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Abstract

Aquarium literature contains much information relating to water quality parameters including minimum-maximum concentration levels for dissolved oxygen, ammonia and pH values. These data are useful for providing a basic foundation in life support design, but do not represent the full spectrum of requirements for species with high metabolic rates. Tunas and closely related species, Family Scombridae, generate high metabolic rates that will overburden most life support systems. Nutritional requirements are also high, determined by the metabolic rate of each species displayed. Data on respiration rates for different species of scombrid fishes of various sizes and at different temperature regimes are useful in system design and will enable the exhibit designer to calculate the total number of specimens that can be displayed at a given time. Individual growth rates of wild fish can be combined with long-term growth data of captive specimens to calculate the total biomass of the exhibit. 

Résumé

La littérature contient de nombreuses informations sur les paramètres de la qualité de l'eau, comme les concentrations minimales et maximales en oxygène ou en ammoniaque, et la valeur du pH. Ces données sont utiles pour constituer une base dans la conception des systèmes de traitement, mais elles ne couvrent pas tout le spectre de paramètres relatifs aux espèces à fort métabolisme. Les thons et les espèces apparentées, de la famille des Scombridae, présentent des métabolismes élevés qui dépassent la capacité de la plupart des systèmes de maintenance. Les besoins nutritionnels élevés sont déterminés par le métabolisme de chacune des espèces exposées. Les données sur les taux de respiration de différentes espèces de scombridés de tailles variées et à diverses températures, sont utiles pour la conception des systèmes et permettent au créateur de l'exposition d'en évaluer la population. Les taux de croissance individuelle de spécimens sauvages peuvent être combinés avec les données de croissance à long terme de spécimens captifs pour calculer la biomasse totale dans l'aquarium.

Introduction

The display and keeping of tunas (Family Scombridae) is a recent breakthrough in aquarium technology.  Currently six aquaria in Japan and one aquarium in the United States are successfully displaying multiple species of scombrids. The earliest exhibit opened in 1989 at Tokyo Sea Life Park and the most recent opened in July 2000 at Aquamarine Fukushima, Onahama City. In 1996, Monterey Bay Aquarium (mba), established an open ocean display of tuna for public viewing. 

The management of captive populations of tunas is difficult, but can be facilitated by using published research findings to gain a greater understanding of tuna physiology and the requirements for maintaining tunas in captive situations.

Discussion

The uniqueness of the tuna species within the family, Scombridae, was apparent to early researchers. The most obvious distinction is the tuna’s endothermic physiology, where body temperatures are elevated in comparison to the ambient water temperature, (Carey and Teal 1969; Carey, Teal et al. 1971; Carey and Lawson 1973).

Continuous swimming behavior is characteristic and is demonstrated in all species within the family. This behavior is necessitated by negative buoyancy, which is overcome through hydrodynamic lift from the pectoral fins and swim bladder, if present. The fins serve as a hydrofoil, providing lift as the fish passes through the water, (Magnuson 1973). This adaptation is further illustrated by individual species having different minimal swimming speeds, which reflects both swim bladder volume and pectoral fin surface area, (Dotson 1976). Yellowfin and bigeye tunas have well-developed swim bladders and large pectoral fins, and they show slower swimming behavior. The bluefin tuna are intermediate, having smaller pectoral fins than either yellowfin or bigeye tunas. Skipjack, having no swim bladder and small pectoral fins, have a comparibly higher tailbeat frequency and speed measured in body lengths per second. Table 1 gives swimming characteristics for yellowfin, bluefin and skipjack tunas. These measurements are from direct observation within the Tuna Research and Conservation Center, trcc, and were made in 10-meter diameter, 2-meter deep, holding tanks.

The rigid or stiff body characteristic of tunas results in a large minimal turning radius in comparison to other teleosts (Blake, Chatters et al. 1995). This body feature plays an important role in collecting and transporting tunas where holding tank size can be limited and specimen size can be large. Because of this rigid body, tunas require more space for unobstructed swimming. If situated within a space that restricts swimming, respiration can be adversely affected. Tunas are ram ventilators, obtaining oxygen for respiration by swimming with their mouths slightly open. Water is forced over the gills, providing a continuous supply of oxygen, (Roberts 1978).

A high metabolic rate is characteristic of this family, and species variation within the family exists. Several researchers (Brett and Glass 1973; Graham and Laurs 1982; Brill 1987; Dewar and Graham 1994; Freund 1999) have described the oxygen requirements for scombrids and other teleosts. A summary of the data from these references is in Table 2. It is of interest to note that the standard metabolic rate, vo2, (mgo2 per kilogram of mass per hour) for a skipjack tuna is five times greater than that of a sockeye salmon, Oncorhynchus nerka. An inverse relationship exists between size and vo2, with smaller tuna having a higher vo2 value, Dewar 1994.

Also, high respiratory rate fish produce higher levels of ammonia (Jobling 1980). The relationship between respiration rate and ammonia production is an important issue to consider when keeping high respiratory rate fish, particularly of smaller sizes. The ammonium concentration levels at the end of a 10-hour truck transport from San Diego to Monterey, California were 0.04, 0.021 and 0,016 mg-l of nh3 respectively for skipjack, bluefin and yellowfin tuna. Skipjack, with the highest respiration rate and swimming speed, demonstrated the highest ammonium excretion rate. 

Knowing the respiratory rates for specimens selected for aquarium use allows estimation of the maximum sustainable biomass. This estimate requires that the seawater supply volume (liters per minute), oxygen content of the incoming water, and the minimal acceptable level for oxygen in the return water leaving the holding facility (mgo2 per liter) be known. The difference between the oxygen content of the incoming and return water multiplied times the flow rate will give the total amount of oxygen available for respiration. This value, when calculated as mgo2 per hour and divided by the respiration rate of the fish to be displayed, expressed as mgo2 per kilogram per hour, will give a mass estimate in kilograms of fish mass.

Reported growth rates for bluefin tuna range from 0.52 – 0.71 mm per day (Koski 1967; Yukinawa and Yabata 1967; Bayliff, Ishizuka et al. 1991; Foreman 1996), and for yellowfin tuna, a range of 0.75-1.20 mm per day (Hennemuth 1961; Davidoff 1963; Anonymous 1974; Anonymous 1983; Wild 1986). These values, Table 3, are from tag and release recaptures for both species and are compared to unpublished data from bluefin and yellowfin tunas maintained at the trcc and in the tuna exhibit at mba. Captive growth rates can be calculated through a process of individually tagging each new tuna at time of collection with a passive transponder chip and recording its length. Future measurements are made either when working with the tuna in a research situation or at time of death. Length is converted to mass using published weight-length relationships, (Wild 1986; Anonymous 1991). A regression analysis of the data, 25 such measurements over a 900-day period, gives a daily mass increase of 14.3 grams per day (R2=0.787). This data is from a collection of yellowfin tuna caught in 1996, maintained at 20OC, and fed a diet equal to 29 Kcals per kilogram of body mass per day.

Knowledge of the daily increase in mass enables the estimation of the change in the biomass of fish held in captivity. This projection is essential in calculating the proper diet and food amounts to be fed to the captive tuna to maintain the desired calorie intake. As an example, for 7 yellowfin tuna collected at 4.3 kg and held for 1500 days at a growth rate of 14.3 grams per day. The total biomass at the end of this time period equals 180 kg total (25.7 kg mass per yellowfin times the number of fish). The total number of Kcals to be fed can easily be calculated by multiplying the total mass of tuna times the desired Kcals per kg per day target amount, 29 Kcals/kg. This amounts to 5425 Kcals, which can be achieved by proportioning the selected diet items (squid, smelt, and gel) to reach this level of caloric content while maintaining a low-fat diet. The gel is a vitamin and mineral rich diet supplement. This food amount is equivalent to 4.1 % of the individual body weight per tuna. Energy needs have been estimated for wild yellowfin tuna, and ranges from 3.9 to 6.7 % of body mass, ((Olson and Boggs 1986)). Proximate analysis for commonly used food items can be obtained from most food quality analytical laboratories. Examples of proximate food values are given in Table 4. Note; differences in values can occur due to size as well as between species of food items. Seasonal variations are common due to the state of sexual maturity at time of collection. 

Oxygen requirements for respiration are an important consideration in captive situations, especially in a semi-closed water system. Bioenergetics research (Elliott and Davison 1975; Boggs and Kitchell 1990) gives oxycaloric equivalents for the complete oxidation of one calorie of food. When converted to Kcals, is equivalent to 306.7 mgo2 per one Kcal of food, the conversion of a 30 Kcals per kg per day feeding reguires 383 mgo2 per kg per hour, for a population of yellowfin tuna with a total mass of 180 kg. The decrease in oxygen content after feeding fell from 94 % (7.36 mgO2/liter) to 90 % (6.6 mgo2/liter) after one hour and continued to fall until hour 15 where the lowest oxygen reading was observed, 84 % (6.2 mgO2/liter), Phillips, et al 1998. The pre-feeding oxygen level is 240 mgo2/kg/hour, which represents the metabolic rate for the yellowfin tuna at this point in time. The maximum decrease represents an additional consumption of oxygen needed for the oxidation of the consumed food. This calculated volume of oxygen is 334 mgo2/kg/hour and compares favorably to the estimated oxygen requirement for digestion of 300 mgo2/kg/hour. Stomach evacuation rates for skipjack and yellowfin tunas have been measured at 10-12 hours and compares to other piscivorous fishes with rates of between 40-50 hours, ((Magnuson 1969, Olson and Boggs 1986)). This trend reflects the additional oxygen needed for digestion and the time, 15 hours, possibly indicating the time period for complete digestion. 

The biological criteria for maintenance of scrombid fishes that have been covered in this paper are only to serve as a model and hopefully, have highlighted the importance of utilizing existing published data useful in the daily care of specimens. This list is by no means complete, only a selection has been given, for purposes of illustration.
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[image: image1.png]Table 1
Swimming parameters for three species of tuna
Species

Swimming Parameter Yellowfin  Bluefin  Skipjack

Tailbeats'sec™ 1,4 2,1 2,5
Body Lengths‘sec'l 1,1 1,4 1,7
Centimeters'sec ' 93,0 104,0 110,0

Body Length (cm) 84,0 80,0 65,0
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Sarda chiliensis
Katsuwonius pelamis
Euthynnus affinus
Thunnus orientalis
Thunnus albacares
Thunnus alalunga
Scomber japonicus

Kuhlia sandvicensis

Oncorhynchus mykiss

Oncorhynchus nerka

1 - Freund 1999
2 - Brill 1979

Table 2

Swimming
VO, Mass Speed

mgO,/kg/hr kg  lengths/sec
Pacific bonito' 427 1,03 0,1
skipjack” 412 1,43 1,8
kawakawa’ 392 0,80 1,5
bluefin tuna’ 343 9,30 1.4
yellowfin tuna™>® 287 3,60 1,0
albacore* 212 10,10 1,3
Pacific mackeral' 173 0,63 n.a.
aholehole” 150 0,09 n.a.
rainbow trout” 65 0,42 n.a.
sockeye salmon’ 83 1,43 n.a.

References
3 - Dewar 1994

5 - Brettet al 1973

4 - Graham 1982 6 - TRCC,un-published





[image: image3.png]Table 3

Bluefin Tuna Yellowfin Tuna

growth rate growth rate
Source (mm day-1) Source (mm day-1)
Wild (Bayliff etal. 91) 0,71 Wild (Anon 74) 1,20
Wild (Bayliff 93) 0,68 Wild (Hennemuth 61) 1,18
Wild (Koski 67) 0,58 Wild (Davidoft 63) 1,11
Wild (Yukinawa 67) 0,55 Wild (Wild 86) 1,07
Wild (Foreman 96) 0,52 Wild (Anon 83) 0,75
TRCC Tank 1 0,63 MBA OBW 0,53

TRCC Tank 2 0,41 TRCC Tank 1 0,37





[image: image4.png]Table 4
Proximate Analysis of Commonly Used Food Items For Tuna

Squid Sardines Anchovy
Size and average mass Small 28 ¢ Large 47 g Small 35 g Large 75g Small 11 g Large 34 g
% Protein 16,6 16,5 19,0 17,2 16,2 16,3
9 Carbohydrate 0,4 1,0 0,6 0,4 0,3 0,1
% Fat 0,6 0,6 2,1 15,3 0,9 12,9

kcal/100 g 63 66 97 208 73 182
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