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Accepted 4 September 2001 Key words: early life history, dragonet, mariculture, selective fishing, aquarium trade, conservation ABSTRACT The mandarinfish, Synchiropus splendidus, is a small, pelagic-spawning benthic dragonet of the western Pacific. Although popular in the marine aquarium trade, little is known of its fishery or biology. All aquarium-trade animals are currently taken from the wild and the impact of heavy collecting is unknown. The specialized and selective nature of the fishery for mandarinfish is described and its potential to disrupt the mating system identified. As a possible alternative to wild capture and as an aid to sustainable exploitation, egg production and early development relevant to mariculture are described, including egg output, embryo, larva and post-settlement development to 30 days, based on live material. Egg output was determined for 40 females and ranged from 12 to 205 eggs. Embryo and larva development were rapid, with settlement occurring within 14 days at 24–26◦ C, and at 3.5 mm TL. The swimbladder is retained in adults. Our limited attempts at raising the mandarinfish to settlement were encouraging and suggest an excellent potential for mariculture with implications for both conservation and improved maintenance of fish in captivity. At present, given that this species is difficult to maintain in captivity, it is only suitable for experienced aquarists. Preliminary diet information is provided.



INTRODUCTION



The mandarinfish, Synchiropus splendidus (Herre, 1927), is popular with aquarists. All fish are taken from the wild and the observation that most on sale are males, favoured for their elaborate and attractive dorsal fin, suggests a particularly selective fishery for this species. The mandarinfish is not easy to maintain in captivity, due to its dietary requirements, other than by experienced aquarists (AMDA, 2000) but is nonetheless a significant, albeit small, component of the marine aquarium trade. The species is distributed in the western Pacific, from the Ryukyu Islands of southern Japan to New Caledonia (Myers, 1999). The Philippines represents an important source of this species for the aquarium trade (Debelius and Baensch, 1994). Nothing is known of the fishery or field biology of the mandarinfish. Given concerns over the volume or manner of exploitation of certain aquarium fishes and a general lack of understanding of aquarium fisheries, studies are needed to establish the potential impacts of fishing by understanding both the biology of the animal Aquarium Sciences and Conservation 3: 253–263, 2001. © 2001 Kluwer Academic Publishers. Printed in the Netherlands.
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and the nature of the fishery (Vincent and Sadovy, 1998; Wood, 2001). Moreover, there is clearly a need for information of direct relevance to the maintenance and mariculture of S. splendidus, such as diet, early life history and development, in order to promote culture as an alternative to wild capture, and improve the ability of aquarists to maintain it successfully in captivity. Embryo and larva development have been described for several genera of dragonet. Little, however, is published on the egg production or early development of any species of the genus Synchiropus, despite the fact that the mandarinfish, S. splendidus, and the psychaedelic fish, S. picturatus (Peters), are popular with aquarists. S. splendidus spawns voluntarily in captivity and has been reared successfully (Wilkerson, 1996; Mai, 2000), suggesting that it may be one of relatively few marine pelagic spawners suitable for commercial-scale mariculture. This paper describes the fishery and early life history, including egg production, embryo, larva development and the early post-settlement period, of the mandarinfish in the laboratory and field and provides qualitative information on diet.



MATERIALS AND METHODS



Fishery The fishery of the mandarinfish was observed by YS at Batasan Island, western Bohol, in the Visayas region of the central Philippines, in December 2000. Fishers on Batasan Island specialize in the capture of this species and the area is an important source of mandarinfish in the Philippines. Fishing activity was directly witnessed, catches inspected, and fishers and traders interviewed about the current condition and history of this fishery at Batasan Island. Spawning, early development and diet Studies of the early development of S. splendidus were carried out in December 1998 and January 1999, with additional material collected in August, 1999, at Malakal Island, Palau. Complete batches of fertilized eggs from naturally spawning pairs of mandarinfish were collected at dusk from shallow, inshore, waters by gently raising a plastic bag up around a newly produced, and clearly visible, egg batch immediately after spawning. Fifty intact egg batches were collected; 40 to determine egg batch size and 10 for rearing and descriptions of development. For each batch produced, an estimate of female size was made in the field, determined to be accurate to about 2 mm total length (TL). Egg batches were collected from the full size range of females available to establish the number of eggs produced per spawning event (i.e. batch size). For determining numbers of eggs released per female, batches were coloured with the vital stain, Rose Bengal and counted under a dissecting scope. They were then returned to the sea. For following embryo and larva development, eggs were transferred to aquaria within 30 min of collection,
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the water gently aerated and temperature slowly equilibrated between collected and aquarium water. Locally collected live plankton was added daily during the first few days after yolk resorption, and then once every two days. Plankton samples were filtered to 125 µm for 1–7 days after hatching, then to 150 µm after day 8. Twenty per cent of the water was changed daily and a fluorescent strip light was initially illuminated 24 h per day to assist the animals in locating food. Salinity was 35 ± 1 ppt. No water parameter monitoring was conducted. Seven adults were collected in December, 1998, for a qualitative description of diet. To describe development, embryos and larvae were removed periodically and examined, both microscopically and from video footage. Size, colouration, behaviour and morphological features were recorded to 30 days after hatching, all based on live material. Supplementary observations were made on specimens preserved in 5% formalin that were subsequently deposited with the Coral Reef Research Foundation, Palau, Micronesia. Inshore reef areas were surveyed for small mandarinfish to determine the size at which individuals became visible in the adult habitat and to note their colouration.



RESULTS



Fishery Interviews were carried out with 11 fishers (a further 9 were also known to be active) at Batasan Island. The fishers specialize in taking mandarinfish, among other species, and had been targeting this species for between 2 and >10 years. The mandarinfish was formerly a major source of income for Batasan Island fishers where it was heavily targeted between 1987 and 1995. After the mid-1990s, market prices for this species reportedly dropped and fishing activity declined. By about 1990, average fish size had become noticeably smaller, having declined from 60 mm TL in the late 1980s, to 30 mm TL with numbers considerably reduced at local capture sites. When fish are common, fishers target the larger, more valuable, fish available, becoming less selective as numbers decline. After fishing activity declined in 1995, fish sizes increased although abundance has evidently not recovered to its former level. When fishing pressure was high, and the species common, teams of 2 compressor divers could take at least 1000 fish in 3 h. There are no compressor operations for this species currently and free divers, wearing goggles and wooden paddle-like fins, catch far fewer fish. The senior author (YS) witnessed six free-divers during 3 twilight collecting trips; the best among them took 23 fish in a 2-h dawn period, the least experienced took two. Fish are caught using a specially designed miniature speargun consisting of a thin bamboo stick of 650 mm, tipped with two parallel needles and propelled by an elasticated sling. This gear is evidently used, according to interviews, because the mandarinfish cannot be taken
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with other gears, including cyanide, and is fired directly into the side of the animal at close range; traders, however, reported a preference for a single needle because of higher mortalities when using two needles. Fishers typically dive during 1–2 h at dawn and dusk to take this species or when cloud cover is heavy since it is at times of reduced light levels that the fish emerge and become available. A typical mandarinfish fisher targets this species twice a day (dawn and dusk), and three times weekly throughout the year. Two local traders of aquarium fishes were interviewed and the animals being stored prior to shipment inspected. Currently the trade is considered to be moderate with 1800–2400 mandarinfish shipped out of Batasan Island every month. Each fisher averages 10–15 fish a day. The animals captured during the senior author’s visit, and those held by two traders, comprised about 70% males. Prior to shipping, fish are held in large shallow bowls or large plastic bags at high densities (one 5 litre bag contained about 50 fish) with no aeration but twice-daily water changes. Many of the fish appeared pale and stressed and the traders indicated that mortalities between capture and shipment can be high. Spawning, early development and diet In our field study, eggs were collected at all phases of the lunar cycle from 40 different females ranging in estimated TL from 24 to 40 mm. Eggs per batch ranged from 12 to 205. The eggs are colourless, pelagic and spherical, have no oil globules and measure 0.7–0.8 mm in diameter. The chorion surface has a distinct, disjunct, mesh-like pattern. Egg buoyancy is neutral to slightly positive, and eggs are adhesive and clumped at first, gradually breaking up into smaller masses that remain closely associated, drifting in mid-water for at least 5 min following release. The yolk is clearly segmented and the first cell division occurs within 30 min of spawning. Hatching success was high when eggs were slowly acclimated to the temperature of the aquarium water, but low if insufficient time was allowed for the collection water to reach the temperature of the aquarium water to which eggs were transferred after collection. Embryos hatch from the head end within approximately 12.5 h at 28.5◦ C and 16 h at 24◦ C. Following hatching, development was followed for 30 days in aquaria. Observations were made on live animals at 24–26◦ C, and morphological details are given in Table 1 with behavioural details as follows. By 36 h the yolk is resorbed and larvae hang motionless, or swim in short, rapid bursts, interspersed with resting periods. By days 6–7, larvae are active and feeding, often close to the water surface. Eight to nine days after hatching and at 3 mm TL, individuals settle, alternating between seeking food on the substrate or along the vertical sides of the aquarium and often exhibiting a jumping movement similar to that of small settled mandarinfish observed on the reef. Other individuals hang in the water column, head-down, while feeding at an acute angle to the vertical, the tail often curved strongly around the side of the body. On days 10–11, individuals spend most of their time on the bottom of the tank, only occasionally feeding along the vertical
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tank surfaces. Flexion occurs at this stage with settlement at 3.5 mm TL and at days 12–14. By this time, fish are active and sometimes exhibit a rapid, hopping, escape response. By days 14–16, the hopping behaviour is common. Although small rocks were provided for shelter in the aquarium, fish did not use them during daylight hours. In the field, four small individuals were observed in adult reef habitat at approximately 10 mm TL. These fish had the adult patterning of orange banding on a green body background. Body colour was variable in intensity and elaboration but generally paler in smaller individuals. Although none of these fish was tagged, it is likely that the same individuals were re-sighted several times because settled fish typically remain within a small area for periods of at least one month (unpublished data on larger identified individuals). If it was the same four fish that we repeatedly saw, then in the month following first estimation of body size, TL increased by approximately 5 mm. The diet of seven adults, determined from dissections of the stomachs of animals taken directly from the field, consisted mainly of harpacticoid and cyclopoid copepods, with varying amounts of tiny gastropods, ostracods, diatoms, foraminiferans, mysids, polychaetes and unidentified eggs.



DISCUSSION



The mandarinfish is a valued marine aquarium fish and subject to a sex-selective fishery since larger males are most attractive to aquarists and more valuable to fishers than smaller individuals. Batasan Island is a significant source of this species in the Philippines. Interviews with fishers and traders at Batasan Island indicated that during periods of heavy demand and when fish are abundant, fishing is intense and selective for larger size fish. This leads to reduced abundance and smaller mean sizes of fish available to fishers; at one point mean fish size was reported to be about 30 mm TL, close to the size of sexual maturation. Examination of fish being held by traders at Batasan Island confirmed the dominance of males in the catches, which was also reflected by strongly male biased sex ratios in marine aquarium retail outlets in Hong Kong; the size range for 24 measured fish on sale was 41–85 mm TL and at least 75% of fish were male (unpublished data). Given that the adult sex ratio of this species in the field is 1 : 1 and the size of sexual maturation for both sexes is less than 30 mm TL (unpublished data), the size selectivity of the fishery has the potential to disrupt exploited populations both by direct removals of adult fish and by the indirect effects of removing larger adult males in a mating system where females prefer to spawn with large males (unpublished data). The mandarinfish is one of the smallest of all marine pelagic spawners, with low fecundity and a relatively short pre-settlement period. Egg batch size recorded during this study varied from 12 to 205 eggs in 40 females ranging from 24 to 40 mm TL. The time to hatching is rapid and larvae are small and develop quickly. As noted for several other callionymids, these are among the smallest of all marine fish larvae
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Total length (mm)



Time after hatching and stage



Putative caudal fin transparent



Posterior end of notochord much produced beyond last myomere



Caudal fin



Heavily pigmented in yellow except for posterior quarter which is distinctly without pigment except for narrow vertical, pale, band overlaying last myomeres. Clusters of yellow chromatophores still evident although notochord posterior to myomeres unpigmented. Melanophores scattered over yellowish body especially ventro-laterally and around eyes. Vertical pale bands behind eye and over posterior-most myomeres.



Yolksac and body liberally covered with stellate and dendritic chromatophores forming three opposing clusters on dorsal and ventral finfolds. Finfold beyond last myomere unpigmented. As for 12 h.



Pigmentation



Table 1. Development of embryo and larva of S. splendidus for the first 30 days after hatching



Heartbeat and pectoral fin buds become evident. Eyes pigmented and mouth well developed. Yolk resorbed.



Oval yolk sac, 0.85 ± 0.01 at longest diameter. Black spot antero-dorsally on head that disappears by 24 h after hatching.



Other
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8–11 days, flexion stage



12–14 days, settlement stage and postflexion



14–16 days



18–21 days 30 days Caudal fin still unpigmented



6 caudal fin rays discernible; putative caudal fin without pigment. Pre-anal length >50% TL Caudal fin rays number 13



Dorsal black saddle still evident, pale vertical bar anterior to caudal peduncle, body brownish. Body colour lightens. Body darkens to orange-brown. Darker ventrally with faint greenish banding appearing on brown background, especially dorsally. Pelvic fins partly pigmented.



Solid yellow–brown to brown, melanophores visible over head and body and pale band persists behind eye. Vertical pale band persists over posterior-most myomeres with another band appearing at the level of the anus. Body pale brown with distinctive dark saddle, thicker at ends than in adjoining band, behind first dorsal fin.



Body broadening behind head. Distal edges of pelvic rays free. Head and body robust. Dorsal spines become evident.



Head large, triangular and robust, flattened dorso-ventrally. Body has adult form although preopercular spine not yet branched. Full complement of fin rays and mid-lateral ridges appear. Branchial pore has formed. Body is stocky.



Pelvic fin rays free distally and body is robust.
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recorded at hatching (Leis and Rennis, 1983; Houde, 1984). The observations that larvae hatched from the head end, and the presence of a small black dot, anterior to the midpoint of the eyes, which disappeared shortly after hatching, suggest that this species may have a hatching gland (Mabee et al., 1998). Although the adult banding pattern can be discerned in individuals of 30 days post-settlement and 7.5 mm TL, it is not until the second month that the adult colour pattern begins to develop when TL attains 10–15 mm (Mai, 2000). At our field study site, individuals with the elements of adult colouration were seen on the reef at 10 mm TL. Of particular note, the swimbladder is not lost and persists into the adult phase (unpublished data); this is significant inasmuch as the absence of a swimbladder has been used as one of the defining characteristics of the Order Gobiesociformes, within which the family Callionymidae is placed (Gosline, 1970). Mandarinfish show many characteristics of early development described in other genera of dragonet; eggs of callionymids are typically spherical and planktonic, and range from 0.6 to 1.0 mm in diameter with no oil globule, have partially segmented yolk and most have a polygonal pattern on the chorion. The pattern of the chorion of S. splendidus, however, is somewhat more disjunct than that noted for other callionymids (Mito, 1962; Russell, 1976; Miller et al., 1979; Takai and Yoshioka, 1979; Takita, 1980; Eda et al., 1994a). The eggs are lightly adhesive and buoyant and hang together as they drift away from the spawning site; buoyant, adhesive egg masses that break up into individual pelagic eggs prior to hatching have likewise been described for Callionymus calliste (Jordan & Fowler) (Takita, 1983). Hatching is similarly rapid in other family members, 11 h (29◦ C) for C. calliste (Takita, 1983), about 14 h (26◦ C) for Diplogammus pauciradiatus (Gill), 18 h for Repomucenus huguenini (Bleeker) (26◦ C) and 27 h for Repomucenus (=Callionymus) beniteguri (Jordan & Snyder) (20–23◦ C) (Takai and Yoshioka, 1979; Harrington, 1996). Callionymid larvae are distinctive and easy to recognize in both coloration and behaviour. In several species, larvae initially hang upside-down, as in the mandarinfish, and the early pigmentation is heavy and yellowish, subsequently becoming darker. However, comparative descriptions of colour changes are few since most descriptions are based on preserved, rather than live, materials (e.g. Mito, 1962; Russell, 1976; Takita, 1980; Eda et al., 1994a). Time from hatching to settlement is typically rapid in dragonets and they settle at small sizes, ranging from 4.0 to 10 mm TL in 18–20 days (21–25◦ C) (Russell, 1962; Takai and Yoshioka, 1979; Eda et al., 1994a,b, 1997). In the mandarinfish, time to settlement is approximately 14 days at 24◦ C. The results of this study and other reports on the mandarinfish, and related species, indicate that, like other dragonets, the mandarinfish is a promising species for mariculture. Although the eggs are apparently sensitive to rapid temperature changes, as also noted for R. beniteguri (Kashiwagi et al., 1993), and batch sizes sometimes small, once they hatch the larvae appear to be quite robust, settlement is rapid and mortality low. In one facility, mandarinfish larvae were fed successfully on a midget strain of rotifer, Brachionus plicatilis (Wilkerson, 1996), in another on a mixture of copepod and other larvae, then Brachionus and, at 16–18 days on freshly hatched Artemia nauplii (Mai, 2000). Previous observations of captive
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spawning in a number of other callionymids, and success in rearing several species to settlement (e.g. Takita, 1980; Takita and Okamoto, 1979; Takai and Yoshioka, 1979; Takita et al., 1983; Eda et al., 1994a, 1997; Gonzales et al., 1996), strongly suggest that, of marine pelagic spawners, the species in this family are among the easiest to culture and, hence, are also particularly suited to studies of larval development. Indeed, Callionymus lyra L. was one of the first marine fishes to be spawned and raised in captivity, over a century ago (Holt, 1898). Unfortunately, the mandarinfish are not easy to maintain in captivity due to their dietary requirements, and indications are that growth in the first year might be slow in captivity (Wilkerson, 1996). Our findings, based on gut analyses of 7 wild fish, of a mixed diet for the mandarinfish were similar to those of Sano et al. (1984) for Synchiropus ocellatus (Pallas) which diet includes harpacticoid copepods, polychaete worms, small gastropods, gammaridean amphipods, ostracods and fish eggs. In captivity, mandarinfish are most successfully maintained by continually supplying healthy live substrate that might include many dietary items, and by avoiding competition with species of similar diet or which are aggressive (Michael, 2000). In the field, this species feeds continuously during daylight hours, pecking selectively at food items trapped on coral substrate over a home range of many square metres (unpublished data). Like most fishes marketed for the marine aquarium trade, mandarinfish are currently taken exclusively from the wild, and, like many, are also difficult to maintain. There is some concern that fishing can affect natural populations of exploited marine fishes, not only from direct removals of adults, but also from indirect effects on the mating system (Vincent and Sadovy, 1998; Wood, 2001). Very little is known, however, of the effects of fishing on any species taken for the marine aquarium trade and research is clearly needed to address this question. The potential of the attractive and popular mandarinfish for mariculture, therefore, is promising both as a marketing attraction for environmentally aware aquarists as well as a possible conservation measure. Ultimately, culturing such sought-after species could take pressure off wild stocks, reduce wasteful losses from capture, holding and shipping, and may significantly reduce mortality in captivity through development of improved feeding and maintenance conditions. Given that this species is difficult to maintain in captivity, it should only be kept by experienced aquarists. In general, there is an urgent need to carefully examine the suitability of such difficult-to-keep aquarium fishes (Wood, 2001) with a view to eliminating those that are inappropriate for the marine aquarium trade to reduce wasteful mortality and promote a greater responsibility in both selling and purchasing such species.
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The role of new materials in the development of magnetic 

actuators, including shape memory alloys such as Ni2MnGa, magnetic-martensitic materials .... 0 (e.g. iron), N = âˆ’2 for cubic anisotropy with K < 0 (e.g. nickel).
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Performance analysis of the Early-Est software within the tsunami 

Within this context it is important to have a reliable estimate of the uncertainties of the earthquake epicenter location, depth and magnitude. Early-Est (EE) is a ...
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The embedding of the self in early interaction .fr 

young child learns that he/she is required to display different ... child, that is, versions of the self presupposed in the caregivers' ... As others have noted there seems a considerable, and possibly unbridge- .... identifying procedures, technique
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Deepâˆ’water chondrichthyans from the Early Miocene of the Vienna 

Jan 1, 2011 - Finally the residue was wetted in a solution of sodium pyrophosphate and cleaned by ultrasound. This method completely removed sediment, ...
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11 The early Khmers occupied the middle course of ... - Devaraja 

fertile when properly irrigated, was put under rice cultivation. The latter ...... The lictors accompanying them carried the fasces and axe, symbols of omnipotence.










 


[image: alt]





(otoliths, teeth) from the Early Miocene of the Aix-Basin 

1978,. NURY 1988). COMTE (2000), however, analysed in detail the. Rodent fauna from the locality â€œVenellesâ€�, which is situ- ated 6 km NNE' of Aix-en-Provence ...
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THE EARLY HISTORY OF THE LAP AND SHOULDER, THREE 

The early development of restraints for light aircraft and for road vehicles had ... third stage in the history of restraint systems development is characterized by.
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The Format of Representation of Recognized Words in Infants' Early 

INFANT BEHAVIOR AND DEVElOPMENT 19,463-481 (1996) ... representations infants use to code words they recognize. ... underspecified and suggest that they are ail the more underspecified when infants ... are grateful to Catherine Best, Juan Segui, and 










 


[image: alt]





discussion on the sustainable development of scenic 

scenic spots sur le developpement stable des endroits pittoresques report by canadian social ... Kindle or iPhone, there are more options now than ever before.
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1. The development of modern Tenjiku rules 

About 2000 Colin Adams found out that sente. (the side that starts the game) gets an almost won position by playing correctly. Late in 2000 therefore Edi Werner ...
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Highlights From The History of Airfoil Development 

DEVELOPMENT. By R. T. Jones (EAA 114934). Senior Staff Scientist. Ames Research Center, NASA. Moffett Field, CA 94035. 0,'UR UNDERSTANDING OF ...
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The development of social creativity - Modevaiia 

negotiation strategies (0) impulsive, (1) unilateral, (2) reciprocal, and (3) collaborative/cooperative. In addition, Yeates and Selman explain how transitions occur.
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Design and development of the Micro Aerial 

Philip Sammons, Alfred Win Lin Hu, Tomonari Furukawa. ARC Centre of Excellence for Autonomous Systems. School of Mechanical and Manufacturing ...
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supporting the development of r pdf 

Acorn Wood Rabbits Nap, Tarot Book, and many other ebooks. Download: SUPPORTING THE DEVELOPMENT OF R PDF. We have made it easy for you to find ...
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Design and development of the Micro Aerial 

In the first test, the MAV prototype was found capable of providing 400g lift force ... prototype was found robust to horizontal wind through wind tunnel tests and ...
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