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Abstract Stable nitrogen isotope ratios have been used to
study the incorporation of nitrogen into the food webs of
marine systems. Some species of algae can be cocultured
with shrimp, resulting in a sustainable alternative to reduce
or eliminate the use of commercial food. One option is the
development of Ulva spp. in open-air ponds under a rigor-
ous control of water quality. Recently, the coculture of Ulva
spp. and juvenile shrimp (in aquaria and open-air ponds) has
shown, under stereomicroscope observation, that the crusta-
ceans were feeding on the Ulva spp. The consumption of
commercial food and Ulva spp. by juvenile shrimp has been
evaluated to establish the uptake of nitrogen into tissues of
this crustacean. The muscle tissue of juvenile shrimp initial-
ly assimilated nitrogen from commercial feed and later the
cocultured shrimp assimilated nitrogen from the Ulva spp.,
which demonstrated the potential application of live and
fresh diets and the optimization of their use in diets contain-
ing very low levels or no commercial food.
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Introduction

Shrimp farming in Mexico has grown 82% in the last decade
with increased production from 10,000 to 60,000 tons annu-
ally, which is produced on 350 farms in a growing area of
26,000 hectares. The use of balanced commercial food tradi-
tionally used in shrimp farming has been changing to increase
the efficiency of the crop (e.g., Cruz-Suárez et al. 2008;
Aguíñiga-García et al. 2011).

Recently, the Centro Interdisciplinario de Ciencias Marinas
Instituto Politécnico Nacional (CICIMAR–IPN) has made
studies that show the nutritional value of diets enriched by
Sargassum spp. (Casas-Valdez et al. 2006) and Ulva spp.
(Sánchez-Rodríguez et al. submitted for publication) by feeding
shrimp under experimental laboratory conditions. These con-
ditions of light, photoperiod, temperature, oxygen, nutrients,
and others may enhance shrimp growth and health, although
the nutritional benefits that the consumption of fresh macro-
algae can bring to shrimp have not been reported. Some studies
have shown that the consumption of fresh green seaweed
caused maturation of Penaeus indicus (Emerson 1980) and
light wavelength (Emerson et al. 1983) as well as decreased
lipid content in the shrimp carcass and modified the fatty acid
profile of the body with a much higher DHA content in shrimp
under coculture conditions (Cruz-Suárez et al. 2010).

The carotenoid content in the body of the shrimp was
significantly greater in the coculture groups, suggesting that
Ulva carotenoids were efficiently assimilated and metabo-
lized and also may be involved in growth enhancement.
Quantitative analyses of carotenoids from whole shrimp
body showed that Ulva consumption increased significantly
the total carotenoids concentration, resulting in a higher
pigmentation of shrimp. Astaxanthin was found as the major
carotenoid constituent (76–89% of total carotenoids) in
shrimp (Cruz-Suárez et al. 2010). Additionally, some sea-
weed can provide specific environmental conditions in
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shrimp ponds (Porchas-Cornejo et al. 1999), such as water
quality improvement caused by nutrient uptake (Hamano et al.
2007; Copertino et al. 2009), physical filtration (Paul and de
Nys 2008), and a protective substratum for shrimp.

The diets used can be systematically assessed the assimila-
tion of the ingested and digested food. The types of diets and
shrimp tissues have been evaluated based on their chemical
composition and biochemical andmicrobiological assays (e.g.,
Aguilera-Morales et al. 2005; Cruz-Suárez et al. 2008, 2010).
The chemical composition of seaweed (Ito and Hori 1989)
may vary as a function of the species, habitat, environmental
conditions, and seasons (Marinho-Soriano et al. 2006). In
general, green seaweed may have two or three times more
protein content than brown seaweed (Burtin 2003). Polyunsat-
urated fatty acids can compose up to 66% of the total fat of
Ulva lactuca (Wahbeh 1997). For Enteromorpha spp.,
Aguilera-Morales et al. (2005) reported values of 6.9–9.1%
for linoleic acid, 3.5–6.4% for linolenic acid, and 2.8–5.7% for
eicosapentaenoic acid. The carotenoids in Ulva clathratameal
proved to be good pigmentation precursors for the white
shrimp Litopenaeus vannamei (Cruz-Suárez et al. 2009), with
lutein being the main carotenoid in this alga.

In the exploration of new sustainable alternatives to reduce
the use of commercial food to improve shrimp production with
lower costs, the green seaweedUlva spp. have been cultured in
open-air shrimp ponds recently at the CICIMAR–IPN. Our
study was made to evaluate the incorporation of nitrogen in
the white shrimp L. vannamei feed with the green seaweed
Ulva spp. and Ulva meal in experimental open-air ponds.

Materials and methods

The juvenile shrimp were initially fed with pellets enriched
with 4% Sargassum spp. and 4% Ulva spp. for 30 days. Sub-
sequently, the juvenile shrimp that were fed with 4% Sargas-
sum were cocultured in two open-air ponds (8 m2) containing
the green algae Ulva spp. for 45 days. The juvenile shrimp fed
with Ulva pellets were fed with Ulva meal for 120 days.

The nitrogen isotopic composition was determined for each
of the commercial foods (Sargassum and Ulva pellets), Ulva
meal, Ulva spp., and the shrimp that were fed each of the
different foods. The samples were dried in an oven at 50°C
and encapsulated for the analysis of the stable isotopes of N.
The analyses were done in an elemental analyzer coupled to
an isotope ratio mass spectrometer (EA-IRMS) at the CICI-
MAR–IPN. For every 40 samples, ten validation samples
were run, and reported values were defined by the equation:

15N(‰) = ((15N/14Nsample/
15N/14Nreference)-1) x 1000 

The analytical precision of isotopic measurements was
<0.1‰ for δ15N determined in primary standards.

Results

The isotopic composition of nitrogen in the Sargassum
pellets and Ulva pellets was 12.1±0.1‰ and 12.5±0.4‰,
respectively. The Ulva meal had a composition of δ15N of
14±0.1‰. The Ulva spp. in ponds A and B had δ15N values
of 3.3±0.1‰ and 3.6±0.3‰. The shrimp had an isotopic
composition of nitrogen of 9.5±0.2‰. The shrimp fed with
Sargassum pellets (δ15N012.1±0.1‰) showed, after of
30 days of diet, an isotopic composition of 12.6±0.4‰.
The shrimp fed with pellets of Sargassum were cocultured
with Ulva spp. (δ15N03.5±0.2‰) for 45 days in two open-
air ponds (A and B), and the values of δ15N were (A) 9.6±
0.1‰ and (B) 9.4±0.1‰ (Fig. 1). The shrimp fed with Ulva
pellets (δ15N012.5±0.4‰) had a composition of δ15N of
13±0.4‰. The shrimp fed with Ulva meal (δ15N014.0±
0.1‰) had values of δ15N of 13.9‰ (Fig. 2).

Discussion

Stable nitrogen–isotope ratios have been used to study the
food webs of marine systems (e.g., Peterson and Fry 1987).
These studies characterize the stable isotopes of nitrogen in
various types of food used in shrimp aquaculture in Mexico.
Development in open-air ponds of these small organisms
with quick growth assumed that the main change in the
isotopic composition is simply a dilution of the original
nitrogen. That is, the nitrogen of shrimp will be diluted, as
it assimilates the new nitrogen supply. The shrimp should

Fig. 1 Nitrogen isotopic composition (vs. air) of the muscle tissue of
shrimp before (initial shrimp) and after feeding Sargassum pellets (SP),
and after coculture in ponds A and B with Ulva spp

508 J Appl Phycol (2012) 24:507–511



reflect the value of the predominant nitrogen isotope in the
food source.

D’Avanzo et al. (1991) created 15N-labeled aggregates
from the leachate of four macrophytes, a marsh grass, and
three macroalgae common in New England coastal waters.
These authors fed the labeled aggregates to two coastal
consumers, the grass shrimp Palaemonetes pugio and the
sheepshead minnow Cyprinodon variegatus. Fish and
shrimp fed each of the labeled aggregates became labeled
with 15N. The result provides direct evidence for nitrogen
assimilation from amorphous detritus by marine consumers.
In addition, fish fed amorphous marsh grass detritus assim-
ilated 10–40 times more nitrogen from this detritus than
from morphous grass detritus. Therefore, amorphous aggre-
gates may be higher-quality food than morphous detrital
fragments for coastal consumers.

The 15N-enriched diatoms and Artemia were each incor-
porated into a standard compound pelleted diet. The pellets
were fed to juvenile Penaeus monodon in the laboratory and
in enclosures at a local prawn farm. Analysis of the percent-
age 15N in the abdominal muscle of juvenile prawns dem-
onstrated rapid assimilation of the enriched isotope from
diatoms and Artemia. There was a progressive increase in
the percentage 15N in the abdominal muscle during the 4–
week experiment. The results demonstrated that enriched
stable isotope tracers can provide rapid and direct informa-
tion about the assimilation and retention of nitrogen from
individual protein sources in compound diets for shrimp
(Preston et al. 1996).

The δ15N in animal or plant tissue reflects the isotopic ratios
of their diets and the enrichment factor caused by the different
isotopes of an element being incorporated into the tissues at
different rates (Martínez del Rio et al. 2009). The discriminat-
ing factor is the result of a selective excretion of 14N as the 15N
is enriched in each metabolic step (Minagawa and Wada
1984). In animal and plant nutrition, the relationships between
the N isotopic discrimination and other factors (supply and
quality of dietary protein) are still poorly understood (Robbins
et al. 2005). Although it is accepted that the isotopic discrim-
ination factor varies 3‰ in the δ15N at each trophic level, an
increasing number of studies show that the isotopic discrimi-
nation factors are specific to different species and tissues
(DeNiro and Epstein 1981; Yokoyama et al. 2005; Stenroth
et al. 2006), and these can also vary during the ontogeny of
organisms because of metabolic changes (Hentschel 1998;
Rossi et al. 2004), which can even cause a negative discrimi-
nation factor.

Juveniles of ghost shrimps Nihonotrypaea japonica and
Nihonotrypaea harmandi were reared on a microalga of a
constant isotopic value to quantify their diet tissue isotopic
fractionation. Examinations of whole body, muscle, and
exoskeleton of the ghost shrimps showed ranges in 15N
fractionations for muscles (3.6–4.0‰), only slight effects
of acid treatment on 15N fractionation for muscles (≤0.3‰
differences), and 2.3–3.0‰ of 15N fractionation for whole
bodies, which were smaller than for muscles due to negative
fractionation for exoskeletons (-3.0 to -1.9‰). Although
15N fractionation for ghost shrimp muscle was within the
above mentioned accepted range, the highlights are that
fractionation is species- and tissue-specific and that the
accepted fractionation values may not be universally appli-
cable (Yokoyama et al. 2005). However, there has been
some debate on the use of different tissues and treatments
before isotope analysis as well as on seasonal effects. These
tissues have been different isotope values because come
from different sources. For example, adopting this view
for a pond food web could render crayfish both predators
and detritivores as crayfish prey on nitrogen sources (other
invertebrates) and consume large amounts of detritus to
satisfy their carbon demand (Stenroth et al. 2006).

The turnover rates of nutrients can be estimated by mon-
itoring the isotopic changes in various tissues and are im-
portant in determining how quickly the isotopic profile of a
diet is incorporated into the tissue (Pearson et al. 2003). The
resolution to estimate rates of metabolic turnover increases
when the isotopic differences of the tissue between initial
value and that after use of the diet are contrasting (Fry and
Arnold 1982; Burford et al. 2002; Gamboa-Delgado 2010).

The average nitrogen isotopic composition of the muscle
tissue of white shrimp in the wild was 9.5‰. For 30 days,
shrimp were fed Sargassum pellets (12.1±0.4‰) and Ulva
(12.5±0.4‰). The muscle tissue of shrimp acquired an

Fig. 2 Nitrogen isotopic composition (vs. air) of the muscle tissue of
shrimp before (initial shrimp) and after feeding Ulva pellets (UP), and
subsequently, to feeding Ulva meal
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isotopic composition of 12.6±0.4‰ and 13±0.4‰, similar
to the pellets. The change of food suggests that at 30 days,
the muscle tissue of shrimp assimilated the isotopic nitrogen
composition of commercial feed. Fry and Arnold (1982) and
Al-Maslamani (2006) noted that the penaeid shrimp muscle
tissue has a rapid isotopic equilibrium between diets and
tissues of the shrimp in 15–20 days. Contrasting isotopic
values (δ15N) of the fishmeal and soy protein allowed an
estimation of the relative contribution of both ingredients to
muscle-tissue growth using an isotopic mixing model. Ju-
venile shrimp fed on the same diet incorporated 73% of
nitrogen from fishmeal and 27% from soy protein with an
isotopic equilibration time of 20 days (Gamboa-Delgado
and Le Vay 2009).

The diet with 4% Sargassum was completely replaced by
cocultivating juvenile shrimp with Ulva spp. for 45 days.
The value of the δ15N in muscle tissue showed a significant
change from 12.8‰ to 9.5‰. The shrimp fed with pellets of
Ulva, thereafter were fed with Ulva meal (14±0.1‰), and
the nitrogen isotopic composition was unchanged (13.9‰).

The combination of cocultured algae and commercial
feed improved shrimp growth significantly, suggesting that
the Ulva spp. may act as a nutritional supplement and
improve the use of nutrients from the commercial feed.
The diets were fed to juvenile white shrimp L. vannamei
(1.6 g) for 28 days. Ulva diet resulted in lower loss of dry
matter, but a higher loss of protein and also higher distilled
water absorption, indicating a modification of the pellet
physical quality (better hydro stability). No significant dif-
ferences in feed consumption and survival were found, but
Ulva diet resulted in a slightly higher final weight (4.8 for
Ulva versus 4.6 and 4.3 g for Ascophyllum nodosum and
Macrocystis pyrifera), and better feed conversion ratio (1.7
versus 1.9 and 2.1) and protein efficiency ratio (2.0 versus
1.7 and 1.5), the differences with M. pyrifera diet being
significant (Cruz-Suárez et al. 2009).

Lombardi et al. (2006) tested the feasibility of cocultur-
ing L. vannamei and Kappaphycus alvarezii in floating
cages. After 103 days of growth, no negative interferences
between cocultured shrimp and seaweed were found, nor
were there significant differences between monoculture and
polyculture for shrimp weight gain, survival rate, and feed
conversion ratio. Van Tri and Thanh Ha (2004) reported that
L. vannamei larvae fed fresh seaweed together with a for-
mulated feed had higher growth rate (in length and weight)
and higher survival rate (48–53%) than those fed dry sea-
weed formulated feed or dry seaweed alone.

The initial size average of the shrimp was 3.3 cm
changed to 7.3 cm (range of 7.2–8.2 cm) after feeding with
4% Sargassum pellets. Subsequently, the cocultured for
45 days shrimp with Ulva spp. showed an increase in
average size of 11 cm (range of 8–14 cm). In both cases,
shrimp had a growth of 4 cm for each type of food. The

change of diet had no effect on growth rate of shrimp. So we
suggest that N fixation in muscle by shrimp cocultured with
Ulva spp. has demonstrated the potential of the application
of stable isotope analysis of diets and tissue in the evaluation
of plant source ingredients and the optimization of their use
in diets containing very low or no commercial feed.
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