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Abstract

The effect of different salinities on growth, crude protein and total energy on a Mexican strain of the minute rotifer
Proales similis (GenBank KMQ78762) were evaluated. The experiment was conducted at 5, 15, 25 and 35 psu, with five
replicates. Rotifers were fed twice a day with Nannochloropsis sp., temperature, dissolved oxygen and pH values were
maintained at 25+1°C, 5+1 mg L and 8+1 respectively. Results show that salinity does not affect the intrinsic rate of
population growth (r=0.46 to 0.51 day™') and duplication time (Dt=1.36 to 1.51 days) for P. similis. Maximum density (Dmax)
values were lower at 35 psu (1,703 rotifers ml%), whereas Dmax values were between 2,488 to 2,560 rotifers ml-* at 5, 15 and
25 psu. Crude protein fluctuated between 25.3 and 42.8% dry biomass (DB), while energy content varied between 11.8 and
19.9 J mg™* DB; values were significantly lower at 35 psu. Observed population growth parameters and the protein and energy
content between 5-25 psu, indicate that P. similis can be successfully reared below 35 psu, making P. similis very suitable

when fish larvae require a small rotifer due to sizing of mouth gap at the beginning of exogenous feeding.
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Introduction

One of the major challenges facing modern
aquaculture is to achieve diversification and
controlled culture of different fish species in order to
meet the demand for animal protein in human
nutrition and to restore populations of threatened or
endangered species (Braithwaite & Salvanes, 2010).
However, a problem that affects the production of
marine species, is that most larvae hatch with little
yolk reserves that are consumed in a short time. In
some species size and the opening of their mouths are
very small, their digestive system is primitive and
their perceptual abilities for finding and catching food
are also poor. This stage, in which the larva requires
exogenous feeding, is a critical period of high
mortality that poses serious challenges for marine
aquaculture (Takeuchi, 2014). Rotifers of the
Brachionus plicatilis species complex are the first live
feed for many marine fish larvae; among these,
Brachionus rotundiformis is the preferred rotifer for
the initial feeding of larvae with small mouths, due to
its smaller size (lorica length 100-210 um, mean+SD:
148.741.3 um) (Ciros-Pérez, Goémez, & Serra, 2001).
Unfortunately, the early larval stages of several
species do not consume these rotifers because their

mouth openings are extremely small (<130 pm). This
group includes snappers of the Lutjanidae family
(Schipp, Bosmans, & Marshall, 1999), snooks of the
Centropomidae family, combers and groupers of the
Serranidae family (Toledo, Golez, Doi, & Ohno,
1999), and Pacific fat sleepers or Dormitator latifrons
of the family Eleotridae (Rodriguez Montes de Oca,
Medina-Hernandez, Velazquez-Sandoval, Lopez-
Lopez, Roman-Reyes, Dabrowski, & Haws, 2012).
The larvae of these groups of fish require small live
feed of between 40 and 80 pum in their early feeding
stages (Olivotto, Holt, Carnevali, & Holt, 2006);
consequently, there is a growing demand in the
aquaculture industry for very small live feed to be
used in the first feeding of marine fish larvae with
extremely small mouths.

The following alternatives have been tested in
the search for very small live feed: protozoa, diatoms
and dinoflagellates (Nagano, Iwatzuki, KAmiyama,
Shimzu, & Nakata, 2000; Nakagawa, Senoo, &
Miyashita, 2007; Das, Mandal, Bhagabati, Akhtar, &
Singh, 2014), rotifers of the genera Colurella and
Lecane (Chigbu & Suchar 2006; Lahope, Wullur,
Rimper, Pangkey, & Rumengan, 2013), bivalve
larvae, sea urchin eggs, nauplii of balanus,
trochophore larvae of Crassostrea oysters, and nauplii
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of copepods (Rimmer 2000; Treece & Davis, 2000);
however, the results have not been satisfactory
because some of these foods have low nutritional
value or are very difficult to obtain in high densities.

There have been recent studies on the
management and production of rotifers belonging to
other taxonomic genera, notably a series of papers
presented by Wullur, Sakakura, and Hagiwara (2009);
Waullur, Sakakura, and Hagiwara (2011); Hirai, Koiso,
Teruya, Kobayashi, Takebe, Sato, Nakamura, Goto,
and Hagiwara (2012); Wullur, Yoshimatsu, Tanaka,
Ohtani, Sakakura, Kim, and Hagiwara (2013);
Hagiwara, Wullur, Marcial, Hirai, and Sakakura
(2014) and Tomoda, Furuita, Kamoshida, Kurogi,
Shibuno, Tanaka, and Tezuka (2014), in which they
describe  some  biological and  nutritional
characteristics of the rotifer Proales similis, which
was isolated from an estuary in the Ishigaki island,
Okinawa, Japan, and was used successful in the first
feeding of larval fish with extremely small mouths.
They described this species as a small size (80+3.4
um), soft-bodied (aloricated) rotifer that reaches high
densities in laboratory cultures. This rotifer is
euryhaline, consumes live microalgae and commercial
products and is also cosmopolitan. This rotifer can be
cultured under different salinities, with good
population growth (Wullur et al., 2009), which is
highly relevant when considering the different salt
conditions where some aquaculturally important fish
larvae are reported to grow and survive (Wang, Li,
Cui, & Lu, 2013).

Given this, we recently isolated and
morphologically identified a native strain of the
species P. similis from eggs with diapause embryos
deposited in shrimp pond sediments of a farm located
south of Mazatlan, Sinaloa, Mexico. No basic studies
have been conducted on this strain to explore its
potential as live feed.

Population  growth  studies outline the
development of the life cycle, fertility and
hatchability of eggs and are considered as the most
direct way to assess rotifer productivity (Malekzadeh-
Viayeh, Mohammadi, & Shafiei, 2010); moreover,
they are especially useful because the growth
potential of rotifers can have strain-specific features,
and such studies provide valuable information of
native species recently identified (Miracle & Serra,
1989; Malekzadeh-Viayeh, 2012). The criteria for
selecting live feed include adaptability to simple
techniques of mass production and tolerance to wide
ranges of environmental factors without significantly
altering nutritional quality (Das, Mandal, Bhagabati,
Akhtar, & Singh, 2012). It has been found that even in
euryhaline organisms; salinity influences the growth
and biochemical quality of rotifers, because salinity
stress involves an energy expenditure which is
diverted into osmoregulation instead of being
allocated to somatic growth and reproduction (Lowe,
Kemp, Bates, & Montagnes., 2005). With the above
assumptions, this paper investigates the effect of

salinity on the growth and protein and energy content
of P. similis in order to characterize the species and
explore its potential use as live feed for larval feeding.

Materials and Methods
Experimental Organisms

The rotifer used in this study was isolated after
the hatching of diapause eggs naturally present in the
sediment of white shrimp (Litopenaeus vannamei)
production ponds of a local farm in southern Sinaloa,
Mexico (23°09'10.54" N, 106°18' 22.84" W) using the
procedure described by Roman-Reyes, Castafieda-
Rodriguez, Castillo-Ureta, Bojorquez-Dominguez,
and Rodriguez-Montes de Oca, (2014). A native strain
of the rotifer P. similis (length 90+£1.94 pum, width
56+1.66 um) was identified, based on their external
morphological characteristics and mastax, using the
keys of Koste (1978) and Segers (1995).
Subsequently, to confirm the identity of the species,
we carried out a molecular analysis, sequencing a
fragment of the gene cytochrome oxidase | (COI)
from mitochondrial DNA; using the BLAST®
program, we aligned those sequences with sequences
of the taxon Rotifera and identified the species P.
similis. The obtained sequence was deposited in the
GenBank® database with the access code KM078762.
The strain is available at the laboratory of fish
reproduction and culture of the Faculty of Marine
Sciences at the Autonomous University of Sinaloa,
Mazatlan, Sinaloa, Mexico.

Experimental Design

The experiments were performed at salinities of
5, 15, 25 and 35 practical salinity units (psu), using
transparent bottles (12 L) for a total of 10 days with
five replicates per salinity. In all experiments, the
temperature was maintained at 25+1°C in a controlled
temperature room. The seawater pumped from the
Mazatlan Bay (between 34 and 36 psu), previously
treated with a serial filter system with cartridges of
20, 10, 5 and 1 microns and finally sterilized with UV
filters. The freshwater water used to prepare salinities
<35 psu was obtained from the drinking water
network and treated according to the procedure
described for seawater.

Before starting the experiments, the rotifers were
acclimated to the experimental salinities for at least
one week and the density of rotifers was subsequently
adjusted to 50 rotifers mL™ in each of the replicates
for all treatments. The rotifers were fed twice a day by
the microalgae Nannochloropsis sp. at a concentration
of 3x10% cells ml?, at intervals of 6 to 12 h. The
microalgae were grown in filtered sea water,
disinfected with sodium hypochlorite and neutralized
with sodium thiosulphate; F medium of Guillard and
Ryther (1962) was used as culture media. During the
experiments, air diffusers were used to maintain the
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dissolved oxygen concentration above 4 mg L1, while
the pH was maintained at 8.0+1.0 using drops of a
solution of commercial hydrochloric acid (1-M HCI).
Temperature and dissolved oxygen were monitored
daily using a dissolved oxygen meter YSI 550A,
while pH was measured with a potentiometer Hanna
HI 98128W, new water was added to experimental
units with each microalgae addition.

Determination of Rotifer Population Dynamics
(Intrinsic Rate of Population Growth, Duplication
Time and Maximum Density)

The density of rotifers was determined based on
the average of triplicate samples of 1 ml, which were
collected from the culture unit with a pipette and then
placed in a Sedgwick-Rafter chamber for counting
zooplankton. The organisms were fixed with a Lugol
solution and then counted under a stereoscopic
microscope. The intrinsic rate of population growth
(r) was calculated using the equation suggested by
Qie et al. (1994): r=(In Ni-In No)/t, where No is the
initial concentration of experimental organisms, Nt is
the concentration of individuals at time t and t is the
culture period in days. The duplication time (D) of
the population was determined by the function
Dt=In2/r, while the maximum density (Dmax) was
estimated using the maximum abundance reached
after 10 days of culture; Tmax is the time it took the
population to reach Dpmax.

Determination of Dry Weight and the Organic
Content of Rotifers

To determine the dry and organic weight of
rotifers, we collected samples of 100 ml with a
density of 300 rotifers ml* from each replicate; these
were then concentrated using fiberglass filters
Whatman GF/C of 25 mm in diameter previously
calibrated in a semi-micro analytical scale (Denver
Instrument) with a precision of 0.01 mg. The residues
of marine salts were removed with an aqueous
solution of ammonium formate during the
concentration of the samples (4%). Afterwards, the
samples were dried in successive periods of 24 h in a
convection oven at 60°C until a constant weight was
achieved in the semi-micro analytical balance.
Finally, the samples were incinerated in a muffle
furnace at 450°C for at least 12 h while still
monitoring for constant weight. The value thus
obtained represented the inorganic ash content of the
samples; the organic biomass content was calculated
as the difference between total dry weight and the
weight of the ash content.

Determination of Crude Protein and Energy
When the maximum density of rotifers in the

cultures was reached, we collected samples of 500 ml
from each replicate; these were then washed and the

rotifers were retained on a sieve of 20 um and
resuspended for 30 minutes in clean filtered water at
the same salinity to allow egestion of ingested food.
After counting them, the rotifers were then
concentrated, placed in 5 ml vials, immediately stored
in a deep freezer (-70°C) and lyophilized shortly
thereafter at -46°C/-50°C and 55 MBR of pressure
during 24 hours. The samples were then homogenized
in agate mortars. One mg of each sample was
weighed in an analytical balance (Denver Instrument)
with an accuracy of 0.01 mg, packed in tin capsules of
4x6 mm (Costech Inc., Valencia CA) and stored in
plastic boxes of 96 wells with bidimensional
identification. The samples were sent for analysis to
the stable isotope laboratory of the University of
California, Davis, USA. The nitrogen (N) and carbon
(C) content of the samples was determined using an
elemental analyzer C-N (PDZ Europa, ANCA-GSL).
Crude proteins were determined by multiplying the
nitrogen content (%N) by the conversion factor of
4.46 for rotifers (Srivastava et al., 2006), while the
energy content was obtained by multiplying the
carbon content by the factor of 10.9 cal mg* C
(Salonen, Sarvala, Hakala, & Viljanen, 1976), and
was subsequently converted to J mg of dry biomass
(DB).

Statistical Analysis

The effects of salinity on the variables of
population dynamics, biomass, elemental composition
and protein and energy content of the rotifers were
evaluated using one-factor analysis of variance
(ANOVA). Previously, the data were subjected to the
Lilliefors normality test and to Bartlett's variance
homogeneity test (Zar, 1999). Tukey multiple
comparisons tests were applied when the results of
ANOVA were significant (P<0.05).

Results
Population Growth

The growth of P. similis at different salinities
used showed that the population increased very
slowly during the first four days of culture, and that
the exponential growth phase started on the fifth day,
reaching maximum density (Dmax) at a time (Tmax) Of
eight days of culture (Figure 1). The parameters of the
growth curves indicated that salinity did not
significantly affect the intrinsic growth rate (r)
(9.1.=16, F=2.06, P=0.18) nor the duplication time
(Dt) (g.1.=16, F=2.20, P=0.17). The growth rate (r)
varied between 0.46 and 052 day! at the
experimental salinities; and the Dt were between 1.36
and 1.51 days (Table 1). The tests showed a
significant effect of salinity on Dmax (g.1.=16,
F=43.77, P<0.001); the density of P. similis was
highest when grown at 5, 15 and 25 psu, with very
similar average maximum densities of 2546, 2560 and
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Figure 1. Population growth curves for P. similis reared at different salinities. Symbols indicate mean density + SD for a
10 day culture period. Some SD are not distinguishable due to small values.

Table 1. Intrinsic rate of population growth (r), duplication time (Dt), maximum density (Dmax) and time for maximum
density (Tmax) for Proales similis reared at different salinities (Mean + SD). Different letters indicate significant differences

(P<0.05) within columns

Population growth parameters

Salinity (psu) r (day?) Dt (days)

5 0.51+0.102 1.36+0.092
15 0.50+0.082 1.39+0.092
25 0.50+0.092 1.39+0.082
35 0.46+0.072 1.51+0.102

Dmax (rot mL?)
2546+105P
2560+185P
2488+135P
1703+130°2

Tmax (days)

00 00 O

2488 rot mL:, respectively, and a Tmax Of eight days,
from an initial density of 50 rot ml. Rotifers grown
at 35 psu were next, with a significantly lower Dmax of
1703 rot mI™* and a Tmax Of 8 days (Table 1).

Biomass and Elemental Composition

In general, rotifers showed a mean total
length+standard deviation of 90+1.94 pm (minimum:
85, maximum: 94 um) and body width of 56+1.66 pm
(minimum: 23, maximum: 64 pm). Figure 2 shows
the results of dry biomass, organic biomass and ash
content of rotifers in saline treatments. Dry biomass
increased significantly (g.l.=16, F=66.57, P<0.001)
with increasing salinity, with values of 13.2, 25.3 and
39.9 ng rot! at salinities of 5, 15 and 25 psu,
respectively; it then decreased to 32.4 ng rot? at a
salinity of 35 psu. Organic biomass (OB) presented a
similar pattern to that recorded for dry biomass; it
increased significantly (g.1.=16, F=32.35, P<0.001)
from salinities of 5 (7.2 ng rot'), 15 (19.3 ng rot?)
and 25 (27.5 ng rot?) psu, and then decreased to 18.2
ng rot™ with 35 psu, similar to that recorded in 15 psu.
Rotifer ash content (AC) differences (g.l.=16,
F=66.16, P<0.001), were minor and homogeneous
with salinities of 5 (6.3 ng rot') and 15 (6.0 ng rot?)
psu, but higher and similar at salinities of 25 and 35
psu, with values of 124 and 142 ng rot?,

respectively.

The results of carbon and nitrogen content as
percentage of the dry biomass of rotifers cultivated at
different salinities showed a very similar pattern
(Table 2). Carbon content was different at different
salinities (g.1.=16, F=5.14, P=0.011), but higher and
very similar with salinities of 5-25 psu, with average
values ranging between 34.6 and 43.6% DB; it was
significantly lower (P<0.05) with a salinity of 35 psu
(25.8% DB). Similarly, nitrogen content values varied
in rotifers grown at the experimental salinities
(9.1.=16, F=5.02, P=0.012), but were very
homogeneous and higher with salinities of 5, 15 and
25 psu, with average values of 9.6, 8.1 and 8.1% DB,
respectively, and with a significantly lower value
(P<0.05) at a salinity of 35 psu (5.7% DB). The
values of the C:N ratio were between 4.3 and 4.6 and
were not statistically different (g.l.=16, F=2.89,
P=0.068).

Crude Protein and Energy Content

Figure 3 shows the results of crude protein and
energy content of rotifers kept at different salinities.
In terms of percentage of the dry biomass, the protein
contents of rotifers were statistically different
between salinity groups (g.1.=16, F=5.02, P=0.012),
with the highest protein content recorded in rotifers
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Figure 2. Dry organic biomass, organic biomass (OB) and ash content (AC) for Proales similis reared at different
salinities (Mean+SD). Different letters indicate significant differences (P<0.05) within salinities.

Table 2. Carbon (C), nitrogen (N) content of dry biomass (DB) (Mean+SD) and C:N ratio for Proales similis reared at
different salinities (Mean+SD). Different letters indicate significant differences (P<0.05) within columns

Salinity (psu) C (% BS) N (% BS) C:N
5 43.6£9.7° 9.6+2.3b 4.6+0.32
15 35.9+£7.7° 8.1£1.5b 4.4+0.42
25 34.6+5.8P 8.1£1.4b 4.3+0.32
35 25.844.42 5.7+1.12 4.6+0.22
60 r 60
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b T3 Energy
50 I 50
- ab ab
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Figure 3. Crude protein and energy content relative to dry biomass (DB) for P. similis reared at different salinities.
Different letters indicate significant differences (P<0.05) at each salinity per variable.

kept at a salinity of 5 psu (42.8% DB), and the lowest
in rotifers kept at a salinity of 35 psu (25.3% DB).
The protein contents of rotifers kept at salinities of 15
and 25 psu were intermediate and very similar (36.3
and 36.2% DB, respectively); they were not different
(P>0.05) to the values recorded at salinities of 5 and
35 psu.

The changes in the energy content of the rotifers,
in response to the various salinities, were similar to
those of proteins. The differences were significant
(g.1.=16, F=1.15, p=0.011); energy content values
were higher for rotifers kept at a salinity of 5 psu

(19.9 J mg DB) and lower for those kept at a salinity
of 35 psu (11.8 J mg? DB), while at salinities of 15
and 25 psu the energy content was very similar, with
values of 16.4 and 15.8 J mg?' DB, respectively,
showing no significant differences (P>0.05) with the
values recorded at salinities of 5 and 35 psu.

Discussion
In this work, we studied the rotifer P. similis, a

highly relevant rotifer because it is a native species of
northwestern Mexico that has great potential for use
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as live feed in the larviculture of marine fish with
extremely small mouths, as has been documented by
Wullur et al., (2009) and Hagiwara et al., (2014) for
P. similis from the estuarine waters of Okinawa,
Japan. However, strains of the same species with
different geographic origins can have different
biological ~ characteristics and  environmental
requirements as a result of different genetic
backgrounds (Yin & Zhao, 2008; Malekzadeh-Viayeh
et al., 2010); thus, it is important to evaluate the
potential for growth of the different native strains
recently identified. For example, it has been found
that salinity affects the lifetime, the reproduction
mode and the growth rate of rotifers of the genus
Brachionus (Bosque, Hernandez, Pérez, Todoli, &
Oltra, 2001; Hagiwara, Gallardo, Assavaaree, &
Koyani., 2001; Kostopoulou, Miliou, Krontira, &
Verriopoulus, 2007; Yin & Zhao, 2008). For P.
similis, Wullur et al. (2009) reported that in the
salinity range of 2-30 psu and in serial cultures, the
highest densities were recorded at salinities of 2 and
15 psu (500 and 360 rot mL™, respectively), while the
lowest densities were recorded at salinities of 20-30
psu (<120 rot mlY), suggesting that salinities of 2-15
psu are the best for the growth of P. similis (which
coincides with the salinities of its original natural
environment) under laboratory conditions, and that
the lower growth recorded at salinities >25 psu was
due to the increase in energy demand for
osmoregulation and a decrease in the filtration rate.
However, in mass cultures of rotifers acclimated to
25°C and 25 psu, there were maximum densities of up
to 2400 rot ml* and an average r of 0.42 day™.
Coinciding with the study of Wullur et al.,
(2009), the results of this investigation indicated that
salinities in the range of 5-35 psu significantly
influenced the maximum density (Dmax) after 8 days
of culture. The lowest value was recorded with a
salinity of 35 psu (1703 rot ml%, r=0.46 day) and the
highest values with salinities below 35 psu (2488 to
2560 rot ml, r=0.50 to 0.51 days™). These data are
very similar to those recorded by Wullur et al. (2009)
in mass cultures at 25 psu; however, in the present
study, the salinity range tested of 5-35 psu did not
significantly affect the intrinsic growth rate and the
duplication time of P. similis. In fact, the smallest
Dmax recorded at a salinity of 35 psu was between 31
and 33% lower than at the other salinities; thus, it is
probable that P. similis responds favorably to a
salinity of 5 to 35 psu due to its euryhaline nature. We
therefore consider it appropriate to establish that P.
similis is able to grow in a wide range of salinity,
confirming that the species is euryhaline. This is
corroborated by the works of De Smet (1996),
Serensen (2001), Serensen and Giribet (2006) and
Segers (2007), which indicate that P. similis is a
cosmopolitan species that has been reported in
marine, estuarine and brackish waters, while Maitland
(1977) reported it in British freshwater lakes, and
Wallace, Walsh, Schroder, Rico-Martinez, and Rios-

Arana (2008) reported it for the first time in saline
waters of the Chihuahuan Desert, Mexico. Brain and
Koste (1993) point out that the species tolerates
salinities of up to 98 psu. Only one work fails to
agree, as Fontaneto, De Smet, and Ricci (2006)
classifies P. similis as strictly saline but not
euryhaline.

In this study, it was possible to determine that
the culture salinities evaluated differed with respect to
the effect on the protein and energy content of this
rotifer. The protein content of P. similis fluctuated
between 25.3 and 42.8% DB, while the energy
content was between 11.8 and 19.9 J mg! DB. In both
cases, the differences were significant only between
the salinities of 5 and 35 psu, with intermediate values
for salinities of 15 and 25 psu. Considering that other
studies reported that the protein contents of rotifers of
the genus Brachionus used as live feed in aquaculture
are in the range of 28 to 63% DB (Qie & Olsen,
1997), while the energy contents have been reported
in the range of 15-24 J mg! DB (Yufera & Pascual,
1989; Yufera, Parra, & Pascual, 1997), we established
that under the conditions tested, the values recorded in
this study were within the range reported in the
literature for other species of rotifers used as live
feed, except for the lower values of protein and
energy content recorded at the salinity of 35 psu. If
the similarities with rotifers of the genus Brachionus
are maintained, the reduction in protein and energy
content at a salinity of 35 psu could indicate that at
that salinity P. similis has a higher energy and protein
expenditure due to the increased costs of
osmoregulation (Lowe et al., 2005), as was also
reported by Wullur et al. (2009) for P. similis; this
seems to be reflected in one of the population
parameters evaluated, since a lower Dmax was
observed at this salinity, without affecting the
intrinsic growth rate and the population duplication
time. Our estimates of the crude protein and energy
content of P. similis were comparable to those
reported for other species of rotifers used as live feed
in aquaculture, suggesting that carbon and nitrogen
content, and their respective energy and crude protein
equivalents, provide reliable estimates. Judging by the
results of this study, it is possible to grow the rotifer
P. similis in high densities in the range of salinities
tested, with an optimum result at salinities lower than
35 psu, even at 2 psu, as reported by Wullur et al.
(2009), and at 35 psu, as long as the rotifers are
acclimated for a reasonable time. This is relevant,
because it highlights its viability as first live feed for
marine fish larvae and for larvae requiring salinities
close to freshwater. In addition, the protein and
energy content, at least at salinities of 5-25 psu, was
very stable, indicating that P. similis is biochemically
and energetically similar to other species used as live
feed and can be successfully exploited for purposes of
live feed for marine larval rearing; moreover, in the
future, given its size (total length of 90+1.94 um,
56+1.66 um wide), it will probably contribute to the
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success of rearing marine fish larvae with extremely
small mouths, which are not able to feed on B.
rotundiformis.

The intrinsic growth rate (r) is a variable that
integrates survival, fecundity, development time and
reproduction (Malekzadeh-Viayeh et al., 2010), while
duplication time (Dt) allows to predict the abundance
of rotifers at any point of the growth curve and is
similar to the generation time (average time between
the birth of parents and the birth of their descendants)
(Gillooly, 2000). The maximum population density
indicates the abundance that can be supported by the
culture conditions as a reflection of the changes in
survival and reproduction; it also outlines the
acclimation history of the population to the
experimental conditions (Krebs, 1985). Since r and Dt
were not affected by a salinity of 35 psu, and r
includes survival and reproduction, it is likely that the
acclimation time of one week was insufficient for the
rotifers to show a better performance. However, the
C:N ratio does not seem to reflect this pattern, since
no proportional change was observed in the carbon
and protein content of P. similis when salinity
changed; the C:N ratio remained nearly constant, with
values between 4.3 and 4.6, although it showed
significantly lower carbon and nitrogen values at a
salinity of 35 psu.

Finally, it is interesting to note that despite the
homogeneity of the carbon and nitrogen content, and
of their calorific and crude protein equivalents, at
salinities of 5 to 25 psu the dry biomass and organic
biomass were significantly increased, while the ash
content per rotifer (ng rot) was lower and remained
without apparent changes at salinities of 5-15 psu, and
then increased, with very similar values, at salinities
of 25 and 35 psu; representing 46.85, 23.8%, 31.0%
and 43.7% of total dry biomass at 5, 15, 25 and 35
psu, respectively. The above suggests that the
observed variability in protein and calories content in
the salinity range tested can be attributed, at least in
part, to changes in ash content in response to changes
of salinity, as was also reported for rotifers of the
genus Brachionus by Yufera and Pascual (1989). Ash
content is a measure of the amount of inorganic
minerals present in the sample and is generally
between 3.0 and 7.8% of the dry biomass in different
rotifer species (Watanabe, Kitajima, & Fujita, 1983;
Jeeja, Joseph, & Malej, 2011); however, in our
samples of P. similis, the ash contents were between
23.8 and 46.85% DB, which contrast with the values
reported for other species of rotifers, but are very
similar to those reported for gelatinous species (>50%
DB) (Clarke, Holms, & Gore, 1992; Kiarboe, 2013),
probably because of the close relationship of the
family Proalidae with other gelatinous organism or
jelly plankton as stated by Dumont (2007). Hirst and
Lucas (1998), and Kogovsek, Tinta, Klum, and Malej
(2014), mentioned that it is common that gelatinous
species show an increase in dry biomass and ash
content with increasing salinity. This may have

important nutritional implications if P. similis is used
for larval feeding, since it has been reported that
gelatinous species have low nutritional quality
(Doyle, Houghton, McDevitt, Davenport, & Hays,
2007); however, this aspect requires further
investigation in the different strains of P. similis from
different geographical regions.

In conclusion, the results of this study showed
that the strain of the rotifer P. similis native of
northwestern  Mexico presents growth rates,
population duplication times and maximum densities
similar to those reported for another strain from
Japanese estuaries. Furthermore, the protein and
energy contents were comparable to those obtained
for the genus Brachionus, which is widely used in
aquaculture to feed fish and crustacean larvae. Also,
the rotifer P. similis is viable as the first live feed for
marine fish larvae and for larvae that require salinities
close to freshwater, since they can tolerate a wide
range of salinity. The protein and energy content, at
least at salinities of 5-25 psu, was very stable,
indicating that P. similis is biochemically and
energetically similar to other species used as live feed
and can be successfully exploited for purposes of live
feed for marine larval rearing; moreover, in the future,
given its size (total length of 90+1.94 um, 56.£1.66
pm wide), it will probably contribute to the success of
rearing marine fish larvae with extremely small
mouths, which are not able to feed on B.
rotundiformis. However, the high ash content
recorded in the issue of P. similis requires further
investigation, since it reflects some resemblance to
gelatinous species, and it has been reported that
gelatinous species have low nutritional quality, which
could have important nutritional implications if P.
similis is used in larval feeding.
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