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SUMMARY

The effect of temperature on different geographical strains of Artemio has been
studied for the following criteria : the hatchability of the cysts, the resistance of the
larvae to high temperature (34° C) and the biomass production of larvae cultured under
standard conditions. Experimental temperatures ranged from 25° to 370 C for the hatch-
ing criteria and from 20° to 32.5° C for the biomass production.

Both the hatching percentage and growth performance are affected by temperature.
However, the relative and quantitative impact of temperature varies widely among
Artemia strains. This is also the case for the temperature resistance of the larvae.

The impact of increasing temperatures on cyst hatching as well as the temperature
resistance of the larvae is related to the genetic classification of Ariemia in different
sibling species, 4.e. Artemia franciscana strains are most resistant whereas Artemia
tunisiana and Artemia persimilis strains are very sensitive to high temperatures. Intra-
specific differences in tolerance may be due to genetic differentiation, or in the case of
survival tolerance to genetic adaptation.

On the basis of these results guidelines are provided for the utilisation of Arfemia
strains in aquaculture, e.g. optimal hatching temperature, strain selection for inoculation
purposes and for biomass production purposes, temperature selection for culturing.

INTRODUCTION

Temperature is known to be an important abiotic parameter affecting and
conditioning the life processes in aquatic organisms (Kinwg, 1970). In Artemia,
temperature has been reported to interact with cyst hatchability and hatching rate
(Von. Hexrie, 1971; Sorarroos, 1975; Rovaw, 1975), molting rate and develop-
mental rate of nauplii (HENTSCHEL, 1968; SorGELOOS ef al., 1976), growth rate
(ReEVE, 1963; Voxn HEnTIG, 1971) and reproductive capacity (Vox HexNTre, 1971;
Iwasaxy, 1976).

(*) International interdisciplinary study on Artemia strains coordinated by the
Artemia Reference Center, State University of Ghent, Belgium.
(**) Ecolas, Noorderlaan 147, B-2030 Antwerpen, Belgium.
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Various geographical strains of Arfemia have been found to inhabit widely
isolated biotopes with specific temperature conditions (Prrsoon® and Sonearoos,
1980; VANHARCKE ef al., 1987). Substantial genctie differences have been recorded
between Ariemia strains resulting in their classification into different sibling species
(ABREU-GrROBOIS, 1987). Moreover, several publications have revealed biometrical,
biochemical and physiological differences, as well as variations in temperature
resistance and optimal temperature for survival between Arfemia strains (SORGE-
1.00S et al., 1976; CrAavUs et al., 1977; VANHAECKE et al., 1984; LEcER ef al., 1986).

The purpose of the present study was to detect and quantify the effect of
temperature on three criteria which are important when using Artemia in aqua-
culture, i.e. the hatching of the cysts, the survival of the nauplii, and the biomass
production of cultured larvae. This study not only aims to better characterize the
different Artemia strains and to relate the strain characteristics to the genetic
classification. of Adrtemia, but especially to provide practical guidelines on strain
selection and temperature selection for the use of Artemia in aquaculture.

MATERIALS AND METHODS

Details on the exact origin and the major characteristics of the Artemia strains
used in this study are provided in Table 1. All cyst samples were first cleaned accor-
ding to the procedures described in SorGELOOS ef al. (1978). Unless specified other-
wise cysts were always incubated under the following hatching conditions : 25°C,
natural seawater of 35 ppt salinity, 1000 lux illumination (SorcELOOs, 1980). The
hatchability was studied at four test temperatures (25, 30, 34 and 37°C), using water
baths kept at -+ 0.20C of the test-temperature. For each sample, cysts were equally
distributed (density 2-2.5 gfl) over two cylindroconical tubes each containing 80 ml
scawater. After 1 h 20 mi scawater was added to cach tube. 48 hours after incubation
five subsamples were taken from each tube using an automatic micropipet, adjusted
to such a volume as to collect about 100 to 150 individuals per subsample. The
subsamples were transferred to petridishes and 1 ml water was added. After fixation,
with lugol-solution, nauplii were counted under a dissection microscope. In order
to make an accurate count of the number of unhatched embryos, the remaining
cysts were decapsulated by the addition to the petridishes of one drop of NaOH
and three drops of NaOCI; within a few minutes all cyst shells are dissolved and the
non-emerged embryos can easily be counted. For each experimental temperature
the mean hatching percentage was calculated from the duplicate series of five sub-
samples.

The survival of the Artemia larvae was studied at a temperature of 34°C and
at two salinities (35 and 120 ppt), this in order to detect eventual tolerance differences
as a function of salinity. The tests were carried out according to the procedure
described in VANHAECKE ef al. (1984). During the nine day experimental period
larvae were fed with Dunaliella tertiolecta Burcr cells according to the feeding
schedule in Table 2 (25-32.5°C values). For each experiment the Great Salt Lake
strain (1977) was used as an inner standard for intercalibration purposes.

The biomass production experiments were carried out in cylindroconical tubes
as deseribed in VANHAECKE ef ol. (1984), but with 150 nauplii in. 300 ml seawater
(35 ppt), Five test temperatures were studied in four duplicates : 20, 22.5, 25, 27.5
and 30°C. For those strains which showed a good temperature tolerance an additional
temperature (32.5°C) was tested. During the nine day experimental period the larvae
were fed once a day with a suspension of Dunaliella tertiolecta Burcr cells. Since
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TABLE 2

Feeding schedule (4n 10° Dunaliella cells per day)
at the different test temperatures (after VANHAECKE, 1983)

200 (O 22.50 ¢ 25-32.5° C
Day 1 18.0 20.7 22.5
Day 2, 3, 4 36.0 41.4 45.0
Day 5, 6 54.0 63.0 67.5
Day 7 72.0 82.8 90.0
Day 8 90.0 106.2 112.5
Day 9 : 126.0 147.6 157.5
Total numbers of cells 522.0 607.5 652.5
Total dry weight (pg) 45075 52458 56343

the food requirements of Artemia may alter as a function of temperature (HER-
NANDORENA, 1976), the optimal feeding schedule under the prevailing experimental
conditions was determined for two strains in a series of preliminary experiments
(VanHAECKE, 1983). The optimal feeding schedules for the different temperatures
tested are given in Table 2.

At the end of the experiment the larvae were filtered off, rinsed thoroughly
with distilled water, counted and dried for 24 h at 60°C.

The following parameters were analysed :
— 9% survival (S),
— total biomass in pg dry weight DW (Wy),
— total biomass production in ug DW (W;-W,),
— food conversion = F/W; - W,,
— specific growth rate & = In (W /W,)/T,
with : W, = biomass (ug DW) of 150 instar I nauplii (from VANHAECKE and
SoreELOOS, 1980a; VANHAECKE, 1983), »

F = ug DW of food provided during the experimental period,

T = duration of the experiment (in. days).

In order to be able to calculate the food conversion on a dry weight basis, and
since no literature data could be found, a method was developed to determine the
dry weight of Dunalliella cells, i.e. 86.35 ug/106 cells (VANHAECKE, 1983). For each
experiment the San Francisco Bay strain (batch nr 288-2596) was used as an inner
standard at 25°C for intercalibration purposes and for the quantitative comparison

of the production data. For all experiments, results were statistically analysed by
means of a one way analysis of variance, Model I (SoxaL and RoHLF, 1969), followed

by Duncan’s test. Survival data were normalised through an arcsin % trans-
formation prior to statistical treatment.
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RESULTS

The statistical data on the hatching results (Table 3) reveal thal the incubation
tomporaturo significantly affects oyst hatohability in all dsrtemia strains studied.
The hatehing percentage I8 always maximal at 25 up Lo 30°C. For wost slraing no
significant difference can be noted within this range. Several strains however per-
form Letter at 25 than at 30°C. Whereas for most straing the drop in hatching
percentage at 25 vs 30°C is moderate, a significant decrease is observed for the
cysts from Larnacw. The strain from Tuticorin yields even the highest hatchability

TABLE 3

The effect of the incubation temperature on the hatching percentage
of Artemia cysts from different geographical origin '

Geographical strain

(year of harvest, or batch) 250 C 300G 340 C 37°C
San Francisco Bay 71.5% (%) 71.32 67.70 41.5¢
Macau (871172) 84.58 77.98b 72.9b 43.5¢
Macau (971051) 81.02 76.62 70.80 48.3¢
Barotac Nuevo 77.82 69.3b 67.4b 40.5¢
Great Salt Lake 44.23b 48.02 41.7b 15.0¢
Great Salt Lake 70.52 63.90 37.9¢ 5.54
Chaplin Lake 19.02 . 13.90 10.9p 3.7¢
Manaure 25.62 25.32 25,32 5.3p
Bahia Salinas 74.5% 70.32 63.70 20.4¢
Bahia de Ceuta 85.62 76.9P 73.0P 50.4¢
Buenos Aires 62.7% 61.82 41.0v 0.0¢
Larnaca 87.02 38.50 0.0¢ 0.0¢
Barbanera 23.08 18.50 0.7¢ 0.0¢
Shark Bay (114) 88.4% 86.32 75.00 2.7¢
Shark Bay (1980) 85.82 85.00 32.3b 0.0°
Tientsin 73.92 75.12 47 .40 0.0¢
Lavalduc 81.42 80.02 20.40 0.0¢
Margherita di Savoia 68.02 67.63 217.8b 0.0¢
Eilat 73.82 62.70 13.8¢ 0.0d
Tuticorin 58.6P 73.82 28.9¢ 0.0d

(*) For each strain the means with the same superseript (a, b, ¢, d) are not signifi-
cantly different at the P < 0.05 level.

at 30°C. With temperature increasing to 34°C hatching percentage of all strains
studied further drops significantly, exception made for the Manaure strain. The
hatchability drop continues with temperature increasing up to 37°C. However, at
the highest temperatures tested the relative change in hatchability clearly differs
from one strain to another.
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TABLLE 4

Whereas Larnaca and Barbanera cysts practically do not hatch anymore at
3400, several straing (i.e. San Francisco Bay, Macau, Barotac Nuevo, Great Salt
Take, Chaplin Lake, Manaure, Bahia Salinas and Bahia de Cueta) still yield a
substantial hatehing output at 370C.

The results for survival at 34°C for the different Artemia strains are summarized
in Table 4. The sequence of the strains corresponds with increasing mean survivals
at the twu sulinilivs busted. I by clowr that substanbinl differences in gurvival exist
at both salinities. No larvae of the straing from Larnaca, Barbanera, Buenos Aires
and Shark Bay survived at 34°C neither at 35 nor 120 ppt. Other strains such as
Chilea, Port Araya, Bahia de Clueta, Great Salt Lalke, (Galera Zamba and Manaure

Mean survival (in %) of different geographical strains
of brine shrimp at 34° C and two salinities

Geographical strain

(year of harvest) 36 ppt 120 ppt
Larnaca 0 0
Barbanera 0 0
Buenos Aires 0 0
Shark Bay (1979) 0 0
Salin de Giraud 0 3
Margherita di Savoia 9 16
Chaplin Lake 0 31
Virrila 22 19
Izmir 20 25
Pacoa 22 31
Lavalduc 23 30
Tientsin 28 38
Eilat 34 48
Tuticorin 33 56
Lake Tahoka 50 39
Bahia Salinas 43 46
Bonaire 45 50
Chilca, 52 49
Port Araya 55 56
Bahia de Ceuta 68 46
Great Salt Lake (1979) 53 62
Galera, Zamba 62 57
Great Salt Lake (1977) 60 62
Manaure 69 62

withstood quite well the elevated test temperature with a survival of about 50 %,
or more. For some strains, in particular Chaplin Lake, Eilat, Tuticorin and Bahia
de Cueta temperature tolerance is clearly conditioned by salinity.
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The temperature tolerance in Arfemio strains which originate from the same
parential material (San Francisco Bay) but produced in. biotopes with higher average
water temperatures (Vos ef al., 1984) seems to be significantly higher (at least at
120 ppt) as compared to the parental material (see Table 5). The results in Tables 4
and 5 furthermore reveal no significant difference in. temperature tolerance between
cyst batches from the same strain.

TABLE 5

Mean larval survival (in %) at 34° C' and two salinities for Artemia strains and baiches
originating from the same parental material

Geographical strain

(bateh number) 35 ppt 120 ppt

San Francisco Bay (288-2596) 12al -~ 172
Mundra, 132 27b
Macau (871172) 183 300
Macau (973060) 132 28b
Barotac Nuevo 33b 26b
Thailand 38b 26b

(1) Results with the same superscript are not significantly different at the P < 0.05
level.

The biomass results (Table 6) have been expressed as a percentage of the bio-
mass produced by the reference San Francisco Bay strain (batch nr 288-2596) at
25°C. The average total biomass produced after nine days by this strain over the
different experiments was 15 861 pg (s = 1104 pg). This represents an individual
dry weight production of 111 g, corresponding with an average survival of 95 %,.
No statistical analysis data were provided for the biomass production data since
the results are similar to those obtained for specific growth rates. From the statistical
analysis it is clear that temperature significantly affects production performance
for all strains studied. In all cases a temperature below 20°C significantly reduces
growth rate. This is also valid for temperatures above 30°C, exception made however
for the Manaure strain. Furthermore the impact of temperature seems to vary
from one strain to another. Not only the optimal temperature for production but
also the optimal temperature range differs between strains, e.g. at 30°C production
levels of Barbanera and Larnaca strains have practically dropped to zero whereas
Great Salt Lake and Galera Zamba strains yield their maximal biomass production
at this temperature.
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TABLE 6

The effect of temperature on different production parameters
for various geographical strains of Artemia

Temperature (°C)
Geographical strain —
20 22.5 25 27.5 30 32.5

San Francisco Bay

Survival (%) - 97 97 94 91 66 —(3)

Biomass production (%)* 75 101 100 94 88 —_

Specific growth rate (1) 0.4314(2)| 0.4642 | 0.4633b | 0.4560 | 0.448¢ —

Food conversion (1) 3.89b 3.35a 3.64b 3.870 4.15¢ —
Macau

Survical (%) 97 94 98 96 60 —

Biomass production (%) 717 100 99 94 87 —

Specific growth rate 0.428¢ | 0.4562 | 0.4552 | 0.450% | 0.441P —

Food conversion 3.770 3.392 3.65%b | 3.86b 4.16¢ —
Great Salt Lake

Survival (%) . , 77 85 89 89 87 88

Biomass production (%) 69 104 122 128 135 78

Specific growth rate 0.392¢ | 0.437¢ | 0.454P | 0.4602b | 0.4652 | 0.406d

Food conversion 3.79¢ 2.90b 2.652b | 2.522 2.402 4,144
Chaplin Lake

Survival (%). . 72 75 77 65 50 —

Biomass production (%) 78 102 108 106 90 —

Specific growth rate 0.422¢ | 0.4523b | 0.459% | 0.4562 | 0.437bc | —

Food conversion 3.428 3.002 3.03a 3.11#% 3.72b —
Manaure .

‘Survival (%) 94 94 91 93 86 77

Biomass production (%) 52 102 112 110 104 105

Specific growth rate 0.379¢ | 0.4510 | 0.462% | 0.4602P | (.4543b | 0.4558D

Food conversion 5.82b 3.439 3.362 3.40a 3.622 3.56%
Galera Zambea

Survival (%) . 94 96 98 96 96 92

Biomass production (%) 74 107 110 106 113 80

Specific growth rate 0.3900 | 0.4313 | 0.4332 | 0.4272 | 0.4372 | 0.399P

Food conversion 4.05P 3.262 3.429 3.552 3.312 4.68¢C

(1) For more details ¢f. Materials and Methods.

(2) Means with the same superscript are not significantly different at the P < 0.05
level.

(3) Not analyzed.
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TABLE 6 (continued)

Geographical strain

Temperature (°C)

20 22.5 25 27.5 30 32.5
Buenos Aires
Survical (%) 96 90 94 91 80 —
Biomass production (%) 93 113 115 98 96 —_
Specific growth rate 0.462P | 0.4832 | 0.4852 | 0.4680 | 0.465P | —
Food Conversion. 2.78a 2.662 2.818 3.29b 3.38p —_—
Larnaca
Survival (%) 98 94 89 62 3 —
Biomass production (%) 61 94 95 83 0 —
Specific growth rate 0.384P | 0.4302 | 0.4322 | 0.417¢ od —
Food conversion 4.29p 3.239 3.432 3.93b — —_
Barbanera
Survival (%) 89 89 94 93 28 —
Biomass produection (%) 70 103 101 97 8 —
Specific growth rate 0.379b 0.4212 | 0.4192 | 0.4162 | 0.163¢C —_
Food conversion 4.62b 3.66% 4.023b | 4,132 50.22 —
Shark Bay
Survival (%) 97 96 97 92 68 —
Biomass production (%) 48 67 84 75 66 —_
Specific growth rate 0.332¢ | 0.369 | 0.393% | 0.3813b | 0.367P —
Food conversion 6.49¢ 5.353b 4.572 5.082 5.81bc —
Tuticorin
Survival (%) 93 92 93 92 96 90
Biomass production (%) 57 89 104 94 89 78
Specific growth rate 0.331d 0.3800 | 0.3962 | 0.386P | 0.379P 0.365¢
Food conversion 5.06¢ 3.74P 3.45% 3.81bc | 4.06¢ 4.62d
Tientsin ,
Survival (%) 95 94 91 93 84 54
Biomass production (%) 41 61 80 92 85 16
Specific growth rate 0.299¢ 0.3430 | 0.3712 | 0.387% | 0.378% | 0.208d -
Food conversion 7.22¢ 5.42D 4.463b 3.84a 4.22ab 22.044
Margherita di Savoia
Survival % 96 93 92 95 91 —
Biomass production % 59 68 90 94 84 —
Specific growth rate 0.3184 | 0.333¢ 0.363ab | 0.368% | 0.356P —_
Food conversion 5.48¢ 5.56¢ 4.472b | 4,263 4,770 —
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DISCUSSION

It appears from the data obtained in this study, that the temperature has an
important impact on the hatchability of 4rtemia cysts and their biomass production,
two characteristics which are important parameters in the determination of the
quantitative value of an Artemin product. Moreover the efloct of temperature on
hatching and growth performance varies as a function of the geographical origin
of the brine shrimp cysts.

Apparently the observations made for one or two specific strains by Vox Hex-
tI¢ (1971), Jonms (1972) and SoreELOOS (1975) that hatching is constant within
the temperature range of 15-30, 20-30, respectively 20-280C may not be generalized
for all Artemia strains. Indeed, several strains yield significantly better hatching
results at 25 than at 30°C whereas the Tuticorin cysts hatch best at 30°C. The latter
observation confirms the results obtained by Rovax (1975) with this strain. Although
in’'an exceptional case improved hatching has been reported at temperatures below
25°C (e.g. Dana, 1981 for the Mono Lake strain) such low temperatures are not of
practical use in aquaculture (too slow hatching rates, SoreELOOS, 1980) and were
therefor not taken into account for the present study.

The claim of Durriru (1960), TeraMoro and Kivosmrra (1961) and WALNE
(1967) that a temperature of 28°C is optimal for the culture and growth of Artemia
may not be generalized in analogy with the earlier remarks made for the hatching
parameter, 7.e. the optimal temperature for production indeed depends on the
Artemia strain used,

A comparison of the hatching performances for the different strains at different
temperatures with their genetic classification into sibling species (see Table 1) seems
to reveal some interesting correlations between temperature tolerance and genetic
differentiation. (Fig. 1) : the bisexual Artemia tunisiana strains do not seem to be
tolerant to high temperatures as far as their hatchability is concerned. Hatchability
is already neglegable at 34°C, Although to a lesser extent, this is also the case for
the Artemia parthenogenetica and Artemia persimilis strains. For these strains
hatching is completely inhibited at 37°C, exception made for the Shark Bay cysts
from 1977. According to ABREU-GROBOIS and BEARDMORE (1980) this sample
contains a small percentage of bisexual Artemia franciscana forms, which might
explain the hatching of some cysts at 37°C. Artemia franciscana strains indeed seem
to be rather tolerant to high temperatures. Even at 37°C still substantial hatching
percentages could be recorded for all strains tested from this sibling species. How-
ever, a considerable variation in temperature tolerance with respect to the hatching
also seems to exist among Ariemia strains from the same sibling species (ABREU-
GroBois and BEARDMORE, 1982). Based on the relative constancy of the impact
of temperature on the hatching performances in cysts harvested from subtropical
(endemic strains) and tropical localities (inoculated with San Francisco Bay fran-
ciscano material, Vos ef al., 1984) genetic adaptation to the specific niche does not
seem to be of prime importance in determining temperature tolerance at hatching.
Anyhow, the criterium temperature tolerance of cyst hatching appears to be a
helpful tool to carry out a quick screening and preliminary classification of Artemia
strains.

Difference in naupliar survival at a high temperature seems to be related to
the genetic classification of Artemia as well. Furthermore, the sequence of the
sibling species in function of temperature tolerance seems to be analogous with
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Fig. 2. — Mean impact of temperature on the hatchability of cysts from different sibling
species of Ariemia (vertical bar = standard deviation).

the findings for cyst hatching. Artemic tumisiona and Artemia persimilis strains
show the lowest tolerance towards high temperatures. Artemia franciscana strains
tolerate best high temperatures (mean survival of all Arfemia strains tested is
42 4 17 %, at 35 ppt and 40 + 18 9, at 120 ppt), whereas Artemia parthenogenetica
strains take an intermediate position (mean survival of all strains tested is 18 4 14 %,
at 35 ppt and 26 + 20 %, at 120 ppt). However, substantial variance occurs among
different strains belonging to the latter two sibling species. The variance between
Artemia parthenogenetica strains may be attributed to different degrees of ploidy,
i.e. diploid strains (Salins de Giraud and Shark Bay) are clearly less resistant than
the other parthenogenetic strains which are mixed diploid and tetraploid, triploid
or pentaploid. According to the observations of Awrrom (1931), CHaPMAN (1968)
and Merarrr and Batuarpin (1972) polyploidy seems to provoke a higher genetic
variability, as such better buffering the population against extreme conditions.
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Dilferences among straius way furthermore be duc to genetic differentiation
and/or genetic adaption within the samc sibling species, e.g. increased tolerance in
the harvested produects from tropical waters (in Macau, Barotac Nuevo, Thailand
and Mundra) that were inoculated with subtropical San Francisco Bay Artemia
franciscana indicates that a heritable adaptation has occurred.

Differences among driemie straing in biomass production at dilferent Lew-
peratures match well with their survival tolerance pattern for tempcrature (VAN-
HAECKE ¢f al., 1984). The production figures obtained at 25°C correspond very well
with the growth results obtained for different strains in the standard culture test
of VanmaEckE and SorcELOOS (1980b). '

“In conclusion, results reported in this study provide useful information as
well as a practical guideline for the utilisation of Artemia strains in aquaculture,
‘with regard to e.g.

— the selection of the optimal hatching temperature for each strain;
— the selection of the optimal culturing temperature for each strain;

— the selection of specific strains for inoculation purposes under different climato-
logical conditions;

— the selection of specific strains for production purposes at specific temperature
conditions.

Exception made for the Tuticorin strain, maximal hatching is always attained
at 25°C. When a faster hatching rate is of interest, incubation, temperatures may
be increased up to 30°C for most strains.

For each strain studied, the most appropriate temperature range for production
purposes is schematically shown in Fig. 2. In this temperature range maximal
growth rate and minimal food conversion was obtained (no significant differences
among temperatures). From this graph it is clear that in moderate temperature
conditions intensive cultures of most Artemia strains do not have to be heated
beyond 22.5-25°C, which can result in important energy savings. On the other
hand, since most sites suitable for Arfemia inoculation purposes are located in the
tropical and subtropical belt, where water temperatures of 30°C or more are very
common. (D Los Sawros et al., 1980; Vos et al., 1984), the success of inoculation
trials is greatly dependent on the selection of Artemia strains with high temperature
resistance and good production performance at high temperatures. In this regard
the Artemia strains from Galera Zamba, Great Salt Lake and Manaure should be
selected. On the basis of their temperature resistance the Artemia franciscana
strains from Bahia de Ceuta, Bonaire, Port Araya, Chilca, Bahia Salinas and Tuti-
corin may also be taken into consideration.

Taken into account the quantitative production data of the Artemia strains
at different temperatures, the following strain selection guideline can be provided
for culturing purposes at different temperatures :

20°C  : Buenos Aires, Chaplin Lake, Macau, San Francisco Bay,

22.5°C : Buenos Aires, Galera Zamba, Great Salt Lake, Chaplin Lake,

25°C  : Great Salt Lake, Buenos Aires, Manaure, Galera Zamba, Chaplin Lake,
27.5°C : Great Salt Lake, (Galera Zamba, Manaure, Chaplin Lake,

30°C  : Great Salt Lake, Galera Zamba, Manaure,

32.59C : Manaure, Galera Zamba, Great Salt Lake, Tuticorin.




20

PAUL VANHAECKE AND PATRICK SORGELOOS

20.0 22.5 25 27.5 30

SAN FRANCISCO BAY

MACAU

GREAT SALT LAKE

MANAURE

GALERA ZAMBA

CHAPLIN LAKE

BUENOS AIRES

LARNACA

BARBANERA

SHARK BAY

TUTICORIN

- TIENTSIN

MARGHERITA DI SAVOIA
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