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Chapter 3 Transportation of Massive Corals


CHAPTER 

3

Transportation Techniques for Massive Scleractinian Corals

The content of this chapter has been published in:

Petersen D, Laterveer M, Van Bergen D, Kuenen M. 2004. Transportation techniques for massive scleractinian corals. Zoo Biol 23(2):165-176.

INTRODUCTION

Ex situ research and mariculture requires an adequate supply of healthy, undamaged corals. This necessitates not only a careful selection of colonies regarding their general condition, but also the use of an appropriate technique to transport colonies from the field to the laboratory. One reason for the lack of information regarding the transportation of heavy scleractinians might be that most transports involve relatively small colonies (Green and Shirley, 1999). The collection of larger colonies from the field for commercial purposes and to supply public aquariums is generally not favoured in the context of coral reef conservation. However, for research purposes, it is sometimes necessary to collect larger colonies from the field or to transport colonies between institutions. The transport of heavy colonies presents several problems. The tissue of the colonies can be damaged by the weight of the skeleton when it is placed on live parts of the colony. The sharp edges of the skeleton and substrate can damage transport bags and cause leakage. The use of floating bodies to prevent the coral from touching the bag (especially the bottom of the bag) becomes ineffective when colonies weigh of more than 1,000 g (personal observation). 

We planned the shipment of 100 adult colonies of the massive Caribbean species Diploria strigosa and Montastraea annularis from Curaçao, Netherlands Antilles, to Rotterdam, The Netherlands. To be able to study reproductive behavior, we had to ensure that the collected corals already had surpassed a species-specific minimum colony size indicating that they had reached maturity  (see Szmant, 1986 and Soong, 1992). Therefore, a colony size of 20 cm was estimated as the minimum diameter per colony. With the goal of avoiding any damages and minimizing stress to the colonies, I developed a new technique to transport massive stony corals. 

METHODS

Prestudy
To determine whether the dry method (transportation without water in a moisture environment; see Bronikowski, 1982 and Carlson, 1999) would be useful for the transport of massive stony corals, a transport simulation was conducted 4 months prior to the real transport. 

Two colonies each of Diploria strigosa and of Montastraea annularis were collected in the shallow fringing reefs in front of the Curaçao Sea Aquarium in August 2001. The colonies were packed immediately after they were brought ashore, using the method described by Delbeek and Sprung (1996), with some modifications. A double plastic bag was put in a styrofoam box. Wet paper was placed on the bottom of the bag to make a soft bed, and then a layer of wet plastic strips was added. The colony was placed on top. All remaining space around the colony was filled with wet plastic strips. Before each bag was closed, 100 ml saltwater and 30 % oxygen (Nitrox) were added. The boxes were stored in an air-conditioned room (25 ºC) for 21 hr. The colonies were then unpacked and transferred to an open system aquarium to monitor behavior and survival. 

Species

Diploria strigosa is described in chapter 1, page 13. Montastraea annularis is a common Caribbean species that is frequently found in shallow reef areas. It forms massive, lobed, dome-shaped colonies of several meters in diameter. Both species were identified following Humann (1996) and Veron (2000). Special regard was given to the reclassification of the species complex of Montastraea annularis by Szmant et al. (1997).                                                        

The colonies were carefully chosen according to their general condition and colony size. Only colonies in excellent condition, which showed no mechanical damages, bleached areas, 
or ectoparasites, were collected. Only one lobe per colony of Montastraea annularis was collected.

Preparation for Transport

All of the colonies were collected from a depth of 5 - 10 m at the exposed fringing reefs in front of the Curaçao Sea Aquarium several weeks prior to transport. The colonies were broken off the substrate with a hammer and chisel. To avoiding causing damage to live tissue by direct contact, rubber gloves were worn during all handling activities. Divers then transferred the corals to a calm spot in the shallow reef near shore at a depth of 6 meters, where the colonies were stored until the day of transport. On the day of collection, they were prepared for stabilization during storage and transport in the following way: One colony after the other was brought ashore and placed in a plastic tub that contained about 50 litres of fresh saltwater. To stabilize the colonies for transport, plastic screws, to which a cross could be fixed, were cemented onto their basal plates. In the following paragraph I describe this procedure (see also Fig. 1 and 2).

During the entire procedure, one person holds the coral upside-down, using two flat sponges. Each sponge is put in a plastic bag to create a smooth surface and thus avoid any irritation of the coral by direct contact with the sponge. The colony is held upside-down in such a way that the basal plate is just emerging from the water. The weight of the colony must be equally distributed on the relatively high surface area of the sponges to prevent any tissue damage and reduce stress reactions. A second person prepares a pure, viscous mix of fresh water and Portland cement at a ratio of approximately 1 : 5. In general, Portland cement dries quickly in saltwater and can develop a permanent saltwater-resistant connection between all sorts of material. Depending on the surrounding temperature, it can dry in < 10 sec. The adhesive property increases gradually, and after 1 week the chemical reaction is complete. The cement is used to fix plastic U-shaped screws onto the dead skeleton of the colony.
Depending on the size of the colony, two to four screws are used, facing each other (this type of screw is normally used to fix electric cables in buildings). When the screws are fixed, a slight opening is left between the basal plate of the colony and the upper part of the screw. A tie wrap is subsequently inserted through this opening so that the colony can be fastened to an 
object. After the screws are fixed, the colony is put back into the sea for at least 24 hr to let the cement harden. If this is not done, both the cement and the screws will break off the colony. Each colony is then fixed to a PVC cross that is surrounded by a piece of polypropylene hose, thus forming a ring similar to a steering wheel. This construction is referred to as the “cross”. The diameter of the cross should be larger than the diameter of the colony. Each colony is fastened to a cross, using the cemented screws and tie wraps, by two divers. The corals were fixed to the centre of the cross in such a way that the edges of the colonies do not overlap the cross. Finally, the colonies are transferred again to the reef until the day of transport. 
Transport and Acclimation Procedure

The colonies were packed separately in double plastic bags. They were completely submerged by fresh saltwater (approx. 5 - 10 L), and pure oxygen (100 %) was added in a ratio (oxygen : water) between 1 : 3 - 1 : 4. The colonies were shipped in styrofoam boxes by air cargo from Curaçao to The Netherlands. They were unpacked immediately after arrival at the Rotterdam 


Zoo and slowly acclimatized to the aquarium water. During the first hour, 200 ml of water (2 - 4 % of the transport volume) were added every 10 min. After 1 hr, 400 ml of water were added every 10 min. After 2.5 hr, the corals were transferred to the experimental tanks.  

Two transports were carried out (November 2001 and February 2002). I estimated the size of each coral colony by measuring the length and width of the basal plate, and the height of each colony. The weight of each colony was also recorded.


RESULTS

Pre Study

The first four colonies that were collected and used for the transportion simulation (dry method) showed a pale area after they were transferred to the aquarium in Curaçao, probably where the tissue had touched the bottom of the bag. Although this pale area did not necessarily lead to death, we could observe tissue necrosis.  

Collection, Preparation and Transport

A total of 50 colonies per species were collected. Diploria strigosa easily breaks off the substratum at the colony edge without any tissue damages. The lobes of Montastraea annularis can be cut off the substratum a few centimeters below the live tissue of the colony. If the colonies were not fastened to the PVC crosses, the corals were relatively unstable and tended to tumble over when current or surf motion increased. Unavoidably, some colonies tumbled over between the time they were collected and fastened to the crosses. They were carefully examined for any tissue damage. In most cases, the damages healed before transportation started. Not a single colony fastened to crosses tumbled over - even when the surf motion was medium to strong. Portland cement is very effective and easily manufactured. It provides a permanent, stable connection between the colony and the screws after 24 hr (in tropical waters of about 25 ºC). By using the cross as a handle, even the heaviest colonies (> 7,000 g) could be handled above the water surface without the screw connection breaking off. The cement must be mixed carefully, however; otherwise it can disintegrate after a few months. 

The collection of each colony, its preparation for transport (fixing screws and crosses), and packaging (by 2 - 3 experienced persons) took approximately 45 - 60 min. In November 2001 and February 2002, 20 and 30 colonies of each species, respectively, were transported. 

The November 2001 transport took 35 hr, and the February 2002 transport took 37 hr (from packing until unpacking). In November 2001 the transport water had a salinity of 36.0 ‰ and a temperature of 26.2 oC; in February 2002 the salinity was 36.3 ‰ and a temperature of 25.3 oC. 

Colony Size

The colonies were measured and weighed after 3 months of acclimatization in the aquarium tanks. For Diploria strigosa, the average length was 18.3 cm (min. 12.4 cm, max. 22.8 cm), the width 16.5 cm (min. 11.2 cm, max. 21.0 cm) and height of 13.3 cm (min. 9.1 cm, max. 22.0 cm). The average weight per colony was 3,622 g (min. 2,112 g, max. 9,200 g). 

The lobes of Montastraea annularis had an average length of 14.0 cm (min. 9.1 cm, max. 19.1 cm), the width 11.1 cm (min. 6.2 cm, max. 15.0 cm) and height of 14.4 cm (min. 10.2 cm, max. 20.7 cm). The average weight per colony was 2,843 g (min. 1,810 g, max. 4,395 g).  

Post Transport Survival Rates

A post-transport survival rate of 100% was measured 2 weeks after transportation. No damages were visible. During the first transport in November 2001, several colonies of Diploria strigosa were only partly submerged during the transport. This drop of the water level resulted from the use of inappropriate filling material in between the bags. The non-submerged tissue areas were pale and covered by a thick layer of mucus. During the following day the pale areas disappeared and the tissue recovered completely. The survival rate after 8 and 4 months, respectively, for the transports in November 2001 and in February 2002 was 96 % for Diploria strigosa and 100 % for Montastraea annularis, for a total survival rate of 98 %. 

Further Development

Some colonies of both species (usually those with a ball-like shape) showed in the longer term a slow necrosis of those tissue areas that were not directly exposed to the light source (1 x 400 Watt 10 K HQI m-2, distance of lamps to water surface = 40 cm, mean distance of colonies to water surface = 20cm, 450 ± 100 μmol m-2 s-1 light exposure at the top of the colonies). This necrosis stopped after the shaded parts disappeared, leading to a stable tissue cover. The colonies with a flatter and more pyramid-like shape did not show any tissue necrosis. To avoid disturbing the colonies, growth (as determined by the weight of the colonies) was not monitored. In both species, slow growth was indicated by the edges emerging from the surrounding, dead skeleton (estimated at 3 - 5 mm per year under optimal conditions). I observed a slow, but constant decrease of alkalinity from 3.3 to 1.8 meq l-1 until November 2002. After the calcium carbonate supply was optimized by the use of larger calcium reactors and the addition of calcium chloride/sodium hydrogen carbonate, I calculated a current consumption rate of 4,000 g per month per experimental tank (water volume = 2,000 L) to keep the calcium above 400 mg l-1 and the alkalinity between 3.2 and 3.5 meq l-1. These tanks contained 30 massive coral colonies including other species (e.g. Siderastrea siderea and Porites astreoides), and approximately the same amount of smaller species (mostly Favia fragum and Agaricia humilis). 

In November 2002, I noticed an outbreak of a syndrome termed Dark Spots disease (DSD) (Gil-Agudelo and Garzón-Ferreira, 2001, Gil-Agudelo et al., 2004). Within 1 month, two-third of the Montastraea annularis colonies were infected with DSD and showed dark pigmented spots that grew rapidly, leading to tissue necrosis. To prevent a further increase of DSD, I interrupted the temperature simulation and decreased the water temperature gradually from 28 ˚C to 25 ˚C. The simulation was aimed at inducing captive spawning events. After the disease was eliminated, I started the simulation again in February 2003. I did not observe reproduction in M. annularis and D. strigosa in 2002, but a regular release of planulae in Favia fragum and Agaricia humilis during the whole period from November 2001 up to the present date.

DISCUSSION

The results show that the presented technique is an appropriate method to transport heavy coral colonies over a large distance, for a period > 30 hr. All of the colonies survived and there was no visible damage. The deaths of two colonies of Diploria strigosa that occurred several months after transport cannot be directly correlated with the transport itself. Both colonies suddenly bleached for no obvious reason and died within a few days. However, the outbreak of DSD may have been resulted from transferring the pathogen with the transported corals in the aquariums (see below).

In comparsion with the conventional submerged and dry methods, the current method requires a careful and relatively time-intensive (15 - 20 min to fix 3 screws and one cross to a colony) preparation of the colonies prior to transportation. In addition, at least one person is needed to assist during the fixing of the screws and crosses. Portland cement increases the pH of saltwater after it is manufactured; therefore, the freshly fixed corals have to be kept in a relatively large volume of water to prevent pH changes. We fixed the last cement plugs to the corals two days before the transport and did not observe any negative reaction of these corals after they had been in a relatively small water volume for > 30 hr. However, potential pH fluctuations should be considered when Portland cement is applied in closed and semi-open systems with a limited water exchange. In this context, I emphasize the importance of mixing the cement carefully with water to achieve a medium viscosity. Only a homogenous mixture of water and cement can guarantee a proper and long-lasting attachement of the screws to the colony. If they are not properly prepared, the cement plugs may decompose several months later, as I observed in some of the colonies.    

To keep the colonies submerged, 3-5 liters of saltwater had to be added to each plastic bag, which increased the transportation costs. To reduce the weight, and therefore shipping costs, it is possible that the corals could be transported using the dry method, in addition to be fixed to the crosses to insure no direct contact between the colonies (in the transport box) and the bottom of the bag. This idea was not tested in the present study, although the results of the pre study indicated it was feasible if direct contact of the tissue with the bottom of the bag could be avoided. Another observation in favor of the dry method is that unsubmerged parts of colonies showed no visible damages after acclimation. Bronikowski (1982) and Carlson (1999) suggested that the total transport time for the dry method should be < 20 hr, and no large temperature changes should occur during transport. With the dry method, there is no water (which functions as a temperature buffer) surrounding the coral. However, the experience of the Monaco Aquarium (Ounaïs, personal communication) shows that it is possible to transport large colonies using the dry method, even for transportation times of 39 hr. 

Whether the corals should be transported by the dry or the submerged method may also depend on the species. Borneman (personal communication) suggests that the dry method should be used for species that produce a lot of mucus in order to avoid increased bacteria growth during transport and thus prevent large oxygen consumption and high concentrations of metabolic toxins in the water. He further recommends that trials should be conducted with tetracycline or similar antibiotics, which reduce bacteria growth, to find out more about the influence of microbes on transport conditions and survival rates. 

The use of antibiotics may be important in eliminating and avoiding the transfer of potential pathogens that cannot be easily detected, as was the case with DSD in the present study. DSD has been increasingly observed in the Caribbean (Gil-Agudelo et al., 2004). Although DSD was present in some colonies of Montastraea annularis at the collection site, none of the collected colonies showed any abnormal pigmentation. We noticed a small dark spot in one colony of M. annularis in August 2002, 5 months after its collection, and did not observe any major increase till October 2002. In October/November the spots increased rapidly and new colonies were infected daily. Finally, we had to move all infected colonies (two-third of the stock) to a separate tank, and conduct a major water exchange (80 %) to stop the disease in the experimental setup. In addition to the relative high temperature (28 ºC), we had to assume that other factors, such as insufficient water movement and low alkalinity, might have contributed to the outbreak. Therefore we optimized these factors. The pathogen causing DSD has not yet been clearly identified. For further details on our observations regarding DSD, see Gil-Agudelo et al. (2004). In general, more research on coral diseases, adequate quarantaine procedures and medical treatments are necessary to prevent outbreaks such as those in the present study. 

In a previous study, Bronikowski (1982) drilled holes into the colony skeletons to fix them with screws to the rock framework in the exhibit tanks. Thinking this simple method might also be useful in preparing massive colonies for transport, we attempted to use it in the current study; however, it resulted in heavy mucus production, mesentery filament ejection, and even tissue damage and broken colonies. Species with massive, dense skeletons were very difficult to drill, even when we used diamond drills. Moreover, screws stuck in these holes often broke off the colony during handling.

Special attention should be given to temperature changes during transport and acclimation. Jones (personal communication) uses ice or heat blocks, depending on the shipping route used, to avoid an increase or drop of temperature. He also recommends giving the receiver of the shipment as much information as possible about the environmental conditions the corals have been exposed to prior to transport. We adjusted the aquarium water before the arrival of the corals to the temperature and salinity of the collection site. Nevertheless we observed a temperature decrease of 1 – 2 ºC in the transport bags during the acclimation procedure due to a relatively low room temperature. This temperature drop could only be stopped by adding more aquarium water to the corals per time unit. In addition to the corals, we shipped other aquatic animals (mainly grazing organisms for the experimental tanks), resulting in a total of 100 boxes per shipment. Depending on the total quantity of a transport, special attention should be given to formulating a detailed plan - especially for packing and unpacking to minimize handling time. In the present case more than 15 people helped with each, packing and unpacking to minimize handling time.

We still keep the colonies fixed to the crosses in the experimental tanks. This allows us to handle the colonies easily without touching the coral itself. The PVC crosses provide a stable basis for a permanent placement on horizontal surfaces in aquariums. 

In conclusion, deciding which transportation method to apply depends mainly on species-specific properties (e.g. mucus production), and the colony size, and partly on the maximum expected transportation. In future transports of live corals for commercial, educational, or research purposes, there will probably be a shift away from field-collected specimens towards captive propagated corals for coral farms, public aquariums, research facilities and commercial uses (Rinkevich and Shafir, 1998; Delbeek, 2001; Petersen and Tollrian, 2001). This may result in an increase of transports of cultured fragments using the dry method. Recent studies have shown that it is possible to transport coral larvae over large distances, which can be used to supply species, which are difficult to fragment (Petersen and Tollrian, 2001; chapter 4). Furthermore, newly settled primary polyps have shown high survival rates during intercontinental transports (unpublished data). In the future, the transfer of fragments, planulae, and primary polyps will not only reduce transportation costs and ensure a supply for public aquariums and commercial trade, it will also enable us to establish an international frame work of breeding centres for in and ex situ conservation (see also Petersen and Tollrian 2001; Petersen et al., 2002; and chapter 11).

The setup and maintenance of stable inland breeding stocks will further require the safe and gentle transfer of mature colonies from the field to breeding facilities, as well as between facilities. For massive species in particular, relatively heavy and large colonies are necessary to initiate reproductive events in captivity (Szmant, 1986). Appropriate transportation and handling techniques are therefore essential to minimize stress and damage to parental colonies, and prevent a lack of fecundity.  
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Fig. 1. Side view of a brain coral (Diploria strigosa) fixed on a PVC cross. The coral is positioned so that no live tissue touches the cross or the plastic bag. The drawing is semitransparent on the right side to emphasize the connection between the cross and the coral (Leen Zuydgeest, Rotterdam Zoo).





Fig. 2. View from the underside of the coral. Depending on the surface structure of the coral skeleton, a minimum of two (usually three) connections to the cross was necessary to fix the colony for transportation (Leen Zuydgeest, Rotterdam Zoo).











