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Lake Urmiah is a large (total surface 4750-6100 km2 in recent times) thalassohaline hypersaline lake (150-180 g

Abstract

I-1 in the period 1994-1996), located in northwestern Iran. It is the habitat of the endemic Artemia urmiana. Over
the period July 1994-January 1996 a sampling campaign was organized: 36 fixed sampling stations, distributed
over the entire lake’s area, were sampled weekly to determine water temperature, salinity and transparency. At
each occasion a filter net was dragged over a distance 0400 m in the superficial water layer to assess the density
and composition of the Artemia population. A more limited sampling campaign focused on the annual fluctuations
in chlorophyll concentration and on the reproductive behaviour of the brine shrimp population. Several stages
of brine shrimp survived during winter months (water temperature 3 C) at low densities. Compared to available
data for the Great Salt Lake, USA, Lake Urmiah shows a low algal biomass and overall low Artemia density. The
increasing grazing pressure ofthe developing brine shrimp population in spring seems to prevent the phytoplankton
from reaching high blooming concentrations, and oviparity is the dominant reproductive mode throughout the

reproductive season.

Introduction relate these data to information collected on abiotic
variables and algal biomass.
In 1994 a cooperative project was launched betw een

the Iran Fisheries Company (Shilat), a governmental

agency responsible for the exploitation ofArtemia ur-
miana Ginther (1890) from Lake Urmiah, and the
Laboratory of Aquaculture & Artemia Reference Cen-
ter of the University of Ghent, Belgium. The aim of
this project was the study of the Artemia resources
in the lake, and the application of this Artemia strain
in aquaculture. Ecological data on Lake Urmiah are
scarce, especially in the international scientific liter-
ature. An intensive study was therefore required to
determine the sustainable level of exploitation for the
lake’s natural resources.

A sampling campaign was organized, covering the
entire lake surface and two consecutive production
seasons. The objectives of this sampling campaign
were to collect data on the seasonal evolution of the
population composition, reproductive behaviour and

biomass density of Artemia in Lake Urmiah; and to

Site description

Lake Urmiah is a thalassohaline lake (Azari Takami,
1993) located in northwestern Iran (Fig. 1) at an alti-
tude of 1250 m above sea level. The total surface
area fluctuates between 4750 and 6100 km2 (Loffler,
1961; Azari Takami, 1987). Since the construction of
a causeway in 1989, the lake has been divided into
northern and southern parts (Fig. 2). A 1400-m gap
in this dam allows a limited exchange between both
parts. A maximum length and width of 128-149 km
and 50 km are reported, respectively (Loffler, 1961 ;
Azari Takami, 1987). The average depth is close to
6 m, maximal depth is 16 m. Annual inputs to the
lake are 6.9 x 109 m3; 21 permanent and seasonal
rivers (annual inflow 4.9 x 109 m3) flowing through

agricultural, urban and/or industrial areas, drain into
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Figure i. Map of Iran with location of Lake Urmiah.

this terminal lake (predominantly into its south arm),
largely without wastewater treatment (Ghaheri et ah,
1999). The total water reserve is estimated between 12
x 109 m3 (Azari Takami, 1993) and 25-27 x 109 m3
(Ghaheri et ah, 1999). The lake is located in a semi-
arid area with annual average precipitation in the range
200-300 mm (Ghaheri et ah, 1999). In view of its
importance for migrating birds, the lake has a status

of natural reserve.

Materials and methods

A set of precisely located sites was sampled weekly
in the period July 1994-January 1996. These sites
were spread over the entire lake’s surface, taking into
account its topography, and balancing coastal versus

off-shore areas, zones with or without reported occur-

rence of cyst accumulations, and deep versus shallow
areas.

The south arm was subdivided into four sectors
(A-D) along the lines of 37¢30' N and 45°30' E
(Fig. 2), and the north arm into two sectors (E, F) along
38°N. In each of these six sectors four surface (see
further; t-sites) and two subsurface (p-sites) sampling
sites were identified, and marked by buoys. Efforts
were made to take a maximum of samples within the
shortest possible time lapse (2-3 days). For surface
sampling a 100-/zm mesh size net (60 x 20 cm; length,
2.5 m) was dragged just below the water surface over
a length 0f 400 m at an approximate speed of 5 km/h
(the trajectory was indicated by two buoys); for sub-
surface sampling the same net was dragged for 100 m
at 0.5-1 m below the water surface.

The following abiotic variables were recorded on
the spot for each sample: air and surface water tem-

perature (using a thermometer with O.UC accuracy),
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Figure 2. Lake Urmiah with overview of sampling sites (tj 24-
surface samples; pj 12, samples at 0.5-1.0 m depth, A-E:

sectors).

salinity (using a temperature compensated refracto-
meter), transparency (measured by means of a Secchi
disk with two black and two white quadrants), meteor-
ological observations (wind, wave height, precipita-
tion, etc.) and other observations (e.g., cyst or biomass
accumulation, concentration of predating birds, etc.).

During the period November 1995-June 1996
monthly surface samples were taken with Riittner
bottles at each site for determination of the algal cell
densities (Dunaliella, Nitzschia, Navicula, Cymbella,
Cyclotella, Oscillatoria)', samples were sieved over a
120-/xm mesh filter to remove Zooplankton and trans-
ported in cooled, dark containers to the laboratory.
Here they were filtered onto 0.45-;,m Whatman GF/F
filters and frozen. The concentrations of chlorophyll
a, b and ¢ were determined spectrophotometrically
according to Strickland & Parsons (1972).

The Artemia biomass collected at each site was
stored in separate cooled plastic recipients and trans-
ferred to the laboratory for analysis. The wet weight of
each sample was determined, and the population com -

position was analysed as follows; per sample 300-500
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Figure 3. .Seasonal fluctuations of air and water temperatures (val-

ues, with standard error bars, arc averages of all sampling sites).

individuals, taken at random, were observed and sor-
ted into cysts, nauplii/metanauplii or juveniles/adults
(expressed as percent of total numbers). Adult females
were classified as ‘reproducing’or ‘non-reproducing’,
depending on the presence of offspring in the brood
pouch. Finally for each sample collected in the period
May 1995-January 1996, the reproductive mode and
brood size were analysed. Ten reproducing females
(if present) out of each sample were dissected and
the percentage of females reproducing ovovivipar-
ously or oviparously, and average and maximal brood
sizes were determined separately for the two modes of
reproduction.

Results

Abiotic conditions

The surface water temperatures ranged between 3.1 °C
(average for December 1995) and 27.5°C (August
1995), and followed the fluctuations of the air temper-
ature very closely (Fig. 3). In winter there were several
days with moderate frost; the lowest water temperature
recorded was —1,3°C.

The difference in salinity between both parts ofthe
lake was limited (5—10 g I“ 1 lower in south arm as a
consequence of river inflow), and tended to become
minimal in winter months (Fig. 4). Salinity peaked
in November-December (177 g I-1 in the south arm)
and was lowest in May-June (151 g1 i). There were
only limited salinity differences between the sampling
sites (maximally ~20 g I-1). In spite of the estuaries
discharging into the lake, there were no vast areas of
low or intermediate salinity.

Large seasonal (Fig. 5) and local (Fig. 6) vari-
ations in transparency were observed; in June 1995, at
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Figure 5. Seasonal fluctuations of water transparency (values, with

standard error bars, are averages of all sampling sites).

some sites a transparency of 10 m was observed, while
in December 1994 values as low as 0.3 m occurred.
Monthly averages were higher in the northern than in
the southern arm. In summer 1995 much higher values
were recorded than in summer 1994.

Precipitation occurred mainly in the winter sea-
son (November-mid-February), although there were
some scattered showers in April-May 1995. Stormy
weather was frequent in spring and autumn, with a
peak in November 1995. No empirical relation could
be established between weather conditions, water

transparency, and cyst or biomass accumulation.

Algal biomass

Chlorophyll values ranged between 0 and 4.71, 4.33
and 4.84 /xg I-1 (chlorophyll a, b, Ci+C2, respect-
ively). Average monthly values, however, seldom
exceeded 1/xg 1~]. Chlorophyll levels reached a max-
imum in November-December (Fig. 7). The decline
through spring and early summer resulted in minimal
values at the end of the sampling period (June 1996).
The phytoplankton thus reached a relative bloom when

the Artemia population was nearly absent and de-

creased, presumably due to increased brine shrimp
grazing, from late winter onwards.

The local variations in chlorophyll concentration
(Fig. 8) roughly reflect the local transparency fluctu-
ations (Fig. 6), illustrating the potential use of water
transparency measurements for assessing algal bio-
mass. Coastal and estuarine areas were generally more
productive than the central areas of the lake.

Cell concentrations of the green unicellular alga
Dunaliella fluctuated between 400 cells ml-1 in Au-
gust 1995 and 3000 cells ml-1 in February 1996.
Values for other algae (Nitzschia, Navicula, Cymbella,
Cyclotella, Oscillatoria) were below 100 cells ml1-1
throughout the year.

Artemia population

The brine shrimp population in Lake Urmiah exhibits
similar seasonal fluctuations (Fig. 9) to that repor-
ted for the Great Salt Lake (Gliwicz el al., 1995)
but differs in a few particular characteristics. Cysts
were found throughout the year, with a minimum in
late spring and summer, and a maximum in autumn
and winter. Nauplii and metanauplii made up a very
high fraction of the samples in summer 1994 (up to
more than 70%). This fraction fell sharply in autumn,
remained at a minimum during winter, and reached
a maximum again (though at a much lower level,
~40% ) in March and April 1995, due to cyst hatching.
The new peak in July/August may result from ovovi-
viparous reproduction in June/July or from further
recruitment from cysts. The decline in autumn/winter
1995 was even more drastic than in 1994, and in Janu-
ary 1996 only very low numbers of (meta)nauplii were
observed. Nevertheless throughout the winter months
nauplii were still found in the superficial water layers,
where the temperature dropped below 5°C. Juveniles
and adults made up less than 20% of the numbers of
brine shrimp in summer 1994, increased in early au-
tumn, and fell to a minimum in winter. In summer
1995, a peak forjuveniles/adults was reached in July-
August; in January 1996 few juveniles/adults were
found in the superficial water layers.

There were no obvious differences in population
composition between the samples taken at the surface
(t-samples) or at a depth 0f0.5-1.0 m (p-samples), ex-
cept for a slightly higher occurrence of (floating) cysts
in the surface samples.

Occasional sampling in deeper water layers (1-
3 m) showed that numerous cysts remained in sus-

pension in the water column, confirming laboratory
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Figure 7. Seasonal fluctuations of chlorophyll a, b and ¢j+C2 con-
centration (\alues, with standard error bars, are averages of all

sampling sites).

experiments (Pador, 1995) showing that below 150 g
I-1 up to 50% of the A. urmiana cysts remained in
suspension. Even at salinities as high as 200 g 1  no
full buoyancy of all cysts was reached.

There was a high incidence of males (2:1) in the
summer during 1994 and 1995, but the sex ratio
declined in autumn, and reached 0.5—:1 in Decem-
ber/January (Fig. 10).

The ratio of reproducing females/total females
generally fluctuated in the range 50-60% (Fig. 11),
except for winter and early spring, when reproduc-
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Figure 8. Local variations in chlorophyll a concentration (values,

with standard error bars, are averages o\er entire sampling period).

tion was interrupted ornot enough data were available.
According to the available field data, 4. urmiana
reproduced predominantly oviparously (Fig. 12); in
summer a minority ofthe population (below 30%) pro-
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Figure 10. Seasonal fluctuations of sex ratio (values, with standard

error bars, are averages of all sampling sites).

duced nauplii. From August onwards, more than 90%
of the reproducing females produced cysts.

The average brood size was very high (Fig. 13): for
cyst production, the average clutch size ranged around
70-80 cysts brood-1 in the period August-December,
while in other months the number of cysts brood-1
never dropped below 30. For ovoviviparous reproduc-
tion, brood size ranged between ~75 nauplii brood-1

in July and 5-10 from September onwards. The max-

Jul Aug/Sep Oct/Nov Dec/Jan Feb/Mar Apr/May Jun/Jul Aug/Sep Oct/Nov Dec/Jan

1994 1995 1996
Figure 11. Seasonal fluctuations of percentage of reproductive
Artemia females over total females (values, with standard error bars,

are averages of all sampling sites).
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Figure 12. Seasonal fluctuations of percentage of Artemia females
reproducing o\iparously versus ovoviviparously (values, with stand-

ard error bars, are averages of all sampling sites).

oviparous

ovoviviparous

1995 1996

Figure 13. Seasonal fluctuations of brood size (oviparous versus
ovoviv iparous reproduction) (values, with standard error bars, are

averages of all sampling sites).

imal individual brood sizes recorded were 269 cysts
and 216 nauplii (both in August).

Artemia biomass reached its maximum in the
period August-December (Fig. 14). The maximal val-
ues measured in autumn 1995 (—30 g wet weight m-3)

>— surface
>.. 0.5-1.0 m depth

Jul Aug Sep Oct Nov Dec Jan FebMar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Figure 14. Seasonal fluctuations of Artemia biomass density (wet
weight) at water surface and at 0.5-1.0 m water depth (values, with
standard error bars, are averages for all t- and p-sampling sites,

respectively).
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greatly exceeded the values for 1994 (15 g m-3) (both
I-site samples). No such difference was recorded for
the subsurface (p-site) samples. An important fraction
ofthe Artemia biomass was present below 0.5 m water
depth. The heterogeneity of the Artemia distribution
was reflected in the occurrence of extreme values,
which affected the monthly average; e.g., the unusu-
ally high value of June 1995 was due to the sampling
in a streak of accumulated biomass at a few sites.

The average amount of biomass, harvested per
sampling run at each site, was situated in the range 10-
20 g m-3 (equivalent to a density of one to two adults
I-1), but at some sites 05, t6, ts, O2) higher densities
were encountered (Fig. 15). As with temporal abund-
ance these average values were strongi) affected by
the incidental occurrence of biomass accumulations.
Exceptionally high values were not encountered in the
north arm, suggesting a generally lower biomass pro-
duction for this part of the lake. Values were generally
lower for the samples taken below the water surface

(p-samples).

Discussion

Introduction

Data available in literature about Artemia ecology and
distribution, as well as studies of population dynam-
ics and biomass estimation are uncommon, and are
often restricted to either artificial environments (e.g.,
Artemia production ponds) or to natural ecosystems
of much smaller size than Lake Urmiah. Persoone &
Sorgeloos (1980) and Lenz (1987) review literature
data on the productivity of Artemia habitats in natural

environments, both inland and coastal salt lakes. Lenz
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& Browne (1991) list a number of field studies, per-
formed on natural Artemia populations. Artemia from
Mono Lake have been the subject of a life history
study by Lenz (1980, 1984) and long-term monitoring
(Melack & Jellison, 1998).

Only the Great Salt Lake, Utah, USA, until re-
cently the source of the large majority of raw cyst
material on the world market (Lavens & Sorgeloos,
2000), is of dimensions comparable to Lake Urmiah
and has been the subject of numerous ecological and
Artemia population studies (Stephens, 1974). In re-
cent times the Great Salt Lake has seen considerable
salinity fluctuations with consequent changes in the
ecosystem (Wurtsbaugh & Smith Berry, 1990; Steph-
ens, 1997). Gliwicz et al. (1995) conducted a popula-
tion study shortly after a 6-year drought period, when
salinity in the lake was 140 g I-1. The authors state
that, in spite of the simplicity of the trophic structure
(short food chain) and the limited biodiversity of this
ecosystem, it is difficult to assess the consequences
of abiotic fluctuations and shifts in phytoplankton
concentration/composition on tht Artemiafranciscana
population. W hile during periods ofexcessive rainfall,
predators of Artemia might survive in lower salinity
zones and have a deleterious effect on the brine shrimp
population, annual fluctuations often occur in the brine
shrimp population without indication of the causative
factor.

As morphometric, genetic and reproductive studies
(Abreu-Grobois & Beardmore, 1991; Pilla, 1992; Pilla
& Beardmore, 1994; Pador, 1995; Triantaphyllidis et
al., 1997) have shown the separate status of the species
Artemia urmiana, it is possible that observations for
A.franciscana cannot be extrapolated as such to Lake
Urmiah.

Abiotic conditions

According to Lenz (1987), seasonality in the brine
shrimp population oflarge temperate lakes is primarily
determined by the temperature cycle. Water temper-
atures around 0CC can preclude the survival of all
Artemia life stages but cysts, or allow adults and ju-
veniles to survive at low densities (Lenz & Browne,
1991). Vanhaecke et al. (1984) studied the com-
bined effects of temperature (18-34°C) and salinity
(5-120 g 1-1) on the survival of Artemia of various
geographical origin (not including A. urmiana), and
found that both variables significantly affect survival,
the effect of temperature being more pronounced. No

single strain, however, seemed to be stenothermal,
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while most strains shared a common area of preference
(20-25°C), where mortalities were below 10% after
a culture period of 9 days. Substantial strain differ-
ences, however, existed with regard to resistance for
high temperatures: A. salina and A. parthenogenetica
strains did not survive temperatures exceeding 30 'C,
while 5-10% survival was observed for both Great
Salt Lake and San Francisco Bay A. franciscana, cul-
tured at 34°C. Lethal temperatures of 30-34°C were
however never attained at the water surface of Lake
Urmiah.

Von Hentig (1971) assumes maximal hatching
in the range 15-30°C, while Sorgeloos & Persoone
(1975) narrow it down to 20-28"C. Nevertheless
hatching can occur at low'er temperatures (as low as
5-10°C, be it at much slower hatching rates) observed
in Lake Urmiah from late February or early March on-
wards. Maximal growth and biomass production takes
place in the range 20-27X (Vanhaecke & Sorgeloos,
1989). Once again, the impact of temperature on
growth varies from one strain to another. However,
for most strains growth is limited below 15°C. This
laboratory finding is also confirmed by field data (Lenz
& Browne, 1991). If these data are extrapolated to A.
urmiana, the season for optimal biomass production in
Lake Urmiah is confined to the period April-October.

Large local salinity differences were not recorded
in this sampling campaign. Gliwicz et al. (1995) found
that salinity was homogeneous over the entire south
arm of Great Salt Lake, and over a total depth of 6 m,
indicating that thorough horizontal and vertical mixing
of the water column takes place.

As in Lake Urmiah, transparency in Great Salt
Lake (Gliwicz et al., 1995) appeared to be highly
variable (0.4-7.0 m) depending on time and sampling
site. Seasonal fluctuations in primary productivity and
the stirring of bottom sediments by wind and waves
affected the transparency of the water column.

Mono Lake (Lenz, 1984) shows seasonal and an-
nual transparency fluctuations, with minimal values in
the period October-M ay and peaks in July-August, re-
flecting the heavy grazing pressure of the brine shrimp
population.

Algal biomass

Chlorophyll values in Lake Urmiah, generally situated
in the range 0.5-0.8 pg I-1, are low compared to the
values reported by Gliwicz et al. (1995) for Great Salt
Lake (< 0.5 pg I-1 in June to 13 pg I-1 in January).
Even values observed in the more productive estuarine

zones of Lake Urmiah were well below the chlorophyll
a levels observed in similar areas in Great Salt Lake
(60 pg I-1). In summer under high grazing pressure,
the algal species composition in Great Salt Lake was
more diversified (with an important fraction of diat-
oms like Amphora, Navicula and Nitzschia) than in
winter, when the phytoplankton mainly consisted of
a Dunaliella monoculture.

The Lake Urmiah study did not assess bac-
terioplankton and decomposing matter (detritus), po-
tentially important food sources for the Artemia popu-
lation. Detritus can be up-welled by water currents and
storms and bacterioplankton can be abundant. In the
zones of river water inflow and in flooded areas decay-
ing matter may contribute significantly to the nutrient
balance of the lake. Gliwicz et al. (1995) state that
food limitation induces a stage-structured intraspecific
competition on growth rate: in an environment with
limited primary production the adults compete suc-
cessfully for food with the earlier stages, resulting in
reduced naupliar growth. Culture tests of Great Salt
Lake-Arrera/a in vitro and analysis of stomach con-
tent in the field show that nauplii and young juveniles
mainly thrive on phytoplankton and other suspended
material. Adults and subadults use this food source
only in case its concentration is high, and otherwise
consume sedimented detritus and periphyton (in sum-
mer the periphyton on exuviae is an important food
source).

Artemia population

Comparison of the seasonal fluctuations in popula-
tion composition (Fig. 9), chlorophyll concentration
(Fig. 7) and transparency (Fig. 5), suggests the follow-
ing population dynamics at Lake Urmiah. A fraction
of nauplii and metanauplii may survive the winter
months, and start developing from March/April on-
wards. However, it is difficult to assess the contri-
bution of this overwintering population to the spring
generation of adults. Hatching of cysts may occur as
early as February. The grazing pressure o f this expand-
ing brine shrimp population pre\ents the phytoplank-
ton from reaching actual blooming concentrations,
as observed in other saline habitats in late spring.
Consequently, as the number of juveniles and adults
increases, the algal concentration steadily declines
and reaches absolute minimum levels in late spring,
early summer (May/June), after which transparency

gradually decreases (late summer, early autumn), even



though the relative proportion of juveniles and adults
is reaching a maximum.

Gliwicz et al. (1995) summarize the population dy-
namics in Great Salt Lake as follows: in April/May
a lirst generation hatches from cysts and colonizes
the environment rapidly. This generation reproduces
ovoviviparously at a high rate, illustrated by large
broods of nauplii during late May. These animals
produce a second generation of more slowly devel-
oping individuals, which do not reach maturity by
autumn. Only a small fraction of this second genera-
tion seems to survive and reach maturation, producing
one or two smaller broods, which do not contribute
significantly to the population density. In Mono Lake
(Lenz, 1980, 1984; Jellison & Melack, 1998) the num-
ber of Artemia is low during winter and the brine
shrimp females remain in a non-reproductive state. In
spring the Artemia develop slowly from cyst to adult
in 10-12 weeks, mainly because of the low prevailing
water temperatures, and reach maturity at the end of
May, reproducing ovoviviparously. Second generation
adults appear in mid-July/August. The first and second
generation of females in July produce overwintering
cysts. The population reaches a peak in late summer,
decreasing afterwards to low numbers in November.
However, considerable fluctuations are observed from
year to year. For Lake Urmiah, the field data do not
allow definitive conclusions with regard to the number
of generations produced per season; however, the re-
productive data (see further) indicate a predominance
of oviparity, suggesting that ovoviviparous coloniz-
ation of the medium does not take place at a rate
comparable to the Great Salt Lake.

The high incidence of males in Lake Urmiah cor-
responds to the observations in other saline lakes, e.g.,
Mono Lake (Lenz, 1984) and particularly Great Salt
Lake, where similar fluctuations occur, with a sex
ratio of 4:1 in June, decreasing to 1:1 in Novem-
ber/December (Gliwicz et al.,, 1995). These fluctu-
ations may be related to the different physiological
tolerance of adult males and females to varying con-
ditions of temperature, salinity and/or oxygen, not
specific for A. urmiana, but also for other Artemia
species.

The data on sex ratio do not permit any decisive
conclusions regarding the possible coexistence of a
parthenogenetic and a bisexual brine shrimp species in
Lake Urmiah. Ginther (1890) described brine shrimp
from Lake Urmiah as a unique bisexual species,
Artemia urmiana. This characteristic was confirmed
when Clark & Bowen (1976) demonstrated the repro-
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ductive isolation of the species from other bisexual
strains. Nevertheless, Barigozzi et al. (1987) reported
a population exclusively composed of parthenogen-
etic individuals after culturing two cyst samples in the
laboratory, and proposed to cancel the species designa-
tion A. urmiana. Azari Takami (1989) reported the co-
existence of bisexual and parthenogenetic populations
in the lake. He observed thatthe parthenogenetic strain
was dominant in spring and summer but not common
in autumn and winter. The phenomenon of coexist-
ence with varying frequencies throughout the year
has already been reported in other Artemia biotopes
(Amat, 1983; Perez, 1987). Barigozzi (1989) proposed
to reconsider A. urmiana as a species, and Ahmadi et
al. (1990) reinforced the idea that the lake sustains
a mixed population. Pador (1995), who cultured an-
imals using cysts collected from different sampling
stations, found no evidence of a parthenogenetic pop-
ulation. Although the occurrence of a parthenogenetic
strain thus remains a possibility, the sex ratio suggests
that the Artemia population in Lake Urmiah is at least
predominantly bisexual.

The average clutch size (Fig. 13) largely surpasses
the average value of 48 eggs female- 'reported in
laboratory experiments under optimal feeding condi-
tions and a salinity of 140 g I-1 (Pador, 1995). Equally
low values were found in nature for Great Salt Lake
Artemia, where the average brood size in summer and
fall fluctuated around 15-30 eggs female-1. In estuar-
ine areas, however, a maximum of 155 eggs female-1
was recorded for females larger than 10 mm, and
50 for smaller individuals (7-8 mm). In laboratory
experiments with optimal feeding conditions on the
contrary, a maximum of 190 eggs female-1 was re-
corded (Gliwicz et al., 1995), illustrating the effect of
food availability on brood size. Lower food availabil-
ity induced oviparous reproduction, decreased brood
size and increased the interval in between broods.

The seasonal decline in percentage of ovovivipar-
ous females in Lake Urmiah (Fig. 12), as well as the
decrease in nauplii brood-1 (Fig. 13) from July on-
wards, coincides with the increased transparency (Fig.
5) and thus depletion of phytoplankton. Remarkably,
there is no decrease in cysts brood-1 before the winter
season; Belovsky (1996) notes that cyst production in
Great Salt Lake brine shrimp is highest at intermediate
food concentrations. Throughout summer and autumn
a maximum of reproductive effort is thus invested in
cyst production, with nearly all reproductive females

producing high numbers of cysts.
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The difference in parameters, utilized to express
the Artemia standing crop, and the divergent values
found in literature, confirm that the assessment of the
quantity of brine shrimp in a saltwater body is diffi-
cult. The distribution ofArtemia, which are positively
phototactic and subject to water currents by the action
of wind, is highly heterogeneous and thus densities
may vary widely (Persoone & Sorgeloos, 1980). For
instance, Lenz (1980) reports densities ranging from
1to 400 ind. I 'l in Mono Lake, while Mason (1967)
reports only a few adults I-1 in the top water layer in
Mono Lake. In the Lake Urmiah sampling campaign,
the hour of sampling was randomized and only occa-
sionally were samples taken in deeper water layers;
consequently no information on diurnal migration of
the brine shrimp population could be obtained.

If the wet weight of an Artemia adult is estim-
ated at ~10 mg individual-1 (Reeve, 1963), a density
of 30 g m-3corresponds with a density of 3 adults
I-1, a relatively low figure compared to the values
presented for Great Salt Lake: 4 adults I-1 in July
(Wirick, 1972); 20 and 10 ind. I-1 for June and July,
respectively (Stephens & Gillespie, 1972); 10-20 ind.
I-1 in late spring (Wurtsbaughi & Smith Berry, 1990).
Artemia production in Great Salt Lake is estimated by
Gillespie & Stephens (1977) at 100-200 g biomass
(dry weight) m-2 year-1.

Although caution is needed when comparing
Artemia density values from different lakes, recorded
over different seasons with \arious sampling meth-
ods, the Artemia production of Lake Urmiah seems
relatively low. These low values correspond well with
the low algal biomass values; Belovsky (1996) con-
firms that in Great Salt Lake the highest Artemia
densities coincide with the highest food concentration,
illustrating the impact of food availability.

Long-term hydrological records prove that the wa-
ter level of Lake Urmiah is subject to substantial
fluctuations (Fayazi, pers. commun.), caused by cli-
matological factors. In view of the unusual weather
conditions that prevailed in the period 1994-1996
(mild winter temperatures, excessive rainfall) the field
data cannot be extrapolated as such to production
years when more normal weather conditions are to be
expected. Since 1996, salinity has steadily increased
again, due to reduced precipitation, and presently
(fall 1999) it is as high as 240 g I-1 (Fayazi, pers.
commun.). Continued sampling is needed to acquire
more insight into the population dynamics of Artemia

urmiana.
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