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A B S T RAe T 

The growth of ina Branchiopoda, Anostraca 
-~-~ 

in the concentrating of a solar salt extraction plant 

was investigated dur 72/73. The aim of the study was 

to assess the poss harvesting the Artemja product 

of the ponds. A pronounc seasonal fluctuation in Artemia 

density in ponds with over 20 000/m3 at the highest had a 

spring maximum and a summer minimum. The spring up 

was found to come overwintering eggs and a small 

reservoir of ring adults. The proportion of 

carrying eggs from 98% in spring down to 2% 

but the number of s produced per female showed a highly 

significant with salinity (over a 30 day iod 231 

eggs at 100 89 eggs at 250 ppt). By counting the 

number of sent in mature females a sharp v-las 

shown to occur at inities above 200 ppt. times 

and the perc of eggs laid that do hatch were shown to 

luenced by salinity and temperature. At 26°C be greatly 

hatching t s at 30 ppt salinity and 240 ppt were 2 and 5 

days 1y. However, at 240 ppt less than 5% hatched. 

o In contrast, at 7 C hatching times at 30 ppt 150 ppt 

(max. at which eggs hatched) were 8 and 22 s respectively. 

It \vas 

inhibitory 

was 

that increasing temperature reduced the 

t of high salinity. 

experiments showed that longevity of Ar~~mj? 

st at l70 e and decrea.sed at 7
0 e and 26

0
C but. life 

and ility tables constructed from showed a much 

higher fertility rate at 26°C than l70 C (rc 0.305 and 0.207 

re ) and it was considered eased feCUI""ldity 



at 2Go C outweighed the life span when considering 

production of ~temia. 

Feeding trials using unicellular f late alga 

Dunaliella euchlora showed a suspension of 4000 cells/lill 

adult assimilated 57% of ingested algae but as the 

density of was increased to 10 OOO/mi the 

assimilation 1 to 42%. Simi trials with j 

(2 - 4 rom) showed a lower efficiency (54%) at 4000 

but higher (47%) at 10 000 cells/mI. 

iency of 

les 

ls/ml 

Lipid content of Artemia from 18.3% during the 

spring algal down to 11% in autumn . Both swirnming rate 

and feeding iency were found to be significantly 

affected by increasing viscosity as brine concentration 

, increased. The swinm1ing effort vias found to increase by 

33.7% between 60 ppt salinity and 300 ppt. A highly 

significant in food uptake was found over the same 

inities with consumption of algal cells in laboratory 

experiments fa ing from 26.2% of that available. to 21.6%. 

The combination of increased effort and reduced food 

was considered to be partially responsible for the reduced 

vigour of ~];:t~ populations at high inities. 

Experimental laboratory populations of ~r!~m:!:.~ 

strongly when the algal growth rate in culture was 

stimulated by fertilising and the add of dried 

Stable populations 
3 

the equivalent of 860 OOO/m were 

produced in the These were easily maintained 

and showed no evidence of metabolite pois6ning or lack of 

oxygen. 

Production Artemia in the ponds showed that 

was reached in a pond with an range of salin 

from III pp·t to 188 ppt (win'cer and summer respect.ively) 



rea in ponds of higher average values. Mean 

daily produ.ction for the 14 month sampling period was 0.4 

(g/m3 )/day with a range of from 1 53 (g/m3 )/day in spring 

to 0.006 (g/m 3 )/day in autumn. Equivalent va s for the 

most. aline pond in series were 0.049 (g/m 3
) Iday, 0.24 

(g/m3 )/day and 0.003 {g/m
3

)/day respectively. The very 

large ranges of salinity, caused by saltworks production 

methods, were considered to very detrimental to efficient 

harvesting where a continuous production of Ar~~emia may be 

needed. 

The study of the Artemia production was supported by 

determination of water chemistry the ponds and algal 

production over the study period. ~utrien~selected for 

analyses were reac nitrate, reactive silicate and 

orthophosphate. Nitrate levels ranged from 0.43 g/m3 
to 

0.07 g/m3 with a winter peak llowed by a sharp spring 

drop and a summer low point. A similar pattern was found for 

orthophosphate concentrations but \'lith a much larger range 

from 0.619 g/m
3 

in winter to trace amounts during summer. 

Silicate levels varied directly with salinity and no evidence 

of high biological consumption was found. 

The sediment of ponds at salinities over 150 ppt WaS 

cemen"ted by preci.pitated calcium sulphate preventing develol?'~ 

ment of turbidity even with strong 'V'lave action. Ph of the 

ponds var en B.O and 8.5 but onset of high spring 

algal growth was accompanied by a drop in that could not 

be ily explai It may be due to strong bacter 

grow"th. 

The WE:~re dominated by two spec s I Dunaliella 

euchlora D. salina. D. sal s that 

were a saturated D. euchlora grew throughout the 



series., Production was estimated from laboratory 

incubator experiments. e sted that primary 

production would be highest salinities between 100 and 200 

ppt. Growth trials of algae f media showed that 

levels of reactive phosphate 

restrictions on growth. 

low 0.01 g/m3 imposed strong 

An annual budget of energy 

taking into account primary 

ss gain was set up 

production and 

losses caused by ~e!n~~ respiration, faeces and egg production. 

Overall, f::>r the most productive pond an ecological 

iency for conversion of algal energy 

biomass of 19.1% was found. 

A ef review of species of commerc 

imp was given consistent with the 

Artemia 

cultivated 

sibility of 

using the ~I!:,ia production as a food, or food supplement I 

growing shrimp. 

Conclusions reached were that the crop in 

the ponds l while they are being used to salt, is 

too ic to be easily harvested. The potent 

in a carefully managed pond may be high. product 

Artemia can st over a wide range of salinit s but will 

perform well only within a restricted range. 



I N T ROD U C T ION 

With the current worldwide emphasis on greater food 

production and more efficient use of existing productive 

environments, attention is being paid to the possibility of 

aquaculture, i.e. the controlled exploitation of water bodies 

(Doumenge 1972, Forster and Wickens 1972~ Hudinaga 1969, 

Ritchie 1974, Swingle 1973, Tatum 1973). 

The hypersaline environment, i. e. ~dater with a salini-ty 

in excess of that of seawater, has been shown to be very 

fertile in some cases, supporting flora and fauna well adapted 

to surviving osmotic extremes (Artom 1905, Bayly 1967, 

Blanchard 1891, Edmondson 1969, Fisher 1902, Gilbert 1890, 

Heldt 1926, Jordan 1889, Kulkarni 1953, Rarmnner 1933, 

Relyea 1937). 

In New Zealand saline ponds are very uncommon but 
-, 

Bayly (1967) has investigated two lakes with salinities 

of 6 ppt and 15 ppt. These ponds supported a restricted fauna 

including rotifeis ostracods, copepods and Diptera. The 

salinities, however, do not compare with those in the 

Grassmere concentrating- ponds which range from a minimum of 
in '.' 

100 ppt to 312 ppt. Bayly (1972) distinguishes between land 

originating flypersa1ine waters and marine originat.ing and 

divides the fauna prei:lE:mt into "conformers that vary t:heir 

body fluids to accommoda-te osmot.ic stress, and "regu1ators" 

that: have positive mechanisms for maintaining t_heir internal 

fluid balance against stress. Arternia salina falls into the 

latter group. Bayly recognises 100 ppt as a pond where the 

number of species present falls drastically and on the upper 

limit for most speciali_sed insect groups, fish and higher 

Crustacea. 



Lake Grassmer:e is located at 41
1

) 44'S, 174 0 10lE 

on the east coast of the South Island of New Zealand. It 

is a solar salt extraction plant formed from a lake bed and is 

divided into a series of ponds throug-h '-"hich sea water flows 

and is evaporated (Insull 1948, Reid 19GO). The brine 

supports obvious blooms of algae and vast numbers of the brine 

shrimp, ~~~. The blooms of &lgae are of two 

colours, red and green, and are found in high and low salinity 

brines respectively. Dense populations of Artemia feed on 

these algae and it has been suggested that they could be 

harvested as a crop (F. Doumenge, pers. comm.) . 

However, since Artemia is not itself an attractive 

product for human consumption, it has bEen suggested further 

that it could be fed to an edible marine species such as an 

edible shrimp, (I. Mannering, pers. conun., Fujinaga 1963). 

Another possibility would be the harvesting of resistant 

Artemia eggs for use as a tropical fish food. These should 

find a ready market 'in New Zealand as at pre.::ent out total sup--

ply of ~.!~.~:.~" eggs comes from Great Salt La:;-e, Utah, in the 

Uni ted States of America, (acquarium supplieE: retailers, pel's. 

corum. ) . 

To feed an edible shrimp population entirely on ~r-t;!:.l~\i~ 

would require an enormous supply of Art.~l1],h?:.. It probably 

would not be feasible to do this but Artem:ia could be used as 

part of a compounded diet containing such ~~terials as casein, 

soy protein, collagen, sodium glutamate, yeast, inorganic 

mineral mixes, coarse fish meal and vitamin supplements (Broom 

1969, Fujinaga 1963, Kanazawa: Shimaya, Kawasaki and Kashiwada 

1970, Kanazawa, Tanaka, Techima and Kashiwada 1971, Sick, 

l-indrew and Whi-te 1972, Wheeler 1967). Tlie use of 40% ~ 60% 

Ar!:~~~i~ ina blended food would greatly simplify -the problems 



of supplying micronutrients vitamins to the shrimps t.hat 

may otherwise be Bsing or in short supply a purely 

artific diet (Balazs, Ross and Brooks 1973). 

Before any harvesting of Artemia in Grassmere can 

be contemplated levels primary and secondary product~ 

ivity of the ponds needs to be known and the annual range and 

times of maximum and minimum production determined. is 

necessary information if Artemia going to be used to feed 

a continually growing secondary consumer, e.g. cultivated 

shr 

The princ aim of the present study was to estimate 

the productivity of Artemia in the ponds and this has been 

supported by laboratory experiments on algal grmvth and an 

investigation of seasonal and interpond variations in selected 

pond nutrients. 

The lake at.ud I carried out were divided into four 

phases. The first was concerned with monitoring physical 

factors likely to influence the flora and fauna the lake 

waters. These included light, temperature, turbulence and 

iment characteri ics. The second phase was an investigatial 

of the algae present, luding measurement of seasonal changes 

in their densities. Since the ponds varied greatly and plant 

nutrient levels, laboratory exper s were performed to 

determine the conditions under which gr."owth of algae was most. 

vigorous. The main emphasis was contained in third phase 

which was the study of Artemia population dynamics 

production. As with algal populations, knowledge of 

limiting effects of physical conditioJlS was obtained through 

laboratory exper s carried out at various salinity and 

food s. In particular the fects sal and 

temperature acting together on breedi and hatch were 



stigated. overall productivity of the ponds been 

surrmlec1 up in fourth phase of the thesis in 1I1hich an 

budget has been compiled pond. energy budget 

shows seasonal changes in production of bo 

as 1 as losses sustained on the convers 

to Artemia biomass available harvest. 

,productivities of the ponds, covering a 

algae and Artemia 

of algae 

relative 

salinity 

should also provide a basis making future decisions as to 

'Vlhether it is economically feas e to attempt to harvest 

~rtemiC!. from the ponds whose inity is continually being 

raised due to evaporation during salt making process. e 

ponds were also subject to intermittant pumping of water betw~en 

the ponds which cau sudden changes in water characteristlcs. 

Few salt lake ecosystems been studies in detail, 

probably due mainly to difficulty of access to them since 

sal lakes often occur in arid sert regions where inland 

drainage and high evaporation combine to produce hypersaline 

cond ns (Baid 1958, Goldman, Mason and Hobbie 1967, 

Hutchinson 1937 r Meyer, Horrow, Wyss, Bers! and Littlepage 1962, 

Rawson and Moore 1944). An exception is the lake described by 

Walker (1973) where the principal low of water was from 

subterranean seepage. Williams (1972) suggested hypersal 

lakes may provide sites for c ing out: ·tion 

studies because they lly possess considerable habitat 

homogene and very low species d sity. Many studies of 

inland saline lakes may not be ly compared to the 

Grassmere situation, s Lake Grassmere is evaporated 

seawater as such s a different al complement to 

many inland lakes where local geological. conditions oduce 

~laters rich in a few c istic (I-/lason 1967, Walker 

1973). 



I 

SECTION I 

'rHE PHYSIC]'';.L l-U\JD CHEI\1ICp~L ENVIRONli1ENT OF' I,AKE GRASSMERE 

1.1 INTRODUCTION 

Lake Grassmere (410 44'S, 1740 IDlE) covers an area 

of 1782 ha. and is on the east coast Marlborough, The 

South Island, New Zealand. It a shallow body of wate~ 

'probably formerly a lagoon, from the Pacific Ocean 

by a bar of sand dunes about 100 m wide, (Fig. 1.1). To land-

hills intensively ward the lake is surrounded by roll 

ed by sheep but with scrub-filled 1 The lake was 

originally fed by a small stream, of highly 

variable flow. Since the lake has been developed the stream 

s been diverted to avoid ponded areas. The region is 

sunny and windswept, due in part to at the base 

of Cape Campbell which projects out path of south 

we winds. Annual rainfall 

high aided by strong hot north-we 

low and evaporation very 

winds that sweep the 

area spring and summer. 

It was for these reasons that the site was 

the e 

process 

ishment of a solar salt extraction industry. 'l'his 

s on the production of concentrated br 

evaporat 

The final 

of seawater through a series of shallow 

of th,e sea I s c 

flat 

harvester. 

Wor 

Anostracan, 

hyper 

withstand osmo 

lisation of the sodium chlor 

complement is performed in 

s tha't may be scraped by a mechanic 

, associated with brine pools, is found 

and several characteristically 
"".~".~.~-.-

is known to reproduce rapid 

extremes, and be an extraordinarily 1 



FIGURE 1.1 

The location of Lake Grassmere relative to the 

rest of New Zealand 
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food for other marine species, part ly the larval s 

of other arthropods. This section is the first of five that 

investigate the lake with to the ecology, chemistry, 

flora and fauna, and energetics. The possibility of using the 

Artemia production will be discus 

results of these investigations. 

with eJ:ence to the 

The lake was sited during 1972 and 1973 on the 

following dates: 10 August 1972, 25 August 1972, 5 September 

1972, 21 September 1972, 9 October 1972, 26 October 1972, 

11 November 1972, 7 December 1972, 30 December 1972, 10 

January 1973, 29 January 1973, 15 February 1973, 23 February 

'1973, 29 March 1973, 12 Apr 1973, 26 April 1973, 10 May 

1973, 25 May 1973, 14 June 1973, 28 June 1973, 12 July1973~ 

27 July 1973, 9 August 1973, 13 Septenilier 1973, 28 September 

1973, 18 October 1973, 1 November 1973. 

1. 2 LAYOUT OF 'l'HE SALTWORKS 

Approximately half of the total lake area has been 

subdivided into ponds by dykes of rubble and earth. The 

remaining half is unchanged and acts as a reservoir of water 

after it has been pumped in from the sea (Fig. 1.2). The 

main concentrating series is a chain of shallow ponds desig­

nated PI to F5. Water flows by gravity from PI to P6 and 

then rais to P7 from where it again flows bygravi to 

F5. DS I to Ds S are deeper ponds designed to store con-

centrated ine over winter by present a small 

area :r:elative to volume for minimum rain dilution. The 

depth of the concentrating ponds averages 0.7S m and that of 

the deep storage averages 4.6 m 

The crystallising ponds are shown pref A to II 

a large 91.1 ha. area. The ponds pref ~·if are reservo s 



FIGURE 1.2 

The layout of the ponds at Lake Grassrnere 
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ine used to free for wi 

harve 

it. 

brine, a 

of dirt particles without issolving 

s Rl ~ R6 are reconc ponds. Buildings on 

the site are administration buildings, warehouses and a washing 

and plant. 

1.3 OPERATION OF 'l'RE PONDS 

Seawater is pumped the Pacific Ocean into the 

rema bed where evaporation ects a unmodified 

tiona At 

yearly cycle, 

P2 where further 

Is, but mainly early and late 

from this area is pumped into PI 

on occurs. At a salinity of 

about 100 »pt water enters the mai.n chain P3 onward, 

by being pumped, progresses slowly towards the F 

ser continually ing. 

Early in the evaporating season, ing on t.he 

weather from October to November, concentrated brine is allowed 

to flow from deep back through concentrating 

sar s to provide a boost in salinity for coming season 

Other deep storage water is run out into the crystallising 

ponds and evaporated until the sodium chloride portion of the 

mixture of salts seawater has mo crystallised out. 

'£hen the rema solution, to as "bitterns" f is 

disposed of into the sea. 

Throughout season there is a concentration 

series with 

the F series. 

i<ty of 

April and 

most dilute being 

range is very var 

ion and the 

the autumn is 

of 

and the collected 

and 

in the crystallising ponds are 

salt stacked on concrete slabs. s salt conta i tit"s 



both inorganic and organic 

pigment of algae that ish 

stages. Washing uses 

from ponds that themselves 

4 

s a pink appearance from 

the final concentrating 

ine that is recircul 

red algal blooms. 

Over the season colour of the ponds ranges 

dark green to brill depending on the concentrat 

a t the time. Ponds PI and P2 are almost always very muddy, 

and are frequently empty, a crystalline crust ensures 

clarity in the rest of ponds. For this reason, and the 

obvious vigour of t 

to restrict ·the phyc? 

ponds P3 to FS. 

gal growth in P3 to FS, was ided 

and productivity measurements to 

1.4 THE CLIMATE OF THE REGION 

The cl 

conditions for 

salinity becoming s 

Grassmere provides 

but the rate is 

the higher the sal 

good 

on the 

The 

importance of s to the concentrating ponds is a fast 

rise in sal occurs and the water warms in ng, and 

slower gains at the higher salinit occupy the bulk of the 

summer. In lowing section all c1 ic data referred 

t.o were 

Grassmere. 

derived 

pre 

(a) Wind 

by R. Butcher, Meteor1ogical Observer, Lake 

s data is unpublished. Climatic records 

the meteorological station at Lake Grassmere are 

a from November 72 to October 1973. 

e are very few windless at Grassrnere during 

the surnmer but the proportion to about 25 perdent 

surrnner months the rna over 

wind d 

of an 

nter months. During 

tion is west to no 

sing easterly component 

t but with indications 

late summer, (F'ig 1.3.1). 



FIGURE 1.3.1 

Wind direction and frequencies at Lake Grassmerc. The 

length of the line is proportional to the number of 

wind days recorded from each direction during 1972. 
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Through autumn and into winter south-westerly and south­

easterly directions became more predominant but northerly 

winds still occurred regularly. By the spring of 1973 the 

north to north-westerly component was again the dominant wind 

direction. Northerly gales of up to, and occasionally 

exceeding, Beaufort force 7, were regularly experienced over 

the SUITUller. 

(a) Evaporation 

Evaporation was measured in a sunken pan for the same 

period and the results are displayed in Fig. 1.3.2. The 

loss of water is expressed as millimetres per month and is 

extremely high over the spring and summer seasons rising to 

293 rom in January. From January to July a steady drop 

occurred until in July about 50 mm was lost. From this point, 

as spring advanced, the evaporation rate increased very rapidly 

reaching 200 rom per month in Octobero The heavy summer 

evaporation rates coincided with the abundant hot dry northerly 

winds and the rate decreased ~s easterlies and southerlies 

became more cornmon. 

(c) Precipitation 

The rainfall over the period under consideration is 

shown in Fig. 1.3.3. At no time of the year does the 

precipitation per month exceed the evaporation and during 

mid~summer it. lags ~ar behind. Dur ing January at the peak 

of the evaporaJcing' season the rainfall for Jelle month was 4L () rmll 

while the evaporation was 293 IillTl, a net loss of 252 mm for t.he 

month. Even in mid-winter the evaporation just exceeds the 

rainfall. 

(d) Insolation 

The Lake Grassmere has a high number of sunshine hours 

per year, as does the coastal strip north and south. For the 



FIGURE 1.3.2 

Evaporation Jaeasured in rom from a sunken pan 

evaporimeter 
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FIGURE 1. 3.3 

Monthly rainfall recorded at the Lake Grassmere 

meteorological station 
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To·ta1 MonJch Energy equ~va 
(hours) (kJ/m ) 

Nov. 185 .2 23.2 x 10 3 

Dec. 241 .8 23.0 x 10 3 

Jan. 264 · 5 22.3 x 103 

Feb. 259 .2 21.1 x 10 3 

Mar. 164 • 3 12.4 x 10 3 

Apr. 161 .4 10.5 x 10 3 

May 6 .7 7.0 x 10 3 

June 139 • 6 502 x 103 

July 169 .5 6.4 x 10 3 

Aug. 156 .1 8.9 x 10 3 

sept. 172 • 7 12.6 x 10 3 

Oct. 225 .3 17.4 x 10 3 

Total 2281 

Table 1.1 In.so1at at J..Jake Grassmere from r 1972, 
to October, 1973. 

Dat:a col 
Kaikoura. 
used the 

by N.Z. Meteorolog Servi2e, 
Conversion from Lang to kJ/m 

, 1 calorie = 4.19 J. 
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period November 1972 to Dc 1973 the total was 2281. 

Table 1 1 shows the month, the number 

of hours day for that I and the energy lent 

of the striking a f surface. Equ 

this parameter is not e at Grassmere the 

values Ii were obtained Kaikoura, 70 km of 

Grassmere. The number of SUll hours recorded at 

New Z Heteorological e station in Kaikoura 

corresponded closely to that at Grassmere and it is 

considered the associat.ed input values are valid 

for Grassmere. 

(e) Relative humidity 

Grassmere, on the east coast of New Ze F is 

in a ra brought about by presence of the 

Southern interrupt the westerly wind flow 

collect contained mois·ture. descending air on 

easterly of the Alps is compressionally heated and 

arrives at coast as a \vann, humidity windn 

Although the rela'l:ive humidity the year was 

72% readings of 30 - 40% relative humidity were regularly 

recorded during north-westerly winds. se low val1..1.cs of 

humidity enhance evaporation greatly a long way 

towards explaining :r.at(~s shown in F' 1 3.2. 

1.5 SALINITY VARIA'rIONS 

Extreme intermolecular bind forces confers 

on water the very coefficient of of 

evaporation of 2263 Jig at 100oe. Water's closest molecular 

at.i ve f hydrogen 552 Jig at 

61°C ) .' . In addition to great. deal of ener<;:lY 

ed to evaporate water, the addi electrolyte 



solutes decreases the 

above the solution in 

1 essure of water vapour 

Raoult's law: 

P = Po (1 - 0.000537 5) 

8 

ssure where Po is the vapour 

salinity of the solution 

METHOD 

water and 5 is the 

thousand, (Horne 1969). 

Salinity was measured. 

extended range inductive sal 

and stored unfrozen in pol 

RESULTS 

Table 1.2 shows the sal 

an Lab model 601 

from water collected 

s in each of the 

concentrating ponds over the samp1 At the 

~eginnin~ of the period the brinee were relatively dilute 

a winter. By October the was increasing and 

ssing 200 ppt in the top half of series. During 

December the highest salinities of were recorded, 

3 in F3 on 7 December 1972, and 301 in F4 on 30 

Dec 1972. In general, over the whole December/January 

salinity in the F series averaged ,just under 

300 rapid increase in salinity of the half 

concentrating series was aided by the 

prac 

series 

over 

series 

peaks at 

sample. 

begun to 

brine 

of running concentrated brine back through 

deep storage ponds when it had reta 

es in the lower half of the 

a more steady increase with indist 

10 1973 sample and the 29 Harch 1973 

973 the inities in all of the ponds 

s was encouraged by the withdrawal of 

F ser storage and crystallisation, 



10/8/72 

25/8/72 

5/9/72 

21/9/72 

9/10/72 

26/10/72 

11/11/72 

7/12/72 

30/12/72 

10/1/73 

29/1/73 

15/2/73 

23/2/73 

29/3/73 

12/3/73 

26/4/73 

10/5/73 

25/5/73 

14/6/73 

28/6/73 

12/7/73 

27/7/73 

9/8/73 

13/9/73· 

28/9/73 

18/10/73 

1/11/73 

9 

P3 P4 P5 P6 PB p9 PI0 Fl F2 F3 F4 F5 
ISO 

109 113 113 116 118 124 132 140 1y156 158 152 161 

o 111 117 119 125 131 1~6 143 ~. 160 1 169 167 

108 112 117 117 122 134 127 140 14~166 169 152 2 

118 126 142 133 135 134 137 143~9 162 168 171 184 ~ 
.----~-~~ 1 ()() -~< 

134 149 163 168 176 10287 19.1/2-00 205 21I~~ 215 

144 162 171 179 186 192 201 216 214 229 241 240 243 ~s 
____ ~h 

158 161 176 181 189 05 204 221 213 243 282 279 

166 166 170 183 186 207 214 219 298 283 

163 177 187 192 04 207 212 227 231 267 191 

169 188 189 200 209 219 231 233 241 277 280 284 288 

151 154 171 185 1 203 208 217 242 265 

160 161 169 182 207 216 224 51 269 276 

171 172 179 188 200 198 208 211 232 273 281 

177 182 217 193 224 240 226 275 295 270 298 

172 186 190 214 227 231 246 243 261 277 288 291 
"-
12~ 182 191 209 197 232 230 249 257 268 267 271 

118~6 171 183 201 216 234 236 248 259 261 267 280 

124 13)~68 171 189 211 228 226 231 239 24 2 261 

:!\ 
::.t5( 

116 123 142 159 164 218 221 230 233 240 233 

104 131 142 151 147 162 210 201 222 232 226 229 
~, 

107 130 1 1<15\152 158 162 176 179 188 192 
"--.....,"-------.-----

112 1 124 129 129 132 137 ~.::")150 161 162 170 172 

7 126 129 122 136 140 141 2154 172 169 181 174 

115 118 123 118 132 142 1::_~150 157 193 192 198 182 

122 8 14 05i~"15016c:-;: 70 172 1 

113 129 ~52 E:;O 163 173 181 

122 146 142 163 171 170 
1..,.0 

00 206 212 216 

1 209 226 233 220 
••• ,1 :)50 

22 9 266 263 

1.2 Sal Jcy in s per th.ousand each 
inS! concerrtrating pond over the 
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and the replacement of water from main lake bed 

ponds PI and P2< lowest recorded salin for year 

was in P3 on 28 June 1973 of 104 At this inity the 

calcium sulphate crust had dissolved and the water was turbid. 

From s point on an increase similar to that in 

1972 started but rate was slightly slowed reflecting 

fects of a cooler damper spr 

The "isosaline" lines on Table 1.2 show that a 

large part of the year ponds above P6 have salinities higher 

than 200 ppt and only ing ing and late au tuum are there 

any ponds with salinities lower than 0 ppt. 

1.6 DEPTH OF THE PONDS AND WATER MOVEMENTS 

The depth of the ponds, although fixed at a maximum of 

about 0.75 m by the height the dykes, is very variable 

throughout the season. The lower P series are lO\'J'ered tm·mrds 

the end of the evaporating season as ine is withdrawn from 

the end of the cha of ponds for retention deep storage. 

Water is pumped from P6 to the higher P7 and flows to 

Fl by gravity. F2, F3, F4 and F5 may be individually 

controlled by a system of sluice gates and are occasionally 

independently emptied as the salinity approaches that suitable 

for further processing. PI and P2 function as bulk storage 

of preconcentrated seawater. This is normally completely 

pumped into P3 at some time during the evaporat season 

In addition to the intentional 'V<later movements f vHnd 

induced flow may be rapid during periods of gale force winds. 

1. 7 WAVE AC'rION 

The Grassmere area is prone to strong winds, (section 

1.4), which cause considerable wave act on the ponds. Wave 

heights of up to 32 em have recorded dur a \-lind of 



Beaufort force 6 Prol s so tend to cause 

ing' up of water at end of the ponds and to 

cause water to flow through concentrating series. This 

be reversed when the erates and causes a certain 

mixing between adjacent ponds. 

Wave action produces a e head of foam on the 

high salinity ponds. This may accumulate to a considerable 

in ponds whose salinity is over 240 ppt. A quantitative 

e of the degree of "foaminess" was made according to 

methods of Miyake and Abe (1948), (1959) and Mason 

(1967). 

METHOD 

A 50 m1. sample of lake wat.er vIas placed in a 125 ml 

ss graduated cylinder. The sample was shaken t.hrough a 

20 cm vert.ical distance at four cycles second for 15 

s. The time was taken from the of shaking until 

the f st piece of surface is cl 

RESULTS AND DISCUSSION 

time t.aken for the foam to eak up compared 

wit.h salinity in Fig 1.4. Four salinit were used; 240 ppt, 

260 ppt, 280 ppt, 300 ppt. After shaking, head of foam 

varied directly with the salinity ing st 240 ppt: I 

(4.4 em) highest for 300 ppt (7.8 em) In ially the:ce 

was a se in foam depth and v.la s 110wed by 

a se what remained. The total of 

life filll directly with the 

240 ppt foam survived 120 seconds and the 

seconds, 150 seconds and 184 seconds re 

On 

was ally 

probably most 

c· ." er t.he dept:h of 

in large" chunks 0 

tan!": since the foalll 

~['he 

ee 141 

15 em it 

is 

ge 



FIGURE 1.4 

Foam head lifetimes measured after a standard 

shaking period for brine of four salinities 



2 

o 20 40 60 80 100 120 160 
SECONDS 



12 

numbers of J\r salina s that had en floa·ting' on 

water surface. 

Normally Ar-temia formed a r around ·the 

pond margins as were ashore in absence of 

It is virtually impossible to estimate accurately the loss 

s but, cons ering number of suitably windy days, 

it may be considerable. 

1.8 SEASONAL AND DIURNAL TEMPERATURE VARIATIONS 

Temperat.ure increa_se has two important fects on 

brine of the Grassmere ponds. The first these is that 

gases are less soluble as the temperature sed. The 

second is that, general, 13jluble sa are more 

soluble as the ature is rais 

METHOD 

A mercury~ o 
ss thermometer accurate to 0.1 C was 

used measuring temperatures at each sit, by 

wading out int.o pond 20 metre!:) C\,nd immer sing the 

thermometer to a of 200 mm. 'l'emperatu:t:es 'ivere 

mea sur + at 1300 hours Ih. 

RESULTS 

Pig. L 5 shows the t range over the 

sampl iod from August 1972 to November 1973 was 

It is irT'lnedicltely is a difference between 

the st and lowest inity 5, possibly because as 

the conceni::ra tiol! ses it.s heat falls. For 

clar b,'lo ponds been but the rest fit in 

according to their sal The extreme low value of 

(12/7/73) was recorded a series frosts had ch led 

the water over the temperatures for 

the year 31°C in F5 and 2SoC in P3 were ecorded at 

end of (29/1/13). The spring rise was 



FIGURE 1.5 

Temperature range of the brine in concentrating ponds 

P3 and F5 between August 1972 and November 1973 
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ScUl1pl in August 1972 the almost 1 r e came 

to an a peak in January was followed by a similarly 

rapid 1 throughout the autumn and into the The 

1973 spring was more than that in 1972 by 

November 1973 the water e vms four higher 

than the 

monthly mean air s recorded at 

Grassmere the same period are shown in Fig. 1.5.1. The 

maxima and minima times correspond to those of the 

as with tho ponds, a more rapid ing temperature 

sand, 

se is 

shown in 1973 season than 72. 

1.9 LIGHT PENETRATION 

The concentrating ponds are very shallow and is 

little likelihood any problems ing experienced 

of light at except where extreme turbidity is 

present. ly, throughout I the bottom 

were cemented by a precipitated 

extremely clear. Algal blooms 

the \\1ater rema 

transparency 

spring but measurements showed that, at minimum, 80% of 

the incident was reaching the substrate. Readings 

of light in tens were t.aken using a spectrum photocell 

embedded in araldite. The cell was lower to the bottom and 

f a meter. The was const:ruci:ed the reading read 

at the University Canterbury, Department of Zoology. At 

some periods, ing late winter, s had 

decreased to the P3 that the trate was loosened 

re~dissolvin.g binding mater During this 

iod wind induc turbulence caused dense and the 

amount of incident ion }:'eaching the of the ponds 

eased to about 15% 'I'urbidi ty wa Sf , an unusual 



FIGURE 1. 5.1 

l1ean monthly air temperatures recoJ'ded at Lake 

Grassmere beh;een August 1972 and November 1973 
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event. and for most. of -the year light wou 

be limiting primary product 

1.10 SEDIMENTS OF LAKE GRASSr,mRE 

Sediment of the ponds ""ere inve 

extreme turbul at times of low inity. 

not be 1 ly to 

because of -the 

Sed samples were taken from the bed of each pond 

using" a hand corer that \\lithdrew a 40 rom diameter core. 

There was no ing over the length of the core. The core 

from P7 was typical of series and vias investigated r 

grain s e distribution by shaking through a series sieves 

in a Rotap shaking machine for 30 minutes. The material that 

passed through the finest sieve, ler than 0.062 mm, was 

method. The fine material further investigated by the 

was suspended a 1000 ml cylinder th a di sant 

(sodium hexi;une-taphosphate) f to inhibit flocculation. The 

mixture was then well stirred and 20 ml pipette samples taken 

as material set:tled in the cyl (l\1organs 1956). As 

coarser mat.erial settles more rapidly, successive pipette 

samples show progressively finer grains. water is 

evaporated off and the weight of solid material sample 

carefully weighed. 

The distribut of sediment grain s es is shown in 

Fig. 1.6 as the percent of each phi (¢) class present where 

phi is the negative log to the base 2 of the le 

diameter rnillimei:res. The atribution moderately well 

sorted with a maximum perc of 05 s ed grains. But t 

perc of very f mater that is 

e 

also a 

mainly re 

The f..Lu,-,",", 

creat:.ing se 

so promot:es forma-t 

ity when sturbed. 

anae)::'ob condi-t 

at a shallow depth. five c sediment vias 



FIGURE 1.6 

The distribution of particle sizes measured in phi 

(¢) units for the Lake Grassmere sediment. ¢ = 

-log2 o~ diameter in mm. 



50 

40 D 

30 

. 

10 ~ 

~' 

o 
-1 o 1 2 3 5 6 7 

PHI (~) 



blackened by sulphide depos s and had a 

sulphurous smell. 

The sulphide was derived from ac,tivit 

strong 

of 

anaerobic ilsulphur" ia that reduce sulphate to sulphide 

when sulphate is used as a hydrogen acceptor in the absence 

of oxygen. Nitrate, nitrite and carbon dioxide may so 

serve in this capacity. The reduced product of the reactions 

accumulate in the sediment modify by further reaction. 

The mos't obvious one is the format,ion of black metallic 

sulphide by reaction with hydrogen sulphide. 

1.11 THE EFFECT ON THE LAKE SEDU1ENT OF PRECIPITATED 

CALCIUN SULPfLI\TE 

When seawater is evaporated the major contained sa s 

precipitate out in following order: calcium carbonate, 

calcium sulphat.e, sodium chloride, magnesium chloride, 

magnesium sulphate, sodium bromide, and potassium chloride 

(Borchert 1965). Calcium carbonate is sent in only very 

small amounts, approximately 0.177 g/Kg seawater (Peterson 

1966) f but- both calcium sulphate and sodium chlorid~=: are 

present in large amounts, 1.75 g/Kg and 29.69 g/1(g respectively, 

(Horne 1969). 

Deposition of calcium carbonate begins at about 65 

ppt salinity and is virtually complete by the time calciwn 

sulphate to crystallise at about 150 ppt salinity. 

But deposition of calcium sulphate occurs over a wide range 

of salinit 

chloride cry 

well beyond t,he point (310 ppt) at which sodium 

centrating ponds 

-they vary cons 

s begin to and is found in all con-

These values are approximate only since 

vdt.h vrater tempe):ai:ure. However, 

there were only very small amounts of ium 

sent in the 1 mass, as shown by effervescence of 
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pulveris samples dilute hydrochlor acid f S most 

would have been during earlier concentration t.he 

main lake. amount of depos calcium sulphate var 

from pond to pond with a maximum occurring near the beginning 

of concentrating series. Fig. 1.7 shows the mean depth 

the crust in ponds P3 F5 in January 1973/ period 

maximum evaporation, and in June 1973 when salinities were 

near their lov,rest. In January the amount deposited was 

maximal in P4 but was st 1 being la down in F5. Here 

sodium chloride was on the point of being crystallised out. 

In June losses 

unchanged. 

occurred in P3 - P9 but the rest were 

The initial feet of ium au precipitation 

is to cement grains of strate into a firm mass. 

However, the deposit continues to , the ium sulphate 

becomes purer and forms a pavement of crystals strong enough 

to be walked upon. At the same time that this crust is 

formed, the pond water becomes very clear and remains so 

during severe wave action. Until the crust formed the iment 

was unstable and algae could not attach to it but the 

crust was w(;;~ll established,. a green mat of _D .. ~u"~n,,_a._],._" __ ~~_~ 

a unicellular alga, began to grow. 

eU.chlor 

Th2 crust was stable only as long as the sal i of 

brinE. ned above neces to ini e pre'~ 

cipit:a·t In :£'3 :Lng Hay 1973 the 1nf of 10\Qer sal 

brine l nec(~s to replace beinq off from F4 and 

F5, resul';:' in a drop i.nity t.o 118 ppt and a rapid 

break ·the crust. 'I'hiE; had seve:cal effects. The f st 

was the :Lment~ beccune loosened and the Hate!: became 

stroll.g-ly was a loss of algae from the 

substrate and the e maf:,ses of f ing detac 



FIGURE 1.7 

The mean depth of the calcium sulphate crust in 

ponds P3 - F5 in January 1973 and June 1913 
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that. blew t,he lee where they ied out:. A 

effect was the release of hydrogen sulphide gass 

From observations it appears that the minimum 

inity can be to without causing drast changes 

in the ponds is abou·t 150 and it is likely that unless the 

bottom of ponds were to be artif sealed f from 

the silty 

have to be 

iment, any used for rearing would 

1.12 

at this 

REACTIVE NITRATE 

IN'rRODUCTION 

inity or 

The sampling of reactive 

-~,--~-

and orthophosphate 

concentrations alone cannot: give a complete estimate of all 

of the of nit.:t~'ogen and phosphorus available ,to t.:.he flora 

of the ponds. The obtained are en t,ed to show 

trends of seasonal concentrations of selected in relation 

to fluctuations in al abundanc~'). no fi1.1t1 opinion may 

be given, on the basis of the data available, as to whether 

the of nitrogen or phosphorus compounds is imposing a 

limi t on t.he a.1ga1 growth" Even t:.hough the amount:s of free 

ions sent. at any t may be small, the ling rat.e 

ffia.y high and support a st:.anding of algae. 

supply inorganic compounds in a 

system such as Lake Grassmere or s from breakdovm 

of cc"!ous matt.er f mainly ,to ammonia p (NIT3), which 

i initially to nitrite, (NO;) and final to 
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nitrate (NO;). are re :lble much of this l 

but it may also occur 1 , and rapidly, in 

shallow, well illuminated water, (Horne 1969). A secondary 

source of armuonia is the "vaste ts of plankt.on metabol ism. 

Other forms of nitrogen present vlaters recognised by 

Vollenweider (1971) include gaseous (N
2

, N
2
0, No), 

organic compounds (amino ac polypeptides and 

dissolved albumin) and un f and organic 

compounds adsorbed on to s that some 

blue green algae can fix atmo (Lund 1965). 

t1E'l1HODS 

Water samples were taken in 200 bo·ttles 

at mid dep~h of the ponds, (approx. 40 cm). The bottles had 

been previously cleaned in hot potassium d hromate/sulphuric 

acid solution. The samples were f ougl~ a r,1illipore 

filter funnel fitted with a Whatman GF/C f ter (0,4 pm) 

and en to -20°C within 8 hours. er , nitrate 

concentrations were determined by the colour tr method 

described in Appendix (1) (APHA 1965) 0 As a check on the 

possible loss of nitrate during frozen storage a sample of 

shly removed water was divided and the nitrate in one J.f 

within two hours. The other half was zen and 

er t:wo weeks I st:orage. No difference 

Is l.'laS found bet.ween the two samples. 

N t:e 1 

HESULTS 

3 
s dm~;Lng the year ranged from 0.43 g/ro , 

3 
(F4 on 9/10/72) t.o 0.07 g/ro , (P4 on 29/1/73). Three trends 

were first was an increase in nitrate level 

as eased up the concentrating chain. The 

s sea of nitrate levels found, 

wi a drop, summer 1m", and slow autumn 
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P4 P5 P6 P7 P9 P10 F1 F2 F3 F4 F5 
~ -~>O' 

10/8/72 0.23 0.26 0.29 0.22 0.2'7 0.31 0, 0.25 0.25 0.23 0,31 ~/O:-29 
25/8/72 0.29 0.28 0.27 0,23 0.26 0,28 0.22 0.26 0.26 0.27 0.29 0.29.0.28 

5/9/72 ~O 0.22 0.26 0.19 0,21 0.25 0.28 o. 0.27 0 26 

21/9/72 0.18 O.~, o 21 0.21 

9/10/72 0.16 0.13 0.15 o. 14 0.18 0. 14 8 0,16 

26/10/72 . 0.14 0.15 0.16 0.16 0.21 0.19 O. '\2 0.14-

1"1/11/72 0.17 0.16 iJ.14 o. 14 0.18 0.19 0.13 0.10 0.14 0,23 0.26 C.27 

7/12/72 0.13 0,12 0.13 0.12 0.13 0.17 0.1480 ,'11 0.19 0~1 0.29 

30/12/72 0.13 0, 11 0,18 0.19 0.11 0.14 0.17 0.13 0.18 0.17 0,21 0.19 0,20 

10/1/73 0.10 0.10 0,'13 O.i 1 0.09 0,14- 0.13 0,17 0.23 
, 

29/1/73 O. 11 O. 11 0.12 0.15 0.13 0.12 J. '13 0.16 0.15 0.21 

15/2/73 0,13 0.14 O. 11 0,10 0.11 0.12 0.13 0,14 0.16 0.12 0.16 00: 

23/2/73 0.12 0,12 O. 11 0.12 0.16 0.14 0,15 0.19 0,19 0.23 0.26 
O·~ 

29/3/73 O. 11 0.16 0:-\. 
12/4/73 0.16 0.29 0.37 0.34 

26/4/73 0.16 0.23 0.27 0.26 0.29 0.21 0.31· 0.41 C.32 

10/5/73 0.24 0.24 0,32 0.30 0.26 

25/5/73 0.22 0.24 0.26 0.31 

14/6/73 0.26 0,23 0.21 0.24 0.24 0.26 0.27 

28/6/73 0.21 0.20 o. 0.23 0.25 0.26 0.24 0, 31 

12/7/73 0, 0.21 0.22 0.24 0,24 O. 0.21 0.23 

27/7/73 ,22 0, 0.26 0,29 0.26 0.26 0,29 0.29 0,20 0.2t Or.27 0.26 0.28 0 

9/8/73 0.14 0.22 0.24 0.27 0, 0.27 0.29 0.28 

13/9/73 O. "Ii 0.22 0.26 0, 0,22 0.26 

28/9/73 0.09 0.08 0.09 0.15 0.29 0.29 0.28 

16/10/73 0.11 o .1 2 O. 1 0 0, 11 0.14 0.26 0.24 

1/11/73 -c;.-;-;~, O. 1 O~ 0 11 0.16 0.14 0.16 0,19 .22 0.26 
'---~ ~o1 002 Table 1.3 Determination of reacU.ve nitrate expressed as grams per c 

metre of wa'l;er, 
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autumn recovery vvas a difference in amplitude 

of the seasonal var n less saline and most 

saline ponds. In F4, most sal , the range was from 0.29 

and 0.28 in August, 1972, to O. 0.19 in February, 1973 1 

whereas in P4, near the beginning of series, the range 

was from 0.26 and 0.28 in August, 1972, to 0.09 and 0.07 in 

January 1973. 

DISCUSSION 

Nitrogen occurs in the sea as , nitrite j 

and ammonium, nitrate being by far:':he most and 

stable form, (Horne 1969). Nitr and are ten 

present in extremely small concentrations and are ficul t 

to measure even with sophisticated analytical techniques. 

Apart from these three, other nitrogenous compounds 

such as urea, uric acid, and amino acids are sent and may 

be us directly by some algae. However, are u ly 

converted to ammonia and their concentr rema 

low, (Raymont 1963). 

Water samples taken from the water entering 

Grassmere the open sea in SepteInber and HaTch had 

Is of 0.21 g/m
3 

and 0.16 g/m
3 

respectively. 

Pacif 

va 

by 

the 

maximum 

coast 

Determinations by Harvey (1955), of nitrate from South 

sur e waters showed levels of 0.21 g/m
3 

in Apri1/Ma~ 

(1928) f working in English Channel, found maximum 

O. 0 g/m
3 

in winter and, because of high utilisation 

sur 

r 

trace amounts remained aOc the peak 

summer bloom. Dakin and Cole fax (1935) found a 

only 0.040 g/m
3 

off the New South Wales 

e vlaters due t.O a strong temperat.ure inversion 

t deeper waters. Neverthless, a 

was ted with almost all available 
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nitrate being used. 

These examples show that the nitrate uptake may be 

rapid and almost complete and it is unlikely that the 

levels remaining at all times in the Lake Grassmere con-

centrating ponds would limit growth. The lowest levels, 

3 
recorded on several occasions, were about 0.07 glm . 

The \I isoconcentration II lines on the table of nitra·te 

levels (Table 1.3) f shows a high general level of nitrate 

at the beginning of the sampling period, presumably arising 

from winter breakdown of phytoplankton and zooplankton, but 

an accelerating drop as spr'ing arr i ved. A summer low, 

consistent with heavy demands by the resident algae continued 

until about April when a steady rise began. This culminatee 

in a winter high that coincided with the demise of the algal 

population and the return of nutrients to the water by their 

decay and the breakdown of complex molecules. 

1.13 REACTIVE PHOSPHATE 

Phosphorus plays a vital role in photosynthesis as 

part of adenosine diphosphate, (ADP), and adenosine triphosphate 

(ATP). Particularly in the Krebs cycle, ATP is used as a 

source of energy in incorporating inorganic carbon into complex, 

high energy, organic molecules. Phosphate very often limits 

the ultimate algal biomass and in view of this importance, it 

may be understood why, of all the dissolved nutrients, levels 

of phosphate are most closely related to the concentrations of 

chlorophyll, (Ketchum and Corwin 1965). Phosphorus is present 

in many forms in seawater, dissolved inorganic, dissolved and 

particulate organic and particulate organic absorbed into 

mineral and vegetable detritus. Lean (1973) recognises four 

forms of phosphate; dissolved inorganic phosphate, dissolved 

high molecular weight organically bound phosphute, low molecuJ.ar 
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we o~ganically bound e (MI'V 250) I and 

weight molecules 5 x 10
6 and pass colla s) 0 

'1'11e of phosphorus te during this project, 

phosphorus eye cannot considered a closed one 

may' be a cons e interchange of phosphate 

with and mineral les whether suspended in 

water or as a stable strate. Where the sediment 

fin d and phosphate is , interchange between 

the bound up particulate phase and ee reactive phase 

may be (Pomeroy, Smith Grant 1965). Since both 

elements are essential for algal follows that the 

situation se where phosphorus etion may limit 

grm'lth nitrate remains in e quantities. 

METHOD 

React phosphate was mea t method of 

Strickland Parsons (1968) r in which sample reacts with 

a composi t:e containing molybdic , ascorbic acid 

and tr antimony. The resulting ph.o complex is 

reduced a blue solution which vlaS measured at 88501~ 

using a Bausch Lomb Spectronic 20 colour ter , IJ,.t. very 

low phosphate t", extraction of the b complex into 

isobutanol improv accuracy. \'Va·ter ~> were col1ect:ed 

as for those u nitrate analysis en 

wi t.hin 8 hour s a collection. A is was 

made be"cween a and one two "'<leeks 

storage. There was a ight loss of phosphate over the frozen 

1 - 1.5%, but in6u££ t.o cause 

apprecj.able errors analytical estimates 

AnaJ.yses of total phosphate in pond \vere rna.de 

using t:he metJlOo. 



10/8/72 

25/8/72 

5/9/72 

21/9/72 

9/10/72 

26/10/72 

11/11/72 

7/12/72 

.30/12/72 

10/1/73 

29/1/7J 

1)/2/7J 

2J/2/7J 

2,)/J/7J 

12/4/7J 

26/4/7J 

lU/5/7J 

25/5/7J 

14/6/7J 

28/6/7J 

12/7/73 

27/7/73 

9/8/'13 

13/9/7 J 

28/9/7J 

18/10/7J 

1/11/7J 

TClbl e 1. 4 
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PJ P4 P5 p6 P7 p8 P9 Pl0 J!'1 1<'2 FJ F5 

0.012 0.044 0.OJ6 0.101 0.299 0.120 0.222 0.092 0.116 0.200 J.OB2 0.07~ 0.117 

a.oJJ O.OJO 0.049 0.099 0.272 0.100 0~107 0.040 0.070 J.097 0.102 0.066 0.114 

0.02 0.041 0.04 0.012 0.100 0.025 0.11 0.0140.0J 0.04 0.05 O.OJ 0.12 

0.020 0.04 0.OJ5 0.012 0.055 0.029 0.075 0.015 0.008 0.u15 0.024 0.026 0.067 

0.019 0.029 0.OJ7 0.009 0.007 0.010 0.040 0.010 0.010 O.OlJ 0.OJ0 0.U09 0.015 

0.019 0.020 0.020 0.010 0.010 0.007 0.015 0.007 0.015 0.007 0.007 0.U04 0.009 

0.015 J.020 0.019 0.015 0.007 0.008 0.009 0.007 0.009 0.007 0.006 tr 0.008 

0.019 0.015 0.006 0.010 0.002 0.004 0.006 O.Jog 0.009 0.004 tr tr tr 

0.009 0.010 0.005 0.007 0.004 0.005 tr 0.007 0.008 0.004 J.OOJ O.OOJ 0.007 

2.015 J.015 0.015 0.009 0.015 0.009 0.006 0.009 0.010 O.OOJ J.007 0.009 0.008 

0.062 0.054 O.OJ 0.02J O.OJ 0.015 0.015 0.015 0.015 0.015 J.015 0.015 0.015 

0.04J 0.062 0.044 0.036 0.062 0.OJ2 O.OJJ 0.029 0.017 0.01J).014 0.007 0.u08 

0.OJ9 0.072 ~.061 0.042 0.051 0.015 0.026 0.022 0.021 0.018 J.Oll 0.006 0.009 

0.OJ6 0.OJ9 0.049 0.049 0.057 0.044 O.OJl 0.037 0.029 0.02J J.012 O.oog J.J14 

0.OJ7 0.047 O.OJ 0.055 0.062 0.062 0.047 0.047 0.047 0.OJ7 ~.015 0.008 0.OJ7 

J.02J 0.052 0.022 0.050 0.04J 0.060 0.042 0.061 0.ou8 0.026 C.009 0.008 0.006 

0.071 0.126 0.D49 0.051 0.068 0.012 0.051 0.047 0.009 0.010 0.017 0.004 O.OO~ 

0.2J5 0.619 0.085 0.006 0.015 0.006 0.062 0.oJ8 0.006 0.006 J.DJO tr tr 

0.J77 0.552 0.166 0.010 0.019 0.007 0.052 O.OJJ 0.009 0.Ju8 0.029 tr 0.003 

0.282 0.476 U.2JJ 0.OJ2 O.OJO 0.010 0.044 0.029 0.015 0.015 0.019 u.~02 0.002 

0.271 0.299 0.262 0.041 0.OJ2 0.027 O.OJl 0.026 0.020 0.015 J.015 0.uu7 0.005 

0.252 0.2JO 0.261 0.051 0.044 0.029 O.OJO 0.021 0.02J 0.019 0.016 0.007 0.006 

0.201 0.221 0.172 0.OJ4 O.OJO 0.025 0.029 0.023 0.021 0.016 O.OlJ 0.005 0.005 

0.lg8 0.16c 0.101 0.029 0.024 Oe025 0.021 0.020 0.011 0.016 0.012 0.010 0.005 

0.200 0.081 O.OJO 0.041 0.021 0.020 0.020 0.009 0.012 0.014 0.012 O.OO~ c.007 

0.lJ2 0.044 0.021 0.009 0.009 0.008 0.009 O.oog 0.008 0.007 0.009 0.008 0.006 

0.066 0.039 0.006 0.006 0.007 0.006 0.005 0.007 0.008 0.J06 0.007 0.008 0.006 

Deterwinations of reactive phosphate expressed as grams per cubic metre of wate 
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was cemented d s calcium sulphate, wa~ 

pulverised and mixed ium carbonate. The 

phosphate was released c melt and prepared 

for analysis by dissolving water. 

RESULTS 

Phosphate levels f 'fable 1.4, trace amounts 

3 
to 0.619 glm detected on 25 May 73, (P4). Several trends 

were apparent. Firstly, a ease pho was found as 

salinity increased up the concentrating ponds, (1. e. f 

P3 ~ F5). This decrease contra increase 

noted for nitrate concentrations. , that of 

seasonal variation, showed a winter , summer 

low and a ::apid autumn recovery. rrhe fluctuat were more 

severe than with nitrate, however, and on 

overall change, were numerous short-lived flue In 

P3 and P4 during May and June 1973, 

se phosphate levels which apparently was 

break-up of the calcium sUlphate crust 

cover bot tom of P 3. At t:hat time, wat.er was be 

throusrh t.he chain of ponds and the biggest rise centred 

on P4 as enriched water from P3 was being drawn through. 

was only minor disruption of the CaS04 layer in P4 and 

although feet could be noticed in P5 it was not apparent 

in 

pho 

ponds 

s to 

0.09 

s in t,he ser ies . 

f 

amplitude of seasonal variation 1n 

was found in the lower salinity 

very 

s 

3 0.377 g/m 

ine F series ponds. This is 

trate although the ranges in 

F5 of trace amounts - 0.177 

3 g/m v.rex:'e more extreme. n levels. 

sis of e crust at -three dat.es, (29/1/73, 



2~j 

26/4/73 

kg 

12/7/73), showed mean values of 0.37 g phosphate/ 

DISCUSSION 

s only one form phosphorus was be measured 

the data little predict value. Nothing. was knmm of 

the rate of interchange of pho with the or 

the degree to which phosphate had entered into formation 

of organic loids. The most id drop in phosphate levels 

occurred and coincided with the most act algal 

growth period of the year. It is possible, therefore, that 

phosphat.e could be a limiting for algal ion. 

The further to undetectable amounts in-·summer llowed by 

a steady r throughout the autumn is characteri of an 

alga/nutrient eraction (Ketchum 1954, Hutchinson 57). 

Although the most important form phosphorus is 

inorganic pho (Voilenwe 1971), overbeck (1962) has 

shown that Chlor nyrenoidosa, 
£.~"'"~=,..-"~~""""""="""'==-

others f is c of 

secreting ectoenzymes that cleave pyrophosphates and 

glycophosphates. Most detailed work on phosphate leve in 

lakes refer to fresh\'Tater bod or saline lakes 

by inland dra and often "d th aim of detecting 

effect of euJcrophicat:ion {Vol1enVJe 1971}. Practic no 

. information is available on the s of Lake Grassmere, 

a very shallow highly saline pond em. 

The pho contained in t iment appears t:o 

a substantial reserve but was not ava to the algae until 

binding ca.lcium sulpha·te layer issolved. To over-

come this the could be at a level that does 

not perEdot the fQ]~Tnat of CaSO 4 , but this would leave 

fine silt c the beel of 

Grassmere, (Section 1.9), open to wave act , which when severe 
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causes extreme water turbid (Section 1.8). 

1 REACTIVE SIL 

Silicate is probably the most variable co~non ement 

the sea (Armstrong 1965) is ly af ted by biolog-

processes being prine element in the skeleton of 

diatoms and many Protozoa. The ion occurs both in the dissolved 

state and as suspended particulate silica, but ratios of 

these are changea-ble. Al though the of occurrence 

is well known the exact chemical spec s are unclear. 

Sillen (1961) considered that since silicic acid is a 

weak acid, at the normal marine pH only 5% of the sica could 

be in form of silicic acid, H3Si0
4

" Since silicon is 

biologica significant, 1 nitrate and phosphate, a 

seasonal trend should found t,his element is ing con:-

sumed returned on the death of the consumer. Frequently 

the concentration changes of silicate are errat and not 

well correlated with seasons because princ 

consumers, the diatoms, c acter lly exhibit sporadic 

blooms, (Armstrong and Butler 1960). 

as 

METHOD 

Samples were taken from each concentrating pond at 

vis to Grassmere and also from the open sea near the 

e t,o main sea'\v<:l tar Col tioD ils were, 

'nitrate samples. analytical method used was from 

Strickland and Parsons (1968). Three determinations were 

as :Lng typical of levels found in 

over sampl 

summeJ...", 3/12/72, 

lHc:ro 

period. They were spring, 9/10/72, 

auh.mul l 26/4/73 

RESULTS AND DISCUSSION 

tion of t pond;::;! flora 

ponds 
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failed to disclose any organisms that would use silicon in 

large amounts. It was hoped that the level of silicon shown 

by the analyses would tend to confirm or refute this hypothesis. 

The graphs of concentration of silicon compounds (Fig. 1.8) 

showed steadily increasing concentrations proportional to the 

salinity increase up the concentrating ponds at about the rate 

that would be expected if the silica"tes were simply being 

concentrated by evaporation. It would not be expected that 

silicates would crystallise out at the concentrations achieved 

in the crystallising ponds since seawater is very under-

saturated in respect of silicates, (Armstrong 1965). The 

concentration of reactive silicate in samples of seawater from 

the lake i ltake when seawater was being pumped in was 0.012 

3 glm . Such spot checks are not reliable, however, since the 

oceanic silicate levels exhibit pronounced seasonal and non 

seasonal fluctuations. 

1.15 DISSOLVED OXYGEN 

The solubility of gases, unlike that of most elect-

rolytes, increases with decreasing temperature. Also, in 

aqueous electrolyte solutions gas solubility decreases with 

increasing 6oncentration. The atmospheric gases are dissolved 

in seawater roughly in proportion to their abundance in the 

atmosphere but oxygen and carbon dioxid~ are in addition 

subj~ct to perturbation by biological activity. These three 

functions that control the dissolved gas levels assume great 

importance in the Grassmere ponds. Being a solar salt plant, 

the ponds are.laid out to absorb the maximum possible solar 

energy. ].\.8 the evaporation proceeds during the summer -r.he 

combina·tioll of temperature and concelTtration may produce very 

low levels of dissolved oxygen. 



FIGURE 1.B 

Determinations of reactive silicate in the ponds 

P3 - F5 on 9 October 1972, 3 December 1972 and 

26 April 1973 



.. 9/10/72 
c 3/12/72 

.26/4/73 
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Water was taken at po 1 2~ as for nitrate, from each 

pond at 1300 hrs. + 
~ one , on sampling date in 300 ml 

BOD bottles. Two samples v,lere from each pond each 

visit. The sample was star dim light for 15 minutes 

until flfixedl! by the addition of the manganous sulphate and 

a 1 iodide solution of Winkler method of analysis 
'. 

method used was that Strickland and Parsons 

(1968). 

RESULTS 

The results (Table 1.5) show an extremely wide range 

concentrations from 6 _ 2 IDg:02/1 on 27 July 1973 f to 

0.89 mgo2/1 on 29 January 1973. The va measured may be 

ed by the photosynthetic act of the algae at 

the of sampling. Although 1300 hours approximately the 

po maximum isolation for the day_ not 

necessarily guarantee maximum photo sis Depletion of 

bicarbonate ions with water, low nutrient s or li.ght 

inhibition could have caused the peak photosynthesis to be 

earlier day. As would be t.;xpec1:ed f highest oxygen 

tensions are formed in the lowest sal s and durin~j 

the st portion of the year but 1 s reasonably 

hi.gh unt water starts to rapidly warm up late spring, 

The was consist:ently high throughout summer and 

early autumn oxygen levels were Iowa time No 

stratif was found at any time of the for 

short heavy rain had fallen in of 

wind. The ra formed a layer float of 

t.ho brine, s was a ived rare event, p ctnd 

it is 1 this had any ef on levels, 
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P3 P5 P6 P'l ' P9 Pi0 Pi F2 J?3 .fi'S 

10/8/72 5.32 5.16 5,29 .96 3, 3.62 

25/8/72 5,17 4.72 4. .49 3,4-1 3.02 

5/9/72 3.79 3,67 3.72 3.45 3.24 3,08 

21/9/72 oZ.l4 2.45 2.41 2,32 

9/10/72 2.71 2.78 2.4-3 2.31 2.27 2, 

26/10/72 2.43 1,89 1. 71 

11/11/72 2.76 2,26 1.78 1.44 

7/12/72 2.30 2.20 2. 1.39 ~,13~ 
30/12/72 1. 31 1. 22 1. 21 1. 20 1. 16 1. 14 0, 9; <t.~Ij) 

10/1/73 2. 1. 81 1. 77 1. 42 1. 02 1. 11 1.08 1.00~1j.92 

29/1/73 1.3 1. 12 1. 18 1. 09 1.23 1.12 1 .08 1. 04 \J. 89 
"'--

15/2/73 1. 90 1. 97 1 • 42 1 • 31 1 . 36 1. 22 1. 12 1.06 1.00 

23/2/73 2.22 2. 11 2. 19 1.62 1. 58 1.60 1. 36 1. 20 1. 21 

29/3/73 2, 11 2.00 2.02 1.44 1. 01 

12/4/73 2,63 2.41 2.00 1.48 1. 32 

26/4/73 1.54 

10/5/73 4,77 4.59 3. 

25/5/73 5.34 5. 3.62 3.7'1 2.37 2.23 2.20 

14/6/73 5.88 4.18 88 J.56 3 2.21 2.32 

28/6/73 5.74 4.51 4.62 4.72 

12/7/73 4.83 4.46 76 3.59 3.39 3.16 3.02 

27/7/73 
{, 

4.49 ,82 3,84 3.71 3. 3.81 

9/8/73 5.46 5.6 ,.'70 J.83 3, 3.90 

13/9/73 3, J7 3.49 .3.4,4 3.40 3,41 

213/9/73 5.3 3.91 3.3 ,83 2.99 2.91 2.82 

18/-10/73 5.01 4,63 3.9-1 3,82 3,67 .99 2,90 
c;. 
:I 

1/11/7 J 4.92 A..71 4·,28 4.41 3.80 3.61 3. 2.52 
/" 

Table L5 OXYEen tensj.ol1s per Ii tre jn eaclJ concentra,t 
pODd over the B 
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DISCUSSION 

Although the overall values for oxygen in the pond 

waters are low, there is still a readily available supply 

since the ponds are very shallow and the region is very 

windy. This provides the ideal conditions for gas inter­

change with the waters. Anaerobic conditions exist just 

below the surface of the sediment, a very fine silt, and 

under the normally impervious crust of precipitated calcium 

sulphate. The presence of free oxygen in the waters was 

demonstrated by the rapid oxidation of sulphides to free 

sulphur when the black sub-crustal ooze was disturbed. This 

was noticed by Emery (1969) working on a coastal lagoon with 

a similar~l fine sediment that had a sulphide odour when 

disturbed. 

The lines of equal oxygen tension on Table 1.5 show 

that for only short periods in the lower salinity ponds does 

the oxygen tension rise above 5 mg/l of water and for most of 

the summer months there is less them 3 mg/l. Between November 

and January there was a rapid drop in oxygen levels. This 

corresponded with the periods of maximum salinity and 

highest temperatures but no proof exists to show that these 

were the sole factors operating. Oxygen tensions are close 

to the theoretical values for the conditions with some 

evidence of under saturation of the highest salinities. 

A similarly rapid rise in oxygen levels took place 

during the autumn. During the winter, with little evaporation 

and increasing rain dilution, levels very slowly rose between 

May and August until the effects of the 1973 spring became 

apparent. But from this point on the decrease in oxygen 

levels was slower than for the corresponding period in 1972 and 

at the close of sa~11plinq on 1 November 1973 the oxyg"en tensions 
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in the ponds were up to 1 mg/l than for 7 November 1972 

L 16 pH. 

INTRODUCTION 

In addition to the or sa dissolved in seawater, 

ically those of strong ac s and bases such as NaCl 

MgS0 4 , there are a large number sa s of weak or slightly 

dissociated acids, e.g., silicates. The anions 

such salts readily combine with protons provideing a 

buf ing action to the system when or ions are added 

biological reactions. Free are generally captured 

and + forming a hydronium ion, H30 , generally abbrev-

to The equilibrium constant dissociation of 

wa-cer is temperature dependent r (Horne 1969) f so the H + 

concentrat decreases at low temperatures. 

various forms of carbon 

exercise the greatest control over n+ but 

Sillen (1961) feels that the H3 B03 ~ H4Si04 is also 

highly 

In vast oceans the amount of ing mat.erial 

rela-tive to the bulk of the water is 1 except in 

highly surface l.ayers the pH remains close to 

the contrast, in a shallow water mass like the 

Lake Grassmere 8 perturbation of pH by and 

respiratory :ceac s may be very marked. 

ME'L'HOD 

Measurements of pH were made at about 1300 s on each 

vj.sit. to f using a HadiometE~r typc:! 23 

pH measurement a 20 m subsample vJaS t:aken al 1 v;rater 

sample (sect. 2 ')) .J • each measurement 

calibrated st a buffer cornposed 0 1 s 
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of potassium dihydrogen phosphatE and disodium hydrogen 

phosphate (pH 6.87), (Strickland and Parsons 1968). 

RESULTS 

The graphs shown in Fig. 1.9 are those for the 

extremes of the range of concentrating ponds, P4 being the 

lowest salinity pond that had a stable substrate cemented by 

crystalline CaS0 4 , and F5 being the most saline at the end of 

the concentrating chain. P3, the first pond (Fig. 1.2) was 

not included in the overall consideration because of occasional 

saturation of the water with hydrogen sulphide caused by 

stirring of the fine, anaerobic substrate by strong winds. 

This occurred unpredictably when CaS04 was partially redissolved 

as low salinity water was introduced to the concentrating 

series. 

In pond p4 at the beginning of sampling, 10 August 1972, 

the pH was falling and this fall continues, apart from a brief 

1:'ise a·t the start of October, urrtil a low point of pH 8.0 was 

reached on 11 November 1972. 1\ rapld rise t:o pH 8.45 in 

January was the beginning of a peJ:iod of relative stab!li t.y 

dur inSI vV'hich the pH ranged bet.ween 8.35 and 8.45, This held 

throughout midsummer and au·tumn but by midwin·ter (June and 

July) f a peak of pH 8.5 was recorded, rrho arrival of spring 

coincided with a slow fall in pH which gradually accelerated 

until by November the lowest pH of the study period, 7.9, was 

recorded. 

When the values recorded for F5 are compared with those 

for P4 the same general trends are apparent. The same 

fluctuations were seen in both ponds but those of the more 

saline 1"5 ~,ve:re much less in i:ullplit:uc1e, HOv18ver I t.b.e loVl point. 

1n the suwner of 1972 is displaced by more than a month to 

30 December ].972. A slow rise stabilised at about pH 8.25 



FIGURE 1. 9 

Determination of pH in ponds P4 and F5 taken at 1300 

+ hours -1 hour throughout the study periods 

SN~PLING DAY KEY 

1 = 10/8/72 14 = 29/3/73 

2 = 25/8/72 15 = 12/4/73 

3 = 5/4/72 16 = 26/4/73 

4 = 21/9/72 17 :::: 10/5/73 

5 = 9/10/72 18 :::: 25/5/73 

6 = 26/10/72 19 - 14/6/73 

7 = 11/11/72 20 :::: 28/6/73 

8 == 7/12/72 21 = 12/7/73 

9 :::: 30/12/72 22 = 27/7/73 

10 :::: 10/1/73 23 = 9/8/73 

11 :::: 29/1/73 24 ::= 13/9/73 

12 :::: 15/2/73 25 = 28/9/73 

13 == 23/2/73 26 :::::: 18/10/73 

27 = 1/11/73 



I 
0.. 

7·8 b-~ __ ~~~d-~~~~~~ ______ ~~~ __ ~ __ ~ __ ~~d-. 

1 2 3 4 5 6 7 8 9 10 11 12 13 141516 17 18 19 202122 23242526 

SA DAY 



33 

compared with 8.4 in P4. As in P4 the highest pH recorded 

during the study period occurred in July but it was not long 

lived and a fall similar to that seen in P4 began in early 

spring. A rise in mid~October interrupted this but when 

sampling was discontinued in November tile pH was again falling. 

DISCUSSION 

'rhe low pH measured in summer in P4 could be correIa ted 

with the rapid onset of the spring bloom of !2unali~11a" ~_~}'<::La 

The rapid rise in pH during December similarly corresponded 

with the demise of the bloom and the partial exhaust-iDn of 

nutr ien'ts from the water. Furthe:c circumst.antial evidence 

that the algal bloom has an effect on the pH was sho'tJn by the 

displacemc~ .It of the -low point of the pH in 1"5 where the onset 

of the phytoplankton bloom was affected by the very high 

salinity. 

A small drop in pH was found in both P4 and F5 during 

April 1973 but, as with the main drop, it was displaced by 

several weeks in F5. This may correspond to a partial 

recovery of t.he !?~n,~,~=~eh~~ popula'tion a£t,e:r the summer low 

period. 

The drop iri pH was apparently related to the onset. of 

intense algal Jrowth. This relationship on its own is 

unusual since normally the increase in photosynthesis is 

accompanied by a rise in pH due to depletion of bicarbonate 

ions by the alga (Emery 1969). But the period when the pH 

was falling also coincided with the rapidly increasing 

salinity of the ponds, rising temperatures and the very rapid 

increase in ATt.emia numbers. 'The pos[d.bility exist:s 'that the 

pH variation could be brought about by some chemical inter-

action as concentration by evaporation proceeded. The change 

in pH was larger in P4 where, the more rapid evaporation was 
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occurr The period of 1. pH during co loed 

with iod of increas ion of bacter 

Protozon Artemia as water began to warm u~ The 

output of CO') 
.... 

to depress The 

detai s of bacter Proto Zan respira are not 

available to support this Excretary products of 

Artemia so have some t b~t it is difficu to 

imagine producing the effects shown in F • 1,g e 

A 1 did not similar records 

fore no hypothesis can be to account for 

variat:.ions. 

SUMJl1ARY 

(1) Lake Grassmere has an 2281 hours of 

annual and the prevailing s are dry north-wester-

1 These conditions rapid evaporation 

water throughout the pond ser s where salinities dur 

t.he sununer range from 160 to 312 pp-t. 

(2) The ponds ~re approxima~ely 0.75 m deep and prone to 

strong action. Associated induced water 

movement occurs be·tween pon.ds. 

(3 ) A range of ';later atures were found, 

rangin9 January. Pond 

temperat.ures 110wed air s closely. 

(4) Sediments were five silts der the erosion 

local hills s. The median size was phi 5 

but a of f mater caused dense 

turbidii:y wave act:.:Lon" 

(5) Turbidity of water Vias redne or eliminnted aB 

salin:Lt:y eal3 ·to about 150 i: a calcium su 
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precipitated out as a crust bonding the s irnent into 

a f mass. In all ponds except P3 s cond ion 

sisted throughout the but P3 the crust 

redissolved in winter. Under crlls·t, anaerobic 

cond ions developed 

(6) Reactive nitrate ",vas abundant. at most ·times the 

3 year with concentrations ranging from 0.43 g/m (F4 on 

9/10/72) to a 07 g/m3 (P4 on 29/1/73). 

(7) Reactive orthophosphate showed a much wider range 

concentration than nitrate, ranging from trace amounts 

dur early summer to 0.619 g/m3 (25/5/73 in P4) . 

~his suggests that phosphate levels may affect algal 

frowth rates, but other forms of phosphorus and thei.:: 

transformati.ons would have to be investigated fore a 

initive answer could be given. 

(8) Analyses for dissolved silicate showed that the 

concentrations present var with salinity ranging from 

0.4 g/m3 (P3 on 26/4/73) to 1.8 g/m3 (Fs on 9/10/72) • 

No evidence of biolog uptake of sil t:e in large 

quantities was found. 

(9) Oxygen dissolved the water was greatly ected by 

salinity and temperature. A range oxygen 

concentrations (6.2 mg 0
2
/1 (P3 on 27/7/73) to 0.8(, mgo

2
/1 

(PS on 29/1/73) ) was found. It was cone that 

disso oxygen levels were near saturation, at the 

conditions prevail r at all times of the 

(10) The pH of the ponds showed unusual fluctuations eby 

vall.1.es fell at l-:.11e ·times pbytoplankton populat:i ons 

to bloom. These falls in pH also coinc :ed with 

idly inereas salini f ris t.ernpera.tuY.'e; , 

very eaEe in l\rt-:emia numb8l:s" Fluetuc, tions 



were larger in the Ea1inity ponds with a 

p4 from 7.9 (1/11/73) to 8.5 (12/7/73), 

F5 from 8.1 (30/12/72) to B 3 (23/2/73). 

36 
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SECrfION 2 

THE ALGAE OF THE LAI\E GRASSMERE CONCENTRATING PONDS 

2.1 INTRODUCTION 

GENERAL BIOTA OF THE PONDS 

The of the ponds P3 - F3 was totally 

dominated by 
----~-

and the microfauna by protozon. 

Hacroflora was sented by a filamentous blue-green alga, 

tentatively in the Oscillatoriaceae, and microflora 

by bacterL:t and 

and P2 a slightly more diverse biota was observed vlhen the 

seawater WElS in process of preconcentration. With sal 

at 81 ppt ldditonal macrofauna luded; Copepoda (2 spp), 

(1 sp) f Nematoda (1 spp). Microf included 

Chlorophyta (2 spp) and Chrysophyta (2 spp). Also found near 

PI and P2 were two adults of the fly, No 

larve were found ponds. 

\\1he11 the '\vater in PI and P2 was purnped int.o P3, at a 

sal of approximately 125 prt, additional biota had 

disappeared, 

Results of the salinity determinations ponds P3 ~ 

F5 have shown that inity is very high throughout the 

year, reaching saturation levels SUlluner in ]i' series 

ponds. In this har environment species of 

were f -two un lular flag s and one filamentous 

form. 

Two flagellat.es \'J'ere members the Volvocales, family 

Po1yblepharidaceae, la sal TeodoreseD 1905, and 

Dllnaliel euchlo:ca l~erc 1937, and lamentous form was 

a bl of 'tl1R f Oscillator 

species Dunaliella have two flagella equal 
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length at the anterior end cell. The chloroplasts 

are cup-shaped, one 1, sess a single pyrenoid. 

An eyespot is present but no vacuoles. The smal 

the two flagellates, , frequently formed 

amorphous palrnellae of irnmobi c 1 s wi thin a COTIlftlOn rna tr ix . 

Asexual reproduction was longitudinal fission in 

the swimming phase, and by division of the protoplast 

up to 16 zoospores in lla. Sexual repro-

duct ion was by isogamous, bifl llate zoogametes forming a 

walled, red pigmented zygote. Sexual reproduction was 

only observed in D. euchlora~ 

'1'he cells have no well defined outer wall but instead 

was a diffuse mucoid layer. Cell varied somewhat 

ovoid to pyriform sometimes with 1 compression. 

Dunaliella ~.1'lin~~el1s, 3 t shm'1 the 

I cup-shaped chloroplast but'the 1. cont:ents are 

obscured by haematochrome, a carotenoid pigment. 

is small and one third the distance from apex to 

base of cell. Mean size was 14 ).lm long and 9)Urn at 

maximum width. Green pigmented cells were formed at i~:er-

mediate sal but at very high salinities 

masking \'las ~~he <;Treen form was or 

descr as a species, D. viridis 
- --==,=,,"":~',-",,=,".-~-""~--~ 

SCQ 1905, 

but when was shown that environmental factors were res 

pons cb.ange the two were synonymised 1944) 

Dunal euchlora Plate 1, is considerably ler 

that D. sal 9 )lrn long by 4 pm broad. The chlorop t: 

is simi but is adjacent: to the flagel 

body and i s e. Cell colour is always oen 

in the vege se. Haerna'tochrome mas}(ing occurs 

during I \.fhen gametGs may be red or 



PLATE I 

A pair of recently divided Duraliella ~uchlor~. 

Prominent is the ctloroplast appearing as p~rallel 

lines (C). Several large pale starch granules, (S), 

surround a pyrenoid, (p), and a lipid globule, (L), is 

visible near the cell wall. The nucleus, (N), is large and 

the nucleolus, (N I ), is visible in one cell. The point of 

attachment of the flagella is designated (F). The 

gelatinous sheath surrounding botl1 cells is faintly 

visible, (G). Several small vacuoles, (V), are clustered 

between the nucleus and chloroplast. 





PLATE 2 

A s e vege·tative 1 Dunaliel s ina. 

Starch granules, (8), are arly dispel.' 

throughout cell and lipid globules, (or pos 

pigment mater 1), (L) rare 1 and shown adjacent 

t.o the nuc (N) 0 Mitochondria, (1;1) , are vis 

at three points around the nuc membrane. 

chloroplast, (e), is diffuse may be seen around 

the starch s. Ribosomes f (R), f ill the s 

between the lipid globules and 1 vacuoles, (V), 

occupy other pock(?t~f3, particular adjacent to the 

nucleus, the 1 membrane is as a 

thin. layer by a ·thick t;inoUE~ shea.th r (G) 





PLATE 3 

A pair of recently divided Dun~~~ ~~J:._~. M.uch 

the same as plate 2 but showing mitochondria, (M), 

particular c ly and numerous small vacuoles, 

(V). Starch granules, (S), and lipid or pigment 

globules (L), are abundant but no nuclear mater 1 is 

visible. The division of the gelatinous sheath is 

almost complete and pronounced layering is apparent 

in the mater 1. 



1 
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and in the rest zygote which is deeply pigmented. D. 

euchlora readily forms palmel e in which cells divide 

near the centre while f late tive Is are released 

the edges. 

The third present was a member of the fami 

Oscillatoriaceae and Cyanophyta or blue-green algae. 

It took the form of long chains of very small, 1.5 "urn long x 

2 )lm wide f cylindr cells surrounded by a well def 

membrane. No chloroplast was present but the pigment and 

granular materials were distributed throughout the 

protoplasm. Th~ filaments were unbranched, very fragi 

and characteristically grew 111 led masses. A thin 

ge inous sheath was vis surrounding the filament. No 

heterocysts or spores were sent and multiplication was 

by fragmentat.ion of filaments. These characteristics 

are typical of the Oscil iaceae, (Smith 1951). The alga 

has tentatively identif as an Oscillatoria? ies, 

but does not fit well with any currently described spec s. 

2. 2 REPIWDUCTION OF DUNALIE:LI,A EUCHLOHA AND D. SALINA 

in 

two circumstances. The first of se was as a palmella, a 

loose aggregated mass of algal cells enclosed in a thin 

mucilaginous sheath. Division of c(~lls was most rapid near 

centre the palmel but 110 flagel v7ere formed, 

Cells near the shad f1 1 and ,,7ere s\rV'imming 

off into the water column. palmellae commonly composed 

to 10% st.and crop of in the ponds but were 

noJc extensively zed by This form of reproduction, 

there , provided a constant steady supply of vegetative 

cells. 
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The second form of asexual reproduction was simple 

longitudinal fission. This free swinm1ing 

vegetative cells. d cell received one of 

the pair of flagella and was rapidly regenerated. 

Sexual reproduction Do euchlora was detected in 

the concentrating ponds during mid and late summer. Lab~ 

oratory trials showed that it could be induced by maintaining 

cultures at high temperatures, o (over 28 C), or by providing 

sal ies greater than 190 ppt a medium lacking reactive 

orthophosphate. Sexual reproduct did not occur at salini~ 

approaching saturation in the F s ponds. The onset of 

sexual reproduction was indicat appearance of red 

s on the substrate crust of concentrating ponds. 

2.1 shows the time of the ranee of sexually 

ing algae. In the diagram II 
II sents absence 

and II + II presence. The onset of sexual reproduction 

fairly well with the 200 isohaline in Table 

1.2 the periods of low orthopho e concentration 

shown 'J:able 1. 4. 

In reproducing sexually D. euchlora were attached 

to the first divided into four Is, (Fig. 2.1). 

These round off and then turned red to spread of 

the caroteno pigment, haematochrome, through cell 

starting area irrunediately surround nucleus. 

The next e consisted of a large number of d i8:Lons so 

that 1 cell was transformed into a mass of very 

small i tes. These slowly recovered the or nal green 

of the cell and were released of the 

former 1 Conjugation then took other 

gamet.es. Pus abouJc 20 rn inutes occurred 

gamet(~s had at. at the flagellate end c 1s. 'l'l1e 



FIGURE 2.1 

The sexual and asexual reproduction cycles of 

Dunaliella euchlora 

o 



DIVISION t%~ TURNING RED. 
UP WITHDRAWING FlAGEL , 

ROUNDING OFF. 

SEXUAL 

r TURNING GREEN. 
GERMINATION AND MEIOSIS FORMING SWARMERS, 

\ 
+-- CONJUGATI 

AND THICK 
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P3 P4 P5 P6 P7 P8 P9 P10 1"1 1"2 1"3 F4 F5 

10/8/72 

25/8/72 

5/9/72 

21/9/72 

9/10/72 + 

26/10/72 + + + 

11/11/72 + + + + + + 

7/12/72 + + + + + 

30/12/72 + + + + + + + 

10/1/73 + + + + + + + + 

15/2/73 + + + + -I- + + + 

23/2/73 + + + + + + + -I- + 

29/3/73 + + + + + + + + + 

12/4/73 + + +. + + + + + 

26/4/73 + + + + + + + 

10/5/73 ;- + + + + 

25/5/73 + + + + 
c' 

14/6/73 + + + + + 

28/6/73 + + + 

27/7/73 + 

9/8/73 

/9/73 

28/9/73 

18/10/73 

1/11/73 

rl'ab1e 201 containing sexually reproducting !?~~12~h1£~CJ;J 

11+" r pond[..; \ilhf~re none was found f "-" 
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zygote rounded off, withdrew f la and formed a thick 

walled, deep red, resting stage. Germination of the resting 

stage was eeded by meiotic division to produce four new 

vegetative cells. 

In D. salina only vege'ca'tive mUltiplication was seen. 

No lmellae were formed and no re ng stages were seen at 

any iod of the year. 

Very little information is available regarding mult 

plication in Dunaliella species although Teodoresco (1906) 

observed conjugation in D. ina. This took 10 minutes for 
~ .• ~~-~-~~ 

complete fusion and the format.ion of a four f gellated form. 

MacDougal (1914) also noted conjugation in samp s of 

D. salina from ·the Sal ton Sea f California, but as with 

rreodoresco, he could not deduce any more. Lerche (1937) 

confirmed that both ~_eushlor~ and D. salina undergo sexual 

reproduction and the processes are essentially similar to 

those described above. 

2 3 ALG.AL BIOMA,SS IN THE PONDS 

DUE.s~L_~L§!. !::~cbl<2r-=<!. exist.ed. in two phases in t:he Lak.e 

Grassmere ponds i a free~E:wimming flagellated cell and a 

sessile palmella stage. 8-2:_!-=~!:;\~ fed almost exclusively on, the 

motile form by f 11 tar feeding. In the concentrat,ing ponds 

to salini t s of approximately 290 ppt the alga present vvas 

almost exc sive1y DUE~::;.l~~E;J;:,.,~<;1;. 8I.lchlora wi·th 

of the oscillatoriacean which was not 

In most pool:CJ both ies 

1 amounts 

by Artemia. 

of Duna1ie1la 

sted llIi th ·the highly pigment.ec1 species f D. salina oft:en in 

grea-t.er concentrat:ions and producing vivid b100m.5 f (Pla·te 

4). lU. thougb the r colour of the indica a bloom, 

Jche densi the pigm(~nt was not ah\,vays propoJ:tional t.o the 



PLATE 4 

An aerial view of part of the concentrating 

s~r and factory buildings at Lake Grassmere. Shown 

are part of ponds PI, PIO, F2, F3, F4 and FS, (Fig. 1.2). 

Deep storage pond Ds 1 is shoym at top right. A 

Dunaliel ~.?-1...:~}1~ bloom is well developed in F3 jUdging 

by the red colour. Slight pigmentation is also sible 

in F2 and Ii'S. The small ponds to the lower right are 

saturated brine used to wash harvested t. The 

sa-turated solution supports dense blooms of ~_sa~i!,l~~. 

The white les are harvested sa awaiting processing 

and bagging, {approx. 150 OOOt). 

Photograph: V.C. Brown 
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density of c Is in the water because the carotenoid 

pigment water soluble leo_ches both dead 

and living c s. The accumu after several minor out 

breaks tended to produce the ession of a major bloom 

whereas the actual number of D. ina cells was not very 

large. Very I deep red th of D, sal appeared 

only at saturation salinity just before the water vlas pumped 

off into deep or to lising ponds. In view of 

this management, ice the occurrence of major blooms of 

than a 

permanent feature the concentrating series. In the 

sent study a bloom is identif as a period of 

ion of but not necessarily associated a 

high density of standing crop. This distinction made 

se generally throughout the concentrating ser blooming 

algae is accompanied by an se in ]';.rt biomass 

consumes eased production. Thus, even though 

production of algae may be high, the water may reta s 

c ity. The exceptionally dense of D. salina 

saturated brine ac these number s because Ar1::emia s 

and S VE;':ry rauch. less rapidly in s environment_ n at 

salinitir·s. 

SEPARA'l'ION OE' PHYTOPL1\NI\'l'ON FROB ZOOPLANKTON AND DE'rRI'l'US 

ViTa'ter samples algal dens biomass 

ions V.Jere 1 1 con'cainer s 

the in-t marked I S I Fig. 1.2. The containers were sed 

to a d of 400 mm lowed to fill. In establi 

these stations random ing consist of five s were 

-taken tbf'~ mar each pond on first 1:vvo 

occas They were all analysed as sC:t~>:Lbec1 below 

showed no difference in dis-tribution algal cells 
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throughout each pond. Vertical samples at the sites did not 

sho\" any strat ication in t.he vlater columno The almost 

continual wind water circulation was considered to 

be responsible for the good mixing. 

The water was passed through a 0.1 mm mesh plankton net 

which filt.ered out al.l. ~Et~mia adults f nauplii and eggs, and 

the larger protozoa. It also removed most of the detrital 

mater 1 that consisted mainly of cast exoskeletons Artemia. 

The filtrate was then examined microscopically and the 

volume of organisms other than algae, such as protozoa, 

estimated, (Gillbritch 1952). Since a organic material was 

going to be included in the estimate of organic carbon, and 

specifically the algal carbon was being measured, 

estimated volume of protozoa was used as a correction factor 

and subtracted from the results of the algal biomass 

determination. The shapes of the protozoa were regarded as 

prolat.e spheroids and the volume of cell material calculated. 

This was a correction factor which varied between two and 

six present depending on the season. 

DETEHMINATION OF BIOMASS BY WET COMBUS1'ION 

'1'he l'nethod described by Strickland and Parsons (1968) 

which employs a sulphur acid/pot.assium dichromate oxidant 

was used. 'They state: "Hesults given by this method are in 

terms of glucose carbon. The true carbon content of iculate 

organic mater 1 would only approach s value if 1 of the 

carbon were present as carbohydrates. Normally, results 1 

be high or low according to the nature the organic materi 

but the average composition of phytoplankton and detritus is 

such that the true content is within 10 - 20 percent 

of the ox ion va given by the esent procedure. The 

oxidisable carbon is a realistic measure of the energy stored 
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in_a 

ision to use a wet combustion method 

detennin algal b s rather a pigment extraction 

method was made several reasons: both Dunaliella a 

D, salina per s of intense red carotenoid 

pigment continually, at varying intensit I frequently 

masking the nucleus only in vigorous cells but totally masking 

contents senescent c Sf and walled s. 

~u.cl~lo:r:~ is predominantly green vegetative form but 

strong red pigment production occurs wheri sexual reproduction 

is about to place. When environmental condi are 

becoming limiting, ticularly at high salinit s and low 

reactive phosphorous levels, sessile se of D. euchlora 

also develop intense pigmentat 

The presence intense red caro-tenoid pigment makes 

chlorophyll estimation very di icult through its masking 

If proportion of red pigment is constant this 

may be able to be u in estimations but this is also 

ex-treme1y va:ciable. 'rhe number of variables makes pigrnent 

lysis of doubtful value even discounting the possible 

interference from dis ed pigment. It was concluded 

that organic carbon analyses would prove superior in s 

situation. 

Iv1ETHOD 

One 1 e water that previously been pass 

through a 0.1 nun mest net to remove zooplankton was drawn 

through a llipore f funnel fitted with a 4.5 cm Whatman 

GF/C ss f filter. The filters had previously 

8U ected to soooe for 30 tas to burn off a 

organic material. A moderate vacuum, (200 ~n. }1' was u 

to event algae ruptu,r and cell content_s ing 
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drawn through the filter. After the filter had been sucked 

dry the vacuum was released and it was flushed with two 

applications of 0.25 M sodium sulphate solution to remove 

most of the sodium chloride from the lake water. Between 

applications the filter was sucked dry. The removal of 

chloride from the material to be oxidised is important since 

chloride interferes with the dichromate oxidant by reducing it 

to chromate. The balance of the chloride was removed by the 

next step which was heating with 70 percent phosphoric acid. 

The preheated filter was heated with the oxidising mixture 

until no more reduction of dichromate to chromate was taking 

place. The reduction of the dichromate was determined by 

measureing the extinction of a blank dichromate/sulphuric 

acid solution against the reduced sample with a Bausch and 

Lomb "Spectronic 20" spectrometer. The extinction found \,.;as 

corrected for absorbance by trivalent chromium, (E corrected = 
1.lE found), and then applied to the equation: 

c/ 3 E x F x v mg m = 
V 

where V = volume in litres of lake water used, F is a factor 

determined by combustion of a solution of pure glucose, v = 

volume of dichromate oxidant used and mgc/m3 is the oxidisable 

carbon per cubic metre of water. 

RESULTS 

The standing crops of algae on 27 occasions and in 13 

ponds are shown in Table 2.2. At the beginning of the study 

period the spring increase for 1972 was just beginning and on 

this date, 10/8/72, the highest algal biomasses were found in 

ponds P7 and P8, (1210 mg/m3 and 1370 mg/m3 respectively). 

At this time standing crops in the very saline F series were 

much smaller than those in the concentrating series and the 



lowest biomasses were f 

220 mg/m3 respectively). 

and FS, (290 mg/m3 and 
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After 8th August, an se in algal growth became 

evident although the start se was retarded in 

the F series where it was not until the 9-th September 

sample. The highest biomasses early spring period 

were found in ponds P8 ~ F5 on 21st eniller but the biomass 

of algae in ponds P3 to P7 co to rise to a peak about 

November. At the time biomass was falling in 

the high salinity ponds, with the exc ion of F4 and F5 

which were showing sporadic blooms red pigmented alga, 

la salina. 
----~--~.~- -----~.-

Except for these blooms, algal biomasses 

continued ~o fall throughout summer ea autumn and did 

not begin to rise again until autumn This increase 

continued into the 1973 winter 

DISCUSSION 

The peak abundance of algae in Grassmere ponds is 

oceanic standards although simi ues have been 

waters at: times of high productivity. 

Riley (194 found values for total organic carbon 

3 
of 3100 mg/m the top one metre in Long Island Sound, 

Eastern U.S A. which he interpreted as the spring 

for area. A somewhat lower figure was found by 

(1956) 

1500 

1000 

3 
mg/m~ 

3 
mg/m 

(1954) 

coast: 

(1960) f 

had 

found 

s ling at 50 m off Plymouth, Here 

was r and at the same time at 

Miyake, Kigoshi, Sigiura and 

of up to 
3 2000 mg/m off the 

This figure was challenged by Str 

considered that zooplankton and 

in sample. The levels of organic 

Gra sroere ponds are by no means exceptional 



10/6/72 

25/B/72 

5/9/72 

21/9/72 

9/10/72 
26/10/72 

11/11/72 

7/12/72 

30/12/72 

10/1/73 

29/1/73 

15/2/73 

23/2/73 

29/3/73 

12/4/73 

26/4/73 

1 C/~V7 3 

25/5/73 

14/6/73 

28/6/73 

12/7/73 

27/7/73 

9/8/73 

13/9/73 

28/9/73 

18/10/73 

1/11/73 

P3 P4 P5 P6 P7 P5 P9 Pl0 

920 1110 1020 

980 1480 1310 

1690 1820 1240 

1470 1780 1720 

1620 2270 2210 

950 1210 1370 1020 

1120 1390 1920 1070 

1480 1620 1610 920 

1920 1880 860 1140 

1880 2210 620 720 

1510 2470 1920 1690 

2020 2660 2110 1070 

1520 2090 1140 770 

1460 

1310 

680 

420 

210 

160 

660 

490 

140 

8JO 

1070 

1000 

1260 

970 

610 

2JO 

290 

970 1000 690 520 400 270 110 220 

620 720 1060 390 J20 420 360 280 

1060 880 1440 650 JOO 280 320 240 

270 680 720 260 210 210 180 220 

180 410 610 

100 380 480 

90 110 170 

120 260 380 

160 190 690 

260 420 770 

140 640 8JO 

330 820 970 

260 1110 2>20 

390 1630 1290 

290 340 220 170 

190 240 260 210 

130 200 390 420 

460 670 840 300 

310 190 280 190 

270 100 80 

620 890 140 110 

870 1230 270 420 

1090 1440 1040 660 

1990 1680 1280 1290 

290 

380 

510 

410 

270 

100 

190 

610 

750 

1620 

620 1890 2640 -2080 20JO 1920 2000 2060 

760 2020 2270 2820 2610 2390 2180 2290 

1440 2110 2010 2160 1990 2290 2000 2310 

1720 2000 2310 2000 1740 1690 1460 

22BO 1640 1970 2060 1670 1480 920 870 

F1 

600 

740 

790 

1200 

820 

470 

260 

J60 

160 

200 

170 

130 

80 

220 

690 

540 

260 

110 

240 

360 

330 

1610 

2610 

2840 

1920 

1270 

1020 

F2 

71G 

870 

980 

1080 

990 

620 

310 

120 

130 

160 

230 

180 

140 

370 

1010 

410 

160 

180 

340 

44C 

620 

1670 

1790 

1410 

1060 

690 

290 

420 

1UOO 

1210 

710 

560 

490 

)60 

410 

370 

220 

290 

260 

340 

1j60 

720 

:-170 

2'10 

240 

140 

290 

540 

920 

1~20 

1010 

1000 

$30 

48 

F4 }'5 

380 220 

51 C 43U 

690 310 

970 920 

1020 1080 

680 1690 

520 820 

630 290 

820 1040 

1030 1670 

600 620 

Po90 480 

130 210 

720 E\3J 

1080 1880 

690 2040 

140 1030 

280 620 

360 210 

420 110 

380 160 

470 220 

660 320 

740 230 

,:)20 460· 

710 630 

620 1090 

Tahle 2.2 Biolllass of algae exrressed as milligrams of oxid:i.iOable carbon p£r cubic metre. 

" 
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high as the figure of 2000 mg/m3 of chlorophyll as recorded 

by TaIling, Wood, Prosser, and Baxter (1973) indicates. 

Converted to mge/m3 using the equation suggested by 

Strickland (1960) this gives a value of 120 ge/m3, 

(Grassmere maximum approximately 2.9 geom3 ). 

2. 4 DISTRIBU,]~ION OF ALGAE IN RELATION 'TO SALINI'rY 

Looking down on the Grassmere complex at almost any 

time between spring and early winter the first impression is 

the variety of colour in the ponds. The most saline ponds 

in the concentra"cing series Pl - F5 normally appear dull 

pink, Plate 4, whereas the least saline and moderately saline 

ponds look blue/green. Meanwhile the saturated brine used 

for washing the crystalline salt prior to drying and bagging 

shows an intense red colour that also occurs in small puddles 

of saturated brine around the base of the storage slabs. 

'I'his immediately suggests that the two algae responsible for 

Dunaliella salina (red) have different salinity optima. 

ME'rHOD 

Lake Grassmere pond water taken in September 1973 was 

adjusted to the following salinities with distilled water, 

100, 150, 200, 250, 300 ppL Sat.ura·ted brine, (about:. 312 ppt.)p 

was also prepared by evaporation of lake water at room 

temperature. The levels of nitrate and phosphate in the 

3 3 
solut:.ions we:r:8 adj usted to 0.08 g/m and 0.01 g/m 

respectively by the addition of sodium nitrate and potassium 

hydrogen phosphate. Two series of five 500 ml Erlenmeyer 

flask cultures were set up. One was inoculated with 

Dunaliella euchlora and the other with D. salina. The 

cultures were kept at room temperature, (25°C ±Soe), with 
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light supplied by two 65 watt cool white fluorescent tubef~ 

30 days with t.he adju daily and the nutrient 

levels every fourth of the algae was by shaking 

the container and extract one ml pipette samples. 

Numbers present were counted a haemocytomet,er and the 

mean of ten counts recorded. When c 1 idensity was very small 

10 m1 samples were centri . down resuspended in 0.5 ml 

of solution. 

RESUL'l'S 

Fig. 2.2 shows the grovlth of popu1at:i.on of 

~un~liel1a eu~~or~, expressed as c , i.n the six 

salinities used. Growth was most at the lowest 

salinity, 100 ppt, after an init iod of five days. 

The logarit.hmic growth phase ext,end day 10 to day 20 

when the population began to st~abi1 e at about 18000 cells/mI. 

Growth rat,as at 150, 200 and 250 ppt were and the 

logarithmic growth st:age was not so However, in 

o ppt and 200 ppt the final stable was similar to 

found at the lowest salinity. The growth rate in the 

250 ppt culture matched those at o and 250 until on 

20 levelled out at about 12000 cells/mI. 

Growth rate in the 300 ppt solution was much slower 

at salinities and numbers had to only 

7000 cells/ml by the 26th day. A similar s:i:t,uEd:. was found 

brine but with a still lower f 1 of 

3700 

Resu s of a similar set of trials c out with 

D. sal are shown in Fig. 2.2.1. They show a I 

cell than an increase as in D. 
~-~~=~"~~~=~~ 

100 cultures. A small increase in numbers 1000 

1 to 2800 cells/ml was found 200 PFt a 



FIGURE 2.2 

Growth of Dunaliella euchlora in culture at salinities 

of 100, 150, 200, 250, 300 ppt and saturated brine 
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FIGURE 2.2.1 

Growth of Dunaliella salina in culture at salinities 

of 100, 150, 200, 250, 300 ppt and saturated brine 
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increase which was 

in the experimental 

solution. A very 

both the 300 ppt so 

s 

iod, was 

an increased rate late 

iOll a 

in the 250 ppt 

se took place in 

saturated brine. The 

increase in cell rnmtbers was 

brine but slowed after the 

300 ppt culture moved fract 

after the 18th day and the f 

saturated brine about 2000 

300 ppt solution. 

faster in the saturated 

the number in the 

s vvas reversed 

the numbers in the 

those in the 

DISCUSSION 

There is a large difference inity 

optima, as measured by population density, of D. 
~---~.~-.= 

D. salina. rrhat for D. euchlora 1 

normal oceanic salinity, (35 ppt) f and 200 pp~ a at 

Grassmere it lies between 100 ppt, (the minimum 

found), and 200 ppt. The optimum for D. sal 

at extreme saJ.inity of saturated brine, although growth 

11 good somewhat below saturation. Gibor (1956) 

several II strains" of D .~s:hloEI identified as 

D. v obtained from the concentrating ponds of the 

Lesl t Company on San Francisco Bay and found that they 

had d Over all, however, growth was found 

to 

D 

with 

much 

D. eue 

outs e 

s at about 100 ppt salinity although 

e water up to 220 ppt. When testing 

t,hat range of salinities that 

was between 35 ppt and saturated brine 

rate at 150 ppt. This range is 

at Grassmere Gibor found that bo'ch 

D. sal a could be acclimatised to salinities 

ra e with prolonged culture. In the 
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sent study acclimat of gae to different sal s 

the ponds could have affect the results of Sa 

This would be difficult to and control e 

rapid changes in salinity a wide range occur as a 

resul t of salt ,,"orks opera-t 

Ji.1cl,achlan (1959) so f a large variation 

growth between cultures of D. 
~---~=~,,~ 

could be expla 

the of two strains. were indistinguishab 

morpholog lly but their growth rates differed by 100 ent 

in laboratory culture using mod ASP medium. 

2.5 NUTRIENT REQUIREr,mNTS OF AIIGAE 

two major macro-nutr s are considered to 

influence growth rates of algae are nitrate, Section 1.11, 

and pho I Section 1.12. To toe the minimum 

concentrations of these nutrients neces for vigorous 

growth of Dunal lla euchlora and D. sal a set of solutions 

was set up containing controlled amounts nitrate and 

phosphat:e. 

1'1E'I'HOD 

The solution used was modified ASP medium 

described by McIJachlan (1959) which had ssium hydrogen 

phosphate as sphorus source and s s ium ni b.' a te as 

the nitrate source and a full range micronut.rients 

The media were set up in four series of f 250 ml Erlenmeyer 

flasks each in 200 mI. Two of Bel:' were tested 

each t.wo days nutrient levels, and the two series 

were undi exc for t:he removal day of 

small volumes counts as in 2,4. On basis of the 

analyses of control flasks, fresh nutrient s "lere added 

-to the exper series to maintain the or 1 con~ 

centrations. 
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EXPERIHEN'r AL ( ].) 

nH:rate g/m 
3 phosphate g/m 

3 

0.8 0 

0.8 0.001 

0.8 0.010 

0.8 0.100 

0.8 0.200 

EXPERIMENTAL SERIES (2 ) 

nitraJce g/ro 
3 pho g/m 3 

0 0.200 

0.01 0.200 

0.10 0.200 

0.50 0.200 

LOO 0.200 

Incubation was for 16 days at 26 0 C 15 em 

light source of two 65 watt fluorescent tubes. 

was·carried out with D. euchlora and D. salina at 

s determined in sec-tion 2.4 as being good growth. 

RESULTS 

Great difficulty was experienced In maintaining 

nutr levels as bacterial populations began to develop in 

'{las at least an approximation to 

I 0 was adhered to. The upsurge in bacterial 

populat al id and t:heir consumption of 

nutr However, within a few days the culture 

i ial population became constant 

(as examinat:ion) and nu-trient: levels 

could 'well controll From this point on the experimental 
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conditio~s, as stated in the method, were fulfilled. 

Figs 2.3 and 2.3.1 show the increase in numbers of 

D.<~_~uchlora with limited phosphate and limited nit.rate 

respectively. When no nitrate or phosphate was present, 

cell numbers stayed constant for a short period and then 

began to decline. 3 Low levels of phosphate (0.001 g/m ) and 

nitrate (0.01 g/m3) both resulted in very slow growth of 

algae with only 5100 cells/ml and 380 cells/ml respectively 

being present after 16 days incubation. However, there was 

no substantial difference in growth rate at the three highest 

mentioned levels. 

When D. salina was cultivated under identical conditions, 

except for a higher salinity, a siDilar drop in cell numbers 

was found when either of the nutrients was totally absent, 

(Figs 2.4 and 2.4.1). Marked growth inhibition was found 
3 3 < 

when phosphate levels of 0.001 g/I~ and 0.010 g/m were 

present but growth was fractionally faster at the higher 

phosphate level. 3 3 
At the 0.100 g/m and 1.00 g/m phosphate 

concentration there was rapid mUltiplication and no significant 

difference between the two treatments. 

When the nitrate concentration was varied, (series 2) 

total absence 6aused a stead drop after a brief period of 

mUltiplication in the first four days. An increase in 
J 

concentration to 0.01 g/m~ produced slow growth but with a ten 

times increase ·to 0.1 g/m3 the cell densit.y was approximately 

doubled. At the high nitrate concentrations of 0.5 g/m
3 

and 

3 1.00 g/m growth was again stimulated and similar. 

DISCUSSION 

The results indicate that inorganic phosphate levels of 

3 0.001 g/m have a strong inhibitory effect on the mUltiplication 

of both Dunaliella euchlora and D. salina. It also appeared 



FIGURE 2.3 

Growth of Dunaliella euchlora in culture at a salinity of 

150 ppt and five different phosphate concentrations 

FIGURE 2.3.1 

Growth of DunaJ.~~J.la ~~chlora in culture at a salinity of 

150 ppt and five different nitrate concentrations 
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FIGURE 2.4 

Growth of Dunaliella salina in culture at a salinity of 

300 ppt and five different phosphate concentrations 

FIGURE 2.4.1 

Growth of Dunaliella salina in culture at a salinity of 

300 ppt and five different nitrate concentrations 
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as D. salina was moderately 3 ted by 0,01 g/m 

of sphate, D. euchlora well nlultipl at. nearly 

maximum rate. It is a risky venture to transpose 

findings from small tures to a large pond envix'onment 

since only two or macronutrients were being controlled 

was no way of ling how much change e was in 

amounts of micronutrients that are necess for healthy 

growth. Bacterial growth the c s may also have 

caused var s in nutrient balance that would not 

occur in ponds. However, comparison of the alg'al 

populations in Grassmere ponds the pho a.eter-

minations s tend to reinforce belief levels 

3 
phosphate below and about 0.01 glm are imposing some 

re ion on multipl ation rate. 

There is no clear correlation between nitrate levels 

and algal growth in ponds, Table 1.3, and it is not possible 

to see a similar type of inhibition in the ponds as that 

suggested by the culture experiments. It seems likely 

if pho is the limiting in al 1 gro\"rth is 

overshadm'Jing ni·trate fect, 

2.6 PIIOTOSYNTHE'l'IC Hl'~(rES 

DeteImina t. of SIross and net synthe rate by 

the 1l1ight dark. n method is an old e ished 

well documented rout ,that not l.scr 

here. method was here was that described by 

Strickland Parsons (1968). cal analysis was by 

Winkler lUi::~thod f without modif ion. It was initially 

hoped to perfcn:m inat s in the f Id but a trials 

rates were determi in a laborCl,t~ory 

problems associated with high Is of oxygen saturation 
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brine ponds. se ten caused bubbles to 

tably at an e of incubation and reI 

tion estimates could not obtained. This problem 

s overcome by frequent. of the light bottles 

laboratory situation. 

ME'rHOD 

From one litre of water from each pond at po 

IS' 400 mm depth two 250 ml B.O.D. bottles, one clear and 

the opaque black, were fi a the water had been 

f through a 0.1 mm mesh at edge. The light 

bottles were placed in an incubator cons ting of a water 

temperature illuminated 65 watt cool 

white f scent tubes. The dark es were left in a 

darkened water bath at a simi The incubation 

period was s hours. 

At end of the period a Winkler determination was 

performed on of the samples and of sodium 

thio used in the calculations as tailed below: 

Gross photo sis (Mgc/m
2
/hr = 605 x - Vdb 

Net photo sis 

f is a correction factor for iodine liberation not co ideni: 

wiU1 t:he disso oxygen present p Vlb I Vd.b Vlw are the 

thiosulphate the light bottle, dark bottle 

unconfined respectively. N repre 

normality (0.01 N), and PQ photo 

synt.het:ic algae which was taken as 1.2, 

(Strickland and Parsons 1960). 

To rneasnre production of the th mat of 

substrates, shallow core , 8 em in diameter, were cut 
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the crust. Two were taken each pond. One was rubbed 

clean. of as it had en Each was 

then a shallow 500 glass conta which was 

:Eilled Hillipore f v,later from the of origin 

(Whatman GF Ie paper, 0.4 ,l.lm). The containers were then 

incubated in the normal manner for six hours the carbon 

production calculated as rrhe water the substrate 

sample was substantially of iella Is except for 

those shed from the sessile phase. 

RESUI,TS 

The total pr production of both pelagic and 

benthic algae is express as production 6h in Table 2.3. 

Most algal productivity aris~s in all ponds from 

pe forms of both D. euchlora and D. salina. The ben-thic 

D euchlora s most important part at inter-

med salinities (ISO - 250 ppt) there is a 

However, algae are 11 the dominant 

producers at se salinities. At salinities 

ing saturation, growth 

~"'ull s of relative productions of benthic and 

ic algae are in Table 4.4. 

Productiv rates varied over a wide range with strong 

seasonal trends being apparent. Vigorous spring was 

shown in the lower P series ponds the beg of 

ing, (August 1972), and the inning of 'The 

onset of growth in the F ser s occurred but 

was beginning to by 5-th 1972. In middle 

ponds f part:icu Iy P8 - FI, growth was beginning slow 

1972. '1'he 1 off in production had 

whole range of ponds by 10th January 1973. 

A a_l 11 rates VIas; seen throughout: sunUT,er and i:'mt_umn 
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Table 2 .. 3 Net production of algae expressed as grams of carbon 
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0.23 

0 0 47 
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by 14th April 1973 was evidence of a slow ease 

productivity. The e ('LITIe rapid after the end 

Ju 1973 and the highest ties of the sampling 

to 

catch 

ser 

star·t 

in P3 

a 

period 

were found in Imgust September 1973. Exceptions 

s pattern were found in P3 

P4 in production during 

up by 18th October 1973 and by 

the highest daily t 

F5, and to a lesser extent 

to growing period. It. is 

was caused by turbidity of 

crust whereas the inhibit 

1 

F5. P3 lagged well 

1973 but began to 

November 1973 was 

the concentrating 

I showed a similar slow 

that the inhibition 

water in the absence of 

in F4 and F5 was 

the result of high sal s. 

feet of high salinity 1i'5 is also shown by 

short lived blooms of lla salina. 

These were signified by rapid increases seen on 

26th Oc 1972, 10th January 1973, 1 April 1973 and 

26th 1973. 

DISCUSSION 

A relationship exists between the lining 

levels so phosphate, Table 1.4, ease 

in phyt:oplankt.on uction, Table 2.3, "lith 

regard to the 1m.mmer depletion of phosphate. It 

seems likely phosphate levels in the ponds 

exer'c an i imary production. was no clear 

cut rela 1 s of nitrate. 

\'lIND STIRRING EFFECTS 

Wind wa.ve a.ction has its maximum '111hen 

the crust of Gulphate has been redissolved 

salinity seawater. st example was in p3 14 

June 1973 and 28 S 1973. Net algal 
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very water failed to se during ing as 

rapidly as that in the adjacent ponds and it was not until the 

crust re-establi November 1973 

productivity matched that of ponds. ing 

of the s imen~ nutrient levels, particularly of phosphate, 

vlere enhanc 

grmvth was not as eatly affected as would be 

expec ing the low producticity. 

A 1 regression analysis was considered as a 

statistical means of showing a ion between ·amotlT't 

of dissolved pho p:t"esent growth of the a 

This type of i8, however, is successful if 

can be demonst:rated a simultaneous change of both componenU. 

It does not show a significant corre ion when there a lag 

between a in the nutrient 1 8 and a change in 

growth. This is would vwrk 1 in a lake where 

level of pho "\>Yas stable and slow changes over 

the season with slow algal reactions, but in the 

Grassmere ponds s occur more rapid and in both 

directions. The s, caused in part by pumping of large 

amounts of water from pond to pond and sea to ponds, 

could take place in a matter of hours. with on fortnightly 

samples I ·th(: per for the algal to vary 

vlit.hthe ch8.nges in nutr levels could not be accurately 

e At no COll the rela hip algae 

the nut):· ient cor\~,idered tot:al s e. A trial 

1 but: because above 

reasons proved inconc s 

'1'he highest 1 of f 

'1' C3 -""087 (g III )/oh, 9/8/73 and 13/9/73 re ectively) fare 

s to 'C.hOBe 'chat: e found in artific 1 
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or luted environmen·ts. For example f (1962) f 

1 s of 0,37 fish s 

Israel, (1959) e f of 0.31 

(gC /m2 )/b.r in polluted Hain, Germany. Rates of 

C 2 
0.6 - 1.13 (g 1m }/hr were from oxidation 

ponds by Bartsch and Allum (1957) and Johnson, Hathiesen 

(1962) demons'crated product rates of 5 6 (gC /m2) 

polluted lakes. 

One of obvious ies of Grassmere ponds 

to ponds used fish rearing and sewage oxidation is the 

shallowness, and is not particularly meaningful to compare 

the production of Grassmere to of oceanic or lake regions 

where data is provided for productiv of surface 

waters. 

A somewhat similar saline tern was investigated by 

Wa (1973). His production est showed a strong 

summer peak of carbon fixation with a maximum of 2.9 (gC/rn2)/ 

Day March 1970 an annual daily mean beh-leen December 

1969 November 1970 of 1.181 (gC/m2/Day . The total 

amounted to 435 (gC/m2) /year proving to be ·the mos·t productive 

non-polluted inland water body yet stigated. 
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SECTION 3 

l\RTEJ:vlIA Sl\LINA (BRANCHIOPODA l\NOSTRACA) 

3.1 INTRODUCTION 

The sub-class Branchiopoda contains 800 described 

ies belonging to four Sf Anostraca, Lipostraca, 

Notostraca and Diplostraca. The Anostraca inc s about 175 

s, known ly as fairy shrimps. Artemia ina, 

probably the best known representative of this group, is a 

fairly ised crustacean having homonomous metamerism of 

the thorax, abdomen, nervous and heart. There is no 

carapace and head is distinctly ted from the thorax. 

The mandibles do not palps and the second llae are 

reduced. Each of the 11 anterior segments a pair of 

simple, leaf 1 limbs. sirnplic is cons to be 

a secondary rather than a primit feature. posterior 

s are limbless but the f st two are sed and form 

gonopare, and uterus in the female. 

first antennae are simple but the second are heavi 

bui and in the male form c s for copulation. The 

exoskeleton is very soft rigidity is maintained through 

turgor sure. 

DIGBSTIVE SYS'rml 

Food travels up a ectodermal foregut en'l:ers a 

long r midgut glves rise to two bulbous dorsal 

caecae that pass forward into head capsu. 'rhe midgut 

progresses to a long thin hindgut ing in an anus with 

a well developed ter muscle 

CP.HDIO=RESPIHNfORY SYSTEIVl 

The extend through all 18 body segments 

possesses ostIa in Blood f anter i01:.' and 



posterior t most flows anter 

are richly ied with blood ves 

The sw 

sand 

takes place over most of the 

the exite. 

surfaces but. 
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appendages 

exchange 

ly across 

Gonads are paired and are transported via a short 

oviduct into a 

by a broad 

ian uterus communicates to ex·terior 

s attached vagina. Ma have paired 

to long thin testes located I in the abdomen. To 

copulate, the 

her jusJc po 

e approaches the female dorsal and zes 

to the limbs us the highly 

second antennae. Males may stay mounted for days, during 

that time the metachronal rhythm of limb movements each 

partner slowly come into phase. At irregular inte 

male mates by wrapping its body around t:he female so 

s the 

penes 

become opposed to gonopore. thus fertilised may be 

to hatch externally or may be to hatch nt,ero 

produce ovoviviparous young. Egg laying predom s over 

ovoviviparous birth four circumstances i a t th(~ beg'inninSf of 

f vlhen a young female first 1 , when the enviromnent:al 

conditions are par ly severe, and at the end of the 

leis reproductive 1 e. Ovovivipar conml0nly occurs 

is abundant and 

Sorne populations of 

(Bar zzi 1934b). 

'The egSJs const 

up and 

11 ret~ain full v 

POPUli:ltion is 

reproduce 

THE EGGS 

a survival and 

dorman·t in IDu.d 

asing rapidly. 

ical1y. 

phase s 

over five years 

i1it.y" In Al:t.emia t:'\vo types of egg s 

'thE:Y 

and 

are 

mainly 

f so called fmmnler and \~1 int.er Sf that, differ 

t.he i::hic S8 1 < Pr' 



to being la egg s total c and blas-toderrn 

hatch in 5S than 18 hours if conditions are 

optimal. An extreme case of s occurs in another anostracan, 

Chiroc • where sec of the egg the 

of the two metameres hehind head, and ng will occur 

within two hours. The life of dry (14% water content) eggs 

may be greatly ed by at low or 

vacume., (\!Vhi 1940b, Dempster 1960). 

Anostracans are never found in the sea is 

probable that much of their wide distr is froITt 

s that have stuck to feet of wading birds. Local 

di sal no doubt so occurs by wind transport as the eggs 

are very light. 

GEOGH1\PHIC DIS'fHIBU'l'ION 

is found e v.lherever brine pools 

occur, ei-cher 1y or as industry such as the 

sal t. plant: at. Grassmere, (Artom 1920b, 1922, Baid 

1958, Barigozzi 1934a, 1946, Barnard 1929, Blanchard 1891, 

Fockler 1937, Gauthier 1928, Haas Goldschmidt 1946, 

Kulkarni 1953, Perr 1954, Popova 1925, Relyea 1937, Sars 

1895). Not only brine is inhabited, but natron lakes in 

Egypt, Arabia, and Sou America also Artemia. 

prine dissolved sa s in natron 1 s are frequent ium 

nitrate magnesium teo A fa_ 

s been on Lagot.eller Island on -the 

Ant-arc pI:3ninsula in ary pools. constitutes 

highest form of aqua invertebrate life on the lmtarctic 

continent, (Llano 1962) Because ?2:!~._.~~~.~~~ can tolera-te very 

high sal es it can it env which are unava 

able to competit or predatory ies. 
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SYSTEHATICS OF THE GENUS ARTEf1IA 

Long periods of existence isolated and dissimi 

S \-Jith of new individuals 

!\r.!:~~ to produce numerous local variants. vJi th the 

rise of modern biology many of se were located and 

scribed as species of the genus Ar 
--"-~~~-

Discovery of 

is credited to Linnaeus st formal 

ription was by Sha\v (1791) who named Cancer iso 

This was later changed to Cancer nus and then redescribed by 
-~~~-

as salina. S e then 24 have been 

scr fering from each other in morphological details: 

salina Leach 
A arietina F13C 
A. asiatica Wa 
A. bivalvens Artom 
A. itana Artom 
A. Simon 
A. Verrill 
A. franciscana Kellogg 
A. ilis Verrill 
A. Idingi Thompson 
A. ermedia Simon 
A. ii Abonyi 
A, Verl7ill 
A. Pischer 
A. milhauseni Fischer 
A. Verrill 
A. LiEwen 
A. Artom 
A. Simon 
A. King 
A. SC;;:S8ua.ta Kin~f 
A. ArtOll1 
A. ns J\rtom 
A. Gunt.he.r. 
A. vect~ensis Hutchinson ss 

A was subsequently erec (1915), 

for two 

apparently in freshwater. 

D.lscr of many of the spec s a 

based on ro. length of the cephalo ax to 
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abdomen, and on nce caudal furcae, Specimens 

living at high sal caudal furcae den3ely 

covered in setae but s e and density of the satae declines 

with decreasing sal until at low salinities very few 

setae are present. (Abonyi 1915, Sc 1925b). '1'he 

relative length of the also shortens 

with a reduction in salin ( Gi ist 1956). Most of the 

species were described in the middle century but 

towards the end of this st part of the 

twentieth century, workers demonstrat II 

between "species" by varying the sal environment 

(Schmankewitsch 1875c, l877b, Sc ) . 
It is now generally agreed salina is ths 

~-----~~ -----~.-

only valid species present save phys distinct local 

varieties that are still recogni so be 

highly polyploid, 3n to 8n chromosome s been counted 

(Goldschmidt 1952). 

USES OF ARTEMIl~ 

Humboldt (da·te ullknm,m), in his Per Narrat 

scribed the harvesting and consumption of ~\rt~<:::. by 

who 1 the brine shl~imps llLoul ll or "Ji'ezzan \Alorm" . 

s ~rensen (1918) menti.oned t,ha.t American Indians 

harve from Great Salt Lake, Utah, and it as a 

s food. This is possil)le because the 

t. concent~rat.ion. of ~£.!:!~~~~~ departs ve:cy lit-lIe from the 

ext.ernal med 

also used by 

Ar 

r.: 
.L 

:LS 

Crustacea of about 0.8 ppt whereas that of 

varies between 30 and 300 ppt. Artemia was 

salt s ·to "clear" salt ponds as 

divided 1 and vegetable particles. 

so an excel food fay. nevlly hcd:ched 
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commercially grown f an 

to feed in culture 

se very difficult stage 

turnover of Artemia provides a 

ready supply of naupl 

bulk cultures c Adult. 

prawn rearing at a later 

stages when bred in 

u shrimp or 

whole or, more commonly, 

as part of a blended diet fo 

intake. ~~ eggs are also so 

for aquarium fish food. 

3.2 FECUNDI'l'Y 

to 

COITunerc ia.l 

The rapid increase in Artemia numbers in 

to hatching of resistant eggs that have 

these animals have sexually matured 

their very prolific egg production. 

take advantage of a temporary abundance 

very flexible egg production rate. 

a balanced 

to be hatched 

is 

se is from 

a 

Numerous authors including ArtOITl (1906, 192 ) f 

Goldschmidt (1952), Haas and Goldschmidt (1946) f and IViath s 

(1932) have reported parthenogenesis in ~.r!,£~i~_ but this f~ 

no·t been at any time in the Grassmere stocks. ts 

to induce parthenogenesis by isolating groups of f es did not 

and eggs produced in the ovaries did not traverse tbe 

oviducts. In aquaculture there are advantages to be gai 

using sexually reproducing or parthenogenet 

e sexual reproduction is occurring there is greater 

recombination and the differential survival of 

val.' t: ive best in the prevailing environment. On 

, in parthenogenetic stock every animal is a 

female ng may exceptionally intense providing a 

:L population. Artemia females tend to 

er malE~S a pa:r.thenogenet:ically reprocluc Lng" 
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e population may have a s adva in biomass. 

3 e 2.1 THE PROPORTION OF FEIv1ALES CARRYING EGGS 

Random subsamples were taken from routine collections 

and inspected for percentage of females carrying s. 

It might be expected that e would an annual cycle of 

fertility and ssibly d ferences ponds of differing 

nities. The results, displayed Fig. 3.1, (which are mean 

values for the concentrating series P3 - F5) showed a great 

seasonal range from 98% in spring to 2% in midwinter. 

Vvas no subst~antial difference in the timing and 

percentage of les carrying eggs over the whole range of 

ponds. In addition to main annual cycle of egg ing 

females, there was evidence of a small rise in mid November 

1972, again at the end of December. 

3 • 2 • 2 NUMBER OF EGGE] PRODUCED PER FEJ!.1ALE 

Although females may be carrying eggs, the importance 

to the population is only'realised n they are ide To 

determine the rate of release of , Lake Grassmere water 

was adju to five known salinities, 50, 100, 150, 200 and 

250 ppt. Five beakers were filled with water of each salinity 

and young mature females added to Food supply was 

unlimited and t:he temper.;:~,t.ure 22 ." 2SoC. The cultures vvere 

inspected daily eggs or ovoviv s nauplii arising from 

hatchin9 ·thin 

was ended the 

Art 

v.rere not 

of five to ten at two or 

e 3.1), have been 

ut.erus. 30 the exper imen·t 

prod i.on each set five 

RESULTS 

eased regularly but in small clutches 

ee d2Y tervals. The results, 

ec t ed tX) an ana is of var e 

which (} highly si~rnif dif between the 



FIGURE 3.1 

The percentage of female Art -- carrying eggs. Mean values 

for all ponds. 

SAHPLING DAY KEY 

1 == 10/8/72 14 29/3/73 

2 ::::: 25/8/72 15 12/4/73 

3 - 5/4/72 16 26/4/73 

4 = 21/9/72 17 10/5/73 

5 == 9/10/72 18 25/5/73 

6 ::::: 26/10/72 19 14/6/73 

7 == 11/11/72 20 28/6/73 

8 ;:;: 7/12/72 21 12/7/73 

9 -. 30/12/72 22 27/7/73 

10 -- 10/1/73 23 - 9/8/73 

- 29/1/73 24 _., 13/9/73 

12 :::: 15/2/73 25 -- 28/9/73 

13 ::: 23/2/73 26 -- 18/10/73 

27 - 1/11/73 
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columns at 1% level, and suggests that salinity ects 

laying. is a fai obvious drop numbers 

between -the 200 and 250 solutions evidence a 

at 100 The small betvleen 100 ppt and 50 

may not great s icance. The thesis 

(Kluneleva 1969) , that approx ely 100 ppt is approaching the 

optimum for growth and multiplicat s also 

reinforced on numerous other occasions when culturing for r 

experiments ( observation) • 

l'""EEDING OF ARTENIA DURING 

Dense bulk cultures of Dunaliella euchlora "Jere set 

in 21 flasks and supported on modified ASP medium. These 

cult.ures were to feed small experimental ups of 

Food 211 were added ily to the Since 

. the D. eucl:l.£r<;!, vvas capable of surviving over a large range 

of inities the bulk cultures were adjusted to the same 

sal as that used fOJ: ~?::~~D~_a populations before 

any it ions were made. The additions of algae to the 

Artemia cultures were made so that was food ent at 

all t s. The volume algae added was determined 

by consumpt:.ion rate of ~Ft.::m~a, This is not by any means a 

natu situation! s e food supplies fluctuate ; but 

in the absence of rge culture vessels to s few 

Artemia s was 1:: .. he practical 



alinity 50 

1 188 

2 169 

3 202 

4 281 

5 192 

Total 1032 
X 206 

of s D.P. 

S 12427 4 

15307 24 

Table 3.1 Egg production 
day periods and 

70 

100 0 200 

221 168 176 

232 174 187 

197 252 149 

241 201 172 

263 184 159 

54 979 843 
231 195 169 

VaT.' F. FO.O 

109.2 4.88** 4.2 

637.7 

Artemia at f salinities 30 
s of variance of the re 
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3.2.3 NUNBER OF EGGS PRESENT IN INDIVIDUAL ARTEHIA 

Since it numbers of eggs present in 

the uterus of female with the salinity of the 

ponds it was decided to es from a range of salinities 

and count and compare the egg s. 

HETHOD 

One hundred mature fema s were t from each 

concentrating pond in January 73, in 5% 

formalin. Eggs were counted through wall of 

the uterus. 

RESULTS AND DISCUSSION 

Fig. 3.2 shows the relationship average 

number of eggs per female and the sal 13 ponds P3 

F5 (140 ppt - 282 ppt). Little var number, 

about 45 - 55 eggs per animal, was seen 1 a s inity of 

about 215 ppt \Vas reached. A steady numbers occu.rred 

as salinities increased above 215 1 at h 

. salini'cy, 282 ppt, the number ,,';ras only about: 20 eggs }?E:!r animal. 

This result may not have reflected the effects of salinity 

one but possibly also a lower food supply. Reference to 

2.2, the production of algae, shows that during Janua 

was nwch lower in the higher salinity ponds P7 to 

F3, but so during this period there v;ras a telr~porary bloom of 

Stl.bsequent aquaria experiments with 

food and high salinities still showed much the same 

asing egg numbers and it is concluded that 

sal was having the dominan'c effect < 

3. 3 EGG HA.'rCrHNG IN l\ETEIvlTh RELA'rED TO TEMPEIU\TURE AND 
SALINI'rY 

IN'I'RODDCTION 

s two types of e9g i a 'chin shelled r 
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lightly-~igmented form, and a r tougher shelled 

with dense pigmentation s 1932). Apart from their 

appearance, the eggs are I, both having haematin 

pigmentation, Needham (1930), and two membranes 

internally. The first these is immediately inside the shell 

and the second closely ing embryo, (Myint 

1956) . 

When tbe eggs are laid ly shelled form acts 

as a resting stage and, although lly moist or immersed 

water, will not hatch r up to four months. This is 

analogous to diapause in insect eggs. Prior to this state 

ing entered the embryo ~s fully and capable of 

hatching within 24 hours. 

The lighter-shelled egg s hatching 

immediately it is laid and will at a rate determined by 

environmental conditions. In this f it acts to 

a very rapid increase in numbers s the resting 

is a reseJ:ve that may overwinJcer provide a boost to 

s in Both forms are able to s of 

last even longer when kept in a vacuum or at 

very t:UJ:'E)S, (Whi·taker 1940b). Hatching both 

types of es light, even if for only a 

pI.' ior to or dur i 11(] immer s ion in the culture 

IVlETHOD 

Water was collected from the Lake Grassmere s 

adjusted to lowing inities in parts 

30, 60, 90, 120, 0, 180, 210, 240. Three culture 

7 were Eggs were col1 at 

Grassmere. concel~rating pond P6 on 26 October 1972, and 

,"vere one r old at the time of the nt. 

In of still retained excellent v 1 



FIGURE 3.2 

The relationship between the number of eggs carried by female 

Artemia and the salinity of the ponds over a range of 

140 - 282 ppt. 
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Five hundred eggs (- 5%) were placed in each of the 

eight salinities at each temperature and checked daily for 

hatching until no more hatching occurred. The cultures were 

allowed to run and the nauplii counted regularly until no 

more hatching was evident. There was no feeding of the 

nauplii. 

RESULTS 

The data collected are displayed as three graphs, one 

for each of the three temperatures, (Fig. 3.3.1, 3.3.2, 3.3.3). 

The time u~ltil hatching and the percentage of eggs that .. hatched 

were influenced by the lowering of the temperature. For 

example, at a salinity of 90 ppt hatching took place in less 

than two GdYS at 26°C, seven days at l7
0

C and 20 days at 70 C, 

Also, at the highest temperature hatching times were almost 

constant at salinities ranging from 30 ppt to 100 ppt. At 

each of the lower temperatures hatching times differed con-

siderably at different salinities, lengthening as the salinity 

was increased. 

At a constant temperature, salinity has a direct 

influence on the rate of hatching and also on the percentage 

of eggs that hatch, but ·the most important fact .. or shown in the 

graphs is that the effects of higher salinities is greater at 

lower temperatures. This aspect is brought out most clearly 

by consulting the right hand axis of each graph showing the 

percentage of eggs added that hatched at each salinity. Taking 

the 120 ppt culture as an example: after two and a half days 

at 26 0 C, 70% had hatched. At a similar salinity at 170 C, 60% 

had hatched in eight days, and at 7°C, 5% had hatched after 

21 days. As previously mentioned, the ArtEmia egg has two 

membranes internally f one on the insicle of t .. he sheLL and ·the 

other around the developing nauplius 0 'rhere is evidence th a .. t. 



FIGURE 3.3.1 

Hatching time and percent of total eggs hatching at 26°C and 

over a salinity range of 30 - 270 ppt. 
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FIGURE 3.3.2 

Hatching time and percent of total eggs hatching at 17°C and 

over a salinity range of 30 - 270 ppt. 
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FIGURE 3.3.3 

o Hatching time and percent of total eggs hatching at 7 C and 

over a salinity range of 30 - 270 ppt. 
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high salinities have the effect of preventing the emerging 

nauplius from detatching from the inner membrane (Jennings and 

VJhi,taker 1941). 

DISCUSSION 

Many workers have performed experiments aimed at 

demonstrating effects attributable to salinity. Barigozzi 

(1939) raised Artemia cultures on a diet of Clamyda~~t9nas and 

found that development time was dependent on the salinity of 

the medium taking about one month and lengthening as the 

salinity was increased. Bond (1932) extended these experiments 

to the egg hatching period and further suggested that an 

increase in salinity retarded hatching, and lower salinities 

ul timately produced faster growing and larger' adul t ~~e~C!:.o 

Evans (1913) defined the range over which hatching and early 

development could take place as 50 to 200 ppt. However, the 

later developmental stages and adults were found to survive 

over a larger range of from 40 ppt to 250 ppt. Boone and Baas 

Becking (1931) examirwd the effect of salini,ty all egg hat,ching 

and discovered that hatching had two stages after the egg 

shell had ruptured. The first was extrusion of the membrane 

enclosed nauplius and the second, ecdysis from the membrane. 

The second step could be greatly accelerated or retarded by 

varying t:he ionic complement, of the cuI t.ure soltrLion. 'l'hey 

determined optimal sodium concentrations of O.48m and O,24m 

for ecdysis and naupliar development~ respc';ctively 0 

Sciacchatino (1925) showed that both SUMner and winter eggs 

would hatch at almost any salinity but the reSUlting nauplii 

would only t:hrive in f'3alini ties near that: of normal seawater 

or higher although the nauplii from winter eggs were more 

successful at low salinities. 

If these results are applied to the situation existing 
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in the Grassmere ponds, it should be found 

effects high salinity be diminished by an ease in 

water e On hand, when the 

beg s to decline at the the season, 

the F. ser of ponds may almost totally 

3.4 THE LONGEVITY OF 1'1.RTEMIA AT THREE lvATER TEMPERATUHES 

As with all invertebrates, the biochemic processes of 

are greatly af by changes in body heat. The 

of Artemia is heavily dependent on the water 

e of Lake Grassmere which passes a wide range 

s implies a cons e range in 

ic rat.e and poss a considerable erence in the 

of life of indiv s. The average length of life is 

so the turnover the popula·tion a major factor 

·to considered when a harves programme. ThE-~ 

ic rate also fects the recovery t heavy 

ing. A quick maturation of j s and a 10n9 re~ 

ive life provides more scope for laying and the re-

ishment of a population in the shortest time. 

HE'l'HODS 

Three of 100 nauplii 

Grassmere \-later to a salin 

t.hen lef·t at 

were fed ev day from a 

were set up 

140 ppt. 

26o C. 

culture of 

e were 

euchlora (10 000 Is/ml) and the s present count every 

four days. concentration of by 

haernocyt.omet::a counts and kept at a level (4000~ 7000 cells/ml) 

that provided ing the pond 

After 18 days the nauplii had rna and some were to 

r ease eggs. To avoid natural se upsett numbers r 
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ter each counting the content of the culture vess 1 

were poured through a 2 mm s to retain all of the mature 

s but allow free the remaining materi 

material which had passed through the 2 mm sieve "I'las then 

through a 0.1 rnm plankton net. This retained any eggs 

or nauplii that had developed four day period but d 

not retain the algae. This was carried out every 

four days until all the adult had ~ied. This proc ----
, provided information on of life and times of 

maximum mo:;::tali ty. This handl of could have caus 

to premature I but longevities found 

correspond with that found by other workers. 

RESULrfS 

The decrease in numbers of nauplii initially placed in 

each c ture is expressed as a cumul frequency curve for 

each 

points 

four 

32 days 24% 

in the l70 e 

in this 

until abou.t 

90% had 

three experimental t (F ig. 3.4). 'rhe 

sent the state of the ation at the end of each 

iod. At the lower , 70 e, mortali.ty \-'las 

ii, metanauplii, and young adu s, and after 

origin~l population had d By contrast, 

o 26 C cultures, only 4% and 7% re ively died 

iod of stability occurred in 7% culture 

50th day when the death rate accelera 

72nd day. By the 84th day 1 were 

Mort ity ratE~s 17
0

C and 260 e cultures were not very 

different until 56th day when a se in 

dea'l:h rate the higher temperature ronmeni:: .. 

There was also an rease in death rate in the l7
0

C tures 

a:t t:his was a smaller magnitude. lOOth 

d J 1 2E';.oC .a.y C 1e ture was empty and only 4% were 1 

l7 0 C culture. By 112th day these too hud di 



FIGURE 3.4 

Longevity of Artemia at temperatures of 26°C, 17°C and 7°C 

with unlimited food and at 140 ppt salinity. 
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low temperature caus high juvenile i 

maximum life span by approximately 28 days 

with o 17 C cul-ture. st lived individuals at 

middle temperature of At the highest and lowest 

s death rate became rapid in the midd 

s with 65% of the dying over about 18 

DISCUSSION 

Most estimat.es of -the life of Artemia salina are 

within three to four months Ehmeleva (1969) 

that average life span of Ar from lakes in Crimea 
~-~~--~-

(8 I Vozensenovskoye La}ce, S Lake) and from the 

Kuyal'nik Estuary near Odessa was 133 days after passing through 

27 molts. These were determined at 20
0 e and with unlimited 

food. It characteristic of a Crustaoea that lowering of 

the env temperature prolongs lifetime presumably 

by reduci overall metabol rate and slowing the "",earing 

out body" . 

obtains the bulk of its food by filter fe(1ding, 

the rate of which depends on the activi the animal, and 

a lowering envirorunental temperature would undoubtedly 

affect the rate of food ingestion. This possibly most 

impor-tant in naupliar and metanaupl stages \'lhere the 

animal is 1S very rapidly and reta practically no 

food reserves. though ~:t~:t~~~~j.~ nauplii do not feed during the 

first_ 48 hours. A.t 170 C -there was 81 higher metanaupl 

mortality than at 2 (i.e., up to day 18) f but at 7
0 e there 

was much hi9her iar mortality with ssibly 18% of 

the population before maturity. 

In the 170 C culture, once the early 

had been death ral:e was 

tnres death rates were Gimila:c, 



Despite this similarity, greater losses of 
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ii a't 7°C 

meant this cuI'cure died out by the 84th day compared wi,th 

the IOOth for the 26°C. 

70 e and 26°C cultures showed a of high 

mortality between the 55th and 75th days. This ease wa,s 

not so ev in the 17°C culture although there was a. 

slightly eased death rate between the 80th and 90th days. 

The type of fference found bet\veen the 26°C and 17°C cultures 

may be in such circumstances when at the higher 

temperature animals live ly, reproduce rap , and 

generally have a high turnover, whereas at a slightly lower 

temperature same sequence events takes place all 

changes occur more slowly. 

An ing feature in the 17°C culture was 

that when the s were approaching the end of the lives, 

bId and weak sometimes spent three to five days slowly 

swimming be they died. 
.' ° 

In contrast, at 7 Cold Ar 
--~~--

died very once they lost normal mobility. In the 26°C 

culture the swimming phase was pr:esent but did not st 

as long as at 17°C. 

Overall, would appear that 70 e is approaching the 

lower limit for activit.y of This is supported 

by the observations Vorhies (1917) who noted tba't in Great. 

Salt Lake, Utah, Ar a disappear when 
--.~~,~~." 

a drops below 6 C and first appear in 

temperature reaches gOe. He also 

water temperature 

when the 

that Jche maximum 

8i ty of A.rtemia ° at temperatures of 25 - 30 c. 

304 I LIFE AND FERTII.IT'Y TABIJES 

A more informat method of present "I:he results 

displayed in Pig. 3,4 is to express them as ale table. ']?his 

tern, first elabora detail by De (1947) has >elvo 
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var s. An age specif life table is based on fate 

a s e cohort, usually an ent e generation that may 

stat or fluc·f:uating. s type known as a 

if life table is .bas on an imaginary cohort del 

by determining the age structure a sample of individuals 

from a population where there continual reproduction and 

cons overlapping of 

are impossible to accurately after the 

twel because there are no morphological 

changes later instars, simply an se insize. The s e 

of Artemia is extremely variable ing on salinity, temp-

erature food supply and cannot alone for age 

estimation. In addition, since continual reproduction, 

use of a ific life table is ssible without 

introduc ss inaccuracies. 

The iments set up in section 3.4 produced, in 

effect, cohorts growing at temperatures. Removal 

of all eggs and ovoviviparous nauplii the purity of 

t.he cohort provided the oppor to construct an age 

specific Ii for each culture. known number of 

young produc over the life of the culture allowed the fUrther 

ela.bor a fertility table simi to devised by 

Laughlin (1965) 

METHOD 

Life Sf (rrab. 3.2,3.4,3.6) were set up for each 

culture with the 110wing columns: 

lx, 

dx, 

Lx, 

age classes in days 

alive at the 
Le., out of 

the numoer dying during 

rnlmber of animals al 
x+l. 

of each 
original 

erval f xo 



Tx, 

ex, 

100 f 

Lx 

the ·total 
the age x. 

1 + lx+l 

of animal x 

80 

units beyond 

Tx = Lx + Lx+l + Lx+2 .• Lw where 
w is st age group. 

the expectation of life remaining for 
individuals x. 

the mortali 
in·terval. 

rate per thousand at each age 

lOOOqx = 1000 • ~~ 

Fertil tables, (Tab. 3.3, 3.5, 3.7) were set up with 

the following columns: 

X, 

lx, 

lUX, 

the age classes days. 

the number of f es in the population (as­
sumed to be 50% U!!t sexual characters were 
visable) 0 

half of the mean 
female per time 
ratio) • 

of eggs laid per 
{assuming 50/50 sex 

Nx is the total 
of a female of age x. 

ity 

(Ix. Mx) X 10 X 0.86, 

Nt, 

A quantit,ai: 

from the 

v~here rc is 

tot-al number:' of 
time interval as 

eggs produce breed 
success derived 

total number 
duration of the 

Ie births ten 
t:hat 86% t-:he 

adults, (hatching 
separate trials). 

live births over 
's existence, 

value for the rate of increase may 

rc := 

log Nt e 

ity for I log Nt. is e 

ian log of Nt, fI'c is the mean t taken for f as 

cohort to producing eggs f (modified from 1~ 

D r 1954)0 
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x dx Lx ex 1000qx 

O~10 100 1 99.5 3 59.3 10 

20 99 1 98.5 3.5 49.8 10.1 

2 30 98 5 95.5 r-
J 40.3 51 

3 40 93 6 90.0 9.S 32.2 61.2 

4 50 87 5 84.5 9.5 24.1 57.<1 

5 60 82 27 68.5 125 15.2 329.3 

6 70 55 39 35.5 56.5 10.2 709.1 

7 80 16 9 11. 5 21 13.1 562.5 

8 90 7 2 6.0 9.5 13.5 285. '7 

9 100 5 4 3.0 3.5 7.0 800 

10 110 1 1 0.5 0.5 5.0 1000 
---- ------_. --_ ..... 

Table 3.2 Life for 26°C Culture. 

~ ·····c~ __ 

x Mx ( .lYlX) x 10 x 0.86 
~-~' ... --

0-10 50 

1 20 49 ~ 

21~30 49 4.3 1812 

31~40 47 6.7 2708 

4 50 46 6.2 2452 

51~60 43 6.0 2218 

61-70 29 7.7 1920 

7 80 11 6.4 605 

8 90 r-
:J 6.9 296 

9 100 4 5.4 182 

10 110 1 3.4 29 
... 

X mx 5.8 12189 -- Nt 
}:c "" 0.305 

e 3 .. 3 Ferti1i rrable fm:' 2 Cul·ture. 
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x Ix dx Lx Tx ex 100 

0-10 1 00 2 99 692 69.2 20 

1 20 98 2 97 593 60.5 20,4 

2 30 96 0 96 496 5.16 0,0 

3 40 96 5 93.5 400 4.16 52,1 

91 6 88 306.5 3.4 65,9 

5 60 85 11 79.5 218.5 2.57 129.4 

61~70 74 20 64 9 1. 88 270.2 

7 80 54 18 45 75 1. 39 333.3 

8 90 36 28 22 30 0.83 777.7 

9 100 8 5 5.5 8.0 1.0 625.0 

10 0 3 2 2 2.5 0.83 666.6 

111 120 1 1 0.5 0.5 0.5 1000 
, 

-~ 

e 3.4 
o Life table for 17 C Culture. 

,~--.-~----

x Ix Mx (lx.Hx) x 10 x 0.86 

0--10 50 

1 20 49 

2 30 47 3.3 1333 

3 0 47 5.9 2384 

4 50 44 4.5 1702 

5 60 42 3.8 1372 

6 0 39 6.2 2079 

71 0 33 5.1 1447 

81 90 24 4.9 1011 

91 100 6 3.2 165 

101 0 3 4.0 10 

III 0 1 2.8 2.4 

X lUX 4.4 11505 - Nt 
rc -- 0.207 

e 3. ;-i lit.y E'O fo):' 17°C Cult: u:ce " 
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-. 
x Ix dx Lx Tx ex 1000qx 

--

0-10 100 8 95.5 494 4.94 80 

11-20 91 6 88 398.5 4.38 65.9 

21-30 85 9 80.5 310.5 3.65 105.9 

31-40 76 1 75.5 230 3.03 13.1 

41-50 75 7 71.5 154.5 2.06 93.3 

51-60 68 31 52.5 83 1. 22 455.9 

61-70 37 26 24 30.5 0.82 702.7 

71-80 11 10 6 6.5 

I 
0.59 909.0 

81-90 1 1 0.5 0.5 0.5 1000.0 

Table 3.6 Life table for 7°C Culture. 

x Ix Mx (lx.Mx) x 10 x 0.86 

0-10 50 

11-20 46 

21-30 43 

31-40 41 2.0 705 

41-50 40 1.7 584 

51-60 37 1.4 445 

61-70 23 1.9 375 

71-80 9 2.1 162 

81-90 1 1.3 11 

X Hx = 1.7 2279 = Nt 
rc = 0.123 

---------------

Table 3.7 Fertility table for 7°C Culture. 
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HESULTS AND DISCUSSION 

The itions under the population 

were reprodue were probably more ideal then those 

encounJcered the lake and real value in results lies 

in the relative performances at fferent 

paring the populations reared at 27°C and 17 0 C, s 

survived at the lower tempera"cure and a 10v1er 

mortality per period in GO ~ 90 day Although 

the numbers and ovoviviparous naupli.i produced were 

lower; the r number of surviving females produced a 

surprisingly high number of eggs. This impress performance 

is somewhat diminished when the for increase, rc is 

o 
calculated and is found that value for 17 C culture 

0.207 falls behind that the 26
0

C system of 0.305, 

pitfall is the time taken egg hatching to the first 

reproduction of a resultant female, (14 days at 26
0

C and 20 days 

at 17
0
C). 

Comparing 

f st impress of a very rt reproductive period 

e of slow lopment in metanaupliar s s and high 

ity of adults at the peak of production. Nhen this is 

combined with the low number of produced female 

(1. 7) it t.hat ovcJ:all produc"tion 1:::; far 

of that in higi1er temperature cuI t.ures. 30 day 

period egg lay:i.ng i.s so very 

population's c for resul'cs an rc 

va of only 0.123. 

Al t.howJh of Dunal lla viridis was ke as 

c as sible to t~ prevailin.g Lake Grassmere, ca. 

3000 4000/ml l ot~her sical and b ell fact:o:cs p 

from at.ure and 1 F could not ly 
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The of 1 offspring removed any int ific com'~ 

pe·tition otb.er crowding luences, so any son with 

the dynamics of field popul 'must be made cautiously. 

The trials demonstrate large capaci egg 

laying and in a very t time, and other personal 

observations shown that densities that can be 

acheived wi adequate food suppl s are extremely high, (ca. 

3.5 FEEDING RATE OF ARTEJVIIA 

A J(nowl of the rate of of algal cells 

lake water is ess when attempting to calculate 

energetics and productivity of the Ar ___ ,_ ..• -1 iella re 

ship in Lake Grassmere. This the basic infonnation 

about ·the energy transfer from the producer ·to first 

consumer-level. 

HETHOD 

The most It part to es in this sec was 

amount of food c6ntained in the at any given time 0 I 

found the best way to circumvent this problem was to di 

material in the gut with a , inert substance 

consisting of a su ion of sand and c tha,t had been 

c in warm ssium dichromate/sll acid. 

were placed in thif3 and readily consumed particles which 

replaced all hindgut within 24 

s. A mos'c ature of faeces is 

are wrapped in a f and in one or two 

mil lenqt:hs. se could be recove with fine fore 

anal is. 

A series of ·tures \Vas us the 

l!tltr fo:rmula. dese!' in section (2) densities of 
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these "were adjusted to known numb:~rs of cell s/rnl using a 

haemocytometer. cone ons were 10,000, 8,000, 

6 000 and 4,000 cells/mI. The test animals, whose guts were 

full of mater were of two classes; young adu 

2-4 mm long and mature individuals 10-12 mm long'. All 

s were c ed out at a temperature of 260 C and a s inity 

of 150 The test conta s were kept dim 1 to 

reduce cell division of the food alga, Dunaliella ~!llora over 

experimental period. 

Ten lirtemia of the 10~12 mm size were placed in 

experimental conta S (250 ml pyrex s) at 

each food density and allowed to feed undisturbed for six hours. 

At the end of 'the s hours they were removed and replaced in 

the inorganic ion. 1 dens in the beakers was 

remeasured to estimate uptake of cells, and after 24 hours in 

the inorganic su ion all 1 pellets produced were 

col ted and wet combusted in potassium dichromate/sulphuric 

acid oxidising solution, (Marshall and Orr 1955). There was 

now ava an absolute measure of cell uptake and a measure 

of undigested organic material in faeces. This pro~ 

vided the opportunity to calculate the effie of diges 

for different size c sses and at different food den 

RESUL'J'S 

ReSll, are pre in 3.8 which shows the 

energy lent of the algal cells ssed in joules, as 

determined by we't combustion. The eff iency of assimilation 

of ingested was lower as ingestion rate ased In 

acl.ult 1s the amount of a assimi varied only 

sl at: diE algal conCel1"trat proportion 

total intake that passed und steadi 



IIlJ."11 C 1 (Joules) (Joules) 

4: 0 10-12 10 2280 7.48 6.02 57 43 0.75 

40 0 2-4 100 26 5.79 4.94 54 46 0.058 

6000 10-12 10 4 0 7.53 7.83 49 51 0.75 

6000 2-4 100 4434 6.35 5.86 52 48 0.064 

8000 10-12 10 5554 8.77 10.29 46 54 0.88 

8000 2-4 100 6046 7.77 7.47 51 49 0.078 

ann v v 10-12 10 7320 8.78 42 58 0.88 

10000 2-4 100 7870 7.81 8.81 47 53 0.078 

e 3.8 Feeding Efficiency and Juvenile in various dens es 
Dunaliella ---
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increased as alga concentration was sed. 'l'his 

ef ,"vas seen both 1 small ao 

At the lowest experime density (4000 cells/m] of 

gal cells Artemia were more effie feeders than 

1 but in next highest ity (GOOD cells/ml) the 

was with smaller animals assimi ing more 

ingested food. This was so found at two highest ce 

nsities. 

It '\-vould that the rate of ingestion of cells was 

maximal at the lowest c 1 density because the numbers 

ingested rose by only 56% and 54% for large and small Artemia 

re ively, when the food concentration was ed by 

250%. The hypothesis that the sting and d sting pro'· 

cesses were working to near c was reinforced by the very 

small increase in amouni: of gal energy ass 1ated 

throughout the range of feeding s ions tested. There was 

a ger increase rcent assimilation by ler Artemia 

but both size c sses the increase was only in three 

lower 1 concentrations. 

Artemia is a very active animal which stops 

swimming. The cost of this acti vi t:y terms of food energy 

uptake s been es by Berta fy and Krywienczyk 

(1953) shows that at 26°C the uptake for 10-12 mn 

was 0.5 ml/hr. For ten Ar over a s period 
-~~,~~~,~,~~ 

this amounts to 0.3 of oxygen. an ific 

coeff ient of 4.86 leva 1969) energy consumption 

over f ing per would be 1.62 ies or 6.78 J. The 

total food energy intake was, for the lowest cell C011-

cent anee r(2,ma ng after re 

losses are deducted is 0.7 J, and sents the amourrt of 

energy converted from a to a biomass neglecting 
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ammonia excretion. convers effici (algae to biomass) 

in case was about 9.3% At the 6 000, 8000 and 10 oon 

cell/ml food densities, conversion efficienc s were 10.0%, 

22.6% and 22 7% re ively. No calcul f other than 'the 

percentage of ingested algal cells assimilated, were made for 

errors estimat of the met.abolic 

rate of s size class were too high. 

DISCUSSION 

Gibor, (1957) working with ~te~ from Great S t Lake, 

Utah, found that the effici of assimilation of Dunaliella 

viridis varied depending on the of the Artemia 

density the alga but that conversion efficiency to 

biomass could approach 53%. This figure much higher thali 

obtained in the sent iments but was obtained as Gibor 

stated "pnder ideal conditions". 

The lowest I density could be ted to the 

most ficiently assimi since the animals are less 

to be overloaded with esh food e the previously ingested 

mat:erial has been thoroughly essed. However, this could 

also expected to be the ast effectively converted to 

~~:~~ict body material as more en81~gy is requi for obt 

food. In the present experbnents, at the lowes cell ity, 

Artemia just covered its f energy costs with a 9.9% excess 

income over expenditure but at t highest density was 

a 22% excess" 

The effec't of feeding ~Et~!,i~ on 011S of 

1 to D euchlora , was 

inve by Mason (1963) who found that at dens ies ranging 

from 12,000 to 400,000 eells/m1 the f ianey of conversion 

var from 12% to 22%. The animals used in Mason's st 

origina from Mono Lake, Cali f and were cons in 
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Mason (1967) to be a physiologically distinc·t race of Artemia 

that could not interbreed with Artemia frem San Francisco or 

Great Salt Lake. Because of this'it is difficult to directly 

compare their performance in algal conversion with those from 

Lake Grassmere. The Mono Lake results also showed that large 

Artemia performed bet·ter than small AE"tem~a at lower cell 

densities, probably reflecting the effect of the larger volumes 

of water filtered by adult animals. Provasoli and Shiraishi 

(1959) concluded that the 5th, 6th and 8th ins"cars (length 

range 2 to 7 mm) were the developme:ltal st.ages most. affected 

by quantity of food supply. In these instars growth is at its 

maximum and a deficit between uptake and requirements for 

metabolism and tissue building has (,rastic consequences with 

mass death. 

Artemia is an "automatic" feeder, passing a certain 

volume of water through its feeding setae per unit time. The 

rate is temperature dependent but no evidence has yet been 

produced for a varia~le filtering mechanism. In the absence 

of such evidence it may be assumed that the rate of passage of 

food th~ough the gut is influenced by the input from feeding. 

A visual impression of declining efficiency of digestion by 

animals feeding in dense algal cultures may-re gained by the 

change of colour of the faeces. The faecal pellets, normally 

grey/black, become increasingly green as the food density is 

increased and the undigested plant material in the faeces 

increases. 

3.6 LIPID CONTENT OF ARTEMIA 

INTRODUCTION 

high energy food source for a potential consumer, As it 18 
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ly a food storage product, the amount 

widely over the year. It seems reasonable to assume 

that quan"ti ty of sto 1 s would follow the e 

of a food in the ponds if s were related to 

rate assimilation (cf. sec 3.5) 0 Lipids are sent 

in algae, comprising to 20% by dry weight 

cell contents, mainly as fatty acids ranging 

C12 to C24 The common straight n saturated fatty ac s 

of s and higher plants are also generally present 

(~1iller 1962). 

r.1ErrHODS 

t Artemia were selected at random from each set of 

samples at r;ooc for 24 llour<::. '1'1 1 t 4 -' ~ 1e ow - empera l:ure 

minimised sses due to volati of oils when heated. 

When constant weiyht had been ac the animals were p 

in a micro~ et apparatus and ted with petroleum 

ether for hours. This time was more than sufficient to 

ext.r:acJc 1 the available soluble 1 The loss in 

weight, tar extraction was regarded as loss due to lipids 

and was expressed as a entage of the 

original 

Before the Artemia were the presence 

of fa't globules the tlssues. At some t s of the year, 

notably mid to ing, very large coloured globules 

were observed at ses of t,he swimming and a:cound 

the mid-gut. Other ler droplets were arly disper:sed 

throughout the 

HESULTS 

The per of 1 ids present was 

s of the but as Fig 3.5 show~ a 18 3~6 occurred 

in October, 1972, a similar although lower 17,2% Vlas 



FIGUP£ 3.5 

Lipid content expressed as percentage of dry weight 

measured over the sampling period 
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found 

spr1.ng 

the algal 

1973. The build to the peaks coinc with the 

of algae, 

was d2cl 

ight increase 

fall in lipid values came when 

The minimum level in April 

came about by f autumn 

bloom of a Throughout r levels 

constant there was some evidence of a sl 

faiJ:ly 

rise just 

before the 

petroleum 

method of 

solubil 

form-methanol 

ing rise became in mid July. The 

extraction is not a particularly accurate 

is since lipids and fatty acids in their 

it may have been more successful a chloro~ 

was used. 

Ev that the animals responded directly to an 

increase in supply was prov 1 qualitatively by rearing 

a culture of on a minimal of algae. grew 

to adult size but on examination no liphl. any-

where in the body. The diet was next supplemented by 

ext:ca algal ion and within s 

around the gut .. 

s small droplets of 

diet was further en-lipid were vis 

hanced by da y f ing with yeast. Within another two 

inaddition to the droplets around 

lipid had been 81. at the 

the limbs. A return to low food 

sappearance of s within 18 

There was no c se relationsh 

egg prm;tuct. 

3.7 VISCOSITY OF THE BRINES 

In seawa:ter 1 :;;:cosity if:) in 

t.ion or forces 

s exert on one another. As 

gut, large globules 

the pleopods along 

ions caused t~he 

en lipid content 

of internal f 

and ionic 

seavlater i::o 

to the viscos increaDes in a 1 shion (Fig. 3 6). 



FIGURE 3.6 

The viscosity of seawater brine related to its salinity 
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The more ionic s present the more water 

rna are restricted mo:ce vil:;cous the ion 

becomes. The density of ion is also fec'ted 

by a increase the inter molecu 

distance reducing the inc of organized hydrogen 

bonding molecules. 

THE EFFECT OF VISCOSITY CHANGE ON Slii'IMNING OF ARTEMIA 

It was shown in Fig. 3.6 be~ween the salinit 

of normal seawater r about 35 pptp 'Lhe maximum salinity 

reached in t Grassmere ponds, 3:0 ppt, there is a 346 

increase in viscosity of the so ion. Since Artemia survi.ve 

in the ponds over all of this range is possible that 

may be som!! able effect on the swhmning ability of 

animals. 

METHOD 

Ten adult Artemia were selected at random from a culture 

of 140 ppt o at 25 C. J?or f , ten second periods 

the number swin~ing strokes made by an animal was counted 

and the distance travelled calculated by the swimrning 

path on a grid pattern that corresponded to a s lar grid 

directly under the transparent base of the vessel. 

This was done test subject independent The mean 

number of limb dist.ance travelled was lated 0 

The same procedure wa carried out at ther 

salinities, 60 ppt, 220 and 300 ppt, were 

introduced and a 60 seconds to settle 

sv;rimming r11y'cllm be :ce t:he above measurements vJere 

by drastic s in the 

e11virornnel1t,EJ.l sa.]~ as a cheek that fae than 

viscosity were not a ec them f ·the same ten 
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were accl to 330 ppt ty 48 hours and then put 

through same set of tests. Throughout tests 

temperature was maintained at 2SoC. 

If the rate of progress was impeded by eased 

viscosity there arose the ssibility that f ing may also 

become less icient at high inities as the volume of 

water fil becomes less. Therefore, suspensions of 10 000 

cells/ml Duna~:i..!:,.11~ euchlora were prepared in the inities 

used above, (60 ppt, 140 ppt, 220 ppt and 300 ppt) at 2S
o

C. 

Ten mature adults, 10-11 mm were ed in containers of 

each salinity without regulated food suppl and 0.1 to 

acclimate for 24 hours. After period they were trans-

f to the cultures containing mea cell densities and 

lowed to feed for 6 hour s. They were then removed t.he 

algal density remeasured. Four similar tr 1s were run, 

RESULTS 

Table 3.9 shows the Gummari results the swimming 

rates at the four salinit s. An analysis of variance test 

indicated no signif difference in number of limb 

strokes period any salinity. When a similar test, 

(Table 3.9.1) was appli to the distances covered, however, 

'\-vas a highly ficant variaL in the means at the 1% 

level implying incre viscosity of solution definite 

ly slowed locomotion. ratio, 1m/O f (number of limb 

divided by distance covered) is a measure of the effort 

expended relative to the distance covered, and it sed 

33.7% fl'om 6 () ppt. tion to the 300 solut 

Ar that. been acclimated to 300 

we:ce found to be a a Sil'li rate to -L:hose thad 

been suddenly introduced. 
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60 140 220 300 

1m d 1m d 1m d 1m d 

l',nima1 1 34 39 37 33 31 31 28 28 

number 2 31 38 33 34 32 27 33 25 

3 42 41 39 40 40 36 36 24 

4 36 40 33 36 37 35 32 29 

5 33 44 38 39 34 32 36 31 

6 35 32 31 28 36 31 33 27 

7 34 33 32 32 32 29 37 30 

8 29 31 35 36 31 27 24 19 

9 38 42 32 33 36 32 35 27 

10 44 49 46 48 40 39 42 34 
-.~--

X 35.6 38.9 35.6 35.9 34.9 3L9 33.6 37.4 

ratio 1m/d 0.92 0.99 L09 L23 
~ 

.-~--

'l'able 3.9 Limb movements ( ) and dist.ance trave1l (d) in 
a t.ensecond iod at four fferent br 
visconsities. (1m) and (d) are t.he means of five 
determina t:ions • 

Sum of F. 01 

764. 48.9 3 

860. 23.89 

1625 

Table 3.9.1 Analysis of variance test applied to means 
of the stance covered in ten s s in brine 
of four viscosities. 



Sa 1 ty 
(ppt) 

-

'I No. Tral 1 

2 

3 

4 

X 

% co nsumed 

Table 3.10 

BSS 

WSS 

Total 

96 
--, 

60 140 220 300 

do di do di do di do di 

,----~ 

10000 7500 10000 7300 10000 7500 10000 7920 

10000 7320 10000 7600 10000 7700 I 10000 7800 

10000 7400 10000 7500 10000 10000 7800 7850 ' 

10000 7300 10000 7700 10000 7800 10000 7850 

7380 7525 7712 7842 

26.2 24.7 22.9 21. 6 

ine scosities: do and di 
s at the inning and end 

Food uptake at four 
are the cell dens 
of the expe3irnental period respective expressed 
as 1s/cm. 

Sum of S. PO.01 

497052 3 10.2** 6.0 

194148 15 6 

691200 U1 

Table 3.10.1 Analysis of var 
mean number of algal 
an experimental f 

test: appl to 

viscosit. 

cells unconsumed after 
period at four be 
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Results of the eding s, shown in e 3.10 f 

were also subjected to an analysis variance between the 

means, (Table 3.10.1) • A 8ignif dif e was found at 

the 1% level nforci the hypothesis that viscos of 

solut has an effect on the efficiency the f ing. 

The percentage the available food consumed \.vas lated 

and a decrease of 17.6% was found between the 60 ppt and 300 

solutions. 

DISCUSSION 

The combination of increased ef required to move 

through denser solution and the reduced food intake at 

higher viscosities may one of the major factors accounting 

for the slower increase in ~rt~i~ .1Urnbers at highest s ini·ties. 

Once Artemia is ly grown, very little food energy 

channelled into body maintenance or new exoskeleton manufact-

urea The vast bulk is used egg production and respiration. 

Egg production is the process most ely to reduced as the 

energy intake food diminishes. It was shown in section 

3.2 that:. the number of eggs carried by mature females at a 

given time decreased rapidly as the salinity rose over 200 

ppt .. inference that may be drawn from the graph is that 

up to a salinity of 200 ppt the uptake rate of food was 

ficient to supply energy body maintenance and re ion 

and to maintain the opt egg ion rate. But since 

both maintenance and respiration are essential fixed 

expenditures, and effort unit of food obtained was 

rising as ·the inity rose, the a.t 200 ppt 

where the was insufficient to sa.tisfy all demands 

was cut back. This s ion would only 

hold supply vIas r ively c tJn:oughou t: 

ini series is certainly not clear cut in the 
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Grassmere ponds the crop of algae is variable tends 

to decrease with increas init.y. 

3.8 POPULATION BUILDUP UNDER CONTROLLED CONDITIONS OF 

SALINITY f ALGAL GRmvTH I '1'E:r-lPERATURE AND 

SUPPLEMENTARY FEEDING. 

INTRODUCTION 

Although in many cases not val to apply 

re s of aquarium studies to large bodies of water, the 

value of this type of situation 1 s in the ease with which 

known cond:. tions can mainta Such parameters as 

temperature, illumination or food intake may be absolutely 

controlled or one varied relative to the rest to gauge its 

contributiun to the maintenance of equilibrium of the 

population. In the following set of iments two of the 

most important environmental factors in Lake Grassmere, 

salinity and food availability, were manipulated. 

HE'I'HODS 

Two 11 litre aquaria were fil i the f with 

Grassmere water adju with distilled water to a salinity 

of 75 ppt and the second to o ppt. Both were inoculated 

wi·th Dunal ie 1 euchlora and left unt a bloom developed. 

Analysis the water showed that initial concentration 

of soluble phosphate was O. 3 o g/m and of reac 

nitrate 0.39 q/m 3 • In both aquar temperature was maintained 

at 26°C. Illuminat was provided by two 65 watt cool 

fluorescent tubes. 

The salinities, temperatures il1uminat were kept 

constant throughout ent:ire se:( s of but 

the f st. five s 1.:he nutrient leve s the tanks were 

t:e LO g/m 3 Aft:er '" . " ju.sted to sphate 0.8 g.m3 and 

second f \<leek per combin was ma 
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tained and 300 mg of pasteurised yeast suspension was added 

daily to each aquarium. 

The Artemia populations were initiated by introducing 

ten adult males, ten adult egg-bearing females and 

approximately 200 eggs to each aquarium. Each population was 

allowed to develop for five weeks and the numbers of Art.ernia 

were assessed twice a week by taking 100 ml subsamples from 

the aquaria after thorough aqitation. The total present was 

calculated from the means of 10 such subsamples. After the 

first five weeks in the unsupplemented lake water the 

populations were removed, the solution modified as detailed 

above and the population restarted in an identical manner. A 

similar procedure VlaS followed after the second modif icatioL. 

Difficulty was experienced in maintaining the nutrient levels 

because of high bacterial growth, particularly immediately 

after the modificai:ions, bu·t ·the problem diminished as t:11e 

system settled down. Routine additions of phosphate and 

ni·trate were made when t.he ~E,!:.£l.nj.:..~ were sampled. Salinity 

vvas maint.ained by addi-tions of distilled water and checked 

with an indu.ctive salinometer'. 

RESULTS 

The build up in number of J\rtemia in the unmodified 

lake wa-ter at salinities of 75 and 150 ppt is shown in Fig. 

3.7. By t.he end of the fir st. vleek most: of the eggs introd.uced 

had hatched and approximately 150 AE~~~::~!n~~ were present 0 Egg 

bearing females were shedding eggs continually and by the end 

of the second week the popUlation was approaching 300. A 

fairly rapid linear increase occurred until the end of the 

fourth week when numbers began to stabilise at approximately 

2000. In the higher salinity aquarium hatching of eggs was 

much more protracted and little increase in numbers was evident 
THE LIBRARY 

UNIV!:<I1.Sl'ft OF CANTER""U~' 



FIGURE 3.7 

The build up in numbers of two populations of Artemia 

in unmodified Lake Grassmere water at sali~ities of 

(a) 75 ppt and (b) 150 ppt 
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FIGURE 3.8 

The build up in numbers of two popul:.tions of Arternia 

in nutrient enriched lake water at salinities of 

(a) 75 ppt and (b) 150 ppt 
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FIGURE 3.9 

The build up in numbers of two populations of Artemia 

in nutrient enriched lake water and with supplementary 

feeding at salinities of (a) 75 ppt and (b) 150 ppt 
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until midway through the third week. A similar rise to that 

found at 75 ppt took place but i~ occurred less rapidly and 

the population reached a maximum of about 1 500 animals. In 

each of the aquaria the density of Dunaliella cells at the 

beginning of the experimental period was approximately 1 100 

cells/mI. 

The second populations, Fig. 3.8, were set up in a 

similar fashion in nutrient enriched solutions which initially 

contained 5,400 Dunaliella cells/mI. After an initial lag 

period during which eggs hatched the increase in numbers was 

much more rapid than in unmodified seawater. By the end of 

the fourth week there were about 5,600 Artemia present at 75 

ppt salinity whereas at 150 ppt sa].inity a considerably lower 

number (2600), was found. A peak of 6,000 was reached by the 

middle of the fifth week in the lower salinity and in the 

higher salinity the total had risen very slowly to approx­

imately 2,900. 

The third populations (Fig. 3.9), established in 

similarly enriched media, but fed supplementary yeast, 

increased in numbers at an extremely rapid rate after the 

normal lag phase. At the lower salinity a peak density of 

9,600 was achieved during the fifth week. After a slow start 

the rate of increase in numbers in the 150 ppt medium 

approximately equalled that in the less concentrated solution 

but after reaching a population size of 5,700 the rate of 

increase fell drastically. At the end of five weeks a slow 

rise was still in progress but the population still numbered 

only 6,100. 

DISCUSSION 

In unmodified lake \vater the buildup of numbers was 

slow at both salinities and the lag period was very long, 
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inity. However, the final 

was not vastly ferent : 2200 and 1600 

This illustrates ODe of the chief sal 

increasing the hatching t of (cf. 

section 3.3). This variation in time was shown throughout 

this set of experiments. The s inity effect is also manifest 

in a reduced production of eggs or ovoviviparous nauplii 

female (cf" section 3.2.2) fading to a slightly slm'Jer build-

up progeny of the egg bearing fema s introduced. Growth 

rate of ~emia.:,. was not great affected, any retardation 

being masked the overall limit effect of available 

food supply. In both unmodified lake water med the 

Dunaliel cell count was low throughout the period. 

When the water was liz, great differences, 

reflecting greater amount of food available, were seen. 

As in the first set of experiments, rate of increase 

during the most rapid part of the buildup was about equal at 

both salinities but the rate slowed a a short time as 

leal food became limiting at the higher salinity. An almost 

situation existed when supplementary feeding was introduced 

except thai.: the maximum population sizes att-:ained were larger. 

It seems f therefox:e r high salinity acts on the 

food supply to limit Art.emia numb(::rs as well as directly on 

t.he 

di 

in su 

s to limit the rat.e of e. 

Wh e produc·tion is 

e in the 

at dif'ferent. 

with increasing salinity. 

ion the new source of 

'chere was very 1 Ie 

growth rates of populations 

vJhen 

for egg teh 

yeast cells were added 

energy allowed a fUrther 

e the growth rate of the population. A new 

ilibrium consistent th the food supply was es ishec1 but. 
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the level 11 r the effect of sali with 

reduc numbers. 

The density of A~!~lia did not seem to fect its rate 

of increase up to at st 9,600 in 11 I s of br This 

dens trans to numbers per m3 is approximately 860,000, 

a number which was rna ined for s months with no apparent 

decrease quality or vitality of the population. This is 

vastly more than Lake Grassmere numbers more than 

25,OOOjm
3 are exceptional and 7 000 _. 8 000 is no:cmal 

good grow ing per iod • 

3.9 POPULATION DENSI'I'Y AND PRODUC'rION OF ARTEHIA IN 

THE CONCEN'l'RATING PONDS 

Whbn managing a population it is essential to have 

detailed informat:ion on its rate of growth and change in 

numbers at all periods This particu ly 

impor'cant where a regular harvest is required. In 

a 

Grassmere Artemia is a 5t growing ies with the potent 

for a rapid turnover. This situation allows exploitat.ion by 

repeated, closely ne 'rhe t turnover, however, 

may produce fluctuations in numbers and production of 

Ar!em:h'! as e.nvironmen·tal conditions and food supplies 

The food supply in the ponds s been shown -to be mainly tv/a 

clos related species of Dllnaliella t:o a 1 ex'cent. 

are spatially isolated the ser s of ponds by the sal 

Both co st only at: the highest salini'c s. In this 

situation there is none of campen effect a 

variety of a might erea t.e. by ing' 211 

cources. 

POPULATION DENSITY 

Sampl of in the 
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that~ enclo a known volume of water which was 

1tered through a plankton net. The sampler consi of a 

square box 30 em X 30 em ~ 30 em. The top was open 

and bottom was a sliding panel. The sliding panel 

supported a al net that terminated in a 250 ml glass 

bottle. In use the bottom panel was slid open and the box 

lowered until completely full. While sJcill 1 the 1 

was slid back. As the box was raised out of the water the 

contents were fil oug"h the net (0 e 2 nill1 mesh), and 

particulate mater f including 1 stages Artemia were 

retained and flushed into bottle. 

samples were taken from each concentrating pond 

at each visit by walking out ;-.. 1e ponds at the points 

is' in Fig. 1.2. It was mentioned in section 1 that 

t.he vdnd a drastic effect on t distribution of Artemia 

in the concentrat ponds. It was found to bE~ impossible to 

compensate the extreme sampling b s caused by wat.er 

movement so sampling was performed only during s of 

negl winds. During the f Bt. two vis s to the ponds 

f random samples were at surface, 

midwater and bot:tom. Var ions in numbers of Artemia 

caught was slight (20% or less). This small variation is 

probably brought aboutf at least in part, by the constant depth, 

consi fine s , even illumination and ence of 

any attached vegetation in Is. The 

io.ity of Po IS' in pond as a representative 

on several occasions by other s('!.mplt~S 

pond" In case, idec1 condit: s were as 

s above, di,,:;t:ciblJt of Artemia was found t 

even adult.s and ii 

were normally in to every f b (} 
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extremely numbers of ii were sent sarnp1i 

was performed by nauplii one 1 of '>vater 

and 11g f 100 m1 subsampleso 'rhe numbers in net 

sample were converted to numbers per cubic metre by mUltiplying 

by 37 s the volume of sampler was 27 litres. 

RESULTS 

Numbers of juveniles (up to 2 mm), and adults (over 2 

mm) , sent on sampling day are shown Table 3.10. 

The reason for separating animals age c ses was because 

one of the objectives of the ject was to assess long 

term po lity harve Artemia. 

At the beginning the sampling period, 10 August 197~, 

numbers of lts were low in 1 concentrating ponds althct 

they tended to be more abundant in less ponds. '1'his 

trend was more pronounc when juveniles were considered. 

was tical no hatching of ponds P9 - F5 

exept for an unexplained outbreak in F2. This situation 

prevailed until the end of September (21.9.72), when telling 

t.o erate all ponds (although almost all females 

had been carrying for some ti.me .lor to this) (Fig, 3 < 1) .. 

'rhe higher_' salinit:y ponds that~ had been showing t.he fec·ts 

egg hatching lag, possibly caused by high sal ies and 

low tures, (cf. section 3.3), were now i.nning t:o 

show numbers comparable t.o lowE-;r salinity ponds. 

I'<1aximum number s, both j Ie adults, were found 

in the 26.10072 e when 20 f 8S6 
3 It:s/m were recorded in 

P4 10, 710 ac1.ult.s/rn 3 in F2. During December a f 1 in 

numbers occurred in 1 ponds breed stopped in the now 

Vl:!ry sali.ne and hot: (3 ) f E' ser 13 ponds (. Breed in 

t:o recover in 'ce but: througbout. 

sturunc.:t:" numberF; highe in 1'3 P8 and in t:he F 
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series ponds. Breeding was br interrupted in 

ponds P3 P8 late large water transfers were 

progress much of the ation L!P concent:rating 

series as seawater was in from the body of the 

lake. The movement of water concen-trat chain, and 

the lower autumn temperatures to stabi se the 

population and numbers adult and juve Artemia 

were not different throughout the system. Numbers 

were not high, however, and to decrease as winter 

advanced, 

During August 1973, the ing rise in became 

evident again the popu1at up to a h level 

during same period in 1972. Breeding and naupliar 

nubmers were much highe)::' in the F series ponds also, and there 

was no period of total juvenile ence as in 1972. Between 

Aug"ust and November the effect of inity and food 

lability were icated by 5e in s up the 

concentrating ser s. 

The largest populations were found consistently in the 

lower P series of ponds, P4 - P8. lagged behind P4 at: the 

beginning of each 5e of popula"Lion increase, although com-' 

numbers were achieved dur most product. 

s. 

~1ETHOD PEODllc'rrON 

The data that were available measuring 

of Art"emia ion were: s of :juveniles adults 

metre! of mature females, the 

of fema s ing eggs, ra te of hat.c of 

the growth rate, Total produc of ·the Ari:emia 

if) given sum of t:he St~ of 

dual in aLLan plus total \"leight. of 
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eggs produced 1. n 9 period concerned and the growth of 

new animals hatching from eggs, reproduces more 

or less continuously throughout life as a 

result cohorts cannot recognised. The production 

calculation every time iod, efore, had to contain 

an expression for recru 

The first phase analysis us a computer prograltl 

written by R.L. Hunt of the Lawrence Creek Research Station, 

Wisconson. This produced estimates of ent mortality, and 

instantaneous rates of increase, (Appendix 2), over the 

interval between samples but did not g a very satisfactory 

production estimate. The estimate was not sati actory 

because the program was designed for work on f and 

an expression for increase weight of the animals over a 

grovvth season. gro""rl:h pattern of an a:r:thropod cannot be 

"well compared to that a fi and could not be appl to 

the program. Attempts to modify the program to delete the 

expression and an expression for turnover rate of the 

were not successful. 

The production est was derived the equa"tion 

u by Pee hen and Shushk (1964) and Winberg, Pechen and 

Shushkina (1965), for c production of copepods. In 

the stud s the copepod production was d eO. into th.l:ee 

phases; production, production due to growth 

from hatching to aopepodid stage, and product by growth 

from copepodid to copepoda The anal stages in 

l\rtemia 1 i:t e hi are , nauplius r metanaupl and 

The ITletctJ.1aupi last~s until 1 limbs are 

present, usually lOth LB 2,2 l"nTn leng"i::h. 

p 
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P is tion per f Ne is the In.unber of eggs 

produced per day, Nn is the of nauplii 

metanauplii to 2 mm long, and Nc is number of adults 

present. The weight of an egg is repres by We, Wn 

the change ""eight an egg and a 2 ~n ~~~ 

We is t.he in weight between a 2 rom and a fully grown 

individual. Te is tre hatching time of egg, Tn 

growth perioo between hatching and 2 nun Te is the time 

taken to gro\'l from 2 mm to fllli size. 

The f st part equation estimated egg production, 

the second naupliar and metanaupliar production, and the third 

part the production of adults. The main reason using 

this equa':' was that it was very f e and could easily 

take into account changing hatching s and growth rates 

that to a degree on the prevail combination 

t.emperCl,ture and salinity measured in ponds \'lhen they were 

sampled. 

HESULTS 

Produc>cion is ~JhoYm as (g/m 3 ) /day in Table 3012. P.s 

expected, production llowed population density irly 

close 

mOI::e 

rang 

boo 

(Table 3.11). Production was extremely low in the 

ine F ser s ponds bet:ween Augur:t. and October 197~ f 

bel:I;.'leen 0.002 and 0.08 (sr/m3)/day until egg hatchi 

the popul There was a 

pronounced difference between tion in P 

ser s, vyhere a of 0<996 (g/m3 )/day \lvas recorded 

p4 on 26 October 1972, and F4 

00243 and 0.242 (g/m3 )/day were 

P3 c1u:r t in~f 

ssing, that of P4, P5 

F5 If/hen a·t same t 

'J eo. Productivity VlD .. S 

1972, rivaJl u.l}cl at: 

P 6 • HOvJEeve:r i lux ()f 
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new water and the breakup of calcium sulphate crust in 

mid 1973 drastical reduced production. is shown 

early by the total production figures Artemia in 

pond, P3 lagg well behind P4 (rrable 3.11). P4, \<Jhich had 

lowest salinity apart from P3 the most permanently 

stable substrate, was the most product pond the ser s. 

Production declined as the average salinity of ponds rose 

except in FI when seemed to have been a more rapid 

build~up numbers of Artemia during spr 1973 than 

occurred in either PIO or F2. 

, /' 
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SECTION 4 

ENERGY FLOW 

4.1 INTRODUCTION 

st. law of t:hermodynamics states that II 

may be from one form to another but is never 

created or destroyed ". '1'his covers such 

ecologica 

latent 

important convers as light energy into 

chemical compounds subsequent conversion 

of chemica~. into mechanical, ectrical and heat 

The 

important in a 

law of thermodynamics, probably the more 

stem of inter-r conversions, may be 

written aE' " no process involving an energy transformation 

will spontaneous occur unless is a degradation of t 

energy from a concentrated from into a spersed form" 

(Odum 1959). BGcause some of the is changed into 

unusable forms 

percent eff icien·t. 

as heat, no spontaneous conversion is 100 

In a food chain these laws such that there is 

a loss of potential energy at each food transfer and although 

there is a te relat,ionship between the amount: of energy 

being put :Lnt.o ,the c in and tl1at emerg 

proportion f by 

emeJ::ges aft.er paE) 

Losses vary 

plant-s at the 

through several 1 

the animals 

and may be high as by McVey (1972) 

, only a small 

the chain 

the chain. 

the chain 

ra ing 

hawksb!ll bl1:-'cles. In t:wo enclosures 30.5% 29.2% of t.he 

fed to the 

panel culture 

Is was recovered as tur e biomass. In 

l:ecovery of food varied widely 

ing to stocking c ions between 8% and 30% (Broom 

1968). The balance energy is lost re tiofl p 



110 

es urine. 

Where several food ins link, resul<ting 

food web may extremely campI and d ficult to express 

accurately and quantatively. In the Grassmere ponds, 

however, there is only one major food species and only one 

major consumer. Thus it should possible to estimate with 

a high of accuracy the of between 

lla and Artemia and the amount incorporated into the 
~~.,;.--.--.~<.-

Artemia population. The ratio between energy entering a 

link in a food chain and that emerging esents ecological 

efficiency. Typical ecological efficiencies primary 

aquatic consumers (herbivores) are 13.3% ca ated by 

Lindeman (1941) for Cedar Bog I Minnesota and 16% found 

by Odum (1957) Silver ings, F ida. These are va s 

for mixed populations of invertebrates, but for pure cultures 

of Artemia from some Russian Lakes, (8 sh, Voznesenovskoye 

Lake, 8asyk and an estuarine lagoon (Kuyal'nlk near 

Odessa), a value of 18% was calculated by Khmeleva (1969). 

This is an attract resul t. s in the experience of 

Slobodkin (1960), ecological ficienc s vary between 5 

15% for invertebrates natural systems. From the po of 

view of cultivation harvE~st high ecological ficienc 

are most desirable. 

In the following section, energy t in by <the 

Artemia energy st by excretion with faeces, 

the lost. I:e on, and energy u in egg 

product.i.on 11 be cons and compared with the 

fixed by g:ceen and standi crop of 

'1' he used s been to divide populat in"co E:i e 

c sses and estimate C1.bove value~; s: 

e animal ize has a injte on ing f 
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excretory, and respiratory rates. The sum of the values for 

the size classes provide a population value. The values 

determined from these calculations are set out in Table 4.4 

for ready comparison between ponds and between periods of the 

year. 

4.2 ENERGY CONTAINED IN S'IIANDING CROP OF ARTEHIA 

There are several methods of estimating the energy 

contained in organic material. Early workers converted the 

biomass of a standing crop to energy equivalents by comparing 

the mass present with that of a known equivalent (MacFadyen 

1948) r and fairly inflexible and arbitrary values were 

assigned to certain groups of plankton. 

A more accurate method that was subsequently evolved 

was that of estimating the amounts of carbon, nitrogen, 

oxygen and hydrogen and converting the sum of these to an 

energy equivalent using standard biochemical values for 

ma'terial containing Jchese components, (Spoehr and Milner 

1949; Vinogradov 1952). 

Two direct methods that have been perfected are bomb 

calorimetery where organic material is burned in an atmosphere 

of oxygen, and wet combustion where a strong oxidising agent 

attacks the organic material in solution and is itself 

reduced. 'rhe oxidiGing agent normally used changes C010lU' in 

proportion to the extent of its reduction. The degree of 

reduction is directly proportional to the amount of 

carbonaceous material present and may be converted to an 

energy equivalent. 

MElliHO]) 

Wet combustion as described by Strickland and Parsons 

(1968), usedo Fn=:sb.ly killed Artemia frOII\ a mixed 



FIGURE 4.1 

Energy content of Artemia related to body length as 

determined by wet combustion 
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populat were sorted into following length c ses, 

1 rom f 2 mm, tl rom I 4. 5 lmCl, 6 mm, 7 mm, 8 111IT: f 8. 5 nun f 9 mm and 

11 rom. Suff ient were to provide a weight 

of 20 mg, srnallest ma.ss can be reliably essed 

by the wet combustion process vlaS used 0 

The re 5 for each size class were 5S as mg 

of organic and converted to Joules by mul ing by 

38.9. 

RESULTS 

The content of Ar 
--~-~ 

of 11 length classes is 

shown in Fig. 4.1. The increase contained energy forms a 

curve analagous to a length/weight relationship. values 

were applied to field populations b~ estimating numbers 

of each size c ss on each sampl date 2,nd mul through 

by values der from the curve. The grand total 1 

size classes was u as a stand value ponel 

in the energy budget, Table 4.4. 

RESPIRATION OF ARTEMIA 

4.3 INTRODUCTION 

One of the major expenditures of energy in an 

anirnal such as is that U::l metabolism, 1. e. f 

conversion of potential energy consumed food i.n.to 

mechanical ele 1 and heat a living orga sm. 

This can be de by measuring uptake of oxygen 

animal is Ii.v in 0 Ar-temia 

sw inuning a.nd at a normal rate a very small 

volume of wa.tc~r" advantag"e of s that re 

imentally should a good relat 

those of em swimming freely imi ted vva ter f 

(i e, f a la]::e), 
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11ETHOD 

Determinations of re o rate were made at 15 C 

and 30
0 e in Millipore f of 140 ppt salinity. 

numbers of animals u ividual trial ranged 

+ from 2QO nauplii of 0 05 mg - 0 01 to four adults of 

0.4 + 0.1 mg. The test Artemia vlere enclosed in 20 mm lengths 

heavy walled polythene hose whose s were pl.ugged with 

rubber bungs. The resp ion s ,,,,ere suspended 

water four hours. Measurement oxygen tensions 

w'as by a micro"'lrHnkler technique as scr by Fox and 

Id (1938). The sample for sis was taken by 

ing the needle of the micro-Winkler inge through the 

1 of the polythene tube and out a without 

of any atmospheric oxygen. measurements 

were made fal:' each size of ~.2,i~ (at e) and 

mean plotted. Control cha~)ers 

depletion due to 

tests made under the same condi vJer(~ run 

to effects of varying salinity. The 

u were 100 ppt, 150 ppt and 200 ppt. 

RESUIlES AND DISCUSSION 

Oxygen consumption in ~l/hr is plotted aga an 

size in Fig. 4.2, (B and E), and compared with 

of Conover (1960) f (1-',), Khrneleva (1969) f (C); AJ.-l:ma.n 

Di ttmel: (1971) F (D) i Berta1anffy and Krywienczyk (1963), 

(F) • 

geometr ser for respiration of Lake 

Grassmere J\:r:t.ero v lar t,o those of Conover f 

Khmeleva, A,1 Dit.tmer. For unknown reasons 

values found by Bert Kcywienczyk are far 
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than those for Grassmere oJ. As they did not state 

where animals orig they may have a 

1. variantl! of or their animals have 

been more active than mineo 

At Artemia move 1. e and normally 
""""'"~ 

for only a few days. This 1 activity is by 

the very slow increase in oxygen uptake as size incJ:eases I 

Fig. 4.2. It is not normally until 200 e that a marked increase 

in activ is seen but between 200 e and 300 e a rapid se 

in swirruning rate is found 0 ~1any s have proposed an 

optimal water temperature for Artemia cultivation of about 

on growth rates. This appears to be conf 

by t,he re rates shown • 4.2. 

Resu the l:'espiration s at different 

salinities that there was no change over 

range tested at any given temperature. This confirms the 

findings of G hrist (1956) and I<hmeleva (1969) but differs 

from those of Kuenen (1939) who found an se of 1.5 

when salini,ty was sed from 29 ppt to 6 ppt. By contrast 

E:liassen (1952) a decrease in 1i8m with an increase 

in salinity. 

The us in respiraU,oll direc"cly related 

to ot,her forms using t:be ific coefficient 

'rhe oxycalorif in calories 

was converted to by multiplying 4019. The sizes 

of t,hs Ar"ccm:LCl wsre ssed in mill r t.he sake of 

comparison VJitb. Using the of each size 

c ss calculated a Section 4 < 2, est. tee were made of the 

in Joules re by -the pond popu s of A.rtemia ,. 

se are included in ene:cgy budg'et~ e 4.4). 



FIGURE 4.2 

Oxygen con~umption of Artemia at five temperatures 

and over a range in size from metanauplius to adult 

A: Conover (1960) 

B: Personal result 

C: Khmeleva (1969) 

D: Altman and Dittmer (1971) (From Gilchrist 
1956) 

E: Personal result 

F: Bertalanffy and Krywienczyk (1953) 
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4 0 4 ENERGY CONTAINED IN AR':rErlIF, EGGS 

In adult Artemia is 

in the naupliar and metanaupl 

this avenue is accordingly great d 

energy expenditures are in 

Artem~_~ is a prolific breeder, 

continually throughout adulthood 

continual output of eggs, either 1 

115 

less frequent than 

Energy loss via 

and t.he main 

more or less 

to 100 days). The 

or represented 

by ovoviviparous nauplii, allows a more accurate estimate of 

energy con~ent to be made than egg was spasmodic, 

METHOD 

Three 1,000 egg samples were taken both 'summer' 

and I winte1. I eggs. Winter eggs i\'~re ident by t more 

f more darkly pigmented coat: and ';vere mainly 

ponds substrates at the beginning of 

were submerged al~ in a diapause-like state. 

The analytical method used to determine 

v;ras wet combustion with a sulphuric acid/potassium 

<te rrtixture. Samples were PJ:epared for analysis in 

two ways. 'rwo of the <three summ.er and winter egg sample~l 

wex'e combu wi tIl no pret.reatment whereas the others were 

cax up with a mor'tar and pestle. 

mean WE~ 

of 1,000 Inter' 

21 k.J/g re 

22.4 k,T/g re 

was cone 

bet:'Vlc-':en summer 

JUi:SUL'l'S 

1,000 'summer' eggs was 3 .. 7 mg and 

s 4.1 mg. The energy content 

'SllItnne:r:' I eggs sarnple were 22.2 kLJ/g and 

for ~inter' eggs, 22.6 kJ/g and 

Those for pulverised surmner and 

It: 

e was no d ference in energy content 

s p anc:t the ;:;11e118 pre 
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no resistance to wet combustion ox 

The contribution of s to -the y budgets 

the ponds was assessed as fo1 Reference section 

3.2.2 gave mean i1y egg productions at sal ties rang 

from 50 ~- 250 , the percent of Artemia larger than 

minimum egg-laying ze (about 7 nun) \!las obta from 

data. The actual number of 
--~.,-

capable reproducing 

was from e 3.11 and proportion of females 

carrying eggs was obtained from section 3.2.1. A sex ratio of 

I : 1 was assumed. The daily egg production grams for 

each pond on each ing day was converted to production 

J'ou1es multiplying by 22.5 x 10
3

, and tabu in t.he 

energy budget, Table 4.4. 

4 • 5 ENERGY CON'J:AINED IN FAECES 

It was shown section 3.5 the amount of 

ingested material was not assimilated var considerably 

with densi.ty of food supply. The resu s of that 

section were expres as percen e ingestion egestio11 

and the energy equ of each very small and very 

large Artemia. In section that work is expanded and 

applied to the lake populations. 

MJ!:THOD 

containing 2,000, 4,000, 6,000, 8,000, 10,000 and 12,000 

cells/mI. Five 250 ml akers of dilution were set up. 

Artemia were divided into the fol size classes, 2 ~ 3,9 

nun (100 an s) r 4 - 5.9 nm (50 a Is), 6 ~ 7.9 mm (25 

animals), 8 - 9.9 mm (12 animals) and 10 - 1109 mm (8 animals), 

Numbers were chosen so biomas s \vas approximat t.he 

same for each sj.ze class Each of f beakers at: each 



FIGURE 4.3 

The algal energy assimilated, (dots), and the energy 

contained in faeces, (c cles), recorded in Joules for 

populations at lSoC and 25°C for the size 2 3.9 mm, 

(100 Artemia 

FIGURE 4.4 

The algal energy assimi (dots) I and energy 

contained in faeces, (c le8) f recorded Joules for 

. t '[!C' 0(" d . ° f populatlons a'~ .. J. an 2::' C _or s e 4 ~ 5.9 lfin, 



14 

12 

10 

8 

6 

2 

o 2 6 8 10 12 

14 

·25 
12 

• 
10 / 0 

II ·15 
(J) 

w 8 015 
-I 
:J 
0 -, 

4 

2 

2 4 6 8 10 12 

CELLS PER ml. (x1 000) 



FIGURE 4.5 

The ~lgal energy assimilated, (dots), and energy con­

tained in faeces, (circles), recorded in Joules for 

populations at 15°C and 25°C for the size range 6 -

7.9 rom, (25 Artemia) 

FIGURE 4.6 

The algal energy assimilated, (dots), and energy con­

tained in faeces, (eire ), recorded in Joules for 

populations at 15°C and 25°C for the size range 8 -

9.9 nun, (12 ?\r..,!:emia) 
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FIGURE 4.7 

The algal energy assimilated, (dots), and energy con-

tained in , (circles), recorded in Joules for 

populations at 15°C and 25°C for the size range 10 -

11.9 mm, (8 Artemia 
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cell density had one of the size class grol).ps of ~E:t~~l1i~~. added 0 

Conditions were similar to those described in section 3.S. 

The animals were allowed to feed undistrubed for 24 hours, 

after which they were removed and their faecal pellets were 

collected. The experiment was performed at two temperatures, 

lSoC and 2So C and at a salinity of 17S ppt. 

The decrease in algal cell density i.1 the cultures 

was recorded after the feeding period and ~ssimilation of 

algae calculated as in section 3.S. Energy content of faecai 

pellets was determined by wet Co~)ustion in sulphuric acid/ 

potassium dichromate oxidising solution. 

RESULTS 

The results are expressed as a series of graphs; 

(Figs. 4.3, 4.4, 4.S, 4.6 and 4.7) , which show energy 

assimilated and ·the energy remaining in t.he faecal pellets 

for each size class at lSoC and 2SoC. A::; algal cell densi:.y 

increased the amouni: of energy assimilab"d also increased 

but at the same time the relative amount lost in the faeces 

increased. 'l'he over all pattern was sim:: lar to that found in 

section 3.5, 

CALCULATION OF F.AECAL ENERGY LOS~mS F(l[-{ THE POND POPUL1\,' 'ONS 

in milligrams of organic carbon/m3 of waler. '1'0 relate t:h,. 

to the artificially cultured cell suspensions that were fef 

to Artemia to deteI:mine cell ingest. ion a:1d egestion r wet 

corr~ustion experiments were performed tc obtain an organic 

carbon equivalent. It was found that. lCUO cells/ml 

represented 300 (mg/c)/m3 . 

The total number of ~~~!::§:l:£:A~ per c IJ.bic metre is knOl.vn 

frorn sec·tion 3 and the percenta.ge of anj,'llals in each size 

class was calculated by subsampling, T~is allowed t.he numbers 



in each size class present to calculated. 

For each size c s in turn the appropriate graph 

was consulted at the ce sting in the pond. 

The energy in the faeces produc by each class was summed 

and the grand total used budget for the pond on 

sampling day, Table 4.4. 

4.6 ARTEMIA PRODUCTION IN KILOJOULES PER DAY 

Production of Z\rtemia as from ttB formula 
----~ 

section 3.9 is expressed grams/m 3 To convert this . 
va to kJ for inclusion in budget for the ponds 

to be mUltiplied by a factor ing -the energy 

equ ent of the weigh-t of Artemia body mater ial. Depending 

on I content of the Arternia conversion factor 

mean 

from 20.1 to 22.0 kJ/g. It was 

lipids throughout the 

20.5 kJ/g. Table 4.1 shows 

essed as 3 (kJ/day)/m . 

ided to adopt a 

and use a conve:csion 

production of 

4.7 ALGAL PRODUCTION IN KILOJOULES PER SIX HOUR PERIOD 

to convert 

photo production of Duna1iella ly expressed as 
~.--~~-.,"""""""-.."""'" 

3 mgC/m , :i.nt:o energy equivalents. The equivalent of 

;;"":~';::';";';~"~:"':::";;'~:;;".";' 
was determined by wet combustion of cult:ureE3 

of both D. and D. salina. The re 

difference them in terms of energy 

The value u as a conversion factor from 

was 22.7 kJ/g. Table 4.2 shows the product 

expressed as (kJ/6h)/m3 . 

ERHOHS INHERENT IJ..J THE MEcrnODS 

'1'he major sources of errors in convert 

to energy s ax'e i 

ts showed no 

un dry 1:v"eight. 

to kilojoules 

a 

ss 



10/8/72 

25/8/72 

5/9/72 

21/9/72 

0/72 

26/10/72 

7/1 

30/12/72 

10/V73 

29/1/73 

15/2/73 

23/3/73 

29/3/73 

12/4/73 

25h/73 

10/5/73 

14/6/73 

26/5/73 

. 12/7/73 

27/7/73 

9/8/73 

13/9/73 

28/9/73 

18/10/73 

1/11/73 

Tab~e 4 .. 1 

P3 :24 P5 Po P7 pB :29 P10 F1 

.191 4.00 .703 .542 2.79 3. .703 .563 1.35 

.279 4.37 5.69 .513 4.09 4.21 .636 .575 1.72 

.250 4.49 7.31 .390 4.35 5.03 .BOO .472 1.66 

8.35 8.82 1.50 4.65 6.11 6.34 4.62 1.75 11.04 

14.93 15.57 16.86 8.48 7.62 5.62 1.47 4~87 6.96 

5.26 7.88 11.50 13.97 22.12 12.01 9.43 11.77 10.71 

6.89 10.52 

2.61 

2.19 

2.47 

4.99 

2.95 

3.02 

2.78 

3.36 

5.73 

3.52 

.965 1.56 

.. 099 ,,121 

.543 2.83 

.. 821 6 .. 51 

1.1 5.07 

3.59 4.94 

3.32 7.07 

1.23 

3.28 

6.59 

5.17 

4.59 

1" 02 

3.03 

6.24-

5.78 

3.20 

4.42 

5.67 

2.75 14.45 9.51 

5.38 97 14.73 

11.49 24.87 10.92 

14.57 33.34 19.74 

9.82 

6.04 

4.99 

3.66 

6.44 

4.29 

2. '9 

.181 

9.72 

4.66 

2.23 

5.06 

7.17 

3.54 

2.09 

.463 

8.02 

7.64 

2.71 

5.49 

9.15 

5.26 

3.37 6.18 7.31 

2.77 3.74 5.46 

1.41 .925 2.51 

.442 .885 2.65 

5.65 3.70 2.78 

4.88 2.53 2.62 

2.96 2.50 

.865 ' .844 

2.28 

2.47 

3.45 

3.26 

NOS AMP L E 

.643 .724 1. 3 1 .95 2.07 2.39 

1. 72 1. 52 6.24 .800 1.47 2.59 

7.22 1.46 1.83 3.79 1.54 1.09 

3.74 .842 .903 2.85 .246 .452 

4.50 ~.23 .925 2.86 .865 .201 

4.85 

6.98 
, 1 "'7' , • l.) 

15.88 

17 .11 

4.46 

9.05 

9.47 

14.82 

22.53 

2.23 

, N 0 

5.09 

7.42 

12.80 

14.38 

5.75 1.69 

SAM P L E 

6.92 4.23 

9.97· 5.91 

13.59 10.47 

15.75 13.38 

NO SA!.L?LE 

.463 

4.31 

10.05 

17.03 

19.74 

.::==.::= Producti C11 expressed as kiloj·OlJ.les per day per cubic metre. 
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F2 F3 F4 F5 

.603 .040 .140 .140 

1.06 .103 .082 .205 

2.09 .143 .123 .205 

t.74 .042 .879 2.36 

1.45 .575 .321 3.89 

3.15 3.64 5.39 5.37 

5.99 

1. 13 

.744 

.704 

1. 87 

.566 

1.11 

1.89 

.879 1.25 

.800 1. 11 

.463 1.06 

.241 .382 

.905 .964 

.963 .384 

1.39 

1.67 

1.27 

1. 38 

.865 1.75 1.41 

.760 1.33 .760 

.657 .944 .883 

.164 .780 .164 

.160 .282 .282 

.442 .402 .422 

.796 

.780 

.221 

.100 

.060 

.. }71 

.841 

1.01 

.925 

.575 

.657 

.308 

.101 

.322 

2.22 

5.89 

8.21 

2.69 

1.84 

5.00 

5.88 

.760 .657 

1. 86 1.46 

2.65 2.48 

13.36 5.05 ).98 



10/8/72 

25/8/72 

5/9/72 

2119/72 

9/10/72 

26/10/72 

11/'11/72 

7112172 

30/12/72 

1011173 

2911173 

1512/73 

23/2/73 

29/3/73 

12/4/73 

26/4/73 

1015/73 

25/5/73 

14/6/73 

28/6/73 

12/7/73 

27/7/73 

918173 

1319/73 

28/9/73 

18/10/73 

1111/73 

TCTAL 
i. 

MEAN 

Table 

P3 

21.1 

22.2 

39.3 

33.8 

37.2 

34.7 

46.3 

25.2 

22.2 

14.3 

24.2 

6.4 

4.3 

2.5 

2.0 

2.7 

3.6 

5.9 

3.2 

7.5 

5.9 

9.5 

14.3 

17.5 

33.1 

39.5 

52.6 

542.1 

20.1 

.4 

25.7 

34.3 

41.9 

40.6 

52.2 

56.5 

61.1 

48.4 

23.2 

16.7 

20.2 

15.4 

9.5 

8.6 

2.5 

5.9 

4.5 

9.5 

14.8 

18.8 

25.7 

37.7 

43.6 

46.8 

48.4 

45.8 

37.9 

797.3 

29.5 

P5 

23.6 

30.4 

28.6 

39.5 

56.5 

44.3 

48.6 

26.3 

15.6 

24.2 

32.9 

16.8 

14.2 

11.1 

3.9 

8.6 

15.4 

17.5 

19.1 

22.2 

18.8 

29.3 

60.8 

52.2 

46.3 

53.1 

45.6 

802.2 

29.7 

P6 

22.0 

25.9 

21.6 

44.5 

43.4 

38.8 

24.7 

17.5 

11.8 

9.3 

15.6 

5.9 

6.8 

4.5 

3.2 

10.6 

7.3 

8.6 

14.5 

20.2 

18.8 

25.2 

48.1 

64.5 

49.7 

46.1 

47.2 

721.7 

26.7 

P7 

27.9 

32.5 

37.7 

42.9 

51.1 

33.6 

30.4 

15.4 

9.3 

7.3 

6.8. 

4.8 

7.5 

5.7 

4.8 

15.0 

4.3 

6.4 

37.2 

28.1 

32.1 

38.8 

46.7 

60.4 

45.9 

39.9 

38.4 

696.5 

25.8 

P8 

31.6 

44.3 

37.2 

19.5 

14.5 

9.5 

5.0 

3.6 

6.1 

9.5 

6.4 

4.8 

5.2 

5.9 

8.6 

17.9 

6.6 

3.2 

3.2 

6.4 

24.1 

29.2 

41.0 

55.2 

52.7 

39.0 

33.8 

527.2 

19.5 

P9 

23.6 

22.5 

21.1 

26.3 

16.8 

15.2 

11.1 

3.2 

2.5 

8.4 

7.3 

3.9 

3.6 

4.8 

9.-5 

6.8 

4.3 

1.6 

2.5 

9.5 

15.2 

29.2 

45.9 

50.4 

45.6 

33.6 

21.1 

446.7 

16.4 

4.2 Algal production expressed as kilojoules 

per cubic metre per 6 hour incubator period 

P10 
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7.0 
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6.4 

2.5 

4.3 

14.1 
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20.2 

Fl 

14.1 

17.3 

17.9 
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10.7 

5.9 

8.4 

3.6 

4.8 

3.9 

3.2 

2.0 

4.9 

15.6 

12.3 

5.9 

2.5 

5.1 

8.1, 

7.7 

37.5 

66.3 

65/1 

44.5 

28.6 

23.6 

502.8 467.9 

18.6 17.3 

F2 

16.3 

19.9 

22.9 

24.7 

22.9 

14.1 

6.8 

2.7 

3.2 

3.6 

5.2 

3.9 

3.2 

8.4 

23.2 

18.8 

9.5 

3.6 

4.3 

7.5 

10.4 

14.5 

38.4 

41.3 

32.5 

26.3 

15.7 

102.2 

14.9 

F3 

(;.8 

9.5 

23.2 

27.7 

16.9 

12.7 

11.4 

8.4 

9.5 

8.4 

5.2 

6.8 

5.9 

8.4 

29.1 

17.3 

6.4 

4.8 

5.7 

3.2 

6.8 

12.3 

21.1 

27.9 

23.2 

23.2 

19.1 

337.8 

12.3 

F4 

8.6 

11.6 

16.1 

22.2 

23.6 

14.1 

12.0 

14.5 

18.8 

23.6 

14.1 

6.8 

3.2 

16.3 

24.7 

13 .4 

3.2 

6.1 

8.4 

9.5 

8.6 

10.7 

15.2 

17 .3 

21.1 

33.4 

13.8 

367.7 

13.9 

F5 

5.2 

9.9 

7.3 

21.1 

24.7 

39.2 

18.8 

6.8 

24.1 

38.4 

14.5 

11.1 

4.8 

19.1 

42.9 

47.2 

23.6 

14.5 

4.8 

2.3 

3.6 

5.2 

7.3 

5.2 

10.7 

14.5 

25.2 

452.0 

16.7 



(I) J.n the wet combust 

+ var ion of about - 10%. 
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r.1cst methods have a 

(2) the assumption of a sta: l.dard conversion factor 

from and 1 biomass to ene~gy equ lents while 

e is a variation occurring 1. the time. 

(3) the collection of faecal pellets are 

diff t to hand and are subject to leaching by the water. 

(4) in the neglect soluble excretary pr.oducts of 

1 of these are very difficult to accord quantitat 

values, but the overall error may be high, 

4.8 ENERGY BUDGETS 

The block diagram comrising Table 4.3 is an attempt 

to isolate portions of Lake Grassmer r ~ community, namely 

the benthic algae, lagic algae, and Art.emia salina 
- -- • --"'---='''''''''''''' .." .. 

population, and examine their contribut:',)ns of proces 

energy and energy conversions. Ifolating the components 

in this shion is an artivicial soluti·.n since these cannot 

be regarded as II boxes II where ener·: y is poured in and 

having been convel."ted, (~mer s accordinc, to pre-det IH.x1 

rules. interac and a ve pathways exi to 

the commonly depic diagrams ,. 

The d assumes consumption of tly 

by the Ar and s no allowance for the pass e 
-,~-~ ..... 

consurnpt.ion of 'I:he algal cells by protozoa exist in 

variable s in the Grassmere ponds and subsequent capture 

of the. zoa with e ingested a enCX(jY, S laxly, no 

provision has made for est.ion of iJcal mat.ex ial 

along with algae or of cas't Al: .~emia exo 

that were found den covered with Dunal'el1a euchlora ceIl . 
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The importance of these two sources varied enormously 

out the sampling period and could not be reliably quant 

sed. 

What is left is a bas sc showing the algal 

available to the communi at a number of points 

throughout the year and the amountof energy passing through 

tern and emerging as Ar --,-,- biomass. The intermediate 

losses are estimated on the ba s laboratory experiments 

simulated pond conditions. 

As far as harvesting of Ar ---- is concerned the direct 

losses of energy are as resp tion and Egg 

ion is counted as a loss in Artemia body materials 

are :_nto the manufacture of , but this expend~ 

sents a store of 1. energy in a 
. 

cone form that will subsequently transformed into 

new a, (with further losses}, on ing. 

e 4.4 contains the results calculations 

described in sections 4.2 to 4.6 and as a 

summary of flow over the ponds P3 each 

sampl 

4.9 GENERAL DISCUSSION 

Grassmere communH:y with only two major, 

(and ically similar), algae and a s consumer 

species is no·t e. Reference to tables of <:3. nO. 

animal s biomasses show some extreme violent 

numer 1 flue between samples. This a introduces 

errors il1uTled 1y when all calculations that are going to 

contribute to an annual trend are based on the s 

biomasses from a spot sample. The distance 

Grdssmere from te laboratory faci1it Sf tranE:port. 



BENTHIC 

ALGAE 
, 2 

Ing/ffi 

PRODUCTION 

3.0(kJ/m
2
)/6h 

PELAGIC 

ALGAE 

1021 3 

PRODUCTION 

TOTAL 25.7 (kJ/m3)/ 

Table 403 Block diagram 

4.4. The example 

6.9 

r 

FAECES 
n - '1 J/ 2\ /d ':j. I pc m J ay 

ARTEI1IA / 

STANDING CROP 

1287 mg/m 3 

28.1 kJ/m3 

2 
)/day 

EGG PRODUCTJ!ON 
2 

77 (J/m }/day 

NET 

PRODUCTION 
2 4.0(kJ/m )/day 

of values expressed in the energy 

P4 on 10 August 1972. 
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difficu I prevented sampling to g a more 

det.ai ture of the small fluctuat s, '1'he 

microfauna and flora numbers, (bacterial and Protozoa), were 

even more unstable than those of algae or Artemia. An 

intensive of the microfauna is outside the of the 

present but it was notic that protozoa in icular, 

were often evidence but with data available no common 

causal factor for fluctuations could be found. The Protozoa 

would certainly be a substantial food item in the 

since they were seen to be taken ing trials. 

unfortunat proved almost imposs to culture reli 

In to algal cells pond waters conta 

a variable su ion of organic inorganic detritus. 

This material was impossible to from the a 

no reliable estimCl.tes of its pqtent 1 food energy values 

were obtained. This too was t.aken by ~rt~ia during f 

Ano·th<~x' potent:ial food source was from portions 

cast Al:temia exo eton I part:icul phyllopoda, covered 

in fine hairy ses. The sur ee had normally a dense 

bacterial and flora as well as adherent organic and 

inorganic partie s. These were ingest a the mate]~ial 

removed by digestion. 

These examples indicate that the food supply 

at some periods may considerably higher that 

co. lcula ·ted so 1. production. 

AI-though as faeces may be mea accurately; 

was not: avai e to calculate losses by excretion 

of ammOlll.a 0 ':['he ammon and o·ther excr es contain 

1 energy that. utilised by detrital 

s and as such, not be lost to eeo (-"m, but. t.he 

is lost to t.he Another loss of chemj.cal 
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is the moul-ting of A:cte11Iia. Khmeleva (1969) 

concluded that lost as much e~ergy via this avenue 

throughout its lifetime as the amount of en~=gv in the 

animal's t sues at adulthood. 

The production est shown in Table 4.4 are those 

of a natural population the absence of predators.- These 

would not ho if the population were to be exploited by 

harvesting. The s of harvest could only validly be 

estimated f:rom a pond not disturbed by salt making. 

Table 4.4 

Energy budgets for all ponds on each sampling day. 

to abbreviations: 

BA/Sc 

BA/P 

PA/Sc 

PA/P 

TOT 

ASC bin? 
" 

SC 1 --/ .) A , <:d m ,-

RSP 

EGG 

PAC 

PRO 

Standing CJ~Op of benthic algae f Mgc/m
2

• 

2 
Production of benthic algae, k.J/m /6h. 

Standing crop of agic 

Production of agic 

Total algal production. 

r MgC/m
3

• 

kJ/m
3
/6h. 

.~. grams. 

Artemia standing crop - lojoules. 

Respiration 

Facc 

Production 

ses r . klT/m
3

. 

3 in egg manufacture, kJ/m • 

Artemia neglecti 

mortali t:y and losses by moulting. 



P3 

10/8/72:,' 
25/3/72 
5/9/72 
2'1/9/72 
9/10/72 
26/10/72' 
1:/11/72 

3 2//72 
"'j 0 11/'7 ':( /' J--, 

29/1/73 
15/2/73 
r; J /)/'7) c:. .. }f..) j..) 

29/3/73 
26/4/73 
-;0/5/73 

25/5/73 
14/6/73 
28/6/73 
12/7/73 
0/8/7 ), :J ,_ 

13/9/73 

18/10/73 

BA 
Sc P 

91 

93 
146 

129 
148 

, 139 
169 
148 

92 
53 
87 
24 
12 

7 
9 

14 
7 
o 
o 
o 
o 
o 

·68 
121 

2,,0 

2 8 

5,.3 

0,,2 

OQ4 

0 .. 1 

0,,0 

0,,0, 

0",0 

0,,0 

eO 

0<>9 

PA 

Sc ? 

829 
887 

1544 
1341 

1472 
1370 
1850 
1372 
878 
567 
973 
246 

,168 

111 
146 
.253 
140 
330 
260 
390 
760 

1599 

19 .. 1 

19.,4 

34.0 

29 .. 0 

31 .. 8 

29,,4 

38.2 

31 .. 0 

19 .. 8 

12.9 

22 .. 0 

4 .. 0 

2 .. 1 

3 .. 2 

3 .. 2 

7 .. 5 

5 .. 9 

34 .. 7 

TOT 

21 .. 1 

22 .. 2 

39 .. 3 

34 .. 7 

46,,3 

35 .. 2 

22,,2 

1403 

24 .. 2 

4 3 

2 .. 5 

5,,9 

3,,2 

7 .. 5 

5 .. 9 

14,,3 

17 .. 5 

0.023 
0'.028 

0.033 
1.012 
1.744 
1 .461 
0.752 
0.524 
0.523 
0.919 
0.567 
0.156 
0.060 
0.092 
0.123 
o. 111 
0.087 
0.223 
0.372 
0.523 
0.465 
0.682 
1.994 
2.151 

ASC 
kJ/rn.3 

0.48 
0.59 
0.69 

20.81 
35.72 
~o "'3 - • I 

15.44 
1"" 8' ! 'v. 4-

10.73 
18.85 
11.64 
3.21 
1. 24 
1.90 
.. '3 I\? J 

2.29 
L80 
4.59 , 
7.64 

.1 0.73 
9.55 

13.99 
40.88 
44. -i 0 

RSP 

0 .. 12 
0.18 
0.16 
8.67 
6.35 
7.14 
5.31 
3.63 
4.58 
8.95 
5 .. 95 
1. 58 
0.46 
0.6,1 
0.45 
0.66 
0.29 
0.73 
1 • 11 
1.63 
1.47 
2.13 

EGG 

1.29 
2.59 
9.20 

200.70 
132.21, 
117.52 
111.16 

45.52 
68.67 

226.20 
117 . 4!~ 
74.73 

5.70 
. 7.41' , 

8.56 
11.85 
6.30 

14.68 
42.79 
55.79 
33.43 
51. 76 

163.52 
149.94 

FAC 

0.17 
0.39 
0.87 

14.03 
17.22 
17.01 
14.60 
5.06 
5.92 
7.67 
8.55 
2.51 
1.46 
0.55 
0.97 
1. 60 
0.23 
2.64 
3.99 
4.59 
4.40 
6.00 

16 49 
19 06 

PRO 

0.19 
0.28 
o 25 
8.35 

14.93 
13.97 

9.53 
2.61 
2.19 
2 47 

0.81 

2.09 
3,,59 
3.32 
2.75 
5.30 

11.49 
14.57 



FA FA ASG ASG 
P4- Sc P Sc l' TOT g/m3 ' 3 kJjm RSP :EGG FAG PRO 

10/8/72 88 300 1021 22",7 25.,7 1.287 28.1 6.9 77 9.7 4.00 
25/8/72 92 3,,0 1018 31,,3 34 ~3 1.364 29.8 7.4 134 10. 1 4.37 
5/9/72 165 3c8 1655 38,,1 41,,9 1.480 32.4 7.7 197 10.4. 4.49 
21/9/72 182 Ll Ll 1598 36 .. 2 40 .. 6 1. 229 26.9 11.22 269 28.07 8.82 - " -

9/10/72 239 5,,4 2031 46,,8 52 .. 2 4.781 139. 1 24.7 525 38.8 15.57 
26/10/72 274 6 .. 4 2195 SO .. l 56.,5 7.080 206 JO.6 798 49.8 22.12 
..,: 1/" 1/r;2 I ~ J ~ 3 202 6,,8 2458 54,,3 6101 1.258 36.6 12.6 265 19.5 6.89 
7/12/72 12 Jl 5,,4 " 1968 :~ .. 43 ,,0 48,,4 1. 01 0 29.4 6.9 123 8.6 3.02 
30/12/72 67 ..., ,.. 

c.,,:) 933 20,,7 23,,2 0.964 17 • 1 7.3 110 8.2 2.78 
10/-)/73 61 1,,5 659 15,,2 16 .. 7 1.045 18.5 8.8 134 10.9 3.36 
20 / 1 /71, ::J 1/ ....J 106 3,,0 774 17,,2 20,,2 1.966 34.8 11.5 231 14.6 5.37 
15/2/73 65 1,,7 

;-.",-
13,,7 lS .. 4 1..143 20.2 7.5 136 9.4 3.25 Oii .... 

23/3/73 86 2,,0 324 7,,5 9 <, S 0.386 6.8 4.9 86 5.2 1 .56 
29/3/73 ,,;-'" Ll ?, 220 4, ~ 8,,6 0.220 0.4 0.37 Li· 0.44- O. -12 IOU - ttl -...r 0_ , 

26/4/73 24 Oe6 236 5,,3 5,,9 o. L~94 8.7 4.3 19 4.9 2.83 
10/5/73 13 Oe5 177 4 .. 0 4.S 0.428 7.6 1.5 35 1.97 1. 06 
25/5/73 47 0,,9 "1'7') 

.)1...) 8 .. 6 9 .. 5 0.580 13. 1 2. 1 52 2.97 1.07 
14/6/73 51 1,,'3 589 13 .. 5 14,,8 . 0.646 14.6 1.94 47 3.29 1.42 
28/6/73 75 201 745 16 .. 7 18,,8 0.791 17.9 3.99 10 6.6 2.9 
12/7/73 131 300 279 22 .. 7 25 .. 7 1.054 25.4 5.3 131 8.6 3.9 
9/8/73 270 8,,3 2160 35,,3 43.6 3.000 72.3 10.4 265 16.9 7.6 
13/9/73 253 c:. ..., 1767 4006 46,,8 3.973 9505 '1405 357 19.7 10.6 JOe 

I-' 

28/9/73 -19"" 409 lq"18 43 e 7 48,,6. 5.638 ''''c:; 9 22.3 550 34.8 16.32 N 
. I I - ' 

I .) ../ • -....J 

18/10/73 333 8.~ 2 1666 36,,6 45,,8 8.600 207.3 29.1 718 49.4 21.3 



PA Ase lise 
P5 sc P l' TOT 13 kJ/1113 RSP :EGG FAC PRO ... g;m 

10/8/72 101 2.,3 919 21,,·3 23,,6 0.296 5.94 1046 16.00 1.06 . 0.703 
25/8/72 139 3~8 1171 26.,6 30,,4 0.522 10.47 3.21 46.50 8.03 5.690 
5/9/72 169 3~6 1056 25$00 28.6 0.622 12. 2.95 74~80 9.38 7.310 
21/9/72 62 5 6 1558 33,.9 39~5 0.131 2.62 1.09 2.65 2.55· 1.500 

9/10/72 211 13 ° 1999 43 .. 5 56,,5 1 .13 1 22.68 4.04 83.90 14.00 16.860 
,",r/~OJ72 
LO/ i· / J 238 6,,6 1682 37~7 44",3 1~979 39.69 9.41 154.79 19.30 12.010 
11/11/72 251 8$5 I 1859 :; .. 40~ 1 - 48 .. 6 1.941 38.92 13.38 280.22 22.64 10.520 
7/12/72 163 3,,1 527 23 .. 2 26 .. 3 0.714 14.32 4.79 60.14 8.71 3.410 
-'O/-i 2/7') 
.) I I ,- 76 1~4 614 14,,2 15,,6 0.249 5.00 2.13 32.00 2.92 1.230 
10/1/73 89 2 '"' 07('1 21 .. 9 24,,2 0.430 8.63 4,,10 62.13 8.92 3 0 ;;, -"v 

29/1/73 92 3 ° ,1348 29 .. 9 32,,9 0.951 19.06 9.76 125.79 )4.53 6 590 
15/2/73 62 1,,6 658 15",2 16,,8 0.701 14.05 6.92 94.14 , 10 77 5 170 

23/3/73 33 1,,4 5 12,,7 14 .. 1 0.638 12.79 4.75 161.,15 9.60 4 590 
29/3/73 29 1 0 451 10,,1 11,,1 0.115 2.31 0.74 27.72 1. 14 1.020 

26/4/73 ° 7 356 7.9 8 r ,,0 0.221 4.43 -I .30 8.86 3.81 3 030 

10/5/73 71 1,,4 619 14,,0 15.4 0.332 6.67 1. 93 30.68 7.49 60240 

25/5/73 77 '" .., r03 15 .. 4 17,,5 0.369 7.39 1.20 28.82 6.76 r- 780 c. J.. 0-, :7 

-14/6/73 67 '1.7 760 17,,4 19 .. 1 0,213 4.29 0.68 13.70 2.52 3.200 

28/6/73 " 0 80A 20,,2 22.,2 0.336 6.74 0.98 4.82 420 76 L 37.74 4 ...;'+ 

12/7/73 85 2 2 73r-
I :7 

16,,6 18~8 0.447 ' 8.98 1 .36 46.69 5.29 5 670 
,... ,.. 

9/8/73 1 ! :) 2 6 53,,3 60,,8 1.392 27.70 4.27 96.95 14. 16 9.510 

13/9/73 58 6 9 2112 
45,,3 52,,2 1.875 3 60 5~72 139.12 18.46 14.730 i-' 

tv 

6 5 39 .. 8 46,,3 C) 

28/9/73 149 1861 1.830 36.70 6.02 146.80 16.00 10.920 
is/'j 0/73 200 8 5 2110 44,,6 53 .. 1 2.649 53.11 8.82 185.89 .39 19.740 



1 

2 

5/9/72 
2"1/9/72 
9/'10/72 . 
2 0/72 
11 1/72 

2 

30/1 2 

10/1 3 
29/1/73 
1 r j

l "'/73 .J c:: , 

23/3/73 
29/3/73 
26/4/73 
10/5/73 
2 3 
14/6/73 
28/6/73 
12/7/73 

13/9/73 
2 

1 10/73 

Ell. 

Sc P 

91 
102 

96 

174 
162 
102 
68 

·43 
32 
61 
19 

. 23 
16 

42 
23 
36 
-1 
)1 

69 
96 

182 
211 
189 
194 

3 2 

4 4 

·2.,0 

"1 2 

o 6 

o 9 

o 8 

o 9 

9 

3 9 

4 8 

5 9 

6 9 

Sc 12 

859 
1018 

1384 
1729 
1706 
1528 
868 
702 

477 
358 

241 

267 
174 
418 
287 
344 
569 

·801 

1808 
2607 
1971 
1906 

18 .. 3 

22,,7 

18,,8 

37.6 

36,,9 

32,,9 

20,,3 

15,,5 

8 .. 3 

6,,2 

7.,7 

13.,6 

18:1 

18,,8 

43,,3 

48,,6 

42,,8 

38 .. 6 

TOT 

44,,5 

43,4 

38,,8 

24,,7 

17 .. 5 

10,,6 

7 .. 3 

8.,6 

.. 20;2 

22" 7·. 

48",1. 

64,,5 

46.1 

0.157 
0.112 
0.066 
0,,300 
o. 
1.686 
1.925 
1.621 

1.332 
0.782 
1.036 
0.531 
0.144 
0.0;3 
0.158 

0.279 
0.484 

-0.259 

0.339 
0.439 
1.087 
2.0<5 
2.481 

2.933 

3. 13 
2.25 
1032 
6.02 

14.49 
33.80 
38.60 
32.51 
26.71 
14.59 
20.78 
10.65 

2.89 
: 1.07 
3.16 
5.60 
9~70· 

5.20 
6.80 
8.80 

21.80 
41.00 
49.75 
58.80 

RSP 

0.77 
.0 .. 

0.31 
2.51 
2.58 
8.01 

13. 
10.89 
11.40 
6.93 

10.63 
5.26 
1.07 

. 0.34 
0.93 
3.62 
6.58 
2.82 
2.99 
3.34 

EGG 

8.45 
9 .. 90 
7.92 

60&20 
217,,35 
131.82 
277.92 
136.54 
170.94 
105,,04 
137.15 

36.41 
12.84 
6.32 

25.76 
37.83 
16.64. 

.38.08 
45.76 

6,35 76.30 
16.151.70 
18.16 199.00 
19.76· ··205.80 

FAC 

1 .71 
1 .69 
0.50 
6,,42 
8 62 

16.41 
19. 
14.67 
14.99 

9.41 
16. 

8 

2.21 
o 18 
o 72 
8 49 

13 
4.96 

·6 82 
8.31 

12.20 

25.91 
29. 
34.61 

PRO 

0$542 
0 .. 513: 
0.390 
4.650 
8 840 
9 430 
9.2.20 
6.040 

4.990 
3.860 
6.440 
4.290 
2.190 
0.181 
0.643 
6.240 
7.220 
3.740 
4.560 
4.850 
6.980 

15.880 
17.i10 



BA PA ASC ASC 
P7 Sc P Sc "D TOT g/m.3 kJ/m3 RSP EGG FAC PRO .... 

10/8/72 117 '"' ... L., f 1093 25.2 27",9 0.234 4.80 1.18 3.18 3.01 2.79 
25/8/72 124 4,,2 1266 28,,3 32,5 0.363 7.45 2 .. 29 3-2.78 5.21 4.09 
5/9/72 153 5",0 1467 3·2 e 7 3 .... ..., 

I " ( 0.461 9.45 2.24 56.70 5.08 4.35 
21 10/72 / -' 179 508 1601 37 .. 1 42 .. 9 0.961 19.71 8.21 197.12 13.83 6. 11 
9/1(\/7:::> V/,- 223 7",3 198? 43,,8 51 .. 1 1 .395 28.60 12.09 105.82 16.62 7.62 
26/10/72 138 5",1 1322 28,,5 3306 2.183 44.76 10.61 174.56 19.48 11.77 
11/11/72 ··139 5",4 '1 ..A '7 '"'l 

! i J l 2500 30,,4 1.869 38.33 13.18 275.97 22.72 9.72 
7/12/72 72 106 608 13.8 15 .. 4 0.859 17.62 5.90 74.00 8.99 4.66 
30/12/72 33 1",1 367 8 .. 2 9 .. 3 0.472 9.68 4. 13 61. 95 5.06 2.23 
10/1/73 27 0,,8 293 6 .. 5 7 .. 3 0.727 14.90 6.89 107.28 10.71 5.06 
29/1/73 24 0" 6 . 276 6 .. 2 6 .. 8 1 . 1 04 22.63 11 .58 149.35 16.68 7. 17 
15/2/73 16 0,,5 194 4,3 4.8 0.572 11.74 5.79 78.65 8.84 3.54 
23/3/73 31 006 309 . 6,,9 7.5 0.428 8.78 3.26 11 0.63 4.38 2.09 
29/3/73 211 0.5 219 5,,2 5,,7 0.141 2.90 0.93 34.80 0.88 0.46 
26/4/73 57 1~9 613 13 .. 7 15.5 0.170 .3.49 1.03 16.05 1. 02 0.72 
10/5/73 ~r 

10 004 174 3,,9 4,,3 0.149 3.07 0.49 11.97 0.96 0.80 
25 / -/7>' / J ,~ 22 009 . 248 5&5 6,,4 0.118 2.42 0.70 13.55 0.89 1.46 
1~/6/73 83 3 .. 7 ·807 33:5 37,.2 0.062 1 .28· 0.21 6.65 0.91 0.84 
28/6/73 116 .2,,8 . 1114 25';;3 28·;i 1 0.116 2.37 0.38 8.29 ·1.34 1'.23 
1" /7/'7; 138 3,,8 "'"'0 ...,. 33 .. 1 0~703 2.09 47.68 6.01 4.46 1249 L-/o.5 14.41 ·c..1 I.) 

9/8/73 19 1 6,,3 1'7'7n 40 .. 4 ': :,,46 e 7 1.405 28.80 4.37 94.80 14.24 9.05 , , Iii 'j 

13/Q /'7-' 251 8.1 2329 52,,3 60 ",4 1.697 34.80 5.36 128.76 13.29 9. /;7 , ~I I.) f-' 

6,,4 3905 4509 
w 

28/9/73 . 182 1808 2.216 45.42 6.90 180.96 16.72 14.82 0 

18/10/73 . 162 6~4 1578 3305 39,,9 3.273 67.10 11.00 ·.234.85 30.66 22.59 



BA FA ASC ASC 
P8 Sc P P TOT g/m3 kJ/m3 EGG FAC PRO 

-In 18 /rTf" ...;/ / I c:: 129 3~2..; 1241 28.,4 31 .. 6 0.3 7&62 1.87 5.05 4 .. 62 3,,88 
2r::./C,/7'"' 187 5,,5 1733 38 .. 8 '".l 0.487 9.98 3.06 -13.46 6.87 4.21 -' u ,c:: .. ..., 

5/9/72 158 409 1A~') . ,)c.. '32.3 37 .. 2 0.539 11.04 2.61 66.24 6.52 5 , 
21/9/72 76 2,,7 784 16 .. 8 ... 0.380 7.80 3 25 117.00 8.1.9 6.34 .. :l 

9/10/72 61- 2,,2 559 12 .. 3 ,5 0.663 13.60 4. 50.32 8.33 5.62 
26/10/72 36 104 384 8 .. 1 a ~ 

..,.",;J 2. 9 50.00 11 85 19.50 21.2-0 - 10 7"" , I 

11/11/72 21 - 1,.,1 189 3.,9 5 .. 0 1.782 36.53 12.56 263.02 .. 9 1"1 I 0"; 8. 
7/12/72 4 n c. . voW_ 146 3 .. 2 3 .. 6 1.761 56.10 12.09 15L62 17.87 7.64 
") 0/-1 r, /72 ..) " c:: / . 26 0,,4 2 '5~7 6 .. 1 0.615 12.60 5.38 80.64 7.92 2.71 
10/1/73 38 L,O 382 8 .. 5 9 .. 5 0.745 15.28 7.26 110.01 10. 11 5 49 
29/1/73 26 0 .. 6 2r:;L1. ..), 5 .. 8 6.4 1,.305 26.75 13.70 176.55 22.10 9.15 
15/2/73 19 O~g 191 4 .. 4 4,,,8 1 .011 20.73 10 24 138.89 14.98 5 26 
,",",</"/'"7') 
~ -' ,j j:; 21 0.5 199 4 .. 7 5.,2 0.513 10.60 . 3.93 133.56 5.77 2 96 
29/3/73 0,,5 236 5,,4 5 .. 9 0.222 4.56 1. 47 54.72 1. 48 0.87 
26/4/73 - 81 1 7 '7c:;a 

~;..,I 
16 2 .. 9 0.133 2.72 0,,79 5.44 1. 72 1. 13 

10/5/73 28 0",9 2 5,,7 0.,6 0.106 2.17 . 0.63 9.98 1. 61 -l 
i • 

25/5/73 11 0~2 '80 '" 1 2 .. 3 0.1 2.53 0.19 9 87 1.76 1 ,,83 ' . ..,.. <:::" -

14/6/73 13 O~3 127 2 .. 9 q .. 2 0.056 L 14 0.18 3.64 0.97 0~903 

28/6/73 26 0;,6 244 5 .. 8 ,6.,4 0.088 1.80 0.26 10.08 .. ' 1. 22 . ' 0.9 
2/7/73 98 - 2,,9 2 2" ,.." ..loL: .. 1 0.244 5.01 0.76 26.05 2.69 2. 

9/8/73 191 504 1 9 38.6 ,,0 O. 9 13.09 2.02 45.81 6. 12 5.09 
13/9/73 2 J e 4 2158 47 .. 8 55",2 1.063 21.80 3.31 76.76 9.29 7. f-' 

w 
28/9/73 226 7~3 2064 45,,4 52e7 L r 37. 6.17 150.56 16.04- 12.80 i--' 

0 

18/10/73 168 601 1522 32 .. 9 39,,0 1. 976 40.50 6.72 141.75 19.14 14 38 



FA ASC ASC 
Sc P Sc P TOT .g/m3 kJ/m3 RSP EGG FAC PRO 

10/8/72 82 2,,4 938 21 .. 2 23 .. 6 00211 4.32 1.06 11.66 2.00 0.70 
25/8/72 101 2 8 979 19.,7 22 .. 5 0.191 3.92 1.20 17.25 1. 16 0.63 
5/9/72 88 2 i 832 18,,4. 21,,1 0.241 4.91 1.16 29.46 . 1.02 0.80 
21/9/72 112 3 .. 6 1 '"' 22.,7 26.3 0.304 6.24 2.60 93.60 6. 4.62 0 

9/10/72 '.78 2 4 6"'? 't- LL ., - 1608 0.267 5.48 1. 97 20.28 2.82 1.47 
26/10/72 67 2,,3 593 12 .. 9 15 .. 2 0.707 14.50 3.44 56.55 8.31 5.36 
11/11/72 46 '::L,9 I 454 9 .. 2 11,,1 1.143 23.44 8.06 168.76 9.99 3.37 
7/12/72 13 0.,4 127 2~8 302 0.824 16.90 6.66 70.98 7.01 2. 
30/12/72 10 0,,4 100 2,,1 2,,5 0.427 8.76 3.74 56.06 4.52 1. 40 
-, o/~ IT' I I;.) 35 0.9 325 .., -

/"':;' 8,,4 0.139 2.84 1.35 20.44 1. 29 0.44 
29/1/73 29 OQ9 291 6.4 7 .. 3 0.737 15.10 7.73 99.66 12.54 5.65 
'j 5/2/73 16 0 .. 3 164 3,,6 3.9 0.727 14.90 7.36 99.83 9.28 4.88 
23/3/73 15 0 .. 3 ..q r- t""" 

l):J '" ':l. .j .. -' 3.,6 0.328 6.73 2.49 84.79 4.04 2.50 
29/3/73 19 o.s 191 403 4,,8 0.154 3.16 1.02 37.92 1. 62 0.84 
26/4/73 25 0 .. 6 275 6 .. 2 6 .. 8 0.157 -3 ~ 22 0.95 6.44 2.42 1. 95 
10/5/73 19 ° 4 171 3 .. 9 4 .. 3 0.142 ·2.91 0.84 13.39 2.97 2.59 
25/5/73 7-., 0 .. 2 73 1~4 1,,6 0.159 3.27 0.53 '12.75 3.91 3.79 
1 (;/r:./'73 '~r () I 10 0$3 100 2.,,2 2'0 :5 0.205 4.20 0.67 13.40 3. 11 2.85 
28/6/73 36 0,,8 384 8",·1 5L.!lS 0.273 5.60 0.81 31.36 3.43 2.86 
12/7/73 64 1.7 596 13 .. 5 1502 0.459 9.41 1.43 48.93 6~ 82 5.75 
0/8/71, J, ~ 19:~L 5 :J 1907 40&4 45 .. 9 1.045 21.42 3 .. 29 74.97 10.10 6.92 
.- "/-/'7; 222 6,,8 ,A ........ -("" 43 ",,6 SOe4 1. 536 3L49 4.79 116.51 13.49 9.97 1 '\ "-I , i :JJ''j I-' -' ..,/ j.-

r-
Q/0/71. 6,,1 -)899 39",5 4S,,6 2.385 .;8.90 u.02 19L56 20.85 13.59 w 

c:. v -' ,-" 201 N 

-18/10/73 144 5 4 1316 28:'2 33 .. 6 2.673 54:80 9.10 191.80 24.22 15 75 



.. -

.Ell. PA ASC .ASC 
0 Sc P Sc P TOT g/m3 1.<T/w.3 

_,-U R~"D w ... EGG FAC PRO 

\ 

10/8/72 84- 2",0 6 17,,3 19 .. 3 0.166 3.40 0.84 2.27 1.12 0 56 
25/8/72 101 3,,1 oh9 --t'-' 2106 24",7 '0.169 3.48 1. 07 15.31 1. 44 0.57 
5/9/72 97 3,,2 903 20,,1 23,,2 0.152 3.12 1.22 18.72 1. 51 0 47 
2-i/0/~2 

t. _Ii. f 122 4 1 138 25",0 29 .. 1 0.098 2.00 0.83 30.00 2.18 1. 75 
0/-1 
-' ' 2- 93 3 0 1 R"'7 UI 19 0 1 2202 0.556 11.40 4.02 42. 18 7.98 4.87 
2 10/72 58 2 2 552 11 .. 9 ,,1 0.908 18.61 4.41 72.58 12.33 7.88 
11/11/72 22 0,,9 208 4.,3 5,,2 0.913 18.72 6.47 134.78 11. 29 6.18 

2/72 20 1 ° 270 6.0 7 ° 0.903 18.51 6.20 77.74 9.20 3.74 
30/! 8 Ii r 

v"o 202 4e6 5~2 0.277 4.69 2.00 30.02 2.47 0 92 
10/1/73 24 ° 

.., 256 5.,7 6.,4 0.228 4. 68 2.22 33.69 2,,73 0088 I , . 
29/1/73 23 0,,6 ?-l7 

'- : J 5 .. 1 5,,7 0.604 12.39 6.34 81.75 9 22 3.70 
18/2/73 21 004 109 "J 

4,,4 4 .. 8 0.533 10.92 5.39 73.16 7.29 2.53 
23/3/73 28 0,,6 2 6~2 6" 8 . 0.307 6.29 ' 2.33 79.25 3 99 2 28 
29/3/73 37 0.7 343 - a J " ~ 8 .. 6 0.439 9.01 2.90 i 08. 10 5.12 2.47 
26/4/73 41 - 0,,8 369 n -0" I 9.5 0.222 4.56 1. 34 9.12 2.92 2 07 
-I" 15 17 ~ 25 007 245 5,,7 604 0.167 3.42 0.99 15.73 2~61 1 
I V/ /._ ' . 
25/5/73 0 0,,4 91 ", 2,,1 2.5 0.092 1.88 0.31 7.33 1. 66 1. 54 ..I 

~l 

14/6/73 19 0,,3 171 4,,0 4,,3 0.098 2.00 0.32 6.40 0.43 0.24 
28/6/73 1~5 548 12,,6 14.1 0.194 3.98 0.58 22.28 1 .27 0.86 

12/7/73 72 2 1 678 15 .. 2 17,,3 0.304- 6.24 0095 32.45 2.28 1. 69 
9/8/73 202 5",6 1858 41 .. 8 47 .. 4 0.477 9 77 1. 51 34.19 5.42 4 23 IJo , I 

13/9/73' 231- 7 0 2059 45",7 5207 0.876 17.59 2.67 65 08 8. 11 5091 
28/9/73 239 '7 :::, r;(\f"'74 45 .. 6 53,,1 1.415 29~00 4.76 .116.00 14.79 10,,47 Iv.) 

j 0 ...... L-...1, I 

18/10/73 193 7 ,j 1727 37 .. 2 44.,5 L831 37.53 6.23 13/.35 18.77 13,38 



PA ASG ASG 
F1 P So -p TOT g/m3 kj/m3 RSP EGG FAG PRO ... 

10/8/72 54 1 .. 5 '""Li6 ? 12,,6 14 .. 1 0.425 8.72 2.15 23.50 3. 1. 35 
25/8/72 72 2 .. 3 668 15 .. 0 17",3 0.500 10.26 3.27 45.14 4.86 '[ 

5/9/72 76 2 '.. 3 714 .,6 17 .. 9 0.479 9.82 2.32 58.90 3.91 1. 66 
21/"/72 / 'j, . 115 4.0 1085 2" 7 J"" 27 7 0.987' 24.23 8.43 303.45 18.22 11.04 

9/10/72 80 6,,8 740 1.151 23.59 6.19 87.28 12.61 r 96 16 .. 1 22.9 0 

26/10/72 44 1,,5 426 a '"I 
.-IeL 10 .. 7 1.585 32.50 7.70 126.75 18. 11.30 

11/11 2 24 1,,0 236 4,,9 5.9 1. 463 30.00 10.32 216.00 16.98 7.31 
'7/1?h2 i ,'-/ I 26 '1 C (<Ll. 

..1-" 7,,4 8.4 1.098 22.50 7.54 94.50 12.44 5.46 
30/12/72 17 0.4 .. 3,,2 3,,6 0.024 8.50 3.63 54.40 5.82 2.51 I 

10/1/73 19 0~5 1 Q .. 
~ 1..) j 4 .. 3 4 .. 8 0.541 11. 10 5.27 79.92 7.4 2.65 

29/1/73 15 0,,3 1ht:; 
.~./ 3 .. 6 3,,9 0.332 6.80 3.48 44.88 6. 11 2.87 

15/2/73 -j 2 O~3 118 2.9 3.2 0.365 7.49 3.70 50.18 5.91 2.62 
2</1,/"')" ,.., 

° 2 73 1,,8 2 .. 0 0.571 1 L 71 4.34 147.54 6.99 3.45 -' ~ J ~ I 

29/3/73 11 0,,2 209 4.,7 4.9 0 781 16.01 5.15 192.12 8 14 3.26 
26//1/73 34 -1" 1 506 11~2 12" 3 0.488 10.00 2.94 20.00 4.87 2.39 
10/5/73 25 ° 5 235 5.9 ~ a 0.263 5.40 1.57 .84 2.94 -I :J,, ___ , . 
25/5/73 -12 0 4 98 2,,5 2 .. 5 0" 159 3. o. 12.67 1. 50 1.09 
14/6/73 23 0",6 2""'" I I 5,,1 5,,7 0.093 1. 90 0.30 6.08 0.71 0.45 
28/6/73 -25 0.8 r.")5 c:....; 7,,6 8,,4 . 0.047 0 .. 96 0.14 5.37 0.31 0~20 

12/7/73 22 009 308 6,,8 767 0.086 L76 0.27 9.15 0.70 0.46 

9/8/73 254 8.3 ",,&:; 58 .. 2 66,,5 0.296 6.06 0.93 21.21 5.18 4.31 "",1-

13/9/73 271 8,,7 2569 56 .. 4 65 .. 1 1.289 26.44 4.02 97.82 13 77 10.05 
,,0 l"/~3 183 604 1737 38e1 44",5 2.416 49.53 8. 12 198.12 . 24.68 17.03 I-' 
'::::'0 :;; { w 

..!::> 

18/10/73 124 4~9 1046 24,,5 28,,4, 3.038 62.28 10.34 217 .. 98 26.32 19.74 



BA PA .ASC .ASC 
., " 

g/m.3 "';) 

F2 Sc ? "D TOT kJ/mJ nSF EGG FAC PRO .II. 

10/8/72 69 1.,5 641 1408 16 3 0.113 2.31 0.56 6.24 1.10 0 60 
25/8/72 84- 2 4 786 17,,5 19 .. 9 0.113 2~32 0.71 10.21 1 .21 1.06 
r- /0/72 J f.J . 92 3 -" .. J. 888 19~8 22,,9 0.164 3.31 0.79 20.22 2.42 2.0j 

21/9/72 102 3,,2 978 21,,5 24 .. 7 0.165 3,,38 1. 41 50.70 1. 96 L74 
9/10/72 93 3,,4 897 19,,5 22.,9 0.254 5.20 2.92 19.24- 3.84- 1.45 
26/10/72 62 2 2 558 11.9' '" 14 1 2.858 58.58 13.88 228.46 16.20 3015 
1 1 1/72 28 1 '"' 282 5 .. 6 6 8 1. 399 28.69 9.87 206.56 13.85 5 99 c:. 

7/12/72 1 1 0.,3 109 2.4 2 .. 7 0.336 6.88 2.30 28.89 3 .. r-
• j b 1 13 

30/12/72 10 0,,4 120 2,,8 3,,2 0.223 4.58 1. 96 29.31 2 33 0.74-
10/1/73 14 ° 4 146 3.,2 ':t ~ ...... b 0.168 3.4-5 1. 64 24.84 1. 98 0.70 
29/1 17 0 5 213 4 7 5,,2 O~116 2.38 1. 22 15.71 2.49 1 87 
15/2/73 22 0 .. 3 152 3.6 3~9 0.156 3.20 1. 58 21.44 1.74- 0.56 
2J./~/7'" J ~F 1.J 12 0 .. 3 128 2,,9 3 .. 2 0.316 6.47 1. 90 81.52 1 92 L 11 
29 / "), 173 I ~/ ! 39 0 0 

~ 331 IG6 8,,4 , 0.574 11.77 3.41 141.24 4.62 1.89 
26/4/73 72 108 758 17",0 18 .. 8 0.213 4.36 0.71 23.54 1.24 o ,or::. • ..Jv 

A 0 I<;/ry 3 I / -' I 38 0.8 362 8 ,., 
.. I 9,,5 0.110 2.26 0.36 10.39 1.,20 0.76 

25/5/73 15 0 " "'iLlS 3 .. 3 3.6 0.050 1.03 0.15 4.01 0.69 0.65 ..) , . 
1;1 /J, /7? -1"/ ,+ !..J 16 0 4 164 3.9 4,,3 0.026 0.53 0.08 1. 69 0,,18 0,,16 

28/6/73 32 0,,6 308 6 .. 9 .., r::: 
I ~ ..,} 0.023 0.47 0.07 1. 99 0.16 0.,16 

1r) /~/7'" 41 '" 399 9.3 10 .. 4 0.061 1.26 0.19 6.71 0.47 0.44 ,c:.! ( .) J. 

9/3/73 163 4 4 1507 34,,0 38 .. 4 0.454 9.30 1.43 32 55 3.16 2.22 
... ~ /:"",/7'" 178 5,,6 1612 

""')- ,,"'" 
41~3 0.791 16.21 2.46 59.97 7.91 5.89 ..)::; " / 1.5;:J ,j I-' 

28/9/73 L1., 7 1267 27,,8 32.,,5 31.80 5.22 127.20 12.71 8 r\ W 
" '"' J 1. 551 I \ , c:. l.rl 
~ ~ 

18/10/73 105 2,,9 955 13",4 16 3 2.234 45.80 7.60 157.30 17.29 1 .., ,.5 36 



PA .ASC ASC 
F3 Sc p Sc P TOT g/m3 kJ/m3 RSP EGG FAC PRO 

10/8/72, 26 0,,6 "64 c:. . 6 .. 2 6 .. 8 0,,008 0.18 0.04 0.49 0.05 0$04 
'-', /8/7~ c. ") - Ie "7 ..), 1,,1 383 804 9,,5 0~021 0.43 0.13 1.89 o. 18 0 10 
5/8/72 92 3,,1 908 20.1 23,,2 0.035 0.71 0.17 4.26 0.29 0 ,i) 

'T 

2""/9/'""'? I / 1,- 124 400 1 076 23 .. 7 27",7 0.016 0.32 1.33 4 .. 80 1.01 0 04 
9/10/72 72 2,,8 628 14 .. 0 16,,8 0.058 1. 18 1. 21 4.37 1. 52 0.57 
26/10/72 54 1,,8 516 10 .. 9 .. 7 0.371 7.61 1.80 : 29: 67 4.23 3.64 
11 1/72 46 2,,9 44LL , , 8 .. 5 11 4 0.224 4.60 1.58 33.12 2. 11 0.,87 
7/12/72 ,,"'" 1~0 323 

, 
0.243 4.99 1. 67 20.96 2.36 0 80 -" I 7 .. 4 8 .. 4 

30/12/72 40 1 ° 370 i 8.5 9,,5 0 142 2.91 1.24 18.62 1.44 o. fr 6 
-'0/"/7) 

t J f ~ 35 0,,9 ~')5 
j..J 7,,5 8.,4 0.073 1.49 0.71 10.73 0 72 0.24 

29/1/73 19 0 5 201 4.,7 5.,2 0.0 L32 0.67 8.71 1. 26 0.,90 
15/2/73 21 0 .. 6 269 6 .. 2 6.,8 0.154 3.15 1. 56 21.11 2.23 0.96 
23/3/73 22 0,,5 , 238 5.4 5 .. 9 0.237 4.86 1.80 61.24 3.00 1.39 
29/3/73 31 .101 309 7 .. 3 8.,4 0.300 6.16 1 ! 98 73.92 3 24 1. 67 
26/4/73 70 1,,8 650 15 .. 5 17,,3 0.204 4,,18 1. 23 8.36 2.63 1. 75 
10/5/73 23 0,,6 247 5.8 6.4 0.129 2.65 0.77 12.19 1. 94 1.33 
25/5/73 22 0.6 178 4 .. 2 4,,8 0,,069 1.42 0.23 10.33 0.96 0.94 
~!J./r/'73 I, 0 I 2-1 I 0,,6 219 5 .. 1 5,,7 0.072 1. 48 0.24 4.74 0.83 0.78 
28/6/73 14 0.,3 1",r cO 2 .. 9 3 .. 2 0.034 0&70 0.10 3.92 0.32 0.28 
12/7/73 28 0 .. 7 262 6~O 6 .. 8. 0.036 0.74 0.11 3.84 0 40 0.40 
9/8/73 81 2 5 139 18 .. 6 21.,1 0.240 4.91 0.75 17. 18 3.02 2.69 
13/9/73 1/8 3,,7 1102 24,,2 27 .. 9 0.312 6.40 0.97 23.68 2.26 1 84 

28/0/73 3 ... i-' 

94 .) 916 19 .. 9 23,,2 0.431 8.83 1. 45 35.32 5.84 5~00 w 
;; I -'- 01 

18/10/73 106 3,,7 8 r1 4-::;. 19 .. 5 23,,2 0.975 19.99 3.32 59.96 8.22 5.88 



P.A ASC ASC 
~ 

kJ/m3 P Se "P TOT g/m'"' RSP EGG FAC PRO ... 

10/8/72 32 0,.7 348 7.,9 8 .. 6 0.040 0.81 0019 2~19 0.31 0.14 
25/8/72 ." 4 468 10,,2 11,,6 0.026 . 0,,53 0.16 ,2.33 0.18 0.08 1. 

2.2 '-"'8 Oc. -13 .. 9 16.1 0~035 0.72 0.17 4.32 0.21 0012 
21/9/72 3,,0 886 19,,2 22,,2 0 .. 047 0.96 0.40 14.40 1. 08 0.87 

89 ' 3.,4 9~" "",I 20 .. 2 23,,6 '. 
0.046 0,,94 0.67 3.48 0.72 0.32 

26/1 2 0,,9 618 13,,2 14" 1 0.502 10.29 2.44 40.13 7.03 5.39 
11 1/72 51 2~1 469 9 .. 9 12,,0 0.370 1.59 2.61 54.64 3.34 1. 26 
7/12/72 50 1,,8 580 12 .. 7 14,,5 0.,303 6.22 2.11 26.12 2.91 1. 11 

.30/1 2 52 2",0 th8 .. r r. 18 .. 2 0.288 5.91 ,.., 37.82 3.24 1.06 ,v . 1.0" <:;) c:. • 

10/1/73 32 0",9 qq8 
.-' .-' 22,,7 23,,6 O. 19 2. 1.16 17.56 ' 1 .40 0.38 

29/1/73 14 0.7 586 13 .. 4 14,,1 0.072 1.48 O. 9 .. 77 1. 32 0.86 
1r::;/1"\/'7 1 ,./ c.. I..J 2 001 289 6,,7 6,,8 0.135 2. 1 • 36 18 49 2.11 0.98 
23/3/73 0.8 0.1 129 ~ ..., 

~ol. 3",2 0.250 5.13 2.05 64.63 3.09 1.27 
29/3/73 16 0,,4 704 • ...., ~ (""0 16,,3 0.305 6.25 2.01 75.00 2.84 1038 l....> .. ';j , 

26/8/73 ,17 0.,4 673 13 .. 0 13 .. 4 0.272 ~L58 1. 64 11. 16 2.96 1. 41 
10/5/73 13 0.,2 127 3,,0 3 .. 2 0.100 2.06 0.59 : 9,~ 47 1. 16 0.76 
r. 3 19 0.3 261 508 6,,1 0.086 1. 0.29 6.86 0.94 0.88 c::. 

14/6/73 0,,1 336 7,,7 8,,4 0.022 O. 0.07 .44 0.18 0.16 
'" 7 0" 1 , 413 9 .. 4 .9 .. 5 0.041 O. 0.12 3.26 0.32 - 0.28 c::. 

12/7/73 8 0 .. 1 3""''''' ',," 
l~ 8 .. 5 8 .. 6 ,0.069 1. 41 0.21 6.23 0.49 0.44 

9/8/73 0.,3 638 1405 .15,,2 0~098 2.02 0.31 7 0 07 0.82 0.76 
'j 3 '0,,2 7-;3 ..... r .r- 17

0
3- 0.256 t:::; 0.80 19.38 2.52 1.86 J-Os:) ./ . 

28/9/73 ° 4, "'S"" o 0 20e5 21431 0.383 7.86 1.29 31.44 3.55 2.65 
'" 46 0,,4 6:::;;, 16",0 16 .. 4 O. 1 10.89 1081 28. 11 5.72 r-
! 

..., 
./'t' ./ 



PA ASC ASC 
Se "P ... Se P TOT g/m3 kJ/m3 RSP EGG FAC PRO 

10/8/72 3 0,,1 217 5 .. 1 5 .. 2 0.039 0.79 0.19 2$13 0.26 0 14-
25/8/72 16 0.,4 414 905 9 .. 9 0.064 1.32 0.41 .5.81 0 ,i8 0.20 
5/c /'72 i 7 0,,3 303 ·7.,0 0.108 2.22 0.53 13.32 0.59 0 20 ..J, ,( 7,,3 
2 1 /q/T' .; __ I L 6 0,,6 914 .. 7 "'.., '1 L ..J.." .J.. 

0.166 3.40 L42 51.00 3.44 2.36 
'\ /7') vi . - LtO 

'.-' . 0 8 51 23,,9 " 2407 0.368 7.54 2.34 27.89 5.77 3.89 
2 0/72 68 2,,0 1622 37 .. 0 39.,0 0.671 13.75 3.26 53.63 8.45 5.37 
11 1/72 42 004 778 • t 18 .. 4 18 8 0.227 4.66 1.56 33.55 2.04 0.79 
7/12/72 28 Oe01 10-12 6081 6.82 0.120 2.47 1.05 10.37 1 .43 0.78 
.., 

2/72 ... ~ '7 0 5 1023 ' .23 .. 6 24,,1' 0,,068 1. 39 0.66 8.89 0.70 0.22 .5 , I 

10/1/73 36 0,,9 1634 37 .. 5 3804 0.026 0.54 0.28 3.88 0.26 0.10 
29/1/73 29 0" 8, 5a~ ,.)! 13~7 14.5 0.008 0.17 0.08 1 .12 0.11 0.06 
15/2/73 13 0,,2 4 10.7 11,,1 0.063 1.30 0.48 8.71 0.63 0.37 
23/3/73 16 0.4 194- 4 .. 4 4.,8 0.114 2.33 0.75 29.36 1. 50 0.84 
29/3/73 "1 c:; 

'./ 0",2 815 ' 18 .. 9 19,,1 0.199 . 4.08 1.19 48.96 1.89 1. 01 
".6/l1/7~ c. , '-' JO ' 0'J8 2010 46 .. 4 47.,2 0.171 . :3050 1. 02 7.00 1.65 .0.92 
1" IC:;/7J. V/./ . J ,', 14 0.4 1016 23 .. 2 23 .. 6 0.072 1. 47 0.24 6.76 0.68 0.57 
25/5/73 8 Q .... 612 14 .. 2 14 .. 5 0.068 1. 40 o. 5.46 0.69 0.65 .J 

'1.:"/6/"3 :/ I I 16 ° 4 "lCLl. 
'.,.I , 4 .. 4 4.8 0.034 0.70 0.10 2.24 0.23 0.30 

28/6/73 7 ° c·l, 103 2,,2 ,2 3 0,,016 0.33 0.05 1.84 0.06 0.10 
",,?/'7/~3 I ~ I I 16 0,,4 144 3,,2 3 .. 6 0.060 1.23 0.19 4.22 0.38 0.32 

9/8/73 5 0 .. 2 315 7.1 7 .. 3 0.067 1.38 0,.21 4.83 0 53 0.65 
1 ') /O/7~ 29 ° 3 II r,\,;; 4,,5 5 .. 2 0.183 3.76 0.57 13.91 1. 76 L46 .J I .,); ''''' LV! 

21 3 1 00 459 10.,72 10,,76 0.313 6.41 1.05 25.64 3 , 12 2.48 I-' 
W 

1:69 
co .., "i""''' 2 0,,05 a 14034 ,,39 0.499 1'0.23 31.81 5.17 ' 3 I V 'I i .) 
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with minor ations, pattern of energy flow 

convers n through all ponds was the same except for P3 which 

lacked benthic algae during winter as a re t of dilution of 

brine which allowed solution of the ca ium sulphate bind 

the sediment particules (Table 1.2). All other ponds 

exhibited the same seasonal trends already described when 

considering algal produc-tion and Ar~ populat fluctua~ 

tions These were a spring peak of Dunaliella product 

leading to a spring/early summer Artem~a production peak. 

The high 1 of flow attained as the algae and 

Artemia flouri tapered off rapid as the summer pro-
, ' 

gres There was no well de autumn se and through 

the winter months flow was uniformly low. Indicatio~s 

of a "spring" se in energy flow began to show themselves as 

early as mid July in lower ponds of the P series but were 

delayed until August/September in the F series. Total energy 

flow was greatest in P5 but declined gradual up the 

concentrating chain as salinity increased. 

The ratio of benthic a biomass to pelagic algal 

biomass fell as the average salinity rose. Thus the mean 

rat: for P5 was 0.102 whereas for F5 was only 0.012. 

'l'he princ cause of this change was the incre 

occurrence of red pigmented a D. sal which does not 

-have a palme1 benthic stage the salinity ponds. 

In P3 t was no benthic a 1 cover between 14 June and 13 

September 1973. The loss of the ar form of D. a 
--.----=--~-~-~-~-

caused an immediate fall in tot tion was 

partial compensated for, however, by an increase in pro-

duc-tion of pe cell. 'L'llis also been 

stimulated an increase in the amount of reactive phosphate 

sen-t. s pho was formerly bound up the sediment:. 



and was therefore unavailable (see Table 1.4, 14.6.73). 

The energy expended in egg production fluctuated 

seasonally in much the same manner as shown for 
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percentage of females carrying eggs, . 3.1. A rapidly 

attained peak of production \Vas followed by an lly 

rapid drop as summer arrived, but in all ponds there was a 

short revival of egg product in January. This was llowed 

by a slow fall to a winter minimum. As with overall production, 

the energy expended in lay fell from a peak value in 

P4 and became very low in the F series where high average 

annual salinity inhibited egg laying. The flow of energy that 

is expended in respiration does not have a simple correspond­

ence with population density. since it depends on the 

stribution of size classes considered as in section 4.3, 

and temperature of the water The seasonal change may 

be illustrated by calculation of the respiratory energy 

expended per gram of standing crop in P4 on 29 January 1973, 

(summer) and 14 June 1974, (winter). In summer, respiratory 

expenditure was 5.8 kJ/g or standing crop and in winter 2.9 

kJ/g of standing crop. This range respiratory energy 

expenditure is typical of all ponds, and sents a large 

loss when food suppl are becoming scarce at the conc1(lsion 

of the spring al 

then be mainta 

wi the 

bloom. The re iration expenditure will 

at the expense stored energy reserves 

's ssues. Exhaust of reserves in s 

manner may account mass deaths and rapid drops in standing 

crops ov"er the summer. 

ANNUAL AND SEASONAL PRODUC'LtON OF AR'rEl>1IA 

e 4.5 gives a summary of the annual and seasonal 

production of Artemia from each concentrat pond" The 

allocation of mDnths to seasons is as follows; ing, 



Table 4.5. A.::GfJAL J-'\.ND SEASOl~.AL PRODUCTION OF ARTEMIA EXPRESSED IN 

kJ 1M3. BRACKETED FIGURE IS g/ro3 

Pond Annual Prod. SFRING S UliI!YlE. 0 AUTutvIN WI1!JTER 

F3 1470.8 ( .7) 887.6 ( P) • v 317.1 (15.4) 103.5 (5.1) 273.0 (13.3) 
F4 1699.7 (82.9) 885.5 . (43.2) 257.5 (12.6) 177.5 (8.7) 379.0 (18.5) 

2082.2 (101. 6) 845.7 (41.3) 272.0 (13.3) 403.0 (19.7) 552.5 (26.9) 
?6 1872.7 (91.3) 680.5 (33.2) 364.0 (17.8) 284.9 (13.9) .1 (20.2) 

?7 .7 (77.2) .2 (35.9) 326.8 (15.9) 151.5 (7.4) 370.2 (18.1) 
p8 1515.6 (73.9) 694.7 (33.9) 372.8 (18.2) 156.3 (7.6) 291.6 (14.2) 

1212.9 (59.1) 306.6 ( .9) 205.1 (10.0) 261.2 (12.7) 439.4 (21. 4) 
FlO 911.9 (44.4) 426.8 (20.8) 159.9 (7.8) 213.7 (10.4) 111.5 (5.4) 
Fl 1500.2 (73.1) 739.6 (36.1) 215.5 (10.5) 5.4 (12.5) 134.9 (6.6) 

F2 526.7 (25.6) 266.5 (13.0) 74.7 (3.6) 93.6 (4.6) 87.4 (4.3) 

F3 279.9 (14.5) 36.6 . (1.8) 44.9 (2.2) 140.3 (6.S) 75.2 (3.7) 
F4 365.4 150.4 C7.3) 60.5 (2.9) 116.6 (5.7) 38.3 (1.9 ) 

357.1 (17.4) 226.0 (11.0) IS.6 (0.9) 76.4 (3.7) 36.1 (1. 8) 
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Oct_ober November i summer, December January February i autumn 1 

~1arch 1 May; , June July August 0 The dowmvard 

trend in total annual production as the sal increases 

shows well the pond series with an overall maximum in P5 

Most of ponds showed maximum production in ing I the 

exceptions being P9 and F3 where maxima occurred in winter 

and autumn respectively. In no pond did the summer production 

equal or exceed the spring production, and in most ponds more 

Artemia was produc~d during winter than summer. 

ECOLOGICAL EFFICIENCY 

ecolog efficiencies, (the percentage of total 

energy input to the ArtemJ;_~ population from uptake of pelagic 

algal cells that is actually incorporated in harvestable 

Artemia biomass) were calculated for P4 for each sampling date. 

The results were as below: 

Date Percent Date Percent 
----"'--~--------~~"---.--"""'-.~--~"'~...,-~-=-.. ~-""'-.... ~ 
10/8/72 19.3 23/3/73 13.3 

25/8/72 19.8 29/3/73 12.8 

5/9/72 19.7 26/4/73 23.4 

21/9/72 IB.2 10/5/73 23.5 

9/10/72 19.6 25/5/73 17.2 

26/10/72 21.4 14/6/73 21.2 

11/11/72 21.3 28/6/73 21.4 

7/12/72 16.2 12/7/73 21.7 

30/12/72 .1 9/8/73 21.6 

10/1/73 14.4 13/9/73 23.4 

29/1/73 16.9 28/9/73 22.0 

15/2/73 16.0 18/10/73 21.2 

The average ing period was 19.1%, a 

sa-tisfactory overall figure represen"ting f by Illost biological 

standards, an effie conver on of food between tropic 
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levels. large range reflects the variable abundance of 

food, with the lower efficiencies occurring when most of the 
I 

food intake was going directly into fulfilling respi.ratory 

requirements and a small proportion into new tissue growth. 
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SECTION 5 

UTILISATION OF THE ARTEMIA CROP 

PRA\iVN OR SHRIMP CULTURE 

demand for shrimp 

4 

prawn There is a world 

ied mainly from 

conm10di ty and 

ing operations. increasing 

extent to which the va is 

ially inflated by demand is making 

to farm the 

with setting up tr 

s. Many organiz 

hatcheries and 

more and 

have 

ing 

the Japanese have committed themselves to a 

venture. 

Four basic factors that must come into any decision 

to enter t~ds f Id are 

(I) a ready market must close at hand and not 

require extens transport, 

(2) a suitable shrimp or must be available 

that will gTOW to an acceptable size with a good can 

version ratio of food into shrimp fIe 

(3) a nutritious food must available for the 

adult, and. 

(4) most importantly, a food. must be available 

will feed the ii the shrimps or f and a supply 

of unpolluted seawater must be close by with room ·to cons1:ruct 

large ponds. 

The most difficult time in reari 

iod of larval 

the nauplius 

normally demands 

success 

larval period to 

sis when, via a 

t characteri 

ive management in a 

maturat:.i.on of 

becoming harve 

shrimp is 

es of moults 

s. This stage 

t.e hatchery .. 

frorn t.he end of 

animals 



145 

es a sound knowledge of animals habits luding 

such things as territorial I requ for cover, 
, 
preferred light intensities and ling tendencies. 

Several diseases have n identified in shrimps such 

as 'brown spot' and '\vhite caus by chitiniverous 

bacter , and I lky disease' by a sporozoan site, 

Telohania (Forster and Wickens 1972). These spread 

very rap throu a population and a knowledge of the nature 

of the disease control measures is vital. 

Prawn culture of an elementary type has been 

practised for an unknown length of t The simplest version 

of this method ies on the capture of juvenile prawns by 

flooding paddy fields with water at the season when larvae are 

known to abundant. A mixed populat of several spec s 

results but they grow on naturally occurring food. The 

ave~":age yield from this type of system is 340 kg/hectare f but 

in Singapore yields have reached 900 kg/ha, (Tham 1968). 

Culturing methods are similar in the Philippines 

but somewhat: more advanced in cu ists s a 

pools for this purpose. Again most the consumed is 

that occurring naturally but r e bran is added as food and 

fertiliser, (Caces-Borja and Rasalan 1968). Survival to 

matur tends to be as 1mv as 20% yields average only 

280 kg/h(;lctare. 

Pond culture is also used ,Japan there it is 

a much more tightly controlled system. Grav r wild females 

caught at sea are t:o in 1 tanks have 

been f lised innocu \'li th algae 1 inaga 1969). 

'I'he s ha-tch as nauplii vlithin 24 hours moult vlithout 

having fed to the zoea S v,then begin f ing on 
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the algae. This sustains them until the mysis stage is reaclled 

when Artemia nauplii become their main food. This diet lasts 

until about seven days of age when the resulting juveniles are 

introduced to outdoor ponds of up to four hectares. Here they 

are fed a minced mixture of clam, trash fish, and shrimp or 

Artemia. No reliance is placed on natural food production in 

the ponds and yields of up to 3000 kg/ha are normal. Feeding 

expenses are extremely high in Japan since most of the clam 

used is also sold as a human food. This expenditure is offset 

by the price realised by prawn in Japan of up to $7.00 per kg, 

(Shigueno 1972). 

At the present time the Japanese enterprise is the 

only one rlnning profitably but others are being developed. 

'The nex·t hurdle to be surmounted is that of the 

necessity to rely on a supply of gravid females caught at sea. 

This requires a knowledge of conditions necessary to bring a 

female into breeding condition and produce viable eggs. 

Intensive research has resulted in numerous successes both in 

egg production and the culture of larval stages with almost 

100% success. Cook (1969) describes methods for Penaeus 

and M. ioyneri. Production of Penaeus keranthurus has been 
... ==,=~=_,~l-'-""'-r.-~~,..~"==b_'~' oor-~~~~=-~~-,-----o-=,,"", ~"~==~=---=-"'-"'='~~-"~=''''---''' 

looked into. In all of these cases production of very large 

numbers of juveniles provides no problems. 

The expensive part of any form of shrimp farming 

is the growing period from juveniles to harvestable adults. 

Production costs here can frequently eat up any profits, 

especially where a slow growinq form is being cult:ured. MOf3t: 
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pond systems are not highly eff ient and food lS 

continual The current trends are towards ive rear 

in 1 controlled environment simi to those 

currently u in ive terrestrial husbandry, e.g., 

poultry or pigs. 

5.1.1 WI~TER TEMPERATURE AND GROWTH RATE 

without exception stest growing prawns are 

tropical species (Forster and Wickens 1972) f mainly P~nae _. ~_, 

aI-though the caridean genus f Ma~.r~rachium, also cont ns fast 

growing ies. Palaemon serratus a cool vlater ies 
o 

occurring around most of the British Isles and continental 

Europe has been shown reach a commerci.al size of s to 

eight grama within one year under optimum laboratory condit 

but take up to four years the same growth in open ponds in 

the temperate English climate. The optimum temperature 

growth was found to 
o 22 C but growth occurred throughout a 

range from 4°C to 24
0

C. For commerc 1 outdoor production a 

o 
range of 15 C 

o 24 C would allow moderate gTowth rates, about 

5 g/year, thout the necessity of supplementary ing, 

(Forster and Wickens 1972). The final s e of the New Zeal 

repre sentat, :Lve 

ler than the European species, and probably f ient 

for commerci.al ex}? itation. 

a large eshwater 

ical found ely dis-tributed 

region. It has been v7idely 81:,udie8 because of s rctpid 

rate, high food convers abilit-:y ready ,tion to mass 

culture s tions. Since it a member the Car ea p the 

eggs are incubet ing in contrast to Penaejdea 

where the egg are simply shed into water column, ture 

must be at a temperature of 28°C or higher 
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water. In nature adults shwater but travel to 

brackish estuarine areas to Consequently larval 

rearing uriits normally at inities of about 15 ppt. 

Newly hatched larvae read consume nauplii. 

5.1.2 ECONOI'HCS OF SHRIMP FARMING 

Production costs type of culture being 

employed. 'l'he three main types are: 

(1) extensive or free culture; 

(2) intensive outdoor culture; 

(3) intensive indoor culture. 

In all of these, larval rear ili·ties are 

necessary. The cost of this will to a exten'c depend on 

type of shrimps used for culture s lifetimes 

eatly. A secondary aspect obtaining larvae. 

overseas enterprises, notably mainland South 

East As f are able to trawl for s locally 

low them to shed their eggs in monitored C' 
0::> • It. J' c· 

-~ 

a local shrimp suitable cu will be 

found tl1G New Zealand coast so larvae production will 

probably on cultivated females that have been -[:;0 

spavn.l by icially modifying t.h.e environment or 

allm'ling natural annual cycle to take place. is 

si.tu.at i where the giant Malaysian Prawn, 

Hacrobrach 

1:m10ne8 and a breeding stock has to lTLa 

Pujimm:a to ( 70) described the rearing of 

H. ros 19000 litre tanks and estimated the cost 

of sed larvae at $NZl.60 

thousand 1 life of 35 days and a surv 1. to 

21%~ Japanese industry relies on 

femalt-:s and Shigueno (1969) estima 
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rearing costs at approximately 90 cents per thousand Liao 

and (1970) conducted a survey of costs of rearing s 

ies of larvae in Taiwan estimat average 

costs, assuming 25-30% survival, of $NZl.80 per thousand. 

Considering these estimates, Forster 'It?ickens (1972), 

considered in the United Kingdom a cost $NZ2.00 

thousand metamorpho larvae s a realistic target. 

Larval rearing facilities, however, also necessarily 

involve construction of , ponds, build 

tanks, equipment for growing batches of a 

to house the 

equipment to 

harvest ;l,rtemia ii, and pumps to circulate and transfer 

water, and these would involve much extra 

5.1. 3 FOOD SUPPLIES 

Although cultured shrimps will survive mature 

ponds using naturally occurring food, experience in Malaysia 

and the lippines s shown shrimp productivity very 

low. Supplementary feeding, by boosting the energy available, 

greatly increases yield Where intensive rearing is undertaken 

the dens of shrimp is such natural food production is 

totally inadequate and complet:e reliance must be placed on 

prepared diets. There are a great of such foods, 

reviewed sowhere, (5.1.4), that usually aim at a balance 

of carbohyd.rat(~ tein and trace elements that can 

effie tly by 

usually reflocts its 

of die·ts rllay 

The cost of any animal feed 

tein content and in 

compared to foods 

sway cost 

as trou'c pellets 

or try lets that cost about 20 to 30 cents kg 

Effie of conversion of such food into 

shrimp or prawn is likely to somewhere between two and 

o to one, t less in £i s s D.nt. losses 

occur due ·to rnoul t By this reasoning vlOuld ccmt 
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between 40 and 90 cents per kg of shrimp produced but this 

assumes 100% survival, and that all of the food supplied is 

eaten. An operational example was quoted by Neale and 

Latapie (1972) concerning pond culture on Grant Terre Island, 

Louisiana. Ponds of 0.1 ha were stocked with juvenile brown 

shrimp, Penaeus aztecus at the rate of 37 050 per hectare 

(16 kg/ha). Feeding was with "Purina Catfish Chow", (sinking 

pellets), at the rate of five percent of shrimp biomass per 

day. Weight of the shrimp increased over an 80 day growing 

period to 480 kg/ha. Food provided, therefore, ranged from 

0.8 {kg/ha)/d initially to 24 (kg/ha)/d immediately before 

harvesting. Conversion efficiency was 2.3:1 and mortality 

over the period was 10%. The conversion efficiency of 2.3:1 

implies that 1067 kg/ha of food was supplied for a yield of 

480 kg/ha of shrimp. Basing the cost of food on the estimate 

of 30 cents per kg, expenditure on feeding is about $356. 

The price being fetched for brown shrimp during this period, 

(1970), was $USl.44 per kg, (Anderson and Tabb 1970), giving 

an income from sales of the shrimp of about $US691 per ha. 

This profit of $235 ignores expenses for labour, plant and 

power supplies, and possibly supplementary heating. At the 

present time with world wide inflation, costs incurred in any 

venture are continually fluctuating and any amounts quoted 

can only be a rather crude qu~de. 

5.1. 4 ARTIFICIAL DIETS FOR CRUSTACEA 

The development of successful crustacean diets has 

·been -slowed by the inability to find' a 'simple binder that will 

keep pelletised food intact for a matter of hours in water. 

Normal pellets as fed to domestic stock crumble almost 

_ immediately and rapidly foul the water. Hg.stication by shrimps 

is a slow process and particles of food will be consumed over 
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iod of s. Materials have been tr include 

alginates, f guar and locust bean , gelatines 

cellulose compounds. 

Host of these work only trial error will 

the st. Balazs, Ross and Brooks (1973) have 

ised a typical set of formulae based on flour f 

meal, shrimp meal, brewers I st and ground corn. Binding 

v'Jas achieved by addition 20% high gluten wheat flour. 

imp meal the formulae in Table 5.1 could be 

ituted with Artemia meal still retain same 

sition. 

The ingred s were dry and about 40% 

by of hot water was added The tough dough formed by 

was extruded through a spaghetti die and chopped to 

form lets. 10 hours pellets 

reta their shape over hours in seawater. 

Table 5.1 Shrimp d t forumlae incorporating Artemia 

(Balazs, Ross and Brooks 1973). 

Ingredien·t 

Soybean flour 

fish 

shr imp (Artemia) 
meal 

brewer's at 

1 

30.5 

ground corn 40.5 

high 
flour 

\vheat 20 

Tricalcium phospha-te 3 

Vitamins 
minerals 

-Total 

trace 

(%) 

1 

25 

2 

8 

4 

5 

47 

20 

1 

25 

Diet (% composition) 

3 

8 

6 

24 

5 

35.5 

20 

1 

30 

8 

11 

42 

4 

5 

12 5 

20 

1 

40 
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Experimental feeding of Penileus. ~~ with the 

diet showed goc3. g:;:-Qi;vth rate that was directly proportional 

totlle arnount of prot:.ein in the diet (Table 5.2). 

Table 5.2 Growth increments of P. japonicus on four diets. 

Weights are those of adult P. japonicus. (Balazs, 

Ross and Brooks (1973)J 

Species Diet Hean weight Percent 

initial final increase 

P. japonicus 1 2.25 4.63 105.8 

" 2 2.27 4.70 107.0 

11 3 1.66 5.62 238.6 

I! 4 L50 6.44 329.3 

Survival for the experimental period ranged between 

86 and 100%. 

5.2 SHRIMPS POSSIBLY SUITABLE FOR HASS CULTURE 

PALAEHON SERRATUS 

This caridean shrimp is co~mon around most of the 

European coast and a great deal of research has been done on 

it, particularly in England and Wales (Cole 1958; Forster 

1951a; Forster 1959; Panikkar 1941; Parry 1954; Scheer and 

Scheer 1954; Reeve 1969; Forster and Wickens 1972) ~ It is a 

small shrimp with a maximum weight of 12 g and takes over a 

year to grow to marketable size which lS about six gr~~s. It 

will breed fre~ly in captivity and p~oduces 150n - 4000 eggs 

per adult. Larval life is 19 - 30 days. Its chief attraction 

as a potential shrimp for cultivation is that it \vill grow 

well in cool 'water with a temperature range of 15 - 24
oc. In 

spite of this, its slow growth rate does not really make it an 
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attractive proposition at esent. The chief representat 

of the Paleomonidae in New Zea inis shows much 

the same characteristics as P. serratus (personal observations 

and J. Knight pers. comm.), is small and even less 

likely to be a practical propos 

PANDALUS PLATYCEROS 

This is also a to cool water species and 

is widely distributed in the Pacific, (Butler 1970) • 

The mature weight is much larger than serratus at 30 g 

but fecundity is not good with 1400 - 3200 s produced per 

Growth rate is approximately 5 g 6 months. 

P. grows well in captivity but as (1972) has 

not been induced to breed in captivity. ing experiments 

were carried out at Conway in v7ales, (Forster and ItJickens 1972) 1 

and a growth rate of from 0.4 g to 4.9 g 

achieved in six months. Best survival 

o and 15 C, a mean of 50% surviving from 

adult Survival tests indicated that 

t could be tolerated was OOC - 20
oC. 

'\'leight was 

young 

Apart from the problem of law fecundity, P. eros -_ ....... _"*'----
is a protrandrous hermaphrodite and spends about two s as 

a e changing sex and being capable of production. 

MACROBRACHIUH ROSENBERGII 

is a warm water relat 

previous two ies that has attracted great _attention the 

last fe"'l s because of its remarkable growth rate 

apparent ease of cultivation under suitable conditions. It 

a typical widespread around the Indonesian 

archipelago' inhabiting fresh and brackish waterQ 

varies length between 24 and 35 days. Egg production 
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extremely high at 

Hatching and rearing In 

10,000 and 100 / 000 eggs e. 

is [>,0".' '1 '>rell documented 

routine process, (Fugimura 1966 i imura and Okamoto 19701 

Fugimura 1972) . Growth rates of 60 g in six months I;vere 

demonstrated by Ling (1969a) an t 'Vleight of 100 9 

achieved within ti,vO s , Rearing trials in Ha'(,,,aii 

(Fugimura 1972) have sho',yn rates of 3820 (kg/ha)/ 

attempts are being made to produce a sustained yield 

335 (kg/month)/ha by culling off sized pravms as 

become available and replacing juveniles. 

estimates suggest that to reta growth rates 

a ing of between 10 and 20 juveniles 

most severe problem in a temperate cl 

optimal. 

would be 

the water temperature 260 C - 300 e 

ra for good growth. The prawn, however, will 

temperatures as low as 17°C. 

PENAEUS JAPONICUS 

success 1 

the pioneer 

an except 

and 1,200,000 

7 - 10 days 

Its wild 

Indonesian 

Through the 

warm water panaeid is probably most 

tivated prawn. It is the species 

Japanese shrimp farms (Hudinaga 1969). It 

f Ie animal producing between 100,000 

female. Larval life short, 

we gain may be up to 20 9 In s 

inc s most of the tropical and sub 

it particularly common around 

st its culture the biology 

1 

well known, Hudinaga and Miyamura (1962), 

and throughout attempts are being made to 

Japanese methods. As with M. ro 
------------~--. 

?japoni~ requ 

warm temperatures to successful. Normally growth occurs 
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PENAEUS ~10NODON 
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s , also as sugpo or t prawn, is 

very common the Indopacific, the Northern coasts of 

Aus-tralia larly common around the ippines. 

This is a al species 

In the natural state the adu s move in shoals breed in 

estuarine It r matures in ponds and exhibits 

a good grm'lth rate of about 22 g in six months, (Forster and 

kens 1972) • larval life short at approximately 

9 - 12 days and fecundity J",S high an average 

300,000 eggs ing produced by female. imental 

cultivation P monodon in lippines is reviewed by 

Delmendo and (1956) and Caces Borja and Ras (1968) • 

PENAEUS AZTECUS , brown 

P. DUORARUlYl, pink shrimp 

P. SETIFERUS white shr 

These species are widely distribut throuhout 

Gulf of Mexico where they support a large commerc 

fishery. P. aztecus and P. set s also extend to ---_._--
of Maracaibo where another 1 industry is 

(Ewald 1964), 

All are similar in ra-te and 

s e Grmvth in cu e average-s 30 g per -the. 

max sizes vary, -th P. d uo:r: 3.rum r 100 g, P. 

setiferus 70g, and P over 70 g. Fecundity ------
larly good over 1 mi ion being produc per 

fema Of the three P. duorarum is considered the most likely 

for ivation s it is the most under con-

d and a method artificially ing ovar 
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and subsequent at a pre~determined 

s been developed by 1 (1971). Pond culture 

also been successfully carr out using P. aztecus 

P. setiferus caught as J s low salinity areas 

brought to maturity in ponds, (Neal Latapie Jr. 1972). 

Culture temperature for these have ranged from 

o 0 20 C - 30 C although they 11 lly tolerate changes 

well 

PENAEUS KERANTHURUS 

This shrimp is an inhabitant of the Hediterranean 

and has recently been investigated as a possible culture 

subject (Lumare, Gozzo and Blundo 1971). Locally known as 

Caramonte, has the advantage of growing well at moderately 

low o 0 s, 15 C - 20 C. No accurate data is yet 

available on pond growth rates but maximum size is 50 g. 

The 1 principally in e conditions but the 

larvae fresh water to mature. The larval life is up 

to 14 days fecundity is exce at about 1 million eggs 

per female. 

Around the New Zealand shores are, unfortunately 

no shrimps table for culture, the only available 

species aemon affinis and 

affinis is too 1 and slow growing. A_.~_-k-___ ';""' __ is large 

enough to be commerc lly attractive but seems to be extremely 

slow growing at normal summer sea temperatures, 

(personal observations). 

5.3 OTHER USES FOR ARTEMIA 

An ely obvious use for 

o (ca. 18 C), 

to aquarium 

owners as fish food. This could be a rather important aspect 

since the Artemia eggs from the present main source, Great Salt 



157 

Lake~ Utah, have been found to be highly contaminated with 

DDT and its derivatives, and often elther do not hatch or 

poison the consumers of the eggs or nauplii (J.e. Yaldwyn 

pers. comm.). Unfortunately the strain of Artemia present in 

Lake Grassmere frequently does not produce eggs as such. 

Normally, females are ovoviviparous and the eggs hatch in the 

female's uterus from which live nauplii emerge. Heavy egg 

production does, however, occur at restricted periods of the 

year, notably autumn and mid-suwmer or at any time when pond 

conditions are becoming difficult to live in. 

The high energy content of Artemia could also be 

utilised by harvesting the brine shrimps and incorporating 

them into a blended food~ This could be an ideal feed for 

raising fingerling fish, such as salmon or trout in hatcheries. 

A pelletised diet such as that described in Table 5.1 would be 

suitable for feeding a wide range of fishes and invertebrates. 
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CON C L U S ION SAN D S U G G EST ION S 

1. Physical Conditions 

The shallowness of the concentrating ponds produces 

both advantages and drawbacks when considering Artemia 

culturing. The effects of solar heating are magnified and water 

temperatures may reach up to 300 C during sunny su~~er days. On 

the other hand, heat is equally rapidly lost and after a series 

of frosts the temperature may be lowered to about 30 C dUl~ing 

winter. The wide temperature range may be expected to have a 

considerable affect on the growth of ~rtemi_~ and the algae 

which forms its food. The shallowness of the ponds also makes 

all the water, rather than just the surface water, vulnerable to 

wave action. Although Artemia is an active swimmer, it cannot 

compete with such force and is swept: around \'.]i th the waves. 

Extremely high salinities and high temperatures rather 

than stagnation, combine to produce very low dissolved oxygen 

levels during SUlmner. There is no evidence indicating that 

~:~~i-_~. is adversely affected by very low oxygen tensions (Fox 

and Taylor 1955), but no work has been done on the reactions 

of developing eggs and nauplii. There is some evidence (Broom 

1968, Fujimura 1972), that high t:emperatures E~uch as those 

which occur at Grassmere may cause mass deaths of cultivated 

edible shrimps in outside ponds under mass stocking conditions. 

A practical method of ensuring the maximum possible dissolved 

oxygen levels were maintained in the ponds, would be to maintain 

the salinity at a relatively low level (e.g. 100 ppt, Table 1.5). 

The ponds were normally free of suspended sediment 

because of the presence of a calci.um sulphate crust binding the 

silt substrate into a firm mass. However, when the salinity is 
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lowered to the level above (100 ppt) the depos of 

calcium sulphate beg ssolve This releases the 

cemented silt grains and develops. In any pond 

used for cultivation of or an edible shrimp, turbidity 

would become a problem unless bottom was sealed in some 

way. possibilities are a binding compound to cement the 

iment into a finn mass, or some of impervious and 

chemically inert film similar to polyethylene. The suspended 

sediment may not do any direct harm to the animals but Artemia 

does not appear to distinguish between cells and other 

debris when filter feeding observations, 

Reeve 1963a, 1963b, 1963c}. The would probably become 

wit~ sediment particles in add to food algae, so 

ing the efficiency of feeding and ly the growth 

rate. 

Green or red colo~ration in. the or nated from 

the population. Because of the shallowness of the ponds, 

is unlikely that lack of light would cause inhibition of 

photosynthesis. It is possible, however, that ion due 

to over- light may be reducing algae production ing 

sununer. I algae have an optimum 1 ight in'tensi ty 

maximum phot,osynt:hesis and when this is exceeded on sur e 

of a body of water the zone of maximum photosynthes moves 

deeper. If water is shallow t.otal production falls as 

algae cannot leave high light intensity water. The 

presence of high annual sunshine hours at Lake Grassmere 

also raises sibil that solar energy could be 

utilised for water in a shrimp hatchery. Some form of 

heating wou.ld be neces at times to maill"tain water 

temperatures at. 2 300 e which is necessary to promote 

rapid growth of trop a1 and suJytropical species of shr (see 
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section 5). 

I have shown that br is viscous enough to 

hinder the movement and f Artemia. Temperature also 

affects water density, and a combination of low temperature 

and high salinity is 1 to seriously reduce Artemia 

production by increasing the expended in feeding, 

slowing metabolism, and retarding hatching. These are 

further arguments for keeping ponds at a low salinity for 

Artemia raising, and a reason for a sible lack of success 

if one attempts to carry out salt making raising 

concurrently in the same ponds. 

Finally, it was found that crust of calcium 

sulphate on the sediment surface to up and 

accumulate phosphate compounds. This is a common phenomonen 

in lake sedimen·ts (Syers, Harris & Armstrong 1973). '1'he 

phosphate bound up in this fashion did not to be avail-

able to the lake water until the crust broke up in dilute 

sea'i'later. Another consequence of the up of the crust 

was the release of large amounts of hydrogen sulphide the 

s that had become anaerobic under the impervious layer. 

Hydrogen sulphide is moderately soluble in water and an 

appeared to be able to survive the concentrations 

occurr (personal obs.). However, I have no evidence as to 

ects on earIie]: instars of Artmnia or on developing 
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2. Algal Growth 

Of the three species of al~ae found 1n the Grassmere 

ponds only two, ~ll~ ~_ and D. salina, were abundant 

and only D. euchlora was found at salinities that may be 

suitable for the mass culturing of ~ salina,. The 

optimum salinity for growth of D. salina, as determined by 

laboratory experiments, was found to be well above the optimum 

for Art~mia growth. Therefore, the alga would not be suitable 

for culturing purposes. D. euchlora, on the other hand, is 

easy to grow at relatively low salinities (100 - 150 ppt), on 

a small scale, and there is no reason why it should be 

difficul t to maintain suspensions lU a much larger scale. 

It is possible that the algae living in the Grassmere 

ponds have become adapted extremely closely to their 

particular conditions and it is possible th~the salinity 

optima determined by laboratory experiments could be changed 

by prolonged culturipg at different salinities. Gibor (1956) 

isolated in ponds of different salinities. This suggests 

that if the salinity of a pond was carefully maintained at, 

for example, 100 ppt, algae production would increase if a 

strain of D, euchlora developed t.hat could grow with maximum 

efficiency in these conditions. This might be one way of 

reducing the fluctuations in primary productions that occur 

during the sp:L"ing I summer and autumn periods in Grassmere as 

the salinity changes. 

In addition Jco pond cultures supporting crops of ~~:c!ernia, 

culture of an edible shrimp was to be considered. Such algae 

cultures would be neede.d to feed newly hatched shrirnps which 
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can only ingest microscopic food. Intermediate larval stages 

can be fed on Artemia nauplii and pelletised, blended 

food could fed to fully metamorphosed juvenile shrimp. 

Both D. salina and D. euchlora showed positive 

responses to additions of inorganic phosphate and nitrate in 

trial cultures. s indicated that fertilisation of ponds 

may be a possible method of stimulating product of algae 

over the summer months when, at prE;sen't r production falls. 

Phosphate may be the more limiting nutrient in the ponds since 

levels of nitrate did not drop to the 1 s that caused 

inhibition in laboratory experiments. In ponds r phosphate 

declined to levels equivalent to those which retarded growth 

in laboratory experiments. If addicional phosphate was supplied, 

nitrate reserves .nay also become depleted, however, and 

situation could a~ise where applications of both would be 

needed. Intensive culturing of this type would require a back 

up program of regular water analyses to determine the optimum 

nutrient regime and the rate of consumption of nutrients. 

Sexual rep~oduction D. euchlora was shown to be 

brought about: by adverse conditions, particularly low phosphate 

levels and high salinities. It replaced the more usual pal~' 

mellar reproduction and involved resting stages tha:t tended 

to make s unavailable to Artemia as food. To avoid this 

the st solution would to maintain the salinity of the 

ponds below the levels where sexual reproduction occurs 

(approx. 200 ppt) 

Production of D. euchlora taken om the concentrating 

ponds was de'termined in 6 hour light and dark bottle 

experiments in an incubator. Lake waters under these 

exper imental conditions Sho\',eo. a spring productiv it,y maximum 

lowed by a fall "co a surmner low. The maximum pr imary 
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productivity rate recorde~ 0.45 (g/m
3
)/h, would be sufficient 

to support co~nercial crops of Artemia. However, productivity 

rates fell to less than 0.1 (g/m3 )/h as conditions become less 

favourable. Mass deaths of Artemi~ that followed such drops 

indicate that the chances of sustaining co~nercially attract-

ive crops in the concentrating ponds are minimal. Nevertheless, 

a high potential for growth has been demonstrated and it 

remains tc be seen if this can be maintain~d in ponds other 

than those being used for the production of salt. 
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3. Art 

Artemia saJ. 
-~-~-. 

is e of adapting well to its 

environment and many 1 varieities have been ident-

ified world wide, 1929). This is probably made 

possible by the r lng of ~ and consequently 

considerable opportunity for genetic change within 

populations. If a carefully maint~ined set of ponds was 

establi to raise Artemia it is likely that within a short 

time the would become Well adapted to a more stable 

environment than sts at Grassmere at present. 

Egg affected by temperature and food supply 

as shown by observations on nurabers of females carrying 

eggs over the sampling iod. Although the proportions of 

egg c f was similar for a given period over the 

whole ponds, laboratory experiments in lake waters 

of inities showed that the number of eggs 

relea was f by salinity. The highest number of 

eggs re per animal occurred in the 100 ppt culture. 

r1'he feet of salini-ty on egg production was also shown by 

ing females from ponds ranging in sal 140 -

282 ppt. The number of eggs In the ut:erus showed a regular 

1 a e • .. , salinity rose. 

The proportion of eggs that ha"tch is also by 

inity and declines rapidly above about 180 Below 

100 ppt and at temperatures of 17°C and , virtually all 

s hatch, whereas below l70C an c' • .:> proportion 

(20% at 7oC) r will not hatch. The conclusion arrived at as a 

result of these experiments is that Ar is capable of 

living at most salinities but br with difficulty at 

salinities in excess of 200 ppt. For breeding 
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potential to be realised, a salinity of about 100 ppt seems 

to be optimal. 

The natality and mortality-of the population of 

Artemia as a whole was modelled by constructing life tables 

from laboratory experiments at 7
0

C, 170 C and 26 0 C. The 

value of rc, the potential rate of increase, showed a marked 

decline at successively lower temperatures. This illustrates 

the important role played by temperature, but at present the 

warmest months of the year are also some of the least pro-

ductive! The reason for this seems to lie primarily with the 

low primary production of algae in summer. Both primary and 

secondary production would probably increase if the salinity 

of the ponds did not rise above abGl'.t 100 ppt during the warm 

summer months. 

In the life tables, the fates of single cohorts of 

Artemia were followed and their reproductive potential assessed 

by counting the numbers of eggs produced. When the progeny 

arising from eggs were allowed to survive (section 3.8) their 

numbers accumulated to levels which were able to take 

advantage of the food supply available. Aquarium experiments 

showed that there was a close correspondence between changes 

in food supply and changes in ~e~1J.:.~. nnmbers. 'rhis suggests 

that 1\r.:~:;'}11~~_. is able to take advantage of temporary increases 

in the food supply and that: use of food is very eff ic ient. 

These experimental results may be extended cautiously to the 

concent:ra-ting ponds si-tuation where a decline in ~rte~ia numbers 

corresponded WiUl a decrease in algae density over the sunU11er. 

The numbers of naupliar and adult Ar:.t~m~a in the pond~1 

changed ext:remely rapidly from month to mont.h 0 As for the 

algae there was a rapid spring build up with maximum growth 

in late spring and a decline in surnner. At various times of the 
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year, particularly in summer and autumn, mass of 

were seen, and at 
~"-'~~ 

se times the marg the ponds 

were lined with bands of bodies up to 25 mm ----
se occurred during iods of falling production, 

starvation is their most 1 ly cause, but the ef of long 

term changes in water and temperature cannot be 

ly ruled out. It was noticed that when were --,-----
in aquarium eu s, deaths occuLred rapidly 

over a short period. animals taken from Grassmere 

ponds possessed no food reserves which normally are present 

as lipid droplets, but many females were eggs 

suggesting that reproduction is one of the st functions to 

curtailed. 

Although popu density gives some indication of the 

state of the population (i.e. increasing or ining), a 

knowledge of the dai production rate of is of more 

use in predicting when would be best to st Artemia, 

Produci.-:ivity of ~2:_!:~~!!!;i<~ was highest in the lowest salinity 

ponds providing salinity did not drop so that the batt_om 

crust broke up, as happened during winter P3. Production 

rate varied sea ly and it would be diff icul t ·to harv(!s·t 

the concentrating ponds to provide a continual supply of 

Ar temia . 'l'he al production, as i by the rate 

achieved dur inSJ 
3 

119 when over 1 {g/rn )./day of A~t::!~i~~ 

tissue was produced, is high. It is s that carefully 

maintained ponds us solely for t.he oduction of Artemia 

could maintain rates of this order for long periods if con-

ditions were as near as pas to the optimal, 

It should be noted, however, the biomass being 

measured is sent in the absence of sand a·t any 

time incJ~des numbers of old that have virtual 
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finished growing and are simply consuming food and expending 

energy in metabolism and egg production. The impact of a 

selective predator represented by man with nets of known mesh 

size removing ~ portion of the stable population would 

probably be to stimulate egg and ovoviviparous naupliar 

production. In support of the hypothesis, aquarium experiments 

conducted by the author have ·shown that when density of 

Artemia rises, but food supply is not increased in proportion, 

egg production is inhibited and the release of eggs is slowed. 

However, when the population was selectively netted to remove 

large individuals there was normally a rapid increase of nauplii 

within a week. This is because the reproductive capacity of 

~ is very high and a population can recover rapidly 

from intense culling if adequate food supplies are available. 

The overall impression gained from the study of the 

ponds is that production during the most facourable parts of 

the year is sufficient to allow harvesting. However, these 

periods are short lived and occur mainly in spring, leaving 

a long period of poor production over the sunMer. Since a 

reduction in production rate is caused by progressive changes 

in physical parameb,-~:[s which are bro1.lSTht. about in the existing 

ponds during spring it would be best to set up separate ponds 

that are no·t involved in salt. ext:raction. These would be 

kept for ?:Etc~!!~~~_ p:coduction a.nd carefully maintained ·to have 

water characteristics like those that have been found to 

promote good growth in the concentrating chain. A primary 

factor appears to be the maintenance of the sa.linity at a 

level near to that existing at the beginning of the concentrating 

season, i.e. high enough to exclude oceanic fauna but not so 

high as to inhibi·t feeding and breediJ.J.g of ?2::t:'.!-~~}~J~~. I have 

already sugges·ted that the algae floret f part:icularly !2~~~J~~.£:lJ~~\ 
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euchlora should be c e ng to a stable situation 

and reproducing satisfac such conditions and would 

provide the basic food for shr imps. 
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APPENDIX 1 DETERMINATION OF NITRATES 

Nitrate in very strong acid solution and with 

control heating and chloride masking reacts with bruc 

to a yellow complex that is determined spectrophoto-

metrically at 410 mu. only s on in which problems 

arise is where there is a high concentration reducing agents 

in water to be determined. 

EQUIPMENT 

trophotometor; 50 ml boiling test tubes (pyrex); 

two 1 litre volumetric flasks; 1 100 ml burette and 2 25 ml 

burettes, a boiling water bath and a cold water bath. 

REAGENTS 

(1) 30% NaCl solution; dissolve 150 g NaCl in 500 ml of 

deion:lsed water. 

(2) H
2

S0
4 
solution; add 500 m1 of analyt:ical quality 

H
2

S0
4 

to 125 ml deioni water. 

(3) Brucine-su1phanilic acid reagent, dissolve 2.0 9 A.R. 

brucine and 0.2 9 A.R. s~lphanilic ac in 140 ml 

deioni water. Add 6 ml of concentrated HCl. 

(4) Stock nitrate solution; dissolve 0.7218 g of A.R. 

potassium n t.e in deioni \vat.er and make up to 

1 lit:ce in ':1 volumetr flask. 

PROCEDUEE 

frozen es in a warm water Set up 

bo ing water and cold bath. Prepare cal tion 

blanks by ing 100 ml of stock nitrate into a 1 litre 

voltlmetr flask make Ul) w deionised water. In s 

dilution 1 ml = 10.0 pg N. For second bi pour 15 ml of 

this soln 11 is a second 1 litre volumetric flast and again 

make up t:h (10ioni watero 1 ml '''' 0<.15)1g N. 



Set up boiling tubes in triplicates and into each 

pipette 10 ml of the following: 

ABC = reagent bl , deionised water. 

DEF calibration 0.15 mg/l N. 

GHI = first water sample to determined. 

JKL = second water sample to be determined. 

II 

add 2 ml NaCl to each tube, mix and place in cold water bath. 

Add 10 ml of H
2

S0
4 

and return to cold water bath. ~\lhen cold 

again add 0.5 ml of brucine/sulphanilic acid solution and 

return to cold bath. Place tubes in boil wa.ter bath for 

20 minutes. After this t remove and replace in cold water 

bath. Place reagent blank sample into spectrophotometer and 

set transmittance at 100%. calibration blank and set up 

cal ion curve. Determine series unknown samples. 

Extinctions should agree to wi thin 10%. If there is lar'ger 

variance check procedures. Minimum level that may be 

reliably determined is approximately 0.009 mg/l N. 
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