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Results of the Royal Society Indian Ocean Deep 
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*Marine Biological Association, Plymouth, Devon 

tNational Institute of Oceanography, Worniley, Surrey 
$ Dove Marine Laboratory, Cullercoats, Northumberland 

jlPeabody Museum, Yale University, New Haven, Connecticut, U.S.A. 

(Communicated by F. C. Fraser, F.R.S.-Received 23 March 1970) 

[Plates 52 and 53] 

During a 6-week Royal Society Expedition in the western Indian Ocean 638 fishes were 
caught on drop lines worked chiefly at night at depths between 100 and 1000 m. Many of 
the species caught wore rare or unrecorded from the area. The primary aim of the Expedition, 
to find specimens of the coelacanth Latimeria and thereby extend its known range, was not 
fulfilled. One teleost, the lutianid Etelis marshi, and a squaloid shark, Centrophorus sp., 
were particularly common, accounting for 60 % of the total catch; the remainder comprised 
24 teleost and 11 elasmobranch species. Details are given of the itinerary, the fishing gear, 
fishing methods and the individual species caught, together with a brief discussion on the 
effect of depth, height of hooks abovo the sea floor and geographical position on the com- 
position of the catches. 

INTRODUCTION 

A deep line-fishing survey of various islands and offshore banks in the western 
Indian Ocean was made during January and February 1969 by a Royal Society 
Expedition. The primary objective was to search for the coelacanth, Latimeria 
chalumnae Smith, 1939, in the hope of extending its known geographical range. 
The first reported specimen of this species was trawled from 40 m depth near the 
mouth of the River Chalumna, East London, S. Africa (Smith I939). All sub- 
sequent coelacanths (40 or more) have come from Anjouan and Grande Comore, 
in the Comoro Islands. The submarine profiles of these two islands are very steep 
and there are no offshore coral reefs. The Comoro Islands were not among the 
areas fished by the expedition, but those selected also had steep profiles, although 
many were fringed by coral reefs. These areas lie within the influence of the 
westerly flowing Equatorial Current. To the west of the Comoro Islands this 
current divides into northerly and southerly components but at the southern 
boundary of the islands there is a weak easterly flowing counter current (Admiralty 
I958). 

The survey was carried out from F.R.V. Manihine (109 ft O.A.; 208 G.T.), 

chartered from the East African Marine Fisheries Research Organization, and 

? Present address: National Institute of Oceanography, Wormley, Surrey. 
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the itinerary was arranged to include as many suitable areas as possible within 
the 6 weeks available. Although no specimens of Latimeria were caught, the data 
collected on other species affords a useful contribution to the little known fish 
fauna of these deep slope areas. 

ITINERARY 

Yanihine sailed from Mombasa on 4 January 1969. Full details of the voyage 
are given in table 1, and the track chart shown in figure 1A; the fishing positions 
are shown in figure 1 B. The voyage was completed on 14 February 1969. 

TABLE 1. DETAILS OF VOYAGE AND FISHING 

fishing data 

depth 
no. no. no. range 

date position nights hours lines (m) 

7-8 Jan. Aldabra, E of settlement < 1 74 6 330-910 
8-10 Jan. Assumption, W side of island 2 53 54 170-1010 
11-12 Jan. Geyser Reef, W side 1 211 20 310-1040 
12-17 Jan. Zelee Bank, SW and N sides 5 681 86 140-950 
18-19 Jan. Astove, N side of island 1 13 20 160-480 
20-21 Jan. Providence, WV side of island 1 15 13 180-550 
21-22 Jan. 12 miles S of Cerf island 1 13 9 210-510 
22-25 Jan. Farquhar, SE, SW and N of island 3 49 45 130-880 
26-27 Jan. Off Diego Suarez < 1 141 16 260-550 
29 Jan.-l Feb. Castor and Leven banks, 3 positions 3 57 90 180-730 
1 Feb. Cordeliere Bank, N end < 1 81 12 230-730 
2-3 Feb. Astove, E and SE sides of island 1 181 21 180-550 
3-7 Feb. Cosmoledo, E and S sides of atoll 4 76y 88 180-590 
7-11 Feb. Aldabra, S side of atoll, 3 positions 4 61j 83 180-730 

METHOD S 

Admiralty surveys have shown that the bottom gradients in the areas fished 
were frequently 25 to 35O. Since coral debris is thought to be unstable at more 
than 250 slope (Shepard I967) it seems likely that the sea floor in the areas fished 
was mainly rock, or consolidated coral debris, with at least occasional large 
pieces of dead coral carried down from the reef fringes. Fishing on such a rough 
rocky bottom with steep gradients precludes the use of any form of trawl or 
bottom net, and to try a conventional bottom longline would probably have 
entailed an unacceptable rate of loss of gear. It seemed preferable therefore to 
work a number of separate buoyed vertical lines, each with a small number of 
hooks fishing within 20 m of the bottom. These lines could be set and hauled in 
rotation, thus keeping at least a moderate number of hooks fishing during any 
one period, only a small proportion of which could be put out of action by a large 
shark. A similar method was used on steep bottom slopes off the Cook Islands 
(Powell I964). Off the Australian continental slope, Cowper & Downie (I957) 
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found that a single line with 25 hooks lowered to the bottom, but not moored, 
could fish more effectively than a bottom longline of 200 hooks. 

It was planned to fish in depths ranging from 100 to 1000 m, which would 
more than cover the present depths recorded for Latimeria-150 to 600 m 
(Millot & Anthony I960). As Latimeria has only been caught at night, a greater 
emphasis was placed on night fishing, and steaming to new grounds was carried 
out in daylight hours whenever possible. 

Fishing gear 

Details of one line are shown in figure 2. Breaking strains of all materials and 
fittings were ascertained and the gear arranged, as far as possible, with the 

5.O m 

~~-------- Swivels 

2.5m 

Snood (branch line) 

FiGuR.E 2. Details of one line, also showing the plain tuna hook and tuna circle hook below. 
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strength of the components diminishing towards the hooks. The breaking strain 
of the main line-18 mm (i in) circ. polypropylene fibrefilm rope-was about 
499 kg (1100 lb). The main line ended in a swivel to which was attached a 5 m 
length of sekiyama-a Japanese tuna longlining component (1.5 mm galvanized 
9-strand steel wire tightly served with cotton twine-181 kg (400 lb) B.S.)- 
and subsequently five 2- m lengths of sekiyama interconnected by swivels with 
a snood shackled in at each junction (figure 2). The snoods, of about 1 m length, 
were composed of two parts joined by a swivel. The first part was made up of 
sekiyama, and the second of nylon covered flexible stainless steel wire of 136 kg 
(300 lb) B.S. Brass ferrules were used to connect the wires and sekiyama. The 
hooks were either Mustad-Tuna circle hooks (no. 3)-or Japanese tuna hooks 
(3.6 sun). The sinkers used were generally 2.7 m (9 ft) lengths of 16 mm (5/8 in) 
chain weighing about 16 kg (35 lb). The chain was cut into 0.9 m (3 ft) and 1.8 m 
(6 ft) lengths allowing the weight to be adjusted to suit different conditions. The 
sinker was attached to the line by a weak link consisting of either twine or a no. 
2/0 barrel swivel 41 kg to 45 kg (90 to 100 lb) B.S. The main line was attached 
to a buoy line bearing various floats and a dan buoy (figure 2). Flashing lights 
with photo-cell control were attached to the dan buoy poles. Apart from occasional 
battery failures the lights were most helpful in recovering the lines after dark. 
It was found important (p. 372) that the total buoyancy of the floats on the surface 
should be well in excess of the strength of the weakest link. 

Bait 
The bait consisted of herring or squid (Loligo sp.) which was sent out from 

the U.K. in frozen condition. Both were found to be quite satisfactory. Fishing 
experience showed that herring was possibly more attractive, if a little softer. 
Therefore a half herring together with a small piece of squid on the tip of the 
hook was generally used. A few baits of the gempylid Promethichthy8 prometheu8, 
and flying fish were tried, but did not appear to produce any better results. 

Fi8ghing operation8 from the Manihine 

The lines were shot by paying out the baited hooks and main line, with the 
ship drifting slowly. The main line was divided into 250 m lengths; if the depth 
exceeded 220 m, extra lengths were tied on to provide a scope of 1.2 to 2.0, 
depending on the depth and tide. The main line was attached to the buoy line 
and cast off. After a fishing time of generally 1 to 3 h (see p. 373), the lines 
were hauled from the fore deck on the starboard side, using the ship's IZUI tuna 
longline hauler in low gear (about 90 m/min). It was fortunate that Manihine 
possessed a powerful bow searchlight which assisted manoeuvring the ship 
alongside the buoys at night. Several large fish were lost during hauling and it 
would have been advantageous if the two hauling speeds could have been reduced 
to half, i.e. 90 and 45 mrmin. During hauling the main line was coiled by the 
line hauler on a long table and the coils stacked. The hook line carrying the 
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snoods was hand hauled and any fish taken lifted aboard through a door in the 
bulwarks. Japanese woolleni. fishermen's gloves were found useful while hauling 
or shooting the hooks. All fishing data, including length, weight and sex of the 
catches, were recorded on standardized log sheets. 

The currents encountered appeared to be mainly tidal, and were not a major 
source of difficulty since it was usually possible to select fishing positions out of 
their main streams. Nevertheless, the lines were frequently moved by currents 
and occasionally the chain sinker would foul a rock or obstruction. The drag 
of the current on the line, especially a deep line, was sometimes sufficient to over- 
come the buoyancy of the surface floats. Four complete lines and 35 sinkers were 
lost. It was observed that dragging of the lines and consequent loss of gear was 
usually worse during periods of the highest spring tides. 

Small boat fishing 

The small boat (figure 6, plate 52) was a standard 4.5 m (15 ft) open boat built 
in Devon to a Norwegian design. It was driven by a 12 h.p. outboard motor and 
equipped with a portable winch for line hauling powered by a 3 h.p. air-cooled 
petrol engine. The boat was built with a foam-filled double bottom giving 
136 kg (300 lb) buoyancy. Additional flotation was installed in the form of 
dinghy buoyancy bags under bow and stern thwarts and inflated P.V.C. fenders 
along tho gunwales. For night fishing a battery-operated lamp was mounted on 
a 1.8 m (6 ft) pole at the stern to illuminate the fore part of the boat. The fishing 
line used was 16 mm (5/8 in circ. polypropylene rope (approximately 272 kg 
(600 lb) B.S.) of which the line hauler drum could take 450 m without difficulty. 
Two hooks were fished from tho line, one on the bottom and the other about 
2 m above. The line was hauled at approximately 40 m/min. A lower gear giving 
about 15 m/min hauling speed was incorporated in the winch in case a large 
fish was taken. However, in practice it was found that the hauler was sufficiently 
powerful to pull sharks of up to about 2 m length at the higher speed providing 
that the fish was played initially by slipping the friction clutch. 

The chief difficulty experienced in this small boat fishing was that of judging 
the depth. A m-arker buoy was normally moored in about 180 m as a guide, but 
because of the steep bottom gradients the actual depth at the marker buoy might 
vary considerably. Consequently it was often necessary to fish a set distance 
away from the marker buoy. To estimate such a distance from the sinlgle light 
of the buoy was difficult. Observation of the marker buoy also helped in judging 
the cuirrent: if this was seen to be appreciable the boat would be taken some 

way up stream before shooting the line. The great advantage of the small boat 

fishing was that bites were readily felt even at depths of 220 m or more and the 
line could be hauled as soon as a fish was judged to be hooked. It was remarkable 
how rapidly bites were felt often within a few seconds of the sinker reaching the 
bottom. Fishing was found to be satisfactory only in light winds of not more than 
force 3. Above this strength, unless very close in under the lee of an island, the 
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line would usually drag badly, making it difficult to feel any bites. This dragging 
might have been reduced if a small grapnel had been used to anchor the line 
instead of, or in addition to, the chain. 

The results of the small boat fishing are given in appendix 2. 

Measuring and preserving the catch 

Each fish was measured and weighed in the fresh-wet condition shortly after 
being unhooked from the line. Lengths were measured with a sliding arm caliper. 
In teleosts fork-length (F.L.) was taken, while in elasmobranchs total length (T.L.) 
was measured. Weighing was carried out on a steel yard, to the nearest 0.5 lb, with 
the subsequent conversion of the result to metric units. After weighing, the fish 
were opened ventrally and the sex, state of gonad maturity, and stomach contents 
recorded. Gonad maturity of teleosts was assessed by six stages for females (I, 
VII/II, II, III/V, VI and VII) and 4 stages for males (I, II/V, VI and VII), after 
Merrett (in prep.) (see appendix 4). 

Owing to the limited storage capacity for specimens, not all the catch was 
preserved. A representative collection was, however, made and preserved in 
12 % formol-saline. In nearly all cases the specimens were large and, in teleosts, 
this necessitated liberal intramuscular injections of preservative. In elasmobranchs 
it was only found necessary to remove the liver. For convenience the elasmo- 
branchs and teleosts were preserved separately. 

RESTULTS 

A full analysis of the various factors affecting the fishing catch rate-bait, type 
of hook, duration and depth of fishing, weather and currents-is not possible 
since the gear and methods were slightly modified from time to time in the light 
of experience. However, the data are sufficiently detailed for some of the factors 
to be discussed. 

Analysis of catch 

The effect of duration of the fishing time on the percentage catch rate at 
various depth ranges is shown in figure 3. Details are not available for all durations 
at all the depths fished but it is clear that at depths of less than 600 m, the 
maximum or near maximum catch rate was obtained after the hooks had been 
at the required depth between 1 and 1- h. Little or no advantage was gained 
from increased fishing times. A standard time of 1- h fishing duration was aimed 
at; an aim which appears to have been justified. 

An analysis of the total catch, in relation to the distance of the hooks from 
the sinker, is shown in figure 4A. The measurement used was the distance above 
the sinker at which the snood was attached to the line. The actual heights of the 
baits (above the bottom) would vary with the current and would probably have 
been often no more than half this measurement. For the whole catch it can be 
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seen that the highest percentage catch rate was recorded from the hooks fished 
theoretically either on or close to the bottom. As the distance of the hook from 
the sinker increased, so the percentage catch rate decreased to a fairly uniform 
level of about 10 % for hooks fished 15/20 m or more from the sinker. The decrease 
in percentage catch rate with increased height from the bottom is less marked 
in the teleosts (figure 4B) than the elasmobranchs (figure 4C), showing very little 
difference in catch rate over the range 0 to 7.5 m. Etelis marshi, the most frequently 
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height of the hook from the bottom. 
A total of 564 fish were caught on the 2512 hooks (548 lines) fished, an overall 

percentage catch rate of 22.5 %O. A list of the species caught is given in table 2, 
with a breakdown by species of the numbers and percentage catch rates for each 
depth range. The numbers of fish and the numbers of hooks fished at each depth 



Indian Ocean deep slope fishing 375 

range are illustrated in figure 5A, and the percentage catch rates in figures 5B and C. 
There was a steady decrease in the overall percentage catch rate from the surface 
to approximately 700 m. Below this depth, since only a few hooks were fished at 
each depth range, the percentage catch rate is less meaningful; however, from 
500 m down this was relatively uniform, in the region of 10 %. The overall 
percentage catch rate is also shown (figures 5B and C) divided into the rates for 
teleosts and elasmobranch.s. The teleosts were dominant in the shallower depths, 

50 8 (A) (B) (C) 

40 } go 

30 11 

25 89 

20 109 

0 15 178 

0 12.5 90 

? 10 279 

i 
7.5 350 

5 ;527 

0 . 346 

0 10 20 300 l1 15 0 5 10 15 

% catch rate 

FIGURE 4. Variations of percentage catch rate with distance of hook from sinker. A The total 
catch together with the number of hooks set at each distance. B. The catch of teleosts 
with catches of Etelis marshi superimposed (hatching). C. The catch of elasmobranchs 
with catches of Centrophorus (granulosus group) superimposed (hatching). 

but the catch rate steadily decreased with depth, with only a few fish being 
caught below 500 m (table 2). The elasmobranchs showed the opposite tendency: 
few or no fish were caught in the shallower depths, but the catch rate increased 
with depth. There was only a slight decrease in catch rate below 500 m. The rise 
in percentage catch rate at 800 m is based on a total of six fish and is only possibly 
indicative of a higher population density. 

For each of the main areas, the species and numbers of specimens are given 
in appendix 1. As the number of hooks fished and the fishing time at each area 
was variable and relatively low, it is difficult to make comparisons between the 
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areas for most of the species. However, considering the total catch, the overall 
differences between the areas are to some extent reflected by the percentage 
catch rates. The percentage catch rate around the islands was in the region of 
20 %, with the obvious exception of Assumption Is., where 12 % was recorded. 
This may be explained by the fact that a larger proportion of the hooks were 
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FIGURE 5. Variation of catches and percentage catch rate with depth. A. The number of 

hooks fished at 100 m depth intervals (hatched area) with numbers of fish caught 
(black area) superimposed. B and C. The thick line shows the total percentage catch 
rate at 100 m depth intervals, and the stippled area the percentage catch rate for teleosts 
(B) and for elasmobranchs (C). 
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fished at the greater depths (35.5 % below 500 m, compared with an overall 
average of 18.0 %). Similarly, more deep hooks were fished at Zelee and Geyser 
Banks (34.2 %) than at Castor and Cordeliere Banks (8.2 %) which would to 

some extent explain the difference in catch rates recorded (22 and 35 0 respec- 
tively). Based on percentage catch rate, Castor & Cordeliere Banks had the most 
abundant fish fauna, whereas Aldabra Is. was slightly richer in numbers of species 
than elsewhere. 

Analysis of species 

The details of the distribution of each species by depth and area are given in 
table 2 and appendix 1. For most of the species, only a few specimens were 
obtained. The details of these are summarized in table 3. As stated above, it is 

difficult to make comparisons for individual species between the different areas. 
However, for the few species of which large enough numbers were caught, some 
differences are clear. Centrophorus (granulosus group, see p. 389) was more abundant 
on the banks than around the islands, as was Squalus (blainvillei group, see p. 390) 
which was most common on Castor & Cordeliere Banks and off Diego Suarez. 
Slightly greater catch rates were also obtained for Etelis marshi from the banks 
compared with the islands; the differences were not as great as those found for 

Centrophorus (granulosus group). 
A few lines were fished from Manihine whilst drifting but only one fish Pristipo- 

moides, was taken. In addition to lines which dragged and suffered damage or sank, 
at least 32 lines drifted offshore and were recovered safely, usually with all baits 

intact; only five of these lines took any fish. Other lines drifted inshore and 

caught shallow water species, e.g. Lutianus bohar and Lethrinus nebulosus. The 

recorded fishing depth of these few lines may thus have been greater than the 

depth at which the fish were taken. It was not always possible to check the depth 
when lines were being hauled. 

Of the species represented in the catches, only the following were caught in 
sufficient numbers to be considered in detail. 

Etelis marshi (Jenkins), 1903 

Number caught. 224 (table 2B); 20 from small boat. 
Total weight. 1899 kg (202 weighed). 
Locality. The species was caught in all areas fished (appendix 1). 
Depth range recorded. 130 to 485 m. 
Size. The length range of specimens caught was 385 to 1110 mm (mean 792 mm, 

S.D. 133 mm) and the weight range was 0.9 to 27.2 kg (mean 9.2 kg, S.D. 4.3 kg). 
The length and weight frequencies of the catch are shown in figure 10. The mean 

sizes of the separate sexes (738 mm, S.D. 90.5 mm and 7.23 kg, S.D. 3.12 kg for 

90 males and 855 mm, S.D. 117 mm and 11.05 kg, S.D. 4.57 kg for 100 females) 
show larger females than males in the sample caught. The weight-length relation- 

ships are given in figures 11 and 12, and the formulae calculated as: 
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FIGu1RE 10. The weight (A) and length (B) frequencies of the total catch of Etelis marshi. 
The thick line denotes the total number of fish per 5 kg or 100 mm group including 
a small number of unsexed fish. Numbers of d fish shown in hatched area and $ fish in 
stippled area. A. Total number 202 (90 X, 100 Y, 12 unsexed); B. Total number 
212 (93 <K, 101 Y, 18 unsexed). 
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males: g W = 3.07 lg L-7.97 (95 % confidence limits of exponent of L = 2.91 
and 3.23), 

females: lg W = 2.89 lg L- 7.47 (95 % confidence limits of exponent of L = 2.69 
and 3.09), 

where W is the weight of the fish in kg and L is the length in mm. One spent 
emale fish was not included. 
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FIGuRE 11. Length/weight relationship for & Etelis marshi. 

Reproduction. The observed sex ratio of 94 &: 101 ? was found not to depart 
significantly from a 1: 1 relation. The frequency of gonad maturity stages recorded, 
as shown in table 4, indicates that the population sampled was in the main 
sexually mature, and that the majority were close to breeding condition during 
the fishing period. No data were collected on the extent of the breeding season. 

Distribution and abundance. The species was first recorded in the area by Smith 
(I 954) from catches in 90 to 145 m depth off Kenya. Occasional catches only were 

25-2 
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made. The species is cited by Smith & Smith (I963) as being a likely inhabitant 
of the waters around the Seychelles archipelago, based, presumably, on the 
above evidence. It should be noted that it was not recorded during the demersal 
fisheries survey of the Mauritius-Seychelles groups (Wheeler & Ommanney I953), 
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FIGURE 12. Length/weight relationship for S? Etelis marshi. 
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nor during extensive demersal fishing to depths of 185 m by the East African 
Marine Fisheries Research Organization along the coasts of Kenya and Tanganyika 
during the period 1954-9 (EAMP:RO Ann. Rep. I954-5, I955-6; Williams 1958; 
Morgans I964). However, Fourmanoir (I96I b) recorded Etelis marshi in the 
Mozambique Channel; from Anjouan in the Comoro Is., and from near Nosy-Be 
off northwest Madagascar. Powell (I964), using similar 'drop' line techniques to 
those used in the current survey, states that E. marshi is only caught on rare 
occasions off Rarotonga, Cook Is. The high proportion of this species in the 
present catches (40 %) is therefore noteworthy. 

TABLE 4. ETETLIS MARSHI 

gonad stage males females 
- -- - --^--- A I - - J 

& 9 no. size range /mm no. size range/mm 
I 1 1 630 1 385 
- II - - 20 521-984 

II/V 63 567-969 - - 

- III/V - 70 587-1060 
VI VI 26 584-874 4 820-1110 
VII VII 1 700 3 790-900 

total no. 91 - 98 

Sufficient data were collected to provide an indication of the depth distribution 
of the species in the area. The numbers and percentage catch rates for the four 
depth intervals in which the species was caught are shown in table 2. The peak 
abundance is shown to be in 100 to 199 m (14.4%) and 200 to 299 m (16.0?%). 
The apparent abundance of the species from the shallowest depth range is probably 
accounted for by the insufficient fishing effort. From the percentage catch rate 
in 100 to 199 m it would seem likely that the species is present, at least, in the 
deeper part of the 0 to 99 m depth range. Fourmanoir (I96Ib) cited a single 
depth record of 230 m for the species. 

Swimming layers. The percentage success of each hook by its distance from the 
sinker was plotted (figure 4B). There is a peak in abundance at 7.5 m from the 
sinker (see p. 374). 

Body temperature. The minimum intramuscular temperature of seven specimens 
was taken immediately on capture. This varied between 8 and 15 'C through 
the observed depth range of the species. The water temperature of this range, 
taken from four bathythermograph readings, was of a similar order. 

Food. A comprehensive study of the stomach contents of E. marshi was not 
possible. In nearly all cases the stomachs were everted as the fish was hauled to 
the surface, and the contents lost. Such collections as were made consisted 
mainly of cephalopod material. These came from six fish only. Five specimens 
contained a total of four octopods and two decapods (Histioteuthis sp. and 
Symplectoteuthis oualiensis), while the last contained a large and unknown 
bathysquillid stomatopod (Ingle & Merrett in press). All these food items were 
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collected from the throat or gill rakers, probably regurgitated during the ascent. 
It is possible that such animals are more likely to be retained in the throat in 
this way than, for instance, fish. The recorded food items are therefore thought 
not to be representative of the complete diet of this species. Supporting this 
suggestion, one 13.5 kg E. marshi was caught with the head of a smaller specimen 
in its mouth and still on the hook. 

Remarks. The overall percentage catch rate of E. marshi during the survey was 
8.9 % (table 2B), although this was nearly doubled within the depth range of 
peak abundance. Geographically the species was caught in all areas sampled. 
Since the overall mean size of the sample was approximately 9 kg it is reasonable 
to suggest that such a stock would provide a sufficient resource for exploitation 
by a small commercial fishery. Although the distribution of the species is apparently 
confined to a moderately narrow band on the steeply sloping sides of the islands 
and landmasses in the area, concentration of fishing effort in this zone should 
produce considerably higher catch rates than during the present general survey. 
This was indicated by the results of the fishing operations from the small boat 
in this survey (appendix 2). Here, the effort was concentrated between 40 and 
350 m depth, and the line was hand held and fished with only two hooks. The 
small boat was only used at night under calm conditions and bites could be 
detected without difficulty from the surface. Often fish were caught immediately 
the sinker chain reached the bottom. Thus a high total catch rate, was sustained. 
The highest percentage catch rates came from the shallower part of the fishing 
range. Although E. marshi represented only 28 % of the total catch, the main fishing 
effort was not within the depth range of abundance of the species. At these depths 
this method would be productive with little capital outlay in boats or equipment. 

The identity of the specimens of E. marshi caught during the present survey 
was readily confirmed from the type description (Jenkins I903). Detailed morpho- 
metric data are, however, sparse in the literature, and only a single specimen 
has been doscribed from the equatorial western Indian Ocean (Smith I954). 

Morphometric data, therefore, for three specimens from this area are given in 
appendix 3. However, mention should be made here of the salient features of 
E. marshi useful in distinguishing it in the field from E. carbunculus (figure 8, 
plate 53). The former is a heavier-bodied fish, with a steeper snout profile and lower 
gill raker count on the ceratobranchial of the 1st arch (E. marshi 7-8; E. carbuncu- 
lus 12-13) than E. carbunculus, and without the filamentous prolongations of the 
lobes of the caudal fin which are often present in specimens of the latter species. 

Etelis carbunculus Cuvier, 1828 

Number caught. 15 (table 2B); 1 from small boat. 
Total weight. 78.3 kg (14 weighed). 
Locality. Recorded from Aldabra, Farquhar, Cosmoledo and Castor and 

Cordeliere Banks. 
Depth range recorded. 185 to 385 m. 
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Size. The length range was 485 to 970 mm with a corresponding weight range 
of 1.8 to 11.4 kg. Too few data were available for meaningful length or weight 
frequency analysis. 

Reproduction. The observed sex ratio was 1: 1.6 (5 d3: 8 s?). All the females were 
at stage II or III/V of gonad development. A single male was running ripe 
(stage VI), while the remainder were at stage II/V. No immature fish were caught. 
Fourmanoir (I957) found that sexual maturity was attained in February. 

Distribution and abundance. Although not common in the area, E. carbunculus 
has been recorded from Kenya (Smith I954); from the Comoro Is., Anjouan and 
Grande Comore (Fourmanoir I957); from the Seychelles (Smith & Smith I963); 

and from South Africa (Smith I965). Smith (I954) states that moderate numbers 
of E. carbunculus were caught off Shimoni, S. Kenya, in 1952, whereas E. marshi 
was only occasionally caught. In the Comoro Is., Fourmanoir (I957) reports that 
the species is frequent enough. The present results indicate that E. carbunculus 
is less abundant than E. marshi in the areas fished. Smith (I954) reports captures 
of E. carbunculus from 90 to 145 m, and Fourmanoir (I957) gives the depth range 
as 185 to 275 m. These are similar depth distributions to that found in the present 
survey. Too few data were obtained for a reliable estimate of the abundance 
of the species with depth. The suggestion is, however, that it is more abundant 
in the 100 to 199 m range (table 2B). 

Swimming layers. Of the 15 specimens caught, nine were taken on hooks 
fishing the bottom 5 m. The most extreme capture was made 12.5 m from the 
sinker. 

Food. No data available. 
Remarks. A morphometric analysis of three specimens is given in appendix 3. 

Ruvettus pretiosus Cocco, 1833 
Number caught. 21 (table 2B); 1 from small boat. 
Total weight. 251 kg (18 weighed). 
Locality. The species was caught at all localities except Assumption Is. and 

east of Diego Suarez, northeast Madagascar. 
Depth range recorded. 135 to 510 m. 
Size and reproduction. The length, weight and maturity of the catches of this 

species are shown in table 5, with a mean size of 1199 mm and 14.0 kg. 
Distribution and abundance. R. pretiosus is worldwide in distribution. It is well 

known in the Comoro Is. and has been recorded from Madagascar (Fourmanoir 
I954, I957). It has been recorded from the African coast from 550 m off Bazaruto, 
Mozambique (Smith I968), but more northerly records are apparently lacking. 
In the Comoro Is. it is the subject of a local fishery. The method of capture is by 
line, described by Fourmanoir (I954, I957), and is carried out on moonless nights 
in water depths of 150 to 300 m. Normally a single canoe catches only one 
R. pretiosus a night, even during the main fishing season from December to 
March. Thus the present survey corresponded in time to the season of abundance 
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in the Comoro Is. However, from the above indication of catch rate, our catches 
were poor by comparison (table 2B), even though a major proportion of the 
fishing effort was carried out in 100 to 300 m depth. Even from the small boat, 
where the drift-fishing technique was akin to the Comorian method, only 1 
specimen was caught in all. This suggests that the species was less abundant in 
the area fished, although the results confirmed that it was most nlumerous in the 
100 and 200 m depth intervals (table 2B). 

TABLE 5. RUVETTUS PRETIOSUS 

length/mm weight/kg sex maturity length/mm weight/kg sex maturity 

630 1.59 61 VI 1266 14.53 ? II/V 
865 5.45 61 VI 1280 15.89 V III/V 
920 6.81 61 II/V 1285 13.62 A II/V 

1035 7.26 6 VI 1325 14.53 9 III/V 
1099 13.62 6 VI 1340 15.44 ? III/V 
1215 12.26 9 III/V 1340 18.16 6 II/V 
1250 14.98 9 III/V 1345 20.43 9 III/V 
1255 14.50 X VI 1415 22.25 9 II 
1265 16.34 9 III/V 1484 23.61 - - 

Swimming layers. Fourmanoir (1957) states that R. pretiosus lives some metres 
off the bottom, and the present results tend to confirm this. A single specimen 
was caught 20 m from the sinker while the remainder were taken within 7.5 m 
of the sinker (O m, 100 0;2.5m, 20? 0;5m, 450 0;7.5m,25 %). 

Food. One stomach contained a single specimen of Xuraenesox sp. 

Centrophorus spp. (C. granulosus group) 

Apart from the two specimens referable to C. squarmnosus caught during the 
survey, the majority of the catch of individuals of this genus were not readily 
identifiable. Field identification suggested that they were all of the C. granulosus 
group (group A of Bigelow & Schroeder 1957), with close set block-like denticles, 
not overlapping. Further, two main forms appeared to be recognizable: large 
fish with broad heads and snouts of moderate length, and smaller-sized specimens 
with narrow heads and long snouts. In both forms, sexually mature individuals 
were found and the embryos from each readily discernible. 

More careful examination of the eight preserved specimens confirmed that all 
were of the granulosus group. It was revealed that the smaller form recognized 
in the field could be subdivided into four discrete forms. Thus, the following 
five forms were discernible: 

(1) Large (up to 1500 mm); breadth of mouth about equal to snout length in 
front of mouth; angled teeth. 

(2) Small (up to approximately 1000 mm); breadth of mouth about 1.5 times 
the snout length in front of mouth; angled teeth. 

(3) Small (up to approximately 1000 mm); snout length in front of mouth 
intermediate between (1) and (2); erect teeth. 
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(4) A single specimen; small (768 mm); as (3), with mixed dentition: teeth 
angled on right side of jaw and erect on left side. 

(5) A single specimen (900 mm), tentatively referable to C. scalpratus on the 
basis of the length of the inner lobe of the pectoral fin. 

No separation of the above forms on ecological grounds has been possible. 
Despite the fact that several of the fishing areas were small and geographically 
isolated, no change in the catch composition, by area or by depth, was recognizable. 
Because the status of species within the genus Centrophorus is relatively uncertain, 
and the field recognition of specimens was found subsequently not to have revealed 
all the forms caught, the catch is here considered as a whole as being entirely 
of the C. granulosus group. 

Number caught. 141 (table 2A); 3 from small boat. 
Total weight. 800 kg (129 weighed). 
Locality. C. granulosus was caught in all localities fished, except in the area 

east of Diego Suarez where the minimum fishing effort was carried out (appendix 1). 
Depth range recorded. 185 to 850 m. 
Size. The length range of specimens caught was 640 to 1549 mm (mean 901 mm, 

S.D. 215 mm) and the weight range was 0.8 to 29.9 kg (mean 6.13 kg, S.D. 5.87 kg). 
Reproduction. The catches of this group comprised 42 S and 92 Y, with seven 

specimens unsexed. In 87 females examined, 64 contained ripe ova and/or embryos. 
Up to four embryos per female were found, but the frequency distribution (1-5; 
2-43; 3-1; 4-1) shows a peak at 2 per female. 

Distribution and abundance: Previous reports of the genus from the western 
Indian Ocean are by Alcock (I899) of the distinctive C. rossi in 780 m from the 
Travancore coast, and by Smith (I950, I953, I965, I967) from Mozambique and 
Natal. The latter specimens were taken from depths of 145 to 455 m. The only 
other record of this fish from the area was of 10 specimens (large formr, p. 388) 
caught by a bottom longline from the research vessel Anton Bruun off the 
Comoro Is. during 1964 (S. Springer, personal communication). The present 
results provide sufficient data for a preliminary depth analysis (table 2A). The 
indication is that the species group is most abundant in the 300 to 399 m and 
400 to 499 m depth ranges. The high catch rates at greater depths are less meaning- 
ful due to the small number of hooks fished. The shallower limit of the population 
is apparently in the 100 to 199 m range and the abundance increases rapidly in 
the 200 to 299 m range. 

C. granulosus was the second most numerous fish caught during the survey, 
with an overall catch rate of 5.6 %. 

Swimming layers. The percentage success of capture of C. granulosus by the 
vertical distance from the sinker of each hook is shown, in relation to all other 
elasmobranchs caught, in figure 4C. Specimens were caught within 25 m of the 
bottom. The results suggest that the species group is more abundant close to the 
bottom, but a definite pattern is not apparent. 

Food. Stomach contents were found in only eight specimens of C. granulosus. 
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All of these consisted of fishalone. Myctophids (Notoscopelus caudispinosus; Bentho- 
sema fibulatum) were found in six stomachs, while the head of a Hoplostethus sp. 
was found in one, and a digested specimen of Cymatoceps nasutus (300 mnm 
standard length) in another. 

Squalus spp. (S. blainvillei group) 

The identity of the squalid sharks caught during the survey is uncertain. 
Initial field identification suggested that only one form was involved; however, 
examination of further specimens showed that the catch was separable into two 
forms. Specimens of each were therefore collected for identification. Their general 
characteristics assign them to the Squalu8 blainvillei species group of Garrick 
(I960). Thus in all specimens the colour was uniform without spots; the anterior 
nasal flap complex bilobed; the distance from the exposed origin of the anterior 
dorsal spine to the 5th gill opening not more than the distance from the anterior 
border of the eye to the 2nd gill opening; and the inner corner of the pectoral fin 
rounded. However, sexually mature specimens caught in the present survey 
could be divided by their heavy-bodiedness (four heavy-bodied specimens 
collected were 852, 893, 940 and 1208 mm in total length, and four light-bodied 
specimens collected 480, 650, 690 and 701 mm), the size and shape of the dermal 
denticles, the size of the inner lobe of the anterior nasal flap, the proximity of 
the spiracle to the orbit and the colouration. As further work is necessary to 
establish the identity of each form, the current catches have been analysed as 
a whole. 

Number caught. 40 (table 2A). 
Total weight. 95 kg (39 weighed). 
Locality. S. blainvillei was caught in all localities fished, except Zelee and 

Geyser Banks and Cosmoledo Is. (appendix 1). 
Depth range recorded. 185 to 600 m. 
Size. The length range of specimens caught was 480 to 1208 mm (mean 

727 mm, S.D. 156 mm) and the weight range was 0.6 to 9.5 kg (mean 2.43 kg 
S.D. 1.48 kg). 

Reproduction. The catches of S. blainvillei comprised 15 S and 25 9. A single 
male was found to be in a ripe state of gonad maturity. Of the females caught, 
14 contained embryos and three of these contained ova also. The embryo fre- 
quency distribution was 2-3; 3-2; 4-2; 5-0; 6-0; 7-0; 8-3; 9-1; 10-1. 

Distribution and abundance. The closest record of S. fernandinus (= S. blainvillei) 
to the area fished was from off Zanzibar (EAIFRO Ann. Rep. 1955-6). A single 
female (780 mm, 2.3 kg) was caught in 185 m, which contained five eggs with 

embryos. More generally, Bigelow & Schroeder (I957) report that the species is 

as widely distributed in the Indo-Pacific as it is in the Atlantic, in all latitudes 
north and south of the temperate zones. This is confirmed by Smith (I965) for 

the Indian Ocean. The depth distribution of the species according to Bigelow & 

Schroeder (I957) ranges between the surface and 380 m, while Garrick (I960) 
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reports a depth range of 0 to 185 m for the species from New Zealand. The present 
results give a depth distribution of 185 to 600 m. The percentage hook rate 
(table 2A) shows that the peak abundance within the overall depth range was 
at 400 to 499 m, having steadily increased from the 100 to 199 m range. Within 
the area fished, the highest catch rate, considerably higher than at any other 
area, was found at the position east of Diego Suarez. 

Swimming layers. S. blainvillei was caught on hooks fishing no more than 
7.5 m from the sinker. The highest frequencies of capture occurred at 2.5 m above 
the sinker (17 specimens) and the second highest on the bottom (11). 

Food. In only two stomachs were contents found. One contained the unidenti- 
fiable remains of an octopod, the other several digested myetophids. 

Hexanchus griseus (Bonnaterre), 1780 

Number caught. 11 (table 2A). 
Total weight. Not recorded. 
Locality. The species was taken at Assumption Is., Geyser Reef, Cosmoledo Is. 

and Aldabra Is. (appendix 1). 
Depth range recorded. 200 to 950 m. 
Size. The length range recorded was 2340 mm to approximately 4500 mm. 

The single specimen weighed was 74.8 kg and measured 2360 mm. 
Reproduction. All specimens caught were female. None examined was found 

to be sexually mature, which is consistent with the view of Springer & Waller 
(I969) that H. grtseus does not reach sexual maturity until about 4500 mm in 
length. Unfortunately the specimen of this size was only measured outboard 
along the ship's side and was not brought aboard for examination. 

Distribution and abundance. Previous records of six-gilled sharks, probably 
H. griseus, in the survey area are given by Smith (I955) from Aldabra Is., and 
Fourmanoir (I96I a) from Madagascar and Anjouan, Comoro Is. The latter author 
states that the species is common around Madagascar between 150 and 250 m 
depth. The preferred substrates are semi-coralline or muddy. It is a very active 
fish during the night, but has not been caught from depths shallower than 
400 m during the day. Although it is not caught by local fishermen from 
Madagascar, he states that the species is encountered in the Ruvettus fishing off 
Anjouan. 

The results of the present investigation show a much greater depth range than 
that reported by Fourmanoir (I96I a) (see above). Also, the catches of H. griseus 
were not restricted to the hours of darkness, although the majority of specimens 
were caught at night. However, the two caught during the day came from the 
deeper part of the depth range indicated, 455 and 950 m. The results given in 
table 2A suggest that the species is most abundant within 200-499 m depth. 

Swimming layers. Of the 11 specimens caught, two were taken on hooks fishing 
on the bottom, five from ones 2.5 m above the sinker, one each from 5.0 and 
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7.5 m, and two from 10 m above the sinker. Despite the report by Bigelow & 
Schroeder (I948) that H. griseus visits the upper waters at night in search of 
food, the present evidence indicates a demersal habit. 

Body temperature. A single measurement of 14.0 00 was recorded intramuscularly 
from a specimen of H. griseus caught at 402 m depth. A body temperature of 
8.9 0C recorded from E. marshi (see above) agrees more closely with the expected 
temperature at this depth. As the temperature of H. griseus was taken immediately 
on capture, it would seem that the higher temperature was due to muscular 
activity. 

Remarks. Fourmanoir (i96ia) observed the aggressive nature of six-gilled 
sharks between themselves. He reported that cannibalistic attacks on hooked 
specimens were common. Such a fish would often be harassed all the way to 
the surface. No such behaviour was witnessed during the present survey and 
no H. griseus was found to be lacerated on capture. Furthermore, all specimens 
encountered were very docile at the surface. 

Hexanchus vitulus Springer & Waller, 1969 

Number caught. 2 (+ 3 probable) (table 2A); 1 from small boat. 
Total weight. 65.8 kg. 
Locality. Geyser & Zelee Banks, east of Diego Suarez, Castor & Cordeliere 

Banks (appendix 1). 
Depth range recorded. 275 to 595 m. 
Remarks. Hexanchus vitulus, a new species of six-gilled shark, has been described 

subsequent to the return of the Expedition by Springer & Waller (I969). However, 
the specimens collected, presumed to be H. griseus, have proved to be H. vitulus 
on examination. H. vitulus is a smaller shark thought not to grow more than 
1800 mm in length and so more easily handled for preservation than the much 
larger H. griseus. The main external features distinguishing the two species are 
the five rows of large trapezoidal teeth on each side of the lower jaw in H. vitulus, 
as compared with the six rows in H. griseus. Despite allometric growth, all speci- 
mens of H. vitulus examined have a proportionally larger eye and longer snout 
than H. griseus. Also, there is a proportionally greater distance separating 
the bases of the dorsal and anal fins from the origin of the caudal than in 
H. griseus. 

The type locality is in the Bahamas and other specimens have been collected 
from the Florida-Gulf of Mexico-West Indies region. However, two embryos 
collected from the Philippines have been tentatively ascribed to this species. 
Thus the specimens reported here establish new records for the Indian Ocean, 
and suggest a worldwide distribution of the species. 

Specimens. 2 adult males (1230 mm, - kg; 1261 mm, 9.1 kg) and six of 13 
embryos (,6: 386, 396, 400; Y: 410, 415, 392 mm, measured after formalin fixation) 
obtained from a female (1630 mm, 21.3 kg) were preserved. Three other specimens 
which were not preserved are, by inference, referred to this species. All were 
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adults: a male of 1550 mm (16.3 kg), and two females of 1690 mm (22.7 kg) and 
1715 mm (35.4 kg); the latter containing 26 eggs. As Springer & Waller (I969) 

suggest that H. griseus attains sexual maturity at about 4500 mm, it is reasonable 
to suppose that these three unpreserved fish were H. vitulu8. Those H. gri8eus 
specimens sexed during the present survey ranged up to 3240 mm and were all 
immature females (see above), further supporting this idea. 

The specimen with embryos was caught on 13 January 1969 and that with 
ova on 29 January 1969. The embryos measured were apparently close to birth 
as, in all cases, the remains of the yolk sac was a mere bud just protruding above 
the skin. This suggestion is confirmed by their lengths (see above) being closely 
comparable with a new-born specimen of 429 mm, referred to this species by 
Springer & Waller (I969), recorded by Bigelow & Schroeder (I948). 

Distribution. The depth distribution of the specimens is indicated in table 2 A 
for all except the specimen caught from the small boat. The depth at which 
the latter was caught is not accurately known, but the range fished during that 
period was 220 to 360 m. From the total catch rate, therefore, it is tentatively 
suggested that the peak in abundance occurred around 400 m depth. 

The catches of H. vitulus were not restricted to any particular time of day, as 
three were caught at night and three during the daytime. 

Swimming layers and food. Of the five specimens caught from Manihine, two 
were caught on. hooks fishing on the bottom and one each from hooks fishing at 
5, 7.5 and 15 m above the sinker. The single specimen caught from the small 
boat was taken on a hook fishing on the bottom. Thus the inference is that this 
species is predominantly a demersal form. However, the only evidence of the 
food of the species comes from a single stomach content. This was a specimen 
of a scombroid, Euthynnus sp. As this is a pelagic fish inhabiting the surface 
layers, H. vitulus is suspected of making at least some excursions towards the 
surface. 

Details of size and sex of the less numerous species in the catches are given in 
table 3. Of these species, several are newly recorded in the area, one is new to the 
Indian Ocean, and one is an undescribed species. These noteworthy records are: 

Heptranchias perlo (Bonnaterre), 1788 

Distinctive characters. Seven gill openings, decreasing in length from front to 
rear; snout narrow, tapering; horizontal diameter of eye considerably greater 
than distance between nostrils; origin of anal opposite rear base of dorsal. 

The closest record of H. perlo to the geographical area surveyed is from the 
Cape of Good Hope (Bigelow & Schroeder I948), although Smith (I965) does not 
record the species from that area. The four specimens now reported were all 
caught at Aldabra Is. from between 310 and 400 m depth. All were males and 
one (940 mm T.L.) was in a ripe condition of gonad maturity. 
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Pseudotriakis microdon Brito Capello, 1867 (2565, 2630, 2800 mm T.L.) 

Distinctive characters. First dorsal fin long, as long as caudal; second dorsal as 
high as first or higher; teeth small, numerous, with large median and small lateral 
cusps, 6 to 13 series functional; caudal about one-fifth of total length; origin of 
anal considerably posterior to origin of 1st dorsal; distance from snout to angle 
of mouth one-half as great as from snout to 5th gill opening or greater; length 
of snout in front of mouth about one-half as great as width of mouth. 

P. microdon has previously beeni recorded only from the North Atlantic, while 
the related species P. acrages was described from Japan. The present record of 
three specimens extends the known range, therefore, into the Indian Ocean. They 
were caught at Aldabra Is., Cosmoledo Is. and Geyser Reef, between 550 and 
880 m depth. 

The species is rare, only nine positively identified specimens were reported by 
Bigelow & Schroeder (I948), and the only subsequent record was from the Biscay 
area (Forster I968). Little is known about its development. Saemundsson (I922) 

records two embryos (each about 850 mm long) from a gravid 2120 mm female 
from Iceland. All the specimens from the Indian Ocean were mature females 
with large ovaries containing numerous ova in which yolk formation was pro- 
ceeding. The approximate mean ovum diameter of these developing oocytes in 
the 2800 mm specimen was 9 mm. The ovary was approximately 700 mm in 
length, and a rough estimate of the fecundity gave 20000 ova in one ovary. 
Ova of similar size were found in the other two specimens (2565 and 2630 mm) 
and their ovaries occupied a corresponding amount of the body cavity. In addition, 
the 2565 mm specimen was found to have two embryos (figure 9, plate 53). They 
both measured 79 mm, each with yolk sacs of approximately 50 mm in diameter, 
and were situated one in each oviduct. Although of a preliminary nature, these 
observations appear to be consistent with the form of embryo development 
described for Carcharius taurus by Springer (I948). The suggestion is that only 
one embryo completes its development at one time in one oviduct, the yolk sac 
being absorbed at a very early stage after which the embryo feeds actively upon 
the unfertilized eggs lying close to it. This form of development is also known 
to occur in the family Isuridae and the formation of the so-called 'yolk-stomach' 
in Lamnca na6sus is described by Bigelow & Schroeder (I948), but further data are 
necessary for confirmation in P. microdon. 

Centroscymnus owstoni Garman, 1906 (745, 1003, 1070, 1091, 1110, 1120, 
1225 mm T.L.) 
Distinctive characters. Squaloid sharks with fin spines originating at the same 

points as the dorsal fins and lying along anterior margins of latter; trunk slender, 
subeylindrical, with dermal longitudinal ridges (if any) confined to sector posterior 
to pelvic fins; snout in front of mouth considerably shorter than from centre of 
mouth to origin of pectorals; teeth noticeably dissimilar in both jaws, upper 
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teeth with only 1 cusp; inner corner of pectoral broadly rounded; blades of 
dermal denticles on trunk behind 1st dorsal smooth, with rounded margins; 
ridged or striate denticles confined to more anterior part of body; distance between 
inner ends of pre-oral clefts not more than about 30 % as long as distance between 
nostrils; 1st dorsal fin from point of emergence of spine to rear end of base 
shorter than second dorsal fin, similarly measured; snout in front of mouth at 
least as long as from mouth to level of 1st gill openings. 

C. owstoni, described from Japan, is a wide-ranging species, revised by Garrick 
(I959), who noted a lack of records from tropical waters. Captures during the 
present survey suggest that C. owstoni is widely distributed throughout the area 
fished (appendix 1). Its vertical distribution was found to occur between 500 and 
1000 m depth during this survey (table 2). Although there was a preponderance 
of females in the catch, only one contained developing embryos. This specimen 
measured 1003 mm and contained two early embryos. Three other, larger, females 
had developing ova. These numbered 24 and 26 in two of them. 

Aphanopus carbo Lowe 1839 (796, 848 mm F.L.) 
Distinctive characters. Trichiurid fish with frontal ridges not elevated, no sagittal 

crest; profile of head rising only very gently from snout lip to dorsal; dorsal 
spines 91 to 95; spinous and soft dorsal bases subequal. 

Norman's (I939) A. microphthalmus from the Gulf of Aden has been synonymized 
by Tucker (1956) to A. carbo, and thus represents the first record of the species 
in the Indian Ocean. However, the two specimens recorded from the present 
survey extend the known range to the equatorial western Indian Ocean. Both 
specimens are larger than Norman's (table 3) and they agree closely with Tucker's 
(I956) diagnosis of the species. Their subsequent damage in transit prevents the 
presentation of comprehensive morphometric data, but some measurements are 
given in appendix 3. 

Thyrsitoides marleyi Fowler, 1929 (1190, 1230, 1495 mm F.L.) 
Distinctive characters. Gempylid fish without a lateral keel on each side of the 

caudal peduncle; ventrals developed; branched lateral line; no detached finlets; 
body very elongate; each jaw with a conical cartilaginous process at the extremity; 
lower branch of lateral line extending along middle of body (figure 7, plate 52). 

This rare member of the family Gempylidae was first described by Fowler 
(I929) from a single specimen from Natal, South Africa. Subsequently, Kamohara 
(I936) described a similar gempylid from Japan, ascribing to it the name Mimasea 
taeniosoma. Although Kamohara's (I936) original description is unavailable to 
us, his later (I938) description from five specimens agrees so closely with the 
description of T. marleyi by Fowler that M. taeniosoma is considered here 
as a junior synonym. The other records of the species from the western 
Indian Ocean are one each from East London and Port Elizabeth (Smith I965). 
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Elsewhere, Matsubara & Iwai (I952, I958) record two further specimens from 
Japan and, in the latter instance, state that the species is 'known only from the 
Japanese area'. No other records are available to us in the literature. 

The only specimen to be brought up alive was caught on the hand-held dropline 
from the small boat on Zelee Bank. It was captured shortly before dawn in about 
300 m depth. The live coloration. agrees closely with Fowler's description, 
although the appearance of 'large steel-black disks along the body' was absent. 
Instead there were oblique coppery highlights formed by intermuscular bones 
dorsally and ventrally in the posterior half of the body. Another conspicuous 
feature was the very marked eye shine. This, the largest specimen, was a female in 
a resting stage of gonad development (VIIJ/I). The other two specimens were caught 
on buoyed lines at Aldabra Is., and again both were taken around dawn. They 
were females of stage VII/II of gonad development. 

A B C 

FIGURE 13. Variation of the median compressed caniniform teeth in Thyrsitoides marleyi 
(dorsal view). A. Specimen of 1495 mm length; depressible fangs, also present in the 
specimen described by Matsubara & Iwai (1952), shown black. B. Specimen of 1230 mm 
length. C. Specimen of 1190 mm length. Pecked outlines show tooth missing. 

Aii interesting feature of these three specimens was the variability of the 
compressed caniniform median teeth in the upper jaw (figure 13). Three of the 
fangs (indicated) in the largest specimen (A) are depressible. Kamohara (1938) 
and Matsubara & Iwai (1952) described a similar distribution in their specimens, 
although only the latter authors mentioned depressible fangs. Fowler des- 
cribed only three median teeth in his specimen, of which the first was depressible. 
The fangs in the other specimens (B and C) are not depressible. Opposite the 
fangs in these fish are scars where, presumably, the depressible fangs had been. 

Morphometric measurements and meristic counts for the three specimens are 
given in appendix 3. 

DISCUSSION 

The practical difficulties involved in working handlines in more than 100 fm 
(183 m) depths have restricted commercial fishing in this manner in tropical 
areas to a few localities. In the Cook Islands (Powell I964), the Society Islands 



Indian Ocean deep slope fishing 397 

(Nordhoff I930) and the Comores (Fourmanoir I957) local conditions, and pre- 
sumably demand, have brought about the development of small-scale deep-line 
fisheries usually primarily for the oil-fish Ruvettus pretiosus. In these reports 
only the species of commercial interest have generally been included, so the 
diversity of the fish fauna at depths below the thermocline has certainly deserved 
thorough investigation. Some fishing for research purposes has been undertaken 
in the Mozambique Channel in 1964 during the course of the International 
Indian Ocean Expedition (U.S. Program in Biology I965), and in the Comores 
in 1966 (M. S. Gordon, personal communication). 

The widespread occurrence of Etelis marshi in our catches should justify 
further work to assess the prospects of establishing a commercial fishery, since 
in certain parts of the Far East it is a very highly prized fish: prices of $5.00 
per lb being occasionally reached for specially selected fish (R. Powell, personal 
communication). 

The experience gained on this expedition suggests that for further work a 
smaller and more manoeuvrable ship with a single c.p. propeller would be 
advantageous and allow more lines to be worked. A high performance narrow 
beam echo sounder or PDR operating to 1250 m is essential. For hauling lines 
from deep waters occasionally with very large fish, a range of hauling speeds 
from 20 to 70 m/min is desirable. Deep lines can also be worked satisfactorily 
from a small boat (5.0 m) in good weather. 

The expedition was organized and financed by the Royal Society to whom we 
are most indebted. Dr Thomson's travel expenses were provided by a grant from 
the United States National Academy of Sciences. We are also glad to acknowledge 
the great contribution by Captain Williams and the crew of Manihine. Dr N. B. 
Marshall, Professor Lavett-Smith and Mr Stewart Springer have assisted with 
some fish identifications. Copies of recent Admiralty surveys of some of the fishing 
grounds were kindly supplied to us by the Hydrographer of the Navy. Finally, 
we are grateful to Mr P. M. David, Dr F. C. Frazer, and Dr Marshall who read 
and criticized the manuscript. 
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APPENDIx 3. MORPHOMETRIC DETAILS OF CERTAIN SPECIES 

Etelis marshi (Jenkins), 1903 

Based on three specimens of standard length 395, 600, 640 mm, and given in 
this order. 

Meristic counts are:- dorsal: X+11, X+11, X+l1; Anal: III+8, III+8, 
III+8; pectoral: 16, 16, 15; pelvic: I+5, 1+5, I+5; gill rakers: 3+1+7, 
2 + 1 + 8, 3 + 1 + 8; lateral line series: 51, 51, 51. 

Morphometric measurements given as percentages of standard length are:- 
total length: 118.0, 124.0, 124.0; head length: 32.6, 30.8, 32.9; snout to insertion 
dorsal: 38.0, 39.8, 38.4; snout to insertion pectoral: 37.2, 31.0, 35.2; snout 
to insertion pelvic: 43.3, 37.6, 40.6; snout to insertion anal: 73.2, 68.4, 72.9; 
length less dorsal: 43.6, 46.2, 45.4; length base anal: 12.4, 13.6, 13.2; length 
pectoral: -, -, 30.0; length pelvic: -, -, -; length 1st dorsal spine: 5.3, 

5.0, 3.9; length 2nd dorsal spine: 8.3, 10.6, 16.9; length 3rd dorsal spine: -, 

11.8, 16.2; length 6th dorsal spine: 8.8, 8.2, 10.9; length 10th dorsal spine: 4.8, 
3.8, 4.8; length 1st dorsal ray: -, 8.7, 11.1; length 2nd dorsal ray: -, -, 9.7; 

length 3rd dorsal ray: -, 8.8, 8.6; length 1st anal spine: 1.3, 1.2, 1.1; length 2nd 
anal spine: 4.6, 2.2, 2.7; length 3rd anal spine: 7.6, -, -; length 1st anal ray: 
10.9, 10.0, -; length 2nd anal ray: 9.6, 8.5, -; length 3rd anal ray: 10.9, 
orbit diameter: 8.6, 8.0, 8.8; iris diameter: 4.1, 4.3, -; interorbital width (bony): 
8.1, 9.5, 10.3; snout length: 10.1, 9.5, 10.6; maxillary length: 15.2, 13.5, 16.4; 
body depth: 27.4, 31.3, 29.7; least depth caudal peduncle: 8.8, 8.8, 9.2. 

Etelis carbunculus Cuvier, 1828 

Based upon three specimens of standard length 445, 615, 630 mm, and given 
in this order. 

Meristic counts are:- dorsal: X+ 11, X+ 11, X + 10; axial: III+8, III+8, 
III+7; pectoral: 16, 16, 16; pelvic: I+5, 1+5, I+5; gill rakers: 5+1+13, 
6+ 1 + 12,5 + I + 13; lateral line series: 50, 50, 51. 

Morphometric measurements, given as percentages of standard length, are:- 
total length: 129.0, 122.0, 124.0; head length: 31.5, 29.6, 28.5; snout to insertion 

dorsal: 37.0, 36.6, 35.9; snout to insertion pectoral: 31.9, 30.9, 29.1; snout to 
insertion pelvic: 36.6, 34.9, 34.1; snout to insertion anal: 67.5, 68.2, 67.2; length 
base dorsal: 43.9, 43.9, 47.4; length base anal: 11.0, 11.9, 11.4; length pectoral: 
25.1, 24.0, 24.6; length pelvic: 18.0, 16.9, 17.4; length 1st dorsal spine: 4.7, 3.1, 

3.3; length 2nd dorsal spine: 13.2, -, 11.1; length 3rd dorsal spine: 12.4, 10.0, 
12.8; length 10th dorsal spine: 3.6, 3.6, 4.2; length 1st dorsal ray: 8.3, -, 7.5; 

length 2nd dorsal ray: 8.8, -, -; length 3rd dorsal ray: -, -, -; length 1st 

anal spine: 1.3, 1.0, 4.3; length 2nd anal spine: 4.3, 4.9, 6.2; length 3rd anal 

spine: -, 6.2, -; length 1st anal ray: -, -, -; length 2nd anal ray: 5 

; length 3rd anal ray: -, 7.3, -; orbit diameter: 9.0, 7.2, 6.4; iris diameter: 
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-, 3.6, 3.2; interorbital width (bony): 9.0, 9.0, 8.7; snout length: 9.2, 8.6, 9.2; 
maxillary length: 14.2, 13.0, 11.9; body depth: 27.4, 26.8, 24.3; least depth 
caudal peduncle: 8.8, 8.3, 8.6. 

Aphanopus carbo Lowe; 1839 
Based on two specimens of standard length 757 and 815 mm and given in 

this order. 
Meristic counts are:- dorsal spines and rays: 96, 96; anal spines and rays: 45, 

48; pectoral rays: ?11, ?11. 
Morphometric measurements given as percentages of standard length are:- 

head length: 19.8, 19.3; snout to insertion dorsal: 15.9, 17.1; snout to insertion 
pectoral: 20.1, 19.8; snout to insertion anal: 59.9, 59.2; length base dorsal: 80.0, 
80.2; length base anal: 36.2, 38.3; orbit diameter: 3.2, 3.4; interorbital width 
(bony): 2.6, -; snouth length: 8.2, 8.6; maxillary length: 9.7, 9.5; body depth: 
8.9, 8.8; least depth of caudal peduncle: 0.7, 0.7. 

Thyrsitoides marleyi Fowler; 1929 

Based upon three specimens of standard length 1410, 1130, 1168 mm, and 
given in this order. 

Meristic counts are:- dorsal: XVII + II + 15, XVIII + II + 16, XVII + II + 16; 
anal: fI + ?15, II+16, II+17; pectoral: 15, 15, 15; pelvic: I+5, 1+5, I+5; 
gill rakers: spinescent and of irregular size, arranged singly, in pairs, or clusters 
on both arches. 

Morphometric measurements given as percentages of standard length are:- 
total length: 115.0, 115.5, 114.0; head length: 25.1, 25.9, 26.0; snout to insertion 
DI: 23.7, 24.1, 24.2: snout to insertion DII: 76.9, 77.5, 75.5; snout to insertion 
pectoral: 27.0, 26.4, 25.8; snout to insertion pelvic: 30.5, 30.1, 29.6; snout to 
insertion anal: 77.2, 76.1, 77.4; length base DI: 52.1, 50.2, 50.3; length base 
DJI: 19.2, 19.4, 19.3; length base anal: 17.8, 15.1, 19.7; length pectoral: 11.7, 
11.7, 13.1; length pelvic: 6.1, 6.5, 7.0; anterior height DI: -, 4.4, 6.6; anterior 
height DII: 6.9, -, 7.5; anterior height anal: -, 7.5, 7.3; caudal spread: 14.2, 
15.0, 15.4; longest dorsal spine: 5.7, -, 7.1; length first dorsal spine: -, 4.4, 
6.3; longest dorsal finlet: 2.1, 1.9, 2.2; longest anal finlet: -, 2.3, 2.6; orbit 
diameter: 3.8, 3.3, 4.0; iris diameter: 1.8, 1.7, 1.8; interorbital width (bony): 
4.5, 4.2, 4.4; snout length: 11.6, 11.5, 11.2; maxillary length: 11.8, 12.2, 11.7; 
body depth: 12.4, 12.0, 12.2; least depth caudal peduncle: 3.2, 3.3, 3.3; position 
of bifurcation of lateral line opposite: interspace 4th/5th dorsal spines, interspace 
4th/5th dorsal spines, 4th dorsal spine. 
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APPENDIX 4. GONAD MATURITY INDEX 
1. Female 

Immature virgin: ovaries small, compact; colour in section flesh pink. Yolk 
absent from oocytes. (Stage I.) 

Recovering spent: ovaries small, somewhat flaccid due to a central lumen; 
colour in section dark wine red. Yolk absent from oocytes. (Stage VII/II.) 

Yolk and chorion formation: ovaries firm, slightly enlarged; colour in section 
orange-pink. Yolk in oocytes. (Stage II.) 

Maturation of eggs: ovaries firm, distended; colour in section orange to buff. 
Eggs visible to naked eye, opaque. Yolk present. (Stage III/V.) 

Ovulation: ovaries firm, distended; colour in section putty-coloured. Eggs 
visible to naked eye, transparent, shed with or without slight pressure on the 
flanks. (Stage VI.) 

Spent: ovaries shrunken, extremely flaccid, with enlarged central lumen; 
colour in section blood-red. (Stage VII.) 

2. Male 

Immature virgin: testis ribbon-like, pink; milt absent. (Stage I.) 
Germ cell maturation: testis ribbon-like to slightly distended, pink to pale 

pink; milt extruded on cutting and/or squeezing. (Stage II/V.) 
Running ripe: Testis distended, milt running. (Stage VI.) 
Spent: Testis shrunken, flaccid, milt virtually absent. (Stage VII.) 
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