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Abstract

Large sharks, such as the sand tiger shark (Carcharias taurus), usually attract public attention in
visiting aquariums. It is considered one of the most popular great sharks in captivity. The lack of
information on shark and ray nutrition means that there is no consensus on the diet to be offered
and on the rate of feeding or frequency of meals. The frequency can vary from 1 to 7 times a week
and the rate varies from 1.0-18.1% of the live weight per week or more until apparent satiety. One
of the main pathologies found in this species is the deviation of the spine, with obesity and an
unbalanced diet being predisposing factors. The present work reports a practical way of calculating
the diet of these sharks taking into account their weight, the nutritional characteristics of the food,
supplementation, and the energy demand for their maintenance. The 9.6 kcal/BW"0.8 equation
was used as a basis for the prediction of the maintenance energy requirement. Supplementation
must be balanced according to the food and the amount offered to the animal in order to meet the
stipulated nutritional requirements. Food management is done by calculating the energy supply of
the food item offered to the animal, thus estimating the number of days it will have its energy
demand met. Thus, we managed to avoid excessive weight gain, improving the health, well-being,
and longevity of this species. Specific studies must be carried out to ensure more safety in food
and nutritional management with the species.

Introduction

The sand tiger shark (Carcharias taurus) is a large coastal shark, found in all warm seas except
perhaps the eastern Pacific (Compagno & Niem, 1998). Annual population growth rates are very
low, reducing their ability to withstand fishing pressure, thus being classified as vulnerable by the
IUCN (Pollard & Smith, 2009). Among the species of large and non-sedentary sharks, C. taurus
is the most popular, presenting 36 individuals distributed in 16 European institutions (Janse et al.,
2017).

Nutritional management of sharks varies between institutions, with a lack of consensus on shark
nutrition in general. The weekly frequency at which food is offered may vary according to the
individual's age. In SeaWorld Ohio, USA, newborn sand tiger sharks were fed daily, juveniles of
a total length (TL) of 1.0-1.5 m were fed three times a week, and adult sharks were fed twice a
week. (Janse et al., 2004). The recommendation of the weekly feeding rate for the species varies
from 1-2% BW for adult individuals (Mohan, 1996) to 18.1% BW for young animals (Janse, 2003),
with the possibility to disregard the rate, with the offer until apparent satiety one day of the week
or all (Janse et al., 2004).
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This method is frequently adopted in the nutrition of aquarium sharks (Janse et al., 2004); however,
it has some flaws as it does not consider the energetic need to maintain the different species of
sharks, as well as disregarding the energy supply of the food offered. Since different species of
fish are used as a food item and have different nutritional levels, there is a different energy value
between the type of fish used, even if they are offered in the same quantity by weight.

Obesity is a condition frequently found among sand tiger sharks kept in under human care, as they
usually receive food above their maintenance demand and as an attempt to reduce the teleost
predation rate (Janse ef al., 2004). The overeating scenario contributes to overweight animals and
other nutritional problems, which are factors that predispose them to spinal deformity (Journal et
al.,2012), a pathology well described for the species (Preziosi et al., 2006; Janse et al., 2004) with
prevalence in 1/3 of the captive sand tiger shark population (Walsh & Richards, 2002).
Considering that the spine is located dorsally to the stomach, with increased organ volume, it is
possible that there is a predisposition to the occurrence of spinal subluxations, which are more
common in this region (Berzins & Jesselson, 1999). Another factor that contributes to the
occurrence of problems in the spinal column is the long-term imbalance of micronutrients
(Anderson, 2012; Berzins & Jesselson, 1999). There are significant differences in the composition
of the fish offered, in addition to the freezing of food for storage, which favors excessive cellular
dehydration and protein denaturation, making it even more difficult to standardize food among
institutions (Janse et al., 2004).

The present work presents a model that establishes an adequate nutritional management for
individuals of adult sand tiger shark taking into account their energy demand and nutritional
composition of the fish. These will be determinants for the optimal food frequency, which varies
according to the weight and type of food. The goal of this study is to contribute to the health, well-
being, and longevity of animals kept in aquariums.

Materials & Methods

Values for nutritional requirements were acquired from the tables of the National Research Council
(NRC, 2011). The document, Nutritional Requirements of Fish and Shrimp, presents a compilation
of information regarding nutrients and nutritional requirements for fish and shrimp. The
maintenance energy requirement for fish at an optimal temperature can be estimated using the
equation 9.6 to 19.1 kcal x (BW)"0.8, where BW is the animal's live weight in kilograms. As the
species C. taurus has a slow swimming habit, and the individuals in question will be considered
adults, the constant 9.6 was used for the calculations.

Two models will be used: the first where the independent variable is the live weight of the sand
tiger shark, with the dependent variable being the energy requirement for maintenance per day.
The types of food are defined according to the local availability, which vary between regions and
time of year. The second model has the independent variable of the weight of the food offered and
the dependent variable of the days supplied by the caloric demand offered, so it is possible to
establish the next day of food supply. Respecting periods of fasting, reported by Taylor & Smale
(2010), who found about 47% of empty stomachs for the species, suggesting a spacing between
the meals of free-living individuals.

We recommend offering different species of fish, in order to provide a variety of food items. These
animals have a wide range of prey and a relatively low incidence of most of them, suggesting a
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high degree of opportunistic feeding in the wild. When analyzing stomach contents, coastal,
pelagic, demersal, benthic sand bottom, and coral reef fish and prey associated with the medium
and external continental shelf can be found. The size of the shark also affects the type of food
consumed, sharks smaller than 2m consumed a total of 31 taxa, 12 being shared with larger
individuals, while adults consumed a total of 47 taxa of prey, 28 of which are exclusive to this
group (Smale, 2005).

Results and Discussion

Energy demand

Our model uses the NCR (2011) 9.6 kcal x (BW)"0.8 formula as the basis. For the following
example, a 50 kg (110.23 Ibs) shark was considered. We found an energy demand of 220 kcal per
day. Multiplying by 7, we will have a weekly energy demand of 1540 kcal that must be supplied
by the food offered throughout the week. The offer calculated according to the percentage of live
weight for the same individual would be 0.5 kg (1.10 lbs) considering the feed rate of 1% BW or
1 kg (2.20 lbs) for 2% BW. Since the weight of the food does not vary according to the species of
prey (Table 2), we can find in Table 1 three different species of teleost with energy values offered
ranging from 516 -1324 kcal. An energy supply below demand can lead to negative energy balance
and long-term weight loss or an increase in the rate of predation in the aquarium.

Food frequency

The number of times that food is offered throughout the week is also not a consensus among
institutions that maintain sand tiger shark in aquariums and can vary according to the age and size
of the individual. In SeaWorld Ohio, USA, newborns were fed daily, 1.0-1.5 m TL juveniles were
fed three times a week, and adult sharks were fed twice a week (Janse ef al., 2004). Considered an
adult individual, he would be fed twice a week regardless of the amount of energy that the fish
offered presents. The model we propose automatically calculates the next feeding day, according
to the fish offered in the previous feeding (Table 3). For example, ifa 0.7 kg (1.54 1bs) Katsuwonus
pelamis is offered, which corresponds to an offer of 722.3 kcal, the shark will have its daily energy
demand (220 kcal) supplied 3.2 times, that is, the fast may be 3 days, without prejudice to the
individual's energy balance. Thus, the fasting period varies according to the species and the weight
of the food offered.

Vitamin and mineral supplementation

In an ex situ environment, elasmobranchs are fed mainly with pre-frozen fish in order to ensure
that there is no risk of parasitic infection through fish (Jansen, 2004). Due to freezing, loss of
essential vitamins and minerals can occur, making supplementation necessary. The loss of
nutrients during the handling and storage of fish (Tarr, 1962, Ikeda & Taguchi, 1996, Stoskopf,
1983, Dierenfeld, 1990) can contribute to the incidence of pathologies due to nutritional deficiency
in carnivorous piscivores (Wilson, 1972; Geraci & St. Aubin, 1979; Geraci, 1981; Wallach &
Boever, 1983; Citino ef al., 1985; Alexander & Johnson, 1989; Dierenfeld, 1990). In a study by
Fennema (1978), in order to examine the loss of vitamins from animal tissues during storage, it
was found that after six months of storage at -18 ° C, oysters lost 22% of pre-existing thiamin
(vitamin By1), 0% riboflavin (vitamin B»), 35% of niacin (vitamin B3), and 46% pyridoxine (vitamin
Bs). For elasmobranchs, supplements are commonly adopted as prevention, since nutritional
requirements are not established (Jansen, 2004). Ideally, supplementation of vitamins and minerals
should be used as a food supplement based on the nutritional needs of the species, as well as the

63



food item used, thus avoiding episodes of deficiencies (Jansen, 2004) or intoxications (NRC,
2011).

Currently, it is possible to find specific vitamin and mineral supplements for elasmobranchs on the
market, but we have a very diverse range of species and eating habits within this group, in addition
to different food items offered. Thus, commercial supplements do not consider the individual needs
of the animal as a physiological state or the nutritional levels of the food item offered. That said,
the ideal would be an individual formulation based on the range of requirements for fish available
in the NCR (2011), taking into account the composition of the food used, thus contributing to
better nutrition.

Although Vitamin C deficiency has already been associated with spinal deviation in sand tiger
shark (Anderson et al., 2012; Huber et al., 2013), there are indications that elasmobranchs have
the ability to synthesize it. The enzyme gulonolactone oxidase participates in the final stage of the
synthesis of Vitamin C and has already been found, together with the gene responsible for vitamin
synthesis, in Squalus acanthias (Meland & Waagbe, 1998), Dasyatis akakei, and Mustelus
manazo (Touhata et al., 1995). Some research has shown that the increase in the concentration of
ascorbic acid in the diet does not exert negative feedback on the endogenous synthesis in white
and lake sturgeon (Moreau et al., 1999; Dabrowski, 1994; Mureau et al., 1999).

Fat-soluble vitamins such as Vitamin A, D and E can accumulate in animal tissue when in excess
causing a toxic hypervitaminosis condition (NCR, 2011). For proper nutrition they must be
balanced with each other, avoiding antagonistic absorption effects. The excess of Vitamin A
reduces the concentration of Vitamin E in tissues (Olivares et al., 2008).

The lack of minerals can be caused by the drainage of mineral stocks in the water, for example by
the skimmer. To date, the only pathological condition related to a mineral deficiency is goiter or
hyperplasia of the thyroid, resulting from iodine deficiency (Gruber & Keyes, 1981; Uchida &
Abe, 1987; Pike et al., 1993; Lloyd, 1995; Sondervan, 1997; Van der Veek et al., 2001; Janse,
2003). Symptoms of the goiter include a ball-like swelling under the lower jaw, which can prevent
the shark from eating and ultimately lead to death.

Goiter is considered a common condition in all installations that hold elasmobranchs captive,
especially in closed rearing systems, with filtering and water circulation through pumps without
the need for water exchange with the natural environment. It is the result of the reduction in the
amount of thyroid hormone in animals, caused by the low concentration of iodine in the water.
Clinical signs include a progressive swelling of the thyroid gland, which can expand up to 300
times its normal size. This condition, if left untreated, can result in difficulty in swallowing,
causing decreased food intake, cachexia, and even death. As prophylaxis for the development of
goiter, it is necessary to supplement the iodine in the feeding of sharks.

The concentration of micronutrients can vary according to the food and its quantity offered to the
animal. If the supplement is not formulated with certain criteria, the concentration of some
nutrients in the diet as a whole may not be achieved or exceed the recommendations (Hoopes,
2017; Table 4).
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Conclusion

The available equations make it possible to formulate a diet with greater security for individuals
of sand tiger shark kept under human care. However, specific studies with the species should be
done to have better information about the nutrition of elasmobranchs.
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Table 1. Fish used as a food item in the Oceanic Aquarium and their nutritional levels in natural matter.

Moisture  CP! EE? Energy

Fish % % %  kcal/100g References

Sardinella brasilienses 76.60 21.1 2.70 114.00 (TACO, 2014)
Scomberomorus brasilienses ~ 75.58 2248 1.77 105.80 (USDA, 2019)

Engraulis encrasicholus 68.22 16.06 12.79 179.35° (Gencbay & Turhan, 2016)
Xiphias gladius 73.80 16.72  6.65 144.00 (USDA, 2019)

Cynoscion acoupa 74.87 16.72  6.71 130.63° (Em et al., 2012)
Katsuwonus pelamis 73.28 24,13 0.41 100.21° (Mahaliyana et al., 2015)
Sphyraena guachancho 76.15 20.8 2.10 102.1°  (Christiansen, 2018)

Mugil curema 75.55 17.06 7.13 132.41° (Castro-Gonzalez et al., 2007)
Cynoscion leiarchus 78.60 16.00 4.49 104.00 (TACO, 2014)

!Crude Protein

2Ether Extract (fat)

3Energy calculated by: (CP x 4) + (EE x 9)
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Table 2. Comparison between four different ways of offering a diet for a sand tiger shark C. taurus,
weighing 50 kg with three different fish species.

7.8% 18.1% 1% 2% A od

BW!/week? BW/week? BW/week? BWiweek? 0% (PV)"0.8

Fish kcal kcal kcal kcal kcal kcal kcal kcal kcal kcal

Katsuwonus pelamis ~ 3.90 4025  9.05 9340 0.50 516 1.00 1032 1.49 1540

Mugil curema 3.90 5164  9.05 11983 0.50 662 1.00 1324 1.16 1540

Cynoscion leiarchus ~ 3.90 4078  9.05 9463 0.50 523 1.00 1046 1.47 1540
"Body Weight
2Janse (2003)
3Mohan (1996)
“NRC (2011)

Table 3. Example of nutrition factsheet for controlled feeding of sand tiger shark.

Day Food Amount, g kcal Fasting Days Next Date Power Input
03/11/2021  Katsuwonus pelamis 700 722.3 3 03/14/2021
03/14/2021  Mugil curema 280 370.8 2 03/16/2021
03/16/2021  Scomberomorus brasilienses 744 787.6 4 03/19/2021
03/19/2021 Katsuwonus pelamis 1194 1232.1 6 03/24/2021
03/24/2021  Mugil curema 332 439.6 2 03/26/2021
03/26/2021  Mugil curema 306 405.2 2 03/28/2021
03/28/2021 Katsuwonus pelamis 970 1001 5 04/01/2021
04/01/2021  Mugil curema 324 429 2 04/03/2021
03/04/2021  Sardinella brasilienses 208 209.4 1 04/04/2021
04/04/2021 Katsuwonus pelamis 900 928.7 4 04/08/2021
04/08/2021  Sardinella brasilienses 140 141 1 04/09/2021
04/09/2021  Mugil curema 324 429 2 11/04/2021
04/11/2021 Katsuwonus pelamis 800 825.5 4 04/14/2021
04/14/2021  Cynoscion leiarchus 1114 1164.8 5 04/18/2021
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Table 4. Concentration of nutrients in the supplement, nutritional levels per kilogram of dry matter of different supplemented food
items and the recommendations according to the NRC (2011).

Supplement Katsuwonus pelamis' Mugil curema® Cynoscion leiarchus® Recommendation
Nutrient Unit’kg DM Unit’kg DM Unit’kg DM Unit’kg DM Unit’kg DM
Vitamin A, Ul 2000 9310 26878 10327 6600 — 13000
Vitamin D, Ul 342.5 1594 4603 1769 400 — 2400
Vitamin E, Ul 50 233 672 258 25-200
Vitamin C, mg 245 1140 3293 1265 100 — 500
B12, ug 1.85 9 25 46 10-50
BI1, mg 41.5 193 558 214 1-10
Riboflavin, mg 0.75 3 10 6 3-20
Niacin, mg 1.25 6 17 6 12-150
Pyridoxine, mg 0.75 3 10 4 1-20
Biotin, pg 29.5 137 400 200 50 —250
Folic Acid, mg 0.37 1.7 4.9 24 1-10
Pantothenic Acid, mg 2 9 27 10 10-50
Zn, mg 4.2 45 56 33 20-150
Mn, mg 1.55 7 21 8 7-13
Mg, mg 0.15 1 2 893 500 — 700
Fe, mg 0.13 92 2 8 30-200
I, mg 26.6 124 357 137 0.6-1.1
Ca, mg 19 88 255 828 2000 — 15000

Average fish weight = 800 g
2Average fish weight =300 g
3 Average fish weight =900 g
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