 0.25 0. 1 5  0.20 0.20 0.20 0.20 

W5749 1 . 20 1 . 1 0  0.50 0 .75 1 . 25 1 .00 1 . 50 1 . 50 0.60 0.30 

Hyp er2 0.20 0.30 0 .25 0 .25 0.30 0.20 0.25 0.20 

Hyped 0.80 1 .00 0 .75 OAO 0.50 0.50 OAO 0.65 

Average 0.76 0.77 0.75 0.89 0.83 0 .7 1 0.9 1 0.96 0 .89 0.90 
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A n n ual  
A verage 

0.96 

1 . 20 

1 .03 

1 . 38  

1 . 5 1  

OAO 

0.28 

1 . 56 

0.95 

0.25 I 
0.2 1 

0.97 

0.24 

0 .63 

0.82 



Table 3. Surface water temperature ( Oe )  measured at the sampled stat ions during the study period from Apri l 2002 to 
Januarv 2003 wi th  month lv  and annual  lake averages. and annual  

. 

� 
Apri l  M ay J u ne J u ly A ugust Sept. 

Si te 

Hyper l S  32 .6  30.5 

Hyper2 32 .6  30 .3  

W5749S 28.4 29.9 32 . 1 29 33 . 1 28 .3  

W5850 29 .3  3 1 .6 32 .3  32 .4  33 .8  3 1 . 3 

W585 1 28 .3  3 1 .2 29.8 3 1 . 5 34.4 3 1 .9 

W5950S 29. 1 32 .8  33 .4  3 1 .4 35 .9  30 .5  

W6049 29 32 32 .8  29.4 33 . 1 28 .5  

W6050 29.5 38 .3 33 .2  34.8 38 . 1 3 1 . 8 

W6074S 28.9 37 . 7  32 .8  30. 1 36.6 30.6 

W6 1 46S 28 .8 32 .4 32 .8  28 .6  34 27 .9  

W6246S 29 32 .5  32 .5  29.8 33 . 8  28 . 5  

W6446S 28.9 3 1 .4 3 1 . 8 28 .5  34 28 .4 

W6545S 29.3 3 1 . 1  3 1 .6 29.4 33 .9  29 

W6644 28 .7  30.4 3 1 . 8 29 .7  33 .9  28 .6  

Oct. 

26 .7  

27 .3  

24.9 

24.9 

26 

25 .8  

25 .4 

24.8 

29.9 

25 .5  

25 . 7  

25 .7  

25 .8  

25 .7  

Average 28.93 32 .60 32 .24 30.38 34.55  29.72 26.00 
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Nov. Dec. Jan .  An nua l  
Average 

23 .2  1 9 .4 22 .7  25 .68 

23 .4 1 9 . 1  23 .4 25 . 76 

2 1 .4 1 8 .4 2 1 .4 26.89 

20.9 1 8 .4 20.8 27 .87  

2 1  1 8 .5  20 .7  27 .48 

2 1  1 8 .6 20.9 28 . 1 8  

20 1 8 .4 2 1 .6 27.20 

20.8 1 8 .2 2 1  29 .52  

2 1  1 8 .3  20.8 28 .53 

1 9 . 5  1 8 .8  2 1 .9 27 . 1 9  

20.7 1 8 . 7  22 .5 27 .56 

20.9 1 8 . 5  2 1 . 7 27 . 1 2  

2 1 . 5 1 8 .8  2 1 .5 27 .34 

2 1 .9 1 8 .5  2 1 .6 27.23 

2 1 .22 1 8 . 6 1  2 1 .60 27 .77 



Table 4. Near-bottom water temperatures ( CO )  measured at the sampled stat ions dur ing the study period from Apri l 2002 

Januarv 2003 wi th  month l y  and ann ual  lake averages. and annua l  stat'  

� A n n ua l  
Apri l  M ay J u ne J u ly A ugust Sept. Oct. Nov. Dec. Jan.  

Site# 
Average 

H yper l D  32 . 7  37  30 .2 26 .7  23 1 9. 3  22 .3 27 .3 1 

W5749D 28 .4 3 3 . 1 32 39 . 1 34 .2  3 1 . 3 28 .4 24.3 1 8 . 7  2 1 . 5 29. 1 

W5950 D 28 .6  35 .9  34 .7  4 1 . 5 36 .2  32 .5  33 .2  23 .9 20.6 2 1 .9 30.9 

W6047D 28.8 33 . 5  36.4 37 .6  3 5 . 7  3 1 . 8 29.9 24.3 2 1 . 2 22 .3 30. 1 5  

W6 1 46 D  28.6 32 .9 36 .6 40. 1 35 . 1 30 .7 3 1 . 3 23 .8  20.4 22. 1 30. 1 6  

W6246D 29.5 32 .5  37 39 .8 35 .6 3 1 .4 3 1 .2 24.6 22.6 22 30.62 

W6446D 28 .6 3 1 .8 32 .5  0 .36 35 .4 29 . 8  30. l 23 . 1  1 9 . 7  22 25 .33  

W6545 D 28 .9 3 1 .4 32 .8  35  34.9 29.6 30.7 24.3 1 9 . 5  2 1 . 5 28 .86 

W6644 28 .7  30 .7  32 .7  36.5 34.9 29 32 24.8 2 1  2 1 .6 29. 1 9  

Average 28 .7  32 .7  34.6 33 . 7  35 .2  30 .7 30.3 24.0 20.3 2 1 .9 29.24 

1 28 



Ta ble 5. Surface water sal i n i ty ( ppt ) measured at the sampled stat ions during the study period from Apri l 2002 to 

Januarv 2003 

� Apri l  M a y  J u n e  J u ly August  September October November Decem ber J a n u a ry 
A n n u a l  

Site # Average 

Hy per l S  1 65 . 5  223 .5  237 . 5  1 84 59.2 1 75 . 2  66.8 85 .2  1 62 .53  

Hyper2 1 62 .5  L 86 .5  204 .5  1 54 73 .2  1 68.4 7 1 .2 84 1 47 .30 

W5749S 1 54 1 1 6 .5  1 47 5 1 . 5 1 1 4 .5  1 36 .5  78 .8 1 7 1 .6 78 76.4 1 1 6.22 

W5850 1 80 80. 5  1 52 3 1 . 5 1 1 3 . 5  1 67 . 5  59.6 1 90.4 67.6 83 .6  J 1 8 . 5 1 

W585 1 1 45 . 5  43 1 4 1 . 5 1 1 . 5 78 1 1 8 . 5  64. 8  1 65 .2  69.6 90.8 95.96 

W5950S 1 47 .5  1 25 . 5  1 62 70 1 28 . 5  1 78 78 .8  1 88 .8  72 .8 78 .4 1 27.94 

W6049 1 44 1 50 .5  1 59 1 44 J 1 4  1 35 . 5  75 .6  1 94 69.6 84 1 32 . 73 

W6050 1 57 .5  L 67 . 5  1 54 1 1 4 .5  1 33 . 5  1 42 .5  60.2 200.4 68 86.4 1 36 .03 

W6074S 1 29 .5  1 65 .5 L 46 28 .5  1 1 4 1 1 4 89.5 2 1 1 .2 73 .6  1 42 .8  1 25 .0 1 

W6 1 46S 1 56 1 57 .5  1 58 1 62 .5  1 39 1 37 73 .2 1 52 .8  66.4 8 1 .2 1 34.49 

W6246S 1 29 1 52 1 6 1 . 5 98 .5  94.5 1 1 6 .5  8 1 .6 1 86 7 1 . 2 9 1 .2 1 22 .27  

W6446S 1 65 1 69 1 4 1  1 1 6 .5  95 .5  1 54 .5  66 1 85 .6  70.8 82 1 3 1 . 1 0 

W6545S 1 59 1 60 .5  1 50.5 1 20 1 1 7 . 5  1 58 74.8 1 72 .8  73 .6 84.8 1 32 .97 

W6644 1 59 1 52 1 48 1 27 . 5  1 07 . 5  23 1 . 5 70.8 \ \ 9 .2 67.2 74.4 1 3 1 . 8 1  

Average 1 53 . 8  1 46 .4 1 6 1 .6 89.7 1 1 2 . 5  1 52 7 1 . 8 1 77 .2  70.4 87 .5  1 27 .93 

1 29 



Ta ble 6. Near-bottom water sa l in i ty ( ppt ) measured at the sampled stat ions duri ng the study period from Apri l 2002 to 

Januarv 2003 

� A n n ua l  
Apri l  M ay J u ne J u ly August  September October Novem ber Decem ber J a n u a ry 

Average 
Site# 

Hyper l D  1 93 . 5  2 1 5  208.5 236 .5 64.4 1 98.4 80 84 1 60375 

W5749D 1 65 1 57 1 57 1 7 1 .5 1 23 . 5  1 50 82.4 1 96.4 73 .2  82.4 1 35 .84 

W5950D 1 1 7 1 6 1  1 50 .5  1 52 1 1 7 .5  1 3 7 55 .2  1 97.6 9 1 . 2 97 .2 1 27 .62 

W6047D 1 57 1 77 1 38 67 85 1 59 92 .8  1 86 .8 1 07 .2 1 04.8 1 27 .46 

W61 46D 1 63 1 47 .5  1 52 . 5  1 63 . 5  1 0 1 .5 1 30 .5  80.4 200.4 92.4 9 1 .2 1 32 .29 

W6246 D 1 55 1 49.5 1 39 1 1 2 1 52 . 5  1 5 1  84.4 232 .8  1 1 6 .8  8 1 .2 1 37 .42 

W6446D 1 69 .5  1 7 1 .5 1 47 .5  1 57 .5  1 25 .5  1 38 .5  94 1 78 .4  88 1 02 1 3 7.24 

W6545D 1 30 1 76 .5  1 40 1 43 . 5  1 22 1 75 .5  77 .6  203 .6 77 .2 1 1 3 .6  1 35 .95 

W6644 1 59 1 63 1 5 1 .5 1 48 . 5  1 45 .5  1 72 .5  99.6 227 .6 1 65 .2  86.4 1 5 1 . 88 

Average 1 56 .5  1 68 .6 1 53 . 8  1 39 .4 1 2 1 .6 1 6 1 . 1  8 1 .2 202.4 99.02 93 .6 1 3 7 .75 

1 30 



T a ble 7. Surf: ter n H  d at led stat dur ing the stud . d fi A nri l 2002 to J 2003 L - - -- -- �  -- ---

� A n n u a l  Apri l  M ay J u ne J u ly August Septem ber October November Decem ber J a n uary 
Site # Average 

Hy per l S  7.65 7 . 7 1 9 .05 9 . 7  9.99 9.5 9 . 75 8 .94 

Hyper2 7.65 7 .66 8 . 74 9 .6  9 .85 9 .4 9 .36 8 .78  

W5749S 8 .37  8 .29 8 .07 8 . 1 6  9 .04 9 .2 1 9 .9 1 0 .4 9 .9 9 .58 8 .96 

W5850 8.44 8 .23 7 . 8 1 8 .08 9 .27  9.46 9 . 79 1 0.5  9 .9 9.42 8 .96 

'''585 1 8 .37  8 .29 7 .8  7 . 76 9 .29 9 .4 9 .75 9 .98 9 .8  9 .27  8 .88  

W5950S 8 .32 8 .23 8 .29 8 . 37  9 .2 1 9 . 3  9 .86  1 0. 7  9 . 8  9.45 9.00 

W6049 8 .3  8 .3  7 . 76 8 .22 8 .65 9 .3 9 . 7  1 0.3  1 0  9.7 1  8 .92 

W6050 8 .3  8 .23 7 .6  8 . 3 1 9 . 1 6  9 .39  9 .85 9 .88 9 .2 9 .09 8 .80 

W6074S 8 .37  8 .24 7 . 76 8 . 3 1 9 . 1 8  9 .46 9 .53 1 0. 5  9 .8  9 .24 8 .93 

W6 1 46S 8 .38  8 . 3  7 . 9  8 .32 9 .06 9 .34 9 .68 9 .65 9.4 9 .35  8 .86 

W6246S 8 .37  8 . 3  7 .99 8 .22 8 .9 1 9 . 3 1 9 .54 9 .93 9 .5  9 .33 8 .87 

W6446S 8 .37  8 .32 7 .96 8 .28 9.24 9 .48 9 .66 1 0  9.4 9.06 8 .90 

W6545S 8 .37  8 . 33  7 .89 8 .27  9 .26 9 .42 9 .59 1 0  9 .3  9 .47 8 .92 

W6644 8 .33 8 .34 7 . 76 8 .08 9 9 8 .94 9.86 9 .2 9 .06 8 .74 

Average 8 .3  8 . 1 7 . 8  8 . 1 9 . 1 9 .2  9 .6 9 .9 9 .5  9 .3  8 .88  

1 3 1 



T a ble 8. Near-b H d at led stat during the stud . d fl Anri l 2002 to J - - -- - - _. --- 2003 

� Annua l  Apri l  May J u ne J u ly August September October Novem ber December January 
Site# Average 

Hyper l D 7 .65 7 .66 9. 1 5  9 .8 1 1 0 . 1  9 . 8  9.79 9 . 1 3  

W5749D 8 .37  8 .26 8 .07 8.45 9 .09 9 .53 9 8 .69 9.9 9 .75 8 .9 1 

W5950D 8 . 32  8 .25 8 .29 8 .22 9.2 1 9 .42 8 .9 9.03 8 .8  8 .82 8 . 72 

W6047D 8 . 37  8 .26 7 . 76 8 .52  9 .33  9 .47 8 . 5  8 . 34 8 .4 8 .86 8 . 58  

W61 46 D 8 .38  8 .28  7 . 7  8 .48 9.2 1 9 .52 8 .29 8 .46 8 .2  8 .9 1 8 . 54 

W6246D 8.29 8 .3 7 .99 8 .49 9 .3  9 .54  8 .3  8 .36 7 .6  8 .73 8 .49 

W6446 D 8 .37  8 .3 1 7 .96 8 .44 9.29 9 .57  9.28 8 .66 8.4 8 .34 8 .66 

W6545 D 8 .37  8 . 33  7 . 89 8 .08 9.29 9.4 9 . 1 1 8 . 58  8 .5  8 .7 1 8 .62 

W6644 8 .33 8 .33  7 . 76 8 . 1 4  9 . 1 2  9 .2 8 . 76 8 .54 7 .8  9.07 8 . 50 

Average 8 .35  8 .2 1 7 .89 8 .35  9.23 9.42 8 .88 8 .75  8 .6  8 .99 8 .67 

1 32 



Table 9. Surface phosphate concentrat ion ( mg r l )  measured at the sampled stat ions from Apri l 2002 to January 2003 

. h month ly and ann ua l  averages calcu lated for the whole stat ions resoect ivel - - - - - --- -
� . 

� Apri l  M ay J u ne J u ly A ugust Septem ber October 
Site # 

H yper l S  1 . 79 06 1 . 1 3  0.3 1 0 .6 

H yper2 2 06 1 .24 0 .38  0.67 

'V5749S 3 . 1 5  1 .2 1 .0 1  0 . 1 0 .62 0 .55  0 .52 

W5850 2 . 1 4  0.5 1 1 .05 0 .2 1 0 .85 0 .55 0 .53 

W585 1 2 . 1 4  0 .26 1 .23  0. 1 1  0 .86 1 . 39 0 .55  

W5950S 1 .93 0 .38 1 .06 0 .2 1 0 .55 0.62 0 .53 

W6049 2 .2  0 .37  0.97 0. 1 9  0 .4 0 .53 0 .5 1 

W6050 2 .6 1 2 .06 1 . 1 3  0.9 1 0 .33 0.48 0.55 

W6074S 1 .93 4 .27 1 .2 1  08 0 .32 0 .7 1 0 .56 

W61 46S 1 . 79 0.3 1 1 . 1 1 0 .2 1 0 .39 0.53 0.49 

W6246S 1 . 79 0 .32 1 . 82 0. 1 5  0.34 0 .43 0.52 

W6446S l . 86 03 1 . 75  0 .28 0.26 0 .4 1 0 .5 1 

W6545S 1 . 73 0.34 1 . 5 0 .58 0 .34 0.4 1 0.49 

W6644 2 .27  0.29 1 .4 1  0 . 1 8  0.29 0.4 0.48 

Average 2.09 0 .74 1 . 25  0.26 0.46 0.55 0 .53 
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A n n u a l  
Novem ber December J a n u a ry 

Average 

0 .32 0.47 0.56 0 .66 

0 .5 1 0.49 0 .5 1 0 .74 

0.4 1 0 .53 0 .5 1 0 .90 

0 .35 l . 1 5  0.42 0.80 

0 .35  0.46 0.42 0.80 

0.32 0.46 0 .49 0.67 

0 .8 0 .58 0.49 0 .73 

0 .34 0.4 1 0.47 0.97 

0.33 0.42 0.42 1 .08 

0.88 0.52 0.46 0.69 

0.5 0.58 0.49 0. 7 1  

0.63 0.56 2 .66 0.94 

0.66 0 .58  2 .89 1 .00 

0.45 0 .57 0.4 0 .70 

0.48 0 .55 0 .79 0.80 



T able 1 0. Near-bottonl phosphate concentrat ions ( mg r l )  measured at the sampled stat ions from Apri l 2002 to January 

2003 wi th  month lv  and aru1Ual  averages ca lcu lated for the whole stat ions resoect ivel 

� Apri l  
S ite# 

H yper l D  2 

W5749D 2 

W5950 D 2 .27  

W6047D 2 .07 

W6 1 46 D  2.07 

W6246D 2 

W6446D 2 

W6545D 2 

W6644 2.27 

Average 2 .07 
-

M a y  

05 

0 .55  

1 . 1 7  

0 .27 

0 .27 

03 

0 .28 

0 .26 

0 .25 

0 .34 
--- -

J u ne  

1 . 1 5 

1 .06 

0 .87 

0 .75 

1 . 55 

1 . 33  

1 .62 

1 . 3 7  

1 . 3 7  

1 .23 
- ----_. -

J u ly A ugust 

0.3 1 0.67 

0.25 0.38 

1 .22 0 .72 

0 .39 0.47 

0. 1 1  0 .55 

0 . 1 9  0 .35 

0 . 1 2  0.24 

0.25 0.33 

0.35 0.46 
--

A n n u a l  September October Novem ber Decem ber J a n u a ry 
Average 

0.39 0 .59 0 .34 0 .48 0.52 0.69 

0.54 0 .89 1 .27  0 .52 0.5 0 .83 1 

0.46 0.66 0 .83 0.45 1 .38  0 .872 

0 .42 1 .22 1 .46 1 . 79 2 .44 1 .236 

0.42 1 . 24 1 .42 1 .36 1 .4 1 .059 

0.4 1 1 . 1 6  1 . 49 2 .58  1 . 78 1 . 1 44 

0.39 0 .66 1 .48 1 .09 0.39 0.845 

0 .38 0 .68 1 .28  0.95 0.45 0.773 

0.4 1 0.66 1 .32  1 . 99 0.56 0.94 ] 

0.42 0.86 1 .2 1  1 .24 1 .04 0.926 
------ - ---
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Table 1 1 . Surface anunonia  concentrat ion ( mg r l )  measured at  the sampled stat ions from Apri l 2002 to January 2003 
. 

h month ly  and annual  avera2:es ca lcu lated for the whole stat ions resnect ive l  

� A n n u a l  Apri l  May J u ne J u ly August  September October November Decem ber J a n u a ry 
Site # 

Average 

H yp er l S  4.45 0.92 0 .7 1 0 .5 1 0 .33 0. 1 1  09 0.23 1 .00 

Hyper2 1 1 .9  1 . 39 0 .63 0.2 0.47 0. 1 6  0. 1 0.26 2 .09 

W5749S 4.45 0.49 0 .77  07 0 .84 0 .38 0 .33 0. 1 7  0. 1 0. 1 5  0.82 

W5850 3 . 86 0 .7  0.63 0.44 0 .58 0.4 0.4 1 0. 1 7  3 .59  0. 1 6  1 . 1 7  

W585 1 4.2 0.7 l . l l 0.47 0.68 0.46 0.33 0.26 0. 1 1  0 .33 0.92 

W5950S 2 .73  0.62 1 .02 0 .2 1 0 .63 0.43 0.34 0. 1 4  0. 1 0.22 0.68 

W6049 8.0 1 0 .5 1 0.9 0 .38 0.65 0.36 0.23 0. 1 8  08 0.2 1 1 .25  

W6050 3 . 5  0.64 1 . 59 0 .77 0.65 0.34 0.3 0. 1 2  09 0.2 1 0 .88 

W6074S 2.97 0.42 1 .02 0. 1 2  0.44 0.45 0 .83 0 . 1 3  0. 1 1  0 .3 1 0.66 

W6 1 46S 2.29 0.46 0.88 0.67 l .92 0 .35 0 .33 0. 1 7  09 0.23 0 .78 

W6246S 5 .64 0.82 1 .25 0.42 0.36 1 .6 0.25 0. 1 7  0. 1 5  0.25 1 . 1 8  

W6446S 3 .26 0 .5 1 1 .46 0.22 0.43 0.3 1 0.3 0. 1 9  0. 1 5  9 .78 1 . 8 1  

W6545S 1 . 54 0.59 1 .44 0.9 0.89 0.29 0.3 1 0. 1 8  0. 1 4  1 1 .2 1 .9 1  

W6644 2 .43 0.47 1 . 1 9 0. 1 9  0.89 0.2 1 0 .26 0. 1 9  0. 1 3  0. 1 7  0.65 

Average 4.37 0.66 1 .04 0.40 0.74 0.44 0.35 0. 1 6  0 .35 1 .69 1 . 1 0 
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Table 1 2 . Near-bottom alll lllon ia concentrat ion ( mg r l )  measured at the sampled stat ions from Apri l 2002 to January 

2003 wi th  month lv and annual  averages ca lcu lated for the whole stat ions resoect ivel  

� Apri l  M ay J u ne J u ly August  
Site# 

H yp er l D 2.97 0 .79 1 .25  

W5749D 5 .94 0 .56 0.86 2 . 8  2 .25 

W5950 D .1 1 0 .5 1 1 .43 0.44 0.9 1 

W6047 D 2 . 1 3  0 .64 0.94 3 . 5  4 .55  

W6 1 46 D  2 . 1 3  0.45 1 . 8 1  4 .3 1 2 .65 

W6246D 2 . 1 3  0 .5 1 0 .99 0 .56 4 .2 

W6446 D 8 .6 1 0.44 1 .3 0.3 1 1 . 58  

W6545 D 1 5 . 7  0.68 2 .25 0.92 0.82 

W6644 D 2 .43 0 .58  1 . 6 1  0. 1 8  1 .26 

Average 5 . 89 0 .57  l . 38  1 .62 2 .27  
-_. -- -

September October Novem ber 

0 .55  0 .3 1 0 . 1 5  

2 .32 3 . 1 7  5 .23 

1 . 1 3 3 .02 2 .73  

1 .56 4 .89 5 .48 

0.29 5 .68 4.88 

1 . 8 1  4.43 5 .95 

0.86 1 .62 4.32 

0 .35 2 . 1 2  4.86 

0.27 1 .96 5 .44 

1 .0 1  3 .02 4.33 
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December 

o. ] 

0. 1 

0. 1 1  

7 .64 

4.39 

1 1 . 5  

3 . 1 9  

2 .26 

7 .66 

4 . 1 0  

January 

0.22 

0. 1 6  

4.44 

9 .78 

4.24 

6 .08 

0.23 

0 . 1 5  

1 .38  

2 .96 
_._- _.- ... 

A n n u a ]  
Average 

0 .79 

2 .33  

2 .57  

4. 1 1  

3 .08 

3 .8 1 

2 .24 

3 .0 1 

2 .27 

2 .7 1 
---- -



T a ble 1 3 . Surface n i trate concentrat ion ( mg r l )  measured at the sampled stat ions from Apri l 2002 to January 2003 
. 

h month lY and annual averages ca lcu lated for the whole stat ions resoect ivel iI.  

� A n n u a l  Apri l  May J u ne J u ly  August Septem ber October November Decem ber J a n u a ry 
Site # 

Average 

Hyper l S  4.3  0 .86 2 .84 1 . 5 2 .4 1 . 72 1 . 3 0 .37 1 . 84 

Hyper2 2 . 7  0 .76 2 . 8 1 1 . 63 1 .94 1 . 68 1 .39 0 .36 1 .62 

W5749S 1 . 9 2 .97 2 .9 0 .3  2 .22 1 .65 2 . 86 1 .4 1  2 .45 1 . 35  1 .9 1  

W5850 4 .7  1 . 86 2 .8 1 1 . 78 2 .69 1 .49 2 .9 1 1 . 72 0.93 1 .3 7  2 . 1 5  

W585 1 1 .3 1 .03 2 .96 0 .32 2 .97 2 .96 2 .48 1 . 73 2 .28 1 .02 1 . 84 

W5950S 2.9 1 . 5 1  2 . 8  1 . 58  2 . 1 6  1 . 73 3 .05 1 .45 2 . 1 1 .48 1 .97 

W6049 4.2 1 . 88 3 .06 3 .88  2 . 35  1 . 77 2 .62 1 .45 2 .59 1 .4 1  2 . 5 1 

W6050 3 .3  4.67 2 .87  1 .08 2 .07 1 .26 2 .49 1 . 85 1 .9 1  1 .0 I 2 .22 

W6074S 3 . 3  6 . 2  3 .04 0 .28 2 . 35  1 .93 2 .25 l .68 2 . 1 1  1 . 59 2 .50 

W6 1 46S 5 .8 1 . 53  2 .02 1 .48 1 . 75 1 . 77 3 . 3 1 1 . 56 1 . 82 1 . 34 2 . 1 2  

W6246S 3 .2  1 . 56 3 . 1 9  3 . 1 2 .34 0.76 2 .75 2 . 1 1  2 .43 1 .35  2 .23 

W6446S 2 .8  1 . 86 3 . 2  2 . 3 7  2 . 3  1 . 52  2 .9 1 2 .24 2 . 52  0.29 2 . 1 2  

W6545S 2 . 1 1 . 84 3 . 1 9  0 .88 2 .24 1 .46 2 . 75 2 . ] 9  2 . 37  0. 1 5  1 . 82 

W6644 4.4 2 .08 3 . 2 1 4.26 2 .22 1 . 5 2 .96 2 . 1 6  2 .9  1 .32  2 .67 

Average 3 . 35  2 . 1 8  2 .92 1 . 77 2 . 30 1 .63 2 .69 1 . 78 2 .07 1 .02 2 . 1 2  
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Table 1 4. Near-bottom n itrate concentrat ion ( mg r ' )  measured at t he sampled stat ions from Apri l 2002 to Jan uary 2003 
. 

h month ly  and annual  averages ca lcu lated for the whole stat ions resnect ive l  

� A n n u a l  Apri l  M ay J u ne J u ly  A u gust Septem ber October November Decem ber January 
Site# 

Average 

H yper l D 7 .9 0 .87 2 .29 1 . 56 2 . 37  1 . 72 1 . 38  0 .37  2 .3075 

W5749 D 4.8 1 . 69 2 .9 1 0 .77 2 . 1 2  0.66 1 .48 0 .66 2 .45 1 . 38  1 . 892 

W5950D 5 .6 3 .46 2 .06 3 .6  2 .08 0.78 0.68 0 .8 1 2 .22 0.3 2 . 1 59 

W6047D 2 . 8  1 . 52 2 . 1 2  2 .92 1 .04 0 .84 0.98 0.68 0.75 0.45 1 .4 1  

W6 1 46 D  4.4 1 . 5 2 . 1 6  2 .2 1 1 . 56 1 . 53  0.67 0.79 1 . 25 0.6 1 1 .668 

W6246D 1 .9 1 . 59 1 .99 0. 1 3  1 .04 0 .36 0.76 1 .09 0 1  0.29 0 .9 1 6  

W6446 D 1 . 9 1 . 68 3 .08 1 .3 1 . 72 1 .22 1 . 53  1 .36 1 .64 1 .25  1 .668 

W6545 D 2 .8  1 .93 2 .88 0.75 1 .62 1 . 5 1  1 .25  1 . 1 3  1 .85 1 . 33  1 . 705 

W6644 4.4 1 .96 3 .06 3 .4 1  1 .95 1 .46 0 .79 0.69 0.42 0 .84 l . 898 

Average 4.0 1 . 8 2 .50 1 .88 1 .64 1 . 1 0 1 . 1 6  0.99 1 . 33 0.75 1 . 723 
'--- _ .. _-
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T a ble 1 5. Surface n i trite concentrat ion ( mg r l )  measured at the sampled stat ions from Apri l 2002 to January 2003 
. 

h mont h lv and annual  averages ca lcu lated for the whole stat ions resoect ive l I V .  

� Apri l  M ay J u ne J u ly A ugust  September October November December January 
Site # 

H yper l S 0.2722 0.25 0 .76 0.9 1 1 .2 0.92 0.83 0.39 

H yper2 0.259 1 0.26 0.73 0.96 1 . 1 5  0.92 0 .84 0 .38 

W5749S 0. 1 5 1 3  0 . 1 8  0.47 0 .8 0 .74 0 .6 1 . 1 5  0 .93 1 .0 1  0 .65 

W5850 0.0879 0. 1 7  0.46 0 .36 0 .6 1 0.6 1 .04 0.92 0.75 0.66 

W585 1 0. 1 1 1  0. 1 8  0.49 0.88 0 .46 0 .5  1 . 1 2  0.9 1 .06 0 .74 

W5950S 0.076 1 0. 1 7  0.42 0.47 0.69 0 .6 1 . 1 5  0 .89 1 . 1 1 0 .73 

\V6049 0.798 0.2 1 0.47 0 .33 0 .7 0 .63 1 . 1 5  1 0 .94 0.68 

W6050 0.0806 0. 1 5  0.44 1 .02 0 .58 0 .6 1 1 .0 1  0.9 1 1 .04 0.68 

W6074S 0. 1 562 06 0.42 1 . 52 0.54 0.56 1 .07 0.92 1 .06 0.8 1 

W6 1 46S 0. 1 547 0 .23 0.3 0.82 0 .64 0.69 1 .23 0.94 0.95 0.65 

W6246S 0. 1 93 1  0.24 0.47 05 0.76 0 .38  1 .4 1  0.97 0.97 0.63 

W6446S 0. 1 675 0 .25 0.46 0 .53  0 .8  0.67 1 .29 1 .02 0.97 0.37 

W6545S 0. 1 623 0.26 0.48 0. 1 4  0 .8  0 .7  1 .3 1  0.99 0.96 0 .23 

W6644 0. 1 622 0.3 0.49 09 0.8 0.7 1 .24 0.96 0.98 0.66 

Average 0.20 0.20 0.49 0.58 0.67 0.65 1 . 1 8 0.94 0.96 0.59 
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A n n u a l  
Average 

0.62 

0 .62 

0.6 1 

0.5 1 

0 .59 

0 .57 

0.64 

0.6 1  

0.67 

0.60 I 
0.52 

0 .58 

0 .52 

0 .57 

0 .59 



Table 1 6. Near-bottom n itr i te concentrat ion ( mg r l ) measured at the sampled stat ions from Apri l 2002 to January 2003 
. 

h month Iv and annual  averages calcu lated for the whole stat ions resoectivel 

� A n n ual  A p ri l  M ay J u ne J u ly A ugust September October Novem ber Decem ber January 
Site# Average 

Hyper l D  0.2592 0.26 0.59 0.94 1 .08 0.9 1 0 .84 0.4 0.65 

W5749 D 0. 1 564 0 .2 1 0.47 0.45 0.65 0.67 0.87 0.46 1 .03 0.66 0.56 

W5950D 0.0797 0. 1 5  0 .35 0 .52 0 .58 0.4 1 0 .5 1 0.67 1 .05 0.68 0.49 

W6047D 0. 1 484 0 .35  0 .37 0.92 0.45 0.45 0.59 0.43 0 .39 0.65 0.47 

W6 1 46 D  0. 1 546 0.28 0.38 0.24 0.6 0.67 0.34 0.45 0.56 0.97 0.46 

W6246D 0. 1 6 1 8  0.24 0 .38 0. 1 2  0.5 0.36 0.63 0.56 0 1  0.99 0.39 

W6446 D 0. 1 7 1  0 .26 0.5 0 .8 0 .77 0 .64 0.79 0.62 0.78 0.66 0.59 

W6545D 0. 1 6 1 4  0.28 0.55 0. 1 9  0.75 0.72 0.67 0.55 0 .79 0.67 0.53 

W6644 0. 1 622 0 .28 0.5 0. 1 7  0 .86 0.7 1 0.4 0 .33 0.25 0 .5 0.4 1 

Average 0. 1 6 1 6  0.25 0.45 0.42 0.64 0.6 1 0.65 0.55 0.63 0.68 0.50 
-- ---
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T able 1 7. Surface ca l c i u m  concentrat ion ( mg r l ) measured at the sampled stat ions from Apri l 2002 to January 2003 

. h month lv and atmuaJ  averages ca lcu lated for the whole stat ions resoect ive l 

J u ne A n n ual  � Apri l  M ay J u ly August September October Novem ber December January 
Site # 

Average 

Hyper l S  3563 3294 3333  2745 1 452 1 703 1 797 1 920 2622 

Hyper2 37 1 8  3392 32 1 1  2708 1 455  1 69 1  1 804 1 89 1  2630 

W5749S 3 1 08 2690 2544 692 2349 2284 1 364 1 640 1 687 1 874 2096 

\V5850 3 1 94 306 1 26 1 2  403 2 1 42 2678 1 352 1 577 2059 1 842 2 1 74 

W585 1 3 1 79 3 346 2545 1 0 1  1 964 2698 1 364 1 558 1 682 1 906 2 1 08 

W5950S 3208 3 1 49 2702 1 1 99 2373 2745 1 344 1 606 1 706 1 890 2286 

W6049 3 1 92 3296 2542 1 1 07 2392 2695 1 4 1 2  1 3 70 1 652 1 953 2244 

W6050 32 1 8  2038 2680 1 848 243 1 2730 1 335  1 606 1 695 1 793 2226 

W6074S 3 1 48 766 2639 343 2469 2572 1 7 1 0  1 592 1 705 1 79 1  1 89 1  

W6 1 46S 3 1 23 3269 25 1 4  1 687 2396 2692 1 407 1 3 1 5  1 609 1 885 2276 

W6246S 3 1 06 3384 2497 1 772 2468 1 975 1 409 1 495 1 647 1 884 2247 

W6446S 3 1 43 3224 2483 1 949 242 1 2633 1 408 1 437  1 658 1 83 7  2309 

W6545S 3 1 50 3238 2438 2020 24 1 0  3042 1 4 1 1 1 488 1 702 1 838  2369 

W6644 3 1 57 3306 284 1 20 1 3  244 1 297 1 1 406 1 537  1 664 1 89 1  2424 

Average 3229 2960 2684 1 26 1  2354 2655 1 4 1 6  1 543 1 7 1 9  1 87 ]  2253 
--

1 4 1  



Table 1 8. Near-bottom cal c i u m  concentrat ion (mg r l )  measured at the sampled stat ions from Apri l 2002 to January 2003 

h month lv and annual  averages ca lcu lated for the whole stat ions resoecti ve l  

.� Apri l  M ay J u ne J u ly  August  September October November December J a n u a ry 
A n n u a l  

Site# Average 

Hyper l D  3574 3349 33 1 2  2696 1 463 1 708 1 775 1 903 2472 

W5749 D 3 1 0 1  3 1 65 2530 2647 2403 2557  1 788  2 1 99 1 720 1 935  2404 

W5950 D 3 1 86 2609 2754 2549 2498 2774 2272 2066 1 7 1 3  20 1 3  2443 

W6047D 30 1 9  3379 2655 2362 257 1 2605 1 950 2204 2233 2230 2520 

W6 1 46D 3226 3 1 35 2644 28 1 7  2548 2520 2 1 07 2 1 36 20 1 2  2042 25 1 8  

W6246D 3 1 76 3278 265 1 2608 2486 2436 207 1 2 1 95 2484 2 1 3 7 2552 

W6446D 3 1 62 3223 252 1 2450 2558 2478 1 904 1 9 l O  1 896 2 1 39 2424 

W6545D 3 1 33 33 1 0  25 1 6  2403 2428 2486 2028 2 1 62 1 852 2 1 99 245 1 

W6644 3 1 57 3236 2506 2474 2560 3098 2220 2347 2293 1 934 2582 

Average 3 1 92 3 1 87 2676 2538 2506 2628 1 978 2 1 03 1 997 2059 2486 
-- �.--
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T a ble 1 9. Surface magnes ium concentrat ion ( mg r ' ) measured at the sampled stat ions from Apri l 2002 to January 2003 

. h month ly and annual  averages calcu lated for the whole stat ions resDect ive l  

� A n n u a l  Apri l  May J u ne J u ly August  Septem ber October November December J a n u a ry 
Site # Average 

Hyper l S  4729 578 1 6040 4279 2272 206 1 2058 2383 3904 

Hyper2 4697 5938 5659 4 1 00 2255 2050 206 1 2403 3844 

WS749S 3987 3602 3429 270 3702 3254 2246 1 985 1 988 2283 2722 

W58S0 3973 4043 3575 396 27 1 8  4259 3659 1 952 2664 2387 2885 

WS8S 1 4009 4375 3826 1 23 270 1 4068 2234 1 959 20 1 2  2370 2827 

WS950S 3978 4229 3758  1 1 36 3394 4423 207 1 2052 2024 2299 3032 

W6049 395 1 430 1 36 1 0  1 026 3600 4084 2 1 95 2 1 45 1 953  2350 3002 

W60S0 3993 2668 3 739 2 1 0 1  3 1 1 4  4243 2 1 82 2 1 0 1  2029 23 1 4  2922 

W6074S 3962 867 4 1 1 6  370 3092 4 1 09 2904 1 950 2045 2355 2540 

W 6 1 46S 3888 4362 4 1 9 1  1 882 3458 43 1 6  2244 2 1 04 1 852 2278 3 1 47 

W6246S 3 894 44 1 5  405 1 1 988 3648 303 1 22 1 7  23 1 8  1 939 22 1 3  3055 

W6446S 3890 4446 39 1 2  2205 3845 4 1 25 2334 2253 1 807 2329 320 1 

W6545S 3937 4367 4079 2347 4 1 07 45 1 6  234 1 2262 ] 977  23 1 8  3323 

W6644 3862 4373 4008 2326 2840 4862 2 1 96 2 1 94 1 994 2378 3204 

Average 4053 4 1 26 4 1 42 1 347 335 1 4 1 1 9  2382 2099 2028 2332 3066 
- -_ .. - ------ -'-----
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Ta ble 20. Near-bottom Inagnes ium concentrat ion ( mg r l )  measured at  the sampled stat ions from Apri l 2002 to January 

2003 wi th  month l y  a n d  annual  averages ca lcu lated for the whole stat ions resoect ive l  

� A n n ua l  
Apri l  May J u ne J u ly August September October Novem ber December January 

Average 
Site# 

H yper l D 470 1 56 1 9  6325 3929 227 1 2039 205 1 24 1 3  3668 

W5749D 3946 42 1 6  3474 3456 3469 3829 2994 2788 20 1 2  23 1 1  3249 

W5950 D 394 1 3577 3792 3249 3678 4474 3576 2649 2056 259 1 3358 

W6047 D 37 1 1 4556 3752 2928 3864 3926 3266 33 1 7  286 1 3022 3520 

W6 1 46 D  3969 4249 4399 3669 3582 3785 347 1 32 1 5  2660 2624 3562 

W6246D 3745 4354 4449 3 3 7 1  3642 3920 3466 3270 3498 2776 3649 

W6446 D 3890 4408 3824 3049 4205 3725 3259 2943 2306 2993 3460 

W6545D 3908 447 1 4220 2957 3480 3 77 1 3344 3 1 3 1  2307 3 1 02 3469 

W6644 3862 440 1 4 1 27 3079 38 1 9  4790 3665 3354 3 1 92 2428 367 1 

Average 3963 4427 4262 32 1 9  37 1 7  40 1 6  3256 2967 2549 2695 3507 
-� --
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Ta ble 2 1 .  Tota l number of Artemia per l i t re counted i n  the surface samp les col l ected from the sampled stat ions during 

he whole survey oeriod from Aori l 2002 to January 2003 

� April M ay J u ne J u ly A u gust  September N ovem ber December J a n u a ry A n n u al  
Average 

Site# 
Hyper l S  26 0 3 - - 0 0 1 0 4.29 

Hyper2 1 0 46 - - 0 0 0 0 6 .7 1  

W5749S 4 3 I 0 0 0 0 0 0 0.89 

W5850 23 0 5 0 0 0 0 0 0 3 . 1 1  

W585 1 60 0 4 0 0 0 0 0 0 7. 1 1  

W5950S 2 0 1 00 0 0 0 0 0 0 1 1 . 33  

W6049 3 0 1 1  0 0 0 0 0 0 1 . 56 

W6050 1 00 0 1 7  0 0 0 0 0 0 1 3 .00 

W6074S 0 1 6 0 0 0 0 0 0 0.78 

W6 1 46S 1 0 9 0 0 0 0 0 0 l . 1 1 

W6246S 23 2 1 4  0 0 0 0 0 0 4 .33 

W6446S 2 I 56 0 0 0 0 0 0 6 .56 

W6545S 3 0 98 0 0 0 0 0 0 1 1 .22 

W6644 2 1  8 56 0 0 0 0 0 0 9 .44 

Average 1 9 .2 1 1 .07 30.43 0 0 0 0 07 0 5 .82 
_._-
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Table 2 2.  Tota l number of A rtemia numbers per l i tre counted in  near bottom samples  co l l ected from the sampled 

during the whole sampl i ng period from Apri l 2002 to Januarv 2003 

� A n n ual  A p ri l  M ay J u n e  J u ly August September October Novem ber Decem ber J a n u ary 
Site# 

average 

Hyper l D 35 .0 0 \ 3 .0 0 0 0 0 0 6.0 

W5749D 4.0 0 0 0 0 0 0 0 0 0 OA 

W5950D 23 .0 5 .0 0 0 0 0 0 0 0 0 2 .8  

W6047D 0 24.0 8.0 0 0 0 0 0 0 0 3 .2  

W6 1 46 D 1 .0 0 1 5 .0 0 0 0 0 0 0 0 1 .6 

W6246D 1 .0 1 .0 1 6 .0 0 0 0 0 0 0 0 1 . 8 

W6446D 1 .0 3 .0  42 .0 0 0 0 0 0 0 0 4.6 

W6545D 8 .0 1 0  75 .0  0 0 0 0 0 0 0 9 .3 

W6644 2 1 .0 4 .0 60 0 0 0 0 0 0 0 8 .5  

Average l OA 5 .2  25A 0 0 0 0 0 0 0 4 . 1 
-� 
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Ta ble 23. Tota l  number of cysts per l i t re counted i n  the surface samples col 1ected from the sampled stat ions during the 

hole survey oeri od from Aori l 2002 to January 2003 

� A pri l  M ay J une J u ly A ugust September November Decem ber J a n u a ry A n n u a l  
Average 

Site# 
H yper l S  SOO 0 0 0 0 0 0 7 1  

Hyper2 333  1 66 0 0 0 0 0 7 1  

W5749S 1 67 333  0 0 0 0 0 0 0 S6 

W5850 2333 4000 0 0 0 0 0 0 0 704 

W585 1 833 333  0 0 0 0 0 0 0 1 30 

W5950S 0 833 0 0 SOO 0 0 0 0 1 48 

W6049 667 333  0 1 66 0 0 0 0 0 1 30 

W6050 833 1 67 0 0 0 0 0 0 0 I I I  

W6074S 0 333  0 0 0 0 0 0 0 37 

W61 46S 0 0 0 0 0 0 0 0 0 0 

W6246S 333 333  0 1 66 0 0 0 0 0 93 

W6446S 333 333  0 0 0 0 0 0 0 74 

W6545S 1 1 67 1 S00 0 1 66 0 0 0 0 0 3 1 S  

W6644 SOO 1 667 0 0 0 0 0 0 0 24 1 

Average S7 1 .43 738 .0S 00 4 1 .S0 4 1 .67 00 00 00 00 I S6 
--- -
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Table 24. Tota l number of cysts number per l i t re counted i n  near-bottom samples co l l ec ted from the sampled stat ions 

dur ing the survey oeriod from Apri l 2002 to J anuarv 2003 

� A n n ua l  Apri l  May J u ne J u ly A ugust  Septem ber October November December J a n uary 
Average 

Site# 
I Hyper t D 

333 .3 1 66 .7  0 0 0 0 2 .0 5 .0 0 

W5749D 
1 66 .7  333 . 3  0 0 0 0 0 0 0 0 0 

W5950D 
1 66 .7 1 1 66 .7 0 0 0 0 0 0 0 0 0 

W6047 D 
1 66 .7 1 66 .7 0 1 66 .7  0 0 0 0 0 0 0 

W6 1 46 D 
333 .3  2833 . 3  0 0 0 0 0 0 0 0 0 

W6246D 
1 500 0 0 0 0 0 0 0 l .0 0 0 

W6446D 
1 66 .7 1 1 66 .7  0 0 0 0 0 0 0 l .0 0 

W6545 D 
1 500 500 0 0 0 0 0 0 0 0 0 

W6644 
500 1 000 0 0 0 0 0 0 0 0 0 

Average 
537.0 8 1 4 .8  0 20.8 0 0 0 0 0 .3 0.7 0 
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Table 25. COlTelation matrix showing Pearson Product Moment Correlation Coefficients ( bold ) and their P values ( italics) for Arfemia, 

Arfcmia cysts, and al l  environmental variables for both sampl ing depths for surface and near-bottom water samples during the study. 

n = 2 1 9  - 224. 
Con-clation coefficients and P v a l u es 

V a riable A ,.tem;a Temp. Salin i ty p H  N i t r i te N i t r a te A m mo n i a  Phos p h a te Calc i u m  Magnes i u m  

A ,.temia R=0. 1 6  0. 1 84 -0.324 -0.225 0.3 1 3  0.085 0.329 0.274 0.269 

p=0. 01 75 0. 00569 >0. 0001 >0. 0007 >0. 0001 0. 208 >0. 0001 >0. 0001 >0.0001 

Tempera t u re R=0. 1 6  0.260 -0.523 -0.447 0.2 1 3  -0.04 -0.0 1 42 0.490 0.546 

p=0. Of 75 0. 0001 >0. 0001 >0. 0001 0. 002 0.552 0.834 >0. 0001 >0. 0001 

Salinity 0. 1 84 0.260 -0.283 -0.370 0. 1 40 0.093 0. 1 82 0.542 0.556 

0. 00569 0. 0001 >0. 0001 >0. 0001 0. 036 0. 1 65 0.006 >0. 0001 >0.0001 

pH -0.324 -0.523 -0.283 0.643 -0. 1 83 -0.275 -0.354 -0.498 -0.450 

>0. 0001 >0. 0001 >0. 0001 >0. 0001 0.006 >0. 0001 >0. 0001 >0. 0001 >0. 0001 

N i t ri te -0.225 -0.447 -0.370 0.643 -0. 1 46 -0.362 -0.422 -0.660 -0.504 

>0. 0007 >0. 0001 >0. 0001 >0. 0001 0.029 >0.0001 >0. 0001 >0. 0001 >0. 0001 

N itra te 0.3 1 3  0.2 1 3  0. 1 40 -0. 1 83 -0. 1 46 -0.0507 0.368 0. 1 99 0. 1 26 

>0. 0001 0. 002 0. 036 0. 006 0. 029 0.450 >0. 0001 0. 003 0. 060 

A m mon i a  0.085 -0.04 0.093 -0.275 -0.362 -0.05 1 0.664 0.265 0. 1 82 

0.208 0.552 0. 1 65 >0. 0001 >0. 0001 0. 450 >0. 0001 >0. 0001 0. 006 

Phos p h a te 0.329 -0.0 1 42 -0.354 -0.354 -0.42 2 0.368 0.664 0.256 0. 1 7 1  

>0. 0001 0.834 >0.0001 >0. 0001 >0. 0001 >0.0001 >0. 0001 0.0001 0. 010 

Calci u m  0.274 -0.0 1 42 -0.498 -0.498 -0.660 0. 1 99 0.265 0.256 0.9 1 3  

>0. 0001 0.834 >0. 0001 >0. 0001 >0. 0001 0.003 >0. 0001 0.000] >0.000] 

Magnesi u m  0.269 0.546 -0.450 -0.450 -0.504 0. 1 26 0. 1 82 0. 1 7 1 0.9 1 3  

>0.000 1 >0. 0001 >0. 0001 >0. 0001 >0. 0001 0.060 0. 006 0. 010 >0. 0001 

Cysts 0. 1 05 0. 1 53 0. 1 08 -0.235 -0.367 0. 1 58 0. 1 0 1  0. 1 37 0.275 0.245 

0. 1 1 8 0. 024 >0. 1 06 >0.0005 >0. 0001 0. 0 1 8  0. 130 0.040 >0. 0001 0. 0002 

1 49 

Cysts 

0. 1 05 

0. 1 18 

0. ] 53 

0. 024 

0. 1 08 

>0. 1 06 

-0.235 

'>0. 0005 

-0.367 

>0.0001 I 
0. 1 58 

0. 018 

0. 1 0 ]  

0. 130 

0. 1 37 

0.040 

0.275 

>0. 0001 

0.245 

0. 0002 



Table 26.  Correlation matrix showing Pearson Product Moment Correlation Coefficients ( bold)  and their P va lues ( italics ) for Artemia, 

Artemia cysts, and a l l  envi ronmental variables for surface water samples during the study. n = 1 32 - J 36 .  

Va riable 

A rtem;u 

Temperature 

Sal i n i ty 

p H  

N i trite 

N i t ra te 

A m mo n i a  

Phosphate 

Calc i u m  

Magnesi u m  

Cysts 

A rtem;u 

R=0. 1 9 1  

p=0. 0281 

0.220 

0. 001 

-0.354 

>0. 0001 

-0. 2 6 1  

>0. 0007 

0.252 

0. 003 

0. 1 85 

>0. 03 1 

0.382 

>0. 000] 

0.287 

>0. 0001 

0.277 

>0.001 

0. 1 27 

0. 1 40 

-_._- ---

Temp. Sal i n i ty p H  

R=0. 1 9 1 0.220 -0.354 

p=0. 028 J 0. 001 >0. 0001 

0.267 -0.672 

0. 002 >0. 0001 

0.267 -0.244 

0. 002 >0. 005 

-0.672 -0.244 

>0. 0001 >0. 005 

-0.498 -0.350 0.650 

>0. 0001 >0. 0001 >0. 0001 

0.276 0. 1 98 -0.249 

0. 001 0. 02 1 0.004 

0.065 0. 1 08 --0.2 1 8  

0. 45 7 0. 2 1 2  >0. 0 1 1  

0. 1 69 0.238 -0.309 

0. 052 0. 005 >0. 0003 

0.454 0.54 1 --0.484 

>0. 0001 >0. 0001 >0. 0001 

0.499 0.57 1 -0.430 

>0. 0001 >0. 0001 >0. 0001 

0. 1 88 0.097 --0.258 

0. 03 1 >0. 260 >0. 003 

Correlation coefficients a n d  P val ues 

N it r i te N i t ra te 

-0.26 1 0.252 

>0. 0007 0.003 

-0.498 0.276 

>0. 0001 0. 001 

-0.350 0. 1 98 

>0. 0001 0. 02 1 

0.650 -0.249 

>0. 0001 0.004 

-0. 1 89 

0. 02 7 

-0. 1 89 

0. 02 7 

-0.384 0.085 

>0. 0001 0.325 

-0.465 0.486 

>0. 0001 >0. 0001 

-0.639 0. 1 74 

>0. 0001 0.042 

-0.480 0. 1 49 

>0. 0001 0. 083 

-0.383 0. 1 58 

>0. 0001 0. 0 1 8  

1 50 

A m monia 

0. 1 85 

>0. 03 1 

0.065 

0. 45 7 

0. 1 08 

0. 2 1 2  

-0.2 1 8  

>0. 0 1 1  

-0.384 

>0. 0001 

0.085 

0.325 

0.66 1 

>0. 0001 

0.360 

>0. 0001 

0.249 

>0. 004 

0. 1 7 1  

0.046 

- -

Phosphate 

0.382 

>O. OOOJ 

0. 1 69 

0. 052 

0.238 

0. 005 

-0.309 

>0. 0003 

-0.465 

>0. 0001 

0.486 

>0. 0001 

0.66 1 

>0. 0001 

0.305 

0. 0003 

0.220 

0. 010 

0. 1 78 

0. 039 

Calc i u m  Magnes i u m  

0.287 0.277 

>0. 0001 .>O. OOJ 

0.454 0.499 

>0. 0001 >0. 0001 

0.54 1 0.5 7 1  

>0. 0001 >0. 0001 

-0.484 -0.430 

>0. 0001 >0. 0001 

-0.639 -0.480 

>0. 0001 >0. 0001 

0. 1 74 0. 1 49 

0.042 0. 083 

0.360 0.249 

>0. 0001 >0. 004 

0.305 0.220 

0. 0003 0. 0 1 0  

0.926 

>0.0001 

0.926 

>0. 0001 

0.369 0.255 

>0.0001 >0. 003 

Cysts 

0. 1 27 

0. 140 

0. ] 88 

0. 03 1 

0.097 

>0. 260 

-0.258 

>0. 003 

-0.383 

>0.0001 

0. 1 37 

0. 1 1 3 

0. 1 7 1  

0. 046 

0. 1 78 

0. 03 9 

0.369 

>0.0001 

0.255 

>0. 003 



Table 27.  Correlat ion matrix showing Pearson Product Moment Correlation Coefficients ( bold ) and their P values ( italics) for Artemia, 
Artemia cysts, and al l  environmental variables for surface water samples during Apri l -June. N - 38 .  

Correlation coefficients and P val ues 
Va riable Artemia Temp. Sal inity pH Nit rite Nitra te A m monia 

A rfemia - -0.077 0.064 -0.059 0. 1 55 0. 1 06 0. 1 58 

0.6468 0. 7036 0. 7273 0.3564 0.5307 0. 3473 

-

Temperature -0.077 0. 1 7 1  -0.396 0. 1 1 1  0. 1 1 2 -0.603 

0.6468 0.3081 0. 0132 0. 5 1 1  1 0. 5052 <0.0001 

-

Salinity 0.064 0. 1 7 1  -0.248 0.039 0. 1 27 0.0 1 9  

0. 7036 0.3081 0. 1 3 3 7  0. 81 75 0.4496 0.9097 

-

pH -0.059 -0.396 -0.248 -0.563 0. 1 59 0.337 

0. 7273 0. 0132 0. 1 3 3 7  0. 0002 0.3438 0.0379 

-

Nitri te 0. 1 55 0 . 1 1 1  0.039 -0.563 0.026 0.064 

0.3564 0. 5 1 1 1  0.8 1 75 O.OOOl 0.8782 0. 7049 

-

Nitrate 0. 1 06 0 . 1 1 2  0. 1 27 0. 1 59 0.026 0.246 

0. 5307 0.5052 0.4496 0.3438 O. S 782 0. 1 3 79 

-

A m m o n ia 0. 1 58 -0.603 0.0 1 9  0.337 0.064 0.246 

0. 3473 <0.0001 0.9097 0.0379 0. 7049 0. 1 3 79 

Phosphate 0.230 -0.094 0. 1 00 0.2 7 1  -0. 1 9  0.7 1 3  0.5 1 0  

0. 1 66 7  0.5 764 0.55 1 9  0.0997 0.2543 <0.0001 0. 0009 

Calci u m  -0.086 -0.662 -0.083 0.285 -0. 1 58 -0.572 0.279 

0.6095 <0.0001 0.6232 0.0827 0.3448 0.0001 0.0903 

Magnesiu m  -0.033 -0.366 0. 1 38 -0.223 0.084 -0.722 0.0 1 8  

0.8447 0.023 1 0. 4 1 00 0. 1806 0. 6 1 76 <0. 0001 0. 9 1 4 1  

Cysts 
-0.075 -0. 1 8 1  -0.269 0.374 -0.290 -0.085 0.059 

0.6569 0.280 0. / 03 1  0. 0202 0. 0771 0. 6 134 0. 7261 

1 5 1 

Phosohate Calci u m  

0.230 -0.086 

0. 1 6 6 7  0.6095 

-0.094 -0.662 

0.5 764 <0 0001 

0. 1 00 -0.083 

0. 55 1 9  0.6232 

0.2 7 1  0.285 

0.0997 0.0827 

-0. 1 9  -0. 1 58 

0.2543 0.3448 

0.7 1 3  -0.572 

<0.0001 0.0001 

0.5 1 0  0.279 

0.0009 0.0903 

-

-0.505 

0.0010 

-

-0.505 

0. 001 0  

-0.690 0.804 

<0.0001 <0.0001 

-0.088 0.248 

0. 6004 0. /341 

Magnesi u m  

-0.033 

0 8447 

-0.366 

0. 023 1 

0. 1 38 

0, 4 1 00 

-0.223 

0. 1806 

0.084 

0. 6 1 76 

-0.722 

<0.0001 

0.0 1 8  

0. 9 / 4 1  

-0.690 

<0.0001 

0.804 

<0.0001 

-

0.043 

0. 8003 

Cysts 

-0.075 

0.6569 

-0. 1 8 1  

0 280 

-0.269 

0. /031 

0.374 

0. 0202 

-0.290 

0. 0771 

-0.085 

0. 6 1 34 

0.059 

0. 7261 

-0.088 

0. 6004 

0.248 

0. 1341 

0.043 

0. 8003 

-



Table28. Correlation matrix showing Pearson Product Moment Correlation Coefficients ( bold ) and their P val ues ( italics) for Artemia, l ive 
Artel71ia cysts, and a l l  environmental variables for near-bottom water samples during the study. n = 87 - 88 .  

Correlation coefficien ts a n d  P values 
Variable A rtemia Temp. Salin ity pH Nit rite N i t rate A m m o n ia Phosph a te Calcium Mllgnesium Cysts 

Artemia 0. 1 54 0. 1 39 -0.330 -0. 1 82 0.476 0.0 1 l 0.237 0.322 0.335 0.047 

0. 154 0. 1 96 :>0. 002 0.09 >0. 0001 0.92 0.026 >0. 002 0.001 0. 661 

Tempera t u re 0. 1 54 0. 1 85 -0.223 -0.302 0.257 -0.275 -0.35 1 0.53 1 0.6 1 2  0. 1 08 

0. 154 0. 086 >0. 038 0.005 0. 0 1 6  0. 01 :>0.001 �0.0001 >0 0001 >0.0001 

Sali n i ty 0. 1 39 0. ] 85 --0.289 -0.349 0. 1 52 -0.026 0.04 ] 0.5 1 0  0.484 0. 1 34 

0. 1 96 0. 086 0.007 >0. 0009 0. 158 0.807 0. 706 >0.0001 >0.0001 >0.0001 

p H  -0.330 -0.223 --0.289 0.565 -0.243 -0.252 -0.409 -0.442 -0.404 -0.204 

>0. 002 >0.038 0.007 >0.0001 0. 024 0. 018 >0.0001 >0.0001 >0.0001 >0. 058 

N it rite -0. 1 82 -0.302 -0.349 0.565 -0.224 -0. 2 7 1  -0.295 -0.659 -0.477 -0.366 

0.09 0.005 >0.0009 >0.0001 0.036 0. 0 1 l  0. 005 >0.0001 >O.OOO} 0.0005 

Nitrate 0.476 0.257 0. 1 52 -0.243 -0.224 -0.042 0.288 0.444 0.257 0.200 

>0.0001 0. 0 1 6  0. 158 0.024 0.036 0. 700 0.006 0.042 0. 0 } 6  0.062 

A m monia 0.0 ] 1 -0.275 -0.026 -0.252 -0.2 7 1  -0.042 0.724 0.0 1 3  -0.066 0.045 

0. 92 0. 01 0.807 0. 018 0. 0 1 1  0. 700 >0. 000] 0. 903 0.540 0. 6 r  

Phosphate 0.237 -0.35 1 0.04 1 -0.409 -0.295 0.288 0.724 0.084 -0.0 1 3  0.066 

0.026 >0.001 0. 706 >0.0001 0.005 0.006 >0.0001 0.439 0. 904 0.543 

Calcium 0.322 0.53 1 0.5 1 0  -0.442 -0.659 0.444 0.0 1 3  0.084 0.844 0.446 

>0. 002 >0.0001 >0.0001 >0.0001 >0.0001 0.042 0. 903 0.439 >0. 0001 >0.0001 

M agnesiu m  0.335 0.6 1 2  0.484 -0.404 -0.477 0.257 -0.066 -0. 0 1 3  0.844 0.253 

>0.001 >0.0001 >0.0001 >0.0001 >0.0001 0. 0 1 6  0.540 0.904 >0.0001 �0. 0 1 7  

Cysts 0.047 0. 1 08 0. 1 34 -0.204 -0.366 0.200 0.045 0.066 0.446 0.253 

0. 661 >0 0001 >0.0001 >0. 058 0. 0005 0.062 0. 6 77 0.543 >0.0001 >0. 0 1 7  

---

1 52 



Table 29.  Correlation matrix showi ng Pearson Product Moment Correlation Coeffic ients ( bold ) and their P val ues ( italics ) for Artemia, 

Arfelllia cysts, and al l  env ironmental variables for near-bottom water samples during Apri l- June only.  n = 64 - 69. 

Correlat ion coefficients and P val ues 

V a riable A rlemia Temp. S a l i n ity p H  N i t ri te N i trate A m monia P hosp h a te Calci u m  Magnes i u m  

A rtemia -0.05 1 0.0 1 1 -0. 1 24 0.2 1 2  0. 1 74 0.30 0.2 1 0  -0. 1 08 -0.00 1 

0. 691  0. 92 7 0. 321 0.080 0. 1 53 0. 805 0. 084 0. 3 79 0. 991 

Temperat u re -0.05 1 0. 1 73 -0.5 1 0  -0.328 -0. 1 45 -0.499 -0. 2 54 0.523 -0.032 

0. 691  0. 1 72 <0. 0001 0. 008 0.253 <0. 0001 <0. 042 <0. 0001 0.800 

Sal inity 0.0 1 1 0. 1 73 --0.335 0.249 0.052 -0. 1 28 -0.034 0. 1 49 0.450 

0. 92 7 0. 1 72 0.006 0. 039 0. 6 71 0.295 0. 782 0. 221 0. 0001 

pH -0. 1 24 -0.5 1 0  --0.335 -0.667 0. 1 77 0.306 0.227 0.265 -0.400 

0. 32 1 <0. 0001 0. 006 <0. 0001 0. 155 0. 012 0. 067 <0. 032 0. 0008 

N i t ri te 0.2 1 2  -0.328 0.249 -0.667 -0.075 -0. 1 95 -0. 209 -0. 1 58 0.3 2 5  

0. 080 0. 008 0. 039 <0. 0001 0. 541 0. 108 0. 085 0. 1 94 0. 006 

N i t ra te 0. 1 74 -0. 1 45 0.052 -0. 1 77 -0.075 0.267 0.676 -0.270 -0.42 1 

0. 1 53 0.253 0. 6 7 /  0. 1 55 0. 54 1 0. 02 7 <0. 0001 <0. 025 0. 025 

A m monia 0.30 -0.499 -0. 1 28 0.306 -0 . . 1 95 0.267 0.470 0.262 -0.044 

0. 805 <0. 0001 0.295 0. 012 0. 108 0. 02 7 <0. 0001 <0.029 0. 72 1 

Phosphate 0.2 1 0  -0. 254 -0.034 0.227 -0.209 0.676 0.470 -0.354 -0.525 

0. 084 <0. 042 0. 782 0. 06 7 0. 085 < 0. 0001 <0. 0001 0. 003 <0.0001 

Calci u m  -0. 1 08 0.523 0. 1 49 0.265 -0. 1 58 -0.270 0.262 -0.354 0.702 

0. 3 79 <0. 0001 0. 221 <0. 032 0. 1 94 0. 025 0. 029 0. 003 <0.0001 

M agnesi u m  -0.00 1 -0.032 0.450 -0.400 0.32 5  -0.42 1 -0.044 -0.525 0.702 

0. 991 0.800 0.0001 0. 0008 0.006 0. 025 0. 72 1 <0. 0001 <0. 0001 

Cysts -0. 1 24 -0. 1 80 -0.238 0.396 -0.32 5  -0. 1 07 0.066 -0. 1 02 0.2 1 7  -0.055 

0. 3 1 1  0. 1 54 0. 049 0. 001 0.006 0.383 0. 591  0.406 0. 074 0.652 

C) s ts 

-0. 1 24 

0. 3 1 1  

-0. 1 80 

0. 154 

-0.238 

0.049 

0.396 

0. 001 

-0.325 

(J. 006 

-0. 1 07 

0.383 

0.066 

0. 59/ 

-0. 1 02 

0.406 

0.2 1 7  

0. 074 

-0.055 

0. 652 

- --- _._-

1 53 



Table.30. Mean l i fe-spans of Artemia sp. grown under variable env i ronmental cond i t ions of  temperature, p H ,  food 
dard deviat ions.  N = 9 

Tempera t u re L i fe-span 
p H  

Life-spa n Food Life-span Sa l i n i ty Life-span 

°C ( d ays) (days) sou rce (days) (ppt) (days)  

1 5  6+5 .9 7 . 5  2 . 1 +0 .3  ChI 3 .9+5 .4 75 7 . 7+7 .5  

2 5  4 .3+6. 3 8 4 .0+6.0 Dun 4 . 1 +6 . 7  1 00 4 .4+5 .3  

3 0  5 .3+7 . 6  9 1 . 1  +0 .3 TS 1 .0+0.0 1 25 l . 0+0.0 

40 1 +0 .0  9 . 5  1 .6+ l . 7 Yeast 4 . 1 +5 . 9  1 50 l . 1  +0 .3  

1 0  1 .2+0.4 200 1 . 0+0.0 

-

1 54 



Ta ble.3 1 .  Compari son of A rtemia sp.  to lerance under d i fferent temperature ( OC )  i n  days by F i sher's PLSD and the non­

parametric Kruskal -Wal l i s  test . N = 9 

Kruskal-Wal l is  Fisher's PLSD - P-Va l ues 

T (Oe) S u m  R a n ks M e a n  R a n ks 1 5  2 5  30 40 

1 5  208.0 23 . 1  - 0 .54 1 8  0. 8068 0 .0736 

25 1 82 .0  20.2 0 .54 1 8  - 0 .7 1 3 8 0.2265 

30 1 77 .0  1 9 . 7  0 . 8068 0 .7 1 3 8 - 0 . 1 1 8 7  

40 99.0 1 1 .0 0 .0736 0.2265 0 . 1 1 87 -

1 55 



Table. 32.  Comparison of A rtemia sp.  tolerance under d i fferent  range of pH i n  days by F i sher' s  P L S D  and the non­

parametric Kruskal -Wal l i s test . N = 9 

Kruskal-Wa l l i s  Fis her's P L S D  - P-Va l ues 

pH Sum Ranks Mean Ranks 7.5 8 9 9 .5  1 0  

7 .5  306 . 0  34 . 0  - 0 . 1 627 0.4559 0 .6780 0 . 5072 

8 287 . 0  3 1 . 9  0 . 1 627 - 0. 0356 0.0731  0. 0429 

9 1 37 . 0  1 5. 2  0 .4559 0. 0356 - 0 . 7397 0 . 9337 

9 . 5  1 48 . 0  1 6 . 4  0 .6780 0 . 0 7 3 1  0 . 7397 - 0.8031 

1 0  1 57 . 0  1 7 .4 0 . 5072 0. 0429 0. 9337 0 .8031  -

1 56 



Tab le. 33.  Comparison of A rlemia sp.  tolerance under d i fferen t  type of food i n  days by F isher's PLSD and the nOll­

parametric Kruska l -Wa l l i s  test . N = 9 

Kruska l-Wa l l i s  F i s her's P L S D  - P-Va l ues 

Food sou rce S u m  Ranks Mea n Ranks C h i  D u n  TS Yea st 

C h i  1 83 . 5  2 0 . 4  - 0 . 9285 0 . 2482 0 . 9285 

D u n  1 69 . 0  1 8 . 8  0 .9285 - 0 . 2 1 44 0 . 0  

TS 1 30 . 5  1 4 . 5  0 . 2482 0 . 2 1 44 - 0. 2 1 44 

Yeast 1 83 . 0  20 .3  0 . 9285 0 . 0  0 . 2 1 44 -

1 57 



Ta ble. 34.  Comparison of A rlemia sp . under d i fferent  range of sa l i n i ty ( ppt )  i n  days by Fisher's P L S D  and the non­
parametric Ktuska l -Wal l i s  test . N = 9 

Kruskal-Wa l l i s  F i sher' s  P L S D  - P-Va l ues 

S a l i n ity (ppt) S u m  Ranks Mean R a n ks 75 1 00 1 25 1 50 200 

75 296 . 5  32 .9  - 0 . 1 045 0. 00 14 0. 00 1 6  0. 00 14 

1 00 248 . 0  27 .6  0 . 1 04 5  - 0 . 0834 0 . 0934 0 . 0834 

1 25 1 57 . 5  1 7 . 5  0. 00 14 0 . 0834 - 0 . 9546 0 . 0  

1 50 1 75 . 5  1 9 . 5  0. 001 6  0 . 0934 0 .9546 - 0 . 9546 

200 1 57 . 5  1 7 . 5  0. 00 14 0 . 0834 0 . 0  0 . 9546 -

1 58 
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