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Abstract

Populations of the rotifer, Brachionus, plicatilis. 
were cultured in medium containing various concentrations 
(2, 5, 10, and 20 gl-1) of NaCl. Comparisons of the life 
history characteristics show that the media containing 
2, 5, and 10 gl-1 of NaCl sustain positive population 
growth; the media containing 10 gl-1 of NaCl has the 
highest levels of survivorship and reproduction. The 
medium containing 2 gl-1 of NaCl is inadequate for sustain

ing a population of Brachionus plicatilis indefinitely.
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INTRODUCTION

Although the rotifers comprise a relatively small 
portion of the animal kingdom with only 121 genera, they 
play an important role in freshwater ecosystems. They 
are found in almost any body of water but only rarely 
in the open sea (Ruttner-Kolisko, 1974). In laboratory 
studies it is ideal to find a culture medium which will
allow a maximal growth rate for a population of rotifers.
In an organism such as Brachionus plicatilis. which has 
a wide tolerance to environmental conditions, a range 
of acceptable culture conditions may be found, but not 
all result in optimizing the growth of experimental popula
tions. In this study, I am attempting to find the concen
tration of NaCl in which a culture of Brachionus plicatilis.
can be sustained for an indefinite period of time and 
produce the highest levels of survivorship and fecundity.
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LITERATURE REVIEW

The rotifers are a unique group of organisms. Due 
to their small size (40u-2mm), they constitute only a 
relatively minor part of the biomass of the zooplankton. 
The dry weight of a Daphnia equals approximately that 
of 300-500 rotifers (Ruttner-Kolisko, 1974). In spite
of this fact, they play an important part in the production 
cycle because of their rapid turnover and metabolism (Ma- 
karewicz and Likens, 1979). Also, many species of rotifers 
feed largely on detritus and bacteria and are independent 
of autotrophic production (Ruttner-Kolisko, 1974).

Rotifers possess the ability to reproduce both asexual- 
ly by ovoviviparous diploid parthenogenesis and sexually 
by ordinary meiotic divisions. The method of reproduction 
is determined by external conditions. The change in the 
manner of reproduction takes place from one generation 
to the next. A female normally produces either diploid 
parthenogenetic amictic eggs or haploid meiotic eggs. 
The parthenogenetic phase results in genetic clones which 
can be utilized in studies of these organisms.

Studies have been done both in the field and in the
laboratory on almost every aspect of the rotifer. These 
investigations involve such wide ranging topics as the
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3
nutritional needs and feeding behavior of rotifers (Stark
weather, 1980), aging in rotifers (Luciani, et. al., 1983), 
and the effects of temperature on these animals (Galkov
skaya, 1983), just to mention a few. These studies and 
the many others have helped us to better understand the 
rotifers and their important interactions within the zoo
plankton .

The rotifer Brachionus. plicatilis is used as a live 
food organism for mass production of fin fish and crustacean 
larvae. Although it does not form a major component of 
the natural diet of many marine fishes or crustaceans, 
Brachionus plicatilis is an ideal link in the aquaculture 
of different stages of fish and shrimp larvae (James, 
et. al., 1983). Thus, due to their commercial importance, 
the biological and technical aspects of mass culturing 
of Brachionus plicatilis have been investigated. For 
example, the effects of various food sources on the cultur
ing of this organism have been studied (Hirata, et. al. , 
1983). Another example is a study by Minkoff and Kahan 
on environmental factors affecting the hatching of Br.ac.hi- 
onus plicatilis resting eggs (Minkoff and Kahan, 1983).

Ruttner-Kolisko experimentally calculated an energy 
budget for Brachionus plicatilis based on respiration 
measurements at 20°C (Ruttner-Kolisko, 1974). Under these 
experimental conditions, this study estimated that one 
rotifer will consume 300 calories per hour, assimilating
only 60 calories. Of this, 60% goes towards reproduction
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and 40% is used for respiration and maintenance. This 
energy division between reproduction and respiration is 
adaptive (Ruttner-Kolisko, 1974). As a consequence of 
evolutionary pressures, an organism must find a balance 
between the energy allocated to reproduction and that 
used for maintenance and respiration. This balance should 
produce the maximal population growth in a particular 
environment. Based on limited resources, there should 
be a reciprocal relationship between survivorship and 
reproduction (Snell and King, 1977). An inadequate environ
ment usually results in a decrease in reproduction in 
favor of survivorship (personal communication, Starkweather, 
1986). Parameters based on relative survivorship and 
reproduction can help describe the relative suitability
of an organism's environment. Taken together, these para
meters represent the "life history characteristics" of 
a species (Birch, 1948).



METHODS AND MATERIALS

Rotifers
All stock Brachionus plicatilis used in these experi

ments were descendants of a sample originally collected 
in 1984 from Big Soda Lake near Fallon, Nevada. The roti
fers used were all amictic females, approximately the 
fiftieth generation descended from the field stock. The
stock rotifers were cultured in Colorado medium containing 
10 gl-1 of NaCl and the euglenoid alga, Eugiena gracilis 
(UTEX-753).

Food

During this experiment, the rotifers were cultured
on Rhototorula glutinis. Cultures of this yeast were 
grown on an agar medium at 35°C. The rotifers were placed 
in a suspension of Rhototorula glutinis (lOOug ml-1 dry 
weight) and medium (10 gl-1 of NaCl) daily. Using an 
electronic particle counter, the concentration of yeast 
cells per milliliter of suspension was determined. Each 
yeast cell has a dry weight of approximately 1.97 x 10“^ug. 

Thus, the amount of suspension needed to produce a yeast 
concentration of lOOug ml-l could be calculated.
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Medium

The rotifers were cultured in Colorado medium (Table 
1). Four preparations of this medium containing various 
concentrations of NaCl (2, 5, 10, and 20 gl) were used. 
Each rotifer was cultured in 0.8 ml of medium with 100 
ug/ml of suspended yeast in a hemispherical glass depression 
plate.

Experimental Procedure
After a two-day period of acclimation to laboratory 

conditions, all ovigerous females from the collection 
of stock rotifers were transferred to a petri dish contain
ing a suspension of Colorado medium (10 gl-1 NaCl) and 
Rhototoorula glutinis (lOOug ml“l). All transfers of 
Brachionus plicatilis were done with a five-inch Pasteur
pipette under a stereomicroscope (25x). The populations 
of ovigerous females were incubated at 20°C for a period
of 24 hours.

After 24 hours, the culture was examined and the 
newborn rotifers (judged by their size) were transferred 
to a separate petri dish. Thus, a single cohort of Brachi
onus plicatilis born within 24 hours of each other was
obtained.

The members of the cohort were transferred to individu
al wells of a depression plate. Four sets of depression 
plates were used, each set contained allotments of yeast
and medium with a different concentration of NaCl. Three
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Table 1. Ingredients in Colorado medium for the culture of 

Brachionus plicatilis

Ingredient Amount
NaCl 2gl_1, 5gl-l, 10gl-1, or 20gl-1
KC1 •27g 1-1
CaCl2 1.5g I-1
MgCl2 • 6H20 2.0g 1"1
MgSO4 . 7H20 2.52g 1"1
Stock Metal Mix* .25ml 1“1
NaHCO3 • 07g 1"1
Vitamin Mix** 1.0 ml 1-1
♦Refer to Table 2 
**Refer to Table 3

Table 2. Ingredients of 
for the culture

stock metal mix in Colorado medium 
of Brachionus plicatilis

Ingredient Amount
CuSO4 . 5H20 1.96g in 100 ml ddW*
ZnSO4 . 7H20 4.4g in 100 ml ddW*
CuC12 . 6H20 20.Og in 100 ml ddW*
NaCl2 . 4H20 36.Og in 100 ml ddW*
NaMo04 . 2H20 1.26g in 100 ml ddW*
♦Double distilled water

Table 3. Ingredients of vitamin mix in Colorado medium 
for the culture of Brachionus plicatilis

Ingredient Amount per 100 ml
Thiamine HC1 20 mg
Biotin . 1 mg
b12 .1 mg
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replicates for each preparation of medium, with a total 
of 108 rotifers, were used in the experiment. The plates 
were kept in an incubator at 20 ± 1°C.

Each rotifer was examined under a stereomicroscope 
at one-day intervals. The number of eggs attached to 
each rotifer and the number of offspring produced in each 
daily interval was observed. The absence of an egg noted 
the previous day led to a closer scrutiny for a newly-born 
rotifer, which are often difficult to see. Each offspring
had to be observed before it could be recorded. This
prevented added error from the assumption that every egg 
leads to a new rotifer. Sometimes the eggs will degenerate 
rather than produce a successful offspring.

After observation and recording of the data, the 
adult female rotifer was transferred to a new depression
plate containing fresh medium and food • This routine
was repeated at 24 hour intervals until the last rotifer
died.

Statistical Analvsis
After completion of the experiment, the life history

characteristics of each population were calculated based
on Birch's methods (Birch, 1948) and a computer program 
obtained from Dr. P.L. Starkweather. Several parameters
were used to describe the life history characteristics. 
The age-specific survivorship (lx) was calculated. This
value describes the probability at birth of an organism
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being alive at an age X. Another parameter used was the 
median survivorship. This value represents the day at 
which half of the population has died. The parameter 
describing age-specific fecundity (mx) was also used. 
This is the mean number of female offspring produced in 
a unit time (day) by a female aged X. The net reproduction 
rate (Ro) is derived by taking the sum of the products 
of the values for the parameters, age-specific survivorship 
(lx) and fecundity (mx). It describes the number of off
spring per average female in the population. The population 
growth rate (r) refers to the difference between the birth 
rate and the death rate in a population with a stable 
age distribution. Lastly, the length of a generation 
(T) was calculated for each population.

Statistical comparison of the values of net reproduc
tion rate (Ro), length of generation (T), population growth 
rate (r), and median survivorship was done using the non- 
parametric Kruskal-Wallis test (corrected for ties). 
Calculations of these comparisons were also done on a 
computer program supplied by Dr. P.L. Starkweather.
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RESULTS
•

The life table parameters for the four populations 
of rotifers cultured in the different NaCl concentrations 
are shown in Table 2. Using the Kruskal-Wallis test, 
there were significant (0.05>p) differences among the 
four populations values of intrinsic rate of increase 
(r). The values of the net reproduction rate (Ro) were 
only marginally significant (0.05<p<0.10). No significant 
difference was found when comparing the values for the 
generation time (T) and median survivorship.

Figures 1-4 graphically compare the values of age 
specific survivorship (lx) and fecundity (mx) for the 
rotifers cultured in medium containing 2gl-l, 5gl-^, 10gl“l, 
and 20gl-1 of NaCl.

The values for the population of Brachionus. plicatilis 
cultured in Colorado medium containing 20gl"l were based 

on data from only two depression plates instead of three 
due to an experimental error resulting in the loss of 
one depression plate's rotifer population.
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Table 4. Comparison of median survivorship, net reproduc
tion (Ro), generation time (T), and population 
growth rate for the populations of Brachionus 
plicatilis in 4 preparations of Colorado medium 
containing different concentrations of NaCl.

Cone, of
NaCl in 
Medium 
(gl-1)

Median
Survivorship

Net
Reproduction 
Rate (Ro)

Generation 
Time (T)

Population
Growth
Rate (r)

2 4.5 ± 0.680 0.644 ± .210 7.213 ± .426 -0.072 ± .053

5 10.056 ± 3.019 1.792 ± .503 7.520 ± .195 0.073 ± .035

10 13.333 ± .471 2.268 ± .482 7.3 ± .301 0.108 ± .027

20 9.5 ± 2.5 1.44 ± .333 8.579 ± .190 0.039 ± .026

♦Values are means ± standard deviation of 3 replicate 
populations of 9 animals each for types of medium, except 
that containing 20gl-1 NaCl, which is based on only 2 
replicates; probabilities are based on non-parametric 
comparisons of groups using the Kruskal-Wallis test.



12

(pays)

Fig. 1. Age-specific survivorship (lx), fecundity (mx),
and their product (lxmx) for Brachionus plicatilis
cultured in Colorado medium containing Bgl--1-

• of NaCl. Values are for 3 replicate cohorts
of 9 animals each.
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4GE (DAYS)

Fig. 2. Age-specific survivorship (lx), fecundity (mx),
and their product (lxmx) for Brachionus plicatilis
cultured in Colorado medium containing5gl-1
of NaCl. Values are for 3 replicate cohorts
of 9 animals each.
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AGE (OAYS)

AGE (days)

AGE (.DAYS)

Fig. 3. Age-specific survivorship (lx), fecundity (mx),
and their product (lxmx) for Brachionus plicatilis.
cultured in Colorado medium containing10gl-i
of NaCl. Values are for 3 replicate cohorts
of 9 animals each.
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46E CDAYS)

XE (DAYS)

Fig. 4. Age-specific survivorship (lx), fecundity (mx),
• and their product (lxmx) for Brachionus plicatilis

cultured in Colorado medium containing 20gl“-L
of NaCl. Values are for 2 replicate cohorts
of 9 animals each.



DISCUSSION
•

There is a pattern in the relative values for three 
of the four parameters summarized in Table 2. The values 
for median survivorship, net reproduction rate (Rq)> and 
population growth rate (r) are highest for the population 
cultured in medium containing 10gl“l of NaCl. The other 
population's values for the above parameters followed 
the pattern of decrease 10gl-1>5gl1>20gl-1>2gl-1.

The parameters describing aspects of survivorship 
(median survivorship and generation time) show no signifi
cant difference among the populations. In fact, the popula
tion cultured in medium containing 20gl“l of NaCl had 
the highest relative values for generation time (T). In 
comparison, the values for the parameters describing 
reproductive characteristics (net reproduction rate and 
population growth rate) have at least marginally significant 
(0.05<p<0.10) differences among the populations. This 
is consistent with the reciprocal nature of the energy 
balance between survivorship and reproduction. Reproduction
seems to be the more sensitive characteristic. As the
concentration deviated from the optimum, reproduction 
decreased to maintain a steady level of survivorship.

The time-course of age-specific survivorship for
16
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each population is shown in Figures 1-4. The survivorship 
curves for the populations cultured at 5gl-1, 10gl-1,
and 20gl-1 of NaCl (Figures 2-4) are characteristic of 
a typical biological population in their "negative skewed" 
shape (King, 1980). If plotted logarithmically, they 
would have a convexity. The survivorship curve for the 
population cultured in medium containing 2gl"l of NaCl 
departs from the typical "negative skew." When a popula
tion's survivorship curve differs from the shape of the 
normal survivorship curve, it indicates the extreme inade
quateness of the organism's environment (King, 1980).

The time-course of age-specific fecundity (mx) for 
each population is also found in Figures 1-4. The popula
tions differ in the timing and patterns of fecundity. 
The rotifers cultured in medium containing 10gl"l of NaCl 
had the longest reproductive period lasting 17 days. They 
also had the earliest reproduction, occurring on the second 
day of the experiment. The population cultured in medium 
containing 20gl“l of NaCl had the next longest period 
of reproduction, beginning on the third day of the 
experiment and lasting 14 days. The rotifers cultured 
in medium containing 5gl-1 and 2gl-1 of NaCl produced 
their first young on the fourth day of the experiment. 
The population cultured in medium containing 5gl-1 of

• NaCl had a reproductive period of 11 days. The population
cultured in medium containing 2gl-l of NaCl had a 10-day
period of reproduction. The length of reproductive period
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follows the same pattern of decrease prevalent in other 
parameters of the life history characteristics — 10gl-1> 
5gl-1>20gl-l>2gl"l.

There is much variability in the patterns of age-speci
fic fecundity (mx). The daily variability is probably 
due to the relative infrequency of egg production. In 
the same context, apparent periodicity in egg production 
may reflect the interval in time between successive batches 
of young in the cohort. The pattern of the peaks in the 
fecundity curves reinforces the pattern found in the values 
for parameters describing net reproduction rate (Ro)> 
population growth rate (r), median survivorship, and the 
pattern of the length of reproductive periods - 10gl-1 
>5gl"1>20gl"1>2gl_1.

The curves representing the product of age-specific 
survivorship (lx) and fecundity (mx (Figures 1-4) further 
demonstrate the findings regarding the patterns of reproduc
tion and life history characteristics mentioned above.



CONCLUSIONS

The medium containing 2gl-1 of NaCl was inadequate 
for the culturing of Brachionus plicatilis. because the 
population cultured in this preparation of medium had 
a negative rate of population growth and the time-course 
of age-specific survivorship (lx) varied from the typical 
"negative skewed" shape of a biological population. Media 
containing 5gl-1, 10gl-1, and 20gl-1 of NaCl were able
to sustain a positive population growth rate. Their time- 
course of age-specific survivorship showed the "negative 
skewed" shape, further indicating their fitness in culturing 
Brachionus plicatilis. The medium containing 10gl-1 of 
NaCl sustained the population at a relatively higher rate 
of median survivorship, a marginally significantly (0.05<p 
<0.10) higher value of net reproduction rate (Ro) and 
a significantly (0.05>p) higher rate of population growth. 
The reproductive period was sustained for a longer period 
of time and at a higher level in this environment. Thus,
this would be the best concentration of NaCl for the cultur
ing of Brachionus. plicatilis.

*

19



*
LITERATURE CITED

Birch, L.C. 1948. The intrinsic rate of natural increase 
of an insect population. J. anim. Ecol. 17: 15-26.

Galkovskoya, C.M. 1983. On temperature acclimation in 
an experimental population of the rotifer Brachionus. 
calv.cif lorus• Hydrobiology. 104: 77-84.

Hirata, H., S. Yamasaki, T. Kawaguchi, and M. Ogawa. 1983. 
Continuous culture of the rotifer Brachionus plicatilis 
fed recycled algal diets. Hydrobiology. 104: 71-75.

James, C.M., M. Bou-Abbas, A.M. Al-Khars, S. Al-Hinty, 
and A.E. Salman. 1983. Production of the rotifer 
Brachionus plicatilis for aquaculture in Kuwait. 
Hydrobiology. 104: 77-84.

King, C.E. and M.R. Miracle. 1980. A perspective on aging 
in rotifers. Hydrobiology. 17: 13-19.

Luciani, Anne., J. Chasse, and P. Clement. 1983. Aging 
in Brachionus plicatilis: The evolution of swimming 
as a function of age at two different calcium concen
trations. Hydrobiology. 104: 141-146.

Makarewicz, J.C. and G.E. Likens. 1979. Structure and 
function of the zooplankton community of Mirror Lake, 
New Hampshire. Ecol. Mono. 49: 109-127.

Minkoff, G.E., E. Lubzens, and D. Kahan. 1983. Environmental 
factors affecting hatching of rotifer (Brachionus 
plicatilis) resting eggs. Hydrobiology. 104: 61-69.

Ruttner-Kolisko, Agnes. 1974. Plankton rotifers-Biology 
and taxonomy. Die Vinnengewasser. 16: 1-45.

Snell, T.W. and C.E. King. 1977. Lifespan and fecundity 
patterns in rotifers: The cost of reproduction. Evolu
tion. 31: 882-890.

Starkweather, P.L. 1980. Aspects of the feeding behavior 
and the trophic ecology of suspension-feeding rotifers. 
Hydrobiology. 73: 63-72.

20


