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Abstract: Effects of diet on metabolism of cultured aquatic organisms are reflected both in oxygen use and
nitrogen excretion. The objective of this work was to study the effects of two frozen natural foods on the
oxygen consumption and the ammonia excretion of the Pacific seahorse, Hippocampus ingens, which is
distributed throughout the tropical American Pacific Ocean. Routine metabolism and ammonia production were
measured in individuals with an average weight of 34.941.64 g, at 22°C and 35 %o salinity. Seahorses were fed
either of two frozen foods, 1) Mysis relicta and 2) Artemia franciscana. Routine metabolic rates of fasted ammals
previously fed the two diets were 0.037+0.016 and 0.036+0.012 mg O, h™' g wet wt and ammonia excretion of
0.003140.0023 mg NH,-N h™' g wet wt and 0.0021+0.0006 mg NH,-N h™' g wet wt, respectively. Seahorses
processing a recent meal of M. relicta had a significant increase in oxygen consumption rate and ammonia
excretion {0.058+0.021 mg O, h™' g wet wt and 0.0076+0.003 mg NH,-N h™' g wet wt ., respectively). This
effect was somewhat less evident for seahorses fed A. franciscana (0.050+£0.019 mg O, h™ g wet wt and
0.00254+0.001mg NIH;-N h™' g wet wt). We recommend a mixture of these diets for maintenance of Pacific

seahorses m captivity.
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INTRODUCTION

The Syngnathidae family comprises a group of
bony fishes known as pipefishes, sea-dragons,
pipehorses and seahorses with a very peculiar
appearance. The seahorses have an upright posture, a
head bend at angle, a tubed snout with a small mouth at
the tip and strong prehensile tail to grab onto things
(Kuiter, 2000). All seahorses have been grouped mnto the
genus Hippocampus with 33 known species distributed in
tropical and temperate regions of the world, between 50°N
and 50°S (Lourie et al., 2004).

Studies related to the biology the seahorses have
been partially motivated by the high value of this
orgamsm in the Asian market where they are commonly
used as mngredients in the natural medicine and by the
high demand of this as ormamental fishes for the aquarium
trade. At least 32 countries around the world are involved
in the seahorses trade. The annual demand of the Asian
countries, without considering Tapan, Korea, Malaysia
and Singapore, 13 around 45 tons of dry fish. The
extraction of seahorses from their natural enviromment
could have serious effects on their natural populations
(Vincent, 1996). Unfortunately, information related to the
biology and ecology of this group of fishes is still scarce

and fragmentary, and is concentrated mainly on the
species of commercial importance due to their trade as
ornamental species and those wused 1n Chinese
traditional medicine.

Seahorses are difficult to maintam n captivity.
Recently, it has been possible to cultivate H. abdominalis
at commercial scale (Forteath, 1996, 1997, 2000).
Although the reproductive strategies of the Syngnathids
have been studied extensively (Vincent et al., 1992), the
scarcity of mformation about nutrition, reproduction
and biology on most species, mncluding the Pacific
seahorse, curbs the development of an adecuate culture
protocol. In particular, the nutritional requirements and
the appropriate food types have been identified as the
main obstacles for the successful culture at a commercial
scale (Bmsheng, 1992), Some advances have been
achieved using live food (Giwojna, 1996), but quality and
availability are unpredictable. Woods and Valentino
(2003), recommend the use of frozen mysids as a better
alternative for culture and maintenance of adult
seahorses, since 1t are an important component in the
seahorse natural diet and have been found to mcrease
survival under captivity. Brine shrimp, 13 not
recommended as the only food source for the adults
seahorses (Woods, 2002).
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The metabolic rates of many temperate and tropical
fish species of economic importance have been studied to
know about the influence of different environmental
parameters, such as temperature, salinity and food in
metabolic rate (Brett, 1972; Thutrson and Gehrke, 1993;
schurmann and  steffensen, 1997, Lyytikainen and
jobling, 1998; Clarke, 1999, Claireaux and Lagardere, 1999,
Chipps et al., 2000, Mallekh and Lagardere, 2002;
Kajemura et al, 2004). Interest Tnresearch and culture
of the seahorses has increased, studies about the
effect of the diet on their metabolism are scarce
(Masonjones, 2001). Recently, the potential for the
cultivation of Hippocampus ingens has been identified
n Mexico, because at the large size reached by the adults
of this species (up to 300 mm) (Vincent, 1996¢;
Project Seahorse, 1999, Lourie ef al., 2004) and the good
trade value currently obtained in the Chinese traditional
medicine (Lourie et al., 2004).

From a theoretical point of view, it is relatively easy
to understand how an organism uses the energy obtained
from ingested food, at the experimental level is difficult
(JTohling, 1985). There is no consensus on the
methodologies and definitions related to the different
metabolism terms (Jobling, 1994; Lucas, 1996), in this
study we used the concept of routine metabolism
defined by Beamish and Mookherjii (1964) and Calow
(1985), as oxygen consumed by an organism in a state of
digestive rest and its activity limited to spontaneous
movements (Beamish and Moookherjii, 1964). This may
account up to 50% of the active metabolism (JTob, 1955).

The objetive of this research is to study the effect of
two natural frozen foods over routine metabolism and
ammonia excretion of the Pacific seahorse Hippocampus
ingens.

MATERIALS AND METHODS

Adult seahorses were collected in the Bay of
Mazatlan, Sinaloa, México (23°1 5'N and 106°25'W) using
scuba diving. Seahorses were transported to the
Laboratory at the Aquacutlure Department, CICESE in
polyethylene bags with seawater at 24 C satured with pure
oxygen. A total of 24 seahorses (9 females and 15 males),
with an average length of 195.7+£3.15 mm and an average
weigth of 34.941.64 g, were divided into six groups.

Each group of four seawhorses was placed ina
500 L circular flat bottom tank and each seahorse was
confined within the tank in a 20 L white bucket that have
two 15%20 em windows covered with a 2 mm mesh to allow
water circulation and homogenous water quality.
Temperature and salinity were kept to 2241 C and 3541 %o,
respectively.

Seahorses from three tanks were fed with frozen
Artemia franciscana (Salt Lake City) and the three
remaining with Mysis relicta (Piscine Energetics, Canada).

In both study, the ration was equivalent to 4% of the wet
biomass per day and provided in two equal parts, one at
0900 and the other at 1700. The feeding trial with both
experimental diets last 20 days. Each morning before
feeding and 2 h after feeding uneaten feed was siphoned
out of the tank. Artemia and the mysid rations were
thawed before feeding at room temperature.

Proximate analysis of the food supplied, was
determined using routine laboratory techniques. Crude
protein was determined using the Kjeldahl method
(Official Mexican Norm NOM-129-SSA1-1995) and total
lipids with the Soxlet method (Official Mexican Norm
NOM-086-SSA1-1994). Moisture content was determined
after incubating the samples for 24 h at 60°C and ash
content was measured after incinerating the sample at
460°C for 8 h. The Nitrogen Free Extract (NFE) was
estimated as the difference between sample dry weight
and the sum of proteins, lipids and ashes.

A semiclosed respirometer that consisted on a
rectangular acrylic tank of 220 T. with 14 respirometric
chambers (14 ¢cm diameter and 23 cm height) was used to
measure the oxygen consumption and the ammonia
production (Fig. 1) (Buckle et al., 2003). The seahorses
were transferred individually to each chamber of 3.55 ..
Temperature and salinity inside the chambers were
maintained at the same values as in the acclimation tanks
(22°C and 35%).

Fourteen chambers were placed in the respirometer,
two of them were used as control to measure oxygen
consumption of microorganisms in the seawater. To
eliminate the stress effect caused by manipulation and the
specific dynamic action of the food, the seahorses
remained in the chambers for 24 h in recirculating water,
before performing any measurements. Afterwards the
initial concentration of oxygen was measured with YSI
oxygen meter (Model 57), provided with a polarographic
sensor. The chambers were closed for 120 min, disolved
oxygen saturation were mainted to 8446.9% in both
experiments. A water sample from each respirometric
chamber was taken after 120 min to measure the final
oxygen concentration. Seahorse oxygen consumption was
calculated as the difference between the initial and the
final oxygen wvalues and was expressed in mg
O,/seahorse/hour. The average oxygen consumption of

both controls was used to correct the oxygen
consumption of every organism.
Nitrogen excretion and oxygen consumption

measurements were carried out simultanecusly. To
measure the Total Ammonia Concentration (TAN), the
indophenol-blue method was used (Rodier, 1981). The
concentration of TAN was measured with a
spectrophotometer (Shimadzu, UV-1201) at a wavelength
of 640 nm. The nitrogenous excretion value was calculated
as the difference between final and initial TAN
concentrations.
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Fig. 1. Diagram of the flow-through respirometer used to measure the oxygen consumption and the ammonia excretion
of Hippocampus ingens. 1, Respirometer;, 2, Pump; 3, Heater; 4, Electric control;, 5, Water distributor; 6,

Respirometric chamber; 7, Air

Five measurements were performed during 18 h, the
first three under digestive rest conditions. The other two
measures were made 1 and 2 h after feeding to estimate
the mcrement in the metabolic rate due to food
consumption (specific dynamic action).

Fish were weighed and measured individually at the
beginning of the experiment. To estimate routine
metabolism, wet weights of the orgamsms were used,
because they could not be sacrificed to measure the dried
weight. All data were analyzed using one way Analysis of
Variance (ANOVA) (Statistica, Statsoft Inc.) at a level of
significance of p<0.03).

RESULTS

The proximal composition of the two frozen foods
used in this study revealed that the content of proteins
and lipids of the Mysis relicta 15 1.5 and 3.4 times lugher
than Artemia franciscana, respectively. Lipid:protein
ratio 1s 0.78 and 0.34 for M. relicta and A. franciscana
respectively. Ash content of A. franciscana is higher than
that content of M. relicta (Table 1).

Tn their natural environment, seahorses remain a long
time attached by their tails to macroalgae or corals. The
same behaviour was observed in respirometric chambers
since seahorses were fastened by therr tails to the glass
tube that served as water entrance into the respirometric
chamber. Durmng routine metabolism measurements,
spontaneous swimming movements and slight movements
of the dorsal fin were observed. However, the time that
seahorses spent in these activities were not quantified.
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Table 1: Proximate composition of firozen food used in the experiments
Mysis relicta (%0) Artemia franciscana (%)

Proteins 57.23 39.25
Lipids 44.82 13.37
Carbohydrates 0 26.74
Moisture 75.59 87.21
Ash 6.76 20.64

Table 2: Rates of oxygen consumption and ammonia excretion in
Hippocampus ingens in digestive rest condition and fed two frozen
diets. N = sample size

Oxygen consumption

(mg O, h™! g wet wt)

0.037+£0.016n =36

0.036+0.012n =23

Nitrogen excretion

(mg NH:-N h™! gwet wt)
0.0031+0.0023 n =20
0.0021+0.0006 n=12

Food

Mysis relicta
Artemia franciscana

No significant differences between the rates of oxygen
consumption (p = 0.8) and ammomna excretion in routine
conditions (p = 0.165) were founded when the seahorses
were fed with the two diets (Table 2).

Oxygen consumption rates of seahorses fed with
Mysis relicta was 0.037£0.016 mg O, h™' g wet wt (Fig. 2).
After the food ration was provided, all seahorses began
to eat and a 38% mcrement m the oxygen consumption
rate was observed (0.058+£0.021 mg O, h™' g wet wt) and it
was significantly different (p = 0.0008) from the digestive
rest period. This effect is less evident with organisms fed
with A. franciscana, (Fig. 3). Although sigmificant
differences were observed (p = 0.0009), only a 28%
increment oxygen consumption, which might indicates
that some organisms did not eat. When the ration of
Artemia was givery, only 3 of the 12 orgamsms displayed
head movements. Head movements are characteristic of
feeding activity. Feces excretion was observed after 9 h.



J. Fish. Intl, 2 (1): 91-98, 2007

’g 0.127 °
?n 0.10+ °
To o
o 0.08- °
B0
g 0.064 °
g A
g
0.04
o
o
g 0.02 <
g 0.00+—v5—— T T T T T 1
0 2 4 6 8 10 12 14
Time (h)
Fig. 2: Oxygen  consumption of the seahorse
Hippocampus mgens, fed on Mysis relicta. The
first three boxes represent the oxygen

consumption in fast condition and the last two
boxes in post-feeding condition. The horizontal
line within the box represents the median, the
horizontal lines at the end of the vertical lines
represent 95% of the data and the circles represent
extreme values. The arrow represents the time
when the seahorses were fed
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Fig. 3: Oxygen consumption of the seahorse

Hippocampus ingens, fed on Artemia franciscana.
The first two boxes represent the oxygen
consumption in fast condition and the last two
boxes in post-feeding condition. The horizontal
line within the box represents the median, the
horizontal lines at the end of the vertical lines
represent 95% of the data and the circles represent
extreme values. The arrow represents the time
when the seahorses were fed.

After food ingestion, the rate of ammonia excretion
of seahorses fed with Mysis relicta was 3 times lugher
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Table 3: Rates of oxygen consumption and ammonia excretion in
Hippocampus ingens in post-prandial conditions and fed two
frozen diets N = sample size

Oxygen consumption  Nitrogen excretion
Food (mg O, h™! g wet wt) (mg NH:-N h™! gwet wt)
Mysis relicta 0.058+0.021n=12 0.0076+0.003 n=9

Artemia franciscana  0.050+0.019n =12 0.0025+0.001n=12

(0.0076+0.003 mg NH3-N/h g wet wt) than the rates
mesured 1n seahorses fed with Artemia franciscana
{(p = 0.0001) (Table 3).

DISCUSSION

In the natural environment seahorses feed on
crustaceans, 1n particular mysids are 1mportant
components of their diet (Woods, 2002). Tlus has
important implications for the culture of this organism in
captivity, since reports mdicate low success in the culture
of seahorses using formulated diets, due to their
preference for live food and to the deficient quality of the
frozen or formulated diets used so far (Woods, 2003).
They are several succesfull laboratory studies with early
juveniles seahorses fed with mysids and frozen copepods
{(Payne and Rippmgale, 2000, Woods, 200, 2003). In this
study, adult seahorses, Hippocampus mgens, collected
from the wild and acclimated to laboratory conditions
were trained to feed on frozen mysids and Artemia
successfully.

Studies on the metabolic rates of members of the
Syngnathidae family are very scarce (Masonijones, 2001 ;
Leiner, 1937) and m particular /. ingens have not been
studied to date. In addition no mformation on the interval
of the thermal tolerance or on the preferred temperature of
this species has been published. Therefore a temperature
of 22°C was choosen for this study, considering the
temperature were seahorses are naturally distributed
(e, 5 and 40°C). H. ingens 1t 1s distributed from
Northern Peru to San Diego (Miller and Lea, 1972) where
the temperature beneath the sea can vary from 18 to 28°C
(Tchernia, 1980) and i laboratory conditions, the
maintenance condition for H. ingens was from 15 to 25°C
and the optimun 15 of 23°C (Gomezjurado and Bull, 2002).

In this study, oxygen consumption rates and nitrogen
excretion, measured m seahorses fed with mysids or
Artemia, were not sigmficantly different. However,
according to Jobling (1994) these rates n the fish and
other ammals are influenced by diet quality and several
other factors that conform the ecological ambient of the
species. The results of the studies performed with starved
domestic ammals suggestes that the metabolic rate can be
affected by the previous nutritional regime of the
orgamsm. In our experimental results do not show a
significant difference m the routine metabolism of the
seahorses fed with mysids or Artemia as could be
expected considening that the biochemical composition of
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the dry items are different. The ratio lipids: Proteins was
0.78 and 0.34, respectively. It 1s probable that the cost of
the basal and routine metabolism are not substantially
different between the seahorses fed with two diets and in
the short term (20 days) the food contribute the necessary
energy for his metabolism.

In fish, metabolic rates are variable, Thurston
and Gehrke (1993) classified the metabolic routine rates
of 237 species of fish, from a database of 3573 at a
standard temperature of 20°C. A sigmficant relation
was found between metabolic consumption and mass
(r*=0.838; In to = -0.754: b = 0.646). An hipotetic average
fish of 35 g has an oxygen consumption, of 4.66 mg O, h™
that 15 equivalent to Specific Routine Metabolic Rate
(SRMR) of 131.3 mg O, kg' h., because metabolic rate of
fish depends of different factors like temperature, salinity,
corporal mass and activity level, thus, metabolic routine
rates measured in different species of tropical fish,
vary considerably. Mugil cephalus with a mass of
33.5 g has a metabolic rate of 2.04 mg O, h™' to 13°C
(Marain, 1978) and in according with Thurston and
Gehrke (1993) the standardized rate to 20°C corresponds
to3.9mg O, h™" (SRMR = 116.4 mg O, kg™ h), in contrast,
Anabas  testudineus with 30.5 g of body mass and
water temperature of 28°C, have a metabolic rate of
0.24 mg O, h™' (Panigrahi ef af., 1984) and in agreement
with Thurston and Gehrke (1993) at 20°C, the metabolic
rate is 0.12 mg O, h™' (SRMR = 393.4 mg O, kg~' h). In
Esox lucius with of 355 g of body mass, the
routine rate at 21.3 C i 0.75 mg O, h™" (Petit, 1973),
which is equivalent to a SRMR of 21.1 mg O, kg™' h
(Thurston and Gehrke, 1993) and 15 lower than H. ingens,
with an average body mass of 34.941.64 gand a
routine metabolic rate of 1.27 mg O, h™' (average
SRMR = 36.5mg O, kg~ h).

The differences in metabolic rate of H. inges probably
reflects the fact that this species is an ambush predator
that use their vision to search for prey with a relatively
low level of spontaneous activity (Garrick Maidment,
1997; Lourie et al., 1999). In contrast, marine herbivore
and omnivore organisms show a more active feeding
activity. Seahorses have a high mimicry capacity that can
make them difficult to find since they are attached to a
substrate sunilar to the color and appearance of their skin
(Vincent, 1996; Project Seahorse, 1999; Lourne et al., 2004).

In routine conditions, which involve a condition
(state) of digestive rest and limited spontaneous activity,
oxygen consumption and ammonia excretion depend
mainly on temperature and time that the organism remains
without feeding, in such a way that it will use lus own
reserves as metabolic substratum (ie., glycogen in the
liver, adipose tissue, free amimo acids or muscular
proteing) (Wood, 1993; Tobling, 1994, 1996). The quality
of the diets used inthis study were different in proximal
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composition (Mysis relicta content of proteins was 1.5
higher than Artemia), but not difference was observed in
rates of ammonia excretion of H. ingens under routine
conditions, this result can reflect the fact that both diets
provide the necessary nutrients and energy.

In routine conditions, marine fish of different
taxonomic groups ranging from 4 to 1,000 g of body
mass, the smaller organisms (between 4 and 20 g of
weight) have the largest rates of ammonia excretion
(Walsh et al., 2001). This values range from 0.0083 to
0.0095 mg NH,-N h™" g for Bathyagonus nigripinnus and
Cymatogaster aggregatus, respectively. In organisms
with larger weights like Ophiodon elongatus (807-950 g of
body mass), the ammoma rate excretion were smaller
{0.0012 mg NH,-N h™" g). Ammonia excretion rates for the
other marmme species like Hippoglossoides elassedon
{147-242 g) has 0.0018 mg NH,-N h™' g and Icelinus tenuis
(Walsh ef @/, 2001) with a similar weight to seahorses
used in this study (28-46 g), ammonia excretion rates is
47% higher than that of H. ingens. We would expect a
lower excretion rate even though both fish are of the same
size, because the temperature used to determine
ammnonia excretion of 1. temuis was 9° C lower that used
with H. ingens (22°C).

The SDA represents the energy expense associated
with the ingestion, digestion and assimilation of food,
as well as the synthesis and deposition of proteins
{(Jobling, 1983, 1985; Conceicao ef al., 1998). Fish, as well
as other organisms, mcrease their oxygen consumption
and nitrogenous excretion after feeding (Jobling, 1981;
Yager and Summerfelt, 1994; Hunt and White, 2001)
and the increment can be 1.5-2.5 times higher than the
pre-feeding levels (Tobling, 1981). Under conditions used
in this experiment it was not possible to evaluate the
amount of food consumed. In our expermient, the SDA of
seahorses fed with mysids (with a percentage of protein
greater than artemia) was 1.6 times higher than their
routine metabolism and the ammonia excretion was three
times higher, In contrast, a smaller difference was
determined for the orgamsms fed with 4. franciscana.
This difference can be related to the fact that in
respirometric chambers most seahorses did not ingest this
food and can be explained in part by the appearance and
structure of the food in the water column. Drastic changes
ocwrT to artemias as a result of the freezing and thawing
processes that end up breaking the prey mto pieces that
the seahorses might not like. It is probable that the
mysids, for their size and presentation, (8 mm in length
and stay whole after thawed) were more attractive to the
seahorses than the artemias. Artemia are widely used to
feed seahorses, because they are easily cultured and are
commercially available, but are not a natural prey item for
seahorses (Wong and Benzie, 2003) and have been
reported as difficult food to assimilate for H. subelongatus
(Payne and Rippingale, 2000).
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Artemia are easily cultivated from cysts and can
provide nauplii of all sizes and developmental stages and
have been used as live food for different marine
organisms, including the larvae of marine fish and shrimp
(Shapawi and Purser, 2003) and for juveniles and adults
seahorses (Giwojna, 1996). Our results suggested that
Artemia can be an acceptable alternative to feed adult
seahorses and they can be mamtained for a couple of
months (Sandoval-Muy, unpublished data). However,
considering that marine fish in general have a high
requirement for Highly Unsaturated Fatty Acids (HUFA)
(Sargent et al., 1997) and that artemia have a low content
of HUFA with respect to the requirement by marine
fish, artemia can be regarded as an inadequate food
(Navarro ef al., 1991).

Mysids are an important component in the natural
foods of H. abdominalis (Woods, 2002). Some authors
are hesitant to use of Artemia as the only food for the
adults seahorses (Giwojna, 1996, Woods and Valentino,
2003) and recommmend the use of frozen mysids as a better
alternative for culture and maintenance of adult
seahorses, since they have been found to increase
survival under captivity. Juveniles of H. abdominalis fed
live enriched Artemia naupli, frozen mysids or a
combination of both did not produce significant
differences in length, wet weight, or condition factor
(Woods and Valentino, 2003). These authors suggest
using a mixture of mysids and live HUFA enriched
Artemia as a good alternative for the maintenance of
these organisms.

CONCLUSION

Frozen diets are a viable alternative for maintenance
and adaptation to captivity of this species. Although no
significant differences were detected mn the rutine
metabolism, when seahorses were feed either mysids or
artemia we do not recommend the use of one type of
frozen diet alone, but rather a mixture of both for the
adecuate maintenance of the seahorse H. ingens.
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