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the permission of all contributors, as a single volume. incorporated into this edition. Areas have been converted 
An epilogue reviewing progress in coral reef fisheries from square nautical miles to metric units. 
research over the period 1973-1982 has been added, 
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PREFACE TO THE FIRST EDITION 

At the end o f  1968, a proposal for a Fisheries Ecology 
Research Project in Jamaica was submitted t o  the United 
Kingdom Ministry of Overseas Development (now the 
Overseas Development Administration). At that time it 
was apparent that various national and regional explo- 
ratory fishing programs, mostly sponsored by the UNDP 
and executed by FAO, had generated some interest in 
the possibilities of investment in modem offshore fishing 
vessels. It  appeared likely that the nucleus of a modern 
fishing fleet might develop in Jamaica in the near future 
and that unexploited shelf and slope areas beyond the 
reach of the mechanized canoe fleet might be brought 
into production. 

It was therefore considered desirable t o  undertake 
two major studies: (1 )  an investigation o f  the dynamic 
characteristics (age, growth, mortality and population 
density) of the main species of lutjanids, serranids and 
carangids comprising the incipient offshore line fishery 
and ( 2 )  a study of the effect of trap fishing upon the 
composition of reef-fish communities. 

The results of  these specific investigations would then 
be utilized t o  assess the maximum sustained yield which 
can be obtained from the most important elements of  
the exploited demersal fish populations in Jamaican seas, 
and t o  establish a valid biological basis for the regulation 
and management of  these fisheries. 

During the period 1 September 1969 t o  31  March 
1973, the ODA/UWI Fisheries Ecology Research Project 
was financed by very substantial grants (R2174 and 
R2 174A) from the Overseas Development Administra- 
tion, which included the cost o f  construction of a 17-m, 
58-t, ferrocement-hulled research vessel, the R. I.: 
Caranx. The scientific staff comprised a project manager, 
and four fisheries biologists o r  research assistants. 
Supporting staff comprised a fishing gear technologist/ 
diving officer, ship's master, engineer, two  deck hands 
and a part-time secretary. 

The Project was based at  the Port Royal Marine 
Laboratory of the Zoology Department, University of  
the  West Indies. 
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CHAPTER 1 : 

CORAL REEF FISH AND FISHERIES OF THE 
CARIBBEAN SEA 

by 
J.L. Mum 

(November 1973) 

Review of  Caribbean Reef Fisheries 

GENERAL EXTENT OF REEF. FISHERIES 

The fisheries exploited in the Caribbean region and 
adjacent areas, such as the Bahamas can, with a few 
significant exceptions, be defined as reef fisheries. That 
is, the exploited fish populations usually occupy or are 
associated with rocky or coralline areas in which the 
nature of the topography precludes or severely restricts 
the use of trawls or other nets. 

The mdor  exceptions to this general condition are 
found in the southeastern portion of the Caribbean Sea, 
particularly the eastern Venezuelan coast, the Gulf of 
Paria and the Gulf of Venezuela, where upwelling or the 
influence of major land drainage or the presence of 
extensive shelves provides the basis of several important 
pelagic fisheries and trawling industries (Griffiths and 
Simpson 1973). Also, some areas off the coasts of 
Nicaragua, Honduras, Belize (British Honduras), Cuba 
and Jamaica offer variable potential for trawl fisheries, 
particularly for penaeid shrimp; but the extent of 
trawlable areas in each case represents only a very small 
portion of the shelf areas of these countries. 

In many of the Leeward and Windward Islands of the 
Eastern Caribbean, beachseine fisheries for shoaling 
clupeids and carangids yield a significant portion of the 
total catch. Flying fish are captured by means of hooks, 
lift nets, gill-nets and purse nets at Barbados and some of 
the Windward Islands. Pelagic scombrids, mainly Scom- 
beromorus maculatus (Spanish mackerel), S. cavalla 

(king mackerel) and S. regalis (cero mackerel), Thunnus 
atlanticus (black fin tuna), Euthunnus alletteratis (little 
tuna) and Katsuwonus pelamis (skipjack tuna) form a 
small but valuable part of total landings, particularly 
in the eastern Caribbean. With few exceptions, the 
scombrid fisheries are conducted on a seasonal basis 
when the fish are "running" or by trolling while en route 
to  and from the demersal fishing grounds. Gill-net 
fishing for clupeids and shoaling carangids is also impor- 
tant in some areas. 

Apart from the abovementioned exceptions, the reef 
fish communities constitute the only immediate source 
of supply of fresh fish for the populations of the con- 
tinental coastal region and the islands of the Caribbean 
Sea. Spiny lobsters are a particularly valuable portion of 
this resource and in a number of countries form the basis 
of important export industries. 

Previous reviews of Caribbean fisheries include the 
works of Hess (1 96 1) and of Salmon ( 1958). A perusal 
of these works and of the review by Idyll (197 1) and the 
present report will reveal that no significant changes 
have occurred in the past decade. 

CARIBBEAN REEF FISHES 

Prior to  1968, taxonomic works on the reef fishes of 
the Caribbean were t o  be found in scattered references 
and reviews or in the outdated, but valuable, volumes of 



Jordan and Evermann (1896), and in the work of 
Cervigon (1966) on the fishes of Venezuela. However, 
with the publication of comprehensive works by Randall 
(1 968) and by Bohlke and Chaplin (1 968), problems of 
taxonomic detail were greatly simplified and the larger 
elements of the reef fish fauna to depths of 200 m can 
be said to be adequately documented. Beyond the 
200-m level, in the upper bathyal zone, very little 
collecting has been done and identification of catches 
can become problematical. 

Of the more than 350 species of reef or reefassociated 
fishes known to  occur in the Caribbean region, approxi- 
mately 180 species are known to be marketed by the 
fishermen. The species of major economic importance 
are included in at least 10 families comprising the 
herbivorous Acanthuridae and Scaridae, the invertebrate- 
consuming Holocentridae, Pomadasyidae, Mullidae, 
Chaetodontidae and Balistidae and the predatory Lutja- 
nidae, Serranidae, Carangidae, Sphyraenidae and Car- 
charinidae. 

METHODS OF EXPLOITATION OF REEF FISHES 

The use of trawls and other nets in coralline tropical 
seas is precluded or severely restricted by the presence of 
hermatypic (reef-building) corals (Munro 1969, 1973). 
Even the use of bottom long-lines or traps affixed along 
the length of a setline is hazardous because the line is 
liable to  become lodged under a coral ledge resulting in 
loss of all or much of the fishing gear. In most areas, 
fishing techniques are therefore restricted to  the use of 
individually buoyed traps or vertical lines. In addition, 
spear-fishing is becoming an increasingly important 
harvesting technique, mostly for reasons related t o  the 
low capital outlay required, and to  high rates of unem- 
ployment in many areas. 

Traps 

Traps for capturing reef fishes and crustaceans are the 
predominant feature of Caribbean reef fisheries. Basically, 
two types of trap can be recognized: 1) the "Antillean" 
trap, a generic term used by Munro, Reeson and Gaut 
(197 1) to  describe all wooden-framed traps covered with 
a mesh of galvanized wire and 2) traps constructed 
specifically for the capture of spiny lobsters. 

Antillean traps have previously been described by 
Munro et al. (1971). The framework usually consists of 
sticks supporting a galvanized wire mesh structure. The 
traps are of three basic designs: Z-shaped, or S-shaped, 
with two entrance funnels, or chevron-shaped (otherwise 
described as arrowhead-shaped) with a single entrance 
funnel (Fig. 5 .I). The Z-shaped traps are most popular in 
Jamaica, the S-shaped traps in Cuba (Buesa Mas 1962) 
and the single-funnelled chevron traps in the Eastern 
Caribbean islands. Rectangular traps with one or more 
entrances are used in the Bahamas, Bermuda and in 
Belize, and to a small degree elsewhere in the Caribbean 

and might reflect the absence of a trap-fishing tradition 
in some of the former areas. 

It appears that the use of "Antillean" traps in the 
Caribbean region dates back, at least, t o  the early 
Spanish occupations, for the arrowhead or chevron trap 
is identical in design and concept to those described by 
Hornell (1950) as being used in Madiera. Certain African 
and Asian designs are also similar (Burdon and Parry 
1954). The maximum aperture of the wira mesh com- 
monly used in the Caribbean is 2.5 to 5 cm. 

An analysis of the mode of operation of Antillean 
fish traps is given by Munro (1 974). Primary conclusions 
are that traditional designs afford very high rates of 
escapement and that the rate of escapement is propor- 
tional to the size of the inlet funnels and inversely 
proportional either to  the area or to volume within 
which the fishes are contained. A simple mathematical 
model can be used to  describe the processes involved. 

Escapement from medium-sized (183 x 122 x 61 cm) 
Antillean traps averaged 11 t o  12%/day and over 50% of 
the fishes which entered traps escaped during the course 
of a 10 to 19day soak. S-shaped traps permit greater 
rates of ingress (entry into traps) than do Z-shaped traps, 
presumably as a result of their curved shape guiding 
fishes more readily to the entrance funnels (Munro et al. 
197 1). 

Traps designed specifically for the capture of spiny 
lobsters(main1y Panulims argus) are relatively uncommon 
in the Caribbean region, and their use appears largely to  
be confined to  areas where the resources of lobsters are 
relatively large, and the marketability of trapcaught 
fishes is relatively low, either as a result of low population 
densities in the coastal regions or of relatively sophis- 
ticated market requirements. Three basic types of traps 
are used in the lobster fisheries: 

1. Florida lobster traps are rectangular in shape and 
made of wide slats of wood, are heavily weighted 
and have a single short vertical entrance funnel in 
the top of the trap (Cope 1959). Similar traps are 
used in Cuba (Buesa Mas 1960). 

2. The traps used in Belize are similar to Florida traps 
but of lighter construction and have a single 
horizontal entrance funnel at one end of the trap. 

3. Corn Island traps, used in Nicaragua (Chislett and 
Yesaki 1974), are small rectangular structures 
made of welded, galvanized rectangular wire mesh 
with a single horizontal entrance funnel, these are 
usually set in gangs or string along a bottom 
long-line. 

It would appear that lobster traps have not attained 
popularity wherever trap-caught fishes are readily 
marketable, and it is likely that the selective properties 
of lobster traps (Feliciano 1958) are outweighed by the 
value of the catch of fishes which can be taken in 
Antillean traps. 

During the course of this investigation, metal-framed 
stackable traps based on the Antillean design were 
developed and tested (Figs. 5.2,5.3 and 5.4). The details 
of the traps and their design have been described by 



Munro (1 973). These traps developed out of the need to  
increase the trapcarrying capacity of our research 
vessel, thus increase fishing effort and mobility in 
offshore fishing areas. The metal-framed traps retain the 
desirable features of the Antillean traps (twin entrance 
funnels and large size), but are split in the vertical- 
longitudinal axis to  yield two identical halves which can 
be stacked one upon the other. This resulted in a 10-fold 
increase in the trapcarrying capacity of the vessel 
(Fig. 5.4). 

Two variants were developed and described (Fig. 
5.2): 1) the "split-S" trap or "dollar" trap, essentially 
based upon the Cuban S trap (Buesa Mas 1962) in which 
the frame is curved to approximate to an Sshape and 2) 
the "split-hexagonal" trap in which the curved corners 
were discarded and replaced by angular framework (Fig. 
5.2). The size of the trap was also increased when it was 
found that catch rates were directly related to  the size of 
the trap. 

Hook and Line 

Hook-and-line fishing techniques are the second most 
important method of exploitation of reef fishes in the 
Caribbean region. Variations in technique appear very 
nearly to equal the number of proponents of the method 
and the degree of expertise displayed is often remarkable. 
While the basic technique of placing bait upon a hook 
and casting it upon or into the water is commonplace, 
the expertise in controlling the baited line and sensing 
the activities of fishes tends more towards an art when 
demonstrated by experienced line-fishermen. Kawaguchi 
( 1974) found that experienced line-fishermen usually 
catch an average of 50% more than lessexperienced 
individuals under identical circumstances and this is 
borne out by our own experience. 

In Jamaica, the most common method used in 
relatively shallow waters (< 45 m) is to  use a lightly 
weighted line, with one or two relatively small (310 and 
210) hooks, which is fed into the water downcurrent 
until proximal to  the bottom. When fish are found, 
additional bait is cast into the water and the lines are 
progressively shortened until the feeding fishes ascend to  
near the surface and can be hauled in with great rapidity. 

In deeper waters (45 to 250 m), adequate weight is 
attached to  send the monofilament nylon line almost 
vertically to the sea floor. Between 3 and 15 hooks may 
be placed on a single line. The hooks are of larger size 
(410 to  710) than those used in shallower depths and 
selfsetting tuna circle hooks are popular in some areas. 
The line is not raised until the fisherman feels that no  
further fishes will strike the hooks. Electrically powered 
(12-24 V DC) or hand-powered reels are merely variants 
of this technique. They give added efficiency in terms of 
hauling time and are usually fitted with braided stainless 
steel line which is inelastic and gives greater control 
over the bottom rigs at extreme depths. 

Bottomset long-lines (called "palanka" in Jamaica) 
are also used in certain areas but cannot be used in areas 

of frequent coral outcrops for fear of entanglement and 
consequent gear loss. In most true reef fisheries this gear 
is therefore of no significance. 

Nets 

Seine nets are frequently used in shallow back-reef 
areas, bays and harbors, but except where shoaling 
carangids occur, the catch is often composed largely of 
small demersal species and immature reef fishes. Seine 
nets are the principal method of exploitation of the 
stocks of sardines (Sardinella anchovia) in eastern 
Venezuela. 

The use of bottom-set gill-nets is gaining popularity in 
some areas, although damage to  nets as a result of 
contact with coral reefs or as a result of the presence 
of sharks appears to  limit the possibilities for develop- 
ment of this technique. Floating gill-nets are fairly 
extensively used for capturing neritic pelagic clupeids 
and carangids and would appear t o  offer opportunities 
for further development in many areas. 

Wickham (1 97 1) has demonstrated that lights can be 
used to attract harvestable concentrations of several 
species which are relatively abundant in the Caribbean, 
but no commercial development has yet occurred in this 
respect. A pursed gill-net has been used to  capture 
flying fish at Barbados (Wiles 1952). The concentrations 
of flying fish in the western Caribbean appear to be 
inadequate to sustain such a fishery. 

As stated earlier, the use of trawls is greatly restricted 
t o  circumscribed areas of the Caribbean, where ecological 
conditions inhibit the development of hermatypic 
corals. It is possible that aimed mid-water trawling or 
pelagic seining techniques might become important, given 
the necessary technological innovations. 

Spearfishing 

In the Caribbean, spearfishing is becoming an increas- 
ingly important economic activity as a result of socio- 
economic factors related to  underemployment and to 
the low capital outlay for equipment. In economic terms 
the method appears most attractive, offering income- 
earning capacity to  otherwise unskilled or impoverished 
individuals. In terms of rational management of resources, 
spearfishing activities tend to  harvest the oldest, largest, 
least-productive members of the fish community, thus 
promoting conservation of the stock. 

In Belize (British Honduras), about 67% of the 
production of spiny lobsters is derived from spearfishing 
(Dres and Meyer 1965), and the s p e a r f i g  community 
appears to  be one of the most prosperous sectors of the 
populace. 

Other Methods 

A minor proportion of the reef-fish catch of the 
Caribbean is taken by the use of dynamite and fish 
poisons or intoxicants. In some areas, the coral reef 



Table 1.1. Yields of shelfdwelling species (excluding oceanic pelagic3 per unit area of shelf in the Caribbean Sea and adjacent 
regiom Based on greatest reported annual catches during the period 1964-73 and calculated areaa of shelf within the 20@m Ld.Y 

% oceanic Catch (t) 
Area of shelf Largest annual p e w  per ha d 

Shelf x 1,000 ha catch x 1,000 t Year fish shelf per 1.r 

Bermuda 171 1.0 1972 ? <5.8 

Bahamas Ia including Cay Sal Bank 
Turks and Caicos Ia including 

Mouchoir B. 
Silver Bank 
Navidad Bank 

Cuba 
Misteriosa Bank 
Pickle Bank 
Cayman Ia 

Mexico, E. coast of Yucatan 
Belize 
Guatemala 
Honduras 
Nicaragua 
Costa Rica 
Panama 

Rosalind Bank 
Thunder Knoll 
Alice Shoal 
Serranilla Bank 99) 
Serrana Bank 21) 
Bajo Nuevo 17) 
Quito Sueno Bank 
Roncador Bank 
Rovidenda Ia 
San Andres and nearby banks 

Jamaica, S. coast and nearby banks 292 ) 
Jamaica, N. coast 50 
Pedro Bank, West 
Pedro Bank, East 
Morant Bank 
Salmon Bank 

Hispaniola 
Puerto Rim and Virgin Ia, 

including St. Croix 

3,823 16.0 - ? <4.2 

Continud 



Table 1 .l. (continued) 

% oceanic Catch (kg) 
Area of shelf Largest annual pelagic per ha of 

Shelf x 1,000 ha catch 1,000 t Year fish shelf per year 

Anguilla Btmk; Sombrero Bank 
(Anpuilla, St. Martin, S t  Bart) 

Saba Bank 
S t  Kitts Bank (St Eustacius, 

St. Cristopher, Nevis) 
Barbuda Bank (Antigua, Barbuda) 
Monserrat 

1,096 > 1.9 - ? < 1.7 

Guadeloupe and Marie Galante 211 4.8 1973 >SO < 11.4 
Dominica 46 0.5 1973 >SO < 5.4 
Martinique 127 4.8 1967 59 15.5 
S t  Lucia 55 1.7 1973 59 15.5 
Barbados 34 4.0 1973 91 10.6 

- - 

S t  Vincent and Grenadine Bank, 
including Grenada 

Colombia 
Netherlands Antilles 
Venezuela 
Trinidad 

Notes: 
+ Significant quantities of oceanic pelagic fA are landed, but the magnitude of the landings is unknown. 
0 No significant landings made. 
? No information available. 

infrastructure and the very basis of reef fish production 
have been severely damaged by the use of explosives, and 
controls over the acquisition of explosives are urgently 
required in a number of areas (Munro 1969). 

LANDINGS AND STATISTICS 

Table 1.1 shows reported catches by Caribbean 
countries during the period 1965-73, shelf areas (ha), 
percentage of oceanic pelagic species in the catches and 
estimated annual yields of shelf fishes (excluding oceanic 
pelagics) expressed in kglha. The catch statistics have 
been compiled from FA0 (1974), supplemented by 
details derived from Kawaguchi (1 974), Juh1 (1 97 I), 
Vidaeus (1 969a-d, 1970ae, 1971 a, 1971 b), Nascimento 
and Rojas (1 970), Simpson and Griffiths ( l967), Suarez- 
Caabro (1973) and Hamblyn (pers. comm.) and for the 
most part are highly approximate and supported by very 
little detail. Of the countries involved, very few have 
permanent catch-monitoring systems and the reported 
catch is almost entirely undifferentiated. Nevertheless, 

when the yields are calculated in terms of yields of 
neritic species (i.e., excluding oceanic pelagic species), 
per unit area of shelf within the 200-m isobath, a cohe- 
rent pattern emerges. The calculated yields of shelfdwell- 
ing species are lowest in the Bahamas, on the Central 
American shelf and the oceanic banks of the southwest- 
em Caribbean, but this is a result of low, or inefficient 
fishing effort or non-reported catches. The greatest 
yields per unit area are obtained on the Jamaican shelf, 
in the Windward Islands (particularly Guadeloupe, 
Martinique and St. Lucia) and in the shelf area of 
Venezuela and Trinidad. Other areas, such as Cuba, 
Hispaniola, Puerto Rico, the Virgin Islands and the 
Leeward Islands give intermediate yields due to low 
technological development, difficult marketing condi- 
tions, sophisticated consumer preferences, presence of 
ciguatoxic fishes or orientation towards distant-water 
fishing. 

The yields in areas with welldeveloped or intensive 
fisheries appear to vary between about 6.0 kglha in 
Cuba, to  values exceeding 15 kglha in Jamaican waters 
and on the Caribbean coast of northeastern South 
America. 



ESTIMATES OF POTENTIAL PRODUCTION 

Gulland ( 197 1) estimated that the potential fish 
production of the Bahamas region and of the Caribbean 
Sea amounted to  12 to  24 kg and 18 to 40 kg/ha, re- 
spectively, of shelf, of which production of demersal 
fishes might provide 2 to 4 kglha and 2 to  8 kg/ha, 
respectively. The bulk (75% to 88%) of the catch would 
be of pelagic species, presumably mostly neritic in 
habitat. 

Moiseev (1971) estimated that the production of 
neritic and shelf species in the West Central Atlantic in 
1966 averaged 2.9 kg/ha of shelf area and that total 
production in the Western Central Atlantic might be 
increased to  approximately 8.1 kg/ha. However, most of 
the species he cites as possibly being underexploited do 
not occur in the Caribbean, and the bulk of the increase 
is presumably expected to  come from the Gulf of 
Mexico and the eastern coast of the U.S.A. He also states 
that "there does not appear to  be a possibility of includ- 
ing in the fishery in the near future such fishes as coral- 
reef fishes whose numbers are relatively great, but 
because of habitat and other reasons are unsuitable for 
fishing." The latter is clearly a misconception and might 
explain some of the disparity between Gulland's ( 197 1) 
estimates of 12 to 40  kg/ha (taking the Caribbean and 
Bahamas together) and Moiseev's ( 1 97 1) projected 
maximum for the region of about 8 kg/ha. 

It is of interest to compare the foregoing estimates 
with the data given in Table 1 . l .  The overall Caribbean 
production of demersal and neritic pelagic species from 
waters within the 200-m isobath is less than 4.2 kg/ha, 
but production apparently exceeds 8 kg/ha in most areas 
which are intensively fuhed, including the Colombian- 
owned banks of the westcentral Caribbean, the Jamaican 
shelf, the exploited parts of Pedro Bank and the Morant 
Bank and the shelf areas of Guadeloupe, Martinique, St. 
Lucia and Barbados and the entire shelf of northern 
South America. 

The highest reported production rate is achieved on 
the very narrow, northern shelf of Jamaica. Unsubstan- 

tiated evidence (Vidaeus l97Ob) suggests that the 
demersal fish production in this area (which is almost 
entirely covered by living coral reefs) might amount to  
about 37 kglhalyr, despite being severely overfished 
(Munro 1969). The implicatioh, which cannot be sub- 
stantiated owing to  poor statistical data, is that produc- 
tion of demersal fishes from coral reef areas might be 
much greater than envisaged by Gulland (1971) and 
Moiseev(l971). 

Investigations have not produced evidence that very 
large unexploited stocks of pelagic species exist in the 
epipelagic region (Wolf and Rathjen 1971). Underex- 
ploited stocks of neritic clupeids and carangids can 
probably be identified and exploited in a number of 
areas, particularly along the South and Central American 
continental shelves, but no assessments of such stocks 
have been published up to  the present time. 

The estimates of production rates per unit area which 
are shown in Table 1.1 take no account of possible 
under- or over-reporting of catches. Nevertheless, it 
appears on the present evidence that rates of production 
of shelfdwelling demersal fishes approaching 17.5 kglha 
are attained under unregulated but intensive fishing and 
a yield of 11.7 kglha is readily attained in many areas. 
Very much greater yields might be taken from areas of 
intensive coral growth. 

Based upon these values the annual yield of demersal 
fishes from the entire shelf areas of the Caribbean and 
Bahamas totalling 66 x lo6 ha might fairly easily be 
increased to about 750,000 t and under intensive ex- 
ploitation might exceed 1,000,000 t. These production 
rates are respectively equivalent to  about 1 1.3 and 15.1 
kglha. 

The above estimates should be compared with the 
1968 yield of about 289,000 t (including oceanic pelagic 
species), which is equivalent to about 4.2 kg/ha, indi- 
cating that an increase in demersal fish production of 
between 260% and 350% is possible, given the necessary 
technological innovations or the development of fisheries 
in underexploited regions, such as the Bahamas and the 
Caribbean coast of Central America. 

Previous Scientific Investigations in the Caribbean 

CIRCULATION, BATHYMETRY AND PRODUCTIVITY 

The history of scientific exploration of the Caribbean 
Sea has been reviewed by Bayer (1969). From the charts 
presented in Bayer's review, it is apparent that biological 
investigations have been concentrated in the eastern 
Caribbean. Even in recent years, surprisingly few research 
vessel cruise tracks have traversed the region lying 
southwest of Jamaica, including the wide shelf areas of 
Nicaragua and Honduras and the numerous oceanic 
banks of the Nicaragua-Jamaica Rise which separates the 
Colombian and Cayman Basins. 

The general oceanographic features of the Caribbean 
arc fairly well understood (Wust 1964) and were com- 
prehensively reviewed by numerous authors in the 

proceedings of the 1968 "Symposium on investigations 
and resources of the Caribbean Sea and adjacent regions" 
(UNESCO 197 1). 

Production cycles and the general features of phyto- 
plankton and zooplankton production and distribution 
are by no means fully comprehended. Available data 
were reviewed by a number of authors (UNESCO 197 1). 
According to  Wood (19711, the Caribbean area "con- 
tains a relatively homogeneous phytoplankton assem- 
blage, characteristic of tropical and sub-tropical waters." 
The amount of phytoplankton in the Caribbean Current 
increases as a result of turbulence-induced nutrient 
enrichment in the lee of the Lesser Antilles and increases 
again after passage over the Jamaica Rise. A similar 
enrichment is likely to  occur in the zooplankton, but no  



comprehensive account of the distribution and abundance 
of zooplankters is available at present. 

Margalef (1 971) states that in the most productive 
areas of the Caribbean, chlorophyll a is usually present in 
concentrations of 0.2 to  0.5 mg/m3 and production is 
300 to  1,000 mg/m2 /day. In contrast, the stable oceanic 
parts of the Caribbean lying in the path of the Caribbean 
Current would have chlorophyll a concentrations of 0.05 
to 0.3 mg/m3 and carbon fixation is usually less than 
200 mg/m2 /day. 

Gordon and Kelly (1962) stated that it has generally 
been concluded that coral reefs are among the most 
productive of marine communities. Odum et al. ( 1959) 
estimated the gross primary productivity of Puerto 
Rican reef communities to  be 11 to 44 g dry organic 
matter/m2/day, and that of the adjacent seagrass (Tha- 
lassia testudinum) beds at 8 t o  15 g/m2 /day. The produc- 
tivity of these areas is thus 8 t o  220 times greater than 
that of the oceanic waters of the Caribbean. 

ECOLOGY OF CORAL-REEF AREAS 

The main features of the coral-reef communities 
which characterize the shallow regions lying in the paths 
of the Caribbean Current and the Antillean branch of 
the north Equatorial Current have been described by 
Goreau ( 195 9), Goreau and Burke ( l96O), Goreau and 
Wells (1967) and Kuhlmann (1970, 1971), but these 
papers deal almost exclusively with Jamaica and Cuba. 
No attempt has yet been made to  provide an account 
of regional variations in the morphology, zonation, and 
species composition of Caribbean coral reefs. It is 
apparent, from the fragmentary accounts in the literature 
and from observations made by the personnel of this 
project, that substantial variations occur, and that the 
morphology and zonation of Caribbean reefs are highly 
variable, even though a limited number of species of 
hermatypic corals usually predominate in the reef 
communities. 

Taxonomically, the invertebrate and vertebrate 
faunas are fairly well known (although comprehensive 
accounts of many groups are not yet available), but the 
ecological interrelationships of the reef community as a 
whole, remain highly obscure. For example, there is not 
yet any adequate account of how hermatypic corals 
relate to  the trophic structure of the reef community. 
Indeed, only a limited number of species of animals are 
definitely known to feed directly upon the tissues of 
Atlantic reef corals, and none of the coral predators 
appear t o  be of singular importance in the food chain. 
In particular, very few species of Caribbean reef fishes 
feed on coral polyps and coral tissues never constitute 
more than a small fraction of the foods ingested (Randall 
1967). A fairly wide variety of IndoPacific species of 
fishes feed quite extensively on coral polyps (Hiatt and 
Strasburg 1960), but corals still do not constitute a 
major source of fish foods. On the basis of present 
evidence, it is likely that in terms of fish production, the 

major role of hermatypic corals lies in the shelter that 
they afford for myriads of species of animals, resulting 
in development of high population densities and fuller 
utilization of the primary production by epiphytic algae 
and of the secondary production by sessile, filter-feeding 
invertebrates (Bakus 1964, 1966, 1967; Botros 197 1) 
which find suitable habitats on the substratum provided 
by the corals. It is possible that energy transfer in the 
form of mucous and coral planulae is of some importance 
in the food web of coral communities. 

BIOLOGY AND ECOLOGY OF REEF FISHES 

Few attempts have been made to  compile compre- 
hensive accounts of the ecology and biology of reef fish 
communities or of particular families or groups of reef 
fishes. The notable works are those of Randall (see 
references) and Longley and Hildebrand ( 1941) who, 
respectively, studied the reef fish communities of the 
northeastern Caribbean and of the Dry Tortugas, at the 
southern end of the Florida peninsula. In Bermuda, 
Bardach and Menzel and their associates (see references) 
produced a number of highly significant papers on the 
ecological aspects of fish production on Bermudian 
reefs. 

A question of the greatest importance which has not 
yet been extensively investigated is that of the standing 
crop of fishes in the coral-reef communities. Randall 
(1963) measured the standing crop of fishes on two 
shallow (less than 5.5 m) fringing reefs at St. John, U.S. 
Virgin Islands and obtained estimates of fish biomass of 
158 g/m2 and 160 g/m2 (equivalent to  1,580 to  1,600 
kg/ha) for the two reefs. Nagelkerken (unpublished 
presentation to  9th Meeting, Association of Island 
Marine Laboratories of the Caribbean, 197 1) obtained 
similar values from fringing Millepora sp. and Acropora 
palmata reefs at Curacao. Bardach (1959) estimated the 
standing crop of fishes on a Bermuda patch reef t o  
amount to  a substantially lower value of 49 g/m2 (490 
kg/ha) and calculated that fish growth produced about 
17.2 g/m2/yr (172 kg/ha/yr) of isolated shallow reef. 
These values have been compared (Randall 1963) with 
estimates obtained by Brock (1954) on Hawaiian reefs 
which harbored up t o  185 g/m2 (1,850 kg/ha). Fast 
and Pagan-Font (1973) recorded a standing crop of 
fishes of 218.0 g/m2 on an artificial reef of car tires in 
Puerto Rico, and a biomass of only 23.3 g/m2 on a 
nearby natural reef. 

It is interesting to  note that Randall's (1963) artificial 
reef harbored 1,740 g/m2 (equivalent t o  17,400 kg/ha). 
Randall ascribes this very high value to  the fact that the 
reef was surrounded by seagrass beds which are the 
main feeding grounds of the grunts, mutton hamlets 
(Alphestes afer) and other species which constituted 
the bulk of the catch taken on the reefs. Presumably, if 
the biomass of fishes captured on the artificial reef had 
been divided by the area of seagrass beds nearest to the 
artificial reef, the calculated standing crop/m2 would 



have been very much less, and possibly substantially less 
than that obtained on the fringing reefs. 

All of the reefs mentioned above are either unex- 
ploited or only lightly exploited. On the present evidence, 
admittedly scanty, it appears reasonable to  believe that 
standing crops of unexploited reef fishes will commonly 
be found to  exceed 2,000 kg/ha of shelf, provided that 
the amount of reef cover is not a limiting factor. Con- 
comitantly, it can be expected that areas of shelf exceed- 
ing 15 to 20 m in depth (at which depth seagrasses 
disappear) may support very much lower standing crops 
and the primary trophic resource might be oceanic 
zooplankton, passing via the corals and filter-feeding 
invertebrates to  the higher trophic levels. In such areas, 
the reefs might, in addition to providing shelter, also 
provide the major supply of food. Detritus derived from 
seagrass beds lying up-current together with soft green 
and red algae which grow at these depths might also be 
of significance in such areas. 

Stevenson and Marshall (1975) have shown that the 
estimated standing crop of fishes on and around coral 
reefs may be 20 to  30 times greater than that found in 
temperate regions. Estimates that coralline areas could 
potentially produce annual fish catches in excess of  30 
kg/ha of shelf (p. 14) are not incompatible with these 
standing crops of reef areas. Indeed, Bardach's (1 959) 
estimate that fish growth on the Bermuda patch reef 
reached 172 kg/ha/yr suggests that an estimate of 30 
kg/ha might be conservative, although it must be borne 
in mind that the population of a patch reef feeds over a 
wide surrounding area (Longley and Hildebrand 194 1 ; 
Randall 1963). It is also important to  note that the 
standing crop recorded in Bermuda is very much smaller 
than that recorded in the Caribbean by Randall and 
Nagelkerken (see above). 

Studies by J. Randall ( 1 9 6 3 ~ )  have covered aspects of 
the biology, ecology and taxonomy of species of Labridae 
and Scaridae ( 1 9 6 3 ~ ;  see also Randall and Randall 
1963), Monocanthidae (Randall 1964a); the effects of 
grazing by herbivorous reef fishes ( 196 1 c, 1965 b); 
growth and movements of reef fishes (1962 and 1963a) 
and studies of the density of fish populations on natural 
and artificial reefs (1963b). Investigations of the food 
habits of reef fishes (Randall 1964b, 1965a, 1967; 
Randall and Warmke 1967) have provided a significant 
insight to  the competitive relationships of species 
of reef fishes. 

The investigations of Bardach and Menzel (1957), of 
Randall (1962, 1963a) and of Springer and McErlean 
(1962) have clearly demonstrated that species of grunts, 
groupers and hinds, angelfish, butterflyfish, parrotfish, 
snappers, surgeonfish, squirrelfish, wrasses, filefish, 
triggerfish and trunkfish remain on the same reef, or 
even on the same portion of a reef, for their entire lives, 
and that even the least territorial species seldom cover 
distances of more than a few miles. It is interesting to  
note that few jacks (Carangidae) were tagged in these 
studies, and of those tagged, none were recovered. It is 
possible that the jacks are one of the few reef families 

which are mostly free-ranging species. 
Randall and Randall ( 1963) have made various 

observations on the breeding of scarids and labrids in the 
Virgin Islands and Puerto Rico. Munro et al. (1 973) have 
described the spawning seasons of reef fishes in Jamaican 
waters (see Chapters 6-1 7 for further details). The basic 
conclusion was that for most species, the main spawning 
period coincides with minimal water temperatures in 
February, March and April, and many species might also 
spawn in September-October. 

Singularly, little is known of the early life histories of 
reef fishes and the eggs and larval stages of most species 
are undescribed. Information on the early juvenile and 
adolescent stages is also very scarce and, in many cases, 
the main habitats of the juveniles are unknown. 

Notes on general aspects of behavior and habits of a 
very wide range of reef fish species are given by Longley 
and Hildebrand (1 941) and apart from behavioral papers 
(mostly concerned with demoiselles (Pomacentridae) by 
various authors, the former paper remains the most 
detailed source of information in this respect. 

EXPLORATORY FISHING AND FISHERIES 
DEVELOPMENT 

The earliest fisheries investigations (as opposed to  fish 
collections and biological surveys) in the coralline 
Caribbean were those conducted by the United States 
Government vessels, Albatross and Fish Hawk between 
1886 and 1899 (Bayer 1969), and the collections made 
by these vessels formed the foundation of much of 
today's knowledge of the region's fish fauna. However, 
subsequent to  these investigations, there were very few 
large-scale attempts to  investigate the fisheries potential 
of the Caribbean until 1950, when the U.S. Bureau of 
Commercial Fisheries vessel Oregon commenced its 
explorations of the Caribbean and the Gulf of Mexico. 
These efforts were supplemented by those of the Silver 
Bay and Combat, also of the U.S. Bureau of Commercial 
Fisheries (Berry and Drummond 1967). Unfortunately, 
as stated by Bayer (1969), "the results obtained have 
been so diverse that it is unlikely that any coordinated 
analyses of the distribution, abundance and composition 
of the bottom fauna can ever result." To  a lesser extent, 
this comment also applies to  the fish stocks, and no 
broadly based overview of the fisheries potential based 
upon these explorations has been published. 

Between 1965 and 1971, the UNDP/FAO Caribbean 
Fishery Development Project attempted to  make a 
regional survey of the catch rates obtainable by a variety 
of fishing techniques throughout the Caribbean (Idyll 
1971). The extent of these investigations has been 
summarized by Wolf and Rathjen (1 974), and the results 
of trap fishing, line fishing and fishing for lobsters are 
summarized in a series of reports (Wolf and Chislett 
1974; Kawaguchi 1974; Chislett and Yesaki 1974). 

Kawaguchi (1974) concluded that the areas with 
greatest commercial line fishing potential included the 



Nicaraguan Shelf, Navidad Bank (north of Hispaniola), 
Barracuda Bank and Anguilla Bank (northeastern Carib- 
bean) and the Guyana Shelf. Catch rates exceeding 
about 10 kg/line-hr were considered to  be good, with 
lesser values having doubtful economic potential when 
exploited by hand-lines or electrically powered reels. 
Bottom long-lining gave discouraging results in most 
areas. Nearly all of the most promising areas are remote 
from land, and Kawaguchi concluded that vessels in the 
45- to  50-ft (14- to 18-m) size range would be appropriate 
to  the fishery, depending upon the distance of the 
fishing grounds from the home port. 

Wolf and Chislett (1974) reported that trap fishing 
for snapper and other dernersal species gave generally 
good results and showed that yields in excess of 9.1 kg 
per lift, for traps set overnight, were attainable in many 
areas, including most of the areas mentioned by Kawa- 
guchi (1974) and, in addition, Pedro Bank and other 
oceanic banks near Jamaica. No trap fishing was done on 
the Nicaraguan Shelf, from which Kawaguchi (1974) 
reported best line fishing results, but it is to be expected 
that the area might likewise be productive. The trap fish- 
ing results reported by Wolf and Chislett (1974) can be 
criticized on the grounds that uneconomical amounts of 
imported bait (up to 11 kg of mackerel or herring per 
trap) were used, with the result that the value of the 
catch was often less than the value of the bait. Never- 
theless, their results do show the potential initial catch 
rates in these areas and also suggest that efficient ex- 
ploitation of the areas might be dependent upon the 
development of an inexpensive artificial bait. In most 
areas, very few of the species captured in traps are 
unmarketable, and there is generally insufficient "trash" 
captured for the traps to provide their own bait. 

In addition to regional investigations, various national 
efforts in localized areas have done much towards 
obtaining a clearer picture of the probable lines of 
development and in some cases developed new or 
improved fishing techniques. Many such investigations 
have been reported, including studies of tuna, spiny 
lobster and shrimp resources in Cuban waters (Suarez 
Caabro and Duarte Bello 1961; Gonzalez Cardulis and 

Guitart Manday 1969; Buesa Mas 1960, 1961 ; Perez 
Farfante, Acosta Jiminez and Alemany Proenza 196 1 ), 
and general investigations of the economic feasibility of 
utilizing decked fishing vessels in Jamaica and Puerto 
Rico (Oswald 1963, 1962). In the eastern Caribbean, 
Wiles ( 1954) made significant advances in netting 
techniques for flying fish. The general progress of 
fisheries development work in the Caribbean is fairly 
well reflected in the annual proceedings of the Gulf and 
Caribbean Fisheries Institute issued between itsinception 
in 1948 and the present time. 

The marine resources of Venezuela are far better 
known than those of any other Caribbean country, 
largely as a result of the activities of the FAOIUNDP 
Fisheries Research and Development Project in that 
country. The results of these investigations are docu- 
mented in an extensive series of publications issued by 
that project. Coralline shelf areas are limited by eco- 
logical conditions to the middle portion of the Vene- 
zuelan coastline and the resources do not compare with 
those of the eastern and western regions. Correspondingly, 
little research has been done in these coralline areas. 

It is noteworthy that singularly little attention has 
been given the reef fish resource as a whole, and attention 
has centered upon the highly prized components, 
such as groupers and snappers and spiny lobsters, and 
questions pertaining to  the potential catch of even such 
highly prized components as the carangids (jacks) or 
abundant groups, such as the grunts and triggerfishes, 
have largely been ignored (Carpenter and Nelson 1969). 

In retrospect, it is unfortunate that great efforts have 
been expended in the past in attempts to  locate stocks 
of oceanic pelagic species (mostly tunas) which, despite 
the evidence to  the contrary, were thought to be present 
in the Caribbean (Whiteleather 195 2). In no case have 
these efforts met with any significant success, but they 
have served to draw attention away from the demersal 
stocks. Even as recently as 1965-7 1, the UNDPIFAO 
Caribbean Fishery Development Project expended much 
effort on  attempts to  harvest tuna and other oceanic 
pelagic species with very little success (Wagner and Wolf 
1974; Wolf and Rathjen 1974). 



CHAFTER 2: 

THE JAMAICAN FISHING INDUSTRY 

by 
J.L. Munro and R. Thompson 

(November 1973) 

The Jamaican Fishing Industry 

Various aspects of the Jamaican fishing industry have 
been described by Vidaeus (1  970), Munro (1  969) and 
Pecker (1972,  unpublished). In common with many 
other  Caribbean countries, the demand for fish and fish 
products far exceeds the supply and very large amounts 
o f  fish are imported t o  meet the demand. The  procedures 
fo r  distributing and marketing domestic catches are 
highly inefficient, being based upon the "higgler" 
system whereby large numbers o f  vendors purchase fish 
in small quantities a t  the source of supply and distribute 
i t  over limitcd areas. This results in inflated costs t o  the 
consumers and an inability t o  cope with unusually large 
catches, t o  the detriment of the fishermen. Conversely, 
however, the industry contributes t o  the support of a far 
greater number of individuals than would otherwise be 
the case. Storage and ice-making facilities are very 
limited and relatively expensive and this aspect has acted 
as a brake o n  development in some instances (Vidaeus 
1970). 

The Fisheries Division of  the Ministry of Agriculture 
is responsible for the implementation of Government 
fisheries policy and for fisheries development and 
training schemes (Kirton 1967). T o  this end, the Division 
has operated three fishingvessels: the 2 1-m M. V. Dolphin, 
the 13-m M. V. Blue Fin and the 1 1-m M. V. Albacore. 
However, for reasons apparently related mostly t o  the 
shortage of trained staff, the latter t w o  vessels were 
largely inactive during the period covered by this report. 

The industry can be divided into several actual o r  
potential sectors: the nearshore fishery, the cays fishery 
and t h e  offshore fishery. 

THE PRIMARY FISHERIES 

The  Nearshore Fishery 

In 1973, approximately 3,100 canoes were based on 
160 beaches distributed around the island. About 48% 
of the  canoes operating o n  the  fairly extensive southern 
shelf (Fig. 2.2) were equipped with outboard motors, 
whereas on the narrow northern shelf only 16% of the 
fleet were mechanized (Vidaeus 1970). The non-mech- 
anized boats comprised about 66% of  the total fleet. 
They are usually paddled and seldom use sails. Tradi- 
tional Z traps, hand-lines, troll lines, seines, gill-nets and 
spearguns are the predominant fishing gears. The illegal 
use of explosives is prevalent (Munro 1969). The greatest 
part o f  the landings probably results from trap fishing 
(Vidaeus 1970). 

Non-mechanized canoes have a radius of operations 
of only a few miles, but mechanized canoes can operate 
over the entire Jamaican shelf and t o  all the minor banks 
close t o  Jamaica (Fig. 2.2). In addition, some of  the 
largest canoes based o n  the south coast of  Jamaica travel 
t o  the northern edge of Pedro Bank and t o  the Pedro 
Cays, up  to  1 10 kilometers from their bases. These 
operations, based on fish trapping supplemented by 
hand-lining, have been reported t o  be profitable in many 
cases. Unfortunately, a high degree of risk attaches t o  
operating at  such extreme distances in open canoes 
equipped with the minimum of  safety equipment. 



Vie. 2.1. Map o f  thc west-central Caribbcan, showing location and cstent of oceanic banks, and placc namcs nlentioncd in the text. 
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The Cays Fishery nicians are generally unavailable appear to  be a major 
factor limiting the development of this fishery. 

In 1973, the landing of the nearshore fisheries were 
supplemented by the landing of a fleet of 150 to 200 
mechanized canoes (Vidaeus 1970) based on the Pedro 
and Morant Cays, Bajo Nuevo, Serranilla and Serrana 
Cays and at the Mosquito Cays and other groups of 
islands on the Nicaragua-Honduras shelf (Fig. 2.1). Such 
operations are sustained by carrier vessels, usually in the 
15 to  24 m (50 to  80  ft) size range, which ply between 
the cays and Jamaica, carrying supplies to  the fishermen 
and returning with loads of iced fish. 

The operation appears to  have been first suggested by 
Thompson (1945) but did not succeed at that time 
owing to the lack of incentives to induce competent 
fishermen to live in these isolated areas. However, in 
response to rising market prices and the high profitability 
of the fishery (Vidaeus 1970), the number of carrier 
vessels increased to  2 1 active vessels in 1973, including 2 
vessels which exceed 30 m in overall length. Poor berth- 
ing facilities, inadequate ice supplies and a poorly 
organized marketing system have impeded full develop- 
ment of the fishery. Claims by various Central American 
nations to exclusive fishing rights over rather wide areas 
also created uncertainty in the fishery and possibly 
impeded development to some degree. 

The cays fishery utilizes Z traps almost exclusively, 
supplemented by occasional trolling for scombrids and 
barracuda. Hand-lime fishing is seldom attempted. The 
range of operations of cays fishermen appears to seldom 
exceed 28 kilometers, this being the greatest distance 
from the Pedro Cays at which fishermen or trap buoys 
were observed during the course of these investigations. 

The Offshore Fishery 

For purposes of this report, the offshore fishery is 
defined as one in which the catch is taken aboard vessels 
operated independently of any land base for extended 
periods, in areas beyond the operating range of canoes. 

Up to 1973, only two vessels operating from Jamaica 
fell exclusively within this classification; the Chiquita 
operated by the Manchioneal Fishermen's Cooperative, 
and the Lady Blythe operated by private interests. The 
Chiquita operated with hand-lines and hand-reels, mostly 
on the Nicaraguan shelf, and was reported to land about 
70 tlyr (Vidaeus 1970). 

The Lady Blythe fished the western portion of Pedro 
Bank, using traditional Z traps, and conducted line fishing 
on an opportunistic basis. The number of traps used was 
far in excess of the vessel's carrying capacity and its 
mobility was correspondingly limited. Landings were 
reported at 100 tlyr. 

In addition, several carrier vessels were said to engage 
occasionally in limited trap and hand-line fishing, though 
most of these are not equipped for such work. The 
severe shortage of qualified captains and engineers 
(Munro 1969) and the difficulties of maintaining elec- 
tronic and mechanical equipment when skilled tech- 

CATCH STATISTICS 

In 1962 and 1968, sample surveys were made of the 
Jamaican fishing industry, and the basic results have 
been reviewed by Vidaeus (1 970). Unfortunately, the 
fmal results of the 1968 survey were never released by 
the Government of Jamaica and few details are available, 
other than those supplied to Vidaeus. 

Pecker (1972), quoting Harris (1963), gives the 
following estimates of production by the nearshore 
canoe fishery: 

1945-1 949 5,450 t (12.0millionlb) 
1950-1954 4,995 t (1 1 .O million lb) 
1955 6,585 t (14.5 million lb) 
1956 7,720 t (17.0 million lb) 
1958 10,263 t (22.6 million lb) 
195 9 9,900 t (2 1.8 million lb) 
1960 10,309 t (22.7 million lb) 
1962 10,990 t (24.2 million lb) 
1968 (Vidaeus 1970) 6,630 t (14.6 million lb) 
As stated in Chapter 1, the 1968 production of 

demersal and neritic pelagic species by the nearshore 
Jamaican canoe fishery amounted to  17.2 kglha, this 
being by a substantial margin the greatest rate of produc- 
tion reported for any area in the Caribbean. The claimed 
rates of production between 1956 and 1962 are therefore 
extraordinarily high and exceeded 29 kg/ha in 1962. 
Pecker (1972) has pointed out that the sampling tech- 
nique adopted for the 1962 survey resulted in the enum- 
erators usually visiting the fishing beaches on "fishing 
day," the day when most fish buyers attend a particular 
beach and on which there is consequently the greatest 
fishing effort. The recorded catch of each canoe was 
then raised by the number of fishing trips made in the 
preceding 7day period, and the calculated average 
weekly landing then raised by the number of canoes 
stationed at the beach in question. It is also not clear 
from the account of the 1962 sampling program (Chuck 
1963) that inactive canoes were excluded from the cal- 
culations. For the abovementioned reasons, the estimates 
for the period 1956-1962 are believed to be greatly 
inflated and are not further considered in this report. 

In contrast, the 1968 survey does not appear to have 
suffered the abovementioned statistical deficiencies 
(Vidaeus 1972). As described below, the results produce 
(with one exception) a coherent pattern which lends 
much credence to the validity of the survey. 

Bearing in mind the rather unsatisfactory statistical 
base, Table 2.1 has been compiled to show the 1968 
shelf landings of demersal and neritic pelagic species 
(excluding oceanic pelagic species), the shelf areas 
adjacent to each Jamaican parish [data for Kingston and 
St. Andrew, St. Catherine, Clarendon, Manchester and 
St. Elizabeth, which abut on the South Jamaica Shelf 
(Fig. 2.2) have been combined], and numbers of canoes 



Fig. 2.3. Semi-logarithmic plot of relationships between annual 
catches of demersal and neritic pelagic species per unit of effort 
(kglcanoelyear) and fishing intensity (canoeslkm2) for shelf 
areas adjacent to the Jamaican parishes of St. Thomas (ST), 
Portland (P), Westmoreland (W), St. James (SJ), St. Mary (SM), 
St. Ann (SA), Trelawney (TI and Hanover (H) and from the 
South Jamaica Shelf (SS). Trelawney is excluded from the 
regression. 

Fig. 2.4. Regression line of Fig. 2.3 translated to terms of annual 
yield per unit area (thousands of kgIkm2lyear) relative to fishing 
intensity (canoes/kmz). Actual yields and fishing intensities 
(1968 statistics) for shelf areas adjacent to Jamaican parishes and 
for the South Jamaican Shelf are also included (abbreviations as 
given for Fig. 2.3). 

Table 2.1. Yields of shelf-dwelling species (excluding oceanic pelagics) per unit area of the Jamaican shelf and proximal banks (but 
excluding Pedro and Morant Banks). Based on reported catches for 1968 (Vidaeus 1970b). 

~ -- - -~ 

Area of Effective Total Kg of 
shelf and Number % of canoe Effective shelf Kg per neritic 
proximal Number of oceanic effort on canoes landings canoe species 

banks of mechanized pelagic shelf Per (1968) per per ha 
km2 canoes canoes fishes D = A- km2 kg x 1,000 year per yr 

X A B C (BC/100) E = D/X F F/D F1100X 

S t  Thomas 
Kingston and S t  Andrew, 

St. Catherine, Clarendon, 
Manchester and 
St. Elizabeth 

Westmoreland 
Hanover 
S t  James 
Trelawney 
S t  Ann 
S t  Mary 
Portland 

South coast ( S t  Thomas 
to St. Elizabeth) 2,925 1,351 724 5.8 1,309 0.48 4,055 3,098 13.9 

North coast (Westmoreland 
to Portland) 496 1,758 324 21.1 1,690 3.41 1,838 1,082 37.0 

All areas 3,421 3,109 1,048 11.2 2,992 0.87 5,893 1,970 17.2 



operating on the shelf. The number of canoes operating 
on the shelf of each parish has been derived by subtract- 
ing from the total number of canoes the estimated 
portion of the effort by mechanized canoes which is 
applied to fishing for oceanic pelagic species. In all cases, 
the resulting adjustment is very small. The last three 
columns of Table 2.1 show the estimated landings of 
demersal and neritic pelagic species of each parish, the 
calculated landmgs per canoe per year and the calculated 
landings per unit area of shelf. The reported production 
and calculated rate of production in the parish of 
Trelawney appear to be very greatly inflated, but there 
are insufficient data available to establish the source of 
the errors. 

The relationship between catch per canoe per year 
and the number of canoes per km2 of shelf of each 
Jamaican parish is shown in Fig. 2.3 in a semi-logarithmic 
plot. The basic assumptions are that the ecological 
regimes do not differ substantially around the island and 
that catch rates will decline exponentially in response to 
increases in fishing effort. These are borne out by the 
relatively good fit of the points to the regression, with 
the exception of that relating to the parish of Trelawney. 

Figure 2.4 shows the regression line translated to 
terms of production per ha, and suggests that with the 
present fishing methods, maximum yields of around 
4,100 k&m2 (41 kg/ha) are attained by a fishing 
intensity of about 3.2 canoes/km2. The graph also 
implies that economic factors, such as the high operating 
costs of outboard motors or poor marketing facilities, 
limit the production on the South Jamaica Shelf where 
the density of canoes averages only 0.4 canoes/km2. 
However, the assumption that productive regimes are 
similar 6n an island-wide basis precludes any definitive 
conclusions. Likewise, it cannot be assumed at this stage 
that a yield of 4,100 kg/km2 is the maximum attainable, 
as this is largely achieved by intensive fishing with 
small-meshed (4.13 cm) fish traps supplemented by 
small-meshed beach seines and gill-nets and by hand-lines. 
It is important to note that the shelf areas referred to 
here include any areas which are within the 200-m 
isobath. For most areas, the largest extent is between 
10-m and 30-m deep and is variously covered by coral 
reefs, seagrasses and sand or coral rubble. Fish yields in 
terms of harvests per unit area of actively growing coral 
reef are unknown. 



CHAPTER 3: 
AREAS INVESTIGATED, OBJECTIVES 

AND METHODOLOGY 

by 

J.L. Munro and R. Thompson 

(November 1973) 

The Area Investigated 

The main areas of interest to the ODA/UWI Fisheries 
Ecology Research Project were the island shelf of Jamaica 
and oceanic banks within the operational range of the 
motorized canoes which characterize the fishing industry, 
plus oceanic banks lying beyond the operational range of 
canoes and which are virtually unexploited at present. The 
latter areas include the greater part of the 8,040 km2 
Pedro Bank (of which only some 1,000 km2 proximal to  
the Pedro Cays are exploited with any degree of inten- 
sity), Rosalind Bank (4,940 km2) and the Nicaragua- 
Honduras Shelf (122,900 km2) and many other minor 
oceanic banks lying within the potential operational 
range of motorized fishing vessels operating out of 
Jamaica (Fig. 2.1). 

For obvious practical reasons, sampling efforts were 
concentrated in three main areas: 

1) The heavily exploited Port Royal Reefs lying south 
of Kingston and Port Royal. (Fig. 3.1) 

2) The exploited and unexploited portions of Pedro 
Bank. (Fig. 3.2) 

3) California Bank, a small (8.6 km2) oceanic bank 
lying some 20 km south of Port Royal, which is 
subjected to a moderate degree of exploitation. 
(Fig. 2.2) 

The above was supplemented by varying degrees of 
effort in sampling the following areas: 

1) Discovery Bay and the north coast of Jamaica 
(Fig. 2.2) 

2) South Jamaica Shelf (Fig. 2.2) 
3) Morant Bank (Fig. 2.2) 
4) Lameshur Bay, St. John, U.S. Virgin Islands 

In addition, prior to  the arrival in Jamaica of R. V. 
Caranx, project staff participated in cruises of the M. V. 
Alcyon operated by the UNDP/FAO Caribbean Fishery 
Development Project, mainly on Pedro Bank but ranging 
as far afield as Navidad and Silver Banks to  the north of 
the Dominican Republic, and Alice Shoal lying south of 
Pedro Bank. 

Finally, commercial landings originating from Pedro 
Bank, the Serranilla Bank and the Mosquito Cays on the 
Nicaraguan Shelf were sampled at Khaleel's Deep Sea 
Fisheries between July 197 1 and June 1972. 

The limited amounts of oceanographic, bathymetric, 
and other ecological data which pertain specifically to  
the areas investigated are summarized below. 

MORPHOLOGY OF THE REEFS AND SHELVES 

Characteristically, the shelves and banks of the 
westcentral and southwestern Caribbean are relatively 
flat, with depths seldom exceeding 45 m and averaging 
around 30 m. The depth increases abruptly at the edges, 
sometimes by a vertical or near vertical drop to depths 
exceeding 400 m. The edges of the banks and shelves are 
characterized by sill reefs of variable magnitude, which 
are best developed on shallow (less than 30 m) windward 
or upcurrent edges and may be absent on relatively deep 
(over 40 m) leeward edges. The landward margins of the 
shelf usually have well developed fringing reefs, partic- 
ularly along the windward shores. 



Fig. 3.1. Map of the Port Royal Reefs showing depths and the location of place names mentioned in the text. 

Fig. 3.2. Map of Pedro Bank showing place names mentioned in the text and the distribution of depth zones. 

For purposes of this report, the plateau-lake shallow and appear to be sparsely covered with seagrasses and 
areas have been arbitrarily divided into three depth algae and infrequent, low, outcrops of coral. Isolated 
zones (10.1 to 20 m, 20.1 to 30 m and 30.1 to 45 m). patch reefs occur in some areas. 
The shallowest areas are usually located at the eastern or Beyond the sill reef is the "dropaff", an abrupt 
southeastern sides of the banks. increase in depth, starting at the outer face of the 

The central portions of the banks and shelves, remote sill reef in as little as 12 m in the shallowest areas and 
from the welldeveloped sill reefs, are usually very flat around 45 m in the deepest areas, descending almost 



Fig. 3.3. Composite profde of sill reef and deep reef found at Pedro Bank and the South Jamaica Shelf. Sill reefs may (A) rise to within 
10 m of the surface or be based in de~ths of as much as 45 m (B-C). The deep reef is often vertical (D) but sometimes has a slope of ~ - 

about 40' (F). The most usual slope is ahown by profde (E). 

vertically to at least 60 m, often continuing vertically to 
depths exceeding 400 m. The "deep reef" is defined 
as extending from about 60 m to  the upper edge of the 
bathyal zone at about 250 m, and can be subdivided into 
two parts (60 m to 100 m and 101 to  250 m) on the 
basis of the composition of the fish catches. Owing to  
the extreme steepness of the slope, the basal area covered 
by the deep reef zone is extremely limited. The gentlest 
slopes encountered were of about 40°, always in depths 
exceeding 200 m, and slopes of 45 to  55' were con- 
sidered to be "good" fishing stations. Vertical or ex- 
tremely steep slopes appeared most common on the 
eastern and southeastern edges of Pedro Bank and the 
South Jamaica Shelf. A composite profile of the sill reef 
and deep reef zone is shown in Fig. 3.3. 

Jamaica Shelf (Fig. 2.2) 

Around most of Jamaica, the offshore shelf is rela- 
tively narrow so that the 40-m contour usually lies about 
1,000 m from land. Between Kingston and Black River 
on the south coast, there is a large offshore shelf (the 

South Jamaica Shelf) 28 km wide and approximately 
150 km long. On the north coast fringing reefs extend, 
with few gaps, from Morant Point in the east to Negril in 
the west. On the south coast, large reefs are restricted to 
the eastern part of the South Jamaica Shelf, near Port 
Royal and the entrance to Portland Bight. Elsewhere on 
the south coast, reefs tend to  be small, patchy and often 
senescent (Goreau 1959). The sill reef is well developed 
along most of the edge of the South Jamaica Shelf. On 
the north coast, the shelf is so restricted that the fringing 
reef and sill reef are almost contiguous. The sill reef 
and drop-off are characterized by massive corals, and 
Goreau and Wells (1967) have observed active reef 
growth to depths of 70  m on the Jamaican north coast. 
Below 70 m there is a reduction in coral population 
density, species diversity and colony size. Areas of open 
shelf remote from fringing reefs and sill reefs are not 
well known, but appear to be characterized by scattered 
patches of coral, go~gonians and seaweeds, interspersed 
with large sandy areas. Turtle grass (Thalassia testu- 
dinum) is present to depths of at least 15 m in some 
areas and eel grass (Syringodium sp.) and soft green algae 
occur to depths of at least 45 m. 



The Port Royal Reefs 

The Port Royal Reefs are situated south of Port 
Royal, at the eastern extremity of the South Jamaica 
Shelf (Fig. 3.1). The geological history of the Port 
Royal-Kingston area has resulted in the development of 
a rather unusual reef system differing from other areas in 
having a deep lagoon with a floor covered by fine 
calcareous sediments and few corals (Goreau and Burke 
1960). The clarity of the water is not great and active 
growth of hermatypic corals ceases at a depth of about 
15 m. The reefs cover an area of about 9 km wide by 
15 km long. The lagoon is formed by a barrier reef and 
contains a complex of patch reefs and cays. The barrier 
reef, lying between South Cay and Southeast Cay is 
about 7.5 km long with a crest about 30 m wide. The 
lagoon has an uneven bottom with depths up to 35 m 
with many coral hillocks and irregular reef formations. 

The major habitats found in the Port Royal reefs are 
briefly described below. 

Thalassia flats. Shallow (down to 2 m) areas charac- 
terized by an abundant growth of Thalassia testudinum 
and small to mediumsized coral heads. There are exten- 
sive areas of this habitat in the lee of the barrier reef. 

Coral and sand flats. Depth 2 to 4 m. Small patches 
of Acropora palmata, A. cervicornis and isolated coral 
heads, e.g., Montastrea spp. and Diploria spp. Large 
sandy areas with gorgonians and some Thalassia testu- 
dinum are also present. 

Acropora cervicornis zone. Present on the upper 
slope from depths of 2 to 12 m, depending on the clarity 
of the water. Comprised of dense thickets of A. cervi- 
cornis with few other species present. 

Mixed coral slope. Contains a little A. cervicornis, but 
is dominated by massive corals, e.g., Montastrea and 
Porites spp., sponges and gorgonians. Depth about 10 to  
15 m. 

Rubble slope. Composed of broken, dead coral and 
some live heads of Madracis sp. Depth distribution is 
around 10 to  18 m. 

Reef base. Below the rubble zone flattens out to form 
a smooth, muddy bottom with isolated rocky outcrops 
and some coral growth. Depth about 20 t o  30 m. 

OCEANIC BANKS 

Most oceanic banks rise abruptly from depths of well 
over 500 m to a submarine plateau with mean depths of 
20 to 40 m. On some banks depths of less than 20 m are 
encountered in areas where reefs, cays and shoals are 
present. 

The general bathymetric features of the Caribbean 
Sea are quite accurately documented, but precise details 
of the topography and depth of many of the oceanic 
banks are not yet available and the configurations of 
many banks are poorly represented in nautical charts. 

Pedro Bank 

Pedro Bank was surveyed in great detail by the British 
Naval Hydrographic ships Fox and Fawn during 1970 

and very detailed charts were therefore available for the 
present investigation (Fig. 3.2). The Pedro Cays and 
associated features have been described by Zans ( 1958). 
Thq bank gradually deepens in a northwesterly direction 
and the shallowest, southern and southeastern portions , 

of the bank, which face into the Caribbean current, have 
the best developed reefs. 

The bank has a total area of about 8,040 km2 with 
the various depth zones represented as follows: 

0 -lOm 171 km2 ( 2.1%) 
10.1-20m 2,2 19 km2 (27.6%) 
20.1-30 m 3,700 km2 (46.1%) 
30.1-40 m 1,742 km2 (2 1.7%) 
40.1-50m 206 km2 ( 2.6%) 

The mean depth of the bank is thus about 24.5 m and the 
circumference is about 590 km. 

The ecological features of the bank are practically 
unknown. Owing to the usually strong currents, high 
seas and abundant sharks, no diving observations have 
been made other than around shallow reefs. Viewed 
from the surface, the sill reefs do not in any way appear 
different to those on the north coast of Jamaica. Within 
several kilometers of the edges of the bank, coral out- 
crops decrease in frequency and the bottom configuration 
(as shown on echo sounders) becomes rather featureless. 
The extent of cover of algae or seagrasses, and hence, 
the relative primary productivity are entirely unknown. 

California Bank (Fig. 2.2) 
This small, 8.6 km2, oceanic bank lies 22 km due 

south of the city of Kingston, and the northwestern end 
is 4.6 km from the nearest part of the South Jamaica 
Shelf. The intervening water has a minimum depth of 
over 700 m. The depth of the bank is 35 to 45 m and 
the sides are precipitous to depths of over 300 m. The 
bank has not been investigated by divers. Viewed from 
the surface, the bottom appears to have a sparse coral 
cover, and the sill reefs are not well developed. 

Other Oceanic Banks 

Other oceanic banks were investigated briefly, includ- 
ing Morant Bank and Mackerel Bank (Fig. 2.2). In 
addition, project personnel participated in cruises of the 
UNDPIFAO vessel Alcyon t o  Alice Shoal, Salmon Bank, 
Decca Ridge, Silver Bank and Navidad Bank. However, 
other than basic features given on ordinary nautical 
charts, nothing is known concerning these areas. 

OCEANOGRAPHIC CONDITIONS 

Jamaica and Pedro Bank lie in the middle of the zone 
of northeasterly trade winds and windspeeds of over 30 
kt (15 mlsec) are not unexpected. Average windspeeds 
are in the region of 15 to  20 kt  (8 to 10 mlsec). A season 
of relative calm usually extends from October to  Feb- 
ruary, interspersed by rather violent northerly storms. 
The region is exposed to humcanes between July and 
October, but records show that most humcanes either 
traverse the entire Caribbean to the south of Jamaica or 
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take a more northerly course. As a result of the relatively 
windy conditions which prevail, and the consequent 
short, sharp seas, vessels of less than about 14 m (45') 
length are subjected t o  difficult, if not hazardous, 
working conditions. 

Jamaica lies almost directly on the current shift axis 
between the Caribbean Current and a branch of the 
Antillean Current (or  North Equatorial Current) which 
penetrates the Cayman Basin of  the Caribbean through 
the passage between Cuba and Haiti (Perlroth 1971). A 
branch of the latter current periodically moves through 
the Jamaica Passage between Jamaica and Haiti and then 
turns westwards and runs along the south coast of 
Jamaica. The waters are easily identifiable, the Carib- 
bean Current being warmer and of relatively lower 
salinity (Goodbody and Munro 197 1). It  appears that 
the current shift axis normally lies south of Jamaica 
between September and February and north of Jamaica 
between March and August (U.S. Naval Oceanographic 
Office 1969, 1970) and the extent of the shift might be 
related t o  the intensity of the trade winds. It  also 
appears that pelagic fishes such as marlins and tunas 
might be associated with the shift axis. It  is emphasized 
that the foregoing is based o n  scanty evidence. It  is not  
known whether the axis ever shifts sufficiently far south 
for Pedro Bank t o  be bathed in the waters of the Antil- 
lean Current. The extent and timing of these shifts could 
have much influence o n  recruitment of larval and post 
larval fishes to  Jamaican reefs (Munro et  al. 1973). 

Major efforts have not  yet been made t o  investigate 
water circulation in the vicinity of the Jamaica Rise 
which lies directly in the path of  the Caribbean Current. 
Emilsson (1971), in considering the upper layer circula- 
tion of the Cayman Sea, states that "the dominating 
feature of the surface current system is the Caribbean 
Current which enters ( the Cayman Basin) from southeast 

and flows in the direction of the Yucatan Channel." 
However, he also states that "this seems t o  be about the 
only point o n  which all current charts and descriptions 
agree." There are undoubtedly countercurrents and 
gyres o n  either side of the main current, but these might 
be subject t o  great seasonal o r  irregular variations 
in strength and direction. The presence of east-flowing 
surface and subsurface countercurrents is also demon- 
strated by Emilsson (1971), not  only at  the margins o f  
the basin, but also in midCaribbean. The passage of  the 
Caribbean Current over the Mosquito, Rosalind and 
Pedro Banks causes intense lateral mixing (Emilsson 
1971), and might possibly enhance the productivity 
of  the area t o  a limited degree. Both the Antillean and 
the Caribbean Currents move at  speeds between 0.4 and 
1.0 k t  (0.2 and 0.5 m/sec) with a mean of 0.5 t o  0.6 k t  
(0.25 t o  0.3 1 m/sec) (U.S. Naval Oceanographic Office 
1969, 1970). 

The effect of tides is slight, the range varying between 
2 0  cm and 3 6  cm on the Jamaican coast. Tidal currents 
on Pedro Bank are sometimes sufficient t o  s top or  
reverse the flow of the prevailing westerly current. 

Beers et  al. (1 968)  showed that the upper 75 m of the 
oceanic waters south of  Port Royal, Jamaica, were 
nearly isothermal and had an annual temperature range 
of  26.5 t o  29S°C. Salinity varied between 35.2 and 
35.8%0. Coodbody and Munro (1 97  1) found salinities of 
34.50 to 36.42% in a series of stations transecting the 
current shift axis t o  the east of Jamaica. 

Relatively high chlorophyll a concentrations of 0.15 
t o  0.36 mg/m3 have been recorded off the eastern end 
o f  Jamaica (Goodbody and Munro 1971) but Steven 
(1965) recorded an annual average of only 0.1 1 mg/m3 
at a station south of  Jamaica-indicating some variation 
in productivity. 

Objectives of the ODAIUWI Fisheries Ecology 
Research Project 

The  objectives of the project were formulated against 
the background of general information available in 1969, 
which is outlined in the preceding parts of th i s  report. 

The stated objectives of the project were: 
1) T o  study the effects of trap fishing upon the 

composition o f  reef-fish communities. 
2) T o  investigate the dynamic characteristics (age, 

growth, mortality and population density) of the 
main species o f  Lutjanidae (snappers), Serranidae 
(groupers) and Carangidae (jacks) comprising the 
incipient offshore line fishery. 

A full understanding of the effects of  trap fishing also 
requires a comprehensive knowledge of the biology and 
ecology of the important components of the trap 
fishery, and an understanding of the mode of  operation 
of  fish traps. 

Concurrent operations by the UNDPIFAO Caribbean 
Fishery Development Project eventually indicated that 
the prospects for a viable deepwater line fishery for 
groupers, snappers and jacks were not  good in Jamaican 
waters (Kawaguchi 1974); thus, the trap fishery investi- 
gations were given the greatest emphasis. 

Methods 
FlSHlNG METHODS 

Fishing techniques were directed towards estimating and baited hook and lines. 
catch rates and catch composition, gathering specimens The methods employed varied according t o  the 
for biological analysis and defining the operating charac- opportunities offered by the areas investigated and are 
teristics o f  fish traps and were based o n  the use of traps described in detail in Chapters 4 and 5. 



Nearshore Areas 

Nearshore sampling was based entirely on the use of 
Antillean fish traps (described in Chapter 5) and the Port 
Royal Reefs were sampled for a period of 28 lunar 
months (November 1969 to January 1972). Additional 
areas sampled during this period included Discovery Bay 
on the north coast of Jamaica, and Lameshur Bay at St. 
John, U.S. Virgin Islands. 

The basic technique involved setting traps (usually 
unbaited) in selected areas and depths using scubadiving 
techniques. Buoyed traps were tried but soon abandoned 
as a result of thefts or interference with the traps. Most 
of the reefs at Port Royal were sampled but investigations 
concentrated on Nassau Reef and Yahoo Reef (Fig. 3.1). 

Approximately half the traps hauled at the Port 
Royal Reefs were merely set in the desired locations and 
retrieved after a soak of variable duration. The remaining 
traps, set mostly on Nassau and Yahoo Reefs, were 
subjected to  careful monitoring by divers. Traps to  be 
observed underwater were numbered, thus identifiable, 
and were usually set in groups of five at depths between 
7.1 m and 13.7 m, evenly spread diagonally down the 
reef slope over a distance of about 50 m. The traps were 
visited as often as possible and on each visit the contents 
of each trap were independently enumerated by two 
divers. All species of fishes and crustaceans were sepa- 
rately counted and further separated by sex or color 
phase wherever possible. Traps were usually hauled, 
emptied and reset at successive new and full moons. 
These techniques were also utilized on the reefs at 
Discovery Bay, St. John, U.S. Virgin Islands. Owing to  
weather conditions, technical problems and commitments 
to  other aspects of the research program, it was seldom 
possible to visit traps daily, as would have been ideal, 
and the interval between successive observations varied 
between 1 and 6 days, with a mean of 2.33 days. 

A total of 856 successive counts of the contents of 
181 traps were accumulated between January and 
December 1970. The results and conclusions pertaining 
to  the operating characteristics of fish traps have been 
published elsewhere (Munro et al. 197 1; Munro 1974) 
and are not further dealt with in this report. 

Offshore Areas 

Offshore operations were conducted between January 
197 1 and February 1973, utilizing the project's 17-m 
research vessel, the R. V. Caranx. Traps of various types 
and hand-lines and electrically powered reels were 
normally used. The basic technique consisted of setting 
all traps on amval at the sampling area and subsequently 
hauling and resetting the traps at one- to  threeday inter- 
vals, depending upon the sampling design. Time not 
otherwise utilized, particularly at night, was devoted t o  
hook-and-line fishing. 

Traditional traps proved to  be far too bulky rela- 
tive to  the carrying capacity of the research vessel, 
and metal-framed stackable traps (Figs. 5.2 to  5.4) 

based on the Antillean design, were developed and 
successfully utilized (Munro 1973). These traps effected 
a 10-fold increase in the trap-carrying capacity of the 
vessel, and proved to  be only slightly less effective than 
the traditional designs (Munro 1974). 

All traps were set with the vessel drifting down-wind, 
or  downcurrent, over the selected fishing area. Traps 
were individually set, the scope of the buoy line being 
twice or more the depth. Two polystyrene buoys were 
attached to  the end of each line to  facilitate recovery. 
The use of a bottom setline with numerous traps attached 
is impractical in most coralline areas. Traps were usually 
baited with 1 to  2 kg of trash fish but cans of cat food, 
merely punctured at each end, were used in the latter 
part of the project with equal success. All traps were 
covered with 3.17 cm ( 1 %") hexagonal "chicken-wire" 
mesh which has a maximum aperture size of 4.13 cm. 

Traps were normally set on the shelf or sill reef in 
depths of 10 to  45 m, beyond which the slope becomes 
exceedingly steep. Several attempts were made to  utilize 
the traps in deeper water ( to  250 m) with promising 
results, particularly when metal-framed stackable traps 
were used as these have a greater on-bottom weight than 
traditional traps and are less liable t o  tumble down the 
slope. Unfortunately, the commitments of the established 
sampling program did not permit thc deep trapping to be 
pursued. 

For hand-line fishing, monofilament nylon lines were 
used with three or four Mustad straight 310 or 410 hooks 
surmounting a I00 t o  300 g lead or steel weight. Frozen 
squid was normally used as bait. Electrically powered 
fishing reels were used for fishing to depths of 250 m, 
using braided stainless steel wire with up to  five hooks 
on branch lines, and surmounted by a rubber snubber. 
Weights of up to 1 kg were used, depending upon 
current strength. Mustad 510 and 610 straight and circle 
hooks were normally used in deep water. 

Bottom long-lines using tuna snaps and braided steel 
traces were used in deep water on several occasions, but 
were generally not successful in landing good quantities 
of fish. Trawls, gill-nets and lift nets were also used on 
occasions, mainly for the capture of bait. 

VESSELS SAMPLED 

The majority of the data pertaining to  oceanic areas 
were collected aboard the project's research vessel R. V. 
Caranx. In addition, project personnel participated in 
cruises t o  oceanic banks during 1969-1970 aboard the 
25 m exploratory fishing and training vessel, Alcyon, 
operated by the UNDPIFAO Caribbean Fishery Develop- 
ment Project, which was stationed in Jamaica at that 
time. The project also utilized data collected by Munro 
on Alcyon cruises before 1969. The fishing techniques 
were similar to  those adopted on R. V. Caranx, except 
that stackable traps were not used. 

During the early months of 197 1 samples were taken 
from the Tiki IX, an American snapper fishing boat 



chartered by the FAOIUNDP t o  investigate stocks 
amenable to  commercial exploitation. Data were also 
obtained between July 1971 and June 1972 by sampling 
the landings of the carrier vessels that ply between 
Kingston and various oceanic cays which support the 
cays fishery (Chapter 2). One or two samples were 
collected per month at  Khaleel's Deep Sea Fisheries 
where the catch from some carrier vessels was processed 
and stored before being sold. 

BIOLOGICAL SAMPLING 

The total sample obtained by all methods during the 
course of these investigations amounted t o  about 55,000 
fishes of 130 species, weighing about 14,000 kg. Of 
this total, 39,924 fishes (about 120 species) weighing 
10,793 kg were taken aboard R. V. Curanx. In the 
nearshore areas, about 13,500 fishes ( 120 species) 
weighing about 2,500 kg were obtained at  the Port 
Royal Reefs. The remaining fishes were taken at  Discovery 
Bay, St. John (U.S. Virgin Islands) and in fine-meshed 
mini-traps set near the Port Royal Marine Laboratory. 

Almost all of the  fish captured were measured, 
weighed and the sex and state of development of the 
gonads noted. Stomachs were usually everted when 
fishes were captured in any appreciable depth or  if not  
everted, ~isually contained only bait. However, where 
food items were found their identity was noted. When 
catches of any one species were very large, o r  under 
adverse weather conditions, subsampling was resorted 
to. The minimum effort under the worst sea conditions 
constituted identifying, counting and collectively 
weighing each species represented in the catch from each 
station. 

Samples of  scales, otoliths and occasionally vertebrae 
and fin rays were taken. Entire gonads for fecundity 
estimates and ripe eggs for diameter measurements were 
taken at  intervals. 

All of the data are on file at the  Port Royal Marine 
Laboratory and are available for inspection by interested 
parties. 

Length and Weight Measurement 

A standard fish-measuring board graduated in milli- 
meters (mm) was used t o  measure lengths. All lengths 
were taken from the anterior end of the  fish, with the 
mouth closed, to the end of the middle caudal ray. This 
equates with fork length (FL)  in the case of species with 
forked tails or with total length (TL) in the case of 
species with truncated or  rounded caudal fins. This 
procedure was adopted because the measurement of 
total length in the case of fishes with forked tails often 
needlessly introduces an additional degree of variability 
owing t o  variation in the development o r  loss of parts of 
the filiform upper o r  lower fin rays. Measurement of 
standard length (SL) is also unsuitable when dealing 
with large samples. Conversion factors for translating 

measurements of FL,  T L  or  SL are given for most of the 
important species dealt with in this report. 

In sampling large numbers of fish t o  estimate length- 
frequency distributions, a measuring board with a flat 
surface of softboard was used. Graph paper marked off 
in millimeters was attached t o  this softboard and was 
covered by a polythene sheet. Fish lengths were then 
recorded by piercing the graph paper with a dissecting 
needle. The poly thene sheet prevented excessive vet t ing 
and tearing of the graph paper. In this way a large 
number of fish could be measured in a short time. 

Weights were measured t o  the nearest gram whenever 
possible, but when done at sea were not more accurate 
than 10 t o  200 g, depending on the size of the  fish and 
the sea state. 

Length-weight relationships were calculated for all 
species for which adequate data were obtained by fitting 
a regression t o  the  equation 

where W is the weight in grams, L is the length in 
centimeters and a and b are constants. 

Additionally, the relationships between maximum 
body depth (D), total length (TL) or  fork length (FL)  
are given for most important species. 

Gonads 

Maturation stages. The gonads of each fish were 
examined macroscopically and the sex and state of 
activity was recorded. Gonad activity was recorded in 
accordance with the general criteria given below. 

Stage 0 Immature 

Stage I Inactive 

Stage 11 Maturing or 
recovering 
spent 

Stage I11 Active or 
developing 

Gonads very small, frequently trans- 
parent and show no evidence of past 
spawning. Sex difficult to determine. 
This term applied only to small, 
obviously juvenile fishes. 

Gonads larger in diameter than pre- 
vious stage with a translucent appear- 
ance. Testes smaller than ovaries and 
usually less translucent. No eggs 
visible in ovaries. 

Gonads slightly enlarged but still 
translucent. No sperm present. A few 
small eggs visible in ovary. 

Gonads are larger than above. Testes 
are opaque and no sperm is expelled 
by cutting testis and squeezing. 
Ovaries still translucent with small 
eggs visible macroscopically. 

Stage IV Active-Ripe or Testes usually white,largerthan Stage 
developed I11 and some sperm expelled from 

core when testis is cut. The ovary is 



Stage V Ripe or 
gravid 

opaque and solid. Eggs are fully 
formed and numerous, but not 
translucent. 

Conads are enlarged, occupying a 
large portion of the visceral cavity. 
Milt flows freely when testis b cut. 
Some of the eggs are translucent. 

Stage VI Spawning or Conads enlarged to take up a major 
ripe-running portion of the body cavity. Milt and 

eggs expelled from genital aperture 
on application of a slight pressure on 
both sides of the genital area. In later 
stages, the gonads are flaccid but 
numerous eggs and much mat still 
present. 

Stage VII Spent Testes and ovaries flaccid. A few 
degenerating eggs present in ovary 
and testes almost empty. 

For general descriptive purposes Stages 1-11 are 
referred to as "Inactive", Stages 111-IV as "Active" and 
Stages V-VII as "Ripe." 

A review of previous data and a preliminary account 
of the spawning seasons of Caribbean reef fishes based 
on data collected up to  June 197 1, is given by Munro et 
al. (1 973). 

Estimation of Fecundity 

The method adopted is that described by Bagenal 
(1968). Whole ripe ovaries were preserved in Gilson's 
fluid (Simpson 195 1) which hardens the eggs and helps 
separate them by breaking down the ovarian tissue. To  
facilitate this process the ovaries were split longitudinally 
and turned inside out to  allow for quick penetration of 
the Gilson's fluid. Eggs were kept this way for several 
months. Cleaning involved decanting the Gilson's fluid 
and washing the eggs with water. Eggs still adhering to  
the ovarian tissue were removed manually and the tissue, 
free of eggs, was then discarded. By continually flushing 
with water and decanting the supernatant liquid, the 
eggs were freed of the remaining minute fragments of 
ovarian tissue. The eggs were then dried in air and kept 
in bottles until they were counted. 

The cleaned, dried eggs from the ovaries of a single 
fish were weighed and one or two subsamples were then 
weighed and accurately counted. The proportionality 
equation n/w = N/W was then used to  calculate the total 
number of eggs present in the ovaries of the fish. In the 
equation, 

n = number of eggs in the subsample 
N = total number of eggs in the ovaries 
w = weight of eggs in subsample 
W = weight of eggs in the ovaries of the fish 
This procedure was carried out for all of the gonads 

collected for fecundity estimates. 
A Mettler H. 20 electric balance was used to weigh 

the eggs to  the nearest 0.0001 g. 

Egg Diameter 

The diameters of eggs were measured by using the 
graduated screen of a microprojector and the mean 
diameter was recorded. Whenever possible the measure- 
ments were made on fresh eggs but otherwise ripe eggs 
which had been stored in a 24% solution of formalin, 
made up in seawater, were used. 

Scales, Otoliths and Bony Parts 

A limited program was undertaken of collection of 
scales, otoliths and other bony parts to  be examined for 
evidence of annulus formation. In the case of tropical 
fishes, examination and interpretation of marks on 
bones and scales can be exceedingly difficult and time- 
consuming. The commitments of the project were such 
that scale or otolith examinations were made only 
for those species which showed fairly obvious and 
consistent rings or marks. Preliminary investigations 
(Thompson 1970, unpublished) showed that most 
species exhibited some marks on the scales and suggested 
that, given sufficiently large samples taken over the 
course of some years, it is likely that age and growth 
estimates could be made for many species. This is 
particularly feasible now that details of the spawning 
season, and thus the periodicity of spawning marks, are 
known. 

Scales 

Scales were taken from the areas which are covered 
by the pectoral fins when they are pressed against the 
body of the fish. This tends to  nullify the variation in 
size and shape that is encountered if scales are taken 
from different areas on the body (Paul 1968). One or 
more unregenerated scales were taken from each fish. 
Regenerated (replacement) scales, characterized by 
having an opaque center, were very common on most 
fishes examined. In some instances, 100% regeneration 
was observed. 

Ideally, scales from one fish were cleaned and stored 
in a single envelope. However, when a large sample of 
scales was collected, one unregenerated scale was taken 
from each fish and all scales were placed collectively in a 
sample bottle. Scales were cleaned by immersion in a 
detergent solution. 

Temporary mounts were made by placing the scales 
in a film of water between two glass slides. The scales 
were then viewed microscopically or on a microprojector 
screen using transmitted light. The radius of each scale 
was measured and also the distances to  each annulus 
along that same radius. This was done by using a micro- 
projector screen graduated in millimeters. Results did 
not always warrant the calculation of a scale radius-fish 
length relationship. However, some calculations were 
made from scale marking. In these instances the body 
lengthscale radius relationship was assumed to  be linear 



and the formula of Lea (quoted by Tesch 1968, and 
given below) was used: 

SnL 
Ln =- 's where 

Ln = length of fish when annulus "n" was formed 
L = length of fish at time scale sample was obtained 
Sn = radius of annulus "n" (at length 'h') 
S = total scale radius 

Otoliths and other bony parts 

Otoliths were removed from small fishes by cutting a 
vertical section across the head from 0.6 to 1.3 cm 
behind the eye down to the midapercular region. The 
otoliths were then exposed by bending forward the cut 
section of the head. In large fishes, a longitudinal section 
was cut through the head between the eyes exposing the 
otoliths on either side in the otic capsules on the floor of 
the cranium. Three pairs of otoliths, the sagitta, lapillus 
and the asteriscus occur in the labyrinth of teleosts. The 
sagittae are the largest of the three and are the otoliths 
normally used in the aging of fish. The sagittae (hereafter 
referred to as the otoliths) were removed by using a pair 
of forceps. A thin envelope of connective, secretory and 
sensory tissue was usually removed from the labyrinth 
with the otolith and for best results the otoliths were 
cleaned by washing in water before they were stored. 

A few opercular bones and fin spines were removed, 
cleaned by boiling in water and stored in envelopes. 
Vertebrae were also collected and cleaned by boiling. 

Otoliths were examined from above by reflected light 
and for a translucent view by transmitted light. For 
reflected-light examination, the otoliths were placed in a 
black dish and covered with glycerine or xylene. 

Various methods of preparation were used prior to 
viewing: 

1) Otoliths were immersed in a clearing agent for up 
to  two months. Clearing agents used were xylene, 
glycerine and cedar wood oil. 

2) Burning, cutting, polishing and staining were tried 
independently and in combinations, e.g., burning 
then polishing. Staining reagents used were methyl 
violet B and alizarin red. 

The methods used above for age determination from 
otoliths have been described by Albrechtsen ( 1968), 
Schott ( 1969) and WeidermannSmith (1 968). Bony 
parts other than otoliths were subjected to similar 
examinations. 

ANALYTICAL TECHNIQUES 

The data obtained at the Port Royal Reefs are the 
result of 28 lunar months of continuous sampling. As 
such, information on the relative abundance of  each 
species is available for the full period, subject to normal 
chance variability or seasonal factors affecting the 
success of the sampling. In the case of the offshore 

oceanic banks, our objective was to sample each of the 
main areas of interest once in every 10 weeks. Owing to 
variable weather conditions and mechanical problems, 
this objective was not entirely fulfilled and a full time 
series of data is not available for every species in every 
depth zone or area. An analytical format was therefore 
established with the objective of fully utilizing the 
available data and to arrive at the best possible estimates 
of biological parameters (growth rates, population 
structure and natural or fishing mortality rates applicable 
to each species). The basic plan is outlined below. 

1. Length distributions of samples obtained from 
different areas or depth zones or using different fishing 
gear (traps or hooks) were first compared in terms of 
modal length, mean length and range in order to establish 
whether any differences existed between such samples. 
If no differences exist in size distribution, it then be- 
comes possible, if necessary or desirable, to combine 
sample frequencies and treat, for example, a particular 
depth zone as a unit irrespective of the actual location of 
the sampling stations. 

2. The samples were sorted into categories according 
to depth, area or gear or a combination thereof. The 
length distributions were then arranged in a time series to 
determine whether evidence of growth, in the form of 
modal progressions, was apparent. If samples of the 
species in question were small, frequencies were com- 
bined as necessary on a monthly, two-monthly or three- 
monthly basis. 

Where modal progression was evident, growth curves 
(in terms of length) were prepared, and tested for 
conformity with the von Bentalanffy growth equation. 
Generally, the regression equation used was in the form 

Log, (L, - It) = L o k L ,  + Kt, - Kt (Ricker 1958) 

in which L, is determined by trial regressions, Lt is the 
modal size, and t is the time interval between estimates 
of modal size (usually 1 ,2  or 3 months). 

Where age and growth estimates were possible on the 
basis of scale or otolith readings, the parameters of the 
von Bertalanffy equation were similarly estimated. 

3. The overall annual average length composition of 
the catch of each species was estimated on the following 
basis: 

a. 

b. 

The unexploited portions of Pedro Bank, the 
exploited Pedro Cays area, California Bank and 
the Port Royal Reefs were treated as separate 
entities, and the length-frequency distributions 
of the catches were summed on a monthly, 
bimonthly, quarterly, four-monthly, half-yearly 
or annual basis in such a way that more than 
100 fishes constituted the smallest summation. 
The percentage frequency of each length group 
was calculated for each time period and the 
mean of the periodic frequencies then calculated 
for each length group to obtain the best esti- 
mate of the annual mean length distribution of 
the catch. 



Estimates obtained in this manner clearly vary 
quite widely in the degree of confidence which 
can be attached to the resulting estimates of 
mean annual population length structure, 
according to the size of the samples, and the 
degree to which samples have had to be com- 
bined, eg., an estimate of population structure 
based on a sample of at least 200 fishes in every 
month of the year will have a very much greater 
validity than an estimate based on samples so 
small that samples taken at irregularly spaced 
intervals during the year have merely been 
summed to obtain a gross estimate of the 
population structure. 
For descriptive purposes only useable estimates 
of population length composition have been 
graded into five groups, between "poar" and 
"excellent," according to the following format: 

Total sample Time period (mo) 
size 12 6 4 3 2 1 

Grade Grade Grade Grade Grade Grade 

1- 100 NU NU NU NU NU NU 
101- 500 0 0 0 1 1 1 
501-1000 0 0 1 1 2 2 

1011-1500 0 1 1 2 3 3 
> 1500 0 1 2 3 4 4 

NU = Not usable, 0 = Poor, 1 = Fair, 2 = Good. 3 = Very Good, 
4 = Excellent 

Those familiar with more developed fisheries might 
consider this grading to be over-optimistic. One should 
therefore bear in mind that approximately 130 species 
are dealt with in this report, and that no species is of 
overwhelming individual importance in the f ~ e r i e s .  

For many of the less common species dealt with in 
the following chapters, the sample sizes are far from 
being adequate owing to the vagaries of availability, 
weather and fishing effort. Nevertheless, for such species 
the analyses have been taken as far as is possible without 
exceeding the bounds of probability. Wherever possible, 
mean estimates are accompanied by confidence limits, 
even where the limits are extraordinarily wide. 

Beverton and Holt (1956) showed that if fishes grew 
in accordance with the von Bertalanffy growth equation, 
and were subjected after recruitment to a constant 
mortality rate, then Z = K (L, -?)I@ - 1,) where Z is 
the coefficient of the total mortality rate, K and L, are 
constants in the von Bertalanffy equation, lc is not 
smaller than the smallest length-group fully represented 
in the length-frequency distribution of the catch and? is 
the mean of all lengths equal to or greater than 1,. 

In calculating martality rates from the size compo- 
sition af catches, it is important that calculations are 
based only on the fully recruited part of the population 

and that elements of the stock within the recruitment 
ogive (the left side of the catch length-frequency distri- 
bution) are not incorporated into the calculations. How- 
ever, in the case of the grunts and certain other groups 
discussed in this report, it appears that the populations 
exploited at the Port Royal Reefs are recruited at a 
smaller size than at Pedro Bank (possibly related to the 
shallow nearshore habitat) and that the largest elements 
of the populations at the Port Royal Reefs are either 
extinct or have migrated away from the nearshore reefs 
before they attain the full-retention size which is observed 
in catches from unexploited parts of Pedro Bank. For 
example, in the case of H. plumien (Fig. 10.20) the 
mode of the length distribution of the catch at Pedro 
Bank is at 27.0 to 27.9 cm FL, but the modal size at the 
Port Royal Reefs is only 15.0 to 15.9 cm FL and the 
largest specimens captured at the Port Royal Reefs were 
only within the 28.0 to 28.9 cm FL group. In a technical 
sense, the stock at the Port Royal Reefs therefore b e  
comes almost extinct while still within the length range 
covered by the recruitment ogive, and in order to make 
calculations of mortality rates, it is necessary to adjust 
the observed length-frequencies of the Port Royal stocks 
by dividing by the probability of capture as indicated by 
the recruitment ogive of the unexploited stocks. 

Where necessary the length distribution of catches 
have been adjusted in this way (e.g, Tables 10.3 1,10.32). 
As it is possible that systematic errors might arise in 
making such adjustments, the estimates of fishing mor- 
tality rates derived from such data should be regarded 
only as fmt approximations. 

Given values of K and L,, it is therefore theoretically 
possible to calculate the value of Z from any reasonable 
representation af the annual average population length- 
frequency distribution and to compare values of Z ob- 
tained in different areas. Furthermore, if samples of a 
species are also available from an unexploited population, 
then Z = M (the coefficient of the natural mortality rate) 
and the fishing mortality rate, F, in exploited areas can 
then be derived as F = Z - M. 

In cases where the value of K is unknown, the equa- 
tion in the form ZIK = (L, - f )/@ - l,) can be used to 
obtain estimates of the ratios Z/K or M/K (in the case of 
unexploited populations) provided that the asymptotic 
length L, can be reasonably estimated or bracketed. 
This is important insofar as the values of M and K appear 
in Beverton and Holt's (1964) yield equation only in 
the form of the ratio of M/K, and the actual magnitudes 
of M and K need not be known in order to make a pre- 
liminary assessment of the f&ery potential of a species. 

Finally, if the values of Z/K for an exploited popula- 
tion and M/K for an unexploited population are known, 
the value of F/K can be estimated and the rate of 
exploitation determined from Beverton and Holt's 
( 1964) 'Tables of Yield Functions for Fish Stock Assess- 
ment." 

Assumptions implicit in the above equation are that 
throughout the exploited size range, the natural and fish- 
ing mortality rates remain constant and the patterns of 



growth conform with the von Bertalanffy growth 
equation. For the species considered here, for which 
good estimates of growth and mortality are available, 
there is no evidence of any radical departures from the 
patterns of growth or mortality which have generally 
become accepted as the basis of fish population dynamics. 

In the case of species for which estimates of mortality 
rates are available, an index of recruitment, R', can be 
calculated as 

where C/f is the mean numerical catch per 1,000 trap 
nights and Z is the total mortality rate prevailing in the 
population. The resulting index, R', is the theoretical 
number of recruits at the mean recruitment length, I,, 
required to  produce the observed catch rate. 

Assessment of the potential fish production of the 
coral reef fish communities is discussed in Chapter 18. 

PREPARATION OF ACCOUNTS OF THE BIOLOGY 
AND ECOLOGY OF IMPORTANT SPECIES 
AND FAMILIES 

Accounts of the biology, ecology and bionomics of 
the important species and families of reef f ihes  are given 
in Chapters 6-16. To the greatest extent possible the 
arrangement of these chapters has followed version 
No. 2 of the outline given in the FA0 publication on 
"Preparation of synopses on the biology of species of 
living aquatic organisms" (Rosa 1965), and every effort 
has been made to  summarize or at least refer to  all the 
relevant and important data available in previous publi- 
cations and to relate these to  the data collected and to 
the conclusions which have been formulated during the 
course of the present investigations. A particular effort 
has been made to draw attention to significant gaps in 
our knowledge of the species or groups involved. 



CHAPTER 4: 
THE COMPOSITION AND MAGNITUDE OF 

LINE CATCHES IN JAMAICAN WATERS 

by 

J.L. M u m  

(January 1974) 

Introduction 

Hookand-line fishing, a well established traditional 
technique throughout the world and in many parts of 
the Caribbean, including Jamaica, is practiced with a 
high degree of expertise. However, with few exceptions, 
the traditional line fisheries of the Caribbean are near- 
shore operations using small fishing vessels and simple, 
inexpensive monofilament nylon lines. 

During the past decade, interest has been aroused in 
the possibilities of introducing new vessels and tech- 
niques in order to  exploit fish resources in areas beyond 
the reach of small craft, and the possibilities of intro- 
ducing techniques similar to  those used in the Gulf 
of Mexico red snapper and grouper fishery have been 
investigated by various agencies and by master fishermen 
operating under the auspices of FAO. The objective has 
been to effectively exploit the stocks of snappers, 
groupers and jacks which occupy the steep slopes around 
the margins of banks and shelves, and which are not 
effectively harvested by handlines. The basic equipment 
of the Gulf of Mexico vessels has been described by 
Carpenter (1965) and consists of large, electrically, 
hydraulically or mechanically powered reels holding 
several hundred fathoms of braided stainless steel wire. 
The terminal rigs vary in arrangement, but basically 
consist of a weight (sufficient to ensure a rapid, near- 
vertical, descent of the line) surmounted by 3 t o  15 
hooks. Self-setting "tuna circle hooks" are popular in 
many areas, often with the barb removed to  reduce the 
resetting time. A rubber "snubber" is often placed above 
the terminal rigs and serves t o  absorb shocks and reduce 
gear damage and fish loss. 

In Jamaica, Oswald ( 1963) experimented with the use 
of a 15-m modified shrimp trawler for combination 
fishing with troll lines, shallow-water (less than 45 m) 
hand-lines and traps and, on the basis of his results, 
concluded that operations using multipurpose vessels 
would be economically viable. 

AREAS INVESTIGATED AND FISHING METHODS 

Line fishing investigations were conducted almost 
entirely on Pedro Bank (Fig. 3.2) where a total of 1,450 
line-hours of effort were expended. A limited amount of 
fishing (57 line-hours of effort) was done on the edges of 
the South Jamaica Shelf and along the narrow northern 
shelf of Jamaica (Fig. 2.2). The 17-m research vessel, 
Caranx, was utilized throughout the investigations. 
Hand-line fishing was usually done at  night with the 
vessel anchored on the sill reef or near to  the edge of the 
bank in depths of 10 t o  45 m. Monofilament nylon lines 
were used with three or four Mustad straight 310 or 410 
hooks surmounting a 50 to  200 g lead or steel weight. 
Frozen squid was normally used as bait, being con- 
siderably more effective than trash fish, anchovies or 
shark which constituted the only alternatives. 

The "drop-off" and deep reef were usually fished 
during the day, using electrically powered (24V) reels 
and stainless steel wire line. Up to five hooks (Mustad 
510 or 610 straight or circle) baited with squid were set 
on  branch lines and surmounted by a rubber snubber. 
Weights of up to 1 kg were used, depending upon the 



strength of the currents. Most deep-reef fishing was done conditions, both the leeward and the windward slopes 
on the leeward or downcurrent edges of the banks, with could be fished with the vessel maintaining position 
the vessel anchored on the sill reef and the anchor line under power. High winds, however, usually precluded 
let out until suitable depths were found. Under calm such operations. 

Catch Composition and Catch Per Unit Effort 

PEDRO BANK 

Line fishing stations were distributed all around the 
margins of Pedro Bank, in all available depths and, in 
addition, several stations were also occupied in the 
central portion of the bank in areas remote from the 
edges (Fig. 3.2). 

The success of fishing was highly variable, and was 
strongly influenced by wind and current strength. There 
were no  significant differences (in terms of catch rate 
and catch composition) between stations of similar 
depth, and catch data from different parts of the bank 
have been combined t o  give an account of the magnitude 
and composition of the catches in the various depth 
zones (Fig. 4.1). 

The line catch from the bank totaled 3,478 fishes, 
weighing 3,189 kg. At least 52 species were represented 
in the catch. 

Table 4.1 summarizes the Pedro Bank catches and 
shows details of the numbers, weights, and the mean 
individual weights of the major species captured. Where 
sufficient numbers are available from several depth 
zones, there appears t o  be a general tendency towards an 
increase in mean individual weight with increasing depth. 
It must be borne in mind that catches from the deep reef 
were usually made by day using 510 or 610 hooks 
whereas the shelf and sill reef catches were made at night 
with 310 or  410 hooks, and the deep reef and shelf 
catches are therefore not comparable. 

The general increase in size between 10.1 t o  20 m and 
30.1 to 45 m is shown by Ocyurus chrysurus, Caranx 
latus, Haemulon album, H. plumieri, Balistes vetula, and 
by the carcharinid sharks. This trend is not apparent in 
the hinds, Epinephelus guttatus and Cephalopholis filva, 
or the squirrelfish Holocentrus rufus. 

The mean size of fishes in the catch (excluding 
sharks) was greatest on the upper slope of the deep reef 
(60.1 t o  100 m), mostly as a result of the presence of 
large species of carangids and of the black snapper, 
Apsilus dentatus. 

Table 4.2 gives details of the average composition and 
catch rate (kg/100 line-hours) of all species captured in 
the various depth zones. Marked differences, discussed 
below, are apparent and are illustrated in Fig. 4.1. 

The Shelf 

F A 0  personnel operating in Jamaican waters had 
r. viously established that the central portions or  shelf 
areas of Pedro Bank are very unproductive and that 
.catch rates on lines or in traps are usually negligible (H. 

Sperling, pers. comm.). Catches improve as the edge o f  
the bank is approached, but it cannot yet be established 
whether this is related to  the presence of actively growing 
corals or is simply an "edge effect" which occurs irre- 
spective of the degree of development of the sill reef. 

During this study, several stations were occupied in 
the central parts of the bank and yielded small numbers 
of sharks, squirrelfish and small grunts and confirmed 
that hand-line and trap fishing are very unproductive. 

Sill Reef and Shelf Edge 

Table 4.2 and Fig. 4.1 show that a limited number of 
species predominate in the catches throughout this zone. 
These species include Caranx fusus, various carcharinid 
sharks, C. latus. Epinephelus guttatus, Ocy urus chry- 
sums, Haemulon album. H. plumieri, Canthidermis 
sufflamen, Cephalopholis filva, Balistes vetula, Sphy- 
raena barracuda and Lutjanus buccanella. 

In the 10.1 t o  20 m zone, 5 species constituted 70% 
of the catch: sharks (20%), E. guttatus ( l3%),  H. album 
(12%), 0 .  chrysurus (12%) and C. latus (12%). Sharks 
remained predominant (14%) in the 20.1 t o  30 m zone, 
where 8 species comprised over 70% of the catch: 0 .  
chrysurus (1  l%), E. guttatus (lo%), H. plumieri (8761, C. 
latus (7%), B. vetula (7%), C. fulva (7%) and H. album 
(7%). 

In the 30.1 t o  45 m zone, the catch rate for sharks 
decreased markedly and Caranx fusus (20%) and C. latvs 
(15%) yielded relatively high catch rates followed in 
relative abundance by 0. chrysurus (1  5%), E. guttatus 
(12%), H. alburn (7%) and C. sufflamen (6%). The 
aforementioned species thus comprised over 70% of the 
catch. 

The catch rate was greatest (283 kg/100 line-hours) in 
the 30.1 t o  45 m zone, which also yiclded the greatest 
proportion of highly valued snappers and jacks. While 
catch rates in this zone were highest they also tended to  
be highly variable and the catches in the shallower 
zones ( 16 1 t o  192 kg/ 100 line-hours) tended to  be more 
consistent. The deep sill reefs and edges are located 
mostly at the western side of Pedro Bank, with a few 
areas of limited extent on the southern, southeastern 
and eastern edges (Fig. 3.2). 

The "Drop-off" 

The average catch from the drop-off zone was very 
small (98 kg1100 line-hours) but this is possibly a con- 
sequence of the extreme difficulty of fishing on the 
near-vertical face and not necessarily an indication of 



Table 4.1. Summary of Pedro Bank line catches giving numbers (#), weight, W, (kg) and mean individual weights ic (g) of the important species c 

Area 
Depth zone 

Effort (line-hours) 

Sill reef and shelf edge "Drop-off' 
10-20 m 20-30 m 30-40 m 4060 m 60-100 m 

310 300 482 158 120 

Lutjanidae 
Ocyurus chtysurus 
Lutjanus buccanella 
L. apodus 
L. vivanus 
Apsilus dentatus 
Ristipomoides macrophthalmus 

Serranidae 
Epinephelus guttatus 
E. mystacinus 
Cephalopholis filva 

Guangidne 
Caranx lams 
C lugubris 
C fims 
Alectis crinitus 
Seriola dumerili 
S. rivoliana 

Fbmadasyidae 
Haemulon album 
H. plumieri 

Other families 
Sphyraena barracuda 
Balistes vetula 
Colamus sp. 
Holocenmts rufis 
anthidermis su f&men 
&lacanthus plumieri 
Melichthys niger 
Scomberomorus cavalh 

Other minor species 
Sharks 

Totals 

Totals excluding sharks 



Table 4.2. Average composition of catches and mean catch rates (kg1100 line-hours) in the depth zones at  Pedro Bank. Proportions of 
commercial grades are also given: Q, "quality" fish; C, "common" fish; T, "trash" fish and U, unmarketable fishes. 

Area Sill reef and shelf edge "Drop-off' Deep reef 
Depth (meters) 10.1-20 20.1-30 30.1-45 45.140 60.1-100 100.1-25'0 

Effort (tine-hours) 3 10 300 482 158 120 80 

Corcharinidae 
Unidentified species 

Muraenidae 
Gymnothorax moringa 

Holocentridae 
Holocentrus ascensionis 
H. rufus 
Myripristis jacobus 

Sphyraenidae 
Sphyraena barracuda 

Serranidae 
Petrometopon cruentatum 
Cephalopholis fulva 
Mycteroperca venenosa 
Epinephelus guttatus 
E. striatus 
E. mystacinus 

hcanthidae 
f3iacanthus arenatus 

Branchiostegidae 
filacanthus plumieri 

Echeneidae 
Echeneis naucrates 

Corangidae 
Coranx latus 
C lugubris 
C fusus 
C bartholomaei 
Seriola rivoliana 
S. dumerili 
Selar crumenophthalmus 
Elegatis bipinnulatus 
Alectis crinitus 

Scombridae 
Euthynnus alleteratus 
Scomberomorus cavalla 

Lutjanidae 
Ocyurus chrysurus 
Lutjanus buccanella 
L. apodus 
L. analis 
L. griseus 
L. vivanus 
Apsilus dentatus 
Rhomboplites aurorubens 
Ristipomoides macrophthalmus Q 
Etelis oculatus Q 

hmadasy idae 
Haemulon album 
H. plumieri 
H. striatum 
H. aurolineatum 
H. jlavolineatum 
H. melanurum 
H. carbonarium 

Continued 



Table 4.2 (continued) 

Area 
Depth (meters) 

Effort (linehours) 

Sill reef and shelf edge "Drop-off' Deep reef 
10.1-20 20.1-30 30.1-45 45.140 60.1-100 100.1-250 

310 300 482 158 120 80 

Qbmus pennutub 
C calamus 
C SPP. 

Labridae 
Halichoeres maculipinna 
H. radiatus 

Balistidae 
Balistes vetub 
Qnthiderrnis SLI fflamen 
hklichthys nker 

Diodontidae 
Diodon holacanthus 

Pblinuridae 
Pclnulinrs argus 

Total "Quality" Fish 
Total "Common" Fish 
Total Grunts 
Total 'Trash" Fish 
Total Sharks 
Total Unmarketable 

Total All Groups 

low stock densities. In particular, hooks tend to become 
snagged on the shingle-like layers of corals (mostly 
Agaricia and Montastrea spp.) and much time is lost in 
replacing terminal rigs. 

Figure 4.1 shows that five species comprised over 
70% of the catch: Lutjanus vivanus (35%)-usually small 
specimens, Apsilus dentatus (1 2%), Epinephelus guttatus 
(9%), Ocyurus chlysurus (7%) and Lutjanus buccanella 
(7%). The catch is thus a mixture of species which 
predominate in other zones. The absence of sharks from 
the catch is of interest. 

Upper Slope of the Deep Reef (60.1 to  100 m) 

This zone provided by far the greatest catch rates 
(369 kg1100 line-hours), with Apsilus dentatus (25%), 
sharks ( 19%), Caranx latus (1 8%). Lutjanus buccanella 
(12%) and Lutjanus vivanus (8%) providing over 80% of 
the catch (Fig. 4.1). Sharks are particularly abundant, 
yielding about 67 kg1100 line-hours. 

Unfortunately, this zone is virtually nonexistent in 
many areas where the drop-off continues to extreme 
depths, and the fishable area is correspondingly limited 
(Fig. 3.3). 

Lower Slope of the Deep Reef 

The lower slope of the deep reef startsat about 100 m. 
Most of the species of Caranx and Seriola and the 
black snapper, Apsilus dentatus which characterize the 
upper slope of the deep reef do not venture into this 
zone, and silk snapper (Lutjanus vivanus) (36%). misty 
grouper (Epinephelus mystacinus) (24%), and various 
sharks (15%) predominate in the catch (Table 4.1 and 
Fig. 4.1). The community persists to depths of about 
250 m, beyond which it merges into the upper portion 
of the bathyal zone where large eels, brotulids and small 
sharks appear to  predominate. 

The catch rate was only about 122 kg/ 100 line-hours, 
but this is at least partly a function of the extreme depth 
and not necessarily an indication of low stock densities. 
Indeed the rapidity with which strikes are felt when a 
line reaches the bottom suggests that stock densities are 
not insignificant. Very steep inclines limit the extent of 
this zone, but not t o  the same degree as the upper slope 
of the deep reef (Fig. 3.3). 

THE JAMAICAN SHELF 

The limited amount of line fishing (57 line-hours of 
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Fig. 4.1. Semi-logarithmic plot of cumulative catch per unit effort against the logarithm of the cumulative number of species represented 
in the catch from the six major depth zones at Pedro Bank. The logarithmic scale on the X-axis is used for illustrative purposes only and 
has no other significance. Abbreviations are as follows: ac, Alectis crinitus; ad, Apsilus dentatus; bv, Balistes vetula; cf, Cephalopholis 
fulva; cfu, Olranx fusus; cl, C Iatus; clu, C lugubris; cs, anthidermis sufflamen; eg, Epinephelus guttatus; em, E. mystacinus ha, Hae- 
mulon album; hp, H. plumiert la, Lutjanus apodus lb, L. buccanella;lv, L. vivanus; oc, Ocyurus chrysurus; pm, Ristipomoides macroph- 
thalmus; s, unidentified carcharinid sharks; sb, Sphyraem barracuda; sc, Scomberomorus cavalla. 

effort) done in the edges of the South Jamaica Shelf and mean of 0.1 6 kglline-hour. The successful stations 
along the narrow northern shelf of Jamaica yielded a ranged in depth between 70 m and 300 m. Too few 
total of only 12 fishes (10 species) weighing 9.2 kg and 9 fishes were captured for the composition of the stocks 
out of 12 stations occupied yielded no catch at all. The to be defined, but the species encountered were the 
catch rate ranged from zero to  0.55 kg/line-hour with a same that occur at similar depths at Pedro Bank. 

Discussion 

Kawaguchi (1974) reported on the results of explora- on the drop-off and deep reef, usually in depths of 50 m 
tory line fishing for snappers and other demersal species t o  250 m. 
by the UNDPIFAO Caribbean Fishery Development In Jamaican waters, the catch rates reported by 
Project. The investigations of that project encompassed Kawaguchi (1974) ranged between zero on parts of the 
most of the Caribbean region and very large differences Jamaican shelf to 10.6 kg/line-hour at northwest Pedro 
in catch rates (between zero and 62.2 kglline-hours) Bank. The catch composition at Pedro Bank was 39 to  
were reported. This fishing was almost entirely conducted 92% snappers, 3 to 19% jacks, 2 to 22% groupers, 1 t o  



9% grunts and 1 t o  26% other fishes, according to depth 
and locality. Exploited banks within the operating range 
of the Jamaican nearshore canoe fishery yielded a mean 
catch rate of 0.45 kglline-hour; small, lightly exploited 
o r  unexploited oceanic banks yielded 3.0 kglline-hour 
and Pedro Bank yielded an average of 3.1 kglline-hour 
(Kawaguchi 1974). These values are very close t o  those 
obtained in similar depths during the present investigation 
(Table 4.2). In contrast, Kawaguchi reported much 
greater catch rates from the shelf areas of Nicaragua, 
the Guyana shelf and the banks of the northeastern 
Caribbean. 

The reasons for the relatively low catch rates obtained 
at Pedro Bank are not fully understood. Munro et  al. 
(1973) have suggested that the various catch rates 
reported for unexploited oceanic banks might be related 
to the patterns of oceanic currents and the lengths 
of the larval lives of the important species. At present, 
there is no  evidence which suggests that the potential 
natural productivity of oceanic banks is very variable. 
The families of major importance include the snappers, 
jacks, groupers and hinds, grunts, triggerfishes and 
sharks. It has been well established (Berry 1959) that 
carangids have long-lived pelagic post-larval stages which 
are subject t o  very extensive dispersal by ocean currents. 
It appears that groupers and hinds and triggerfishes 
might also be widely dispersed through long-lived larval 
stages. However, very few larval or pelagic post-larval 
snappers or grunts have been reported from ichthyo- 
plankton samples or  from tuna stomachs in the western 
Atlantic. In particular, the larvae and early juvenile 
stages of the most important species such as Lutjanus 
vivanus, L. buccanella and Apsilus dentatus appear to be 
entirely unknown. 

The relatively low linecatch rates recorded in Jamaican 
waters during the present investigations and by Kawa- 
guchi ( 1974) appear to indicate rather unpromising 
prospects for a viable hook-and-line fishery using modern 
fishing vessels. In nearshore areas, Jamaican canoe 
fishermen undertake line fishing mostly on an oppor- 
tunistic basis, when wind and sea conditions and moon 
phase appear to be favorable, and very few of such 
fishermen depend entirely on hand-lining for their 
livelihood. The very low catch rates reported for the 
Jamaican shelf presumably indicate that the stocks are 
quite heavily exploited by the present hand-line fishery 
and it is also possible that recruitment of certain species 
t o  the fishery is adversely affected by exploitation of the 
adolescent stages (which may tend to congregate on the 
sill reefs) by the trap fishery. However, the latter obser- 

vation is only known to be true in the case of Lutjanus 
buccanella. 

With the exception of sharks, most of the species 
which can be taken on  lines can also be taken in traps. 
Several trial sets of stackable traps (Munro 1973) in 
depths of 150 to 300 m off the South Jamaica Shelf 
yielded modest hauls of Lutjanus vivanus, Epinephelus 
mystacinus, Pristipomoides macropthalmus, and of 
caridean shrimps, and suggest that further deep-trapping 
trials might be warranted, particularly if the traps could 
be affixed to  a bottom setline in order to increase the 
speed of deployment and retrieval of traps. Wolf and 
Chislett (1974) reported consistently good trap fishing 
results in depths of 79 to  210 m around the Northern 
Leeward Islands, but unfortunately did not attempt trap 
fishing in similar depths in Jamaican waters. The slopes 
of the deep reefs in Jamaican waters might be too acute 
in most areas, but it is possible that trap fishing in deep 
waters might be an economically viable alternative 
method of exploiting deep-reef communities which yield 
insufficient catch rates for exploitation by hook and line. 

If a market for sharks (which are presently unsaleable 
in Jamaica) can be developed, the feasibility of bottom 
longlining would also warrant closer examination. 
Sharks formed a substantial fraction of the catch in most 
of the depth zones at Pedro Bank and predominated 
in the catches from the otherwise unproductive central 
portions of the bank which has a sparse coral cover and 
would therefore be particularly suited to  this technique. 
Bottom longlining was also attempted on  one occasion 
in the lower deep-reef zone at Pedro Bank, but without 
success. 

Carpenter and Nelson (1969) estimated that the 
potential annual production of snappers and groupers 
from the Caribbean region (including the Guyana Shelf) 
amounts to 41,000 t. No details are available of the 
methods used in computing this value or  of the methods 
to be used in taking this catch. As shown in Chapter 1, 
the total annual Caribbean demersal and neritic pelagic 
production might amount to 750,000 to  1,000,000 t 
under intensive exploitation. The aforementioned 
estimate of potential production of snappers and groupers 
from the Caribbean and adjacent regions amounts t o  not 
more than 5.5% of the estimated potential total produc- 
tion of all species from the Caribbean proper and the 
estimates are therefore not incompatible. However, as 
indicated above, it appears that economic and technol- 
ogical factors will have to be overcome if the deep-living 
snappers and groupers are t o  be fully exploited. 



1. Fishes of the upper part of the deep reef. Clockwise from top: 
Seriola dumerili, Epinephelus guttatus, Apsilus dentatus, 
Cephalopholis filva and Lutjanus buccanella. 
2. A handline catch from the "dropaff' including ( top to 
bottom) Caranx lugubris, Lutjanus buccanella, Apsilus dentatus, 
Mycteroperca sp. and Sphyraena barracuda (in basket). 
3. Fishing the deep reef with electrically powered fishing reels. 
R. V. Alcyon. 
4.  Weighing a catch taken with electrically powered reels on 
R. V. A lcyon. 
5 .  A substantial catch of Apsilus dentatus taken with electrically 
powered reels from a feeding school, which rose off a ridge at 
80-m depth at Northwest Pedro Bank. R. V. Alcyon. 
Photos by J .  Mumo 



Prindpal traps used during the investigations. 1. Stackable 
hexagonal traps. 2. Jamaican Z trap. 3. Cuban S trap. 4. Stack- 
able split-S or dollar trap. Photos by J. M u m  



Chapter 5: 
THE COMPOSITION AND MAGNITUDE OF 
TRAP CATCHES IN JAMAICAN WATERS 

by 
J.L. Munro 

(1980) 

Introduction 

Coral reefs and adjacent shallow areas support diverse 
fish communities which form the basis of fisheries in 
most tropical seas. In the Caribbean Sea these com- 
munities are mainly exploited by means of fish traps 
(also called fish pots) and handlines. 

There is little available literature regarding the ex- 
ploitation of coral reefs by the use of traps. The various 
designs of traps commonly used in the Caribbean have 
been described (Buesa Mas 1962; Munro et al. 1971) 
and studies of the mode of operation of traps have been 
reported (Munro et al. 1971; Munro 1974; High and 
Beardsley 1970). Wolf and Chislett (1 974) reported on 
the exploratory trap fishing activities of the UNDPIFAO 
Caribbean Fishery Development Project during 1969- 
197 1. Trap fishing studies have also been reported from 
the U.S. Virgin Islands (Dammann 1969; Brownell and 
Rainey 197 1; Sylvester and Dammann 1972). Munro et 
al. (1 97 1) have discussed the major factors affecting 
the performance of fish traps and have shown that the 
rates at which fishes enter Antillean traps are influenced 
by lunar phase (or tides), trap design and conspecific 
attraction. 

The double~hevron or Z trap (Munro et al. 1971) is 
the most popular type of trap in Jamaican waters. 
Normal dimensions are 229 x 122 x 61 cm. Large 
variants of the Z trap, sometimes up to  183 cm high, are 
referred to  as "jack-pots" and reportedly yield higher 
catches of jacks than the smaller Z traps. A small rec- 

tangular trap called a "gang trap" is also used. These 
traps are linked with ropes and set as a fleet, usually on 
seagrass beds or where the sea bed is flat. 

The setting of Z traps is accomplished by casting 
them overboard horizontally, with the entrance funnels 
downwards, so that they settle to  the bottom in that 
fashion. One or two buoys may be attached to  the traps, 
especially in deep waters with strong currents, but in 
areas where trap theft is prevalent the traps are unbuoyed 
and are located by taking land bearings and sometimes 
with the aid of a glass-bottom at box or face mask. 
These traps are hauled with a grapnel line and in murky 
waters, the grapnel may be dragged on the bottom until 
it hooks the trap. The traps are hauled over the side of 
the canoe, a procedure that is facilitated by the rolling 
motion of the canoe. At the surface, the trap is laid 
across the gunwales and the trap contents are emptied 
through a wired door in the trap. If necessary, traps may 
either be repaired at sea or brought back to  land, depend- 
ing upon the extent of damage or necessity of replacing 
parts of the frame. 

The traps may or may not be baited, but where bait is 
used, it takes the form of small unmarketable fishes, 
stale bread, vegetables, fruits or pieces of white crockery. 
The soak (the length of time the traps are left under- 
water) is variable and very much dependent upon 
weather conditions and upon an individual's alternative 
opportunities for earning an income. 



Areas Investigated and Methodology 

AREAS INVESTIGATED AND FISHING TECHNIQUES 

The trap fishing investigations were carried out at 
locations representing different levels of exploitation. 
The principal study areas were the nearshore reefs at 
Port Royal (Fig. 3.1) and the oceanic California and 
Pedro Banks (Figs. 2.2 and 3.2). Supplementary studies 
were made at nearshore areas around Discovery Bay, 
Jamaica, and Lameshur Bay, St. John, Virgin Islands. 

Several designs of fish traps were used during the 
course of the project and those most commonly em- 
ployed fall into two categories, as discussed below. The 
hexagonal wire mesh used to  cover all the traps had a 
mean maximum aperture of 4.1 3 cm. 

1. Wooden-Framed Traps (Fig. 5.1 ) 

The traditional Jamaican Z trap and the Cuban- 
designed S trap (Buesa Mas 1962) were used extensively 
by the project at the Port Royal Reefs. The Z traps had 
typical dimensions averaging 229 cm long, 122 cm wide 
and 61 cm deep and the respective measurements for the 
S traps were 183 x 122 x 6 1 cm. Midi-traps (a small 
version of the S trap) with dimensions of 122 x 122 x 6 1 
cm and chevron traps (1 22 x 100 x 61 cm) were also 
used by the project on  occasions. 

2. Stackable Metal-Framed Traps (Fig. 5.2) 

Metal-framed traps of two designs, the "split-S" or 
"dollar" trap and the "split-hexagonal" trap were 
developed during the course of the project (Munro 
1973). Their design allows the traps t o  be stacked in 
halves, increasing the number of traps that can be carried 
by offshore trap fishing vessels and thus increasing the 
potential catch as well as the mobility of the vessel. 
These traps were largely used during the offshore oper- 
ations of the project. 

Most of the nearshore fishing effort during this 
investigation was expended at the Port Royal Reefs (Fig. 
3.1) where trap catches were made every month between 
Novcmber 1969 and February 1972. 

Sampling was accomplished by the use of motor- 
powered skiffs or launches. Traps were carried to  the 
desired locations and set individually by scuba divers at 
suitable sites on the reef slope. The depth of each trap 
was measured with a depth gauge. Traps were set in 
various reef habitats, usually on sand patches amongst 
corals so that the trap rested as firmly and close t o  the 
bottom as was possible without physically damaging the 
coral (it had been noted that traps rarely caught fish if 
they were set so that the bottom surface of the trap was 
not close to the substratum). Traps were also set on top 
of coral thickets such as are commonly found in the A. 
cervicornis zone. At the base of the reef, traps were 
never set more than 2 m away from the nearest coral 

cover. Most trap fishing effort was expended on the 
slopes of patch reefs contained within the barrier reef 
(see Fig. 3.1). It was not possible to obtain sufficient 
comparative data from the seaward side of the barrier 
reef owing to  the difficulty of operating from a small 
boat in the usually rough seas at this locality. The Port 
Royal Cays are popularly used by swimmers and boat 
owners and only a few traps were set on the reefs 
immediately surrounding the cays themselves, because of 
the likelihood of human interference and the general 
disturbance of the reef environment in these areas. The 
traps were set in depths of 1.5 to 15.9 m (5 to  85 ft) but 
as thefts were sometimes a problem, they were usually 
set below 7.6 m (25 ft), at which depth they were 
usually not visible from the surface. 

Fig. 5.1. Plan views of Antillean fish traps. The Z trap (a), the 
chevron trap (b), the midi-trap (c) and the S trap (d) are the 
trap types used during these investigations. The most usual 
dimensions are in multiples of 122 cm (4 feet), dictated by the 
usual dimensions of rolls of wire mesh. Traps are normally 6 1 cm 
high. Broken lines are mesh work and solid lines represent the 
wooden framework, usually constructed of mangrove poles. 
Wire mesh is most often of 4.13 cm maximum aperture. 



Fig. 5.2. Confguration of stackable traps. Plan (a), end (b) and lateral (c) views of split-S or dollar trap. Flan (d), end (e) and lateral (f) 
views of hexagonal trap. 

Two particular reef complexes (Yahoo Reef and 
Nassau Reef) were selected for detailed studies and most 
experimental work was concentrated there (Fig. 3.1). 

Offshore Areas 

Between January 1971 and February 1973, 38 
offshore trap fishing cruises were accomplished aboard 
the R. V. Caranx. Z, S, midi and dollar traps (Figs. 5.1 
and 5.2) were used during the initial cruises but the 
wooden-framed traps were gradually phased ou t  and 
replaced by stackable dollar and hexagonal traps. Only 
the stackable traps were used after May 1972. 

Traps were set along transects by allowing the vessel 
t o  drift with the current and/or wind. The traps, individ- 
ually buoyed, were set approximately 5 0  m apart and 
usually within 1,000 m of the edge of  the bank. Stale 
bread, tins of catfood or  trash fish were used as bait 
and the traps were soaked from 1 t o  3 days. They were 
hauled t o  the surface by means of a capstan and the 
catches were accumulated into fish boxes, arranged so  
that catches, similar in terms of trap type, bait and soak, 
could be examined and recorded separately. 

UNDERWATER OBSERVATlONS 

A study of the effect of soak on the size and compo- 
sition of trap catches was devised in which series of 

unbaited Z traps o r  S traps were set on the slopes at 
Nassau Reef and Yahoo Reef (Fig. 3.1), near Port Royal, 
in depths of 7.6 t o  16.8 m (25 t o  55 f t )  for two-week 
periods. Traps were set o r  hauled at,  o r  within 2 days of ,  
the new moon or  the full moon and the trap contents 
were identified and counted underwater as often as 
possible over each two-week period. Observations were 
made on 6 2  traps set on Nassau Reef from March 1970 
t o  December 1970 and o n  5 0  traps set o n  Yahoo Reef 
between May 1970 and December 1970. Over each 
biweekly period, the traps were observed o n  average 5.1 
times on Nassau Reef and 5.7 times o n  Yahoo Reef, 
giving a total of just over 600 separate counts of contents 
of individual traps. 

Comparable data were obtained from observing 
unbaited S traps set o n  the reef slopes o n  the north coast 
of  Jamaica at  Discovery Bay, and at  Groot Pan Bay, St. 
John,  U.S. Virgin Islands. 

The trap observation procedure gave rise to  sets of  
data on the numbers and species of  fishes observed in 
the traps on successive occasions over a period of  u p  t o  2 
wk. It  was not  possible t o  make daily observations o n  
each individual trap used during the experiment and the 
catch, for those days when observations were not  made, 
was estimated by linear interpolation. Data from traps in 
which the interval between observations was greater than 
six days were not  used. The cumulative number of fishes 
known t o  have entered each trap after each successive 
day was estimated and is referred t o  as ingress. Ingress is 



a minimum estimate as it ignores losses due to  death, 
predation or escapement and does not account for fishes 
which are counted and then die or escape from the traps 
and are then replaced by conspecifics during the interval 
between observations. 

Results of these observation dives have been reported 
by Munro et al. (1971) and Munro (1974) and are not 
further discussed in this report. 

DATA ANALYSIS 

The inshore and offshore trap catches were analyzed 
with two mdor objectives in mind: 

1. To determine the catch rates and species composi- 
tion of samples taken from different areas, and 

2. To collect data pertaining to the biology of 
individual species. 

The data from trap catches from both Port Royal and 
offshore areas were coded and stored on magnetic disc. 
Data retrieval and computations were done on an I.B.M. 
1620 computer at the Mathematics Department, U.W.I., 
Mona. The coded information included location f i e d ,  
data on hauling, soak time, trap type and units of gear 
used, depth, and the numbers and weight of each species 
cauglit. At Port Royal, catches from individual traps 
were recorded separately and were thus coded. On the 
other hand, traps hauled from individual locations 
offshore had been set in fleets and the catches taken 
each day from similar trap types set for the same soak 
were recorded and coded together. Data from traps that 
had been damaged by large fish, e.g., sharks, or holed by 
any other means were not used. 

AVAILABILITY AND EXPRESSION OF 
FISHING EFFORT 

The model developed by Munro (1974) to  describe 
the build-up of the catch in traps states that daily 
escapement of fishes from traps is a fixed proportion of 
the number of fishes contained within a trap and that, 
provided the daily rate of ingress is constant, the catch 
will reach an asymptote at which time ingress is equalled 
by escapement. Values of catch per day soaked (used as 
a measure of effort) are meaningless because of the 
asymptotic curve, and an index of availability equal t o  
the mean daily ingress into traps, can be calculated 
t o  provide a useful comparative index of stock densities. 

The availability value for each species in each trap 
catch was computed using the formula 

where C is the catch taken after a soak of s days, p = 
probability of escape and R = coefficient of the. rate of 
retention (r). The values p = 0.1 16 and r = 0.884 were 
used in the computations, derived from the underwater 

observations of catch and ingress of $11 species combined 
(c.f. Munro 1974). 

For example, if an unbaited Z trap soaked for 6 days 
produced a catch of 30 fishes, the availability would be 

- 
A = 

- - 

- - 

Thus, an average of about 7.5 f i e s  would enter the 
trap each day, giving a total ingress of 45 f i e s ,  of 
which 15 will escape before the trap is hauled. 

There was some interspecific variation in retention 
rates which appeared to  vary between r = 0.970 and r = 
0.777. The value of r = 0.884 is merely the average rate 
of retention of members of the fish community at Port 
Royal, and would only be an approximation for other 
communities. Also, as some species are more adept than 
others at escaping, the availability of species with high 
escapement rates will be underestimated when the 
average value of r = 0.884 is used in the above equation. 
Similarly the availability of species with low escapement 
rates will be overestimated. 

The availability is the most accurate expression 
presently available for describing the abundance of the 
catchable component of trap fish stocks, and all data for 
the nearshore reefs are given in these terms. 

In offshore areas, in which baited traps of various 
types were used, the rates of ingress are also influenced 
by the amount of bait used and the rate at which i t  is 
consumed (see Munro 1974 for further details). The 
rates of escapement might also differ owing to  the 
different species composition and will differ according 
t o  trap designs. Availability indices therefore cannot be 
calculated and all results are given in terms of the catch 
of a hexagonal trap (Fig. 5.2) set for 24 hours. Effort 
data have therefore been adjusted on an empirical basis 
derived from comparative fishing trials. Table 5.1 shows 
the relative catching powers of various trap types soaked 
for one to  three days. These data are derived from 
Munro (1974) and from previously unpublished data 
pertaining to the performance of baited hexagonal 
traps and t o  the effects of soak. 

Thus, a Z trap soaked for 24 hours will be expected 
to  produce a catch 1.45 times greater than a hexagonal 
trap soaked for the same period. An S trap soaked for 3 
days would produce a catch 2.53 times greater than a 
hexagonal trap soaked for 24 hours. For example, the 
effective effort of a fleet of 20 Z traps soaked for two 
days, is equivalent to  20 x 2.61 = 52.2 hexagonal traps 
set for 24 hours. 

All catch per unit effort and fishing effort data 
pertaining to  offshore areas are given in terms of hexa- 
gonal traps soaked for 24 hours. 



Catch Composition and Catch Per Unit of Effort 

The trap fishing effort of the project yielded a catch 
of 48,040 fishes and crustaceans weighing 9.31 1 t. 
About 25% of the tonnage was taken using small craft in 
nearshore areas and 75% by the R. V. Caranx at oceanic 
banks and other offshore areas. 

Approximately 120 species of fish and crustaceans 
were represented in the catches. 

NEARSHORE AREAS 

The 995 traps set at the Port Royal Reefs for various 
soak periods and in,depths between 1.5 m and 25.9 m, 
caught 12,449 fishes weighing 1,9 10 kg, as well as 8 14 
crustaceans weighing 467 kg. The fishes were repre- 
sented by 106 species and the crustaceans comprised 4 
species. In addition, two unidentified fishes weighing 
2.53 kg were caught. 

A substantial portion of the effort was devoted to 
experimental fishing with traps of various types, unbaited 
and with different baits and in a variety of areas. In 
order to reduce the possible bias in the catches from 
different trap types and to standardize the effort, 
further consideration is given only to  data obtained from 
547 unbaited Z and Straps set on Nassau and Yahoo 
reefs. These 547 traps were hauled after an average 
period of 15.7 days. 

Catch Composition 

A total of 8,068 fishes and crustaceans weighing 
1,439.84 kg were caught in S and Z traps at Nassau and 
Yahoo reefs. The catch was made up of 97 species of 
fish weighing 1,117.25 kg and 4 crustacean species 
weighing 322.59 kg. The numbers, weight, mean avail- 
ability and percentage composition of all species caught 
are given in Table 5.2. 

The families comprising more than 1% of the total 
weight caught are shown in Table 5.3. The Scaridae 
(parrotfishes), Pomadasyidae (grunts) and Acanthuridae 
(surgeonfishes) made up 45.0% of the total weight 
caught, while the Palinuridae (spiny lobsters) and 
Majiidae (spider crabs) comprised an additional 22.4% of 

Table 5.1. Catching power of various types of traps soaked for 
periods of 1 to 3 days, relative to hexagonal traps set for 24 
hounr. Data taken in part from Munro 1974, Table 6. 

Soak (days) 
Trap type 1 2 3 

Hexagonal 1 .O 1.80 2.30 
Dollar 0.82 1.48 1.89 
Midi trap 0.69 1.24 1.59 
S trap 1.10 2.00 2.5 3 
Z trap 1.45 2.6 1 3.34 

the total weight. Eighteen species each comprised 
more than 1% of the total weight of fishes and crusta- 
ceans available to  the traps and 2 l species each comprised 
more than 1% of the total numbers available (Tables 5.4 
and 5 .5). No single species comprised more than 12% of 
the total catch. 

Catch Per Unit Effort and Availability 

Monthly trap catches and fishing effort are sum- 
marized in Table 5.6. The mean catch per trap varied 
between 1.17 kg and 3.8 1 kg, mostly in response t o  
variations in soak. 

Table 5.6 also shows the mean monthly availability, 
calculated in accordance with methods described pre- 
viously. Several monthly peaks are apparent and the 
greatest availability is generally from December to  March 
and May to  July, and lowest in August to  November. 
Individual monthly peaks are usually generated by the 
influx of particular species, either as recruits or as a 
general movement into the area. Changes in availability 
of particular species are discussed, where appropriate, in 
Chapters 6-16. 

The average of all monthly values is 435 g/day. 
Average availability in 1970 was 443 g and declined only 
slightly to  426 g in 197 1, suggesting that the project's 
fishing activities were not having a significant impact on 
the overall biomass of reef fish at Yahoo and Nassau 
Reefs. 

The asymptotic catch, C,, is the catch which will 
accumulate in a trap which is soaked for an extended 
period of time and is given by the equation 

C, = A rlp (Munro 1974) 

The average value of C, is thus 435 x 0.88410.1 16 = 
3,315 g. 

The average catch after a 7day  soak is given by the 
equation 

(Munro 1974) 

and amounts to  only 1,917 g, a considerable portion of 
which will be composed of small fishes of negligible 
value. 

OFFSHORE AREAS 

The 38 trap fishing cruises were conducted between 
February 1971 and February 1973. The areas fished (see 
Figs. 2.2 and 3.2) were Pedro Bank (25 cruises), Califor- 
nia Bank (6 cruises), South Jamaica Shelf (5 cruises), 
North Jamaica Shelf (1 cruise) and the Morant Cays (1 
cruise). The results of these cruises are summarized in 
Table 5.7. 



Table 5.2. Summary of catches made at Nassau and Yahoo Reefs near Port Royal, Jamaica, between January 1970 and December 
1971. Data are derived from 547 Z or S traps soaked for an average of 15.7 days each, giving a total of 8,596 trapnights. Avail- 
ability is calculated according to the methods of MUNO (1974) and gives an estimate of the number (An) or weight (Aw) of each 
species which will enter 1,000 traps in one night. The average daily rate of retention of fish in the traps is 0.884. 

Species 

Catch Availability 
by % by by % by by by Mean 

number number weight weight number weight weight 
C %C Wfig) %W An A, W&) 

Ginglymostoma cimtum 
Umlophus jamaicensis 
Synodus intermedius 
Gymnothomx finebris 
G. moringa 
G. vicinus 
Holocentrus ascensionis 
H. rufus 
Myripristis jacobus 
Aulostomus maculotus 
Sphyraena bamrnrda 
Iblydactylus virginfcus 
Bothus h ~ t u s  
Cephalopholis filva 
Petmmetopon cruentatum 
Epinephelus striatus 
E. guttatus 
E. itajam 
Myctemperca bonaci 
M cidi 
Hypoplectrus indigo 
H. puello 
H. nigricans 
Riacanthus cruentatus 
G r a m  ruber 
C hippos 
C bartholomaei 
Selene vomer 
Lutjanus mahogoni 
L. synagris 
L. amlis 
L. jocu 
L. apodus 
L. griseus 
Ocyums chrysurus 
Haemulon aurolineatum 
H. jlavolineatum 
H. album 
H. plum fen 
H. carbonarium 
H. sciulus 
H. parra 
H. bonariense 
H. macmstomum 
Anisotremus virginicus 

Gkmus  penm 
C calamus 
C pennatuk 
Glumus spp. 
Archosargus rhomboidalis 
Bailrliella batabam 
Gerres cinereus 
Equetus acuminatus 

1,690 
24 1 
425 

1,280 
876 
800 
118 
86 
50 

304 
886 
140 
110 
206 
162 
930 
281 

28,930 
710 

2,960 
54 
40 
40 

111 
119 

2,300 
150 
230 
146 
166 

2,455 
464 
198 
411 
116 
55 
72 

140 
141 
136 
191 
200 
lo6 
248 
122 
488 
290 
27 1 
190 
200 
180 
130 
141 
80 

Continued 



Table 5.2 (continued) 

Species 

Catch Availability 
by % by by % by by by Mean 

number number weight weight number weight weight 
C 96C W(kg) %W An Aw Wc@ 

E. punctatus 
Mulloidichthys martinicus 
Aeudupeneus maculotus 
QIaetodipterus faber 
Holacanthus tricolor 
H. cilhris 
hmacanthus par 
P. arcuatus 
QIaetodon ocellatus 
C capk?ratus 
C striatus 
C sedentarius 
Dactylopterus volitans 
Eupomacentms fuscus 
Abudefdu f saxatilis 
Lachnolaimus marimus 
Bodhnus rufi~s 
Uepticus parrae 
Halichoeres radhtus 
Scams vetulo 
S. taeniopterus 
S. croicensis 
S. coeruleus 
S. guacamah 
S. coelestinus 
Spansoma rubripinne 
S. chrysopterum 
S. aumfrenatum 
S. viride 
Acanthurus coeruleus 
A. chirurgus 
A. bahhnus 
Etalistes vetulo 
Olntherhines pullus 
Alutera scripta 
A. schoepfii 
Acanthostracion quadricomis 
A. polygonius 
hctophrys triqueter 
L. bicaudalis 
Diodon hystrix 
D. holaconthus 
QIilomycterus antennatus 
Anulirus argus 
P. guttatus 
Mithmx spinosissimus 
Scylloroides aequinoctalis 

Totals 

Means 



Species Composition 

Eightyeight different species of fish were caught on 
Pedro Bank and 47 species on California Bank. Altogether 
a total of 92 species were caught on these two banks. 

Table 5.3. Major families represented in the catches of unbaited 
Z and S traps set at Nassau and Yahoo Reefs, Port Royal. 

% % 
Family Weight Numbers 

Scaridae 
Pomadasyidae 
Acanthuridae 
Palinuridae 
Majiidae 
Chaetodontidae 

Angelfishes 
Butterflyfishes 

Serranidae 
Pomacentridae 
Lutjanidae 
Diodontidae 
Ostraciontidae 
Ephippidae 
Balistidae 
MuUidae 
Holocentridae 
Carangidae 
14 other families (no species 
comprising more than 1% of 
total catch by weight). 

Table 5.4. Species comprising more than 1% of the total weight 
of f A e s  and crustaceans available to unbaited S and Z traps at 
Nassau and Yahoo Reefs. Port Royal. 

Availability 
Species x 1.000 fig) % 

Mithrax spinosissimus 
Prrnulirus argus 
Haemulon plumien 
Sparisoma viride 
Acanthums chimrgus 
S. chrysoptemm 
A. coemleus 
hmacanthus armatus 
H. sciums 
Chaetodiptems faber 
A budejiiu f saxah1is 
S. uurofrenahrm 
Epinephelus guttatus 
Acanthums bahianus 
Dwdon hohcanthus 
Holocentrus mfis  
Gzranx mber 
ktmmetopon cmentatum 

The list of species and their occurrence in traps at 
different locations is given in Table 5.8. 

Those species comprising more than 4% by weight of 
the overall catch from locations visited on three or more 
occasions are listed in Table 5.9. 

Bolistes vetula was the dominant species in catches 
from the offshore banks, comprising between 15% (SW 
Pedro) and 5Wo (Pedro Cays) of the total weight caught. 
Twelve other species comprised more than 4% of the 
trap catches in one or more of the offshore areas as 
shown in Table 5.9. 

Table 5.1 0 shows the percentage composition of the 
catch (by weight) according to families and includes all 
fish families which contributed 1.0% or more of the 
weight of the catch taken in any one area. Also included 
in the table is an indication of the market category 
to which the various families belong. The Balistids are 
overwhelmingly preponderant in all areas except Cali- 
fornia Bank and the South Jamaica Shelf (where Holo- 
centrids predominate) and the Southeast Spur of Pedro 
Bank where Pomadasyids are the largest component of 
the catch. 

Catch Per Unit Effort 

The catch rates of individual cruises to  California 
Bank, the South Jamaica Shelf and the nine locations on 
Pedro Bank have been plotted in Fig. 5.3. Although 
there was a high degree of variability between individual 

Table 5.5. Species comprising more than 1% of the total numbers 
of f f i e s  and crustaceans available to unbaited S and Z traps at 
Nassau and Yahoo Reefs, Port Royal. 

Availab'it y 
x 1,000 

Species (number) % 

1. Haemulon plumien 25 5 11.3 
2. Acanthums coemleus 179 7.9 
3. Sparisoma viride 176 7.8 
4. Abudefdu f wxatilis 153 6.8 
5. Acanthums chirurgus 146 6.4 
6. A. bahianus 116 5.1 
7. Chaetodon capistratus 107 4.7 
8. Sparisom chrysvptemm 103 4.6 
9. S. aumfrenatum 93 4.1 

10. ANlu1i.s argus 84 3.7 
11. H. sciums 62 2.7 
12. Holocentrus 4 s  5 3 2.3 
13. Haemulon flavolineatum 47 2.1 
14. Mithmx spinosissimus 45 2.0 
15. Diodon hohcanthus 40 1 .8 
16. hmacanthus arcuatus 37 1.6 
17. Gzranx mber 36 1.6 
18. Epinephelus guttatus 30 1.3 
19. Scamsmicensis 25 1.1 
20. Ammetopon cruentatum 25 1.1 
21. Acanthostmcbn quadricom& 23 1.0 
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Fig. 5.3. Mean catch rates in traps for various cruises (small points) and mean rates for all cruises (large points) at various offshore loca- 
tions (see Figs. 2.2 and 3.2). Rates are expressed as kg per baited hexagonal trap (Fig. 5.2) soaked for 24 hours. 

Table 5.6. Summary of monthly trap catches of unbaited Z and Straps set on Nassau and Yahoo Reefs, Port Royal Reefs, Jamaica. 

Jan Feb Mar A P ~  May June July Aug Sept Oct Nov Dec 

1970 

No. of traps 6 13 13 33 5 7 36 41 25 47 53 50 3 2 
Total soak (days) 12 112 170 305 739 564 577 431 603 718 757 474 
Mean soak (days) 2.0 8.6 13.1 9.2 13.0 15.7 14.1 17.2 12.8 13.5 15.1 14.8 

No. of species 10 35 27 52 66 48 5 3 49 59 5 3 57 48 
No. of fish 26 246 186 494 1,311 553 495 496 750 709 665 414 
Wt. of fish (kg) 7.05 38.56 30.42 73.67 216.95 80.99 96.07 73.11 103.54 109.32 116.06 75.29 
No. per trap 4.3 18.9 14.3 15.0 23.0 15.4 12.1 19.8 16.0 13.4 13.3 12.9 
Wt. per trap (kg) 1.17 2.97 2.34 2.23 3.81 2.25 2.34 2.92 2.20 2.06 2.32 2.35 

Availability (kg) 703 596 383 431 626 345 373 435 364 333 360 368 

No. of traps 13 3 8 9 19 5 12 7 13 6 23 13 
Total soak (days) 273 45 121 140 275 81 382 182 176 155 599 241 
Meansoak(days) 21.0 15.0 15.1 15.5 14.5 16.2 31.8 26.0 13.5 25.8 26.0 18.5 

No. of species 36 20 26 24 41 22 24 16 38 28 41 34 
No. of fish 245 6 1 134 107 142 96 144 43 168 73 188 159 
Wt. of f& (kg) 44.24 10.00 25.49 23.05 61.54 14.77 44.46 15.37 30.67 13.09 57.49 40.07 
No. per trap 18.8 20.3 16.7 11.9 7.5 19.2 12.0 6.1 12.9 12.2 8.2 12.2 
Wt. per trap (kg) 3-40 3.33 3.19 2.56 3.24 2.95 3.70 2.19 2.36 2.18 2.50 3.08 

Availab'ity (g) 482 519 496 394 510 448 495 300 382 298 342 450 



Table 5.7. R. V. (Irranx. Summary of trap catches, effort expended and catch per unit effort, by area and cruise. Effort is expressed in 
terms of hexagonal trap-nights. 

Weight of Weight per 
Number of Soak Effort Number of fishes caught Meag weight Numbers per trapnight 

Date traps (days) (trapnights) fishes caught 0%) wc (g) (trapnight) (kg) 

8.2.71 
21.4.71 
1.12.71 
25.7.72 
9.10.72 
4.12.72 
22.2.73 

Totals 

Means 

8.2.71 
31.1.72 
28.8.72 
6.11.72 

Totals 

Means 

6.5.71 
13.12.71 
11.5.72 
17.8.72 
23.10.72 
8.1.73 

Totals 

Means 

6.11.72 
21.5.71 
14.2.72 
27.6.72 
24.9.72 
6.11.72 
19.11.72 
25.1.73 

Totals 

Means 

11.5.72 
17.8.72 
23.10.72 

Totals 

(a) Pedro Cays 

(b) Banner Reef 

(c) 20 M. Bank 

(d) N.W. Pedro 

(e) S.W. Pedro 

325 
38 7 
35 1 

1,063 

3.08 
1.02 
3.14 
2.75 
3.06 
2.39 
2.12 

2.52 

1.76 
3.49 
1.56 
0.93 

1.87 

854  
7.56 
4.35 
2.45 
3.04 
3.47 

4.52 

7.27 
2.32 
.63 
.64 

3.02 
.5 7 

1.40 

1.80 

2.23 
.94 

2.4 1 

Continued 



Table 5.7. (continued) 

Weight of Weight per 
Number of Soak Effort Number of fishes caught Mean_ weight Numbers per trapnight 

Date traps (days) (trap-nights) fishes caught (kg) wc (g) (trapnight) (kg) 

Means 

16.1.72 
25.5.72 
10.7.72 
9.10.72 
4.12.72 
22.2.73 

Totals 

Means 

23.10.72 
9.11.72 
8.1.73 

Totals 

Means 

8.11.71 
24.1 1.71 
3.3.72 
20.6.72 
13.9.72 
19.12.72 

Totals 

Means 

25.1.71 
-.3.71 
13128.3.72 
& 6.4.72 

Totals 

Means 

(f) S.E. Spur (incl. Eastern Pedro) 

670 161.25 
3,323 456.78 
2,073 433.94 
1.699 325.81 

542 104.10 
1,183 239.99 

9,490 1,721.87 

(g) Central Pedro 

217 48.53 
28 6.06 

6 0.50 

25 1 55 .09 

(h) California Bank 

(i) South Jamaica Shelf 

30 5.08 
94 18.70 

266 61.09 

390 84.87 

(j) Other Areas 

11.1.71 (Morant 
Cays) 14 
30.3.7 1 (Dis- 
covery Bay 
North Jamaica 
Shelf) 25 



catch rates from certain areas, the 20-m Bank and SE 
Spur appeared to be more productive than the other 
areas, but good catches were taken in all other parts of 
Pedro Bank on occasions. The catch rates on the South 
Jamaica Shelf and at California Bank reflect the high 
fishing intensity in these areas. 

Table 5.1 1 gives details of the average catch rates, 
together with the proportions of the various market 
categories. Catch rates on Pedro Bank varied very 
widely, particularly at NW Pedro and 20-m Bank. 

DISCUSSION 

Distribution of Stocks and Availability 

The data presented in the preceding pages indicate 
that there is little uniformity in the distribution of 
available stocks for trap fishing. The overall impression 
gained from the data (Fig. 5.3 and Table 5.1 1) is that 
the abundance of coral cover is the main feature deter- 
mining the distribution of exploitable stocks. Thus 
Banner Reef, the Pedro Cays, 20-m Bank and the South- 
eastern Spur, all areas of rugged bottom, provided the 
greatest catch rates. The areas fished at these locations 
are almost entirely within the 30-m isobath and all lie 
on the southern and eastern edges of Pedro Bank (Table 
5.1 1). The SE Spur and 20-m Bank produced the most 
valuable catches (Table 5.1 1). Good catches of grunts 
and spiny lobsters (Panulirus argus) were a major feature 
of the SE Spur. 

The deeper areas of the bank, lying on the western 
and northern margins produced fairly modest catches, 
but with a greater admixture of "quality" and "common" 
fish than Banner Reef and the Pedro Cays. The latter 
areas are relatively shallow (most depths fished were less 
than 15 m) and produced large catches of low-value fish, 
particularly Balistes vetula. 

The central portions of Pedro Bank appear t o  be 
uniformly flat and sandy and with very sparse coral. 
Catches were extremely low and of poor quality. Catch 
rates at California Bank were about half those obtained 
at SW and NW Pedro (which are of similar depths) and 
lacked significant quantities of the more valuable species 
of fishes. It is believed that this reflects the quite heavily 
exploited state of California Bank. Catch rates on the 
South Jamaica Shelf equivalent t o  618 dhexagonal 
traplday were more than twice as great as those taken at 
the Port Royal Reefs (equivalent t o  about 300 dhexa- 
gonal traplday), reflecting the extreme fishing pressure 
o n  the nearshore reefs. Nevertheless, catch rates are 
much larger than those obtained on the narrow north- 
ern shelf of Jamaica where catch rates of less than 
100 gltraplday are the norm. 

VIABILITY OF OFFSHORE COMMERCIAL FISHERIES 

Catch Rates 

The results given in Table 5.1 1 and Fig. 5.3 give some 
indication of the initial catch rates which might be 

expected by commercial vessels fishing the shallow (less 
than 50 m) shelves and banks near t o  Jamaica. It is 
emphasized that because of the exploratory and exper- 
imental nature of the work done during this project, n o  
attempt was made t o  remain in areas which offered good 
fishing, nor t o  return to  areas which had previously 
yielded good catches. It would be expected that com- 
mercial vessels might concentrate their efforts, at least 
initially, on the most productive areas (20-m Bank or  the 
SE Spur) where average catch rates of about 4 kgltrapl 
24 hours could be expected. 

Traps which were holed by sharks or other agencies 
were not included in our analyses. A commercial operator 
would have t o  take such factors into account, but this is 
definitely not a factor of major importance. 

Commercial vessels would probably need t o  use 
stackable (Munro 1973) or  collapsible (e.g., High and 
Beardsley 1970) traps t o  have any chance of hauling 
sufficient traps t o  meet operating costs. Clearly, the 
smallest possible vessel relative t o  trapcarrying capacity 
is required if profits are t o  be maximized. 

Use of Bait 

The traps used during this project were normally 
lightly baited with unmarketable fish or with punctured 
cans of cat food. There was little obvious difference 
between the catches in unbaited traps and those which 
were lightly baited. 

Wolf and Chislett (1974) used 2.3 t o  1 1.4 kg (5 t o  
25 lb) of imported bait in each Z trap fished on Pedro 
Bank and obtained daily catches (oneday soak) of 7.7 
t o  25.4 kg (17 to  56 lb). Most of their fishing was done 
with limited numbers of traps set on the upper slope of 
the deep reef (see Chapter 3 for details of bank mor- 
phology). Under such conditions, the value of the bait 
might well have been greater than the value of the catch, 
but the data do suggest that catch rates might be depend- 
ent t o  a large extent upon the amount of bait used. 
Table 5.1 1 shows that traps on Pedro Bank yielded only 
106 to  227 g of unmarketable fish per trap124 hours. If 
the undersized elements of the trash fish catch were not 
marketed and were also retained as bait, the traps might 
just sustain the bait requirements of the fleet. Increased 
catches of betterquality fsh  would have t o  outweigh 
the value of the trash fish used as bait if such an operation 
were t o  be successful. Additionally, Wolf and Chislett 
(1974) commented that they found trash fkh relatively 
ineffective as bait. 

The foregoing highlights the need for an inexpensive 
source of bait. 

The Economics of Trap Fishing 

Munro ( 1974) has described the mode of operation of 
Antillean-style fish traps by means of a simple math- 
ematical model. The important points are that escape- 
ment of fishes from traps is quite high (about 12%/day 
for Z traps) and is inversely proportional to  the size of 



the traps and that catches will build up in traps until 
daily ingress of fishes balances escapement and thereafter 
remain static. If traps are baited, the ingress rates will be 
improved as long as bait remains in the trap but the rate 
of escapement will remain constant. This results in the 
catches reaching a peak around the time when the bait is 
exhausted (usually about 3 days) and thereafter declining. 
It is therefore essential that a vessel should operate 
sufficient traps to enable it to  be fully occupied during 
each working day, without having to  haul traps which 
have not been soaked for the optimum time. 

If stackable traps are used, an efficiently operated 
vessel can haul and reset 100 traps per day in depths of 
40 m or less. Considerably fewer traps can be operated if 
the deep-reef slopes are fished, owing to the difficulty of 
positioning the traps on the very steep and narrow sector 
of the 100 to  250-m zone (see Wolf and Chislett 1974). 

In order to retain an optimum degree of mobility, a 
commercially operated vessel would need to be able to 
carry about 150 traps, enabling it to set a fleet of 300 
traps in two return trips from shore and thereafter haul 
the traps on a 3 d a y  cycle. This would suggest that 
vessels in the 18 to 23 m class would be required. 

It is suggested that all vessels should also be equipped 
for hand-line or  reef fishing and for trolling in order that 
benthic and pelagic species can be harvested when the 
opportunities arise. That is, bottom hand-lining or reef 
fishing could be done under calm or otherwise suitable 
conditions and trolling when schools of pelagic fish are 
sighted, or if weather conditions preclude hauling traps, 
and en route to and from the fishing grounds. 

The foregoing points are emphasized because by any 
standards, the stock densities of trapable fish on the 
oceanic banks of the W. Caribbean are not large. Profit- 
able commercial operations will be dependent upon 
c,areful advance planning, efficiently controlled oper- 
ations, and upon operators making full use of opportun- 
ities for additional harvests of pelagic and linecaught 
fish. Fish and fuel prices, operating costs, wages and 
depreciation of vessels are relatively inflexible. 

If vessels haul their traps on a 3day cycle, average 
catches of at least 7.8 to  10.4 kdtrap should be attained 
at SE Spur and 20-m Bank, respectively. The least 
productive areas, NW and SW Pedro, should produce 
a'bout 4.0 kgltrap. Thus, a vessel hauling 100 traps per 
day should produce an average minimum catch of 400 
kglday and an average of up to  1,040 kglday in the most 
productive areas. Catch rates will decline as the fishery 
develops but the decline would need to be set against the 
higher average catch rates which would be attained 
by commercial vessels. From the analyses given in 
Chapter 18, it appears likely that maximum harvests 
would be attained when the catchlboat had fallen to  
albout 75% of the initial catch rates, and that entry 
into the fishery beyond that point should be prohibited. 

Munro (1977 and Chapter 18) has calculated that the 
maximum potential production by the offshore trap 
fishery would be 6,200 t and that the overall basic catch 
rate would be 2.725 kg/hexagonal trap124 hours. This 

rate would yield 6.25 kg/trap if hauled on a 3 d a y  
cycle. Thus, hauling 100 trapslday would produce 
625 kg vessellday. If the boats averaged 250 days 
fishinglyear, each vessel would land 156.25 tlyear and 
40 vessels would give the calculated total catch. If, by 
virtue of greater efficiency, higher commercial catch 
rates are obtained, and the average catch per boat was 
greater than that cited above, the number of vessels 
permitted to  enter the fishing should be proportionately 
reduced. 

FUTURE RESEARCH REQUIREMENTS 

Design and Development of Fish Traps 

The stackable traps utilized by this project (Munro 
1973) made it possible for the R. V. Caranx (a multi- 
purpose research vessel with a laboratory, trawl winch, 
electric fishing reels, etc), to carry up to 80 traps without 
undue difficulty, in limited deck and hold space. A more 
specialized vessel could carry much greater numbers of 
traps. The traps worked well, but for unknown reasons 
were 21% less efficient relative to  their size than tradi- 
tional designs. It has been suggested that the visual 
complexity of the traps' outlines might be a factor but 
this has not been investigated. 

Escapement rates of 12%/day from Z traps (and 
possibly slightly higher for stackable traps) mean that a 
substantial portion of the catch escapes before a trap is 
hauled. Various devices to  prevent fishes from escaping 
through the entrance funnels were tested, but all reduced 
the ingress of fish to  an unacceptable level. Parlor traps, 
in which fishes enter two successive chambers, would 
reduce escapement dramatically (i.e., to 12% of 12% = 
1.4%) but a stackable parlor trap remains to be devised. 
However, large parlor traps built on traditional lines 
(Munro, in prep.) are entirely feasible and should be 
tested for use in the nearshore fishery. 

Damage to traps caused by sharks was not a major 
problem on Pedro Bank or in the nearshore fisheries but 
the possibilities of using less robust synthetic mesh 
materials have not been tested. Durability, ease of 
handling, construction and repair would appear to  be the 
main advantages. 

Hexagonal chicken-wire mesh with maximum aper- 
tures of 3.30 or 4.13 cm is used~for trap construction in 
Jamaica. As the mesh is rigid, mesh selection is close to 
knife edge. A larger mesh size (6.60cm max. aperture) 
has been advocated as a conservation measure (Chapter 
18). It is fairly clear that this would not present any 
problem in the case of baited traps, but unbaited traps in 
which the smallest fishes act as bait for larger predators 
might suffer decreased catch rates. The Barbuda trap 
fishery uses 2-in (6.60cm) maximumaperture mesh 
with apparent success(Peacock 1976), but as a cautionary 
measure this might be investigated if it is intended that 
meshsize regulations be introduced by the Jamaican 
authorities. 



Table 5.8. Occurrence of species in trap catches at various sectors of Pedro Bank and 
at California Bank between January 1971 and February 1973. 

Ginglymostoma cirratum 
h lophus  jamaicensis 
Synodus intermedius 
Gymnothorax finebris 
G. moringa 
G. vicinus 
Holocentrus ascensionis 
H. rufus 
Myripristis jacobus 
Aulostomus maculatus 
Sphymena barmcuda 
Bothus lunatus 
B. ocellatus 
Ckphalopholis filva 
Petrometopon cmentatum 
Alphestes afer 
Epinephelus striotus 
E. adscensionis 
E. guttatus 
Mycteroperca tignis 
M. venenosa 
hranthias fircifer 
Riacanthus cmentatus 
R arenatus 
Mzlacanthus plumieri 
Echeneis naucrates 
Coranx mber 
C fisus 
C latus 
C bartholornaei 
Seriola dumerili 
Lutjanus vivanus 
L. buccanella 
L. jocu 
L. apodus 
Ocyums chrysurus 
Haemulon aurolineatum 
H. striaturn 
H. flavolineatum 
H. melanumm 
He album 
H. chrysorgyreum 
H. plumien' 
H. carbonarium 
Colamus spp. 
Equetus acuminatus 
E lancedatus 
E. punctatus 
fiRoidlchthys mmtinicus 
heudupeneus maculatus 
Holamthus tricolor 

Continued 



Talble 5.8 (continued) 

H. ciliors 
Pbmacanthus paru 
i? arcuatus 
Oaetodon ocellatus 
C capistratus 
C striatus 
cC sedentatius 
h g ~ t h o d e s  aculeatus 
Mcrospathodon chlysurus 
Bodianus rubs 
laepticus parrae 
~Walichoeres gamoti 
H. bivittatus 
H. radiatus 
Scarus vetula 
S. taenwpterus 
S. croicensis 
S. coeruleus 
S. coelestinus 
Sparimma chrysopterum 
S. aurofrenatum 
S. viride 
.Acanthurus coeruleus 
A. chinrrgus 
.A. bahianus 
.Balistes vetula 
B. capriscus 
Xanthichthys ringens 
Melichthys niger 
Gznthidennf sufflomen 
(Imtherhines macrocerus 
c pullus 
~leutera scripta 
A. schoepfii 
Amnthostmcion quadricomis 
A. polygonius 
Loctophlys triqueter 
L. bicaudal& 
Dwdon hystrix 
D. holamnthus 
C3ilomycterus antillarum 

Number of fish species 

Scyllaroides aequinoctalis 
Phnulirus argus 
P. guttatus 
Mthmx spinossissimus 
Queen crab 
Box crab 

Number of crustacean species 
Total number of species 



Munro et al. ( 197 1) found that Cuban-style S traps funnels). At some stage it would, therefore, be desirable 
captured 25% more fish (by weight) than traditional to compare sets of Z and S traps of identical volume 
Z traps, but insufficient data were available to establish and area. If the increased efficiency is demonstrable, a 
the statistical validity of this difference. Subsequent strong case exists for their introduction to the Jamaican 
investigations (Munro 1974) showed that efficiency fishery. Furthermore, S traps are easier and cheaper to 
of traps of equal height was proportional to the area construct and should increase profitability of the fishery. 
covered by the trap (all traps had two identical entrance 

Table 5.9. Percentage species composition of trap catches in various offshore areas fished between February 1971 and February 1973. 
List includes species which comprised more than 4% of the weight of the catch in any one area. 

South 
Pedro SE Spur Banner NW Pedro California Jamaica 

Species Cays (incl. E. Pedro) Reef 20 m Bank SW Pedro (incl. N. edge) Bank Shelf 

Holocentnrs ascensionis 
H. ~ f i s  
Cephalopholis filvus 
Epinephelus guttatus 
Granx ncber 
C bartholomaei 
Haemulon fivolineatum 
H. plumieri 
Aeudupeneus macuhtus 
Ibmacanthus armatus 
Acanthuncs bahianus 
Balistes vetuh 
hnulincs argus 
AU other species 

Number of species caught 63 53 55 59 47 56 48 44 

Table 5.10. Percentage composition, by families. of trap catches in various offshore areas between February 1971 and February 1973. 
Catch rate is expressed in terms of lightly baited hexagonal traps fished for one night. Market classification is shown in the f is t  column: 
U, unmarketable; T, trash; G, grunt; C, common; Q, quality; X, spiny lobsters. 

Eastern South 
Market Pedro Pedro and Banner 20 m SW SW Calif. Jamaica 

Family Group Cays SE Spur Reef Bank Pedro Pedro Bank Shelf 

Sharks & rays U .3 .5 1.1 + .7 1.2 0 0 
Muraenidae U 2.3 0 .7 .5 1.6 .1 1.1 6.8 
Holocentridae T 8.0 9.7 13.8 7.3 3.7 5.4 28.7 14.0 
Sph yraenidae C 1.4 .2 0 .6 0 0 0 0 
Serranidae C 7.5 7.7 10.9 20.9 17.5 29.0 18.8 6.9 
Carangidae Q 2.1 1.9 9.5 3.4 11.4 8.0 1.8 .8 
Lutjanidae Q .1 .8 .5 .4 4.7 1.8 .1 2.1 
Pomadasyidae G 7.8 25 5 10.2 7.9 12.9 3.5 2.2 8.5 
Sparidae C .1 0 .3 .9 1.5 .6 0 .1 
Sciaenidae C + + 0 + + 0 + 3.3 
Mullidae Q 3.2 6.0 1.4 1.1 10.5 1.1 2.5 2.0 
Holacanthinae T 4.3 6.5 7.8 6.1 3.9 3.7 .9 .2 
Chaetodontinae U .8 4.5 3.8 1.7 1.7 1 .O 2.8 1.2 
Scaridae T 3.1 .7 3.4 3.2 2.7 2.1 4.6 3.3 
Acanthuridae T 4.0 15.3 10.4 8.9 5.5 1.3 3.0 3.2 
Balistidae T 52.2 16.0 22.7 33.9 11.4 33.9 27.7 13.4 
Monocanthidae T .9 .4 .6 1.1 1.2 .4 .6 .7 
Ostradontidae U .6 .4 .3 .5 2.2 1.7 .3 0 
Palinuridae & Scyllaridae X .2 2.9 1.1 .8 6.4 3.3 0 8.2 
Crabs G 0 0 .2 .1 0 + 1.4 3.0 
Other U 0.7 0.6 1.1 0.6 0.2 1.9 1.9 22.2 

Mean catch/trapnight (kg) 2.52 2.98 1.87 4.52 1.72 1.80 0.84 0.62 



Table 5.1 1. Relative value of trap catch per unit of effort in various offshore areas. Approximate relative price structure is as follows: Unmar- 
ketable Fish (but useful as bait), 0; Trash Fish, 1.0; Grunts, 1.7; Common Fish, 2.2; Quality Fish, 3.3; Palinurids and Scyllarids, 5.0. Catch 
rates (Cw/f) in grams per trap-night. Value (V/f) in relative units. 

Total 
Mean total Unmarketable Trash Common Quality relative 
catch rate fish fish Grunt fish fish Lobsters value 

Area &If (8) Cw/f V/f Cw/f V/f cw/f v / f  cw/f  v / f  cwlf v / f  cwlf v l f  V/f 

S. Jamaica Shelf 
California B. 
Pedro Cays 
N.W. Pedro 

(incl. N. edge) 
S.E. Spur 

(incl. E. Pedro) 
Banner Reef 
20 m Bank 
S.W. Pedro 



CHAPTER 6: 

THE BIOLOGY, ECOLOGY 
AND BIONOMICS OF THE 

SQUIRRELFISHES, HOLOCENTRIDAE 

by 
J.R. Wyatt 

(March 1976) 

Identity 

The north Atlantic Holocentridae are characterized 
by having an overall reddish color, big eyes and spiny 
scales. Head bones also bear spines (Bohlke and Chaplain 
1968). The Atlantic species have been described by 
Jordan and Evermann (1896), Bohlke and Chaplin 
(1968) and Randall ( 1968). 

The taxonomy of the Holocentridae according to  
Berg ( 195 5) is as follows: 

Order - Beryciformes 
Family - Holocentridae 
Genus - Holocentrus Scopoli 1777 

Flammeo Jordan and Evermann 1898 
Adioryx Starks 1908 
Myripristis Cuvier and Valenciennes 

1829 
Ostichthys Jordan and Evermann 1896 
Plectrypops Gill 1826 
Corniger Agassiz 183 1 

The nomenclature of the holocentrids is uncertain 
and has been subject to much grouping and splitting. 
The genera given above are those used by Bohlke and 
Chaplin (1968) who recognize five genera, but with the 
addition of Corniger spinosus and Ostichthys trachy- 
pomas. Members of the family are commonly referred to 
as squirrelfish or soldierfish. Table 6.1 gives the common 
and scientific names of the Caribbean species. 

Morphological descriptions are given by Jordm and 
Evermann (1896). 

Table 6.1. Scientific and common names of squirrelfish of the 
Caribbean Sea. 

Scientific names 
Jamaican 

wmmon namels 

1. Holocentrus ascensionis (Osbeck) 
1765 

2. Holocentms ncfus (Walbaum) 1792 
3. Rammeo marianus (Cuvier and 

Valenciennes) 1829 
4. Adioryx vexillrrrius (Poey) 1860 

5. Adioryx comscus (Poey) 1860 
6. Adioryx bulisi (Woods) 1955 
7. Adioryx poco (Woods) 1965 
8. Myripristis jacobus (Cuvier) 1829 

9. Ostichthys trachypomas 
(Gunther) 1859 

10. Hectrypops retrospinus 
(Guichenot) 185 3 

1 1. Corniger spinosus ( Agassiz) 1829 

Welchman; Wenchman 
Longspine squidfish 

Long-jaw squirrelfish 
Dusky or spotfm squir- 

relfish; Welchman 
Reef squirrelfish 
Deepwater squirrelfish 
Saddle squirrelfish 
Blackbar soldierfish; 

Bigeye squirrelfish 

Cardinal soldierfkh - 



Distribution 

Most of the western Atlantic Holocentrids are distri- 
buted from Bermuda t o  the Lesser Antilles and are 
usually associated with reefs. Adioryx coruscus is found 
in water of between 10 t o  30 m, with most fish at  
around 22  m. Adioryx bullisi, Ostichthys trachypomas 
and Corniger spinosus are found in deeper water. 

Adioryx poco has only been recorded from the 
Bahamas and Grand Cayman, in shallow water, though it 
is possibly more abundant than this but has not  been 
recognized by some collectors. Adioryx vexillarius is 
another shallow-water species. It is found around shallow 
reefs throughout the Caribbean and West Indies from 
Bermuda t o  Panama. 

Mynpristis jacobus occurs in shallow reef water down 
t o  2 0  m from Bermuda t o  Panama, including the coast 
of Florida. Further south, offshore from Guyana and 
northern Brazil, its depth range increases t o  25 m. 

M. jacobus also occurs in the eastern Atlantic along the 
W. African coast. 

Of the two speciesin the genus Holocentrus, H. ascen- 
sionis has the greater geographic and depth range. It  is 
found from Bermuda (30°N) t o  Santos, Brazil (25's). In 
the Caribbean, i t  is commonly found between 12 t o  30  
m,  whereas further north in American waters, it is more 
usually found at  8 t o  12 m and very rarely ranges as 
deep, o r  deeper than 30  m. 

H. mfus has a more restricted distribution. It  has 
been recorded from Bermuda and throughout the 
Caribbean from Cuba and the Misteriosa Bank north t o  
Quita Sueno Bank (14ON). It is not  known from the 
Florida Cays o r  the Gulf of Mexico. During these studies, 
H. ascensionis and H. rufus were recorded from all areas 
sampled and a t  all depths down t o  100 m. 

Bionomics and Life History 

Owing t o  their small size, species of  squirrelfishes Reefs, H. ascensionis was caught only by  traps and the 
other than Holocentrus ascensionis and H. rufus are not  mean length of the males (19.5 cm FL) was about 
normally retained by the 4.13cm mesh commonly used 3.0 cm longer than the females. 
for fish traps in Jamaican waters. Neither are they taken 
o n  the sizes of hooks employed by commercial fishermen. 80 - 
Consequently, only H. ascensionis and H. rufus are 70 - 
considered in the following account. 60 - 

r 
cn 5 0 -  .- 

REPRODUCTION * - 4 0 -  
0 

Gonads 20- 

The gonads are easily identified and show n o  unusual 
I , I  

features. Superficial examination shows n o  difference 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

between H. ascensionis and H. rufus. 

Sexuality 

No evidence has been recorded of hermaphroditism, 
heterosexuality or intersexuality in species of squirrelfish. 
There is slight sexual dimorphism in growth and mortality 
rates. 

H. rubs:  Fig. 6.1 shows the size distribution of male 
and female H. rufus caught by traps at  the Port Royal 
Reefs. There was a slight difference in the means, the 
males having a mean length of about 17.5 cm, the 
females 16.5 cm. Male and female H. rufus caught 
offshore are of about  the same size (Fig. 6.2a). Mean 
length of both sexes was around 17.5 cm. 

Fork length (crn 1 

Fig. 6.1. Length-frequency distribution of trap catches of male 
(m) and female (f) Holocenmts mfus from the Port Royal Reefs. 

Maturity 

Table 6.2 shows that a substantial proportion of the 
smallest size groups of female H. rufus were mature. 
Maturity of females is therefore attained a t  o r  before 
1 3  t o  1 4  cm FL. The males might mature a t  a slightly 
larger size. 

The  percentage of ripe H. ascensionis in the sample 
increased with increasing size and full maturity appears 
t o  be attained by 18 t o  20  cm FL. The smallest mature 
fishes were in the 14.0 t o  14.9-cm length group. 

H. ascensionis: Fig. 6.2b shows the size distribution Fecundity 
of  male and female H. ascensionis caught by  traps and 
lines o n  the oceanic banks (Pedro and California Banks). Estimates of fecundity were not  made during the  
Although the females are slightly smaller, the  size ranges present study. No estimates have been found in the  
of the sexes are not  very dissimilar. Around Port Royal literature. 



15 20 25 30 

Fork length (cm) 

Fig. 6.2. Length-frequency distribution of trap and line catches 
combined of male (m) and female (f) holocentrids from all 
sampling areas offshore. (a) Holocentrus rufis, (b) H. ascen- 
sionis. 

Mating and Fertilization 

Mating has not been observed and there is no infor- 
mation on fertilization. 

Spawning Seasons 

H. ascensionis: Samples from Port Royal (N=44) and 
from Pedro Bank (N=868) were combined on a monthly 
basis (Fig. 6.3a). Ripe fish were collected in all months 
except June and only one ripe fish was found during 
July (in a sample of 48 fish). Most spawning appears to  
occur from January to March with a slightly smaller 
peak in October. The level of sexually "active" fish 
remained more or less constant (14 to 37%) between 
September and May. 

H. mfus: Samples of H. rufus (Fig. 6.3b) showed 
seasonal spawning activity similar to H. ascensionis, with 
the greatest proportion of ripe fishes in October (44%) 
and in February (32%). "Active" fish were found in all 
months except July. 

Further north from the Caribbean, the breeding 
season apparently shifts. Winn et al. (1964) report 
breeding in H. ascensionis and H. rufus from June to 
August in Bermuda in water of 4 to 8 fathoms (8 to  16 
m). This shift in the breeding season corresponds to  that 
suggested by Gaut (1 97 1, mimeo) for Haernulon sciums 
and other species. 

Table 6 2. Proportions of male and female Holocentrus rufis and H. ascendonis in successive length groups. specimens 
Captured in traps at the Port Royal Reefs or at oceanic banks. 

H. ~ f i s  H. ascensionis 
Median Males Females Males Females 

fork length No. % No. % No. % No. % 
(cm) examined ripe examined ripe examined ripe examined ripe 

Totals 575 647 45 5 426 



" J F M A M J J A S O N D  
Fig. 6.3. Seasonal variation in the percentage of ripe (cross- 
hatched), active (vertically-hatched) and inactive (unshaded) holo- 
centrids in Jamaican waters, sampled during 1969-1973, and 
combined on a monthly basis. (a) Holocentrus ascensionis (sample 
size = 9 121, (b) H. rubs  (sample size = 1,33 1). 

Spawn 

The unfertilized and fertilized spawn of H. ascensionis 
and H. rufus have not been described. 

PRE-ADULT PHASE 

There is little information on the embryonic stages 
of squirrelfish, but more is known of their early life 
history due to the distinctive form of the young. Young 
squirrelfishes are planktonic, the post-larval stages, known 
as "Rhynchichthys" stage (McKenney 195 9) are elongate, 
silvery, long snouted and have spiny heads. The spines 
diminish during growth. Holocentrids in this stage are 
common in plankton collections made around Jamaica. 

The post-larval designation is based on the nominal 
genus Rhynchich thys (Valenciennes 1 83 1 ), established 
as a true genus by Cuvier and Valenciennes for an Indian 
Ocean specimen. Other post-larvae earlier described as 
genera of Rhinoberyx and Rhamphoberyx are now 
recognized as being young stages of the genusMyripristis. 
Despite several descriptions of young holocentrids in 
the literature the only comprehensive life history series 
covering a considerable size range is that of McKenney 
( 1959). This paper has a detailed bibliography covering 
young holocentrids. 

ADULT PHASE 

Competitors 

Crabs and shrimps are the principal food of holo- 
centrids. According to Randall (1967) crabs and crab 

Table 6.3. Predators of Holocentridae determined by stomach 
content analysis (derived from Randall 1967). 

Predator 
Family Species Prey 

Aulostomidae Aulostomus maculatus Adioryx comscus 
H. rubs  
Myripristiis jacobus 

Serranidae Epinephelus striotus Holocentrus sp. 
H. rubs  
M. jacobus 

Mycteroperca venenosa Holocentrid 
Petrometum cruentatum Holocentrus sp. 

Lutjanidae Lutjanus jocu 

L. mahogani 
Carangidae Caranx latus 

A. coruscus 
Holocentrus sp. 
H. tufh 
Holocentrus sp. 
M. jacobus Uuvenile) 

larvae comprised 50% or more of the gut contents in 
only 12 of the 212 species of reef fishes he studied. Of 
these, only two serranids (Alphestes afer and Epinephelus 
adscensionis), a moray eel (Echidna catenata) and a 
snapper (Lutjanus synagris) might be considered com- 
petitive and, even so, the habitat overlap is probably 
slight. 

Predators 

Squirrelfish probably fall prey to the more common 
medium-sized predators, such as sharks, snappers and 
groupers. Randall ( 1967) recorded four families of fish 
(seven species) that preyed on holocentrids (Table 6.3). 
Dragovich (1970) sampled skipjack tuna (Katsuwonus 
pelamis) and yellowfin tuna (Thunnus albacares) and 
analyzed their stomach contents. Sampling was done in 
two areas in the Western Atlantic: 1) off the Carolinas 
in the northwest sector and 2) around the southern 
Caribbean and Guyanese coast (the southwest sector). 
Both species of tunas preyed upon post-larval holocen- 
trids. In the northwest sector, holocentrid post-larvae 
were the fifth most important family of fish in the diet 
of yellowfin tuna (excluding unidentified fish which 
were the majority). The sample consisted of three Holo- 
centrus spp. and one A .  vexillarius. In the southwest 
sector, holocentrids were the seventh most important 
family in the diet of skipjack tuna and the sample com- 
prised 6 1 Holocentrus spp., 4 A .  vexillarius, 1 Myripristis 
jacobus and 3 "other holocentrids." 

In the same area, holocentrids were the tenth most 
important family in the diet of yellowfin tuna and the 
sample was composed of 1 M. jacobus. 1 Holocentrus 
sp., 1 H. ascensionis, 1 A. vexillarius and 1 "other 
holocentrid." 

By comparison, similar studies in the eastern Atlantic 
off west Africa did not reveal any holocentrids eaten 
by skipjack tuna and only a single Holocentrus sp. (40th 
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Table 6.4. Stomach contents of some Holocentridae shown as % of volume (derived from Randall 1967). 

Species Holocenttus Holocentrus Adioryx Adioryx Flornrneo Myripristis Recnypops 
Food item ascensionis1 rufis2 mtuscus3 vexi~~uriuk mrirrnus5 iambus6 retrospinis7 

Shrimps + larvae 10.6 
Crabs + larvae 73.3 
Stomatopod + larvae 
Gastropods 1 .O 
My sids 
Chitons 
Ophiuroids 
Pol ychaetes 3.9 
Fish + larvae 
Amphipods 
Copepods 
Isopods 0.6 
Cephalopod larvae 
Hermit crab larvae 
Scyllarid larvae 
Ostracods 
Unidentified crustacea 10.6 
Unidentified animal matter 

 orag ages over grass flats more than other listed species. Sample: 31. 
'sample: 55. 
3~ample: 24. 
4 ~ i s h  eaten were b e  of Acanthunis sp. Sample: 55. 
%ample: 13. 
6~a in ly  plankton feeders. Fish eaten were chaetodontidae larvae. Sample: 46. 
'I~arn~le: 10. 

family in order of frequency of occurrence in the diet) 
in the sample of food of the yellowfin tuna. 

NUTRITION AND GROWTH 

Feeding 
Parasites, Diseases, Injuries and Abnormalities 

Few details are available on parasitized holocentrids. 
M. jacobus is frequently parasitized by an isopod which 
usually rests between the eyes [pl. 4 (d) Bohlke and 
Chaplin 1 968 1 . 

Holocentrus spp. with missing or abnormal pelvic and 
anal fins have been caught on Pedro Bank on several 
occasions. 

Saunden ( 1966a) examined 4 0  H. ascensionis, 42 H. 
r u b s  and 13 M. jacobus for blood parasites, especially 
Haemogegarina bigemina, but none was found. 

Hardiness 

Squirrelfishes have been found to  sunrive for several 
days in traps. They have also been kept in aquaria at the 
laboratory for 2 to  3 mo with minimal attention and 
would appear to be quite hardy fish. 

Both H. r u b s  and H. ascensionis have been caught in 
the shallow nearshore enclosed waters of Kingston har- 
bor which receive sewage effluent and so must have 
some tolerance to pollution. 

Longevity 

Feeding occurs mainly at night (see section on behav- 
ior). 

Food 

Apart from casual observations indicating that squirrel- 
fish are carnivorous, little is known about their diet. The 
most comprehensive work to  date is that of Randall 
(1967). His findings on squirrelfish are summarized in 
Table 6.4. 

No information on food or feeding was collected 
during the present study. 

Growth Rates 

Relative growth patterns 

H. ascensionis: The length-weight relationship of 
males and females within the range 14 to  19  cm FL is 
described by the equation: 

The relationship of fork length (FL) t o  maximum body 
depth (MD) between the lengths 16.0 to  27.0 cm FL is Estimates of longevity are not available. 



expressed by the equation: the region of 23.5 cm FL, and the calculated equivalent 
weight is around 230 g. 

Age and growth 
The smallest H. ascensionis were caught in traps offshore, 
at California Bank and Banner Reef; both fish were 12.2 
cm FL. A fish retainable by the 4.13 cm mesh would 
have an average FL of about 14.0 cm. 

H. rufus: The length-weight relationship within the 
range 14 to 19 cm FL is described by the equation: 

The maximum body depth (MD) between the sizes 15 
to  18 cm FL is equal to  0.237 FL or FL = 3.61 MD. 
Fishes of about 14.9 cm FL would be retained by the 
4.13 cm wire mesh of traps. 

The maximum size 

The average asymptotic length (L,) of species of 
Holocentridae cannot be estimated from the present 
data. 

Holocentrus ascensionis: According to  Bohlke and 
Chaplin (1968) H. ascensionis is "said to reach two feet" 
(60 cm) although none of their specimens are over one 
foot. From references in the literature and our own 
experience, the figure of two feet would seem to be 
improbable. Randall (1968) records a maximum length 
of 13.6 in (34.5 cm). In the present study, the largest 
fishes were collected offshore and were 28.4 cm FL 
(male) and 28.2 cm FL (female). The largest caught at 
the Port Royal Reefs was 22.0 cm FL. If the asymptotic 
length for males and females is taken as 26.5 cm FL the 
calculated equivalent weight (extrapolating from the 
conversion equation, is around 345 g. 

Holocentrus r u b s :  Randall (1968) states that H. 
r u b s  reaches at least 12.5 in (3  1.7 cm) or, according to  
Bohlke and Chaplin (1968), "at least one foot" (30.5 
cm). In the present study, the largest fish was caught 
offshore and measured 23.3 cm FL (unsexed). The 
largest from the Port Royal Reefs was a female of 19.5 
cm FL. The (four) largest males from the same area 
ranged from 19.0 to 19.2 cm FL. 

It appears that the asymptotic size of H. r u b s  is in 

This study did not produce any data which can be 
used to  estimate the growth rates of squirrelfish. 

Randall (1962) marked and measured squirrelfish and 
found that growth was very slow. However, despite 
negligible signs of wounds from tags, the fish were 
undoubtedly affected by tagging. Several fish did not 
grow at all. From a sample of 11 marked H. ascensionis, 
Randall obtained 2 1 recoveries. Size increases ranged 
from zero to 5.46 mm TL/month, with a mean value of 
1.47 mm. 

In the case of H. rufus, 19 recoveries were made from 
a sample of 15 fish. Tagginglrecapture interval ranged 
from 37 to 591 days. lncreases ranged from zero to 
1.24 mm TLImonth, with a mean value of 0.34 mm. 

BEHAVIOR 

Several workers have shown that this group is 
largely nocturnal (Hiatt and Strasburg 1960; Hobson 
1965; Longley and Hildebrand 1941; Randall 1963; 
Starck and Davis 1966). 

Starck and Davis ( 1966), working in Florida, state 
that both H. ascensionis and H. rufus are found individ- 
ually in holes on the deep reef and reef top. A. vexillarius 
and A. coruscus occur in groups in coral crevices and 
under ledges from the reef top shoreward. M. jacobus is 
also found in groups on the reef top, but has a more 
restricted foraging range than other squirrelfish. 

Squirrelfishes are probably territorial at least by day 
and less so at night. Territorial behavior is probably 
modified by the habitat, and where crevices are plentiful 
territories are contiguous. Habitat differences may also 
account for differences reported by Starck and Davis 
( 1966) and Randall (1 967), who described foraging in 
adjacent grass beds, whereas Winn et al. (1964) state that 
although territorial conflict is reduced at night, there is 
no  evidence of nocturnal migration or  dispersal. 

Territorial behavior patterns are described by Winn et 
al. (1964) with an account of sound production. Two 
types of sounds are recognized: 1) "grunts" which are 
aggressive and 2) a "staccato" call which is associated 
with the escape reaction. 

Populations 

POPULATION STRUCTURES offshore areas the ratio was M:F = 1: 1.05. 
The differences found between the sex ratios in 

Sex Ratios offshore areas and those at Port Royal are most likely 
the result of selective capture of the larger males by the 

The sex ratio of H. ascensionis caught in traps at the intensive f ~ h e r y  in the Port Royal Reefs. It could also be 
Port Royal Reefs was M:F = 1: 1.57, whereas in offshore the result of a size-related offshore migration with 
areas the ratio was M:F = 1:0.93. The sex ratio of H. increasing size. There is however no evidence of such a 
nrfus at the Port Royal Reefs was M:F = 1 : 1.48, while in movement. 



Age and Length Composition 

The absolute ages of squirrelfish cannot be determined 
at the present time; hence there is no information on the 
age composition of the stock. 

The size compositions of samples of H. ascensionis 
caught at Pedro Bank, in depths of 10.1 to 20 m, 20.1 to 
30 m, and 30.1 to 45 m are shown in Fig. 6.4. The 
modes and the ranges vary slightly, although the differ- 
ences are probably not significant. The mean fork length 
for all three zones is around 19.5 cm. 

Figure 6.5 shows the size composition of samples of 
H. mfis within the same depth zones. There is no change 
with depth in the modes; at 10.1 to 20 and 20.1 to  30 
m, the mean is around 17.5 cm and at 30.1 to 45 m it is 
one cm less (circa 16.5 cm). 

It is concluded that mature fish occur at all depths on 
the shelf. 

Figures 6.6 and 6.7 show the size composition of H. 
ascensionis and H.  rubs from Pedro Cays and California 
Bank. Insufficient data were obtained on these species at 
the Port Royal Reefs. In both cases, the sample sizes are 

Fork length (cm) 
Fig. 6.4. Length-frequency distribution of trap catches of H. 
oscensionis from the 10.1-20 m, 20.1-30 m and 30.1-45 m 
depth zones of Pedro Bank. 

small and give "poor" estimates of population structure. 
Nevertheless, the greater relative abundances of larger 
fishes at unexploited parts of Pedro Bank and at the 
lightly exploited Pedro Cays are apparent in the samples. 
The occurrence of relatively large numbers of large 
individuals at the Pedro Cays is believed to result from a 
decrease in natural mortality rates which in turn results 
from selective exploitation of the major predatory 
species (see Chapter 17). 

MORTALITY AND MORBIDITY 

Major causes of mortality are fishing and predation. 
From the data on size composition, the relative mortality 
rates can be estimated for holocentrids at Pedro Bank, 
Pedro Cays and California Bank. Insufficient fish were 
caught at Port Royal Reefs for estimates to be made. The 
sexes are combined for analysis. 

Table 6.5 shows the relative rates of decline in 
abundance of successive length groups of Holocentms 
ascensionis beyond full recruitment at length, 1,. of 2 1.0 
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Fork length (cm) 
Fig. 6.5. Length-frequency distribution of trap catches of H. 
rufus from the 10.1-20 m, 20.1-30 m and 30.145 m depth zones 
of Pedro Bank. 



Table 6.5 . Comparison of the relative abundance of successive length groups of Holocentrus ascensionis beyond full 
recruitment at 21.0 cm FL from Pedro Bank, Pedro Cays and California Bank. 

Pedro Bank Pedro Cays California Bank 
(unexploited) 

Length group Relative Relative Relative 
cm FL No. caught abundance No. caught abundance No. caught abundance 

Mean FL 

cm. If the  asymptotic FL is estimated at  26.5 cm, then 

at  unexploited parts of Pedro Bank, whereas Z/K was 200 - 
2.72 at  Pedro Cays and 5.32 a t  California Bank. 

The  relative rates of decline in abundance of Holo- 
centrus rufus beyond the full retention size, l,, of 
18.0 cm are shown in Table 6.6. The mean length of 
the fully retainable fishes is 19.04 cm at  Pedro Cays 
compared t o  18.94 c m  a t  Pedro Bank (unexploited). 150 - 
Neither the growth rate nor the asymptotic length are 
known, but the latter is estimated t o  be 23.5 cm FL as a 
conservative figure. The value of Z/K is in the region of 
4.3 for the Pedro Cays population, 4.9 for the unex- 

s ploited population (where Z/K = M/K) and 7.2 at  Cali- .- v, 
fornia Bank. too - * 

0 
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Fork length (cm)  Fork length (cm) 
Fig. 6.6. Length-frequency distributions of trap catches of H. Fig. 6.7. Length-frequency distributions of trap catches of H. 
oscensionis from California Bank (cb) and Pedro Cays (pc). mfus from California Bank (cb) and Pedro Cays (pc). 



Table 6.6. Comparison of the dat ive abundance of successive length groups of Holocentms rufus beyond full recruit- 
ment at 18 cm FL from Pedro Bank, Pedro Cays and California Bank. 

Pedro Bank Pedro Cays California Bank 
(unexploited) 

Length group Relative Relative Relative 
cm FL No. caught abundance No. caught abundance No. caught abundance 

Mean FL = 18.94 cm = 19.04 cm = 18.67 cm 

ABUNDANCE AND DENSITY DYNAMICS OF THE POPULATIONS 

Nothing is known about the absolute size or  density 
of the populations studied. 

Fig. 6.8 shows that at Port Royal Reefs, "availability" 
of H. mfus was greatest from November to  April and 
least during the summer months. It is probable that peak 
availability is related to the spawning season. 

H. ascensionis was not sufficiently common at the 
Port Royal Reefs for any conclusions to be drawn. 

The biological and population parameters estimated 
for males and females (combined sexes) of Holocentrus 
ascensionis and H. rufus are summarized in Table 6.7. 

The value of M/K is high for both species as would be 
expected from the steep rates of decline of the right 
hand side of the catch length-frequency distributions. 

Table 6.7. Summary of estimated population parameters for 
Holocentms ascensionis and H. rufus exploited by traps with 
4.13 cm wire mesh. All lengths are fork lengths in cm. Males and 
females are combined. 

H. ascensionis H. rufus 
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+ .- 
r= 280 
a 

260 .- 
0 
> 240- 
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220 
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100 
I mortality. M 4.32 456 
I 
I 

M/K 3.66 4.85 
I Length at maturity, 1, 14.0-14.9 cm 13-14.0 cm 
I 
I WL, 1.89-1.78 1.81-1.68 
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Fig. 6.8. Seasonalavailability of H rufus at the Port Royal Reefs. 
Availability is the theoretical number of fheswhich would enter 
1,000 traps set for 24 hours. Circled points connected by dashed 
lines indicate months in which less than 5 traps were set. 
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TAXONOMY 

CHAPTER 7: 
THE BIOLOGY, ECOLOGY 
AND BIONOMICS OF THE 

HINDS AND GROUPERS, SERRANIDAE 

by 

R. Thompson* and J.L. M u m  

(March 1974) 

Identity 

As the relationships of many of the species now 
placed in the family Serranidae are poorly known, 
Smith's (1962) definition of "groupers" is adhered to in 
this report. Thus, groupers are defined as large serranid 
fishes of the genus Epinephelus and of the allied genera 
Mycteroperca, Dermatolepis, Cephalopholis, Alphestes 
and Parantkias. The genus Gonioplectrus (not mentioned 
by Smith), which Jordan and Evermann ( 1896) consider 
to  be related to  Alphestes, is also included. 

As defined above, the groupers are a group of closely 
related species. Smith ( 197 1) divides the American 
groupers into three genera: Paranthias, Epinephelus and 
Mycteroperca. The nominal genera Petrometopon, 
Cephalopholis, Epinephelus, Promicrops, Dermatolepis 
and Alphestes are treated as subgenera, except for 
Petrometopon, which Smith considers a synonym of 
Cephalopholis. Mycteroperca seems to be a welldefined 
genus and Paranthias bears the same relationship to 
Epinephelus that Ocyurus bears to Lutjanus in the 
family Lutjanidae. 

According to Smith, the lineage most remote from 
the main stem of Western Atlantic groupers gave rise to 
Paranthias, as this genus is extreme in nearly all charac- 
ters. The genus Mycteroperca appears to be the result of 
an early split of the Epinephelus stem, and the subgenus 
Cephalopholis seems to be an offshoot of the main 
Epinephelus line. The subgenera Promicrops, Dermato- 

lepis and Alphestes are also believed to be offshoots of 
the main Epinephelus line. Within the subgenus Epine- 
phelus, Sr.ith recognizes the following species-groups: 

the Epinephelus striatus group consisting of 
striatus, guttatus and mono;  
the Epinephelus niveatus group of which only 
mystacinus was collected during the present study; 
the Epinephelus guaza group of which no repre- 
sentatives were collected during the present study; 
and 
the Epinephelus adscensionis group represented by 
adscensionis during the present study. 

The subgenus Mycteroperca is divided into two 
species-groups: 

the Mycteroperca venenosa group represented by 
venenosa, bonaci and tigris during the present 
study; and 
the Mycteroperca interstitialis group represented 
by insterstitialis, cidi and rubra during the present 
study. 

*A substantial portion of this chapter is derived from a thesis 
submitted to the University of the West Indies by R. Thompson 
for the degree of Master of Science. The thesis was based on data 
collected by the Fisheries Research Project up to May 1972. The 
sections on growth, sexuality, population structure, mortality 
and recruitment have been prepared by J. Munro, and incorporate 
all data collected by the project between November 1969 and 
March 1973. 



Smith's (1 97 1) divisions of the genera of groupers do 
not yet appear to  be widely accepted and the nomen- 
clature used by Randall (1968) and Bohlke and Chaplin 
(1 968) is used throughout this report. 

NOMENCLATURE 

Seven genera and 16 species of groupers were collected 
during this study and are listed in Table 7.1. All these, 
with the exception of E. mystacinus, M. rubra, M. cidi 
and G. hispanus have been listed by Caldwell (1966) as 
occumng in Jamaican waters. E. niveatus (Valenciennes 
1828), was recorded from Jamaica by Smith (1 961), but 
it is quite possible that Smith's record is really E. mysta- 
cinus. E. flavolimbatus (Poey 1965), was also listed by 
Smith (1 96 1) from Jamaica, but this species was not 
collected during this study. If E. niveatus and E. flavo- 
limbatus occur in Jamaican waters, they are probably 
very rare. 

MORPHOLOGY 

The morphological features of the species listed in 
Table 7.1 are described by Randall (1968), Bohlke and 
Chaplin (1968), Smith (197 1) and Jordan and Evermann 
( 1896). 

Table 7.1. Scientific and common names of groupers caught in 
Jamaican waters. 

Standard 
Scientific names common names 

1. Pbranthias fircver 
(Cuvier and Valenciennes) 1828 

2. Epinephelus striatus (Bloch) 1792 
3. E. mono (Cuvier and 

Valenciennes) 1828 
4. E. gumtus ( L i e u s )  1785 
5. E. mystacinus (Poey) 1852 
6. E. adscensionis (Osbeck) 177 1 
7. E. i taim (Lichtenstein) 1822 
8. Dermatolepis inermh 

(Cuvier and Valenciennes) 1833 
9. Cephalopholis m a  

(Linnaeus) 1758 
10. Pemmetopon cruentatum 

(Lacepede) 1802 
11. Alphestes afer (Bloch) 1793 
12. Mycteroperca venenosa 

(Linnaeus) 1758 
13. M. b o ~ c i  (Poey) 1860 
14. K tigris (Cuvier and 

Valenciennes) 1833 
15. M. interstifWs (Poey) 1860 
16. M. rubra (Bloch) 1793 
17. M cidi (Cervigon) 1966 
18. Gonioplectrus hispanus 

(Cuvier and Valenciennes) 1828 

Creole fish 
Nassau grouper 

Red grouper 
Red hind 
Misty grouper 
Rock hind 
Jewfish 

Marbled grouper 

Coney 

Graysby 
Mutton hamlet 

Yellowfm grouper 
Black grouper 

Tier grouper 
Yellowmouth grouper 
Comb grouper 
White grouper 

Various workers, including Bardach et al. (1958), 
Longley and Hildebrand ( 1941), Norman (1 963) and 
Smith (1  96 1 and 197 1) have described color variations 
in groupers. Bardach (1958) noted that there are three 
known types of variation which are a) individual varia- 
tion in the location and extent of bars, stripes and spots; 
b) instantaneous color change and c) color variation due 
to  environmental conditions. 

Two color phases have been noted for Mycteroperca 
venenosa (Smith 197 1). During this study, only the red, 
deep-water form was caught at California Bank (Fig. 2.2) 
which has a minimum depth of about 40  m, whereas 
both the red, deep-water, and the brownish, shallow- 
water forms were caught on Pedro Bank (Fig. 2.1) at 
depths of 40  t o  60 m. Juvenile M. venenosa collected 
during this study were more red than adults caught at 
comparable depths, and a gradation in ground color 
(from red to  dark brown) with increase in size was noted 
occasionally in catches from the same area. This is 
possibly a developmental trait or indicates a movement 
of juveniles from deep t o  shallow water. 

A Mycteroperca tigris, 45.5 cm TL (37.6 cm SL), 
caught on California Bank at a depth of 44  m during 
1972 showed a color phase distinct from the ordinary 
dark-greenish to  brown and black ground color descrip- 
tion given by Smith (1971). In this specimen, the 
hexagonal spots were of a bright orange-red color. These 
spots were particularly prominent on the dorsal surface 
and gave the fish a bright orange-red ground color. 

Three distinct color phases have been described for 
the coney, Cephalopholis fulva (Smith 1961). These are 
the brownish-olive phase of shallow water; the bright 
red phase of deep water and the less common, bright 
yellow (xanthic) phase. In addition, a fourth color phase 
is occasionally encountered in which the ground color is 
bluish-black, and the dorsal surface of the body is darker 
than the ventral surface. The bases of the anal and soft 
dorsal fins are light blue, whereas the distal portion of 
these fins and the entire caudal, pelvic and pectoral fins 
are dusky-blue. Iridescent spots are present on the head 
and upper half of the body. These are about 0.7 mm in 
diameter and vary in color from light t o  dark blue. The 
dark blue spots are almost invisible against the ground 
color and are not surrounded by a dark ring. The caudal 
and soft dorsal fins have narrow, white distal margins. 
The two black spots on the dorsal surface of the caudal 
peduncle and the two at the top of the lower jaw are 
almost invisible against the general background color. 

HYBRIDIZATION 

One hybrid combination has been recorded by Smith 
( 1966) for groupers in the western Atlantic. This is the 
combination of Cephalopholis fulva and Paranthias 
furcifer. Two specimens were collected from the vicinity 
of Havana, Cuba and form the types of Menophorus 
dubius and Menophorus punctiferus, although as stated 
by Smith, they are both probably the same. 



In Jamaican waters, C. fulva and P. furcifer have brown with small blue spots on  the head and dorsal 
coincidental breeding seasons and during July 1970, a surface of  the body. These spots were less numerous 
number of C. fulva, two specimens of P. furcifer and two than those found on  Cephalopholis fulva. The caudal fin 
specimens which were identified as M. dubius were was moderately forked. The dorsal and anal fin counts 
collected by trap fishing at Morant Bank in a depth of were IX, 17 and 111, 9 ,  respectively. 
5 0  m. The fishes identified as M. dubius were reddish- 

Distribution 

GEOGRAPHICAL DISTRIBUTION 

According t o  Smith (1961), the genera Epinephelus, 
Cephalopholis, Petrometopon and Dermatolepis of the 
western north Atlantic have representatives in the 
Indo-Pacific fauna while Mycteroperca, Alphestes and 
Paranthias appear t o  be confined t o  the Atlantic and 
eastern Pacific oceans. Epinephelus guaza, Mycteroperca 
rubra and Paranthias furcifer have representative popula- 
tions in the eastern Atlantic and P. furcifer, Alphestes 
afer, E. niveatus and E. itajara have eastern Pacific 
populations which seem t o  be indistinguishable from the 
Atlantic forms, at least at the species level. In  the 
western north Atlantic, the distribution of groupers 
corresponds roughly t o  the distribution of reef-building 
corals and they are also confined t o  relatively shallow 
areas, as are the corals. Groupers have been found 
straying north t o  Massachusetts and as far south as 

Brazil. Smith ( 196 1) stated that  young-of-the-year 
groupers apparently have a wider distribution than do 
the adults. Small specimens of Epinephelus niveatus, 
E. nigritus, Mycteroperca phenax and M. microlepis are 
captured as far north as Woods Hole, although the adults 
of these species are rare or absent north of the Carolinas. 
This is probably a direct result of the pelagic larval 
existence of these species, the young being taken far out  
of the range of the adults and surviving and growing 
during the warmer months and probably perishing 
during the winter months. Possibly, some of them are 
capable of migrating back t o  warmer waters. 

The general geographical distribution of groupers in 
the western Atlantic includes Bermuda, the Bahamas, 
the Antilles and the coasts of the Americas from North 
Carolina t o  Brazil (Bohlke and Chaplin 1968; Randall 
1968; Smith 197 1). Areas where collections were made 
during the present study are shown in Table 7.2. 

Table 7.2. Areas of collection of species of hinds and groupers during the present 
investigations (see Figs. 2.1 and 2.2 for location of banks and shelves). 

Poranthias furcifer 
Epinephelus strintus 
E. mono 
E. guttatus 
E. mystacinus 
E. adscensionis 
E. itajara 
Dennutolepis inennis 
Cephalopholis fulva 
Petrometopon cruentatum 
Alphestes afer 
Mycteroperca venenosa 
M. bonaci 
M. tigris 
M. interstitialis 
M. cidi 
M. rubra 
Gonioplectrus hispanus 



HABITAT AND DEPTH DISTRIBUTION 

Most species are secretive and occupy crevices, ledges 
and caves on reefs and wrecks (Smith 1961). Adult 
Petrometopon cruentatum and juvenile Mycteroperca 
venenosa and M. rubra have been collected on Thalassia 
testudinum beds in 2 to  4 m of water in Kingston 
Harbour. Juvenile Epinephelus itajara have been collected 
in the mangrove swamps in Kingston Harbour in depths 
of about 2 m among the mangrove roots, and in the 
Great Salt Pond, on the south coast of Jamaica (P. 
Reeson, pers. comm.). Large adults are quite often seen 
or captured in Kingston Harbour. 

Most Jamaican groupers are caught in depths of 2 t o  
60 m with the exception of Epinephelus mystacinus and 

Gonioplectrus hispanus which can be described as slope 
species. E. mystacinus has been caught at a depth of 70 
m on Pedro Bank, but is more commonly caught at 
depths around 200 m. Brownell and Rainery ( 197 1) give 
a depth range of 55 t o  160 fathoms (100 t o  289 m) for 
E. mystacinus in the Virgin Islands, with a mean depth 
of 1 14 fathoms (208 m). One G. hispanus was caught at 
a depth of 160 m on the southeastern coast of Jamaica 
(Cruise report 6918, M.F. V. Alcyon. UNDPIFAO Carib- 
bean Fishery Development Project, 1969) and P. Colin 
(pers. comm.) captured two at 200 m at Discovery 
Bay on the north coast of Jamaica. 

The largest individuals of a particular species usually 
occur in the lower part of depth range. 

Bionomics and Life History 

REPRODUCTION 

Gonads 

The ripe gonads of all of the common species are 
similar and occupy a major portion of the body cavity. 
The structure of the protogynous epinephelid gonad has 
been described by Smith (1965) and the species con- 
sidered here all conform with his description of the 
gonadal structure of Cephalopholis fulva. 

The weight of ripe gonads relative t o  the total weight 
of the fish is small. Smith (1965) found that ripe ovaries 
of Cephalopholis fulva accounted for less than 5% of the 
total body weight. The ripe testes of a Mycteroperca 
venenosa (69.5 cm TL) collected during the present 
study accounted for 6.3% of the total body weight. 

Sexuality 

Pro togynous hermaphroditism 

Protogynous hermaphroditism is known to  occur in 
several species of groupers (Lavenda 1949; Moe 1969; 
Smith 1959, 1961), although in related serranids syn- 
chronous hermaphroditism is also encountered. A broad 
overlap of the length distributions of the.sexes is en- 
countered in most species and suggests that there is no 
close correlation of age or size with sexual transition. 
Moe (1 969) found that red groupers (Epinephelus 
mono) do not all transform into males and that the 
size of most transforming fish ranges from 450 to  
650 mm SL. 

Histological and field evidence obtained by Smith 
(1 959) showed definite or strongly suggestive indications 
of sex reversal in the following species: Epinephelus 
striatus, E. guttatus. E. itajara, Cephalopholis fulva, 
Petrometopon cruentatum, Alphestes afer. Mycteroperca 
venenosa, M. bonaci, M. tigris and M. interstitialis. In the 
case of Paranthias furcifer, results were inconclusive, and 
Smith suggested that this species may be gonochoritic. 
Evidence of the protogynous condition in the above- 
mentioned species was that no  small males were found 

even when gonads were examined histologically and, in 
the case of mature fish, the proportion of males increased 
with increasing size. 

The sex of groupers cannot be determined with any 
degree of certainty by macroscopic means unless the 
gonads are in an active, ripe or early spent state. No 
histological work was done during the present study, and 
evidence of protogynous hermaphroditism is based upon 
comparative length distributions of males and females 
captured during the spawning seasons. 

Length-frequency distributions of male and female 
Epinephelus guttatus and Cephalopholis fulva (Tables 
7.3 and 7.4) show that the males are of larger average 
size than the females, although there is a broad overlap 
in the length distribution of the sexes. In both species, 
the percentage of males increases steadily with increases 
in total length. The mean size at sex reversal appears t o  
be in the region of 38 cm TL in the case of E. guttatus 
and about 27 cm TL in the case of C. fulva. 

Samples of mature specimens of other species of 
groupers and hinds were either numerically inadequate 
or covered too restricted a length range and therefore 
did not yield any information on sex reversal. 

The factors triggering transition are largely unknown. 
However, Fishelson ( 1970) regulated protogynous sex 
reversal in Anthias squamipinnis (fam. Anthiidae) by the 
presence or absence of a male fish. Liem (1963) and 
Harrington (1967) demonstrated that environmental 
conditions, such as temperature, crowding and starvation 
can greatly influence sex ratios, sexual succession and 
the development of primary male gonochorists in clones 
of homozygous hermaphrodites. These pressures may 
also be influential in stimulating sexual transition in 
groupers. The sex ratios of mature Epinephelus striatus 
and Mycteroperca venenosa taken from relatively 
unexploited oceanic banks during the present study were 
M: F = 1 :0.72 and 1 :0.85, respectively. On the intensively 
exploited Port Royal Reefs the sex ratios of Epinephelus 
guttatus and Petrometopon cruentatum were M:F = 
1 : 5.6 and 1 : 6.0, respectively. In an area with high fishing 
intensity the largest, mostly male, individuals became 
relatively less abundant. According t o  Fishelson ( 1970) 



Table 7.3. Length-frequencies of mature male and female Epine- 
phelus y t ta tus  and the percentage of males in successive length 
groups. Samples from unexploited oceanic banks. 

Length group Number of fishes Percent 
cmTL female male total males 

this should induce earlier transformation in an area such 
as Port Royal, but this is not reflected in the Port Royal 
catches. The smallest recognizable male E. guttatus at 
Port Royal was 26 cm TL whereas on oceanic banks the 
smallest male was 27 cm TL. Sustained high fishing 
pressure probably decreases the rate of transition thereby 
increasing the reproductive potential of the population 
by increasing the number of females (Moe 1969). 
However, as was suggested by Moe, continued exploita- 
tion could decrease the male component, beyond a 
critical minimal number, causing a rapid decline in 
numbers of the population. 

Synchronous hermaphroditism 

Smith (1959) discussed the relationship between the 
protogynous groupers and the synchronous hermaphro- 
ditic species, and mentioned the possibility that proto- 
gyny has been derived from synchronous hermaphrodi- 
tism. Evidence of synchronous hermaphroditism in 
groupers was obtained from a specimen of Cephalopholis 
fulva collected during February 197 1, on Pedro Bank. 
This individual measured 23.9 cm TL and was caught 
along with "normal" males and females with active to 
ripe gonads. It had a ripe ovotestis similar to the general 
description of ripe gonads of groupers. Eggs and sperm 
could be forced out of the ovotestis by the application 
of pressure to the gonad. This ovotestis is illustrated in 
Fig. 7.1. 

The right lobe measured 3.5 cm in length and 1.4 cm 
in diameter. The left lobe was smaller, measuring 3.1 cm 
in length and was 1.6 cm wide at the widest portion. 
The gonadal tissue was primarily ovarian, interspersed 
with streaks of testicular tissue. Testicular tissue was 

Table 7.4. Length-frequencies of mature male and female Cepha- 
lopholis filva and the percentage of males in successive length 
groups. Samples from unexploited oceanic banks. 

Length group Number of fishes Percent 
cm TL female male total males 

found on the ventral surface in a greater concentration 
than on the dorsal surface of the ovotestis. The testicular 
tissue penetrated the gonad to  the lumen and was similar 
to testicular tissue in a normal testis. 

This ovotestis raises the possibility of self-fertilization 
in hermaphroditic groupers. This specimen would 
evidently have spawned within a short time and as sperm 
and eggs were well developed, it is possible that external 
self-fertilization could have occurred if male and female 

MALE TISSUE 
FEMALE TISSUE 

LEFT LOBE RIGHT LOBE 

DORSAL VlEW 

VENTRAL VlEW 

Fig. 7.1. Ovotestis of hermaphroditic coney, Cephalopholis fllva. 



gametes were released simultaneously. Apparently, this 
is the first record of a synchronous hermaphroditic 
grouper and this condition must therefore be uncommon 
as numerous gonads have been examined. 

Maturity 

The sizes at which groupers first mature cannot be 
established from the present data. In all cases, the 
smallest lengthgroups contained a substantial proportion 
of mature fishes and the size at maturity is therefore 
probably less than the minimum size retained by the 
fishing gear. On this basis, it can only be stated that C. 
fulva matures at or before 16 cm TL (92 g), and E. 
guttatus at or before 25 cm TL (242 g). Epinephelus 
striatus first matures at or before about 48 cm TL 
(about 1,800 g) and M. venenosa and P. cmentatum at or 
before 5 1 cm and 16 cm (60 g), respectively. 

Fecundity 

Smith (1 96 1) made the following estimates of the 
fecundity of four species of groupers: 

Standard length 
(cm) No. of egs  

Epinephelus gu ttatus 35.8 233,273 
E. striatus 44.5 785,101 
Mycteroperca venenosa - 1,425,443 
M. bonaci 80.5 5,035,240 

The contents of the ovaries of four species of groupers 
were counted during thisstudy (Table 7.5). The numbers 
of eggs in the ovaries of similar-sized Cephalopholis fulva 
varied greatly, although all ovaries were ripe and firm 
when collected, suggesting that no eggs had been recently 
released prior to  collection. 

Indications are that different species of groupers 
produce comparable numbers of eggs per gram body 
weight. 

Mating and Fertilization 

Little information is available on the actual mating 
process in groupers. Ukawa et  al. (1966) described the 
spawning behavior of Epinephelus akaara (Temminck 
and Schlegel) as the interaction between a single male 
and female. Manday and Fernandez (1966) noted no 
selection of pairs in the mating of Epinephelus striatus 
in tank-held individuals. Apparently, there is no  coupling 
during spawning of groupers, and fertilization is external. 
The fact that no intromittent organ is present would 
support this assumption. Under natural conditions, in 
the Caribbean, at Bermuda and in the Bahamas, groupers 
apparently aggregate during the spawning season (T. 
Khaleel, pers. comm., Cayman Islands; W. Miller, pen. 

Table 7.5. Estimated egg numbers and eggs per gram of body 
weight for (a) Alphestes afer (4); (b) Petrometopon cmentatum 
( 1); (c) Cephalopholis filva (4) and (d) Epinephelusguttafus (6). 

Total 
Species and total weight Estimated no. Eggslgram 

length (cm) (gm) of eggs weight 

(a) Alphestes afer 

(b) Petrometopon cmentatum 

(c) Cephalopholis fidva 

(d) Epinephelus guttatus 

*observed weights 
**calculated weights from length-weight relationship data. 

comm., British Honduras; Bardach 1958; and D. Beales, 
pers. comm., Bahamas). 

Spawning Seasons 

Erdman ( 1956) reported that Cephalopholis fulva 
spawned in Puerto Rican waters in December, Epine- 
phelus guttatus in January, Mycteroperca bonaci in 
February and M. venenosa in March. Bardach et al. 
(1958) noted that the spawning season of most species 
in Bermuda extends from late April t o  late August. 
Smith (1 96 1) observed Mycteroperca bonaci in spawning 
condition on the Campeche Bank during July and 
August, Moe (1 969) noted that the red grouper, Epine- 
phelus mono ,  spawned in the Gulf of Mexico from 
March to  July, with peak spawning activity in April and 
May. 

Randall and Brock (1960) noted that peak spawning 
activity of certain IndoPacific species occurred a few 
days before full moon. Ukawa et al. (1966) noted that 
Epinephelus akaara always spawned between 1530 and 
1630 hr in culture ponds. Manday and Fernandez (1 966) 
observed that Epinephelus striatus spawned at night. 



Table 7.6. Monthly variations in the proportions of inactive (I), 
active (A), ripe (R) and spent (S) gonads of mature Epinephelus 
guttatus (exceeding 25 cm TL) at oceanic banks. 

Number in Percentage 
Month sample 1 A R S 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total 1,050 

Seasonal variations in the proportion of sexually 
inactive, active, ripe and spent groupers captured at 
oceanic banks are given in Tables 7.6 to 7.9. Sampling 
activities on oceanic banks could not be conducted on 
an entirely regular basis, and samples taken during the 
period August 1969 to February 1973 have been com- 
bined on a monthly basis. Sampling was also done at 
Port Royal Reefs for a period of 28 lunar months, from 
November 1969 to January 1972. However, groupers 
were rather uncommon in the area and during the latter 
half of the sampling program, the abundance of groupers 
at the Port Royal reefs decreased to very low levels, 
possibly as a direct result of the sampling program. Very 
few sexually active groupers were caught and it appears 
likely that most species move to the shelf edge to  spawn. 
Maturation stages are defined in Chapter 3. 

Epinephelus guttatus: A sample totalling 1,050 fishes 
was taken on oceanic banks (Table 7.6). Ripe fishes were 
taken only in December-March and the greatest number 
of ripe or active fishes were taken in January. No active 
or ripe fishes were taken between May and October. 
About 50% of the fishes captured at the Port Royal reefs 
between December 1969 and May 1970 were sexually 
active but no ripe fishes were ever captured. 

Epinephelus striatus: Samples of this species were not 
obtained in every month, but the high percentage of 
recently spawned fishes found during February and 
April (Table 7.7) indicates a spawning period extending 
from January to April. C .  Chislett (pers. comm.) noted 
that almost all specimens taken at  Navidad Bank during 
January 1970 were ripe. 

Cephalopholis fulva: Ripe fishes were found between 
November and July, with peak spawning in January to 
March, and a subsidiary peak in June and July (Table 

Table 7.7. Monthly variations in the proportions of inactive (I), 
active (A), ripe (R) and spent (S) gonads of mature Epinephelus 
striatus (exceeding 48 cm TL) at oceanic banks. 

Number in Percentage 
Month sample I A R S 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total 15 1 

No data 
0 16.7 
No data 

0 14.3 
0 0 
No data 

0 0 
0 0 
0 0 
0 0 
0 0 

100 0 

Table 7.8. Monthly variations in the proportions of inactive (I), 
active (A), ripe (R) and spent (S) gonads of mature Cephalopholis 
filva (exceeding 16 cm TL) at oceanic banks. 

Number in Percentage 
Month sample I A R S 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total 1,309 

7.8). The greatest proportion of spent fishes was taken 
in April. 

Mycteroperca venenosa: The data given in Table 7.9 
indicate that most spawning occurs between February 
and April. 

Petrometopon cruentatum: Insufficient numbers 
were collected on a regular basis to define the spawning 
period of this species. Specimens with ripe gonads were 
captured at the Port Royal Reefs in April-May 1970. In 
April 1972, some fishes with active gonads were taken at 
Pedro Bank and during June 1972, most of the fishes in 
the commercial catch from Pedro Bank had ripe gonads. 



Table 7.9. Monthly variations in the proportions of inactive (I), 
active (A), ripe (R) and spent (S) gonadsof mature Mycteroperca 
venenosa (exceeding 5 1 cm TL) at oceanic banks. 

Number in Percentage 
Month sample I A R S 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total 147 

No data 
2.7 0 94.6 

No data 
0 0 68.8 

20.6 0 2.9 
No data 

94.7 5.3 0 
100 0 0 
100 0 0 

No data 
100 0 0 

0 100 0 

Epinephelus mystacinus: Two ripe females were cap- 
tured, one in November and one in August. 

Mycteroperca interstitialis: Four ripe individuals were 
examined during April 1972. This species was reported 
as spawning from May to  August in Bermuda (Smith 
1958). 

Alphestes afer: Found in spawning condition during 
December 197 1 (4 ripe, 4 active and 2 inactive specimens 
seen). One active male was seen during May 1972. Smith 
( 1958) recorded one ripe female from Bermuda during 
July. 

Paranthias furcifer: Two ripe fishes (1 male and 
1 female) were collected during January 1972, and three 
active males were collected during March 1972. Ripe 
individuals were reported from Bermuda during May 
(Smith 1958). 

Spawning Grounds 

On the eastern shelf of Cayman Brac and Grand 
Cayman spawning aggregations of groupers, mostly 
Epinephelus striatus, are found yearly during late Jan- 
uary to  early February (T. Khaleel, pen. comm.). These 
aggregations last up to 2 wk. Smith (1972) described 
spawnings aggregations of E. striatus near Bimini, 
Bahama Islands. Spawning aggregations have also been 
noted by W. Miller(pers. comm.) on the British Honduran 
shelf, by D. Beales (pers. comm.) in the Bahamas and by 
Bardach et al. (1958) on the Argus and Challenger 
Banks, off Bermuda. 

diameter, containing an oil droplet and having no 
filaments or other appendages. Ukawa et al. (1966) 
described the eggs of Epinephelus akaara as pelagic, 
spherical in shape and measuring 0.70 to 0.77 mm in 
diameter. Bardach (1958) and Manday and Fernandez 
(1966) reported egg diameters ranging from 0.9 mm to  
1.024 mm. 

During this study, egg diameters of Epinephelus 
guttatus were found to  vary between 0.70 mm and 
0.90 mm and those of Cephalopholis fulva between 
0.50 mm and 0.65 mm. No large transparent eggs were 
encountered in any of the ripe gonads examined and, as 
suggested by Smith (1965), the final maturation pro- 
cesses probably take place immediately before ovulation. 

PRE-ADULT PHASE 

Manday and Fernandez (1 966) described the embryo- 
nic development of the Nassau grouper, Epinephelus 
striatus, up t o  the absorption of the yolk sac. Ukawa et 
al. (1966) described the early life history of Epinephelus 
akaara in the western Pacific. Presley (1970) described 
16 larval specimens of Epinephelus niveatus which were 
collected in the Florida straits. 

Virtually nothing is known of the early life history of 
western Atlantic groupers and our experiences and a 
review of the literature show that post-larval and early 
adolescent groupers are very rarely seen or collected. 
Early adolescent specimens of P. cruentatum and E. 
guttatus have been observed by divers on rare occasions, 
but no specimens smaller than about 5 cm TL were ever 
seen during the course of these investigations. Extensive 
searching revealed a few juveniles on the reefs, on sea- 
grass beds and mangrove swamps. However, these 
numbers are insignificant when compared t o  the number 
of adults seen and caught. Moe (1969) reported that 
juvenile red groupers occur in low densities over rocky 
bottoms in the Gulf of Mexico to  depths of at least 
20 fathoms. These groupers secrete themselves in crevices 
and shells and thus would not be available to most 
collecting gear. The traps used throughout the West 
Indies could retain groupers down to  sizes of about 
15 cm TL. However, during the present study, individuals 
smaller than 20 cmTL were very rarely caught, indicating 
that if they are present in the fishing areas, their density 
must be low or that for some unknown reason, they are 
not prone to  entering traps at this stage. Small specimens 
were also not taken on hook-and-line, nor were any 
taken in several traps fitted with 1.7 cm mesh which 
were capable of retaining groupers in the 6 to  9 cm TL 
size range. 

ADULT PHASE 
Spawn 

The eggs of the red grouper, Epinephelus morio, were 
described by Moe (1969) as being less than 1 mm in 

The amount of previous information concerning the 
adult phase is limited, and there is very little information 
on aspects such as longevity, hardiness, parasitism and 



diseases, predators, competitors, or general physiological 
factors. 

Competitors and Predators 

It appears possible that a high degree of interspecific 
competition exists between most species of groupers 
which are mostly quite similar in food habits, size, 
habitats and distribution. Various snappers (Lutjanidae), 
jacks (Carangidae) and sharks are probably also competi- 
tors for food. 

There appears to  be no published information on 
predation on groupers, but they presumably fall prey to  
sharks and other large fishes. 

Parasites and Infection 

Parasitic isopods are commonly found clinging t o  the 
nostrils of Epinephelus striatus and Mycteroperca 
venenosa. Encysted larval tapeworms are very common 
in the viscera of many species, including E. guttatus, E. 
striatus, E. rnystacinus, M. venenosa and Cephalopholis 
fulva. The entire viscera of a specimen of E. rnystacinus 
(90 cm TL) was completely filled with these parasites 
and it is possible that such a degree of infection could 
lead to  death. Ovaries of E. striatus and M. venenosa 
have been found infected with a reddish-brown nematode 
on several occasions. Heavy infection by this parasite can 
drastically reduce the number of eggs produced by an 
individual. No gonadal infection was noted for males. 

In nature, groupers probably rely heavily on "cleaners 
to  help rid themselves of external parasites. In March 
197 1, an E. guttatus was observed resting on a coral 
head while being cleaned by a small wrasse (V. Gaut, 
pers. comm.). 

Injuries t o  the snout and/or caudal fin of groupers 
obtained while trying t o  escape from fish traps showed 
no signs of healing if these fish were kept in aquaria and 
deterioration was accelerated as the injuries became 
infected. It is not known whether infections of this 
nature are common under natural conditions. 

Abnormalities 

Two pug-headed individuals of C. fulva were seen in a 
commercial catch from Serranilla Bank during February 
1972. To help offset the difference in length between 
the upper and lower jaws, the premaxillaries of the 
pug-headed specimens were permanently protruded. 

Many of the otoliths examined during this study 
showed excrescences on the concave surface. Usually 
these appeared as small bulbous growths, as described by 
Moe (1969), but in some cases as elongated mounds 
almost 1 cm long. Excrescences were most common in 
larger otoliths, their size increasing with the size of the 
otolith. Generally found on both otoliths of a particular 
fish, excrescences were noticed on otoliths of E. guttatus. 
E. striatus. M. venenosa, P. cruentaturn and C. fulva. The 
otoliths of one E. striatus (58.3 cm TL) were completely 

malformed, with the whole of the concave surface being 
overgrown with a large excrescence. The pair weighed 
1.23 g as compared with the average weight of about 
0.6 g for normal otoliths from fishes of a comparable size. 

Injuries and Survival 

During September 1970, a specimen of E. guttatus 
was collected with the tail, caudal peduncle and part of 
the soft dorsal fin missing. Eight soft dorsal fin rays were 
present (15 to  16 normally) and these had grown down 
over the "stump" to  the region of the lateral line. The 
most posterior ones were in a horizontal position. They 
were longer than normal and along with the anal fin 
functioned as an inefficient tail. The total length of this 
fish was 16.0 cm (estimated normal total length about 
22 cm) and it weighed 105 g. The injury was an old one 
as the damaged area was completely healed over and was 
covered with small regenerated scales. 

During February 1972, a specimen of Alphestes afer 
(estimated TL 18.5 cm) was collected at Pedro Bank 
with half of the caudal peduncle miqsing and most of the 
caudal fin. A small central bit of the caudal fin remained. 

Decaudate fishes are apparently the result of unsuc- 
cessful attacks by predators. The handicapped fish 
apparently survives for a time although swimming ability 
must be impaired, reducing their food capturing ability 
and also making them easy prey to faster-moving pre- 
dators. Mortality in these fishes is therefore probably 
very high and only a small percentage would survive. The 
number of cases which have been recorded would suggest 
that the total number of decaudated fishes must be high. 

Hardiness 

Commercial fishermen operating at Pedro Bank have 
reported that hinds and groupers often die in traps, 
particularly in the summer months, and consider this t o  
be an important problem affecting their livelihoods. This 
phenomenon was observed on several occasions during 
the present study and on a cruise to  northwestern Pedro 
Bank at the end of September 1972, only three of the 
catch of 32 E. guttatus were alive when the traps were 
hauled from 40  m after a soak of 3 days. No other species 
were affected, suggesting that the mortality is not 
related t o  any oceanographic phenomenon or  that this 
species might be more sensitive t o  environmental change 
than most other reef fishes. It is possible that the mortal- 
ities might result from shock, induced by behavioral 
traits being upset when the fishes are trapped. 

Longevity 

On the basis of otolith studies, Moe (1 969) estimated 
that E. morio attained ages of up to  25 yr in the Gulf of 
Mexico. McErlean (1963) also used otoliths to  estimate 
that M. microlepis attained ages of up t o  13 yr in Florida. 



Table 7.10. Relationships between total lengths (TL) and standard 
lengths (SL) of five species of groupers from Jamaican waters. 

Table 7.1 1. Relationships between total lengths (TL) and body 
depths (D) of three species of groupers from Jamaican waters. 

--- - - 

Number of Length .range 
Species and formula measurements TL cm 

Number of Length range 
Species and formula measurements TL cm 

Epinephelus guttatus 
TL = 1.8 + 1.19 SL 36 2142 

Cephalopholis filva 
TL=0.7 + 1.18 45 20-30 

Petmmetopon cmentatum 
TL = 0.5 + 1.20 SL 34 18-32 

Mycteroperca venenosa 
TL = 1.0 + 1.16 SL 36 26-77 

NUTRlTION AND GROWTH 

Feeding and Food 

The groupers are unspecialized carnivores feeding 
mainly on fishes and crustaceans. Work on the .food 
habits of groupers was done by Randall (1967) in Virgin 
Islands. Moe (1969) reported on the feeding of Epine- 
phelus morio in the Gulf of Mexico. 

During this study, little information was gathered 
about food habits as stomachs were frequently empty 
when examined. Small grunts (Haemulon aurolineatum 
and H. melanurum), crabs (notably small Mithrax sp.) 
and scyllarid lobsters were among the stomach contents 
of specimens of E. guttatus captured at oceanic banks. 
E. striatus were occasionally caught with spotted morays, 
Gymnothorax moringa, in their stomachs. One misty 
grouper, Epinephelus mystacinus, taken from 200 m had 
eight caridean shrimps and one partially digested eel in 
its stomach. 

Groupers feed both by day and by night but according 
to  Randall (1967) are more active at dawn and at dusk. 
Bardach et al. (1958) noted that the food is generally 
engulfed whole. The fish opens its mouth and dilates the 
gill covers rapidly to draw in a current of water and 
literally inhales the food. 

Growth 

Relative growth patterns 

The relationships between total length and standard 
length, maximum body depth and weight were estab- 
lished for the most abundant species, and are summarized 
in Tables 7.10 to 7.12. 

The total lengthstandard length relationship is linear 
in all instances (Table 7.10), and the small numbers of 

Epinephelus guttatus 
TL = 2.5 + 3.43 D 22 18-43 

Cephalopholis filva 
TL = 4.2 + 3.09 D 20 19-30 

Petrometopon cruentatum 
TL = 0.5 + 3.47 D 33 17-26 

Table 7.12. Relationships of total lengths (TL) to weights of 
four species of groupers from Jamaican waters. AU lengths are 
expressed in m and weights in grams 

Number of Length range 
Species and formula fish (TL) (an) 

Epinephelus guttatus 
log W = -1.754 + 2.960 log L 189 21.0-41.0 

W = 0.0176 L ~ ' ~ ~ ~  

Epinephelus striatus 
logW = -1.971 + 3.112 log L 112 32.5-82.5 

W= .OlO7 L ~ . ~ ~ ~  

Cephabpholis filva 
logW = -1.137 + 2.574 log L 100 18.0-30.0 

W = 0.0729 + L ~ " ~ ~  

Petrometopon cmentatum 
logW = -2.118 + 3.237 log L 153 16.0-29.0 

W = 0.00762 L ~ "  37 

measurements taken are considered to be adequate. 
The total length-maximum body depth relationship, 

as measured from the origin of the spinous dorsal fin to 
the insertion of the pelvic fins, can vary significantly 
depending upon individual variations in the shape of the 
body, the contents of the stomach and the state of 
activity of the gonads. Total length-body depth relation- 
ships for Epinephelusguttatus, Petrometopon cruentatum 
and Cephalopholis fi lva are given in Table 7.1 1. Fishes 
with stomachs distended with food are not included. 

The maximum aperture of the wire-mesh usually used 
in fish traps in the Jamaican fishery is 4.13 cm and the 
total lengths of E. guttatus. C. filva, and P. cruentatum 
at this body depth are 16.7 cm, 17.0 cm and 14.8 cm, 
respectively. About 50% of the fishes of these sizes that 
enter such traps will be retained. Equations describing 
the length-weight relabyships of four species of groupers 
are given in logarithmic and exponential terms in Table 
7.12. 



Maximum size 

Maximum observed lengths and maximum lengths 
recorded in the Literature are given in Table 7.13 for 17 
species of groupers caught during this study. Unless 
otherwise stated, all lengths from past literature are 
taken from Bohlke and Chaplin (1968) or Randall 
( 1968). 

Age and growth 

Few age and growth estimates have been made for 
groupers of the western north Atlantic. Moe (1969) and 
McErlean (1963) used otoliths t o  determine the ages of 
Epinephelus morio and Mycteroperca microlepis from 
the sub-tropical Florida waters of the Gulf of Mexico. 
Bardach and Menzel (1957) studied the growth of 
common .grouper species in Bermuda and indications of 
growth were also obtained by Randall (1962, 1963) 
in the Virgin Islands and by Beaumariage (1969) in 
Florida, during the course of tagging experiments. 

During the course of the present study, estimates of 
age and growth have been based upon analyses of 
length-frequency distributions and examination of  scales 
and otoliths. The applicability of the methods varied 
with the species. 

Analyses of modal progressions in length-frequency 
distributions of samples were possible for E. guttatus, 
C. filva and P. cruentatum. Samples of other species 
were too small or irregularly spaced to  produce coherent 
results. Grouper scales are generally small, rectangular, 
with rounded edges, and are ctenoid and most of  the 

scales which were examined showed irregular areas of 
resorption which resembled annuli and extended around 
the entire lateral and anterior sections. These areas were 
sometimes associated with the ending of old radii and/or 
the formation of new radii in the anterior field. However, 
scales showing these characters appeared haphazardly 
and no  correlation could be made between the markings 
and increase in size of the fish. These markings were 
present only on some of the scales collected from a 
single fish and their formation is possibly related to  the 
replacement of nearby scales. Some scales from large 
individuals .of Mycteroperca venenosa and Epinephelus 
striatus showed a broad area of resorption in the anterior 
field and an increased number of radii anterior t o  this 
area. Possibly the resorption of circuli in these instances 
reflects the transition phase from male to female. Alphes- 
tes afer is the only species which appeared to  show 
interpretable scale annuli. 

Otoliths from specimens of P. cruentatum, C. fulva, 
E. guttatus, E. striatus, E. morio, M. venenosa and M. 
bonaci were examined. The otoliths of these species are 
similar to those of E, morio, described by Moe (1969), 
and those of Mycteroperca microlepis, described by 
McErlean (1 963). The otoliths of Mycteroperca spp. are 
thinner and clear more easily than those of Epinephelus 
spp. Otoliths were treated as described in Chapter 3. 
With the exception of otoliths of M. venenosa, none of 
the methods produced satisfactory results, and cleared 
otoliths usually appeared uniformly transluscent or 
showed numerous light and dark bands (e.g., those of 
C. fulva) but no  interpretable markings. In contrast t o  
results obtained by Moe (1969) in Florida waters, 

Table 7.13. Observed maximum total lengths of groupers from Jamaican waters com- 
pared with measurements from past literature. 

Observed Max. length 
No. of max. length literature 

Species measurements m (cm) 

Paranthias jurcifer 
Epinephelus striatus 
E. morio 
E. guttatus 
E. itajara 
E. mystacinus 
E. adscensionis 
Dermatolepis inermis 
Cephalopholis fulva 
Petrometopon cruentatum 
Alphestes afer 
Mycteroperca venenosa 
M. bonaci 
M. tigris 
M. interstitialis 
M. cidi 
M. rubra 

20 
84 
82 
48 

Approx. 150 
107 
51 
69 
33 
33 
26 
86 

133 
67 
6 2 
5 7 
20 

*Smith (1958) 
**Brownell and Rainey (1971) 
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Fig, 7.2. Bimonthly length-frtquency distributions of samples of Epinephelus guttatus 
from Pedro Bank, May 1971 to Febmary 1973. Broken lines show the modal progres- 
sions utilized in estimating the growth rate. 

otoliths of E. mono (collected from the Mosquito Cays 
on the Nicaraguan Shelf), cleared in glycerol and viewed 
by reflected light, showed no annuli. 

Randall (1962, 1963) reported on the results of 
marking a wide range of species of reef fishes, including 
seven species of groupers. Results were expressed in 
terms of average increases in length per month. Where 
relevant, some of Randall's data have been reanalyzed 
using the regression equation 

loge (L, - la) - log, (L, - lb) - K(a - b) 

in which 1,  is the length at tagging at time a, and lb is the 
length at recapture at time b (Munro 1982). Trial 
values of L, have to be used to obtain the best fit of the 
points, which are usually widely scattered. 

Epinephelus guttatus: Scales and otoliths of this 
species showed no discernible periodic marks or rings 
although otoliths of specimens taken in Florida and 
Bermuda waters are reported to show clear rings (J. 
Burnett-Herkes, pers. comm.). 

Bimonthly length-frequency distributions of samples 
taken at Pedro Bank between May 1971 and February 

1973 show clear modal progression (Fig. 7.2) and four 
discrete modes are apparent in most samples. A regression 
of values of log, (L, - It) against a two-monthly time 
scale gives three nearly parallel regressions (Fig. 7.3), 
using a value of L, = 52.0 cm TL. The mean slope of 
the regression lines is 0.04 and on an annual basis the 
coefficient of growth, K,  is 0.24. 

Only five of the E. guttatus recaptured by Randall 
(1962) showed appreciable growth and were free for 
more than 100 days and calculated values of K for these 
specimens range between 0.12 and 0.26, with a mean of 
0.18. 

Cephalopholis fttlva: Otoliths of this species showed 
numerous lightanddark bands, but these marks did not 
appear to be related to seasonal factors. Scales showed 
no markings. 

Length-frequency distributions of samples taken in 
traps and on hook and line at Pedro Bank between 
December 1971 and February 1973 are shown in Fig. 
7.4. One additional sample is available for May 197 1. 
Recruits in the 18 to 2 1 cm TL range appeared in the 
catches between June and September 1972, and reached 
about 24.5 cm TL by February 1973. Fishes in the 



Table 7.23. Summary of estimated population parameters for various species o f  groupers exploited by traps with 4.13 cm wire mesh or 
by hook and line. All lengths are total lengths in cm. 

Epinephelus Cephalopholis Petrometopon Epinephelus Mycteroperca 
guttatus fuha cmentalum striotus venenosa 

Calculated minimum retainable 
length in traps lo 

Minimum length captured Il 
Mean retention length I, 
Full retention length lc 
Asymptotic length L, 
Asymptotic weight (g) W, 
Coefficient of growth K 
Coefficient of natural mortality M 
M/K 
Mean length at maturity I, 
Mean length at sex change Is 
l m / L  
lcIL, = 

*Oceanic banks-hookand-line and traps 

The recruitment indices of the large groupers are only 
a small fraction of those estimated for E. guttatus and C. 
fulva. 

DYNAMICS OF THE POPULATIONS 

The population parameters estimated for species of 
groupers are summarized in Table 7.23. The ratio of 
M/K is similar (2.25 to 3.09) for the four species for 
which estimates are available. 

Reference to Beverton and Holt's (1964) tables of 
yield functions suggests that the estimated values of c (= 
lc/Lw) lie above the values required to produce eumetric 
yields. For example, in the case of E. guttatus, the rates 
of exploitation at California Bank and at the Pedro Cays 
have been estimated to be 0.24 and 0.22, respectively. 
A reduction in the value of lc/Lw from 0.67 to about 

0.30 would theoretically be required to produce eumetric 
yields at this present rate of exploitation at the above- 
mentioned areas. 

No estimates of rates of exploitation are available for 
E. striatus and M. venenosa, but in both cases the mean 
lengths at recruitment are well in excess of those required 
t o  maximize the yield at any level of fishing effort. 

As a general case, it would appear that most of the 
species of groupers are in an underexploited state at 
Pedro Bank and California Bank, mostly as a result of 
the large size at which they become available to the 
fishing gear. 

In the nearshore parts of the Jamaican shelf the 
situation is more complex, and the high rate of exploita- 
tion results in most fishes being captured at lengths 
within the recruitment ogive and the modal lengths of 
catches tend towards the minimum retainable size in 
response to increasing fishing effort. These matters are 
further considered in Chapter 18. 



THE BIOLOGY, ECOLOGY AND BIONOMICS 
OF THE JACKS, CARANGIDAE 

R. Thompson* and J.L. Mum 

Identity 

TAXONOMY 

Ginsburg (1952) stated that the family Carangidae is 
notably heterogeneous, including genera which differ 
widely in structure and appearance, and that species of 
the genus C a ~ n x ,  although differing in dentition, shape 
and body color, seem to form a natural series. Among 
the other genera, Seriola is probably closely related to 
Elagatis. Selar is closely related to Decapterus and 
Alectis probably descended from Caranx or a similar 
genus. Selene is closely related to Vomer which probably 
also descended from Caranx or a similar species, but 
independent of Alectis. 

collected on or over reef habitats during this study. In 
addition, juvenile Chloroscombrus chry~urus (Linnaeus) 
1766, from the bell of an unidentified jellyfish, adults 
of the same species and adult Oligoplites saurus (Bloch 
and Schneider) 1801 have been examined from Kingston 
Harbour. Other carangids listed by Caldwell (1966) as 
occurring in Jamaican waters include: Trachinotm 
carolinus (Linnaeus) 1 766, Trachinotus falcatus (L) 
1766, Trachinotus glaucus (Bloch) 1793 and Vomer 
setupinnis (Mitchell) 1826. These species do not frequent 
reef areas. 

HYBRIDIZATION 
NOMENCLATURE 

Six genera and 12 species (Table 8.1) have been 
No reports of hybridization among jacks were en- 

countered during this study. 

GEOGRAPHICAL DISTRIBUTION were taken at oceanic banks(Fig. 2.1) with the exception 
of Selene vomer which was taken only at the Port 

Bohlke and Chaplin (1 968) and Randall (1 968) noted 
that the genera of the family Carangidae consist of many 
species that are widely distributed in the tropical oceans *A substantial portion of this report Is derived from a thesis 
of the world. Four of the 12 species listed from Jamaican submitted the University ofthe Walndiesby R Thompwn 
waters are circumtropical, one occurs in both the ~ t l ~ t i ~  for the degree of Master of Science.  he theah was based upon 

data collected by the Fieries  Ecology Research Project up to and Pacific oceans, four are recorded from both sides 
Mgy 1972. The sctions on growth, mXuality, powtion 

of the Atlantic, and three are listed as occurring only in ture, mortality and reL.itment have been prepared by ,. Munm, 
the western Atlantic. and incorporate all data collected by the project &tween Novem- 

During this study, all the species listed in Table 8.1 b, 1969 and k c h  1973. 



Royal Reefs (Fig. 3.1). Seriola durnerili, S. rivoliana. 
Caranx lugubris and Alectis crinitus were not taken at 

Table 8.1. Scientific and common names of carangids caught on 
or over reefs during this study (from Randall (1968) and/or 
Bohlke and Chaplin (1968). 

Scientitic names Common names 

1. Seriolo dumerili (Risso) 18 10 
2. Seriola rivolim Cuvier and 

Vlendennes 1833 
3. Elogotis bipinnulotus (Quoy and 

Gaimard) 1824 
4.  Sehr cturnenophtholmus (Bloch) 1793 
5 .  Chranx tuber (Bloch) 1793 
6. Chranx bartholomaei Cuvier and 

Valenciennes 1833 
7. Chronxfusus (Geoffroy-St. Hilaire) 

1809 
8. Chrnnx hippos (Linnaeus) 1766 
9. Chrnnx lotus Agassiz 1829 

10. Chrnnx lugubris Poey 1860 
11. Alectis crinitus (Mitchell) 1826 
12. Selene vomer (Linnaeus) 1758 

REPRODUCTION 

Greater ambe jack 

Almaco jack 

Rainbow runner 
Bigeye scad 
Bar jack 

Yellow jack 

Blue runner 
Crevalle jack 
Horse-eye jack 
Black jack 
African pompano 
Lookdown 

Sexuality and Gonads 

the Port Royal Reefs and apparently do not frequent 
nearshore reefs at any stage in their life histories. 

HABlTAT AND DEPTH DISTRIBUTION 

During this study, juvenile Caranx bartholornaei were 
collected from shallow (2 to 4 m) Thalassia flats in 
Kingston Harbour. Adolescent (15 to  25 cm FL) C. 
bartholornaei, C, ruber and C. fusus are quite common in 
the shallow areas (0 to  15 m) of the semienclosed Port 
Royal reef system. Juvenile (4  to  10 cm FL) C. bartho- 
lornaei, C. hippos and Elagatis bipinnulatus have been 
encountered in the Port Royal reef system in association 
with floating sargassum and other floating objects. Adult 
C. ruber. C. hippos and C. latus are occasionally caught 
at the Port Royal Reefs. 

Adolescents and adults of most species more com- 
monly frequent the shelf edges, sill reefs and upper 
slopes of the deep reef (60.1 to 100 m) but were never 
caught at depths exceeding 100 m during this study (see 
Chapter 4). 

The absence of large C. ruber, C. bartholornaei and C. 
fusus at the Port Royal Reefs suggests a movement of 
these individuals to the outer margins of the shelf at or 
before maturity. 

Bionomics and Life History 

Sexes are separate and distinct and all specimens 
examined were either male or female. The gross structure 
of the gonad is typical of a gonochoristic teleost and 
similar to the description of Moe, Lewis and Ingle 
(1968) for Trachinotus carolinus. Ripe ovaries of the 
species examined were typically bright yellow and testes 
were creamy white. 

Maturity 

Tables 8.2 and 8.3 show the gross length distributions 
of al l  samples of male and female Caranx ruber and 
Caranx lams obtained during the present study, together 
with the percentages of mature (ripe or spent) fishes 
found in each length group. 

It appears that male and female C. ruber attain 
maturity at a minimum size of 22.0 to 23.9 cm FL, and 
most fishes are probably mature by 26 to  27 cm FL. The 
mean length at maturity is probably about 24 cm TL for 
both sexes. 

In the case of C. latus, the smallest mature fishes were 
a male of 35.5 cm FL and two females in the 34.0 to  
34.9 cm FL length group. Most fishes probably are 
mature by about 42.5 cm FL. 

Samples of other species of carangids were not 
sufficiently large to define the sue  at maturity and the 

fork lengths of the smallest ripe or spent fishes observed 
during this investigation are listed in Table 8.4. 

Fecundity 

Moe et al. (1968) estimated 426,400 well-developed 
eggs in a ripe female (25.5 cm FL) Trachinotus carolinus. 
During this study, ripe ovaries of three Caranx ruber 
(25.0 cm, 28.0 cm and 31.0 cm FL) were estimated to 
contain 131,917, 67,750 and 230,690 eggs, respectively. 
Ripe ovaries of large Senola durnenli, C. latus, C. bartho- 
lornaei and C. hippos were observed that occupied over 
one-third of the abdominal cavity. Such ovaries probably 
contain over one million eggs. 

Mating and Fertilization 

There appear to be no reports on the mating of jacks. 
The absence- of an intromittent organ suggests that 
fertilization is probably external. 

Spawning Seasons 

McKenney et al. (1958) noted that Caranx crysos 
(= fusus) may spawn throughout the year with the main 
spawning activity occurring from January through 
August. Berry (1959) estimated that the spawning 
season which contributes Caranx spp. to  the Gulf 
Stream extends from February to  September. Munro et 



Table 8.2. Percentages of mature fishes and comparison of length-frequency distributions of catches of male and 
female Olranx ruber at unexploited oceanic banks. 

Males Females Total 
Length group Number % ripe Number % ripe Indeterminate sex, number 

cm FL examined or spent examined or spent no. examined examined 

Totals 163 25 0 75 485 

Table 8.3. Percentages of mature fishes and comparison of 
length-frequency distributions of catches of male and female 
Olranx l a m  at unexploited oceanic banks. 
- - - - 

Males Females 
Length group No. No. 

cm FL examined %ripe examined %ripe 

Table 8.4. Size at sexual maturity of nine species of carangids 
from Jamaican waters. 

Smallest 
Number of ripe fish 

Species Sex ripe fish FL (cm) 

25 .O-29.9 
30.0-34.9 
35.0-39.9 
40.0-44.9 
45.0-49.9 
50.0-54.9 
55.0-59.9 
60.0-64.9 
65.0-69.9 
70.0-74.9 

Totals 

Seriola dumerili M 
F 

S. rivoliana M 
Selar crumenophthalmus F 
C bartholomaei M 

F 
C fusus M 

F 
C hippos M 

F 
C lugubris M 

F 

al. ( 1973) reported on the spawning season of jacks in 
the Caribbean, and that paper is summarized below for 
individual species; supplemented with additional infor- 
mation collected subsequently. 

Seriola dumerili: Two ripe fishes were collected at 
Pedro Bank, one in August 1969, the other in November 
1970. 

S. rivoliana: One ripe female was collected at Pedro 
Bank in November 1970. 

Elagatis bipinnulatus: This species was observed in 
spawning condition at the Morant Cays in July 1970. 

Selar crumenophthalmus: Two ripe females were 
caught at Pedro Bank in May 1970. 

Caranx tuber: Table 8.5 shows that ripe fishes were 
found in all months of the year, but as the total number 
of mature fishes captured was not large (N=328), it is 
not possible to define the spawning seasonls. The high 
proportions of ripe fishes seen in April and October 



Table 8 5 .  Monthly percentages of inactive, active and ripe f ~ e s  
in samples of Qmnx mber from oceanic banks. No spent fishes 
were ever encountered. 

No. Percentage 
Month examined Inactive Active Ripe 

January 
February 
March 
April 
May 
June 
J ~ Y  
August 
September 
October 
November 
December. 

Table 8.6. Monthly percentages of inactive, active, ripe and spent 
fuhes in samples of C. latus from oceanic banks. 

No. Percentage 
Month examined Inactive Active Ripe Spent 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

*Percentages given in brackets are based on samples of only 
7 to 1 2 f h e s  

suggest that, in common with other reef fishes, these 
might be the main spawning months. 

C. latus: Table 8.6 shows that ripe fishes were found 
in all months and spawning is therefore continuous. 
However, as was the case with C. ruber, the number of 
mature fishes encountered was rather small (N=32 1) and 
it appears that most spawning might occur in or around 
February-April and September-October. 

C. bartholomaei: All individuals (2 1) captured at the 
Port Royal Reefs were immature. Five ripe fishes were 
collected on Pedro Bank in May 197 1, three in February 
1972, and two in November 1972. 

C. fusus: Three active and one ripe fish were collected 
from the Port Royal Reefs during April to  May 197 1 and 
two active and one ripe fish during January 1970. 
Sixty-three ripe fish were collected in May 1971, and 
three in June 1972, on Pedro Bank. 

C. hippos: One active fish was caught on the Port 
Royal Reefs in May 1971. Seven ripe fishes were col- 
lected on Navidad Bank during November 1967. In 
July 1970, ripe fishes were taken at the Morant Cays. 

C. lugubris: Ripe fishes were captured at oceanic banks 
during February, April, May and July to  September. 

Alectis crinitus: One active female was collected at 
Pedro Bank in February 1970. 

Selene vomec One ripe-running male was taken at the 
Port Royal Reefs in April 197 1. 

Spawning Grounds 

Razniewski (1970) reported the occurrence of 
prespawning and/or spawning concentrations of four 
species of jacks over the northwest African shelf during 
the summer of 1967. The presence of a concentration of 

(43) (14) (43) (0) 
14 31 55 0 

Active fishes seen in commercial catch 
Ripe f h e s  seen in commercial catch 

8 63 29 0 
(0) (0) (100) (0) 
57 26 17 0 
3 1 57 10 2 
39 29 32 0 
22 4 1 28 9 
(9) (55) (36) (0) 
7 1 25 2 2 

spawning Caranx fusus on northwestern Pedro Bank 
during May 197 1 suggests that this species aggregates in 
certain areas to spawn. Bohlke and Chaplin (1968) 
suggested that most carangid species, if not all, spawn 
"offshore." 

Spawn 

Chacko (quoted by Berry 1959) noted that eggs of 
Ccranx hippos had a diameter of 0.7 to  0.9 mm, and 
possessed a pigmented yolk and one yellowish oil 
globule (0.18 mm diameter) with dark pigments. No 
carangid eggs in the final stages of maturation were 
collected during this study, but 20 ripe eggs of Caranx 
ruber measured 0.75 mm t o  0.85 mm in diameter with 
an average diameter of 0.79 mm. 

PRE-ADULT PHASE 

Work on the larval and juvenile history of members of 
the genus Caranx has been done by Berry (1959) and 
McKenney et al. (1958) and for a description of devel- 
opmental stages these works should be consulted. The 
size at transformation from larva to  juvenile in Caranx 
spp. was estimated by Berry t o  be about 8.0 mm SL. 

During this study, juvenile C. bartholomaei (length 
range 3.5 to  8.0 cm FL) were seen and collected in the 
Port Royal reef area and also in Kingston Harbour. Small 
schools of C. latus consisting of 5 t o  15 individuals were 
observed regularly around the jetty of the Port Royal 
Marine Laboratory during March and April of 1970-1 972. 
A school consisting of hundreds of juvenile C. hippos 
and a few Elagatis bipinnulatus were found concentrated 
around the floating remains of a dugout canoe at Nassau 
reef, Port Royal, during November 1970. One C. hippos 
captured from this school measured 6.7 cm FL and one 
E. bipinnulatus measured 5 -0 cm FL. 



ADULT PHASE 

There is very little published information on aspects of 
the adult life history of species of W. Atlantic carangids. 

Banoso ( 1965) reported on the possible competition 
for food between Caranx lugubris and Lutjanus aya from 
northeast Brazil. Many carangids frequent reefs to  obtain 
food (Randall 1967) and would therefore be expected to  
compete with other carnivores living on the reefs. 

Berry ( 195 9) noted the occurrence of juvenile Caranx 
spp. in the stomach of larger pelagic fishes, especially 
dolphin (Coryphaenidae), barracuda (Sphyraenidae), 
scombrids and Seriola spp. Groupers (Mycteroperca 
spp.) are also capable of  capturing fast-swimming caran- 
gids (Randall 1967). 

Trematodes were regularly found in the body cavity 
of adult C. latus and the flesh of large amberjacks, S. 
dumerili, is usually infested with a larval tapeworm 
(pers. comm., f d e r m e n  and vendors at Port Royal). A 
specimen of S. dumerili (121 cm FL) collected from 
Banner Reef, Pedro Bank, during February 1972 was 
infested with this tapeworm. 

NUTRITION AND GROWTH 

Food and Feeding 

Randall ( 1967) and McKenney e t  al. ( 1958) reported 
on the food habits of jacks. Randall divides the family 
(by diet) into fish-feeders (Caranx spp. and Seriola spp.), 
plankton-feeders (Decaptems spp. and Selar spp.) and 
mollusc-feeders such as Trachinotus spp. McKenney et 
al. (1 958) reported that C. crysos (= fusus) is mainly 
a zooplankton-feeder throughout its larval and early 
juvenile life and subsists mainly upon cyclopoid and 
calanoid copepods. Austin and Austin ( 197 1) reported 
the diet of juvenile C. latus and C. hippos from Puerto 
Rican mangroves to  be made up entirely of harpacticoid 
copepods. Barroso ( 1965) listed fishes, crustaceans and 
molluscs from the stomach of C. lugubris from northeast 
Brazil. 

Hand-line fishing at Pedro Bank suggested that the 
greatest catches of C. latus are made at full moon 
during the first few hours after sunset. After about 
10 hr catch rates are significantly reduced. Species 
of the genera Seriola and Elagatis will take a line trolled 
near the surface and E. bipinnulatus and Selar crume- 
nophthalmus were caught using surface lines at night. 
The species of the genus Caranx are usually caught 
near to the bottom, although C. latus and C. lugubris 
will rise from depths of over 4 0  m to  take a line near the 
surface. 

Growth Rates 

Relative growth patterns 

The relationships of fork lengths to total lengths are 
given in Table 8.7. Many of the larger fishes observed 

had the tips of the caudal fin missing and these were not 
used in determining the relationship. The results show a 
similarity in relative caudal length for all of the species, 
e.g., fork lengths of 20  cm for Caranx ruber, C. bartho- 
lomaei, C. fusus and C. latus correspond to total lengths 
of 24.0 cm, 24.0 cm, 24.2 cm and 24.3 cm, respectively. 

Ginsburg (1952) stated that the carangids are noted 
for body forms differing with the genus from slender 
(e-g., Seriola, Elagatis, Selar) t o  excessively deep (Tra- 
chinotus, Alectis, Vomer and Selene). Species of the 
genus Caranx are intermediate in body form. The fork 
length-body depth relationships of C. ruber, C. bartho- 
lomaei and C. fusus are summarized in Table 8.8. The 
relationships show that for fishes of the same fork 
length, C. bartholomaei has a deeper body than C. ruber 
which in turn has a deeper body than C. fusus. 

The maximum aperture of the wire mesh used in the 
Jamaican trap fishery is 4.13 cm. Fork lengths of C. 
ruber, C. bartholomaei and C. fusus at this body depth 
are 13.1, 11.3 cm and 16.6 cm, respectively. Fork 
lengths of the smallest fishes caught at the Port Royal 
reefs were 13 cm for C. ruber, 14 cm for C. bartholomaei 
and 15 cm for C. fusus. This indicates that these species 
are probably present on the Port Royal Reefs at sizes 
smaller than those retainable by the mesh used. 

Equations describing the relationship between fork 
length and total body weight of C. mber, C. bartholo- 
maei and C. fusus are given in Table 8.9. 

Table 8.7. Relationships between total lengths (TL) and fork 
lengths (FL) of four species of jacks from Jamaican waters. 

Number of Length range 
Species and formula measurements cm FL 

Caranx ruber 
TL = 1.3 + 1.13 FL 23 16-5 2 

C bartholomaei 
TL = 0.8 + 1.16 FL 37 1569  

C fusus 
TL = -0.1 + 1.21 FL 3 1 20-32 

C lotus 
TL = 1.1 + 1.16 FL 17 1865 

Table 8.8. Relationships between fork length (FL) and maximum 
body depth @) of three species of jacks from Jamaican waters. 

Number of Length range 
Species and formula measurements cm FL 

Caranx ruber 
D = 0.5 + 0.277 37 15-52 

C bartholomaei 
D = 1.0 + 0.278 FL 25 14-5 9 

C fusus 
D = 0.4 + 0.273 FL 21 23-32 
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Fig. 8.1. Length-frequency histograms of Coranx ruber taken from the commercial catch, Pedro Bank, 
during 1971 and 1972. Dots indicate the major modal progressions. 

Lengths Figure 8.1 shows the length distributionsof 11 samples 

Maximum sizes of 12 species of jacks captured during 
this study are listed in Table 8.10. The largest total 
lengths recorded by Bohlke and Chaplin (1968) or by 
Randall (1968) are also given, together with calculated 
conversions of TL to FL where the relationship is 
known. With the exception of C. latus the largest fishes 
captured during this study are all within the known size 

of the commercial catch of C. ruber from the Pedro Cays 
area, taken between September 1971 and June 1972. 
The modal progressions are clearly discernible and a 
regression of log, (L, - It) against time (calendar 
months) is shown in Fig. 8.2. The best fit of points is 
obtained when L, is estimated to be 52 cm FL, and the 
slope, K ,  of the regression is 0.021mo or 0.241yr. 

range. 



Table 8.9. Relationships between fork lengths (FL) and weights 
(W) of three species of jacks from Jamaican waters All lengths 
are in centimeters and weights in grams 

Number of Length ranne 
Species and formula measurements cm FL 

Cbmnx tuber 
log W = -2.079 + 3.191 log L 242 13-33 

W = 0.00834 L3.191 
C bartholomaei 

logW=-2.199+3.368logL 71 14-29 
W = 0.00632 L ~ . ~ ~ ~  

c fusus 
log W = -2.183 + 3.302 log L 104 22-47 

W = 0.0065 L ~ . ~ ~ ~  

Table 8.10. Observed maximum fork lengths of carangids from 
Jamaican waters compared with measurements given in the 
literature. 

Species 

Observed Maximum 
maximum reported 

fork length total length* 
(cm) (cm) 

Seriola dumen7i 
S. rivoliana 
Elagatis 3ipinnularus 
Selar crumenophrhalmus 
Guunx tuber 
C bartholomaei 
C fusus 
C hippos 
C larus 
C lugubris 
Alectis crinitus 
Selene vomer 

*Bohlke and Chaplin (1968) or Randall (1968). 
**Calculated total lengths in brackets. 

Age and growth 

Growth estimates for the pompano, Trachinotus 
carolinus, from Florida and Louisiana were made by 
Bellinger and Avault (1970), Berry and Iversen (1 967), 
Finucane (1 969) and Moe et al. (1968). During this 
study, no information on age or  growth was obtained 
from the examination of scales or otoliths. Scales of 
Caranx ruber, C. bartholomaei, C. &us and Seriola 
dumen7i were small, cycloid, with a few well-spaced 
circuli and showed no markins that could be used for 
age determinations. Otoliths are small and fragile and 
difficult t o  extract. Otoliths of C. ruber were examined 
but showed no markings indicative of age. With the 
exception of C. ruber, catches of species of carangids 
were too small or too  sporadic for estimates of growth 

t o  be based upon modal progressions in length-frequency 
distributions. 

BEHAVIOR 

Migrations 

Moe (1972) noted that although movement and 
migration are important facets in the life history of 
carangids, little is known of their migratory patterns. 
Jordan and Evermann (1898) noted that some carangid 
species move northward in summer. During July and 
August in the Bahamas, schools of Caranx ruber are seen 
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1971 1972 

Fig. 8.2. Modal lengths of samples of Cllmm mber expressed as 
values of lo& (L, - It). Data from Fig. 2. Best fit of regression 
is obtained when L, = 52 cm FL. The slope, K, is 0.24 per 12 
months. 

swimming near the surface (Bohlke and Chaplin 1968, 
and personal observations) although the general move- 
ment and destination of these schools are unknown. 
Tagging studies have yielded little information on the 
movement of jacks, as recovery rates are low, undoubt- 
edly due to  their greater mobility as compared t o  other 
reef fishes (Randall 1962). 

Length distributions obtained during the present 
study indicate a movement of C. ruber, C. bartholomaei 
and t o  a lesser degree C. fisus away from the Port Royal 
Reefs at the onset of sexual maturity. 

Schooling 

Jacks are typically schooling fishes and schools of 
Caranx ruber and Elagatis bipinnulatus were seen swim- 
ming near the surface over reefs during this study. Large 
numbers of C. fisus and C. lams caught over a short 
period of time indicate schooling of these species 
Catches of C. bartholomaei and Seriola dumed i  suggest 
that large individuals of these species move over the reef 
singly or in small groups. 
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Fig. 7.5. Modal lengths of bimonthly samples of Cephalopholis 
fulva expressed as values of loge (L, - I t ) .  Data from Fig .  7.4. 
Best fit of the regression is obt;uned when Lw = 34 cm TL. 
Mean slope, K = 0.63 per 12 months. 

region of 24.5 cm TL in December 197 1January 1972 
appeared to attain about 28.5 cm by December 1972- 
January 1973. 

The latter progression is not at all clear owing to the 
bimodality of the samples taken between December 
1971 and May 1972, and it is possible that two year- 
classes are represented by these modes. However, this 
would imply an abrupt decrease in the growth rate after 
about 23.5 cm TL is attained and it thought to be more 
likely that the bimodality results from the successive 
January-March and June-July spawnings (Table 7.8). 

A regression of values of log, (L, - It) gives the best 
fit when L, is set at 34.0 cm TL (Fig. 7.51, and the 
coefficient of growth, K, is thus about 0.63. 

Petrometopon cmentatum: Samples of this species 
were too small to  provide adequate length-frequency 
distributions, and no indications of age and growth were 
obtained from scales or otoliths. The series of samples 
taken at the Port Royal Reefs between November 1969 
and January 1972 suggested that recruits enter the 
fishery at a length of about 19 cm in November and 
attain about 23.5 cm TL within a year. The asymptotic 
length is thought to  be in the region of 33 to 35 cm TL, 
and the coefficient of growth, K, might therefore be 
about 0.33 t o  0.35. 

Mycteroperca venenosa: The sulcus acousticus of oto- 
liths of Mycteroperca venenosa showed regular markings. 
These were stained red by methyl violet B and were 
examined by immersing the otoliths in xylene and 
viewing them under a low-power binocular microscope 
using transmitted light. The depth of the sulcus acous- 
ticus and the number of stained ridges increased with 
increase in size of the fish. The numbers of stained ridges 
are plotted against the total lengths of 27 M. venenosa in 
Fig. 7.6. 

If the dense ridges observed in the sulcus acous- 
ticus of M. venenosa are formed annually, then a 
period of 4 yr is required for fishes to  reach a total 
length of 46 to  57 cm (average 5 1 cm) and a size of 
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Fig. 7.6. The numbers of dense lines in the sulcus acousticus 
plotted against total lengths of 27 Mycteroperca venenosa. 
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about 70 cm TL is reached at about age 10 yr (i.e., a 
growth rate of about 3+ cmlyr). If the asymptotic length 
is about 86 cm, the coefficient of growth, K, is about 
0.1. 

Randall (1 962, 1963) tagged 80 M. venenosa, and 8 
of the recoveries had been at liberty for more than 200 
days. Using a value of Lw = 8 6  cm the calculated growth 
rate, K, of these eight individuals lies between 0.10 and 
0.27, with a mean of 0.17. 

Epinephelus striatus: Data obtained during this study 
did not provide any information on growth rates. Randall 
(1 962, 1963) tagged 124 E. striatus at St. John, U.S. 
Virgin Islands and recaptured 45 after periods exceeding 
1 mo. Reanalysis of Randall's data suggests that tagging 
suppressed growth in many cases. Twelve individuals, 
each free for more than 200 days, showed appreciable 
increases in size and, assuming that Lw is in the region of 
90 cm TL, had a mean rate of growth, K, of 0.09, and a 
range from 0.05 to 0.13. 

Alphestes afer: The scales of A. afer appeared to 
show regular annulus formation. This species is uncom- 
mon in Jamaican waters. Scales from six of a total of 
seven specimens examined over the period extending 
from November 1971 to  January 1972 showed one 
annulus (Table 7.14). The annuli appeared as narrow 
continuous rings running roughly parallel to  the edges of 
the scales in the lateral anterior regions. In the lateral 
fields, the circuli within the band tended to  be broken 
up into irregularly shaped bits. This continued into the 
anterior field or was replaced there by a significant space 
between successive circuli. In some instances, the forma- 
tion of new radii appeared t o  be associated with the 
annulus in the anterior region of the scale. The average 
marginal increment was 0.37 mm. The average length at 



Table 7.14. Summary of observations on scales of Alphestes afer. 

Total Scale Position of Marginal Sex and 
length radius annulus increment Date gonad 
(cm) (mm) (mm) (mm) collected stages 

22.1 3.26 2.83 0.43 Nov. 1971 ? I 
20.8: 3.35: - - NOV. 1971 ? I 
24.8 3.01 2.61 0.40 Dec. 1971 ? 1 
24.9 3.20 3.06 0.14 Dec.1971 F R 
23.3 3.32 3.02 0.32 Dec. 1971 F R 
26.9 3.90 3.45 0.45 Jan. 1972 F R 
26.1 4.07 3.60 0.47 Jan. 1972 F R 

Averages 
24.6 3.46 3.09 0.37 - - 

*Not included in averages. 

"annulus7' formation calculated by proportionality was 
21.9 cm and is probably related t o  the onset o f  gonad 
activity at the beginning of the spawning season. 

and seldom venture from the protection of the reef. It 
has also been shown that Epinephelus spp. and Mycte- 
roperca spp. maintain residence on  a particular reef 
for extended periods (Bardach 1958; Randall 1962, 
1963; Springer and McErlean 1962; Topp 1963; Moe 
1966). However, Moe (1966, 1967) and Beaumariage 
( 1969) presented evidence for developmental migration 
and extensive offshore movement in the red grouper, 
Epinephelus morio. 

During this study, length-frequency distributions of 
Epinephelus guttatus and 6 striatus suggested a similar 
movement from the Port Royal Reefs t o  the South 
Jamaican Shelf, at the size of sexual maturity. 

Schooling 

Groupers are essentially solitary (Smith 1961) al- 
though as described previously, some species of Epine- 
phelus and Mycteroperca school during the spawning 
season. 

Reproductive Behavior 
BEHAVIOR 

Migrations 

Moe ( 1972), in his description of the movement and 
migration of fishes in Florida waters noted that the small 
reefdwelling groupers are predominantly non-migratory 

Manday and Fernandez ( 1966) described the pre- 
spawning behavior of captive E. striatus as the constant 
nudging of the females on  their sides by the males, 
apparently with the intention of inducing spawning. This 
nudging is not  continuous and shows n o  apparent 
relation t o  selection of pairs. 

Populations 

POPULATION STRUCTURES 

Sex Ratios 

In groupers the sex ratio is closely related t o  the size 
composition of the population, and since sex could only 
be determined macroscopically when fishes were in the 
active t o  ripe state, the sex ratios obtained represent 
those of mature fishes during the breeding season. The 
sex ratios of five species of groupers are summarized 
in Table 7.15. 

Generally, females are more numerous than males. 
Samples of Epinephelus striatus and Mycteroperca vene- 
nosa included mostly large fishes and this would probably 
account for males being more numerous than females. 

The high proportion of females in the populations of 
E. guttatus and Petrometopon cruentatum at Port Royal 
(Table 7.15) probably results from the high fishing 
intensity which results in most fishes being caught 
before they reach the size of sexual transition. The mean 
size of E. guttatus a t  the Port Royal Reefs was 26  cm T L  
as compared with about 33 cm T L  on  oceanic banks. 

Age and Length Composition 

Epinephelus guttatus: The percentage frequency of 
successive length groups captured in traps and on  hook 
and line are compared in Fig. 7.7. Data are from cruises 
of the R. V. Caranx in which both fishing gears were 
employed at the same depths and in the same areas at 
Pedro Bank. Traps captured fishes of slightly larger 
average size, but  the distributions are very similar. It is 
therefore concluded that traps and lines are reasonably 
unselective and that samples obtained by hook and line 
or  by trap fishing can be combined for purposes of 
estimating the size composition of the catches. 

Table 7.15. Sex ratios of groupers commonly caught in Jamaican 
waters. 

Number Ratio 
Species examined M:F Area 

Epinephelus guttatus 31 15.60 Port Royal 
Reefs 1970 

244 1 : 2.8 1 Oceanic banks 
E. s t ~ r u s  38 1:0.72 Oceanicbanks 
Mycteroperca venenosa 50 1 :0.85 Oceanic banks 
Cephalopholis fulva 352 1 :2.14 Oceanic banks . . 
Peirornetopon cmentaturn 49 1 :6.00 Port Royal 

The average annual length compositions of catches Reefs 1970 
have been calculated by the methods described in and 1971 
Chapter 3. 
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Fig. 7.7. Length-frequency distributions of catches of Epine- 
phelus guttatus caught at Pedm Bank in traps (solid line) and 
on hook-and-line (broken line). 

Median of length group (cm) T L  

Fig. 7.9. Comparison of the estimated mean annual length-fre- 
quency distributions of catches of Epinephelus guttatus from 
California Bank (- - -). Pedro Cays ( . . . . . ) and unexploited 
parts of Pedro Bank (-). California Bank-N = 110, time pe- 
riod = 12 months; Pedro Cays-N = 712, time period = 4 months 
and Pedro Bank-N = 962, time period = 6 months. 
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Median of length group (cm)TL 

Fig. 7.8. Length-frequency distributions of catches of Epinephe- 
lus guttatus caught in traps and on hook and line in the 10.1 to 
20 m, 20.1 to 30m and 30.1 to45 m depth zones of Pedro Bank. 

Figure 7.8 shows the gross length-frequency distribu- 
tions of catches taken in the 10.1 to  20 m, 20.1 to 30 m 
and 30.1 to 45 m depth zones in unexploited parts of 
Pedro Bank. Relatively fewer of the larger fishes (average 
40 cm TL) were taken in the 30.1 to 45 m zone, and the 
mean size decreased slightly with increasing depth. This 
probably results from the relatively greater amount of 
line fishing done in the deepest zone. It is therefore 
concluded that all size groups are probably equally 
represented in the 10.1 to 45 m depth range. 

Figure 7.9 shows the percentage length-frequency 
distributions of catches taken at the unexploited parts of 
Pedro Bank, at the Pedro Cays and at California Bank. 
It appears that this species is fully recruited to the 
fishery at 34.0 to  35.9 cm TL. The samples from the 
unexploited parts of Pedro Bank and from California 
Bank both had modes at 30.0 to 31.9 cm TL but owing 
to the uneven temporal distribution of catches or to 
small sample size, both estimates of catch composition 
are classed as "poor", whereas that from the Pedro Cays 
fishery is considered to be "fair" (Chapter 3). 

On the basis of the Pedro Cays sample, the sizes at 
first retention, mean retention and full retention are 18 

Fig. 7.10. Length-frequency distriiutions of catches of Cephalo- 
pholis filva caught in traps (solid line) and on hook and line 
(broken line). 

cm, 31 cm and 35 cm TL, respectively. The minimum 
size theoretically retainable by the 4.1 3 cm wire mesh 
used by the trap fishermen is 16.7 cm TL (Table 7.1 1) 
but no E. guttatus of less than 18 cm TL were ever 
captured during this study. 

Cephalopholis fulva: The size compositions of sam- 
ples taken in traps and by hook and line under compar- 
able circumstances are shown in Fig. 7.10. There is no 
difference in mode, median and range, and it appears that 
the size at recruitment is governed by behavioral traits of 
the species and not by the selective properties of the 
fishing gears. 

Figure 7.1 1 shows the size compositions of catches 
taken in the 10.1 to 20 m, 20.1 to  30 m and 30.1 to 45 
m depth zones of Pedro Bank. Fishes in the larger size 
groups (27 to 37 cm TL) appear to be relatively more 
abundant in the shallowest zone. However, a closer 
inspection of the data reveals that most of this bias is 
attributable to a single large sample. It is therefore likely 
that, as was the case with E. guttatus, the various size 
groups are more or less evenly distributed through all 
depth zones or that any differences are rather slight. 

The mean length compositions of samples from the 
unexploited parts of Pedro Bank, from California Bank, 
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Fig. 7.11. Length-frequency distributions of catches of Cephalo- 
pholis fulva caught in traps and on hook and line in the 10.1 to 
20 m (broken line), 20.1 to 30 m (dotted line) and 30.1 to 45 m 
(solid line) depth zones of Pedro Bank. 
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Fig. 7.12. Comparison of the estimated mean annual Iength-fre- 
quency distributions of catches of Cephalopholis filva from Cali- 
fornia Bank (- . - . -), Serranilla Bank ( . . . . . ), Pedro Cays 
( - - - ) and unexploited parts of Pedro Bank (-). Califor- 
nia Bank-N = 165, time period = 12 months; Serranilla Bank- 
N = 38 1, time period = 4 months; Pedro Cays-N = 1,320, time 
period = 4 months; Pedro Bank-N = 1,25 1, time period = 3 
months. 

and of  commercial catches from the Pedro Cays area and 
from Serranilla Bank are shown in Fig. 7.12. They 
appear t o  be fully available t o  the fishing gears at  o r  
before 25.0 t o  25.9 cm TL. 

The minimum, mean and full retention lengths are 
16.5 cm, 23.0 cm and 25.5 cm TL,  respectively. The  
minimum size theoretically retainable by the 4.13 cm 
mesh used in the trap fishery is 17.0 cm TL. 

Petrometopon cruentatum: Samples of this species 
were generally too  small for detailed analyses. The gross 
length-frequency distributions of a sample of 15 1 
s,pecimens captured at the Port Royal Reefs and 284 
specimens measured in commercial catches from the 
Pedro Cays area are shown in Fig. 7.13. 

Total length (cm) 

Fig. 7.13. Comparison of the estimated mean annual length- 
frequency distribution of catches of Petmmetopon cruentatum 
from the Port Royal Reefs (-) and from the Pedro Cays ores 
(- - -). Port Royal Reefs-N = 151, time period = 12  months; 
Pedro Cays area-N = 284, time period = 12 months. 
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Fig. 7.14. Length-frequency distribution of catches of Epinephe- 
lus striatus from unexploited oceanic banks (N = 163) and at the 
Port Royal Reefs (N = 20). Sample from Port Royal Reefs is ver- 
tically hatched. 

In a sample of 31 specimens taken by fishermen at  
Discovery Bay in traps with 3.30 cm mesh, only three 
fishes exceeded 21  cm TL,  and the  modal length was 
only 16.5 cm. This is a good example of the changes 
induced by intensive fishing with small-meshed nets. The 
mean weight of individuals in the latter catch was only 
75 g compared with a mean weight of 15 7 g in the Port 
Royal catches. 

The theoretical minimum size retainable by 4.1 3 c m  
wire mesh is 14.8 cm TL. The smallest specimen actually 
taken in this mesh was in the  16.0 t o  16.9 cm T L  group. 
The mean retention size is about 2 0  cm TL. 

Epinephelus striatus: Samples of this species taken in 
traps and o n  hook and line at unexploited oceanic banks 
totalled 163 specimens, and 2 0  specimens were taken at  
the Port Royal Reefs. 

Figure 7.14 shows that the size range captured in 
traps at  the Port Royal Reefs (27 t o  51 cm TL) falls 
mostly outside of that a t  the oceanic banks (40 t o  8 4  c m  
TL) and that the populations at oceanic banks became 
fully recruited t o  the fishery at  60.0 t o  64.9 cm TL. 
There is n o  satisfactory explanation as t o  why the 
smaller-size ranges d o  not  appear in trap and line catches 
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Fig. 7.15. Length-frequency distribution of catches of Myctero- 
perca venenosa from oceanic banks: N = 15 1. 

from oceanic banks. It is possible that the sub-adults 
prefer shallower waters but many of the oceanic banks 
have minimum depths of 30 to 40 m, and support 
relatively large numbers of adults, but still do not yield 
appreciable numbers of small specimens. The mean size 
at which they became available in offshore areas is about 
57 cm TL. 

Mycteroperca venenosa: A sample of 15 1 specimens 
was taken on hook and line and in traps at various 
unexploited oceanic banks. As was the case with E. 
striatus, the smallestsize groups are under-represented in 
the samples, and the modal size is in the region of 65 cm 
TL (Fig. 7.15). Six small individuals (26.2 to 29.6 cm 
TL) were taken at Pedro Bank in March and April 1972. 
They became available to the fishing gear in offshore 
areas at a mean size of about 57 cm TL, the same length 
as was estimated for E. striatus. 

Other species: The size composition of samples of the 
rarer species are indicated below. All lengths are total 
lengths. 

Epinephelus adscensionis: One specimen caught 
outside the Barrier Reef at  Port Royal measured 5 1.0 cm. 

E. mono: One 82.0 cm specimen was collected from 
Pedro Bank and one 79 cm specimen from Serranilla 
Bank. 

E. itajara: Two juveniles from the Port Royal man- 
groves measured 19.4 cm and 37.8 cm, respectively. Two 
specimens caught at  the Port Royal Reefs measured 85.5 
and 124.5 cm. Large specimens (100 to  200 cm) are 
occasionally seen and caught in Kingston Harbour. 

Mycteroperca bonaci: Nine specimens were caught at 
the Port Royal reefs. Total length range was 36 to  61 cm 
with a mean length of 47 cm. Two were caught offshore, 
one of 62 cm and one of 133 cm that weighed 28.1 5 kg. 

M. tigris: Twelve juveniles (length range 28 to 49 cm 
TL; mean TL 36.6 cm) were examined from Bajo Nuevo 
and six (length range 24 to 40 cm; mean length 30.2 cm) 
were examined from Pedro Bank during 1972. Four 
others (length range 46 to  67 cm, mean 52.7 cm) were 
caught during 1967-1969 on various oceanic banks. 
M. interstitialis: Four specimens of 40 to 62 cm TL 

(mean 47.0 cm) were caught at 20-m Bank, Pedro Bank 
during April 1970. One collected during March 1972, 
from the Pedro Cays area measured 40.5 cm. 

M. cidi: Three specimens were caught at the Port 
Royal Reefs (length range 41 to 57 cm, with a mean of 
48.3 cm TL). 

M. rubra: One juvenile was caught in April 1970, 
using a hand-line at the Port Royal Marine Laboratory 
jetty at a depth of approximately 2 to 3 m. Total length 
was 20.7 cm. 

Alphestes afer: Ten specimens were collected from 
the commercial catch from Pedro Bank, from December 
197 1 to  April 1972, and had a length range of 22 to  26 
cm with a mean length of 24 cm. 

Dermatolepis inermis: Two caught at Pedro Bank- 
lengths 37.4 and 69.0 cm. 

Paranthias furcifer: Six caught on oceanic banks using 
traps and lines. Length range 16 to 20 cm; mean length 
18.5 cm. 

MORTALITY AND MORBIDITY 

Factors Causing or Affecting Mortality 

Nothing is known of the causes of natural mortality 
in groupers. The species appear to have relatively high 
catchabilities and are readily taken by a wide variety of 
fishing gear. 

Mortality Rates 

The absolute ages of the species of groupers dealt 
with in this report are not known and the following 
estimates of mortality rates are based entirely upon the 
length compositions of samples as described in Chapter 3. 
The limitations inherent in this method must be borne 
in mind, and the estimates are subject to fairly wide 
margins of possible error. 

Epinephelus guttatus: Estimates of the size distribu- 
tion of catches of this species at unexploited parts of 
Pedro Bank and the Pedro Cays area (Fig. 7.9) are based 
upon fairly large samples. The size distribution at  
California Bank is less welldefined. The growth para- 
meters previously estimated are K = 0.24 and L, = 52 
cm TL. The rates of decline in abundance of successive 
length groups after full recruitment at 35.0 to  35.9 cm 
TL are given in Table 7.16. 

The calculated value of M/K at the unexploited parts 
of Pedro Bank is 2.83 and, when K = 0.24, M = 0.68. 
The fishing mortality rates, F, calculated for the popula- 
tions at the Pedro Cays and at California Bank, are 0.19 
and 0.22, respectively, equivalent to rates of exploita- 
tion, E, of 0.22 and 0.24. 

Cephalopholis fulva: Estimates of catch composition 
are available for stocks at unexploited Pedro Bay, the 
Pedro Cays, Serranilla Bank and California Bank (Fig. 
7.12). The rates of decline of successive length groups 
beyond full retention at 25.0 to 25.9 cm TL are shown 
in Table 7.17. The growth parameters are L, = 34 cm 
TL and K = 0.68. 



Table 7.16. Derivation of mortality rates from the relative abundances of successive length groups of Epinephelusguttatus beyond full 
recruitment at 34.0 to 35.9 cm TL at unexploited parts of Pedro Bank, the Pedro Cays area and California Bank. &= 52 cm TL and 
K = 0.24. 

Unexploited Pedro Bank Pedro Cays California Bank 
Length group Relative Relative Relative 

cm TL % Frequency abundance % Frequency abundance % Frequency abundance 

Mean TL 38.7 cm 37.9 cm 37.8 cm 

Table 7.17. Derivation of mortality rates* from the relative abundances of successive length groups of Cephalopholis fulva beyond 
full recruitment at 25.0 to  25.9 cm TL at unexploited parts of Pedro Bank, the Pedro Cays, SerraniUa Bank and California Bank. 
L,= 34 cm TL and K = 0.63. 

Unexploited Pedro Bank Pedro Cays Serranilla Bank California Bank 
Length group Relative Relative Relative Relative 

cm TL % Frequency abundance % Frequency abundance % Frequency abundance % Frequency abundance 

Mean TL 27.2 cm 27.3 cm 27.0 cm 26.7 cm 

IfK = 0.63 
Z= 1.95 = M 
F =  0 
E =  0 

*Note: In the original edition of this chapter the mean TL at unexploited Pedro Bank was incorrectly calculated, thus producing 
erroneous estimates of M/K and M. These have been corrected in this edition. 



Table 7.18. Derivation of mortality rates from the relative abun- 
dances of successive length groups of Petrometopon cruentatum 
beyond full recruitment at 21.0 to 21.9 cm TL at the Pedro Cays 
and the Port Royal Reefs. &= 34 cm TL and K = 0.34. 

- - 

Pedro Cays Port Royal Reefs 
Length group No. Relative No. Relative 
cm TL captured abundance captured abundance 

Mean TL 23.3 cm 23.8 cm 
If L,= 34 cm 

34.0 - 23.3 
1 

34.0 - 23.8 
Z/K = 

( 23.3 - 21.0 ( 23.8 - 21.0 1 

The calculated value of M/K is 3.09, and M = 1.95. 
Fishing mortality rates (F) are calculated to be 0.26 and 
0.75 at Serranilla Bank and California Bank, respectively, 
and the rates of exploitation, E, range between 0.12 
and 0.28. 

Petrometopon cruentatum: This species is relatively 
uncommon in the unexploited parts of Pedro Bank, 
and it has not been possible to estimate the size com- 
position of an unexploited population. 

Table 7.18 and Fig. 7.13 show that the rates of 
decline of successive length groups were similar at the 
Port Royal reefs and at the Pedro Cays, but in neither 
case are the sample sizes satisfactory, and the estimates 
of mortality rates are very poorly based. In addition, the 
growth rate is not known with any precision and the 
estimates of L, = 34 cm TL and K = 0.34 are speculative. 
The total mortality rate, Z, is estimated to  be 1.6 at the 
Pedro Cays and 1.4 at the Port Royal Reefs. 

Epinephelus striatus: Table 7.19 shows the relative 
abundances of successive length groups of E. striatus 
beyond the modal size group of 60.0 to  64.9 cm TL. 
Samples were from unexploited oceanic banks (Fig. 
7.14). The asymptotic size is not well known and 
maximum sizes given in the literature range between 90 
cm TL and 120 cm TL if L, is about 90 cm TL, and K = 
0.05 to  0.1 3 the value of M/K is about 2.33 and M = 
0.1 7 to 0.30. 

Table 7.19. Derivation of mortality rates from relative abun- 
dances of successive length groups of Epinephelus striatus and 
Mycteroperca venenosa captured at unexploited oceanic banks 
Growth parameters are very imprecisely known: M venenosa, 
L, = approximately 86 cm TL and K = approximately 0.10 to 
0.27; E. striotus, L, = approximately 90 cm TL, K = approxi- 
mately 0.05 to 0.1 3. 

Length group Number captured Number captured 
rn TL E. striatus M venenou 

Mean TL 

Moe (1969) estimated that exploited stocks of E. 
m o n o  in the Gulf of Mexico had an instantaneous 
mortality rate Z of 0.322. 

Mycteroperca venenosa: Fishes captured at unex- 
ploited oceanic banks had a modal size of 60.0 to 
64.9 cm TL (Fig. 7.1 5), and declined in abundance with 
increasing size at a rate similar to E. stnatus (Table 7.19). 
Growth estimates are imprecise: if L, = 86  cm TL and 
K = 0.10 to 0.16, then M/K = 2.25 and M = 0.23 to 
0.61. 

ABUNDANCE AND DENSITY 

Seasonal Availability 

Groupers were relatively infrequently caught at the 
Port Royal Reefs and no seasonal variations in availability 
are discernible in the catch data. There was no seasonal 
trend in the catch rates of any species of groupers at 
Pedro Bank. 

Periods of very high availability related to spawning 
aggregations, mostly in December and January, have 
been reported from many areas (Bardach 1958; Smith 
1972). 

Relative Abundance 

Relative abundances are expressed in terms of num- 
bers of fishes captured per 1,000 hexagonal traps each 
soaked for 1 day (see Chapter 5). 



Table 7.20. Relative mean numerical abundance (catch per 1.000 hexagonal trapnights) of groupers at various parts of Pedro 
Bank and at California Bank. Effort standardized in terms of catch per 1,000 hexagonal traps soaked for 1 day. Eighty percent 
confidence limits given in brackets. 

California Eastern Southern Western 
Bank Pedro Cays Pedro Bank Pedro Bank Pedro Bank 

- - - -- 

Cephalopholis fulva 376 
(275-477) 

Petmmetopon cmentatum 47 
Epinephelus guttatus 149 

(65-232) 
Epinephelus striotus 0 
Mycteroperca venenosa 3 
Other groupen and hinds 5 

The mean catch rates of Epinephelus guttatus and 
Cephalopholis fulva at various parts of Pedro Bank and 
at California Bank are given in Table 7.20, variabiiity 
was high and confidence limits can only be given at the 
80% level. Catch rates on hook and line showed even 
greater variability, mostly related to  the effect of wind 
and current upon working conditions and not necessarily 
related to the abundance of groupers at the sampling 
station, and hook-and-line catch rates are not incorpora- 
ted into this section. 

In the case of E. guttatus, the mean catch rate near 
the exploited Pedro Cays was 97 f 38 fishes/1,000 
trapdays and was significantly less (p = 0.80) than the 
catch rates obtained in the adjacent unexploited Eastern 
and Southern Pedro Bank (429 f 155 fishes/1,000 
trapdays and 599 f 337 fishes/1,000 trap-days, re- 
spectively). California Bank (exploited) produced 149 f 
84 fishes/1,000 trapdays, but this was not significantly 
different from the rate obtained at Western Pedro Bank 
(232 f 1 18 fishes/ 1,000 trapdays) which is ecologically 
similar, but unexploited. 

Cephalopholis fulva was less abundant (229 + 72 
fishes/1,000 trapdays) at  Western Pedro Bank than in 
the shallower Eastern and Southern regions (574 f 152 
and 1,101 f 465 fishes/1,000 trapdays, respectively). 
Apparent differences in catch rates between other areas 
were not statistically significant. 

Catches of species other than E. guttatus and C. fulva 
were too small and/or too variable to warrant statistical 
treatment. Table 7.21 shows the gross catch rates 
(total catch divided by total trapdays of fishing effort) 
in each of the areas and depth zones investigated. It is 
apparent that variations in abundance are related to  
the area rather than to the depth. Catch rates of the 
large groupers, E. striatus and M. venenosa, were usually 
greater at Western Pedro Bank than in equivalent depths 
in the eastern and southern parts of the bank, while the 
reverse was true in the case of the small species. 

It is interesting to  note that Petrometopon cruenta- 
tum was more abundant at the Pedro Cays and at 
California Bank, than in equivalent depth zones in 
unexploited areas, whereas a l l  other species yielded 

substantially lower catch rates in exploited areas. It 
appears likely that P. cruentatum benefits in some way 
from reduced competition or predation in the exploited 
areas. 

NATALITY AND RECRUITMENT 

Adolescent groupers were not caught at the Port 
Royal Reefs in large-enough numbers to give estimates of 
the time and magnitude of recruitment. No large groupers 
(Mycteroperca spp. or Epinephelus striatus) were caught 
on the Port Royal Reefs after May 197 1. It is assumed 
that all of those originally present had been removed 
from the areas fished by that time. In the 10 mo after 
May 1971 (i.e., up to February l972), it appeared that 
no  large individuals had come into the area to  fill the 
habitats. This suggests low recruitment rates into the 
Port Royal fishery. 

Recruitment of juvenile E. guttatus and C. fulva to  
the Pedro Bank fishery occurs around August to  Sep- 
tember. An increase in the percentage of juvenile (20 to 
45 cm TL) E. striatus, Mycteroperca venenosa and M .  
tigris was encountered in commercial catches between 
September and November. 

The available estimates of Z and of mean catch rates 
are summarized in Table 7.22, together with the esti- 
mates of recruitment indices (R', the theoretical number 
of recruits at the mean recruitment length, I , ,  required 
t o  produce the observed catch rate) and the mean 
recruitment lengths, 1,. 

Within each species, there is a wide degree of variation 
in the estimated recruitment indices in the areas inves- 
tigated. Apart from the large potential errors which are 
inherent in estimates of this sort, differences in the 
mortality rates between settlement of post-larvae and 
recruitment to the fishable stocks are probably depen- 
dent upon the suitability of the habitats for adolescents. 
abundance of predators (which is decreased in exploited 
areas) and inter- and intra-specific competition which is 
affected by community composition and which is in 
turn affected by the degree of exploitation. 



Table 7.21. Relative numerical abundance (number captured per 1,000 trap-days) of species of groupers in various depth zones at Pedro 
Bank and California Bank. 

California Eastern Southern Western 
Bank Pedro Cays Pedro Bank Pedro Bank Pedro Bank 

Cephalopholis filva 10.1-20 m 
20.1-30 m 
30.1-45 m 

Petmmetopon cruentatum 10.1-20 m 
20.1-30 m 
30.1-45 m 

Epinephelus guttatus 10.1-20 m 
20.1-30 m 
30.1-45 m 

Epinephelus s t ~ t u s  10.1-20 m 
20.1-30 m 
30.145 m 

Mycteroperca ~~enenosa 10.1-20 m 
20.1-30 m 
30.1-45 m 

Other groupers and hinds 10.1-20 m - 0 - 33 - 
20.1-30 m - 0 4 5 0 
30.1-45 m 4 - 0 - 0 

Note: Dashes indicate that the depth zone is not present in the study area. 

Table 7.22. Mean catch rates, estimated mortality rates and estimated recruitment indices of groupers in various areas. Catch rates . 

derived from Table 7.14. 
-- 

Recruitment Mean 
Mean catch rate index recruitmgt 

(No.11,000 trapdays) Z (R3 length O 

Epinephelus guttatus Eastern Pedro Bank 
Southern Pedro Bank 
Western Pedro Bank 
Pedro Cays 
California Bank 

Cephalophdis filva Eastern Pedro Bank 
Southern Pedro Bank 
Western Pedro Bank 
Pedro Cays 
California Bank 

Petmmetopon cruentatum Pedro Cays 
California Bank 
Port Royal Reefs 

Epinephelus stMtu3 Pedro Bank 
(unexploited areas) 

Mycteroperca venenosa Pedro Bank 
(unexploited areas) 



Populations 

POPULATION STRUCTURES 

Sex Ratios 

Catches of most species of jacks were too small 
andlor too sporadic to  give adequate estimates of sex 
ratios. The sex ratio (males:females) of mature Caranx 
ruber was 1: 1.53 (total number examined, N = 413). For 
C. latus the sex ratio was M:F = 1:0.87 (N = 291); for C. 
lugubris, M:F = 1 :0.55 (N = 65); and for C. fusus M: F = 
1:0.27 (N = 181): 

Age and Length Composition 

Caranx ruber: Figure 8.3 shows the estimated mean 
annual size compositions of trap catches of this species 
from the Port Royal Reefs, unexploited parts of Pedro 
Bank, the Pedro Cays area and Serranilla Bank. Samples 
from the latter two areas are derived from the commercial 
landings. Analytical techniques follow the methods 
outlined in Chapter 3. 

The minimum retainable size ( 1 1 )  is in the region of 
13.5 cm FL, but the modal size retained ( I c )  varies 
according to  area and, presumably, depth being 16.5 cm 
FL at the Port Royal Reefs, 20.5 cm FL at the Pedro 
Cays and 25.5 cm FL at unexploited parts of Pedro 
Bank and in the commercial catch from Serranilla Bank. 
The Serranilla Bank sample is, however, based on samples 
taken between October and March and the smallest 
recruits did not appear in the catches (Fig. 8.1). 

The body depth of a fish of 25.5 cm FL is about 7.6 
cm (Table 8.8) and at this size is fully retainable by rigid 
4.13 cm wire mesh. The differences in modal sizes of 
the catches, therefore, must result from differences in 

the availability of the smaller-sized groups and it is 
believed that juvenile C. ruber normally inhabit shallow 
reef areas and move towards deeper water with the onset 
of maturity. In this context, it is of interest to  note that 
only 17 C. ruber were captured at California Bank 
(total effort 382 trapdays) and it appears likely that 
shallow habitats are essential to  the settlement andlor 
survival of this species. 

The mean recruitment length to the Pedro Cays 
fishery is 19.5 cm TL at depths t o  30 m and 22.7 cm FL 
on the unexploited deeper portions of Pedro Bank at 
depths of 10 to  45 m. 

Caranx latus: Figure 8.4 shows the length-frequency 
composition of the total line catch (3/06/0  hooks) of 
C. latus at unexploited parts of Pedro Bank, in depths of 
10 to  100 m. There are no data for exploited stocks. The 
mean recruitment length is 39.5 cm FL and they are 
fully recruited t o  the gear within the 42.0 to  43.9 cm 
length group. 

Table 8.1 1 summarizes data on the size distributions 
of nine other carangid species from oceanic banks. 
Average lengths of males and females of C. latus and C. 
lugubris showed differences of less than 1 cm and 
2.5 cm, respectively. Borges (1966) examined a large 
number of C. lugubris from northeast Brazil and found 
average lengths of 50.0 cm and 48.0 cm, respectively, for 
males and females. During this study, 37 male C. lugubris 
had a length range of 32 to  67 cm FL with an average 
length of 52.0 cm. Sixteen females had a length range of 
35 to 69 cm FL and an average length of 49.5 cm. 

Samples of 45 C. bartholomaei and 12 C. fusus taken 
in traps at the Port Royal Reefs had size ranges of 14 to 
23 cm FL and 15 to 3 1 cm FL, respectively, suggesting 

b. 
N * 3181 

d. 

N * 303 

I5 20 25 30 35 40 45 50  

Fork length (cm) 

Fig. 8.3. Estimated mean annual length-frequency distributions of  trap catches of Cororuc 
ruber at (a) the Port Royal Reefs, 0) the Pedro Cays area, (c) Senadla Bank and (dl unex- 
ploited parts of  Pedro Bank. 



Table 8.11. Size composition (FL, cm) of nine species of carangids 
from oceanic banks. 

Number of Average 
Species measurements Smallest Largest .length 

Seriola durnerili 
S. rivol&m 
Elagatis bipinnulafus 
S e k  crurnenophthalrnus 
Gmnx hippos 
C bartholomaei 
C fusus 
C lugubris 
Alectis ch i tus  

Fork length (cm) 

Fig. 8.4. Gross length-frequency distribution of total line catch 
(310-610 hooks) of Caranx Jatus at unexploited parts of Pedro 
Bank. 

that like C. mber these species tend to  move away from 
shallow reefs as they increase in size. 

MORTALITY AND MORBIDITY 

There is no evidence concerning factors responsible 
for mortality and morbidity of carangids. The main 
predators upon these species are unknown. 

The age compositions of populations of carangids are 
unknown and mortality rates cannot be directly calcu- 
lated. Table 8.12 shows the relative abundances of 
successive length groups of Caranx ruber in various areas 
and calculations of mortality rates based upon the length 
composition of the populations as described in Chapter 3. 

The estimates of Z/K for C. mber are high in all areas 
and Z/K (= M/K) = 6.3 at unexploited parts of Pedro 
Bank. If the rate of growth, K, is 0.24, then the natural 
mortality rate, M, is about 1 .5 at sizes exceeding 25 cm 
FL. However, the estimated mortality rate at the Pedro 
Cays (exploited) is 1.3 and suggests that the impact of 
the fisheTy upon the stock is minimal, and also that the 
margins of error of estimates based upon length compo- 
sitions are probably fairly wide. It is likely that C. mber 
are highly mobile and that the stocks move freely over 
most parts of Pedro Bank and that the effects of the 
fisheTy upon the overall mortality rate of the stock are 

consequently minimized. It is therefore concluded that 
the natural mortality rate, M, is within the range 1.3-1.5 
at lengths exceeding 25 cm FL. 

The estimated mortality rate, Z, at the Serranilla 
Bank is 1.9. 

At the Port Royal Reefs, the estimated mortality rate, 
Z = 2.0, includes a component of migration away from 
the reefs into deeper water in addition to natural and 
fishing mortalities. 

The size composition of the catches of C. latus at 
unexploited parts of Pedro Bank (Fig. 8.4) indicates that 
the value of M/K is in the region of 2.5 if L, is assumed 
to be 70 cm FL. However, the catch length-frequency 
distribution is based on a relatively small sample (N = 
296) and is somewhat irregular, and the estimate should 
be regarded as a first approximation. 

ABUNDANCE AND DENSITY 

Seasonal Availability 

No consistent trends were observed in the seasonal 
availability of any species of carangid. Rather more large 
catches appeared to be taken during the spawning 
seasons (February-April) and September-October but the 
data are too sparse to substantiate this observation. 

Relative Abundance 

Relative abundances of species of jacks, expressed as 
numbers captured per 1,000 trapdays or 100 line-hours, 
are summarized in Tables 8.13-8.1 5. It is of interest 
to  note that Caranx mber and C. bartholomaei, the most 
important carangids in the trap fishery, are never taken 
on baited hooks (large adults will occasionally take 
a trolled feather lure or spoon) and that C. latus, the 
most important carangid in the line &hew, is uncom- 
monly captured in traps. 

C. mber was most abundant in the shallower eastern 
and southern portions of Pedro Bank and at the Pedro 
Cays, but was uncommon at Western Pedro Bank (30 t o  
45 m) and at California Bank, of similar depth. It is the 
only carangid of any importance in the trap fishery at 
the Port Royal Reefs. 

There appear to be no consistent trends in the distri- 
butions and relative abundances of other species of 
carangids. 

NATALITY AND RECRUITMENT 

Juvenile Caranx spp. ranging in size from 3 to  12 cm 
FL were observed at the Port Royal Reefs and in Kingston 
Harbour area during February to June, after which their 
numbers decreased, except for November 1970, when a 
large school of Caranx hippos and Elagatis bipinnulatus 
was observed on the Port Royal reefs. 

The main influx of recruits of C. mber t o  the Pedro 



Table 8.12. Relative abundances of successive length groups of Coranx ruber beyond full recruitment in various areas and computations of mortality 
rates. L,= 5 2 cm FL and K = 0.24. 

Port Royal Reefs Pedro Cays area Unexploited Pedro Bank Serranilla Bank 
Relative Relative Relative Relative Relative 

Median of Mean % abundance Mean % abundance abundance Mean % abundance Mean % abundance 
length group frequency (over 16.0 frequency (over 20.0 (over 25.0 frequency (over 25.0 frequency (over 25.0 

FL cm in catch cm FL) in catch cm FL) cm FL) in catch cm FL) in catch cm FL) 

16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
39.5 
40.5 
41.5 
42.5 
43.5 
44.5 
45.5 
46.5 
47.5 
48.5 
49.5 
50.5 
5 1.5 
52.5 

Mean fork 
length of fully 
recruited stock 

If L,=52 cm 

Z/K = 

- - 

If K = 0.24 
z =  



Table 8.13. Catch mtes of jackn in bsitbd traps at MO BPnlr md CI& Cays f~he ry  at about 19.5 cm FL appears to occur 
f o h  as mmb- pca 1,000 hsxagonrl Dmyl. around September or October (Fig. 8.1). 

No. per 1.000 trapdays Recruitment indices (R' = Z(C/f) = the theoretical 

Gmnx Gmnx C3rm Qurmr Scrbb number of recruits required to produce the observed 
mber bhts bartholorrooci ltms dumcrM mean catch per 1,000 trapdays) for C. ruber, are sum- 

marized in Table 8.1 6. The relative abundance of recruits 

25 0 0 
is greatest in the southern and eastern parts of Pedro 

Pedrocays 112 3 
Pedro Bank Bank and lowest in the deep waters of weetern Pedro 

Eastan , 187 4 4 4 0 Bank, and California Bank and at the shallow Port Royal 
southern 257 1 7 0 14 Reefs. 
Wcstcnn 85 7 26 21 4 

CaliforniaBank 45 0 5 0 0 
DYNAMICS OF THE POPULATIONS 

The biological and population parameters estimated 

Table 8.14. Catch rates of jacks in various depth zones at Pedro Bank, expressed as numbers per 100 
linehours of fishing effort. 

Area Sill reef and shelf edge "Drop-off' Deep reef 
Depth zone (m) 10.1-20 20.1-30 30.140 40.160 60.1-100 1W250 

Effort (line-hours) 310 300 482 158 120 80 

&ram latus 2 3 10 2 1 6 46 0 
C lugubris + + 1 0 5 0 
C fusus + 0 38 0 0 0 

\ Alectis crinitus 0 1 0 + 0 0 
Seriola dumenli + 0 + 0 2 0 
S. dvoli(lm 0 0 0 + + 0 

Table 8.15. Mean catch rates of jacks in unbaited traps at the for Caranx ruber and C. latus are summarized in Table 
Port Royal Reefs (November 1969 to February 1972) expressed 8.17. 
as corrected numerical catch from 1,000 Z- or S- traps soaked The value of MIK is estimated to lie between 5.5 and 
for 1 day each. 6.3 in the case of C. ruber and reference to Beverton and 

Species Mean no. per 1,000 trapdays Holt's (1964) tables of yield functions for hshery 
assessment indicates that maximum yields will be 
attained when c (= &/L,) = 0.304.38 at rates of exploi- 

Gram mber 37 tation, E, exceeding 0.50; equivalent to mean lengths at 
C bartholomaei 3 recruitment of 15.5 to 20.0 cm FL. These are close to the 
C hippos + values which actually prevail in the Port Royal Reefs and 
C fusus + Pedro Cays fisheries. 
Selene vomer + In the case of C. Zutus, the value of MIK is about 2.5 

(but the estimate is based on a rather small sample). The 

Table 8.16. Estimated recruitment indices for Gram mber in various areas. 
- 
1r Number per Mortality Recruitment 
cm 1 , 0 0 0 ~ y s  rate index 
FL C/f Z R' 

Pedro Cays area 19.5 112 1.43 160 
Eastern Pedro Bank 22.5 187 151 282 
Southern Pedro Bank 22.5 25 7 1.5 1 388 
Western Pedro Bank 22.5 85 1.51 128 
California Bank ?16 45 1.43-2.03 644 1 
Port Royal Reefs 16.0 37 2.03 75 



yield function tabulations indicate that eumetric yields recruitment lengths of about 31 to 38 cm FL. Figure 8.4 
would be attained at rates of exploitation, E, exceeding shows that the mean recruitment length in catches from 
0.5 when c = l,/L,,, = 0.44 to 0.54, equivalent to mean unexploited stocks is about 39 cm FL. 

Table 8.17. Summary of estimated population parameters for various species of carangids. AU 
lengths are fork lengths in cm. Values given in bmkets are approximations. 

Cbranx Cbmnx Cbranx Cbranx 
ruber latus bartholomaei fums 

Mean length at maturity, 1, 24.0 3540 
Minimum length at maturity 22.5 34.5 23.0 26.0 
IrnlL, 0.46 (0.504.57) 
Asymptotic length, L, 5 2 (70) 
Coefficient of growth, K 0.24 
Minimum retainable size in 

traps (4.1 3 cm mesh) 13.1 - 11.3 16.6 
Coefficient of natural mortality, M 1.3-1.5 
M/K 5.5-6.3 (2.46) 



CHAPTER 9: 

THE BIOLOGY, ECOLOGY AND BIONOMICS 
OF THE SNAPPERS, LUTJANIDAE 

by 

R. Thompson* and J.L. M u m  

(March 1974) 

Identity 

The taxonomic features of the Lutjanidae have been 
described by Jordan and Evermann (1898), Anderson 
( 1967), Bohlke and Chaplin ( 1968) and Randall ( 1968). 

They are mostly unspecialized carnivores, distin- 
guished from the Pomadasyidae, Sparidae and "anthiid" 
Serranidae mostly by features of their dentition and 
cranial anatomy (Anderson 1967). 

Caldwell (1966) listed 6 genera and 13 species of 
snappers from Jamaican waters, all of which have been 
caught during the present study. Scientific and common 
names of these species are given in Table 9.1. Scientific 
names are after Anderson (1967) and common names 
are after Randall ( 1968) and Bohlke and Chaplin ( 1968). 

Pristipomoides andersoni (= P. nquilonaris Goode 
and Bean) has also been recorded from Jamaica (Ander- 
son 1967) but was not collected during this study. 

The morphological features of the species listed in 
Table 9.1 are described by Anderson (1 967), Bohlke and 
Chaplin (1  968), Randall (1968) and Jordan and Ever- 
mann (1896). 

Starck ( 197 1) described the color patterns exhibited 
by the shallow-water species of the genera Lutjanus and 

*A substantial portion of thii report is derived from a thesis 
submitted to the University of the West Indies by R. Thompson 
for the degree of Master of Science. The thesis was based upon 
data collected by the Fisheries Ecology Research Project up to 
May 1972. The sections on growth, sexuality, population struc- 
ture, mortality and recruitment have been prepared by J. Munro, 
and incorporate all data collected by the project between Novem- 
ber 1969 and March 1973. 

Ocyurus and considered their adaptive significance. 
Slopedwelling individuals of the genera Lutjanus, 
Prirtipomoides. Rhomboplites and Etelis are all reddish 
pink. 

Table 9.1. Scientific and common names of snappers caught in 
Jamaican waters. 

Standard 
Scientific name common names 

1. Etelis oculatus (Valenciennes) 1828 
2. Ptistipomoides macrophthalmus 

(Muller and Troschel) 1848 
3. Apsilus dentatus (Guichenot) 185 3 
4. Rhomboplites aurombens (Cuvier 

and Valenciennes) 1829 
5 .  Ocyurus chlysctms (Bloch) 1791 
6. Lutjanus mahogoni (Cuvier and 

Valenciennes) 1828 
7. Lufjonus synagris (Linnaeus) 1758 
8. Lutjanus buccanella (Cuvier and 

Valenciennes) 1828 
9. Lutjanus griseus (L.) 1758 

10. Luqanus apodus (Walbaum) 1792 
11. LuGanus jocu (Bloch and 

Schneider) 1801 
12. Lutjanus a ~ Z i s  (Cuvier and 

Valenciennes) 1828 
13. Lutjanus vivanus (Cuvier and 

Valenciennes) 1828 

Queen snapper 

voraz 1 

Black snapper 

Vermilion snapper 
Yellowtail snapper 

Mahogany snapper 
Lane snapper . 

Blackfm snapper 
Grey snapper 
Schoolmaster snapper 

Dog snapper 

Mutton snapper 

Silk snapper 

l ~ f t e r  Anderson (1967) but commonly called the Deep 
Wenchman in Jamaica. 



HYBRIDIZATION chrysurus. Another case of probable hybridization was 
reported by Jordan and Evermann (1898) who stated 

Investigations by Anderson (1967) and Rodriguez that Lutjanus lutjanoides (Poey) 1860 is possibly a 
Pino (1 96 1) indicate that Lutjanus ambiguus (Poey) hybrid of 0 .  chrysurus and Neomanis (= Lutjanus) jocu. 
1860 is possibly a hybrid of L. synagris and Ocyurus 

Distribution 

GEOGRAPHICAL DISTRIBUTION 

The Lutjanidae can be regarded as a typically tropical 
family of the Perciformes, their world-wide range largely 
coinciding with the range of reef-building corals (Dru- 
zhinin 1970). In the western Atlantic, the geographical 
range of snappers extends as far north as Massachussets 
and south to Brazil. Included in the range are Bermuda, 
the Bahamas and the Caribbear. Islands (Bohlke and 
Chaplin 1968; Randall 1968; Rivas 1970). 

Druzhinin (1970) noted that of the species listed in 
Table 9.1, only four (Etelis oculatus, Ocyurus chrysurus, 
Lutjanus apodus and L. griseus) have been recorded 
from the eastern Atlantic. The rest are confined to  the 
western Atlantic. 

These investigations involved examination of catches 
from Pedro, Morant, Albatross, Serranilla and Salmon 
Banks, Bajo Nuevo and Alice Shoal; small oceanic banks 
near Jamaica (California and Mackerel Banks); from the 
northern and southern shelves of Jamaica and from the 
Mosquito Cays area of the Nicaraguan Shelf (Figs. 2.1 
and 2.2). Most of the species listed in Table 9.1 were 
taken in all of the abovementioned areas, and it appears 
that there are few barriers to dispersal. The exceptions 
are L. synagris and L. mahogoni of which specimens 
were recorded from the Jamaican shelf and the Nicara- 
guan shelf, but were never captured at any of the oceanic 
banks. 

HABITAT AND DEPTH DISTRIBUTION 

The habitats of snappers range from inshore grass 

beds, mangrove areas, estuaries and lagoons to offshore 
reefs (Starck 1971). Rivas (1949) noted that Lutjanus 
jocu and L. apodus frequently occur in fresh water and 
Breder (quoted by Rivas 1949) reported L. griseus from 
Lake Forsyth, a body of fresh water on Andros Island, 
Bahamas. 

During this study, line and trap catches indicated that 
the distribution of most species of snappers is limited to  
the coralline shelf and deep-reef zones of the island and 
oceanic shelves. 

Ocyrus chrysurus is most abundant at depths of 20 to  
40 m near the edges of shelves and banks. L. buccanella 
is distributed over the range of depth from 40 t o  160 m. 
Apsilus dentatus is most abundant at depths of 60 to  
100 m, whereas L. vivanus is caught in greatest numbers 
from depths of 100 to 250 m. During this study, Pristi- 
pomoides macrophthalmus was caught over the depth 
range 60 to 400 m (see also Chapter 4). 

Several species have been caught on mud slopes. 
These include L. synagris, L. analis and L. buccanella at 
Cow Bay, southeast coast of Jamaica at depths of 100 to 
120 m; P. macrophthalmus at a depth of 300 m and 
Etelis oculatus at a depth of 460 m, on the slopes of the 
south Jamaica shelf. 

The depth distributions reported here agree generally 
with those reported by Rivas (1970) and Brownell and 
Rainey (1971) for snappers in the western Atlantic. 
Rivas (1970) stated that in some Lutjanus species, if not 
all, the juveniles occur in depths shallower than the 
mean and the larger adults deeper than the mean depth. 
Our observations generally tended to confirm this but 
indicated that there is no rigid relationship between size 
and the depth at which individuals are captured. 

Bionomics and Life History 

REPRODUCTION 

Gonads 

The ripe gonads of all snapper species examined were 
similar in gross morphology. The ovaries are granular in 
texture, flesh pink in color and round in cross section. 
The testes are generally light grey, creamy in texture, 
and the lobes are usually flattened and triangular in cross 
section. 

Sexuality 

The snappers are apparently all gonochoristic species 
in which the sexes are distinct, each fish being either a 
male or a female. No indications of hermaphroditism 

have been observed during this study and none were 
encountered in the literature. Length distributions of 
catches suggest that most species exhibit sexually 
dimorphic growth rates and sizes at maturity but the 
data are only conclusive in the cases of Lutjanus bucca- 
nella, L. vivanus and Apsilus dentatus (Tables 9.2, 9.3 
and 9.4). 

Maturity 

Length-frequency distributions of catches of male 
and female snappers examined during this study are 
shown in Tables 9.2 to  9.6, together with the percentages 
of mature fishes in each length group. The mean sizes at 
sexual maturity of male Lutjanus buccanella, L. vivanus 
and Apsilus dentatus are larger than those for the 



Table 9.2. Percentages of mature fishes and comparison of length- 
frequency distriiutions of catches of male and female Luqanus 
buccanena at unexploited oceanic banks 

Males Females 
Length group No. % ripe No. % ripe 

cm FL examined or spent examined or spent 
-- 

19.0-20.9 
21.0-22.9 
23.0-24.9 
25.0-26.9 
27.0-28.9 
29.0-30.9 
31.0-32.9 
33.0-34.9 
35 .O-36.9 
37.0-38.9 
39.0-40.9 
411.0-42.9 
43.0-44.9 
45.0-46.9 
47.0-48.9 
49.0-50.9 

Total 

females. This suggests a faster growth rate for males, or 
that males are maturing later than females. In the case of 
Ocyrus chrysurus, fewer ripe or  spent females were 
found in the smaller length groups (Table 9.5). although 
the modal sizes of the samples were similar. The data for 
L. apodus are incanelusive (Table 9.6). 

The estimated mean sizes of maturity are as follows: 

Lutjanws buccanella : males, 25 t o  27 cm FL; 
females, 23 t o  25 cm FL. 

L. vivanus : males, 55 to 60 cm FL; 
females 50 t o  55 cm FL. 

Apsilus dentatus : males, 43  to  45 cm FL; 
females 39 t o  41 cm FL. 

Ocyurus chrysurus : males, about 26 cm FL; 
&-males 29 t o  31 cm FL. 

L. apodus : about 25 cm FL both 
sexes. 

Data on other species of snappers are too few to  
estimate the mean size at maturity. Sizes of the smallest 
ripe or  spent individuals in the samples were as follows: 

L. jocu : female, 32.3 cm FL. 
L. sy nagris : male, 18.3 cm FL; female 

17.6 cm FL. 
Rhomboplites 

aurorubens : female, 30.8 cm FL. 
Pristipomoides 

macrophthalmus : female, 18.0 cm FL. 

Fecundity 

No fecundity estimates were made during the present 

Table 9.3. Percentages of mature fishes and comparison of length- 
frequency distributions of catches of male and female Lutjanus 
vivanus at unexploited oceanic banks 

Males Females 
Length group No. % ripe No. % ripe 

cm FL examined or spent examined or spent 

Totals 26 2 190 

Table 9.4. Percentages of matwe fishes and comparison of length- 
frequency distributions of catches of male and female Apsilus 
dehtatus at unexploited oceanic banks. 

Males Females 
Length group No. % ripe No. % ripe 

cm FL examined or spent examined or spent 

study, but previous works &ow W w r s  prodace 
large numbers of eggs. Rojas (1 960) estimated 1,355,000 
eggs from the ovary of a specimen of L. analis. Rodri- 
guez Pino (1962) estimated a range of 347,000 to  
995,000 eggs from six L. synagris from the Cuban coast, 
and Piedra (quoted by Druzhinin 1970) estimated a 
range of 100,000 t o  1,473,000 eggs in four 0. chrysurus, 
also from Cuba. 

Mating and Fertilization 

Observations made by Wicklund ( 1969) and Starck 



Table 9.5. Percentages of mature fishes and comparison of length- 
frequency distributions of catches of male and female Ocyums 
chrysums at unexploited oceanic banks. 

Males Females 
Length group No. % ripe No. % ripe 

cm FL examined or spent examined or spent 

20.0-21.9 
22.0-23.9 
24.0-25.9 
26.0-27.9 
28.0-29.9 
30.0-31.9 
32.0-33.9 
34.0-35.9 
36.0-37.9 
38.0-39.9 
40.0-41.9 
42.0-43.9 
44.0-45.9 
46.0-47.9 
48.0-49.9 
5 0.0-5 1.9 
5 2.0-5 3.9 
54.0-55.9 
56.0-57.9 

- Totals 

(1971) indicate that snappers spawn in groups. A pre- 
spawning milling behavior occurs and then eggs and 
sperm are released in the water where fertilization takes 
place. 

Spawning Seasons 

Druzhinin (1970) reported that both L. synagris and 
0. chtysums spawned in Cuban waters from March to  
September with peaks in June to  August and April t o  
May, respectively. Erdman ( 1956) reported that 0 .  
chrysums spawned in Puerto Rican waters in March. 
Starck (1971) found that L. griseus spawned at the 
Florida Cays in July and August. 

Data gathered by the present investigation up to  June 
197 1 were reported on by Munro et al. (1 973). Additional 
data gathered up to  February 1973 are included in the 
following analysis. The total number of fishes examined 
(N) is indicated for each species. 

Lutjanus buccanella (N = 1,961): Table 9.7 shows the 
monthly percentages of sexually inactive, active, ripe 
and spent fishes. Ripe fishes were taken in February-May 
and August-November, with maxima in April and 
September. 

Lutjanus vivanus (N = 494): Few additional data are 
available and the conclusions of Munro et  al. (1973) 
remain unchanged. Ripe fishes were found in March-May 
and August, September and November. 

Table 9.6. Numbers of mature male and female Lutjanus apodus 
in catches taken at unexploited oceanic banks 

Males Females 
Length group No. No. ripe No. No.ripe 

cm FL examined or spent examined or spent 

Totals 37 38 

Table 9.7. Monthly percentages of inactive, active, ripe and spent 
fishes in samples of Lutjanus buccanello. 

No. Percentage 
examined Inactive Active Ripe Spent 

January 
February 
March 
April 
May 
June 
July 
August 
Sep tem ber 
October 
November 
December 

Total 

100 0 0 0 
60 26 6 8 
79 1 5 15 
16 40 42 2 
76 12 12 0 

No data 
36 64 0 0 
82 15 3 0 
42 22 34 1 
42 12 42 4 
70 18 12 0 
78 22 0 0 

Apsilus dentatus (N = 1,229): Munro et  al. (1 973) 
reported the greatest proportions of ripe fishes were 
found in January-April and September-November. The 
few additional samples obtained subsequent to  June 
197 1 do not alter this conclusion. No data are available 
for the months of June and December. 

Ocyums chrysums (N = 986): Table 9.8 shows that 
ripe or spent fishes were found in all months of the year, 
but in the lowest proportions in the summer months and 
in November-December. It appears from the data that 
the main spawnings are in February-April and, second- 
arily, in September-October. This is at variance with 
Druzhinin's (1 970) observation that this species spawned 
in Cuban waters in March-September, with a maximum 
in April-May. No ripe fishes were ever taken at the 
shallow, nearshore Port Royal reefs where a total of 126 
fishes were examined. 

Lutjanus apodus (N = 205): Ripe and/or recently 
spent fishes were collected in FebruaryJune and August- 
November. Ripe fishes were taken both at oceanic banks 
and at the nearshore Port Royal Reefs. 



Table 9.8. Monthly percentages of inactive, active, ripe and spent 
fishes in samples of Ocyurus chrysurus 

No. Percentage 
examined Inactive Active Ripe Spent 

January 
February 
March 
A P ~  
May 
June 
J ~ Y  
August 
September 
October 
November 
December 

Total 

Lutjanus jocu (N = 30): Ripe females were collected 
in February-March and one ripe female and one spent 
male were collected in November. 

Pristipomoides macrophthalmus (N = 40): Two ripe 
females were collected in October. 

Rhomboplites aurorubens (N = 5): One active male 
was caught during May and one ripe and three active 
females during November. 

No ripe L. griseus, L. analis, L. mahogoni or Etelis 
oculatus were examined during this study. 

Spawning Grounds 

No spawning aggregations of snappers were encoun- 
tered. 

Eggs (Structure and Size) 

Specimens of P. macrophthalmus with transparent, 
fully developed eggs, were taken off the South Jamaica 
Shelf at a depth of 200 m during October 
1971. Egg diameters ranged from 0.75 mm t o  1.0 mm 
and the mean diameter was 0.8 1 mm (20 measurements). 
This was the only instance in which fully developed eggs 
were obtained, and it is possible that the final stages of 
egg maturation takes place just prior to spawning. 

PRE-ADULT PHASES 

No accounts of embryonic and early juvenile life of 
snappers were found in the literature. Munro et al. 
(1973) noted that no long-lived oceanic larval or post- 
larval phases have been reported for snappers, as have 
been reported for many other reef fish families and 

suggested that they probably have a relatively short 
planktonic larval or  post-larva life. 

Very early juvenile stages of snappers are not often 
seen but appear to  not be as secretive as hinds and 
groupers. Juveniles of Lutjanus griseus, L. apodus, L. 
synagris and Ocyurus chrysums are fairly commonly 
seen in Kingston Harbour in shallow Thalassia beds, 
around mangrove roots and among jetties and pilinp. 

Juvenile L. buccanella ranging in size from about 10 
to  22 cm FL were observed by V. Gaut (pers. comm.) 
swimming above coral reefs in 20 to  30 m at Runaway 
Bay and Peartree Bottom (North Jamaica coast) during 
September 1 970. Eighty-nine juvenile L. vivanus were 
caught aboard the UNDPIFAO Research Vessel, Alcyon, 
on a cruise off Luguillo, Puerto Rico at a depth of 40 m 
(G. Chislett, pers. comm.). The size range was 14 to 35 
cm (average 19.4 cm FL) and the average weight was 
135 g. Also, 10 L. vivanus juveniles (1 5.9 to 24.3 cm 
FL) were taken in traps in a depth of 30 m at the 
northern edge of Pedro Banks. 

These observations suggest that the juvenile deep 
water snappers usually frequent shallower water than the 
adults. 

ADULT PHASE 

There are singularly few sources of information on 
aspects of the adult phase of the life histories of Carib- 
bean species of snappers. Published data are referred to, 
where relevant, in the following pages. 

Competitors and Predators 

Barroso ( 1965) mentions the possible competition for 
food between Caranx lugubris and Lutjanus aya in 
northeast Brazil. These two species are found in the 
same habitat and have similar diets. On reefs, snappers 
must certainly compete among themselves for food and 
space. Competition with groupers (Serranidae) jacks 
(Carangidae) moray eels (Muraenidae) and grunts (Poma- 
dasyidae) probably also occurs, although the extent of 
competition is not known. 

There is no information concerning predation upon 
snappers, but species of the mqjor reef predators such as 
sharks, groupers and barracuda are probably the most 
important causes of mortality. 

Parasites 

Schroeder ( 197 1) described nine species of trematodes 
from the intestine and plyoric caeca of Lufjanusgriseus 
taken from Lower Matecumbe Key, Florida. He con- 
cluded that the habitat of the snapper is the most 
important factor in determining the nature of their 
trematode populations. Brownell and Rainey (1 97 1) 
found a tapeworm pleuroceriod larva in the viscera of L. 
vivanus and L. buccanella and noted that the degree of 
infection in snappers appeared to  be much less than in 
groupers. 



Longevity 

Alegria and de Menezes (1  970) and Rodriguez Pino 
(1962) used otoliths to  estimate ages of Lutjanus syna- 
gris up to  6 yr, from northeast Blazil and Cuba, re- 
spectively. Starck (1971) used scales t o  estimate ages of 
L. griseus up t o  9 yr from the Florida Keys. Fonteles 
Filho (1970) estimated ages up to  18 yr forL. purpureus 
from northeast Brazil. 

NUTRITION AND GROWTH 

Feeding and Food 

Longley and Hildebrand ( 1 94 1) reported that schools 
of Lutjanus griseus and L. apodus which were present on 
reefs at Tortugas, Florida, during the day, dispersed 
at dusk and went in search of food. Starck and Davis 
(1966) observed that after dark at Alligator Reef, 
Florida, L. apodus foraged individually in rocky areas on 
the reef top whereas L. griseus fed in the more open 
areas of the reef top and back reef and also frequented 
mixed rubble, grass and sand bottoms. Ocyurus chrysurus 
is semipelagic and ranges throughout the reef habitat and 
feeds actively both by day and by night. 

Randall (1967) reported that Lutjanids in the Virgin 
Islands feed primarily on crabs and fishes, with shrimps, 
lobsters, gastropods, stomatopods and octopus com- 
pleting the diet. Within a species, the larger individuals 
consumed proportionately more fishes. Juvenile 0 .  
chrysurus feed primarily on zooplankton and the adults 
upon benthic and pelagic animals. 

Brownell and Rainey (1971) found that the main 
items in the stomachs of L. buccanella taken at the 
Virgin Islands, were isopods (37.5%) and fish (33.3%), 
with shrimps, spiny lobsters, crabs, octopus and squid 
making up the rest of the diet. The stomach contents 
of L. vivanus consisted of fish (50.1%), shrimp (17.8%) 
and crabs (1 1.0%), with isopods and other invertebrate 
groups completing the diet. 

The stomachs of 18 juvenile L. griseus collected by P. 
Reeson (pers. comm.) from the Great Salt Pond on the 
south coast of Jamaica, contained 60% by volume of 
larval fish and 40% crabs and shrimp. A black snapper, 
Apsilus dentatus collected at the Morant Cays contained 
a small scyllarid lobster in its stomach. In July 1970, 
adult L. vivanus, L. buccanella and A. dentatus caught at 
the Morant Cays all had stomachs distended with an 
orange-brown pelagic tunicate. 

Growth Rates 

Relative growth patterns 

The relationships between fork lengths, standard 
lengths and total lengths of six species are summarized in 
Table 9.9. 

Table 9.9. Relationships between fork lengths (FL), standard 
lengths (SL) and total lengths (TL) of six species of snappers. 

-- 

Number of Length range 
Species and formulae measurements FL cm 

Lutjonus buccanella 
SL = -1.1 + 0.96 FL 17 20-42 
TL = 0.2 + 1.08 FL 

Lutjanus vivanus 
SL = 0.7 + 0.86 FL 47 23-52 
TL = 0.3 + 1.09 FL 

Lutjanus analis 
SL = -0.2 + 0.85 FL 13 22-45 
TL = 0.7 + 1.09 FL 

Lutjanus apodus 
SL= -1.7 + 0.898 FL 19 24-48 
TL = 0.9 + 1.04 FL 

Ocyurus chlysurus 
SL = 0.3 + 0.828 FL 23 8-5 2 
TL = -0.8 + 1.266 FL 

The relationships between fork lengths and body 
depths of Lutjanus apodus. L. synagris and Ocyurus 
chrysurus are given in Table 9.10. The average maximum 
aperture of the wire mesh used on Jamaican fish traps is 
4.13 cm. Fork lengths of 0 .  chrysurus, L. apodus and L. 
synagris at a body depth of 4.13 cm are 14.0, 14.3 and 
13.4 cm, respectively. About 50% of the fishes of these 
sizes which enter traps should be retained. 

The relationships between fork lengths and weights of 
0 .  chrysurus, L. apodus and L. synagris are given in 
Table 9.1 1. 

Maximum size 

The maximum sizes (TL) reported by Bohlke and 
Chaplin (1968) and the lengths (FL) of the largest 
snappers measured during these investigations are given 
in Table 9.12. Where conversion factors are known, the 
calculated total lengths are also given. Of the lengths 
reported here, those of Lutjanus synagris. L. apodus, L. 
buccanella, L. vivanus, and Apsilus dentatus all exceed 
the maximum sizes previously reported. 

Age and growth 

Crocker (1 962) and Starck (1 97 1) used scales to  age 
grey snappers, Lutjanus griseus, from south Florida. 
Rodriguez Pino (1962) aged L. synagris from Cuba by 
examining otoliths. Fonteles Filho (1970) and Alegria 
and de Menezes (1970), respectively, estimated the 
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Fig. 9.2. (a) Length-frequency distributions of samples of male and female Apsilus dentatus 
caught at Pedro Bank and Alice Shoal in August 1969. (b) Length-frequency distribution of 
a sample of 550 Apsilus dentatus taken at Silver and Navidad Banks in March 1968. Sexes 
not determined. 

Almost all scales of L. synagris collected from catches 
taken at the Mosquito Cays, Nicaraguan shelf, were 
regenerated (size range of 20 to 35 cm FL). 

Lutjanus mahogoni: Three fishes of six examined had 
one "annulus" on each scale, similar in appearance to 
those of L. synagris. The length range was 2 1.9 to 23.6 
cm FL (mean length 23.0 cm) and the mean scale radius 
was 5.2 mm. The mean radius of the "annulus" was 4.8 
mm and the calculated length at annulus formation was 
2 1.2 cm FL. 

BEHAVIOR 

Migrations 

Lutjanus analis, L. campechanus, L. griseus and Ocyurus 
chrysurus off the Florida coast of the Gulf of Mexico. 
Although in most instances long-term returns of marked 
fishes were few, the data indicated little movement of 
adult snappers. The exception to this was the red snapper 
L. campechanus which showed appreciable movement 
(Beaumariage and Wittich 1966) when released in depths 
greater than 15 fathoms (27 m). Moe, Beaumariage and 
Topp (1970) also reported on a red snapper which 
moved about 80 nautical miles after 6 yr of freedom. 

Data from this study indicate that juvenile Ocyurus 
chrymrus commonly occur over shallow grass flats; the 
later juveniles inhabit shallow reef areas; and the adults 
are found on deeper reefs. Starck and Davis (1966) 
consider this species to be a semi-pelagic wanderer over 
the reef habitat. 

Beaumariage (1 969) obtained returns of tagged 
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Fig. 9.3. Length-frequency distriiutiona of Ocyums chrysums captured at the Port Royal Reefs over a period 
of 28 lunar months (1969-1972). Arrows indicate modal progression of a cohort. LM = lunar month. 

Schooling 

Longley and Hildebrand ( 1941) and Starck and Davis 
(1966) have reported schools of Lutjanus apodus and L. 
griseus over reefs in Florida during the day. Small 
schools of juvenile L. buccanella were observed on the 
north Jamaica coast by V. Gaut (pers. comm.), who also 
reported schools of L. mahogoni in association with 
Haemulon plumien at Grand Cayman. Ocyurus chrysurus 
was observed in schools in varying sizes on the Port 
Royal Reefs. Large catches of the black snapper, Apsilus 
dentatus were occasionally obtained from Pedro Bank 
over a short period of time, suggesting a schooling habit 
for this species. 

Potts (1970) showed that schools of L. monostigma 
from Aldabra, Indian Ocean, did not exhibit any obvious 
response to temperature but found that current was the 
main factor that determined the orientation and position 
of the school. Potts described three types of response to 
predators, namely, a low-intensity fright response, a mild 
fright response and a strong fright response. During this 
study, when attempts were made to remove juvenile 
0 .  chrysurus from an aquarium tank, they would react 
by lying motionless on their sides at the bottom of 
the tank. It is not known if this type of behavior is 
utilized to escape predators in the usual habitat of these 
fishes. 
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Fig. 9.4. Length-frequency distribution of a sample 684 Ocyurus chrysurus caught at 
Pedro Bank in June 1967. 

Populations 
POPULATION STRUCTURES 

Sex Ratios 

The sex ratios of the species of snappers commonly 
caught on oceanic banks are close to unity in most cases, 
and variations observed appear to be related to depth 
and type of fishing gear. 

Table 9.13 shows variations of sex ratio according to 
gear and depth for Lutjanus buccanella, L. vivanus and 
Apsilus dentatus from Pedro Bank. The variation is very 
marked for L. buccanella which had a ratio of M:F = 
1:2.1 in trap catches and a ratio of M:F = 1:0.7 in 
linecaught fishes. Similarly, L. vivanus and A. dentatus 
showed a predominance of females in trap catches while 
males were relatively more numerous in line catches. 

Table 9.13. Variations of sex ratios of three species of snappers 
caught on Pedro Bank, relative to gear and depth. 

Depth 
range Total Sex ratio 

Species Gear (m) number M:F 

Lutjanus buccanella Traps 40-100 5 15 1:2.1 
Lines 40-280 142 1:0.7 

Lutjanus vivanus Traps 100-200 67 1:l.O 
Lines 80-280 386 1:0.7 

Apsilus dentatus Traps 50-100 30 1:l.O 
Lines 50-120 564 1:0.7 

Age and Length Composition 

It has not been possible to determine the ages of any 
species of snapper; consequently, there is no information 
on the age compositions of catches or of the populations. 

Figures 9.5 to  9.7 show comparisons of the gross 
length-frequency compositions of trap- and linecaught 

samples of Lutjanus buccanella, L. vivanus and Apsilus 
dentatus. Relatively greater numbers of small L. bucca- 
nella were taken in traps, usually fished in shallower 
depths, but there are no major differences in the modes 
or the length range (Fig. 9.5). In contrast, trap catches 
of L. vivanus were comprised almost entirely of small 
fishes and the largest individuals were never taken in 
traps (Fig. 9.6). There appears to  be no difference in the 
size compositions of trap and line catches of A. dentatus 
(Fig. 9.7). 

Figure 9.8 shows the size compositions of trap 
catches of Ocyurus chrysurus at the Port Royal Reefs and 
of line catches at Pedro Bank. The differences are 
probably more indicative of the migration towards 
deeper water (which appears to occur at a size of about 
20 cm FL) than an indication of the effect of intensive 
exploitation. Trap and line catches of this species from 
comparable depths showed no evidence of gear selec- 
tivity, but the small size of the trap catches at oceanic 
banks precludes any definite conclusion. Similarly, Fig. 
9.9 shows that large specimens of L. apodus were never 
taken at the Port Royal Reefs, and there is probably a 
general tendency to  move into deeper water at or before 
sexual maturity. 

The estimated mean annual length-frequency com- 
positions of catches of L. buccanella, A. dentatus and 0 .  
chrysurus are shown in Figs. 9.1 0 to  9.12 (see Chapter 3 
for methodology). The catches are all from unexploited 
parts of Pedro Bank and thus representative of the virgin 
stocks. 

Female L. buccanella are fully recruited at 28.0 to 
29.9 cm FL. The size-frequency distribution of males is 
somewhat irregular and is bimodal, at 30.0 to 31.9 and 
34.0 to 35.9 cm FL (Fig. 9.10). The males are probably 
fully recruited at about 3 1 cm FL. The mean recruitment 
length is about 28 cm FL (both sexes). 

Figure 9.1 1 shows that male A. dentatus are fully 
recruited at 48.0 to  49.9 cm FL while females are fully 
recruited at 44.0 t o  45.9 cm FL. The mean recruitment 
lengths are about 45.5 cm FL and 41.5 cm FL, re- 
spectively. 
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Fig. 9.5. Frequency polygons of Lutjanus buccanella caught on 
Pedro Bank. (A) Traps fished at 40 to 100 m. Males: N = 165; 
Females: N = 350; Total: N = 620. (B) Lines fuhed at depths of 
40 to 280 m. Males: N = 143; Females: N = 99; Total: N = 259. 
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Fig. 9.7. Frequency polygons of Apsilus dentatus caught at 
oceanic banks. (A) Traps fished at 40 to 100 m. Males: N = 15; 
Females: N = 15; Total: N = 30. (B) Lines fished at 60 to  100 m. 
Males: N = 322; Females: N = 242; Total: N = 802. 
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Fig. 9.8. Length-frequency distributions of Ocyurus chrysurus 
captured (a) in traps at the Port Royal Reefs and (b) on lines at 
Pedro Bank. 

Fig. 9.6. Frequency polygons of Lutjanus vivanus caught at oce- 
anic banks. (A) Traps fished at 100 to 160 m. Males: N = 34; 
Females: N = 33; Total: N = 77. (B) Lines fished at 80 to 200 m. 
Males: N = 230; Females: N = 156; Total: N = 386. 
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Fig. 9.9. Comparison of length-frequency distribution of trap 
catches of Lutjanus apodus at the Port Royal Reefs (broken h e )  
and trap and h e  catches at Pedro Bank (solid h e ) .  
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Fig. 9.10. Estimated mean annual length-frequency distniutions 
of lime catches of male (m) and female (f) Lutjclnus buccanella at 
unexploited parts of Pedro Bank. 
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Fig. 9.1 1. Estimated mean annual length-frequency distributions 
of line catches of male (m) and female (f) Apsilus dentatus at un- 
exploited parts of Pedro Bank. 

Fig. 9.13. Gross length-frequency distributions of samples of 
male and female Lufjanus vivanus taken on lines at unexploited 
parts of Pedro Bank. 

Table 9.14 summarizes the data on the size compo- 
sition of the less commonly caught species. Three L. 
jocu collected from Pedro Bank had fork lengths of 
72.3, 65.5 and 32.5 cm. The average length of this 
species at the Port Royal Reefs was 30 cm. Three Etelis 
oculatus measured 24.3,30.7 and 50.0 cm FL. 

MORTALITY AND MORBIDITY 

Fork length (cm)  

Fig. 9.12. Estimated mean annual length-frequency distributions 
of lime catches of Ocyurus chrysurus at unexploited parts of 
Pedro Bank. 

Figure 9.12 shows that 0. chrysurus (males and fe- 
males) are fully recruited at 32.0 to  33.9 cm FL. The 
mean recruitment length is 3 1.0 cm FL. 

The samples of 288 male and 191 female L. vivanus 
taken on lines at Pedro Bank showed rather irregular, 
polymodal, gross length frequency distributions (Fig. 
9.13). The distributions appear to have been strongly 
influenced by hook selection factors, but the species 
appears t o  be fully recruited to  the smallest hook size 
(Mustad 510 straight and circle hooks) used in the deep  
reef zone at 28.0 to 3 1.9 cm FL. 

Factors Causing or Affecting Mortality 

There is no direct evidence concerning the causes of 
mortality in adolescent or adult snappers. They pre- 
sumably fall prey to sharks, groupers and barracuda. 
No very heavy infestations of parasites have been noted. 
In nearshore Jamaican waters, line and trap fishing and 
beach seines take a heavy toll of adolescents and small 
adults. A fairly intensive hand-line fishery is conducted 
along the margins of the island shelf. 

Mortality Rates 

Catch rates of snappers in areas presently subjected to  
exploitation were usually negligible and consequently 
did not provide samples of sufficient size to enable mor- 
taiity estimates to  be made. 

There are no data on the age composition of catches 
from Pedro Bank or elsewhere, and mortality rates of 
the commonest species have been derived from length- 
frequency distributions (see Chapter 3 for details). 

Table 9.14. Size composition of the less abundant snapper species caught in Jamaican waters. All lengths are FL in cm and C indi- 
cates that data for the sexes are combined. 

Species Area Gear 

Lutjanus mahogonf Port Royal Reefs 
L. gnkeus Port Royal Reefs 
L. jocu Port Royal Reefs 
L. onolis Port Royal Reefs 
L. synagris Port Royal Reefs 

Mosquito Cays 
Ristipomoides macrophthalmus Pedro Bank 

Traps 
Traps 
Traps 
Traps 
Traps 
Traps 
Lines 

Sex 
No. of 

measurements Smallest Largest Average 



Table 9.15. Relative abundances of successive length groups of 
fully recruited male and female Lurjonus buccanelh in 60 to 
250 m at unexploited parts of Pedro Bank and computations of 
mortality rates. 

Table 9.16. Relative abundances of successive length groups of 
fully recruited male and female Apsilus dentatus in 45 to 100 m 
at unexploited parts of Pedro Bank and computations of mor- 
tality rates. 

Males Females 
% % 

Length group frequency Relative frequency Relative 
(FL, cm) in catch abundance in catch abundance 

Males Females 
% % 

Length group frequency Relative frequency Relative 
(FL, cm) in catch abundance in catch abundance 

28.0-29.9 
30.0-3 1.9 
32.0-33.9 
34.0-35.9 
36.0-37.9 
38.0-39.9 
40.0-4 1.9 
42.0-43.9 
44.0-45.9 
46.0-47.9 
48.0-49.9 
50.0-5 1.9 
52.0-53.9 
54.0-55.9 

Mean length 
of recruited 
stock 

44.0-44.9 
45 .O-45.9 
46.0-46.9 
47.0-47.9 
48.0-48.9 
49.0-49.9 
50.0-50.9 
51.0-51.9 
52.0-52.9 
53.0-53.9 
54.0-54.9 
55.0-55.9 
56.0-56.9 
57.0-57.9 

Mean length 
of recruited 
stock 

Tables 9.1 5 to 9.1 7 show the relative rates of decline 
in abundance of successive length groups in catches of 
Lutjanus buccanella, Apsilus dentatus and Ocyurus chly-  
sums from unexploited parts of Pedro Bank, together 
with calculations of values of M/K and M. The estimated 
values of M/K are high in all cases and the estimates of 
M correspondingly high. 

population density of any of the species of snappers. 
Relative abundance can be expressed in terms of catch 
rates on lines or in traps, and the available data are sum- 
marized in Tables 9.18 to 9.20. 

The trap-catch rates are very low and represent insig- 
nificant proportions of the total catch in all areas. How- 
ever, the relative catchability of snappers on lines appear 
to  be much greater and lutjanids predominate in line 
catches in most depth zones (see also Chapter 4). 

On the sill reefs and shelf areas, including the Port 
Royal Reefs, the trapcatch rates of Ocyurus chrysurus 

ABUNDANCE AND DENSITY 

and Lutjanus apodus far exceed those of all other 
lutjanids (Tables 9.19 and 9.20). Catches of L. bucca- 
nella in traps on the sill reefs and shelf-edges are some- 
times numerically fairly large (Table 9.18), but com- 

Catches of lutjanids in all the areas investigated 
were too sparse or too sporadic to show any consistent 
seasonal variations in availability to the fishing gears; but 
as a general case, it appears that availability might be 
reduced in the mid-summer months. prised entirely small, immature fishes. 

Catch rates of L. vivanus, L. buccanella and A. 
dentatus on hook and line in the deep-reef zones (61 to 
250 m) are relatively great (Table 9.19), but the actual Relative Abundance 
extent of the deep-reef habitat is very small compared to 
the shelf areas. There is no information on the absolute abundance or 



Table 9.17. Relative abundances of successive length groups of 
fully recruited Ocyums chrysums in 10 to 60 m at unexploited 
parts of Pedro Bank and computation of the mortality rate. 

Table 9.18. Catch rates of snappers in baited traps at Pedro Bank 
and California Bank, expressed as numbers per 1,000 hexagonal 
trapdays. 

Length group % frequency Relative 
(FL, cm) in catch abundance 

Numbers per 1,000 trapday d 
Ocyums Lutjanus Lurjanus Lutjanus 
chrysums buccanella apodus jocu 

Mean length of 
recruited stock 

NATALlTY AND RECRUITMENT 

Some species (Ocyurus chlymrus, Lutjanus griseus, L. 
apodus and L. ~ynagris) are known to spend most of 
their juvenile lives in shallow mangrove and grass flat 
areas (Starck 197 1 and personal observations) and are 
not recruited to the reef fisheries until a size of 12 to 20 

Pedro Cays area 10 0 0 0 
Pedro Bank 

Eastern 0 24 16 0 
Southern 14 0 7 0 
Western 20 10 45 3 

California Bank 0 0 3 0 

cm FL is reached. Minimum sizes of 0 .  chlymrus, 
L. synagnk, L. apodus, L. jocu and L. mahogoni caught 
on the Port Royal Reefs were 12, 16,13,16 and 18 cm 
FL, respectively. 0 .  chlymrus and L. apodus were fully 
recruited to the Port Royal trap fishery at fork lengths 
of 19 and 2 1 cm, respectively. 

Juveniles of slopedwelling species (L. buccanella, L. 
vivanus and Apsilus dentatus) are recruited to the 
Jamaican trap fishery at sizes of 20, 20 and 28 cm FL, 
respectively. However, as they move down the slope 
with increasing size to depths at which traps are not 
normally set, their recruitment is temporary. Never- 
theless, it is likely that the trap fishery conducted along 
the sill reefs and edges of the Jamaican shelf takes a 
heavy toll of potential recruits to the line fishery for the 
mature stocks. 

These data are unsuitable for estimation of recruit- 
ment indices to  the fishery or of relative rates of recruit- 
ment to different areas. 

DYNAMICS OF THE POPULATIONS 

The biological and population parameters estimated 
for the species of lutjanids are summarized in Tables 

Table 9.19. Catch rates of snappers in various depth zones at Pedro Bank expressed as numbers per 100 line-hours of fishing effort. 

Area Si reef and shelf edge "Drop-off' Deep reef 
Depth zone 10.1-20 m 20.1-30 m 30.1-40 m 40.160 m 61-100 m 101-250 m 

Effort (line-hours) 310 300 482 158 120 80 

Lutjanus buccanella 
L. vivanus 
L. apodus 
L. analis 
L. griseus 
Apsilus dentatus 
Ocyums chrysums 
Rhomboplites aurorubens 
Ph'stipomoides macropthalmus 
Etelis ocuhtus 



Table 9.20. Mean catch rates of snappers in unbaited traps at 
the Port Royal Reefs (November 1969 to February 1972) ex- 
pressed as corrected numerical catch from 1,000 traps soaked 
for 1 day each. 

Mean no. 
per 1,000 trapdays 

Lutjanus mahogoni 3.5 
L. synagris 7.1 
L. analis + 
L. jocu 3.5 
L. apodus 17.7 
L. gn'seus 0.9 
Ocyums chrysurus 20.3 

9.2 1 and 9.22. The estimated values of M/K lie between 
2.5 and 3.2, except in the case of female Lutjanus 
buccanella where M/K is estimated to  be 5.2. Reference 
to  Beverton and Holt's ('1964) tables of yield functions 

show that for most species the value of c (= I r / L d  
which gives the greatest yield per recruit lies between c 
= 0.38 and c = 0.52 when the rate of exploitation is in 
the range 0.50 to  0.90. 

It appears that ecological or behavioral factors (e.g., 
intraspecific aggression and competition for baited 
hooks) largely determine the mean recruitment length in 
the presently unexploited Pedro Bank stocks and that if 
these stocks were exploited, the "full retention size" (Ic) 
would decrease with increasing rates of exploitation 
to  a point where real gearselection factors (mesh size 
relative to body depth and hook size relative to  the size 
of the mouth) determined the lower limit of the size at 
recruitment. 

The stocks of 0. chrysurus at the nearshore Port 
Royal Reefs are probably heavily exploited, as the ratio 
l r /L ,  is only 0.30; a value which would only approxi- 
mate to  that giving the eumetric yield if the rate of 
exploitation was 0.20. The actual rate of exploitation is 
unknown, but undoubtedly exceeds 0.20. It is very 
likely that the same situation prevails among all other 
species of snappers inhabiting the nearshore reefs. 

Table 9.21. Summary of estimated biological parameters of species of lutjanids in Jamaican waters. Values given in brackets are approxi- 
mations. 

L, w, lm 
cm, FL &' K M M/K cm, FL lm/L 

Lutjanus buccanella males 
females 

L. vivanus males 
females 

Apsilus dentatus males 
females 

Ocyums chrysunrs males 
females 

Lutjanus apodus males & 
females 

Table 9.22. Sizes of snappers at fist, mean and full recruitment to various fishing gears at Pedro Bank and the Port Royal Reefs. Values 
marked with an asterisk are calculated values, all others are observed. Asymptotic lengths of Lutjanus vivanus and L. apodus are approx- 
imations based on known maximum sizes. 

Lutjanus buccanena Pedro Bank 60-250 m 5/0-6/0 hooks M 
F  

L. vivanus Pedro Bank 60-250 m 5/C-6/0 hooks M & F  
Apsilus dentatus Pedro Bank 60-100 5/0-6/0 hooks M 

F  
Ocyurus chrysums Pedro Bank 10-45 m 310-410 hooks M & F  

Port Royal Reefs 7-15 m traps-4.13 cm mesh M & F  
Lutjanus apodus Pedro Bank 10-45 m 310 and 410 hooks M  & F  

Port Royal Reefs 7-15 m traps-4.1 3 cm mesh M  & F  



Distribution of Life Stages join the adult schools. The  adults of most species of 

pomadasyid egB and larvae are probably pelagic, Haemulon and Anisotremus are typically found school- 

their dispersal being dependent upon the direction and ing on  coral reefs by day and feeding in adjacent areas 
speed of flow of currents in the area. Settlement takes by night. Table 10.3 gives the characteristic diurnal and 

place in shallow water, and the young of  many species habitats (Starck and Davis 1966; Randall 

school on  nursery grounds, such as shallow back-reef 1968) of the adults of the 16 western ~ t l a n t i c  poma- 

areas or  grass beds, until reaching maturity when they dasyid 'pecies. 

Table 10.3. Characteristic diurnal and nocturnal habitats of the adults of pomadasyid species that occur on Caribbean c o d  
reefs (from Starck and Davis 1966; Randall 1968; and underwater observations made during this study). 

Species Diurnal habitat Nocturnal habitat 

H. sciurus Schooling shallow among Acropora palmata, commonly about 
7 m on sea-ward side of reef crest; round coral stacks and 
patch reefs; sill reef. 

Sand and rubble, grass or rocky sub- 
strate; among alcyonarians and sponges; 
found deeper on reef than by day. 

H. melanurum 

H. steindachneri 

Probably feeding over reef flats. Schooling near c o d  outcrops. 

C o d ,  sand or rocky substrate, also sometimes over mud, 
extending from shallow inshore waters down to 60 m or more. 

Schooling in open areas of rubble and rock near coral stacks, 
extending from shore to edge of deep water. 

Sandy bottom near schooling areas 

Schooling close to coral, especially A. palmata and A. cervi- Sandy back-reef areas. 
comis, from reef crest to sill reef; schools commo@y shallow, 
from 1 to 10 m. 

H. carbonarium Schooling shallow under A. palmata, and other corals with 
strong relief; observed near to beds of brown algae close to 
shore. Reported to enter tidal creeks. 

Feeding over areas of rock and rubble 
or c o d .  

H. album Young adults school in rocky areas near alcyonarians and 
sponges. Large adults do not school, but swim over sandy 
and mixed bottoms 

Feeding over sand flats and mixed 
bottoms (cods, alcyonarians, sponges). 

H. bonariense 

H. macrostomum 

H. plumieri 

Silty bottom near reef base and mixed c o d  zone, also rocky 
areas; sometimes enter mangroves. 

Robably feeding on adjacent grass or 
mud flats. 

Schooling on reef tops; or solitary in caves and under ledges. Dispersed over areas adjacent to reef, 
including mud flats. 

From reef crest to sill reef and top of drop off, often solitary 
or in small groups Schools near gorgonians and sponges, also 
over flat rocky bottom. 

Grass flats and rubble. 

H. aurolineatum 

H. chrysargyreum 

Reef crest to sill reef, schooling near coral, or in small groups 
among, e.g., A. cervicornis. 

Sandy back reef areas, also down to 
45 m on muddy bottom. 

Reef crest, particularly seaward side, schooling among A. pal- 
mata and A. cervicomis; also inshore rocky areas. 

Back-reef zone, also shallow rocky 
bottom with gorgonians and scattered 
A. palmata. 

H. striaturn 

H. boschmae 

A. virginicus 

A. surinamensis 

Schooling on drop-off slope in 20 to 30 m, active schools 
above Agaricin and Monastrea sp. 

Robably similar to daytime habitat. 

Deep water down to 100 m, but common shallow near rocks 
and coral. often close to shore. 

C o d  stacks and rocky areas, also A. cervicomis; reported 
near mangroves 

Rubble with alcyonarians. 

Feeding in rocky areas. Schooling on sloping rocky shores, near c o d  stacks, in caves, 
or frequently solitary; from 10 m to sill reef and drop-off slope. 



113 

Bionomics and Life History 

REPRODUCTION 

Gonads 

The gonads of pomadasyids are paired elongate organs 
lying against the dorsal wall of the body cavity adjacent 
to  the swim bladder. From an early age, testis and ovary 
are readily distinguishable macroscopically, the testis 
being angular in crosssection and opaque, while the 
ovary is rounded and more translucent. As they mature, 
the testis turns white and the ovary pink-brown. Before 
ovulation, the ripe eggs are spherical, with a diameter of 
about 0.5 mm (measured for H. plumieri, H. aurolinea- 
rum and H. bonariense), opaque, colored white, yellow 
or pink, and negatively buoyant in water. 

Ripe ovaries of most species were frequently found to 
contain eggs of two distinct size ranges: large ripe ova 
ready for ovulation and minute resting stages, which 
would probably develop into ova in a subsequent breed- 
ing season. This suggests that two or more spawning 
seasons may occur each year for some species, while 
others may spawn more or less continuously throughout 
the year. Ripe ovaries were collected from several 
species, and Table 10.9 gives the ovary weights of five 
species together with ovary weight as a percentage of the 
total body weight. 

Sexuality 

Body shape and coloration are identical in the males 
and females of all the pomadasyid species studied, but 
there is evidence of sexual dimorphism in the growth 
rates of some species in which the males have been 
found to  be larger than the females. 

There is no  evidence to suggest either hermaphro- 
ditism or sex reversal in any of the species studied. 

Maturity 

cm FL and that full maturity is probably at about 22 cm 
FL. 

H. album (Table 10.7) becomes fully mature at 26.0 
to 27.9 cm FL. The mean size at maturity is about 24 
cm FL. 

The lengths and weights of the smallest ripe males 
and females of 13 species recorded during the investiga- 
tions are given in Table 10.8. With the exception of H. 
aurolineatum and H. flavolineatum, the lengths at first 
maturity of all species are much greater than the length 
at first recruitment to traps with 4.13 cm mesh (see 
Table 10.30). At high rates of exploitation, most poma- 
dasyids will be captured by the fishery before attaining 
maturity. 

Table 10.4. Percentages of mature fishes and comparison of  
length-frequency distributions of  male and female Haemulon 
plumieri in Jamaican waters. Percentages in brackets are based 
on samples of fewer than 20 fishes. 

Males Females 
Length group No. % ripe or No. % ripe or 

cm FL examined spent examined spent 

Totals 888 1,339 

Tables 10.4 to 10.7 show the proportions of ripe 
male and female Haemulon plumieri, H. flavolineatum, 
H. sciurus and H. album found in successive length 
groups. 

H. plumieri males appear to be fully mature at 24.0 
to 25.9 cm FL and the mean size at maturity, lm, is 
about 20 cm FL. Females appear to  become mature at a 
slightly larger size (26.0 to 27.9 cm FL) and the mean 
size at maturity is about 22 cm FL (Table 10.4). 

A substantial proportion of the smallest length groups 
of H. flavolineatum captured were mature and it is likely 
that individuals might often mature at lengths of 12 cm 
FL or less (Table 10.5). The proportion of mature fishes 
reached a maximum within the 17 to 19 cm FL range 
and it is likely that the mean size at maturity is around 
15.5 cm FL. 

The sample of H. sciurus was rather small (Table 
10.6), but it appears that few fishes maturt before 18 

Fecundity 

Fecundity, defined as the number of eggs spawned by 
a female in a single breeding season, can be estimated by 
counting the number of eggs in a ripe ovary prior to 
spawning. Estimation of annual fecundity is difficult for 
tropical fish species since many have more than one 
breeding season and some breed continuously through- 
out the year (Bagenal, in Ricker 1968). Fecundity is 
proportional to the sue  of the fish, and from a series of 
egg counts, the fecundity coefficient for a species can be 
calculated. 

The relationship of fecundity (e) to weight (w) is 
linear (Bagenal, in Ricker 1968) and is represented by 
the equation 

where b is the fecundity coefficient and a is a constant. 



Table 105. Percentages of mature fiehes and comparison of 
length-frequency distniutions of male and female Haernulon 
flavolineaturn in Jamaican waters. Percentages in brackets are 
based on samples of fewer than 20 fisha. 

Males Females 
Length group No. %ripe or No. %ripe or 

cm FL examined spent examined spent 

Totals 319 333 

Table 10.6. Percentages of mature fishes and comparison of 
length-frequency distnibutions of male and female Haernulon 
sciurus in Jamaican waters. Percentages in brackets are 
based on samples of fewer than 20 fishes. 

Males . Females 
Length group No. %ripe or No. %ripe or 

cm FL examined spent examined spent 

Total 175 155 

Fecundity estimates were made for seven pomadasyid 
species but calculation of the fecundity coefficient was 
only possible for H. plumien and H. album. Fig. 10.1 
shows fecundity estimates plotted against weight for H. 
plumien and the slope of the line represents the fecund- 
ity coefficient, or the increase in number of eggs per 
gram of body weight. The fecundity coefficient was 
calculated to be b = 607 and the y axis intercept a = 
-93,000 therefore, for H. plumien, e = 607 w - 93,000. 

From Fig. 10.1 it can be seen that fishes of a similar 
size showed wide variations in fecundity, and this may 
partly be explained by the suggestion that ripe ova are 
spawned in batches. 

Although only six fecundity estimates were made for 
H. album, when fecundity was plotted against weight, 
the distribution of points was such that a straight line 
could be approximated; and a rough estimate of the 

Table 10.7. Percentages of mature fishes and comparison of 
length-frequency distnibutions of male and female Haernulon 
album in Jamaican waters. Percentages in brackets are based on 
samples of fewer than 20 fishes. 

Males Females 
Length group No. %ripe or No. %ripe or 

cm FL examined spent examined spent 

20.0-21.9 
22.0-23.9 
24.0-25.9 
26.0-27.9 
28.0-29.9 
30.0-31.9 
32.0-33.9 
34.0-35.9 
36.0-37.9 
38.0-39.9 
40.0-41.9 
42.0-43.9 
44.0-45.9 
46.0-47.9 
48.0-49.9 
50.0-51.9 

Total 

Table 10.8. Length and weight of smallest ripe males and females 
of 13 pomadasyid species caught by the Project in traps (4.13 cm 
mesh width) and on lines. 

Male Female 
Length Weight Length Weight 

Species (an) (.) (an) (€9 
-- 

H. plurnieti 
H. sciurus 
H. fivolineaturn 
H. aurolineaturn 
H. bonariense 
H. rnacrostornurn 
H. carbonariurn 
H. album 
H. melanurum 
H. chrysargyreurn 
H. striaturn 
A. virginicus 
A. surinarnensis 

fecundity coefficient was b = 220 and the y-axis intercept 
was zero: therefore, for H. album, e = 220 w. 

For the samples of the other species studied (with the 
exception of H. chrysargyreum of which only one 
individual was studied), the mean fecundity values 
were calculated and are given in Table 10.10. For all 
seven species, the highest fecundity values observed in 
the samples are listed in Table 10.1 1. 



Fig. 10.1. H. plumieri: relationship of fecundity (e) t o  weight 
(w) in g. Slope of the Line = 607; Y axis intercept =-93,000; 
therefore, e = 607 w - 93,000. 

Table 10.9. Mean ripe ovary weight as a percentage of mean 
body weight of five pomadasyid species. 

Mean Mean 
Sample body ovary Mean% 

size weight weight body 
Species (n) (g) k) weight 

H. plumieri 
158-250 g 12 209 3.96 1.82 
251-388 g 13 326 10.20 2.88 

H. album 8 1,764 44.40 2.57 
H. flovolineatum 4 114 3.15 2.72 
H. aurolineatum 7 9 1 3.73 4.07 
H. sciurus 6 283 4.29 1.27 

Mating and Fertilization 

There are no records of mating behavior having been 
observed in any pomadasyids. However, Moe (1966) 
observed aggregations of H. plumieri in spawning condi- 
tion in a shallow area of patch reefs off Florida, and it 
seems likely that several species collect in large numbers 
on spawning grounds in the breeding season. Probably, 
pairing of males and females does not take place and 
fertilization occurs externally when eggs and sperms are 
liberated into the water simultaneously. 

Spawning Seasons 

Observations on the spawning seasons of Caribbean 
reef fishes collected up t o  June 1972 were reported by 
Munro et al. (1973) and additional data collected up t o  
March 1973 are included here. Tables 10.12 t o  10.16 
show monthly variations in the proportions of inactive, 

Table 10.10. Mean fecundity of samples of four pomadasyid 
species. 

Mean Mean 
Sample length weight 

size of sample of sample Fecundity 
Species (n) (cm) (g) of sample 

H. flavolineatum 9 16.9 109 31,000 
H. aurolineatum 13 15.4 69 30,000 
H. sciurus 3 24.2 28 3 32,000 
H. bonariense 4 19.2 116 22,000 

Table. 10.11. Greatest fecundities observed in specimens of 
seven pomadasyid species; also length, weight and ovary weight 
of the individuals. 

Ovary Number 
Length Weight weight of 

Species (cm) k) k) eggs 

H. flovolineatum 
H. aurolineatum 
H. sciurus 
H. bonariense 
H. chrysargyreum 
H. plumieri 
H. album 

Table 10.12. Monthly percentages of inactive (I), active (A), 
ripe (R) and spent (S) gonads in samples of mature Haemulon 
plumieri in Jamaican waters. 

Number Percentage 
Month examined 1 A R S 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total 2,267 

active, ripe and spent fishes recorded for five species, 
and Table 10.1 7 gives data for a further seven species. 
For all species, data collected from all localities between 
September 1967 and March 1973 have been combined 
on a monthly or bimonthly basis. 



Table 10.1 3. Bimonthly percentages of inactive (I), active (A), 
ripe (R) and spent (S) gonads in samples of mature Haemulon 
sciurus in Jamaican waters. 

Table 10.16. Bimonthly percentages of inactive (I), active (A), 
ripe (R) and spent (S) gonads in samples of mature Haemulon 
aurolineatum in Jamaican waters. 

Number Percentage 
Months examined I A R  S 

Number Percentage 
Months examined I A R  S 

January-February 67 8 58 30 5 
March-April 45 31 44 20 4 
May-June 38 74 21 3 3 
July-August 56 55 30 0 14 
September-October 61  77 15 2 7 
November-December 67 36 51 10 3 

Total 3 34 

Table 10.14. Monthly percentages of inactive (I), active (A), ripe 
(R) and spent (S) gonads in samples of mature Haemulon flovo- 
lineatum in Jamaican waters. 

Number Percentage 
Month examined I A R S 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total 1,107 

Table 10.15. Bimonthly percentages of inactive (I). active (A), 
ripe (R) and spent (S) gonads in samples of mature Haemulon 
album in Jamaican waters. 

Number Percentage 
Months examined I A R S 

January-February 157 5 33 59 3 
March-April 38 3 40 42 16 
May-June 110 57 29 11 3 
July-August 29 31 59 10 0 
September-October 5 9 32 12 46 10 
Novem ber-December 43 61  26 12 2 

Total 436 

January-February 74 5 0  15 35 0 
March-April 3 1 19 48 29 3 
May-June 72 56 11 32 1 
July-August 29 21 55 21 3 
September-October 63 91 6 3 0 
Novembe~December 78 74 10 15 0 

Total 347 

and December. The lowest proportions of inactive 
gonads were observed in April, and over 71% of the 
gonads observed in September were inactive. 

Moe (1966) reported dense aggregations of H. plu- 
mien in reef areas off the west coast of Florida in May 
1963, and the females were distended with roe. In June, 
he reported some ripe females and many that were 
spent, and by July no ripe females were present. In 
Puerto Rico, Erdman (1956) reported ripe H. plumieri in 
March. However, Cervigon (1966) found no ripe H. 
plumieri in Venezuelan waters between February and 
May 196 1, which is contrary to  all other observations, 
and the difference may be due to  location. 

Haemulon sciurus (Table 10.13) n = 334: This species 
showed most breeding activity from November through 
April, with the lowest proportions of inactive fishes in 
January and February. 

Haemulon flavolineatum (Table 10.14) n = 1,107: 
High proportions of ripe and active gonads were 
observed in all months except November, and it appears 
that breeding of this species probably is continuous at a 
low level throughout the year. No spent fishes were ever 
observed. Juveniles and young have been seen at most 
times of year in Jamaican waters. 

Haemulon album (Table 10.15) n = 436: The main 
breeding season of this species is probably from January 
through April, with another minor peak in September- 
October. 

In February 1970, catches of H. album from S.E. 
Pedro Bank and Albatross Bank were comprised almost 
entirely of ripe- fishes, whereas catches from Salmon 
Bank were 70% active and only 30% ripe, indicating that 
spawning is not necessarily synchronous in different 
localities. 

Haemulon plumieri (Table 10.12) n = 2,267: The 
greatest proportions of ripe fishes were found in January 
through April, with a possible subsidiary peak in Octo- 
ber-November, and a minimum of activity in June-July 

Haemulon aurolineatum (Table 10.1 6) n = 347: Most 
ripe fishes were observed between January and June and 
th& greatest proportions of inactive fishes were observed 
in September-December. In Puerto Rico, Erdman (1956) 



Table 10.17. Monthly summary of gonad data for seven pomadasyid species collected between September 1967 and March 1973, com- 
bined for al l  localities Gonad stages represented by: I-Inactive; A-Active; R-Ripe; S-Spent. 

Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

H. bonariense I 
n = 136 A 

R 
S 

H. melanumm I 
n = 260 A 

R 
S 

H macrostomum 1 
n =  73 A 

R 
S 

H. carbonarium 1 
n=19  A 

R 
S 

H. striatum 1 
n =  15 A 

R 
A. virginicus 1 

n =  108 A 
R 
S 

A. surinamensis 1 
n =  29 A 

R 
S 

reported ripe specimens in March and Cervigon (1966) 
stated that this species reproduced throughout most of 
the year in Venezuelan waters, with a peak in July. In 
Jamaican waters, juveniles and young were observed at 
most times of the year. 

Haemulon bonariense (Table 10.17) n = 136: Ripe 
fishes were recorded from January through April and 
from July through October, with peaks in February and 
July. 

Haemulon melanurum (Table 10.1 7) n = 260: This 
species showed a high proportion of ripe fishes in 
February and April, and 50% were ripe in September 
and October. The data are fragmentary but suggest a 
pattern similar to that shown by H. plumieri. 

Haemulon macrostomum (Table 10.1 7) n = 73: At 
the Port Royal reefs, ripe fishes were taken in April, 
June, July and August. Erdman (1 956) observed this 
species in breeding condition during June and July 
in Puerto Rican waters. 

Haemulon carbonarium (Table 10.1 7 )  n = 19: Data 
were sparse, but two ripe fishes were recorded, one in 
February the other in May. 

Haemulon striatum (Table 10.17) n = 15: Two ripe 
fishes were taken in March, off the north coast of 
Jamaica. 

Haemulon chrysargyreum n = 4: Four individuals 
were taken and all were ripe. Three were caught in 
March and one in December. 

Haemulon parrai n = 4: Three individuals taken in 
July, November and December were all inactive, and one 
taken in July was a spent male. In Venezuela, Cervigon 
(1966) observed this species to  be inactive in May. He 
recorded one ripe female in March. 

Haemulon steindachneri: This species was not found 
by the project in Jamaican waters, but in Venezuela, 
Cervigon (1 966) recorded inactive and ripe fishes in June 
196 1, and active fishes in December 1962. 

Anisotremus virginicus (Table 10.1 7) n = 108: A high 
proportion of inactive fishes was found at all times of 
year. Two ripe females were found in May, but no ripe 
males were found at any time. It seems probably that 
this species moves away from the Port Royal Reefs 
t o  spawn. 



Anisotremus surinamensis (Table 10.17) n = 29: Ripe 
fishes were found in April, May, August and November. 
Cervigon (1 966) reported many active and ripe individ- 
uals during December 1960, in Venezuelan waters. 

With the exception of H. flavolineatum, the peak 
breeding season for most pomadasyid species appears to  
be between January and April, though some species 
(e.g., H. plumieri, H. album and H. sciurus) may also 
show a minor peak in September-November. A few ripe 
individuals of most species were found throughout the 
year. Samples taken at the Port Royal Reefs and offshore 
banks aU followed this basic pattern. 

For several species, a higher proportion of ripe fishes 
was recorded in 1970 than in 197 1, and in 1972 higher 
than in 197 1. This suggests that varying proportions of 
the population may breed each year, or that movements 
of the spawning population might vary from year to  
year. 

It is not known how many times the females of any 
pomadasyid species spawn in one year. However, the 
fact that there is a definite peak spawning season for 
several species suggests that the majority of the females 
of  these species spawn once a year. Some species show a 
minor secondary spawning peak. Several show a low 
level of spawning activity throughout the year, and for 
these species it seems likely that spawning occurs more 
than once a year. Gonad studies showed that ripe ovaries 
of some species frequently contained minute resting eggs 
as well as the ripe ova. This suggests that a second 
spawning might be a common occurrence. 

Factors Affecting Spawning 

The surface water temperature off the Jamaican 
south coast varies from about 26 .5 '~  in March to 
2 9 . 5 ' ~  in September, October and November (Beers, 
Stevens and Lewis 1968), and Munro et al. (1973) 
suggested that spawning was initiated when the water 
temperature dropped to  2 8 ' ~ .  The peak of spawning 
activity was attained when temperature was at a mini- 
mum, and from June to  December when water temper- 
ature exceeded 2 8 ' ~ ,  few fishes were found in breeding 
condition. 

Beers et al. (1968) found that peaks in primary 
production occurred in May or  June with a minor bloom 
in October or  November. Therefore, reef-fish spawning 
peaks apparently precede blooms in plankton produc- 
tivity. 

not all the eggs were spawning simultaneously, but in 
batches over a period of time. 

The spawn of H. sciurus measured 0.92 t o  0.93 mm 
or nearly twice the diameter of the pre-ovulatory eggs. 
The spawn was spherical, transparent, non-adhesive, with 
a slight negative buoyancy in sea water. Each egg con- 
tained one oil droplet floating uppermost measuring 
about 0.18 mm in diameter. 

The spawn of H. plumieri was approximately 1.0 mm 
in diameter. Many of the eggs were distorted and flaccid; 
possibly, these had remained in the ovary lumen after a 
recent spawning. 

PRE-ADULT PHASE 

Planktonic Phase 

The transparency of pomadasyid spawn suggests that 
the eggs are pelagic (Breder 1962), but there are no 
records of pomadasyid eggs being identified from the 
plankton, and there is no information about the period 
of embryonic development before hatching. 

Pomadasyid larvae, measuring 5.0 to  7.0 mm (total 
length) were recorded in plankton hauls off Cuba 
(Guitart Manday 1971). The larvae were collected by 
night between the surface and a depth of 50 m, but 
daytime sampling at the same depths yielded none. 

The duration of the planktonic phase is not known, 
but eggs and larvae must be carried by currents, and in 
the Caribbean with scattered islands and banks, losses 
may be high as a result of failure to  reach a settlement 
area. The presence of pomadasyids in Bermuda indicates 
either a long larval life, or the ability t o  extend plank- 
tonic existence if no settlement area is encountered. 
Original recruitment of the Bermuda fish populations 
must have been from the Caribbean, the Bahamas, or 
Florida, and since few species have diverged significantly 
(Courtenay 196 1) from the Caribbean stock, recruitment 
from these areas probably occurs at frequent intervals if 
not annually. A southern eddy of the Gulf Stream 
reaches Bermuda from the Bahamas having traversed 
about 1,600 km of occan, and at a speed of 0.5 knots 
(U.S. Naval Oceanographic office, 1968), this would 
take about 80 days. Caldwell (1959) suggested that 
sargassum weed and floating debris may play an impor- 
tant part in the protection of planktonic larvae and the 
prolongment of their pelagic existence. 

Juvenile Phase 
Spawn 

Ovaries in spawning condition (stage VI) were rarely 
observed for the pomadasyids, and it is probable that 
ovulation takes place shortly before spawning. At ovu- 
lation, the eggs increase in size and become transparent. 
Ovaries of H. plumieri and H. sciurus in spawning con- 
dition were studied, and in each case, only a portion of 
the ripe eggs had been ovulated which indicated that 

Courtenay (1 961) described the juveniles of 13 
Haemulon species and compiled an identification key. 
The juveniles of most Haemulon and Anisotremus 
species show a basic pattern of two dark stripes and a 
caudal spot. Body shape as well as coloration, are distinct 
from that of adults. 

Small schools of unidentified juvenile pomadasyids 
have been observed throughout the year in Jamaican 



waters, but particularly in April, May and August. They 
have been found at depths varying from 2 to 25 m in 
various habitats including reef areas, particularly above 
blocks of Montastrea sp. and Madracis sp., on sand flats 
among the spines of the sea urchin Diaderna antillarum, 
over Thalassia testudinurn beds, among mangrove roots, 
and beneath the Port Royal Marine Laboratory jetty at 
the entrance to  Kingston harbour. The smallest juveniles 
observed were approximately 1 to 2 cm in length. 

Juvenile pomadasyids are diurnal plankton-feeders 
(Randall 1968) and they have been observed by day 
feeding actively in the water column beneath the Port 
Royal Marine Laboratory jetty. Juveniles from beneath 
the jetty, identified as H. flavolineaturn (Courtenay 
1961) and measuring 2 cm (FL), were caught in a hand- 
net by day and their stomachs were found t o  be filled 
with planktonic copepods identified by Dr. J. Graham 
of the Zoology Department, U.W.I., as 

Calanoida - Acartia tonsa Dana 
Eucalanus sp. 
Paracalanus parvus Caus 
P. crassirostris Dahl 

Cyclopoida - Colycaeus subulatus Henrick 
Harpacticoida - unidentified 

Juvenile A.  virginicus are reported by Longley and 
Hildebrand ( 1941) and Randall (1 968) to  be fish cleaners, 
taking external parasites from barracuda, Bermuda chub, 
grey snapper and bajack. 

Transformation from juvenile to  adult form involves 
changes in color pattern and body shape, and also a 
change from diurnal plankton-feeding to  nocturnal 
benthic-feeding in most species. Table 10.18 gives 
approximate lengths at which this transformation occurs 
for 13 Haernulon species (Courtenay 1961) and two 
Anisotrernus species (Bohlke and Chaplin 1968). The 
juvenile pattern is lost completely in the adults of some 

Table 10.18. Approximate standard lengths at transformation 
from juvenile to adult color pattern and body form (from Cour- 
tenay 1961; Randall 1968; Bohlke and Chaplin 1968). 

Approx. length (SL, cm) 
Species at transformation 

H. plurnieri 
H. sciurus 
H. album 
H. flavolineatum 
H. aurolineatu m 
H. bonariense 
H. macrostomum 
H. carbonarium 
H. melanuru m 
H. chrysargyreum 
H. striaturn 
H. parrai 
H. steindachneri 
A. virginicus 
A. surinamensis 

species (H. plurnien and H. sciurus), is retained within 
the adult pattern of some species (H. aurolineaturn, H. 
macrostomum and H. carbonanurn), and can be dis- 
played at  will by the adults of other species (H. flavo- 
lineaturn and H. bonariense). 

Adolescent Phase (From Transformation into Adult 
Form t o  Sexual Maturity) 

The young of most species may be found schooling 
on nursery grounds, probably joining the adult schools 
on the reefs at maturity. However young H. flavolinea- 
tum,  H, aurolineaturn, H. carbonanurn and H, chlysargy- 
reum have also been observed schooling on the reefs 
close to  the adult schools. 

Common nursery grounds for many species are 
shallow (1 to  5 m) back-reef areas with sand, turtle grass, 
scattered coral heads and gorgonians. Young H. plurnieri 
and H. sciurus have been observed in such areas and H. 
flavolineaturn are often found in dense schools round 
the coral heads. Young H. plurnieri and H. aurolineaturn 
have been observed over turtle grass beds where they 
tend to congregate at the edge of sand patches, and 
small schools of H. album have been seen round isolated 
coral heads at the western tip of Jamaica. 

The young of several species (H. flavolineaturn, H. 
aurolineaturn, H. plurnieri, H. chrysargyreurn, H. macro- 
s tomum and A .  virginicus) have been observed under the 
Port Royal Marine Laboratory jetty throughout most of 
the year, but few fishes over 10 cm in length were 
caught there, indicating a movement away from the area 
before that size is attained. 

Young pomadasyids are largely nocturnal benthic 
feeders, as are the adults of most species. Young H. 
flavolineaturn were observed moving away from a reef 
area in small schools at  dusk and feeding over nearby 
sand flats where adult schools were also feeding. 

ADULT PHASE 

Competitors 

Competition for food 

Table 10.19, extracted from Randal1 (1967) shows 
analyses of the stomach contents of adult pomadasyids. 
It can be seen that most species feed on a wide variety of 
invertebrate animals, and the composition of the diet is 
similar for many species. However, interspecific compe- 
tition for food is probably not very great because of the 
wide variety of food items taken and because each 
species apparently favors a certain type of food. For 
instance, H. album showed a preference for sipunculids 
which were of small importance t o  other species, and the 
echinoids in its diet were mainly spatangoid species 
whereas other pomadasyids fed more commonly on 
regular echinoids. H. flavolineatum showed a preference 
for polychaetes which it shared with H. aurolineaturn 



Table 10.19. Analysis of stomach contents of 11 pomadasyid species, given as percentage of total volume for each species (from 
Randall 1967). Items comprising over 2wo of the stomach contents of a species are italicized. 

H. flavolineatum 
He aurolineatum 
A. virginicus 
H. chrysargyrreum 
H. sciums 
H. parrai 
H. plumieri 
H. carbonarium 
H. album 
A. surinamensis 
H. macrostomum 

but the latter species also fed heavily on shrimp which 
were of less importance to  H. flavolineatum. H. macro- 
s tomum fed largely on echinoids, which were also the 
major food item of A. surinamensis, but the latter 
species supplemented its diet with a wide variety of 
other invertebrates. 

Many other reef fishes compete with pomadasyids for 
various invertebrate groups as food, and according to 
Randall (1967), the most important cornpetiton are 
porgies (Sparidae), goatfishes (Mullidae), wrasses and 
hogfishes (Labridae) and mojarras (Gerreidae). 

Competit ion for space 

The number of fishes on a reef is related not only to 
the extent of the reef itself but also to the extent and 
richness of nearby feeding grounds, since many fish 
species, including the pomadasyids, leave the reef at 
night to feed in adjacent regions. Thus, by day, a small 
patch-reef surrounded by sand flats may seem to accom- 
modate more fishes than the reef itself could possibly 
support (Randall 1963b). In such a situation there may 
well be competition for schooling space, and poma- 
dasyids may even compete with one another. Several 
species, for instance H. sciurus, H. chrysargyreum. H. 
flavolineatum and H. carbonarium, have often been 
observed schooling together. H. sciurus has also been 
seen schooling with the snapper Lutjanus mahogoni, and 
H. flavolineatum with the yellow goatfish Mulloidich- 
thys  martinicus. 

Shelter within a reef is far more restricted than the 
peripheral schooling space. Small groups of A. surinamen- 
sis have been observed congregating in caves by day, 
competing for space with other diurnal cave dwellers, 

such as the soldierfish, Myripristis jacobus, the bigeye, 
Riacanthus cruentatus, and the copper sweeper, Pem- 
pheris schombergki, and though these fishes are small, 
they are often present in large numbers. 

Predators 

Pomadasyids are preyed upon by reef predators 
including groupers (Serranidae), snappers (Lutj anidae), 
and jacks (Carangidae). Randall ( 1967) recorded reef 
fish species which he found in the stomachs of predators. 
Information concerning pomadasyids is given in Table 
10.20. Cummings et al. (1966) observed barracuda 
preying upon H. album by day, and also by night when 
the margates were feeding on plankton attracted to 

Table 10.20. Fish species known to prey upon pomadasyids 
from analyses of stomach contents (from Randall 1967). 

hey Predators 

H. aurolineatum Gymnothorax moringa, Aulostomus macu- 
latus, Lutjanus analis, L. cyanoptems, L. 
jocu, Ophichthus ophis, Epinephelus stria- 
tus, Seriola dumen7i 

H. flavolineatum Aulostomus maculatus, Epinephelus stria- 
tus, Mycteroperca bonaci, M tigtis, M. 

H. carbonarium Antennanus multiocellatus 
H. sciums Lutjanus cyanoptems 
H. plumieri Lutjanus jocu. 
Haemulon sp. Synodus intermedius, S p h y m e ~  barn- 

cu&, Petrometopon cmentatum, Lutjanus 
apodus 



underwater lights. The amberjack, Seriola dumerili, was 
also seen preying upon schooling margates and swallowing 
whole fishes up to 20 cm in length. Starck and Davis 
(1966) stated that Lutjanus griseus, a nocturnal feeder, 
often preyed upon fishes, such as pomadasyids feeding 
in the same area. The species of parasite found in H. 
plumieri and H. sciurus indicate that sharks may also 
prey upon these pomadasyids. 

Parasites, Diseases and Injuries 

External parasites 

Some species, particularly H. flavolineatum, were 
often seen with a large isopod on the cheek, but there is 
no  information on other external or gill parasites of 
pomadasyids. The apparent lack of external parasites 
implies that grunts are "cleaned" by other reef dwellers, 
and H. sciurus has been observed being cleaned by young 
Spanish hogfish, Bodianus rufus. 

Internal parasites 

Nahhas and Cable (1964) found H. sciurus to be the 
most heavily parasitized pomadasyid species. In 16 
specimens examined in Jamaica, most of which were 
infected, they found 56 parasites of four different 
species. Manter (1930) reported one individual H. 
sciurus to contain eight different species of trematode, 
as well as Acanthocephala and nematodes. 

Adult trematodes are commonly found in poma- 
dasyids, infesting the stomach, intestine or caeca (Nahhas 
and Cable 1964). The invertebrate intermediate host 
may be a lamellibranch, amphipod or gastropod, and the 
parasite probably reaches its final host by way of the 
food chain. Nahhas and Cable (1964) investigated nine 
species of pomadasyid in Jamaica and Curacao and they 
identified 20 trematode species. 

Cestode bladder larvae were frequently found in the 
body cavities of H. sciurus and H. plurnieri during 
project investigations. These were identified by Dr. D.I. 
Gibson of the British Museum of Natural Mistory as 
ot  obothriid cestades., possibly Otobo~hr ium (Pseudo- 
bothrium) dipsacum Lhctoa 1897, for which species 
sharks are the final hosts. 

Nematodes are common parasites of pomadasyids in 
Jamaican waters. In the course of these studies, nema- 
todes were frequently found in the body cavity asso- 
ciated with gut mesenteries, and sometimes in the 
ovaries. Nematodes from the ovary of H. plumieri were 
broadly grouped by Dr. D.I. Gibson as filarial nematodes 
similar to Philometra. An ovary weighing 29.5 g taken 
from H. album was found to  contain a knot of nematodes 
which amounted to 8.5% of the ovary weight. The 
fecundity of the fish would probably be curtailed by a 
similar proportion, and in a heavily infested population 
the reproductive potential could be severely reduced by 
these ovarian parasites. 

Acanthocephala also parasitize pomadasyids, but 
there is no information concerning the manner of 
infestation. 

Diseases and injuries 

There is no information on diseases of pomadasyids, 
and most injuries probably result from predatory attack. 
Several pomadasyids which had sections of the tail or 
dorsal fin missing were caught by the project and occa- 
sionally H. plumieri individuals were found to be blind 
in one eye. Cummings et al. (1966) noted the presence 
of several maimed and scarred fishes in the school of H. 
album under study. These were mainly injuries which 
had been inflicted by predators, but some resulted from 
the loss of tags. It appeared that wounds healed readily, 
but missing parts of the body were not regenerated. 

Hardiness 

According to Courtenay (1961), H. plumieri and H. 
aurolineatum have been recorded further north on the 
east coast of North America than any other pomadasyid 
species. He also mentioned that these were the only 
species which remained in shallow water off Florida 
during the cold winter of 1957. Storey (1937) men- 
tioned that numbers of H. plumieri were killed by cold 
weather at Sanibel Island, Florida and suggested (also 
Caldwell 1959) that many fishes which are found further 
north in the summer may not survive the low winter 
temperatures. This is probably true for H. aurolineatum 
at Cape Cod and also for H. bonariense at Buenos Aires. 

It is possible that juveniles and young pomadasyids 
have a greater tolerance than adults of salinity and 
temperature ranges. Young H. plumieri and H. aurolinea- 
tum have been found at Cedar Cay, Florida (Reid 1954) 
where there are extensive areas of shallow water, and the 
salinity and temperature are very variable. Young H. 
plumieri have also been recorded from the Everglades 
National Park, Florida (Roessler 1970) at salinities from 
2 1.8 to 42.8% and temperatures from 20.6 to 3 0 . 6 ~ ~ .  
Tabb and Manning (1961) recorded juveniles of A. 
virginicus, H. aurolineatum, H. plumieri and H. sciurus 
from Northern Florida Bay which is an area having wide 
variations in salinity. 

Dispersal of pomadasyids across the Orinoco and 
Amazon estuaries is probably effected by juveniles 
which must have a tolerance for low salinity and high 
turbidity in order to cross the extensive estuarine waters. 

Smith (1967 and 1969) used H. plumieri as an 
experimental fish for digestion studies, and several 
specimens were starved for as long as 30 days prior to 
experimentation. During these investigations, regular 
underwater observation of undisturbed fish traps indi- 
cated that over 4% of the H. plumieri individuals known 
to have entered traps over 2-wk periods had died in the 
traps within that time. 



NUTRITION AND GROWTH Food 

Feeding 

The adults of most pomadasyid species are nocturnal 
benthic-feeders, and any daytime feeding is incidental 
(Longley and Hildebrand 194 1 ; Randall 1964). At dusk, 
the diurnal schools disperse and individuals or small 
groups forage over sand or grass flats, until the approach 
of dawn when they return to  the reefs and form schools 
again. 

Adult H. striatum and H. boschmae are exceptional in 
retaining the diurnal plankton-feeding habits charac- 
teristic of juvenile pomadasyids (Randall 1968). In 
Jamaican waters, H. striatum were observed schooling 
above coral at a depth of 20 to 30 m and feeding actively 
on plankton. Starck and Davis (1966) reported that 
schools of H. striatum dispersed by night, but no feeding 
acitivity was observed. Other species which feed partly 
on plankton as adults include H. aurolineatum, H. 
chrysargyreum and small H. album. 

Cummings et al. ( 1966) used videoacoustic techniques 
at Bimini, Bahamas t o  make continuous observations on 
a school of H. album which comprised fishes from 20 to  
40 cm in standard length. They were observed feeding 
occasionally when schooling by day, and dispersing to 
feed over adjacent areas by night. At dawn, they returned 
to  the same schooling area where they formed a diffuse 
school and fed in the water column. As the light intensity 
increased, feeding activity decreased and the school 
became more compact. 

By day, Cummings et al. (1966) observed large H. 
album individuals (50 cm SL) actively moving about and 
feeding singly or in small groups and apparently not 
associated with the school mentioned above. On Pedro 
Bank, a large individual (58 cm FL) caught by the 
project at 1730 hr on a hand-line had a full stomach 
with partially digested contents, indicating that it had 
been feeding during the afternoon. Measurements of 
average volume of stomach contents of H. album made 
by Cummings et al. (1966) indicated a preference for 
night feeding in fishes of the size range 16 to 48 cm 
(SL), but with increasing size, the proportion of daytime 
feeding apparently increased. 

Cummings et  al. (1966) stated that sounds associated 
with H. album feeding increased at night. They described 
two types of sound: "bursts" consisting of 3 to  10 
rapid pulses associated with bottom feeding, and "pops" 
which were single, short pulses associated with plankton- 
feeding, recorded mainly in the early morning. Both 
sounds are produced by stridulation of the pharyngeal 
teeth, resonated through the swim bladder (Burkenroad 
1930). When feeding on benthic organisms, they observed 
H. album individuals staying motionless with head down 
for as long as a minute before plunging after the prey in 
the sand. A level position was then resumed, and "bursts" 
were recorded as sand was expelled from the mouth and 
gill openings. 

All species of pomadasyids are carnivores feeding 
largely on invertebrates, although some species supple- 
ment their diet with small fishes. Table 10.1 9 shows data 
for 11 pomadasyid species, extracted from a survey 
carried out by Randall (1967). The figures given are 
percentages of the total volume of stomach contents 
collected from all individuals of each species caught. 
Randall (1967) found fragments of seagrass in the 
stomachs of many pomadasyids, but he assumed that 
any plant material was ingested incidentally during 
feeding. 

At Tortugas, Florida, Longley and Hildebrand (1 94 1) 
made notes on food items taken by fishes including 
several pomadasyid species. In addition to  the items 
listed in Table 10.19 they observed H. chrysargyreum 
taking copepods, ostracods and crab zoeae from the 
plankton. A. virginicus sometimes took small fishes and 
H. macrostomum fed on small fishes, gastropods, star- 
fishes, amphipods and isopods, which indicates a more 
varied diet than that shown in Table 10.19. Starck and 
Davis (1966) reported that the decapods ingested by A. 
surinamensis included majid and porcelanid crabs. 

Cummings et al. (1966) studied stomach contents of 
H. album individuals caught by day and by night. They 
presented results as the percentage of fishes found with a 
particular f w d  item in the stomach, and gave no quanti- 
tative data. Crabs were found in the highest percentage 
of fishes caught by day and by night, but according to 
Randall (1967) crabs comprise only a small proportion 
of the diet of H. album. Sipunculids were found in only 
a small number of fishes caught by night, whereas 
Randall (1 967) found that sipunculids had been eaten 
by all of the 57 individuals examined. 

On Pedro Bank, a large H. album individual (58 cm) 
was found with two small surgeonfishes in the stomach, 
and Randal1 (1967) recorded a monocanthid fish from 
the stomach of this species. 

Randall et al. (1964) investigated the predators of the 
sea urchin Diadema antillarum, and several pomadasyids 
were listed. They found D. antillarum t o  be the main 
dietary item for A. surinamensis, while H. macrostomum 
also fed heavily on this species, and the snout bones of 
both pomadasyids were often stained purple by pene- 
tration of sea urchin spines. Other pomadasyids occasion- 
ally found feeding on D. antillarum included H. plumieri, 
H. sciurus and H. carbonarium. 

Growth 

Relative growth 

Fork lengthlweight relationships for 12 pomadasyid 
species are given in Table 10.21. Data for all species, 
except H. album and H. melanurum were derived from 
the Port Royal reefs. Ideally, a year's data collected 
from continuous sampling should be used since condition 
may vary with time of year, availability of food and 



Table 10.21. Relationship of fork length (cm) to weight (g) for 
12 species of pomadasyids. 

Size range 
No. of Length w = alb 

Species fishes in cm a b 

H. flavolineatum 

H. plumieri 
H. sciurus 
H. album 
H. aurolineatum 

H. bonariense 
H. melanurum 
H. macrostomum 
H. chrysargyreum 
H. carbonarium 
A. virginicus 

spawning activity. This was attained for H. plumieri, H. 
sciurus and H. flavolineatum, but for other  Port Royal 
species data were collected over periods greater than 
one year and data for the two offshore species, H. album 
and H. melanurum, were derived from single large 
catches. 

For H. aurolineatum, H. flavolineatum and A. virgi- 
nicus, fork lengthlweight relationships have been calcu- 
lated for young as well as adult fishes. Table 10.21 
shows that for H. flavolineatum and A. virginicus the 
relationship is similar for young and adults, but for H. 
aurolineatum weight increases rapidly in young fishes 
and more slowly in adults as shown in Fig. 10.2. The 
point at which the two lines intersect is equivalent to  a 
length of 12.2 cm and a weight of 3 1.6 g, indicating 
that this is the size at which the growth pattern of the 
species changes. 

Cummings et al. ( 1966) calculated a lengthlweight 
relationship for H. album and expressed it in terms of 
standard length in cm and weight in oz. When converted 
t o  fork length in cm and weight in g, the relationship is 
W = 0.0 148 L ~ . ~ ~  which is similar t o  that given in Table 
10.2 1 calculated from the present data. 

Table 10.22 gives the relationship of fork length (FL) 
to  standard length (SL) for seven pomadasyid species, 
and fork length to  total length (TL) for three species. 

Table 10.23 shows the relationship of scale radius t o  
fork length for three species from Jamaican waters and 
for H. sciurus from Bermuda waters also. The two 
equations for H. sciurus show that,  although the rate of 
increase of scale radius relative to  length was similar in 
the two areas, the radii of scales collected in Bermuda 
were 0.4 mm smaller than the radii of scales collected 
in Jamaican waters. 

Table 10.22. Relationship of fork length (FL) to standard length 
(SL) and total length (TL) in cm, where x, x' and y, y' are 
constants. 

SL=xFL+ y TL = xlFL + y1 
Species x Y XI Y' 

H. plumieri 0.92 -0.5 1.15 0 
H. album 0.9 1 -0.7 1.15 0 
H. flavolineatum 0.8 3 0.5 1.09 1.1 
H. sciurus 0.90 -0.5 
H bonariense 0.9 1 -0.5 
H. aurolineatum 0.88 0.3 
A. ~~irginicus 0.94 -0.8 

Table 10.23. Relationship of scale radius (I) in mm to fork 
length (1) in cm of three pomadasyid species, where r = XI + y 
and x and y are constants. 

Species x Y 

H. plumieri 0.16 1.35 
H. album 0.19 0.77 
H. sciurus -Port Royal 0.20 0.80 

-Bermuda 0.19 0.40 

Fig. 10.2. Haemulon ac~rolineatum: relationship of fork length 
to body weight of (i) adult fishes and (ii) immature fishes. The 
point of intersection indicates the length at which the juvenile 
growth pattern changes to that of the adult. 



Table 10.24 shows the relationship of body depth 
measured at the deepest point of the body to fork length 
for 10 species. 

Maximum size 

Records of maximum lengths of 16 species and the 
largest specimens of 14 species recorded by the project 
are given in Table 10.26. With the exception of H. plu- 
mieri, the largest specimens recorded by the project 
were smaller than the maximum length records in the 
literature, allowing for discrepancies between fork length 
and total length measurements. Asymptotic fork lengths 
have been calculated for H. plumieri, H. album and H. 
sciurus and estimated for another five species. These 
lengths are listed in Table 10.27. 

Table 10.24. Relationship of length, I (cm) to body depth, d (cm), 
of ten pomadasyid species, where d = xl + y and x and y are 
constants. 

Species x Y 

H. plumieri 
H. fivolineatum 
H. sciurus 
H. album 
H. bonariense 
H. macrostomum 
H. aurolineatum 
H. chrysargyreum 
A. virginicus 
A. surinamensis 

Table 10.26. Asymptotic fork lengths calculated for H. plumieri, 
H. album. H. scitcrus and estimated for another five species. 

Species Asymptotic fork length (cm) 

H. plumieri 
H. album 
H. sciurus 
H. flovolineatum 
H. aurolineatum 
H. bonariense 
H. melanurum 
A. virginicus 

Absolute growth 

Previous estimates of growth rates of H. plumieri, 
based on tagging programs have been made by Randall 
(1961) and Moe (1966, 1967), hut the growth rates 
measured were slow, as discussed later in this section. In 
the course of this study, three methods were employed 
for the measurement of growth rates: 

1. Continuous data from the Port Royal Reefs pro- 
vided a series of length-frequency histograms over the 
2-yr sampling period for some species, and modal 
progression gave a measure of the population growth 
rate. 

2. Offshore data were not continuous from any one 
area, but large catches of a species often showed a 
bimodal or trimodal length-frequency distribution. If it 
is assumed that these modes represent yearclasses, then 
the distance between two peaks indicates the increase in 
modal length of a yearclass over one year. 

Table 10.25. Maximum length records for pomadasyids. References: B and C. Bohlke and Chaplin (1968); R-Randall(1968); C-Cer- 
vigon (1966). 

Largest recorded during project 
investigations 

Fork length 
Species (cm) Locality 

Maximum length records 

Total length (cm) Reference 

H. plumieri 40.6 Navidad Bank 45.7 (40.0 FL) B and C 
H. album 58.6 Pedro Cays 65.0 (62.0 FL) R 
H. flovolineatum 20.9 E. Pedro Bank 30.5 (27.0 FL) R 
H. sciurus 28.0 Kingston Harbour entrance 45.7 R 
H. aurolineatum 19.5 Pedro Cays 25.0 R 
H. melanurum 28.2 Navidad Bank 33.0 R 
H. bonariense 22.1 Port Royal Reefs 40.0 C 
H. macrostomum 31.8 Port Royal Reefs 43.0 C 
H. carbonariu m 23.4 Port Royal Reefs 35.8 R 
H chrysargyreum 17.4 Port Royal Reefs 23.4 R 
H. striaturn 16.9 Discovery Bay 27.8 R 
H. parrai 24.4 Port Royal Reefs 40.4 R 
H. steinakchneri - 26.5 R 
H. boschmae - 19.2 R 
A. surinamensis 33.2 Port Royal Reefs 61.0 B and C 
A. virginicus 23.7 Port Royal Reefs 34.0 B and C 



3. Marks or rings were observed on the scales of 
several pomadasyid species collected in Jamaican waters; 
however, although they were found on some scales of 
all the species studied, only those of H. album were 
analyzed with any success. Scales of H. sciurus collected 
in Bermuda were also studied and all showed clear rings. 
Menon (1 950) stated that a water temperature change of 
at least 5 ' ~  was necessary for ring formation, and the 
annual water temperature at Bermuda varies by about 
1 0 ' ~  but in Jamaican waters variation is only 3 to ~ O C ,  
and it is possible that ring formation is related to spawn- 
ing activity rather than to temperature change. Tesch 
(in Ricker 1968) and Lux (undated) described methods 
of age determination from scale rings. 

Haemulon plumien: Length-frequency distributions 
of catches from offshore localities often had distinct 
modes, as shown in the four histograms in Fig. 10.3 
which represent catches taken in different localities at 
various times of year during the period 1969 to 197 1. If 
it is assumed that the modes in these histograms repre- 
sent year-classes, and that the growth rate is the same in 
all four populations, then the distance between success- 
ive modes can be taken to represent one year's growth, 
and the data can be used in the estimation of growth 
rate. 

Taking the modal lengths marked with arrows in Fig. 
10.3 and plotting I t  against 1 + a Walford plot 
(Ricker 1958, after Walford 1946) was drawn (Fig. 
10.4). The straight line approximating most closely to 
these four points cuts the diagonal at 42 cm, giving an 
estimate of the asymptotic length, L,, for H. plumien: 
The slope of this line kI2 = 0.69, and since k = e- K 

then, the instantaneous annual growth rate K,2 = 0.37. 

I Noridod ond - Qnh~ 
S q l  1969 

n = 3 8  

Fork length (cm) 

Fig. 10.3. Haemulon plumien': length-frequency distributions of 
trap catches (probable mesh size 4.13 cm maximum dimension) 
from four areas. Arrows mark peaks which probably represent 
yearclawe8 and which have been used to construct the Walford 
plot in Fig. 10.4. 

Samples from the Port Royal Reefs were analyzed 
over periods of two lunar months, and 13 consecutive 
bimonthly length-frequency histograms (smoothed by 
moving mean of three) are shown in Fig. 10.5. Initially, 
male and female data were analyzed separately in order 
to investigate differential growth rates, but the data were 
sparse, and there appeared to be no significant difference 
in rate, in spite of the fact that offshore data (relating to 
fishes of a greater size range) showed that male H. 
plumien were larger than the females of the species. 

Each histogram in Fig. 10.5 shows one or two modes 
and modal progression is evident. In some adjacent 
histograms, a mode is seen to remain stationary at 16 to 
17 cm, probably representing recruitment extending 
over several months, and only when recruitment is 
complete does the mode begin to progress to the right. 
Taking the modes marked with arrows in Fig. 10.5, an 
exponential form of the Walford plot (Ricker 1968) was 
used to measure the growth rate. This method is prefer- 
able in this case because it gives a better spread of the 
points than the method described above. For each of the 
modal lengths, log, (L, - 1 t) was calculated (taking L, 
= 42 cm, as calculated above) and the resultant values 

were plotted against time as shown in Fig. 10.6. Two 
series of points were obtained and a straight line was 
drawn through each. The slopes of these lines give 
estimates of the instantaneous annual growth rate and 
these values were found to be 

and the mean value K l2 = 0.32. 
The two figures obtained for K12 indicate a slightly 

faster rate of growth in offshore populations of H. plu- 
mien  than in those of the Port Royal Reefs. The differ- 
ence may be due to Lee's phenomenon (Tesch, in Ricker 
1968) taking effect at Port Royal because, if the larger, 
fast-growing fishes are being fished out first or migrating 
offshore, then the modal progression is effectively 
retarded since the residue of smaller, slowergrowing 
fishes is being sampled and measured. 

The mean of the estimated growth rates offshore and 
at Port Royal is K12 = 0.345 and therefore k12 = 0.7 1. 

Applying the formula derived from the von Bertalanffy 
growth equation (Ricker 1958) in which 

a growth curve was constructed for H. plumien (Fig. 
10.7). As estimated above, L, = 42  cm, and the mean 
value for k12 = 0.7 1. The absolute age of  a fish at a given 
size is unknown and the growth curve was therefore 
drawn commencing from a length of 15 cm, attained at t 
years of age. 

The growth rate measurements resulting from tagging 
programs, presented by Randall ( 1962) and Moe ( 1966, 
1967) were slow compared with those given above. In 
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Fig. 10.4. Haemulon plumieri: Walford plot for estimation of 
growth rate, K and asymptotic length, L, from trap catch data 
shown in Fig. 10.3. The time interval, t, is assumed to be one 
year. From this f w e ,  L, = 42 cm, slope of the line, k = 0.69, 
therefore the instanems annual growth rate K = 0.37. 
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the Virgin Islands, Randall measured rates of increase in 
length between 0.78 t o  0.90 mm/mo for fishes between 
15.0 t o  22.4 cm (TL). In Florida, Moe (1966) measured 
an increase in length of 1.4 mm and 3.6 mm/mo for 
individuals measuring, respectively, 28.7 c m  and 23.4 cm 
(TL). For  comparison, in Jamaican waters, an H. plu- 
mieri individual measuring 20.3 cm (FL) (equivalent t o  
23.4 cm TL) is expected t o  grow t o  26.6 cm in 1 yr. 
Therefore, the  mean monthly increase in length for  that  
year would be 5.3 mm (an arbitrary figure, since, in fact, 
the monthly increase in length decreases exponentially), 
which is greater than that measured by Moe for a fish of 
similar size and much greater than rates measured by 
Randall for smaller fishes. It seems likely that  tags 
significantly retard the rate of growth. Moe (1967) 
stated that tagging results indicated a reduced rate of 
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Fig. 10.5. Haemulon plumieri: bimonthly length-frequency distniutions (smoothed by moving mean of three) of Port Royal trap 
catches (maximum mesh dimension of traps 4.13 an). Arrows mark modal progressions used for growth rate estimations in Fig. 10.6. 
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Fig. 10.6. Haemulon plumieri: estimation of growth rate from 
Port Royal Reefs data. The points plotted here we-re calculated 
by taking loge (L, - It) of each mode marked in Fig. 10.5, 
where L, = 42 cm as calculated in Fig. 10.4. The time interval 
t, is measured in months. The slopes of these lines are (i) K = 
0.31112 and (ii) K = 0.33112. Therefore, taking the mean of 
these values on a yearly basis K = 0.32, which is an estimate 
of the instantaneous annual growth rate. 

Fig. 10.7. Haemulon plumieri: calculated growth curve where 
L,= 42 cm, k = 0.71 and t = 1 year. 

growth at lengths greater than 20.0 cm (FL). He esti- 
mated one fish recaptured at a length of 33.8 cm (FL), 
t o  be 5 yr of age from otolith studies. 

Rings were found on scales from more than 50% of 
one hundred H. vlumieri  individuals caught on the Port 
Royal Reefs and Pedro Bank over a period of about 1 yr. 
However, the rings did not seem to  conform to an 
overall pattern, and approximately equal proportions of 
males and females showed rings. Ring formation may be 
connected with breeding, but there was no apparent 
correlation between marginal increment and the gonad 
stage in individual fishes. 

Haemulon album: There were no continuous length- 
frequency data that might show modal progressions 

collected for this species from any locality. However, the 
length-frequency distributions of catches taken from 
Salmon and Albatross Banks in February 1970 (Fig. 
10.8) showed three distinct modes comprised of both 
male and female fishes. Assuming that the modes repre- 
sent yearclasses and that the distance between modes 
represents one year's growth, these data can be used for 
growth rate estimation. 

Taking the three modal lengths indicated in Fig. 10.8, 
for each value log, (L, - 1 t )  was calculated and the 
resultant values were plotted against time as shown 
in Fig. 10.9. Using this method, L, must be estimated, 
and if, taking a certain value, the points do not lie on a 
straight line, adjustment of the L, value may give a 
more linear location of points. For H. album the points 
lay on a straight line when L,= 65 cm. The slope of this 
line represents the instantaneous annual growth rate and 
it was found to  be K12 = 0.2 and since k = e-K then 
k 1 2  = 0.82. 

A growth curve was constructed for H. album using 
the formula 

as described for H. plumieri. As estimated above, L, = 
65 and k = 0.82 and since the absolute age of a fish of 
any size was unknown, the curve (shown in Fig. 10.10) 
commences from a length of 20 cm, attained at t years 
of age. 

Scales were collected from 32 individuals (20 to 63 
cm FL) from offshore localities. Of these, scales from 24 
individuals showed one or more clear rings, but scales 
from the other eight individuals were large, heavily 
thickened and could not be read. The radii of all the 
measurable rings were grouped into 0.2 mm classes and a 
frequency histogram was plotted (Fig. 10.1 1). Three 
fairly distinct peaks were evident, and the corresponding 
radius measurements were back-calculated (Fig. 10.12), 
using the fish length-scale radius relationship (Table 
10.23), to give estimates of length at the formation of 
each ring as shown in Table 10.27. Of the length mea- 
surements obtained, 25.9 cm (FL) and 33.0 cm (FL) 
correspond well with the modal lengths in Fig. 10.8, 
which infers that the two respective r ing  were probably 
annuli. The length measurement 20.3 cm (FL) is higher 
than expected, indicating that the interval between the 
formation of the first and second ring was probably less 
than a year. 

Table 10.27. Hoemulon olbum: estimation of fork length at 
scale ring formation, as back-calculated in Fig. 10.12 from 
modes indicated in Fig. 10.11. 

Ring radius (mm) Back-calculated fork length (cm) 
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Fig. 10.8. Haemulon album: length-frequency distribution of trap catch (maximum mesh dimension: 4.1 3 cm) from Salmon and Albatrosk 
Banks in February 1970. (i) total catch (n = 103); (ui catch of males (n = 51); ( h i  catch of females (n = 50). Arrows mark peaks which 
probably represent year classes and which have been used for growth rate estimation in Fig. 10.9. 

I 1 Haemulon sciurus: On the Port Royal Reefs, catches 
of H. sciurus were small, and data were analyzed over 
periods of 3 mo to give the length-frequency histograms 
(smoothed by moving mean of three) shown in Fig. 
10.13. Modal progression is evident, and modes marked 
with arrows were used in the estimation of growth rate. 
Taking each of the modal lengths, log, (L, - 1 t) was 
calculated and the resultant values were plotted against 
time as shown in Fig. 10.14. With the value of L, = 40 
cm, the points approximated to straight lines, and the 
slopes of these lines, which represent the instantaneous 
annual growth rate, were found to be 

Time in years (i) K12 = 0.28 
Fig. 10.9. Estimation of growth rate for Haemulon album. The 
points in this diagram were plotted by calculating loge (L, - It,) (ii) K12 = 0.24 
for each of the three modes indicated in Fig. 10.8. &was esb- 
mated to be 65 cm. The slope of this line, K = 0.2 is the instant- and taking the mean value, K12 = 0.26. 
aneous annual growth rate. 

Age in years 
Fig. 10.10. Haemulon album: calculated growth curve, whme &= 65 cm, k = 0.82 and t = 1 year. 
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Fig. 10.11. Haemulon album: frequency distribution of ring radii read from the scales of twenty four individuals (length 
range 20 to 63 cm). 
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Fig. 10.12. Haemulon album: relationship of scale radius to fork 
length (Table 10.27) showing back-calculation of lengths come 
sponding to the modal ring radii in Fig. 10.1 1. 

A growth curve (shown in Fig. 10.15) was constructed 
for H. sciurus using the formula described for H. plu- 
mieri, and the values k12 = 0.77, L, = 40  cm, and 
I = 14 cm at t years of age. 

Scales from 58 H. sciurus individuals caught on the 
Port Royal Reefs were examined and 32 (20 male, 12 
female) showed rings, but they did not appear to  con- 
form to  a pattern. 

In Bermuda, scales were collected from 21 H. sciurus 
individuals during December 197 1, and all the scales 
showed two or three distinct rings (Fig. 10.16), the 
number of rings varying with the size of scale. The 
frequency distribution of ring radii in Fig. 10.17 shows 
three fairly distinct peaks which indicates that most of 
the rings were laid down within specific times, probably 
during consecutive winters. From the Bermuda scale 
radiuslfork length relationship given in Table 10.23, 
approximate lengths at ring formation were estimated as 
for H. album and these are given in Table 10.28. The 
first ring may be formed at the time of transformation 
to  the adult form, and the second and third rings are 
probably annuli, indicating growth from 10.5 to  16.7 cm 
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Fig. 10.13. Haemulon sciurus: length-frequency distributions of 
quarterly trap catches (maximum mesh dimension 4.13 cm) 
from the Port Royal Reefs (smoothed by moving mean of three). 
Modal progressions used in growth rate estimation (Fig. 10.14) 
are marked with arrows. 

(FL) in 1 yr which is slightly slower than the rate 
expected in Jamaican waters: Using the growth rates 
estimated from Port Royal data, a fish of 10.5 cm (FL) 
is expected to grow to  17.3 cm in 1 yr. 
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Fig. 10.14. Estimation of growth rate for Haemulon sciums. The 
points in this diagram were plotted by calculating loge (L, - It) 
for each of the modes indicated in Fig. 3.14. L, was estimated 
to be 40 cm. The slopes of these lines are (i) K = 0.28112; (ii) 
K = 0.24/12 and taking the mean of these values on a yearly 
basis K 12 = 0.26 which is the instantaneous annual growth rate. 

Age in years 

Fig. 10.15. Haemulon scktms: calculated growth- curve where 
L,= 40 cm, k = 0.77 and t = 1 year. 

Fig. 10.16. Diagram to show a ctenoid scale of Haemulon scktms. 
Three annuli can be seen: in the anterior field they appear as 
broken circuli, and in the lateral field as one complete circulus 
outside many shortened circuli. The fish was an inactive female 
of fork length 20.7 cm and the radius of the scale was 4.3 mm. 
Magnification x 19.5. This diagram was traced from a photo- 
graph of a scale collected at Bermuda in December 1971. Ap- 
proximately one in four of the circuli are shown. 

Table 10.28. Haemulon sciums, Bermuda: back-calculated fork 
length at formation of scale rings, taking modes indicated in 
Fig. 10.18 and using the formula for fork lengthlscale radius 
relationship given in Table 10.23. 

Ring radius Back-calculated fork length 
(mm) (cm) 

Ring radius (mm) 

Fig. 10.17. Haemulon sciums: frequency distn%ution of scale ring read from twenty one scales collected in 
Bermuda. Modes used for backcalculation of lengths are marked by arrows. (Histogram smoothed by 
moving mean of three.). 

Other species: There are no adequate data for the to  the trap fishery at relatively large sizes, and Port 
estimation of growth rates for any other pomadasyid Royal data showed no modal progressions, while offshore 
species. H. flovolineatum and H. aurolineatum, though catches usually gave unimodal length-frequency distri- 
occasionally caught in large numbers, are both recruited butions. 



BEHAVIOR 

Migrations and Local Movements 

By day, most pomadasyid species congregate in reef 
areas and movements are minimal, but nocturnal wander- 
ings in search of food may be quite extensive. At night, 
Starck and Davis (1966) observed H. flavolineatum at 
distances of a 0.8-1.6 km away, and H. sciurus 0.4 km 
away and deeper than by day. 

Some species may undertake seasonal migrations, 
particularly during the breeding season when large 
numbers of individuals may congregate to  spawn, as 
described by Moe (1966) for H. plurnieri. In addition 
to this, a summer movemelit of H. plurnien and H. 
sciurus northwards along the east coast of North America 
was reported by Courtenay (1 961). 

Migrations may take place at certain times in the life 
cycle; for instance, on approaching maturity young 
pomadasyids must migrate from their nursery grounds 
to the adult schooling areas. Length distributions of H. 
plumien on the Port Royal reefs indicated that at a 
length of about 25 cm this species may migrate away 
from that area, since few fish larger than this were 
caught there. However, where they migrate to is not 
known. On Pedro Bank, few H. plurnieri individuals 
smaller than 25 cm were caught, indicating a migration 
of fishes of that size into the area, but it seems most 
unlikely that adults migrate across the expanse of deep 
water that separates the bank from the south Jamaican 
shelf. 

Off Bimini, Bahamas, McLean and Herrnkind (1971) 
observed two dense schools of grunts, comprised mainly 
of H. plumien, after a prolonged storm during October 
1969. The schools were apparently moving southwards, 
away from murky water to  the north, at a speed of 
about 1.5 m/sec. 

Adult pomadasyids of several species may remain in 
the same schooling area for long periods. Cummins et al. 
(1966) noted that tagged H. alburn returned to the same 
school every morning, and Bardach ( 1958) observed eight 
tagged H. sciurus schooling in the same place for a period 
of 200 days. Results from tagging programs indicate 
that H. plumien individuals show local movements but 
they may not move over great distances. In the Virgin 
Islands, Randall (1963a) recovered one H. plumieri 
1,000 m from the release site after 2 yr. In Florida, 
Beaumariage ( 1969) recovered three H. plumien from 
the release site after about 4 yr at large. However, Moe 
(1966) reported that 12 out of 39 tagged H. plurnien 
recovered off Florida had moved 5 km or more from the 
release site. He also noted that tagged adults were 
returned from the area throughout the year, indicating 
that seasonal migrations were unlikely. 

school in shallow reef areas and the size of a school 
varies from a few fishes to several hundred. The size 
composition of adult schools was observed to  be quite 
uniform, though occasionally small schools of mixed 
sizes of H. plurnien were seen with the young of that 
species. Individuals in a school were observed to 
be inactive, hanging motionless in the water, with heads 
pointing slightly downwards. The fishes were generally 
orientated in the same direction, facing upcurrent if 
there was any water movement. 

Various species of pomadasyids were frequently seen 
schooling together. Schools of mixed species, such as H. 
flavolineatum, H. sciurus and H. chrysargyreurn, were 
common, though each species tended to form a discrete 
group within the school, which may be more accurately 
viewed as an aggregation of schools. 

Schools of mixed genera were often seen, and H. 
flavolineaturn was observed schooling with Mulloidich- 
thys martinicus, H. striaturn with Lutjanus buccanella, 
and H. sciurus with L. rnahogoni. Starck and Davis 
(1966) reported mixed schools of H. parrai and L. 
griseus, and also H. sciurus together with L. griseus and 
M. rnartinicus. 

No detailed studies were carried out on the density of 
schools, but observations indicated that the distance 
between fishes was inversely proportional to the light 
intensity. Observing a school of H. flavolineaturn at 
dusk, the fishes were seen gradually moving apart until 
they finally dispersed just before dark. During the day, it 
was observed that the shadow cast by a heavy cloud was 
sufficient to cause a loosening of the school. 

Off Bimini, Bahamas, McLean and Hermkind (197 1) 
reported two very dense schoolings during a mass move- 
ment of grunts, mainly H. plurnien. The two schools 
were ellipsoid, measuring 4 x 3 m and 5 x 4 m. The 
distance between fishes was taken as 10 cm and the 
number in each school was estimated to  be 4,s 10 and 
10,02 1, respectively. The density of fishes in these 
schools was far greater than that of stationary schools 
normally observed in reef areas. 

According to Hobson (1965) and Starck and Davis 
(1966), when a school of pomadasyids is under preda- 
tory attack, the immediate reaction is a tightening of the 
school, the fishes move close to the reef and swim 
among one another; and they suggested that this reaction 
has the effect of merging the stripes and making individ- 
ual fishes difficult to discern. Starck and Davis (1966) 
observed a specimen of Caranx bartholomaei swimming 
into a school of grunts and scattering the individuals. 
The grunts swam rapidly for cover in the reef and the 
predator then pursued a single fish. Cummings et al. 
(1966) recorded sounds termed "blasts" produced by H. 
alburn under predatory attack. These were low-frequency 
pul$es lasting up to  1.4 sec, possibly produced as a result 
of rapid swimming movements. 

Schooling 
Behavior in Relation to Fish Traps 

All pomadasyids, except large H. alburn (Cummings 
et al. 1966) are diurnally schooling species. Most species The schooling habit of pomadasyids appears to  be an 



important factor in trap fishing. Data from underwater Data collected by regular underwater observation of 
observations indicated that when a few H. plumieri undisturbed fish traps showed that fishes are able to  
individuals had entered a trap, conspecific attraction escape from traps. The rate of escapement from traps 
tended to  draw in more individuals (Munro et al. 1970). shown by H. plumieri is low compared with overall rates 
Other pomadasyid species that were sometimes found in measured by Munro (1974) for all species entering the 
large numbers in a single trap included H. sciums. H. traps. 
bonariense, H. flavolineatum and A. virginicus. 

Populations 
POPULATION STRUCTURE 

Sex Ratios 

The sex ratios of catches of nine pomadasyid species 
are given in Table 10.29. Catches of H. plumieri, H. 
bonariense and A. virginicus all show significantly higher 
proportions of females than males, whereas the other 
species show approximately one to one ratios. The ratios 
o f  these three species may reflect a greater abundance of 
females in the population, possibly explained by a higher 
female survival rate, but there are no data concerning the 
relative catchabilities of males and females and it is 
possible that the females have a greater tendency to 
enter traps. 

The total trap catch of H. plumieri from the Port 
Royal reefs contained a high proportion of females, but 
Fig. 10.18 shows that the sex ratios varied around the 
50% level over a 2-yr period with no apparent seasonal 
pattern. 

sizes were selective for the larger specimens in the 
population. Relatively few H. album were captured in 
traps and it was not possible to determine whether the 
size compositions of the trap- and linecaught samples 
were significantly different. 

The estimated mean annual length frequency com- 
positions of catches of species of grunts are shown in 
Figs. 10.20 to 10.23. With the exception of H. album, all 
data refer to trap catches (analytical methods are de- 
scribed in Chapter 3). Male H. plumieri, H, flavolineatum. 
H. macrostomum and H. melanurum were of slightly 
greater average size than the females, but the differences 
were not sufficient to warrant separate analyses of the 
sexes. Likewise, there was some evidence that the 
average size of grunts at Pedro Bank increased slightly 
with increases in depth, but the differences were not 
sufficient to warrant separate analyses by depth zones. 

Age and Length Composition 

There is no information concerning the age composi- 
tion of pomadasyid populations since no estimates of 
absolute age have been made for any species. 

Only H. plumieri and H. album were captured on 
hook and line in substantial numbers. In the case of 
H. plumieri, the sample captured on l i e s  was of greater 
mean and modal length than that taken in traps (Fig. 
10.19) and it is evident that the relatively large hook 

Jon Mar May Jul Sep Nor Jon Mar May Jul Sap Now 
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1970 1971 

Fig. 10.18. Variations of sex ratio in bimonthly trap catches of 
Haemulon plumien' from the Port Royal Reefs over a 2-yr period. 

Table 10.29. Sex ratios of catches of nine pomadasyid species taken at the Port Royal Reefs, at unexploited areas of Pedro Bank and 
at the Pedro Cays. All data are from trap catches apart from those of H. album which are from line catches. (Where application of the 
chi-square test showed that proportions are -cantly different from 50% at the 0.01 level of significance, the fmres are italicized.) 

Port Royal Reefs Pedro Cays Pedro Bank (unexploited) 
Ratio % Ratio % Ratio % 

Species Male : Female Female Male : Female Female Male : Female Female 

H. plumien' 582 : 770 
H. floyolineatum 102 : 91 
H. sciurus 176 : 154 
H. bonariense 39 : 96 
H. macrostomum 35 : 39 
H. aurolineatum 26 : 29 
H. melanurum 
H. album 
A. vir@nicus 20 : 76 
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Fork length (crn) 
Fig. 10.19. Comparison of length distributions of line catches 
(broken line) and trap catches (solid line) of Haemulon plumieri 
from stations where both gears were used. 

15 2 5 35 

Fork length (cm) 
Fig. 10.20. Estimated annual percentage length-frequency distri- 
butions of trap catches of Haemulon plumien at the Port Royal 
Reefs (solid line; n = 1376, t = 2 months) and at unexploited 
parts of Pedro Bank (broken line; n = 910, t = 4 months). 

Fork length (cm) 
Fig. 10.21. Estimated mean annual percentage length-frequency 
distribution of trap catches of Haemulon flavolineatum at the 
Port Royal Reefs (- - . ; n = 207, t = 12 months),at the Pedro 
Cays (- ; n = 328, t = 6 months) and at unexploited parts 
of Pedro Bank (- - - - ; n = 734, t = 6 months). 

Fork  length (cm) 

Fig. 10.22. Estimated mean annual percentage length-frequency 
distributions of trap catches of Haemulon melanurum at Serra- 
nilla Bank (- ; n = 214, t = 12 months) and at unexploited 
parts of Pedro Bank (- - - - ; n = 399, t = 6 months). 

F o r k  length ( cm)  

Fig. 10.23. Size compositions of catches of species of grunts: 
(a) Haemulon album: estimated mean annual percentage length- 
frequency distribution of line catches at unexploited parts of 
Pedro Bank (n=  217, t = 6 months). (b) Haemulon aurolineatum: 
estimated mean annual percentage length-frequency distribution 
of trap catches at unexploited parts of Pedro Bank (n = 235, t = 
6 months). (c) Haemulon sc~itrus: estimated mean annual per- 
centage length-frequency distribution of trap catches at the Port 
Royal Reefs (n = 335, t = 6 months). (d) Haemulon bonariense: 
gross length-frequency distribution of trap catches at the Port 
Royal Reefs (n = 137, t = 12 months). (e) Anisotremus virginicus: 
gross length-frequency distribution of trap catch at the Port 
Royal Reefs (n = 11 1, t = 12 months). 



Table 10.30. Observed minimum, mean and full fork lengths of (i) eleven pomadasyid species at recruitment to the trap fiehery and cal- 
culated minimum length retainable by traps with a maximum mesh dimension of 4.13 cm; (in) two pomadasyid species at recruitment 
to the line fAery. 

Observed 
minimum Mean Full Calculated 

recruitment recruitment recruitment minimum length 
length (cm) length (cm) length (cm) retainable by 

Fishing gear Species Locality I1 Ir Ic 4.13 cm mesh 

(i) Traps H. plmieri 

H. macmstomum 
H. album 
H. mekmumm 

H. bonariense 
H. aumlineatum 
H. ch~ysatgyreum 
A. virginicus 
A. surinamensis 

(ii) Lines H. plumieri 
H. album 

Port Royal 
Pedro Bank (unexploited) 
Port Royal 
Port Royal 
Pedro Cays 
Pedro Bank (unexploited) 
Port Royal 
Pedro Bank (unexploited) 
Pedro Bank (unexploited) 
Serranilla Bank 
Port Royal 
Pedro Bank (unexploited) 
Port Royal 
Port Royal 
Port Royal 

Pedro Bank (unexploited) 
Pedro Bank (unexploited) 

Figure 10.20 shows the overlap of length ranges of 
the catches of H. plumieri from the Port Royal Reefs and 
Pedro Bank is very small, the larger fishes taken at  the 
Port Royal Reefs being of similar size t o  the smaller 
fishes taken at Pedro Bank. H. plumieri were fully 
recruited t o  the Port Royal fishery, at 15.5 cm FL, and 
the mean length at recruitment, I,, was 14.9 cm. At 
unexploited parts of Pedro Bank, the modal length of 
trap catches was 27.5 cm FL and the mean recruitment 
length was 26.2 cm FL. The sample taken at the Pedro 
Cays totalled only 95 fishes and cannot be used t o  assess 
the effect of the fishery upon the size composition of 
the populations. 

Figure 10.2 1 shows the estimated mean size composi- 
tions of catches of H. j'lavolineatum at the Port Royal 
Reefs, Pedro Cays and at unexploited parts of Pedro 
Bank. The pattern is similar t o  that described for H. 
plumieri, with full recruitment at 17.5 cm FL at  the 
Pedro Cays and at Pedro Bank and at only 14.5 cm FL 
at the Port Royal reefs. The mean recruitment length is 
17.1 cm FL at unexploited parts of Pedro Bank, 16.7 cm 
FL at the Pedro Cays and 14.2 cm FL at the Port Royal 
Reefs. 

Samples of H. melanurum were obtained at unex- 
ploited parts of Pedro Bank and by measuring com- 
mercial catches from Serranilla Bank. Figure 10.22 
shows that the trap catches of unexploited stocks had a 
modal length of 21.5 cm FL whereas the exploited 
stocks start t o  decline in abundance after 20.5 cm FL is 
attained. The mean lengths at recruitment are 20.9 cm 
FL and 19.6 cm FL, respectively. 

The estimated mean annual size compositions of line 
catches of H. album and of trap catches of H. aurolinea- 
tum at unexploited parts of Pedro Bank and of trap 
catches of H. sciurus, H. bonariense and Anisotremus 
virginicus at the Port Royal Reefs are shown in Fig. 
10.23. 

Samples of other species of grunts were insufficient 
for estimation of mean length composition of catches. 
Data on the observed minimum, mean and full-retention 
lengths of 12 species of pomadasyids are summarized in 
Table 10.30. The calculated minimum size retainable by 
a rigid 4.13 cm wire mesh is also given and is indicative 
of whether mesh size is the factor determining size at 
recruitment or whether other factors delay recruitment 
unti1.a larger size is attained. It appears that the size at 
recruitment t o  the Port Royal Reefs fishery is generally 
determined by the mesh size, but H. plumieri, H. flavo- 
lineatum, H. album and probably also H. melanurum are 
not available t o  the fishery at the Pedro Cays until a size 
is attained which is substantially larger than that retain- 
able by the 4.1 3 cm mesh. 

MORTALITY AND MORBIDITY 

Factors Causing or Affecting Mortality 

Natural mortality of pomadasyids is caused by 
predation, disease and senility. However, if fwhes above 
a certain size migrate away from the sampling area this 
would affect the length composition of the population, 
thus increasing the apparent natural mortality rate. 



Mortality Rates 

The mortality rate, Z, can be calculated from length- 
composition data using the equation developed by 
Beverton and Holt (1 956) and later discussed by Gulland 
( 1965) and Kipling and Frost ( 1970) (see Chapter 3 for 
details). 

The reliability of mortality rates estimated from 
length-frequency distributions depends greatly upon the 
adequacy of population length composition data. Trap 
fishing at the Port Royal Reefs and at unexploited parts 
of Pedro Bank provided data giving a good representation 
of population structure for H. plumieri, but catches of 
other species were comparatively small. 

Growth rates and asymptotic lengths have been 
calculated for H. plumieri, H. sciurus and H. album and 

the total mortality rate, Z, (M in unexploited areas) has 
been estimated for these species (Tables 10.3 1, 10.34, 
10.35). Z/K has been estimated for another five species 
for which the growth rates are not known, but for which 
the asymptotic lengths have been approximated (Tables 
10.26, 10.32, 10.33, 10.35). 

The length-frequency distributions of catches of H. 
plumieri and H. flavolineatum at the Port Royal Reefs 
have been adjusted in the manner described in Chapter 
3, because the stocks at the Port Royal Reefs become 
virtually extinct while still within the length range 
covered by the recruitment ogive (Figs. 10.20 and 
10.2 1). The adjusted length distribution of catches of H. 
plumieri and H. flavolineatum at the Port Royal Reefs 
and the observed length-frequency distributions at 
unexploited parts of Pedro Bank and/or at the Pedro 

Table 10.31. Derivation of mortality rates from the relative abundances of successive length groups of Haemulon plumieri beyond full 
recruitment to traps (4.13 cm mesh) at the Port Royal Reefs, and at unexploited parts of Pedro Bank. 4.,= 42  cm, K = 0.345. 

Unexploited Pedro Bank Port Royal Reefs 
Length group Relative Relative Adjusted 

cm, FL % frequency frequency % frequency frequency frequency 

- 
1c 

Mean FL 
IfL,=42 cm 



Table 10.32. Derivation of mortality rates from the relative abundances of successive length groups of Haemulon flavolineatum cap- 
tured in traps (4.1 3 cm mesh) in various areas. L,= 25 cm FL, K is unknown. 

Unexploited Pedro Bank Pedro Cays area Port Royal Reefs 
Length group Relative Relative Relative Adjusted 

cm, FL % Frequency frequency % Frequency frequency % Frequency frequency frequency 

l c  17.0 cm 17.0 cm 14.0 cm 
Mean length 18.36 cm 18.04 cm 14.6 cm 
If L,= 25 cm 

Z/K 
25.0 - 18.36 25.0 - 18.04 - 25.0 - 14.6 - - - 
18.36 - 17.0 18.04 - 17.0 14.6 - 14.0 

Table 10.34. Derivation of mortality rates of Haemulon album 
from the relative abundances of successive length groupscaptured 
on hook and line at unexploited parts of Pedro Bank. L, = 
65 cm, K = 0.20. 

Table 10.33. Derivation of mortality rates from the relative 
abundances of successive length groups of Haemulon melnnurum 
captured in traps (4.13 cm mesh) at Pedro and Serranilla Banks. 
L, = 30 cm, K is unknown. 

Unexploited Pedro Bank Serranilla Bank 
Lengthgoup % Relative % Relative 

cm, FL frequency frequency frequency frequency 

16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 
23.0-23.9 
24.0-24.9 
25 .O-25.9 
26.0-26.9 
27.0-27.9 

- 
1c 

Mean length 
If L , = 3 0 a n  

ZIK 

FIK 
E 

Unexploited Pedro Bank 
Length goup Relative 

an, FL % frequency abundance 

24.0-25.9 
26.0-27.9 
28.0-29.9 
30.0-31.9 
32.0-33.9 
34.0-35.9 
36.0-37.9 
38.0-39.9 
40.0-41.9 
42.0-43.9 
44.0-45.9 
46.0-47.9 
48.0-49.9 
50.0-5 1.9 
52.0-53.9 
54.0-55.9 
56.0-57.9 
58.0-59.9 

- 
1c 

Mean length 
If L,= 65 cm 

Z/K 

z 



Table 10.35. Derivation of mortality rates of species of grunts from the relative abundances of successive length groups captured in 
traps (4.1 3 cm mesh). 

Haemulon aurolinentum Haemulon sciunrs Haemulon bonariense Anisotremus virginicus 
Pedro Bank Port Royal Reefs Port Royal Reefs Port Royal Reefs 

Length group Relative Relative Relative Relative 
cm, FL % frequency frequency % frequency frequency Number frequency Number frequency 

Cays are shown in Tables 10.3 1 and 10.32. As it is 
possible that errors might arise in making such adjust- 
ments, the estimates of mortality rates at the Port Royal 
reefs should be regarded only as first approximations. 

For similar reasons, the estimated values of the ratio 
Z/K for H. sciums, H. bonariense and A. virginicus at the 
Port Royal reefs (Table 10.35) are most probably 
highly conservative, as the recruitment ogives of unex- 
ploited stocks have not been determined. 

There is a reasonable degree of uniformity in the 
calculated values of M/K, Z/K and E which are given in 
Tables 10.3 1 to 10.35. 

ABUNDANCE AND DENSITY 

Density and Biomass 

Standing crops of coral reef fishes have been measured 
by Bardach (1 959) in Bermuda, by Randal1 (1 963) in 
the Virgin Islands, and by Nagelkerken ( 197 1) in Curacao. 

Bardach (1959) estimated the summer standing crop 
of fishes on an isolated reef in Bermuda from underwater 
fish counts and approximate weights of the species 
observed. The total weight of fishes on the reef, which 

had an area of 1 ha, was estimated to  be 490 kg, or 
0.049 kg/m2. The reef accommodated a large school of 
H. sciums comprised of an average of 276 individuals 
with a total weight of about 110 kg. Bardach also made 
counts on a small area of fringing reef where the stand- 
ing crop of pomadasyids was found t o  be much lower. 
These estimates resulted from counts made in three 
consecutive years, which all gave very similar figures, 
indicating small annual changes in density during that 
period. 

In the Virgin Islands, Randall (1963) measured the 
standing crop of fishes on an isolated artificial reef, with 
an area of about 50 m2,  which had been in existence 
for 2 yr 4 mo. The fishes were collected by encircling 
the reef with nets, and then applying poison to  the area. 
The estimate of standing crop that he obtained was 1.74 
kg/m2 or 55.08 fishes/m2 which is considerably greater 
than that obtained by Bardach (1959). Young poma- 
dasyids were the most abundant fishes, comprising 0.74 
kg/m2 or 37.4 fishes/m2, and young H. plumieri alone 
comprised 25.3 fishes/m2. Randall also carried out two 
poison stations at an extensive fringing reef, where he 
found the standing crop to  be very much lower, 0.160 
kg/m2 or 2.25 fishes/m2 and 0.158 kg/m2 or 4.90 - 



Table 10.36. Mean catch rates of grunts in baited traps (4.13 cm meah) at Pedro Bank and California Bank, e x p d  
as numbers per 1,000 hexagonal trapdays 

Eastern Southern Western 
Species Pedro Bank Pedro Bank Pedro Bank Pedro Cays area California Bank 

Haemulon aurolineotum 
H. striatum 
H. flnvolineatum 
H. melanurum 
H. album 
H. chrysargyreum 
H. phmien' 
H. carbo~rium 
H. sciurus 
H. parm 
H. bonariense 
H. macmtomum 
Anisotremus virginicus 
A. suri~mensis 

Total pomadasyids 

fishes/mZ respectively and pomadasyids, mainly A. 
surinamensis, H. flavolineatum and H. carbonarium, 
comprised only a small proportion. 

In Curapao, Nagelkerken (1971) estimated the stand- 
ing crop of fishes in zones of Millepora alcicornis and 
Acropora palmata. He collected all the fishes from 
several quadrats of 16 m2 in each zone, and he estimated 
the standing crop of the M. alcicornis zone to be 0.167 
kglm2 and that of the A. palmata zone to be 0.157 
kg/m2, but no pomadasyids were collected from the 
quadrats. 

Bardach ( 1959) and Randall ( 1963) both measured 
the daytime density of fkhes. In both cases, the isolated 
reefs accommodated large schools of pomadasyids. 
However, these fishes are merely sheltering on the reef 
by day, and at night when they move away to  feed in 
adjacent areas, the density of fishes remaining on the 
reef would be very much less. Thus by day, fishes such 
as pomadasyids are highly concentrated around small 
reefs, and an estimate taking into account the extent of 
adjacent feeding grounds would give a more accurate 
measure of density. 

No direct information on density or biomass of 
pomadasyids per unit area was obtained during these 
investigations. 

Seasonal Availability 

Figure 10.24 shows details of the monthly variations 
in "availability" (see Munro 1974 and Chapter 3) of 
pomadasyids at the Port Royal Reefs between January 
1970 and January 1972. For most species, availability 
is at a minimum between September and November, 
and there is some degree of regularity in the seasonal 
availability of the four predominant species. 

Relative Abundance 

The relative abundances of species of grunts at the 
Port Royal Reefs and at various parts of Pedro Bank and 
California Bank are given in Tables 10.36 and 10.37. 
Catch rates are expressed in terms of numbers of fishes 
theoretically captured in 1,000 hexagonal traps each set 
for one day. 

For most species at Pedro Bank, the greatest relative 
abundance occurred in the eastern portion of the bank 
and fewest grunts were found in the deeper western 
areas where coral cover appears to be less extensive. 
Haemulon plumien and H. flavolineatum are numerically 
predominant in most areas. H. sciurus is abundant at the 
Port Royal Reefs but absent from Pedro Bank, whereas 
the situation is reversed in the case of H. melanurum and 
neither species was captured at California Bank. 

Within the comparatively small area of the Port Royal 

Table 10.37. Mean catch rates of grunts in unbaited traps (4.13 
cm mesh) at the Port Royal Reefs in 1970 and 1971, expressed 
as corrected numerical catch from 1,000 traps each soaked for 
1 day. 

Species 1970 1971 

Haemulon plumien 
H. sciurus 
H. flavolineatum 
H. bo~riense 
H. macrostomum 
H. aurolineatum 
Anisotremus virginicus 
A. surinamensis 

Total pomadasyids 



Reefs, relative abundance of species seems to  vary from deeper western and eastern extremities of Pedro Bank 
reef to  reef. H. plumien and A. virginicus were more and at California Bank than in the shallow southern 
abundant at Yahoo Reef than at Nassau Reef, whereas portions of the Pedro Bank. It was never taken at the 
the reverse was true for H. sciurus, H. flavolineatum and Port Royal Reefs. 
H. bonariense. In general, the data indicate that pomadasyids are 

Haemulon album was taken mainly on lines and the most abundant at unexploited parts of Pedro Bank, and 
data confirm that this species was more abundant at the though the Pedro Bank and Port Royal figures cannot be 

1970 1971 1972 
J F M A M J  J A S O N O J  F M A M J J A S O N O J F  

a .  Haemulon plumieri 

b. Haemulon sciurus 

1 c .  Haemulon flavolineatum 

d. Haemulon bonariense 

e .  Pomadasyidae 

f .  Total catch excluding Pomadasyidae 

M 
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1970 1971 1972 

Fig. 10.24. Variations in monthly mean availability of the four commonest pomadasyid species that comprise the 
trap catch at the Port Royal Reefs. Graphs are smoothed by a moving mean of three. 



directly compared because of the use of baited traps 
offshore, it is probable that the pomadasyids are in fact 
more abundant at Pedro Bank than at the Port Royal 
Reefs. 

NATALITY AND RECRUITMENT 

Reproduction Rates 

There are no direct data on reproduction rates 
because the number of spawning seasons in a year is not 
known for any species. 

The rate of egg production of H. plumieri is expected 
to  be much higher on Pedro Bank where the average size 
of the catch was much greater than on the Port Royal 
Reefs. Taking the fecundity coefficient and mean weight 
of mature H. plumieri taken on the Port Royal Reefs 
(about 220 g), the mean fecundity was calculated 
to  be about 42,000 eggs per female per spawning season. 
However the mean weight of H. plumieri in the trap catch 
on unexploited parts of Pedro Bank was about 400 g and 
the mean fecundity was calculated to be about 150,000 
eggs per female per spawning season. 

progress to the right. This indicates that the main 
months of recruitment extended from May to October. 
However, fishes in the 14 to 15cm length group were 
present in all months showing that some recruitment 
occurred throughout 1970 and 197 1. 

Quarterly histograms of trap catches of H. sciurus at 
the Port Royal Reefs (Fig. 10.1 3) indicate that recruit- 
ment took place in the months of August to October in 
1970 and 1971. 

Data from offshore areas were too scattered to  give 
information on recruitment. However, a catch of H. 
album taken in traps at Morant Bank in July 1970 
showed a distinct peak of small fishes which suggests 
that recruitment might occur at that time. 

Indices of recruitment, R', can be calculated as R' = 
( C / ~ ) Z ,  in which C/f is the mean catch rate and Z is the 
total mortality rate. The index, R', is the theoretical 
annual number of recruits at the mean retention length, 
I,, required to produce the observed catch per unit 
effort. Mortality rates, Z, are known only for three 
species; H. plumieri, H. album and H. sciurus. The 
estimated recruitment indices are summarized in Table 
10.38. 

'Table 10.38. Estimated recruitment indices for species of grunts in various areas. 

Species 

No. per 1,000 Mortality Recruitment 
I1 trapday s rate index 

an, FL cm 2 R' 

Haemulon plumieri 
E. Pedro Bank 
S. Pedro Bank 
W. Pedro Bank 
Port Royal Reefs 

H. album 
E. Pedro Bank 
S. Pedro Bank 
W. Pedro Bank 

H. sciurus 
Port Royal Reefs 

Recruitment 

Continuous trap fishing on the Port Royal Reefs over 
a 2-yr period provided information about months of 
recruitment of H. plumieri and H. sciurus, but data were 
insufficient for any other species. Lengths of eleven 
species at minimum, mean and full recruitment to traps 
(mesh size 4.13 cm) are listed in Table 10.30. 

Bimonthly histograms of trap catches of H. plumieri 
at the Port Royal Reefs (Fig. 10.5) show a stationary 
mode at 16.5 cm from May to October in 1970 and 
1971, and in subsequent months the mode begins to 

DYNAMICS OF THE POPULATIONS 

No detailed yield assessments for any pomadasyid 
species are possible using the present data. However, 
certain generalizations can be made from the yield 
function tables prepared by Beverton and Holt (1964). 
Values of L, , I,, MIK and E for eight species are given in 
Tables 10.30-1 0.35. Reference to the yield function 
tables indicates that all values of (= l r / L d  are above 
the eumetric level at al l  rates of exploitation. 

There is no direct information on rates of recruitment 
to pomadasyid populations. However, estimates of MIK 



and Z/K are high and therefore estimates o f  yield per the rate of recruitment must also be high. 
recruit (Beverton and Holt 1964) would be correspond- Availability data (Table 10.37 and Fig. 10.24) per- 
ingly low. No evidence was found t o  suggest a decline in taining t o  species on the Port Royal Reefs show that the 
any of the pomadasyid populations studied, and in order abundance of pomadasyids remained fairly constant in 
t o  maintain the population against a high mortality rate, 1970 and 197 1. 



CHAPTER 1 1 : 

THE BIOLOGY, ECOLOGY AND BIONOMICS 
OF THE GOATFISHES, MULLIDAE 

by 
J.L. Mum 

(February 1974) 

Identity 

The distinguishing characteristics of the Atlantic 
Mullidae are the presence of a pair of long barbels on the 
chin, two wellaeparated dorsal fins, two spines on the 
anal fin and a forked tail (Bohlke and Chaplin 1968). 

The Atlantic species have been adequately described 
by Randall (1968), Bohlke and Chaplin (1968) and 
Jordan and Evermann (18961, who give full details of 
coloration and distinguishing characteristics. 

Four species in four genera are known from the 
western Atlantic: 

Pseudupeneus maculatus (Bloch) 1793-Spotted 
goatfish 

Mulloidichthys martinicus (Cuvier and Valenciennes) 
1829-Yellow goatfish 

Mullus auratus (Jordan and Gilbert) 1882 
Upeneus parvus (Poey) 185 1 
Their synonomy and morphological details are given 

by Jordan and Evermann (1896) and by Caldwell 
(1962). There are no reports of any geographic variations 
or of the existence of any sub-populations. 

Distribution 

Mullus auratus is a northern species distributed from 
Nova Scotia as far south as the Campeche Bank off 
Yucatan, but apparently is uncommon in the Caribbean 
Sea (CaldweU 1962). Upeneus parvus is found in the 
Gulf of Mexico, off eastern Florida and the north- 
eastern coast of South America. Lachner ( 1954, quoted 
by Caldwell 1962) stated that this species has also been 
recorded from Cuba and Puerto Rico, and Caldwell 
(1966) recorded U. parvus from a f i  trap at Port 
Antonio, Jamaica and from a trawl catch taken on the 
southwest coast of Jamaica. Randall ( 1968) states that 
the abovementioned species are characteristic of mud or 

silty bottoms in deeper water. 
Reef areas between Brazil and the southeastern coast 

of the United States, and including the Bahamas and the 
Greater and Lesser Antilles are inhabited by Mulloidich- 
thys martinicus and Pseudupeneus maculatus and both 
of these species were captured during these investigations. 
Randall (1968) states that the adults inhabit reefsand 
areas while the young are commonly seen over seagrass 
beds. The larvae and post-larvae are pelagic (although 
this has not been confirmed for M. martinicus) and 
metamorphose and transfer to the demersal habitat at 
sizes of around 4 to  8 cm (Caldwell 1962). 



Bionornics and Life History 

REPRODUCTION 

Gonads 

The gonads of P. maculatus and M. martinicus are 
unexceptional in appearance. Ripe ovaries are bright 
yellow. 

Sexuality 

There is no evidence of any hermaphroditism or 
intersexuality in the Mullidae. 

Figures I l . la  and b show the size distributions of 
male and female P. maculatus captured in fish traps 
(4.13 cm mesh) on the oceanic Pedro and California 
Banks and at the Port Royal Reefs. In each case, the 
males are significantly larger and relatively more abun- 
dant than the females, suggesting sexual dimorphism in 
either relative or absolute growth rates or mortality 
rates. Caldwell (1962) states that "the males tend 

to have higher arched backs and more angular facial 
profiles whereas the females tend to be more fusiform 
and have a sloping facial profile," and states that these 
differences become more pronounced with increasing 
size. 

In contrast to P. maculatus, the samples of M. mar- 
tinicus (Fig. l l .lc) showed a predominance of females 
and the mean size of males was about 1 cm smaller than 
that of the females. The maximum and minimum sizes 
captured were also about 1 cm less. This is probably a 
result of sexually dimorphic growth patterns; below 2 1 
cm FL the males are slightly deeper-bodied and heavier 
than females of the same length. 

Maturity 

Table 11.1 shows that the smallest ripe male P. 
maculatus measured about 17.5 cm FL (97 g) and that 
full maturity is reached at about 18.5 to 19.5 cm FL 
(116 to 137 g). In the case of the femalesseveral of the 
smallest individuals retained by the 4.13 cm mesh were 
ripe and the size at maturity is probably less than 16 cm 
FL (80 g). 

Male M. martinicus appear to first mature at approx- 
imately 18.5 cm FL (1 18 g) and females at or 6efore 
17.5 cm FL (90 g) and full maturity is attained within 1 
cm of the abovementioned lengths (Table 1 1.1). 

Fecundity 

Estimates of the fecundity of P. maculatus and M. 
martinicus are not given in the literature, and no esti- 
mates were made during this study. 

Mating and Fertilization 

Randall and Randal1 (1963) reported that P. macu- 
latus aggregated in large groups to spawn and that eggs 
and milt were released by groups of fishes after a rapid 
vertical ascent from the aggregation. Fertilization is thus 
external. This behavior is also found in parrotfishes, 
surgeonfishes and wrasses. 

Spawning Seasons 

Gonads of 456 mature P. maculatus were examined 
between January 1970 and February 1973. The results 
are shown in Fig. 11.2a. No ripe-running or spent fishes 
were captured. The main spawning period was from 

o January to April with a subsidiary peak in October. 
15  16 17 18 IS 2 0  2 1  22 23 24 25 26 27 28 29 No specimens were obtained in June of any year, and no 

Fork length (cm) ripe fishes were found in July and August. From the 

Fig. 11.1. Length-frequency distributions of trap catches of OCCUlTenCe of 40-mm juveniles, ~aldwel l  (1962) sug- 
male (m) and female (f) mullids: (a) fieudupeneus maculams gested that the spawning season of P. maculatus was 

from the Port Royal Reefs. (b) I! madatus from Pedro Bank protracted. This is confirmed here. 
and California Bank. (c) Mulloidichthys martinicus from d In the case of M. martinicus, the gonads of 279 
sampling areas. mature fishes were examined. Owing to the relatively 



Table 11.1. Proportions of mature male and female Aeudupeneus rnaculatus and Mulloidichthys mnrtinicus in mc- 
cessive length groups. All specimens captured in traps at Port Royal Reefs or at oceanic banks. 

P. maculatus M. rnartinicus 
Median Females Males Females Males 

fork length No. % No. % No. % No. % 
(cm) examined ripe examined ripe examined ripe examined ripe 

J F M A M  O N D  

J-F M-A M-J J-A S-0 N-D 

Fig. 11.2. Seasonal variations in the percentage of ripe (cross- 
hatched), active (verticdy hatched) and inactive (unshaded) 
mullids in Jamaican waters. Data for 1968-1973 combined on 
a monthly or bimonthly basis. (a) Aeudupeneus rnaculatus; (b) 
Mulloidichthys mrvtinicus 

small size of the sample, the results have been combined 
on a two-monthly basis (Fig. 11.2b). Spawning occurs 
mostly in March-April and September43ctober and few 
fishes with ripe gonads were found at other times, 
particularly in the summer months. 

It is not known whether individual fishes spawn twice 
each year or whether only a part of the population 
spawns in each of the main spawning periods. 

Spawn 

The unfertilized and fertilized spawn of P. maculatus 
and M. martinicus have not been described. 

LARVAL AND JUVENILE PHASE 

Details of the eggs, larvae and juveniles of Mediter- 
ranean species of Mullidae are given by Montalenti 
(1 937). Similar details are not available for western 
Atlantic mullids. 

Embryonic Phase 

The embryonic stages of the western Atlantic species 
of goatfish have not been described. 

Larval Phase 

The smallest individuals of P. maculatus so far de- 
scribed (Caldwell 1962) are of 18.5 mm and 2 1.5 mm 
SL, taken in the Gulf Stream and the northern Gulf of 
Mexico, respectively. The pelagic post-larval stage of P. 
maculatus is illustrated by Caldwell and metamorphosis 
t o  benthonic adolescents occurs from lengths of 41 mm 
SL upwards, but might be delayed until 61 mm SL is 
attained. Presumably, the metamorphosis can be delayed 
until shallow water is encountered. 

The post-larvae of M. martinicus are not described, 



the smallest benthonic specimen recorded by Caldwell 
being of 82.5 mm SL. 

Larval and post-larval mullids have been reported 'as 
commonly occurring in the food of tunas (Dragovitch 
1970), but no  description of the larvae has been found 
in the Literature. 

t o  metamorphose, and it is possible that they were taken 
in the pelagic zone. 

Parasites, Diseases, Injuries and Abnormalities 

No parasitized, diseased, injured or abnormal goatfish 
have been recorded. 

Juvenile Phase 
Longevity 

During these investigations, the juvenile stages of 
P. maculatus and M. martinicus have commonly been 
seen in shallow, sheltered areas around reefs, Thalassia 
beds and in embayments, and are often mixed with 
schools of juvenile grunts. Very large schools of juvenile 
M.. martinicus were observed by day sheltering in dark, 
wave-formed caves at Negril, Jamaica, in December 
1 973. Presumably, they emerge from these sheltered 
areas at night and feed in the surrounding area. 

No details of their ecology are known, but the 
juveniles presumably have similar feeding habits to 
those of the adults. 

ADULT PHASE 

Competitors 

According to the analyses of Randall (1967), P. 
maculatus and M. martinicus might be, to some extent, 
competitive for the same foods. Other obvious com- 
petitors for food include a wide assemblage of species of 
grunts, wrasses and small jacks, particularly Caranx ruber 
(Wicklund 1972). 

Predators 

Randall (1967) recorded specimens of P. maculatus 
from the stomachs of Fistularia tabacaria, Aulostomus 
maculatus, Epinephelus striatus, Lutjanus analis, L. jocu, ' 
Caranx fusus and C. ruber. M. martinicus was found in 
the stomachs of specimens of Epinephelus guttatus and 
Euthynnus alletteratus. 

I t  thus seem likely that they commonly fall prey to 
most of the larger reef predators including sharks, 
groupers, snappers and jacks. It is possible that the 
specimen of M. martinicus in the stomach of one little 
tuna, E. alletteratus, was a pelagic juvenile. 

The pelagic larval and post-larval stages of mullids are 
heavily preyed upon by tunas and in the Caribbean 
region comprise nearly 11% (by volume) of the diet of 
skipjack (Katsuwonus pelamis), but were not identified 
from the stomachs of yellowfin tuna(Thunnusa1bacares) 
(Dragovitch 1970). Bane (1 965, cited by Dragovitch 
1969) reported goatfishes from the stomachs of blackfm 
tuna (T. atlanticus) taken near Puerto Rico and sug- 
gested that the tuna might be feeding close to the 
bottom. However, the size ranges cited by Bane (5 to  7 
cm) are close to  the sizes at  which mullids are reported 

There is no  direct evidence concerning the longevity 
of western Atlantic goatfishes. From the evidence on age 
and growth and population structure it would appear 
that attainment of an age exceeding 5 yr would be most 
exceptional. 

Hardiness 

Goatfishes appear to be rather delicate creatures and 
do not readily survive handling or  even brief periods of 
removal from water. Salinity and temperature tolerances 
are unknown. 

NUTRITION AND GROWTH 

Feeding 

The mullids feed primarily over muddy or sandy 
bottoms upon surface or sub-surfacedwelling inverte- 
brates. The long barbels are swept over or through the 
sediments and are presumably receptive to  contacts with 
prey animals (Randall 1967). Bohlke and Chaplin 
(1968) suggest that M. martinicus feeds mostly at night, 
whereas P. maculatus may feed mostly by day. However, 
both species have been observed feeding by day during 
these investigations. 

Food 

Randall (1967) reported on the stomach contents of 
23 specimens of M. martinicus and 27 specimens of P. 
maculatus. The samples suggested that both species have 
similar food preferences, but that M. martinicus con- 
sumes a greater variety of foods. In the case of P. macu- 
latus, crabs (30.2%). shrimps (2 1.8%) and polychaetes 
(13.3%) collectively comprised over 65% by volume of 
the diet, whereas polychaetes (18.6%), crabs and crab 
larvae (1 5.9%), pelecypods (1 3.1%), shrimps and shrimp 
larvae ( 1 1.9%) and ophiuroids (8.9%) comprised the 
dominant elements in the food of M. martinicus. Thus, 
while there are differences in the proportions of the 
items observed in the samples, it appears that the species, 
to a considerable extent, are competitive in their food 
requirements. There is some evidence of a degree of 
separation of the species by depth zones, and P. macu- 
latus is relatively more abundant in deeper shelf areas 
having a relatively sparse cover of coral. 



Growth Rates 

Relative growth patterns 

Pseudupeneus maculatus: The length-weight relation- 
ships of male and female P. maculatus within the range 
of 16 to 23 cm FL are described by the following 
equations: 

for males, W = 0.0099 L~~~~ 
for females, W = 0.0552 L~~~~ 

where W is the weight in grams and L is the fork length 
in centimeters. There is thus marked allometric growth 
in both sexes, and this confirms Caldwell's (1962) 
observation that the differences in the shapes of males 
and females were more pronounced with increase in size. 

The relationship between fork length (FL) and 
standard length (SL) is 

FL = 1.08 SL 
or SL = 0.93 FL 
The maximum body depth (MD) of P. maculatus is 

about 0.254 FL or FL = 3.93 MD. 

Mulloidichthys martinicus: The length-weight relation- 
ships within the range 18 to 23 cm FL are described by 
the following equations: 

for males, W = 0.0820 L ~ . ~ ~ ~  
for females, W = 0.0089 L ~ . ~ ~ ~  

where W is the weight in grams and L is the fork length 
in centimeters. 

The markedly allometric growth is the reverse of the 
case with P. maculatus. and the males tend towards a 
more fusiform shape but are relatively heavier below 21 
cm FL. 

The relationship between fork length (FL) and 
standard length (SL) is 

FL = 1.05 SL 
or SL = 0.96 FL 

and the maximum body depth 
MD = 0.249 FL 

or FL = 44.0 1 MD. 

The maximum size 

Pseudupeneus maculatus: Randall (1 968) reports that 
P. maculatus reaches a maximum size of about 11 in 
(27.9 cm) TL, and Bohllce and Chaplin (1 968) state that 
this species grows to  about 10 in (25.4 cm) SL. The 
largest male captured during these investigations mea- 
sured 26.4 cm FL and the largest female measured 24.9 
cm FL. 

Apparently, the asymptotic lengths of males and 
females are in the region of 27.0 cm FL and 25.0 cm FL, 
respectively. Using the lengthweight conversions, 
the calculated equivalent weights are 362 g and 256 g, 
respectively. 

Mulloidichthys martinicus: This species is reported by 
Bohlke and Chaplin (1 968) to reach a maximum size of 

"about one foot" (30.5 cm SL), and Randall (1968) 
illustrates a specimen of 12.9 in (32.8 cm) TL and states 
that they have been recorded to about 15.5 in (39.4 cm) 
TL in Venezuela. The largest specimen recorded during 
these investigations was of 28.3 cm FL (430 g). The sex 
was not determined. 

It appears that the asymptotic size of females might 
be in the vicinity of 30 cm FL and 5 13 g. The largest 
male was 1 cm smaller than the largest female (Fig. 
1 1 .lc) and the asymptotic size of males might be in the 
region of 29 cm FL and 363 g. 

Age and growth 

The monthly length-frequency distributions of P. 
maculatus and M. martinicus did not show clear modal 
progressions. This is probably a result of the relatively 
small samples, the extended or biannual spawning 
season and, possibly, the apparent ability of the pelagic 
post-larvae to delay metamorphosis (Caldwell 1962). 
However, the mullids are among the few species in the 
region which show well-defined periodic marks on the 
scales (R. Thompson, unpublished report). The results of 
scale analyses (done by R. Thompson) used in conjunc- 
tion with the limited length-frequency data have been 
sufficient to provide preliminary growth estimates. 

Radius of scale mark (mm) 
Fig. 11.3. Frequency distributions showing radii at which marks 
were observed on the scales of a ample of 619 Aeudupeneus 
maculatus from the Senanilla Bank and Pedro Bank. (a) Posi- 
tion of mark on scales having one mark only; (b) Position of 
fmt mark on scales having two or more marks; (c) Position of 
second mark on scales having two or more marks. 



Pseudupeneus maculatus: Samples of scales of P. macu- 
latus were taken from commercial catches from the 
Serranilla Bank between June and October 1971, and 
smaller samples were obtained from Pedro Bank and 
Port Royal. Except for samples from the Port Royal 
Reefs, it was not possible to determine the sex of each 
fish nor to  measure all fishes and the data are therefore 
mostly for males and females combined, and lengths of 
fishes have been backcalculated from the scale radius- 
fork length relationship. 

The relationship between scale radius and fork length 
was found to  be linear over the range from 17 to  26 cm 
FL (regression techniques follow Ricker 1973) and can 
be described as Fork Length = 24.12 x Scale Radius. 

Of the 6 19 sample scales, 300 showed one or more 
marks. Scales which bore one ring ranged from 7.3 mm 
to  10.8 mm radius (mean 9.1 mm), whereas scales which 
showed no marks had radii of 6.4 to 10.2 mm and a 
mean radius of 8.4 mm. 

The scales of 27 males and 11 females from the Port 
Royal Reefs showed that the first annuli developed at 
mean sizes of 18.6 cm FL and 16.8 cm FL, respectively. 

Figure 1 1.3 shows that in the case of samples from 
the Serranilla Bank, the first ring is formed at radii 
between 4.5 and 11.0 mm, with a pronounced mode at a 
scale radius of 8.0 mm to  8.5 mm, equivalent to  a fork 
length of 19.3 to 21.5 cm. The mean position of this 
ring was 8.4 mm from the focus, equivalent to  a fork 
length of 20.2 cm. In the case of scales wit$ two ring,  
the position of the first ring was bimodally distributed at 
7.0 to  7.5 mm and 8.0 to 8.5 mm, while the position of 
the second ring had a skewed unimodal distribution with 
the mode at 9.0 to  9.5 mm and relatively large number 
of r i n g  within the 7.6 t o  9.0 mm size range. This 
suggests that the females might attain maturity at scale 
radii of 7.0 t o  7.5 mm (17 t o  18.1 cm FL) while males 
mature at scale radii of 8.0 t o  8.5 mm (19.5 t o  20.5 cm 
FL). The position of the second ring suggests that a 
length of 21.9 to  22.9 cm FL, equivalent t o  a scale 
radius of 9.0 t o  9.5 mm, is attained by the males at the 
next spawning season. The females might attain their 
second ring at a scale radius of about 7.5 t o  8.0 mm 
(equivalent to  about 18.7 cm FL) or less. This is highly 
conjectural and is supported only by the fact that several 
length-frequency samples were bimodal with the modes 
2 cm apart, which would conform with the rate of 
increase suggested above. 

The abovementioned lengths at ring formation are 
close t o  the sizes at sexual maturity which were pre- 
viously estimated and it is concluded that it is likely, but 
unproven, that the scale marks are formed as a result of 
gonad maturation. It is therefore also likely that scale 
marks are formed in April and October of each year, 
but it is possible that only a part of the population 
spawns in autumn (Fig. 1 1.2a). 

For the sample from the Serranilla Bank, the extent 
of the mean marginal increment was 0.21 mm in June 
197 1 and increased t o  0.3 1 mm in July and t o  0.67 mm 
by September 197 1 (Fig. 1 1.4), suggesting an increase in 

size of about 1.6 cm FL from 20.2 cm FL to  about 21.8 
cm FL, between April and September. This increase 
conforms with the increases in size of males which were 
deduced from the interval between marks on two-ringed 
scales. [It is important to  bear in mind that the females 
are never fully recruited to the fishery and are under- 
represented in the samples (Fig. 11 .I).] 

In summary, it is estimated that males usually attain 
maturity at a length of about 20.2 cm FL and reach 
about 22.2 cm FL at the subsequent spawning. In 
contrast, the females appear t o  attain maturity at a 
length of only 17.5 cm and reach 18.7 cm FL by the 
following spawning season (Fig. 1 1.5). 

From the foregoing it is deduced that the rate of 
growth, K ,  is about 0.70 in the case of males when L, is 
27.0 cm FL. For females, K is about 0.35 when L, is 25 
cm FL. 

Mulloidichthys martinicus: The samples of this species 
were too infrequent and small for an analysis of modal 
progression in length frequency distributions. However, 
the data suggest that recruits enter the fishery at a size 
of about 18.5 cm between August and October and 
reach a modal size of 20.5 cm FL by December, and 
a length of 23.5 cm FL is attained by the following 
December. 

10 

Marginal increment (mm) 
Fig. 11.4. Marginal increments (distance from scale mark to mar 
gin of scale) in samples of scales of Aeudupeneus rnuculatus 
from the Serranilla Bank (a) June 1971, N = 50; (b) July 1971, 
N = 31; (c) September 1971, N = 52;(d) October 1971, N = 20. 
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Y e a r s  
Fig. 11.5. Estimated growth in length of male (m) and female (0  Aeudupeneus mcu&fus. See text for details. The points of origin of 
the curves might be +6 months in enor. 

A small sample of 42 scales was obtained in Septem- 
ber 1971, from commercial catches from Bqjo Nuevo 
and the Pedro Cays. Nineteen of these scales had at least 
one mark, and 3 scales had two marks. The first mark 
was at a mean radius of 8.74 mm and the second at 
8.93 mm. The sex of the fishes was not determined. The 
scale radius -fork length relationship is linear over the 
range from 17 to 28 cm FL and the relationship is: 
Fork Length = 23.82 Scale Radius. 

The first mark is thus formed at a mean fork length 
of about 20.8 cm, and the second mark is formed at 
21.3 cm FL. The marginal increment of the samples 
varied between 0.2 and 1.4 mm, with a mean of 0.58 
mm, inplying an average increase of 1.4 cm FL between 
the spawning season in March-April and September when 
the samples were obtained. This is approximately the 
same rate of increase as suggested by the length-frequency 
distributions. 

If the asymptotic lengths of males and females are 
about 29 cm and 30 cm FL, respectively, the rate of 

growth is in the region of K = 0.4. It is emphasized that 
these conclusions are based upon the minimum of 
evidence. The males are incompletely recruited to  the 
fishery, and it is therefore likely that the data refer 
mostly to females and that the males have a lower rate 
of growth. 

BEHAVIOR 

Adult M. martinicus and P. maculatus both commonly 
occur in mixed feeding aggregations together with 
grunts, wrasses, surgeonfish and other common reef 
species. 

There is no indication that local or regional migrations 
occur and it appears likely that both species never move 
significant distances away from the point of settlement 
of the oceanic pelagic phase. 

There is no  information on the responses of goatfishes 
to any environmental or other stimuli. 

Populations 

POPULATION STRUCTURES Port Royal Reefs and M:F = 1 :0.40 at Pedro Bank. This 
deviation from the usual is undoubtedly the result of the 

Sex Ratios differential growth rates of the sexes which results in the 
females reaching a retainable size at a greater age than 

The sex ratios of the populations of goatfishes are the males. 
unknown. The sex ratio of samples of P. maculatus cap- In the case of M. martinicus, the sex ratio of samples 
tured in traps (4.1 3 cm mesh) is M:F = 1:0.41 at the taken in traps was M:F = 1: 1.52 in offshore areas, and 



1 : 1.86 at the Port Royal Reefs. As shown in Fig. 1 1.1 c, 
the females are of substantially larger average size than 
the males and it  is therefore likely that, in contrast t o  P. 
maculatus, the males grow more slowly than the females 
and are recruited t o  the fishery at a greater age. 

Age and Length Compositions 

As the absolute agesize relationships of P. maculatus 
and M. martinicus are unknown, there is n o  information 
o n  the age composition of the population or  of the 
catch. However, the evidence o n  size composition and 
growth rates suggests that the majority of individuals d o  
not survive the third year of life. 

Pseudupeneus maculatus: The size composition of 
samples of P. maculatus captured at Pedro Bank in the 
10.1 t o  20 m, 20.1 t o  3 0  m and 30.1 t o  45  m depth 
zones were compared (Fig. 1 1.6a). The  ranges, modes and 

Fork length (cm) 

Fig. 11.6. Length-frequency distributions of trap catches of (a) 
Aeudupeneus maculatus and (b) Mulloidichthys martinicus from 
the 10.1 to 20 m, 20.1 to 30 m and 30.1 to 45 m depth zones of 
Pedro Bank. 

means of the samples did not vary according t o  depth 
and it is concluded that mature fishes occur in all depths 
o n  the shelf. It  is possible that immature adolescent 
stages might prefer shallow waters if they are available, 
but as substantial catches have been obtained on Cali- 
fornia Bank which has a minimum depth of about 30 m, 
and at northwestern Pedro Bank, at least 130 k m  from 
the nearest shallows, this is unlikely t o  be a major factor 
affecting any relationship between size and depth. 

The overall size compositions of  the populations are 
unknown. The size compositions of the catches of  male 
P. maculatus at Port Royal Cays, and at the unexploited 
parts o f  Pedro Bank are shown in Fig. 11.7. There is n o  
reason t o  suppose that  traps are selective above the size 

Fork length (cm) 

Fig. 11.7. Comparison of estimated mean annual length-frequency 
distributions of catches of male Aeudupeneus maculatus from 
the exploited Port Royal Reefs (prr) and from the unexploited 
portions of Pedro Bank (upb). Both estimates are classified as 
"poor" (see Chapter 3 for details) owing to the relatively small 
sample size. 

which is fully retainable by the mesh, and the trap catch 
length composition above 2 1.0 cm is, therefore, probably 
representative of the population size composition in the 
case of the males. In the case of the females, only ten 
specimens measuring more than 2 1.0 cm FL were 
obtained (of a total catch of 126 females), and the catch 
size composition is clearly the result of the interaction 
of the selective characteristics of the mesh and the 
population length composition. 

Based on  the maximum body depth-fork length 
relationship, the minimum size theoretically retainable 
by a mesh of 4.13 cm maximum aperture is 16.2 cm FL. 
The smallest individual taken in our traps was a female 
of 16.5 cm FL. However, it  is clear from the size distri- 
bution of the catch that the species is not fully retainable 
by the mesh until the 2 1.0 t o  2 1.9 cm length group is 
attained, and that below this size an increasing proportion 
of individuals are able t o  force an exit through the mesh. 
The mean size at first capture is about 19.0 cm FL. 

Mulloidichthys martinicus: The size compositions of 
catches of M. martinicus from the 10.1 t o  20-m, 20.1 t o  
30-m and 30.1 t o  45-m depth zones of Pedro Bank did 
not differ significantly in terms of range, mean o r  mode 
(Fig. 1 1.6b), and it  is concluded that with respect t o  size 
this species is homogeneously distributed over the depth 
zones fished. 

The overall average size composition of the trap 
catches from unexploited parts of Pedro Bank is shown 
in Fig. 11.8. The frequency distributions of those parts 
of the catch which were sexed are also included. It  is 
apparent that the broad mode of the catch length 
frequency distribution results from the substantially 
smaller modal size of the males. A similar, smaller 
sample from the Pedro Cays has the mode at 20.5 cm, 
and it  is concluded that the populations are not fully 
recruited t o  the fishery until a size of over 20  cm FL  is 
attained. 

The theoretical minimum size retainable by mesh of 



Fork length (cm) 
Fig. 11.8. Comparisons of estimated mean annual length-fre- 
quency distributions of male (m) and female (f) and of male, 
female and unsexed (all) Mulloidichthys martinicus captured in 
traps (4.13 cm mesh) at (a) unexploited parts of Pedro Bank and 
(b) the exploited Pedro Cays area. 

4.13 cm maximum aperture is 16.6 cm FL, and the 
smallest individual actually retained in the traps was 
16.2 cm FL. The fishes are not fully retainable until a 
length of over 20.0 cm is attained (Fig. 1 1.8a, b) and the 
mean size at recruitment is 19.3 cm FL. 

MORTALITY AND MORBIDITY 

Factors Causing or Affecting Mortality 

There is no  direct evidence concerning natural factors 
responsible for mortality of adolescent or adult goat- 
fishes. However, it would appear likely that the major 
source of mortality might be predation by groupers, 
jacks and snappers, and eels and sharks might also be 
involved. No heavy infestations of parasites were ob- 
sewed. 

In the nearshore areas of the Jamaican shelf, at 
California Bank and at the Pedro Cays, trap fishing is 
undoubtedly a major cause of mortality. Mullids are also 
Eaptured in beach seines in back reef areas. 

Pseudupeneus maculatus: From the data on size 
composition (Fig. 11.7), the relative mortality rates can 
be approximately estimated for male P. maculahrs at 
Port Royal and the unexploited parts of Pedro Bank. 
Other areas did not yield samples of sufficient size upon 
which such estimates could be based. 

Table 11.2 shows the relative rates of decline in 
abundance of successive length groups of male P. macu- 
lams beyond full recruitment at a length, I,, of 2 1.0 cm. 
If the asymptotic fork length can be reasonably be set at 
27.0 cm the ratio Z/K can be calculated as 

Z/K = (~ - i ) / f i  - lc) 
(Beverton and Holt 1956) 

At the Port Royal reefs, 

and at  unexploited Pedro Bank, 

If, owing to  the relative absence of predators, the value 
of M/K at Port Royal is not greater than 2.70, then the 
value of F/K is not less than 7.45 - 2.70 = 4.75. If the 
growth estimates are reasonably accurate (in fact, they 
are rather speculative) and the growth coefficient K = 
0.70, then 

and at Port Royal 

Table 11.2. Comparison of the relative abundance of successive 
length groups of male Aeudupeneus maculrrtus beyond full re- 
cruitment at 21.0 cm FL at the Port Royal Reefs and the unex- 
ploited parts of Pedro Bank. Only a very small fraction of the 
female populations is ever recruited to the fhery. 

Pedro Bank Port Royal Reefs 
(unexploited) (exploited) 

Length group No. Relative No. Relative 
cm. FL captured abundance captured abundance 

Mortality Rates 
Mean FL = 22.62 cm 

As the age compositions of samples of P. maculatus 
or M. martinicus are not known, the mortality rates 
cannot be directly calculated, and recourse must be 
made to estimates based on assumptions that growth and 
mortality rates conform with theoretical patterns. 



thus 

Mulloidichthys martinicus: Table 1 1.3 shows the 
relative decline in abundance of successive length groups 
beyond the full-retention size, I , ,  of 20.0 cm FL. There 
are insufficient data t o  treat the sexes separately (Fig. 
11.8). The mean length of the fully retainable fishes is 
21.59 cm FL at the Pedro Cays, while that of the 
unexploited Pedro Bank catch is 2 1.70 cm FL. 

Neither the growth rates nor the asymptotic lengths 
are known with any degree of accuracy. Using a con- 
servative estimate of L, of 29 cm FL (applied t o  both 
sexes), the value of Z/K would be in the region of 4.7 
for the exploited population and 4.3 (= M/K) for the 
unexploited population. If the growth rate, K, is about 
0.4, the mortality rates would be about 1.9 and 1.7, 
respectively. These estimates are based upon very 
inadequate data. 

ABUNDANCE AND DENSITY 

There is no information on the absolute size of the 
populations which were studied, nor of the effects of 
ecological factors upon population density and abun- 
dance. 

Seasonal Availability 

Figure 11.9 shows that at the Port Royal Reefs 
"availability" (Munro 1974) of P. maculatus was ereatest 

Table 11.3. Comparison of the relative abundance of successive 
length-groups of Mulloidichthys martinicus beyond full recruit- 
ment at 20.0 cm FL at the Pedro Cays and at unexploited parts 
of Pedro Bank. Data for males and females combined. 

Pedro Bank Pedro Cays 
(unexploited) (exploited) 

Length group No. Relative No. Relative 
cm, FL captured abundance captured abundance 

Mean FL = 21.70 cm = 21.59 cm 
IfL,= 29 cm 

Z/K 
29.0 - 21.70 29.0 - 21.59 - - 
21.70 - 20.0 21.59 - 20.0 

in January 1970 and January 197 1, and that for 1970, 
the period from May to September produced very low 
catches. There was no marked seasonal trend in the 
availability of M. martinicus apart from a suggestion that 
availability might be relatively greater in the latter part 
of the year. 

Relative Abundance 

Fig. 11.9. Seasonal availability of (a) Aeudupeneus mculatus 
and (b) Mdloidichthys martinicus at the Port Royal Reefs. Avail- 
ability is the theoretical number of fishes which would enter 
1,000 traps set for 24 hours (MUNO 1974). Broken lines repre 
sent small samples. 

Figure 1 1.10a shows the trap-catch rates (standardized 
in terms of numbers of fishes captured per 1,000 hexa- 
gonal traps soaked for one day: see Chapter 3) of P. 
maculatus in the areas studied and in the various depth 
zones of Pedro Bank. Owing t o  the very great variability 
in the catch rates, the confidence limits ( ~ 4 . 2 0 )  for the 
means are very wide and in many cases the apparent 
differences are not statistically significant even at the 
80% level of confidence. Nevertheless, the mean catch 
rate of only 32 fishes/1,000 trapdays at Port Royal and 
zero catch at Discovery Bay are very much less than the 
rates encountered elsewhere. The catch rate at Eastern 
Pedro Bank (602 * 19 fiihes/1,000 trapdays) predomi- 
nantly kom the Southeastern Spur, is greater than that 
at Banner Reef, 20 m Bank, California Bank and from 
within the unexploited 10.1 t o  20 m depth zone of 
Pedro Bank. 

In contrast to P. macularus, the catch rate of M. 
martinicus was significantly less in the deeper regions of 
Western Pedro Bank than in both the shallower southern 
and eastern portions and in areas of equivalent depth at 



Eastern Pedro Bank (Fig. 1 1.1 Ob). There is no  significant 
difference between the catch rates at Pedro Cays and at 
Banner Reef. The catch rate at the Port Royal reefs and 
at California Bank was similar to  that at Western Pedro 
Bank. 

NATALITY AND RECRUITMENT 

There appears t o  be no information on any aspect of 
the natality of species of Mullidae. 

It has previously been established that P. maculatus 
are recruited to the trap fishery at a minimum size of 
16.2 cm FL and are fully recruited at 20.9 cm FL (mean 
19.0 cm FL). There is no measure of the absolute 
abundance or density of the stocks. Consequently, 
recruitment can only be expressed in terms of the 
potential catch of recruits per trap soaked per day. 

If a fish stock, whether exploited or not, is in a 
steady state with recruitment and mortality balancing 
each other continuously, then recruitment, R, is equal to 
the average stock abundance N, multiplied by the 

Fig. 11.10. Mean catch per unit effort (numbers of fishes per 
1,000 trapdays) and 80% confidence limits for (a) Aeudupeneus 
macularus and (b) Mulloidichthys martinicus at the Port Royal 
Reefs @XI), California Bank (cb), the Pedro Cays area (pc), 
Southern Pedro Bank (sp), Eastern Pedro Bank (ep) and Western 
Pedro Bank (wp) and in the(s) shallow 10.1 to 20 m, (m) medium 
20.1 to 30 m and (d) deep zones of unexploited parts of Pedro 
Bank (upb). 

instantaneous mortality rate, Z (Ricker 1958, p. 30); 

The only measure of mean stock abundance available 
in the present case is the mean relative abundance 
expressed as the mean numerical catch per 1,000 trap- 
days of fishing effort. 

Thus, R' = ( C / ~ ) Z  

in which the value R' is a theoretical index of the 
relative abundance of recruits required to  produce the 
observed mean catch per unit of effort. 

At the Port Royal Reefs the mean availability of P. 
maculatus was 26 fishes/ 1,000 trap-days. The mortality 
rate, Z, was 5.22 in the case of males, and assuming the 
mortality of recruited females to  be similar. 

R' = 26 x 5.22 = 135.7 fishes/1,000 trap-days at a 
mean length, I,, of 19.0 cm. 

On unexploited Pedro Bank, M = Z = 1.89 and the 
mean catch rate of P. maculatus was 132 fishes/1,000 
trapdays in the shallow Banner Reef, 20 m Bank areas, 
602 fishes/1,000 trapdays at the Eastern Pedro Bank 
and 5 12 fishes/ 1,000 trap-days at Western Pedro Bank. 
The estimated recruitment indices are summarized in 
Table 1 1.4. No estimates of mortality rates are available 
for the exploited Pedro Cays area or for California Bank, 
which yielded mean catch rates of 203 fishes/1,000 t r a p  
days and 16 1 fishes/ 1,000 trapdays, respectively. How- 
ever, the mortality rate probably lies within the range 
1.89 to  5.33. The apparently low recruitment rate to the 
Port Royal Reefs might be the result of the use of fine- 
meshed beach seines or small-meshed traps in nursery 
areas, but this cannot be substantiated. Alternatively, 
ecological conditions might be unsuitable or  the flow of 
currents might be unfavorable to the settlement of 
oceanic-pelagic post-larval stages at the Port Royal Reefs. 

In the case of M. martinicus, the mean catch rates 
ranged from 358 fishes/1,000 trap-days at the Southern 
Spur, to only 9 fishes/1,000 trap-days in the deeper water 
of Western Pedro Bank. California Bank yielded 13 
f&es/ 1,000 trapdays and the Port Royal Reefs yielded 
14 fishes/ 1,000 trapdays. The estimated recruitment 
indices are summarized in Table 11.5, but it must be 
remembered that the estimates of Z are very speculative. 

It appears Likely that settlement of oceanic pelagic 
post-larvae does not occur to  any extent in water exceed- 
ing about 30 m depth and settlement or survival is 
perhaps maximized by the presence of heavy coral 
growth such as occurs at the Southern Spur of Pedro 
Bank. 

DYNAMICS OF THE POPULATIONS 

The biological and population parameters estimated 
for male and female P. maculatus and M. martinicus are 
summarized in Table 1 1.6. 



Table 11.4. Mean catch rates, estimated mortality rates and estimated recruitment indices of ffeudupeneus rnaculatus 
in various areas. 

Area 
Fishes/1,000 

trapdays 

Recruitment index ( ~ 3  
fishes/1,000 

trapdays 

Pedro Bank 
Eastern Pedro 602 1.89 1,138 
Southern Pedro 132 1.89 249 
Western Pedro 5 12 1.89 968 

Pedro Cays area 203 >1.89 & <5.22 384-1.060 
California Bank 161 > 1.89 & <5.22 ,304-840 
Port Royal Reefs 32 5.22 167 

Table 11.5. Mean catch rates, estimated mortality rates and estimated recruitment indices of Mulloidichthys martinicus 
in various areas. 

Area 
Fishes/l,000 

trapdays 

Recruitment index ( ~ 3  
fishes/1,000 

trapdays 

Pedro Bank 
Eastern Pedro 
Southern Pedro 
Western Pedro 

Pedro Cays area 
California Bank 
Port Royal Reefs 

Table 11.6. Summary of estimated population parameters for Aeudupeneus macuhtus and Mulloidichrhys martinicus 
exploited by traps with 4.1 3 cm wire mesh. All lengths are fork lengths in cm. 

P. macularus M. rnartinicus 
Males Females Males Females 

Minimum retainable length, 11 
Mean retention length, 1, 
Full retention length, lc 
Asymptotic length, L, 
Asymptotic weight (g), W, 
Coefficient of growth, K 
Coefficient of natural mortality, M 
M/K 
Length at maturity, 1, 
1rnILw 

The value of  M/K is high in all cases, as is t o  be ex- martinicus (both sexes), and all o f  the populations are 
pected in view of the steep rate of decline of the right- therefore, in a technical sense, underexploited. For 
hand side of  the catch length-frequency distributions. example, in the case of male P. maculatus recruited t o  
When traps covered with 4.13 cm hexagonal wire mesh the  Port Royal fishery and subjected t o  a rate of ex- 
are used, the value c = Ir/L, is 0.70 for male P. macu- ploitation of E = F/Z = 0.64, the yield function (Beverton 
latus, 0.76 for female P. maculatus, and 0.64 for M. and Holt 1964) lies between 0.007 and 0.013, whereas 



the corresponding maxima at the same rate of exploita- 
tion lie between 0.0 15 and 0.02 1. Theoretically, these 
maxima would be attained if the mesh size were reduced 
to  produce a mean selection length of 11.3 to 12.4 cm 
FL, corresponding to a mesh size of 3.1 to 3.3 cm 
maximum aperture. For females, which appear to grow 
much more slowly, the optimum mesh size would 
probably be even smaller. 

In the case of M. martinicus, the estimated MIK ratio 
is 4.90, and the eumetric yields are theoretically attained 
when c is less than 0.38, in contrast to the prevailing 

value of c = 0.64. The rate of exploitation of E = 0.08 
estimated for the Pedro Cays area, is believed to be very 
conservative, but even if the rate was 0.5, a reduction of 
the mean selection length to only 8.4 cm FL, to give a 
value of c = 0.28, would be required in order to maxi- 
mize the yield. 

As will be shown in Chapter 18, the reduction of 
mesh size necessag to achieve eumetric yields of goat- 
fishes is incompatible with the increase in mesh size 
required to attain eumetric yields of other species, which 
are more important to the Jamaican trap fishery. 



TAXONOMY 

CHAPTER 12: 

THE BIOLOGY, ECOLOGY AND BIONOMICS 
OF THE BUTTERFLY AND ANGELFISHES, 

CHAETODONTIDAE 

The taxonomy of the Chaetodontidae 
Smith ( 1965) is as follows: 

Order : Percoidea 
Suborder : Percoididea 
Family : Chaetodontidae 
Subfamily : Chaetodontinae 

Pomacanthinae 
Holacanthinae 

Genera : Chaetodon 
Prognathodes 
Pornacanthus 
Holacanthus 
Cen tropyge 

by 

K. Aiken 

(October 1975) 

according t o  

Identity 

Feddern (1968) states that there is some debate as t o  the 
taxonomic positions of four species of two of the above 
genera: Holacanthus ciliaris, H. isabelita, Pornacanthus 
arcuatus and P. para The main problem according t o  
Feddern (1968) is that "P. arcuatus and P. paru, and H. 
isabelita and H. ciliaris form pairs of very similarly 
colored juveniles whereas adults of each species are 
completely different from the juveniles and from each 
other". 

The presently accepted valid scientific names of the 
western Atlantic species of the Chaetodontidae are given 
in Table 12.1, together with their common names. 

Holacanthus isabelita and Centropyge argi were not 
captured during this study. 

Information on the synonyms of the genera and 
species of  Atlantic Chaetodontidae is included in the 
works of Jordan and Evermann (1898), Meek and 
Hildebrand (194 l), Duarte-Bello ( l959), Randall ( 1968) 
and Bohke and Chaplin (1968). 

There are several descriptions of the external mor- 
phology as well as keys to  the chaetodontids in the 
literature. Meek and Hildebrand (1928) gave keys to  
genera and species in Panamanian waters and Bohlke and 
Chaplin (1968) for those in Bahamian waters. 

A specimen of the species Holacanthru lrieolor, 15.2 
cm TL (12.7 cm SL), caught at northwest Pedro Bank 
at a depth of 35 m during 1972 showed a partial color 
variation distinct from that described as normal in the 
literature. In this specimen the entire frontal region 
except for the mouth area was black in color. The 
coloration of the fish was otherwise as described in the 
literature. 

At present, hybridization is known to  occur only 
between Holacanthus ciliaris and H. isabelita (Feddern 
1968). This phenomenon was investigated in Florida by 
Feddern (1968) who found angelfishes that possessed 
intermediate coloration that were hybrids. Feddern's 
analysis was primarily accomplished by using portions of 
the general color patterns of adults, but gonads, behavior 
and relative populations were also studied. He suggested 
that there was no effective backcrossing and that there 
was no reason to  suspect introgression as accounting for 
some variation in the parental species. The available 
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Table 12.1. Scientific and common names of Caribbean Chaetodontidae. 

Scientific names Common names 

Chaetodon capistratus Linnaeus 1758 
Chaetodon striatus Linnaeus 1758 
Chaetodon ocellatus Bloch 1787 
Chaetodon sedentarius Poey 1860 
Chaetodon aya 
Rognathodes aculeatus (Poey) 1860 
Pornacanthus arcuatus (Linnaeus) 1758 

Pornacanthus paru (Bloch) 1787 
Holacanthus tricolor (Bloch) 1795 
Holacanthus ciliaris (Linnaeus) 1758 
Holacanthus isabelita (Jordan and Rutter) 1896 
Centropyge argi Woods and Kanazawa 189 1 

Foureye butterflyfish, Mademoiselle, Isabelita, Mariposa 
Banded butteflyfish, Striped butterflyfish 
Spotfm butterflyfish, lsabelita de la alto 
Reef, Painted or Least Butterflyfish 
Deepwater butterflyfish 
Longsnout butterflyfish 
Gray angelfish, black angel, pot-cover, steamfish, mud-angel, 
Portuguese, Portuagais, Chirivita 
French angelfish, Pam, Indian fish, flatfish 
Rock beauty, "None-so-pretty", Catelineta, Vaqueta de dos colores 
Queen angelfish, Isabelita 
Blue angelfish 
Cherubfish, Pygmy angelfish 

evidence from gonadial material indicated that the commonly occur together with n o  apparent habitat 
hybrids were potentially viable and the observations o n  preference, seem as closely related t o  each other as 
behavior indicate that cross-spawning is likely t o  occur. H. ciliaris and H. isabelita, n o  hybrids have been found 
H. isabelita is a continental species, and n o  evidence of and all specimens can be reliably identified (Feddern 
hybridization in Jamaican waters has been found during 1968). There is n o  evidence a t  present of  hybridization 
this study. between any of the chaetodontids in Jamaican waters. 

Although Pomacanthus arcuatus and P. paru, which 

Distribution 
GEOGRAPHICAL DISTRIBUTION 

Notes o n  distribution are given by Jordan and Ever- 
mann (1898), Jordan, Evermann and Clark (1930), 
Longley and Hildebrand (1 9 4  l ) ,  Duarte-Bello ( 1959), 
Caldwell (1 961), Hubbs (1963), Caldwell and Caldwell 
( 1964), Caldwell (1 966), Feddern ( 1967), Randall 
(1968), Bohlke and Chaplin (1 968), Kuhlmann (1  970) 
and Post (1971) from whose work the following has 
been compiled. 

In general, the chaetodontids have a range of  distri- 
bution from as far north as New England and south t o  
Brazil. Pomacanthus arcuatus and P. paru have been 
introduced t o  Bermuda. H. isabelita is restricted t o  the  
continental shelf of the United States. Centropyge argi 
was not taken in any of the study areas but is uncon- 
firmedly reported from Negril in western Jamaica. 
Chaetodon ava, a deep-water butterflyfish is recorded 
for the first time from Jamaica. This species was iden- 
tified from photographs taken from a submersible at  
depths between 9 0  t o  2 10 m off Discovery Bay (Woodley, 
pers. comm.). Prognathodes aculeatus was found t o  be 
rare in the areas investigated and was collected only 
from Pedro Bank. 

In the western Atlantic, the distribution of  the chae- 
todontids corresponds roughly with the distribution of 
hermatypic corals. 

HABITATS AND DEPTH DISTRIBUTIONS 

There is n o  previously recorded information on  the 
spawn or  larvae of the chaetodontids and there is very 

little recorded information o n  habitats of the juvenile 
chaetodontids. Bohlke and Chaplin (1968) give excellent 
photographs of juveniles but omit collection sites and 
depths. Longley and Hildebrand ( 1941) recorded the 
young of Chaetodon capistratus from grass flats near a 
reef in  the  Florida Keys. The  same has been observed on  
several occasions in Jamaican waters. Juveniles of this 
species ranging in length (TL) from 3 t o  6 cm have been 
seen around isolated coral heads and wharf pilings at  the 
Port Royal Marine Laboratory. 

Feddern ( 1968) reported that juvenile Holacanthus 
isabelita were most abundant in  certain inshore channels 
and occurred less commonly under coral heads in the 
Florida Keys. They were rare o n  the reef t o p  and o n  the 
deep reef. Juvenile H. ciliaris o n  the other hand, were 
most abundant o n  the reef t o p  and the  deep reef, less 
common in the inshore channels and rare o n  the coral 
heads. Feddern (1968) also reported that in  the Bahamas, 
where the inshore water has a more oceanic character, 
juvenile H. ciliaris were very commonly found along- 
shore. He also stated that juveniles of both these species 
lived primarily in and around colonies of finger sponge 
and Millepora. According t o  Feddern ( 1968) "they stay 
within the  confines of sponge o r  coral colonies, seldom 
venturing into open water." 

Juvenile C. striatus have not previously been reported 
in the literature. A few (about 8 cm TL)  have been taken 
from shallow water (about 3 m )  in a finemeshed (12 
mm) "mini" trap set off t h e  jetty at  the Port Royal 
Marine Laboratory. A few juvenilePomacanthusarcuatus 
and P. p a n  about 10 cm T L  were collected in  Antillean 
traps a t  the Port Royal reefs. A few individuals of H. 



tricolor with yellow coloration about 2 to  3 cm TL have 
been observed around small coral heads in shallow, 
sandy areas in back-reef zones of the Port Royal Reefs on 
several occasions. A juvenile H. ciliaris (10.3 cm TL) was 
captured in a trap set off the jetty at the Port Royal 
Marine Laboratory at about 2 m deep. 

From the informatio~ that is available, it would seem 
that the young of the Chaetodontidae tend to inhabit 
shallow, fairly sheltered areas of the reef and coastal 
environments, but almost all of the species were also 

REPRODUCTION 

captured on California Bank, an isolated oceanic bank 
with a least depth of about 35 m, and shallow environ- 
ments are therefore not essential for completion of the 
life cycle. 

Longley and Hildebrand (1 94 l) ,  Randal1 ( 1968) and 
Bohlke and Chaplin (1968) all record that adult chae- 
todontids as reef fishes. In general, observations made 
during the present study agreed with the above state- 
ment. 

Bionomics and Life History 

eggslg body wt is much less in the angelfishes than in 
the butterflyfishes. 

Sexuality and Sexual Maturity 
Spawning 

Table 12.2 summarizes the data on the size distribu- 
tions of samples of male and female chaetodontids of six 
species. The samples of C. capistratus, C. striatus and 
C. ocellatus showed that males and females were of very 
similar mean sizes. The sample sizes for C. sedentarius 
(N = 43), P. aculeatus (N = 3) and P. paru (N = 4) were 
too small for comparisons to be made. 

Female P. arcuatus, H. tricolor and H. ciliaris were 
several centimeters smaller than males. 

Table 12.3 shows the sizes of the smallest mature 
male and female chaetodontids in samples taken from 
the various areas investigated. Many more sexually 
mature females than males were observed. Males appear 
t o  tend to  mature at a larger size than males. The num- 
bers examined were not sufficient to  estimate the mean 
size at maturation of the gonads. 

Information on mating in this family is lacking but 
repeated observations of pairs suggests that they are 
probably monogamous. No large spawning aggregations 
have been reported in the literature. 

As the chaetodontids lack intromittent organs, fertili- 
zation is probably external. 

Fecundity 

Table 12.4 shows estimates of the number of eggs in 
ovaries of seven species of chaetodontids. The number of 

Table 12.2. Mean sizes of males and females in samples of six species of 
the Chaetodontidae. 

Males Females 
Mean Mean 

No. size No. size 
Species examined (cm, TL) examined (cm, TL) 

Chaetodon capistratus 5 7 6 8.8 238 9.2 
C. striotus 49 13.2 100 12.4 
C ocellatus 23 13.4 42 13.9 
Pornacanthus arcuatus 88 26.8 22 1 22.6 
Holacanthus tricolor 5 2 19.0 97 15.8 
H. cilioris 38 24.3 79 22.0 

Munro et al. (1973) provide the only previous infor- 
mation on spawning seasons of the chaetodontids, based 
on sampling by the Fisheries Ecology Research Project 
up to June 197 1. The following is based on all data 
collected between September 1969 and February 1973. 

Chaetodon capistratus (N = 658): Table 12.5 shows 
the monthly percentage distribution of sexually inactive, 
active and ripe (includes spent) gonads in samples 
examined during the present study. Ripe fishes occurred 
in every month except April. There are no data for 
October. Peaks of spawning occurred between December 
and March. 

Chaetodon striatus (N = 154): Table 12.6 shows that 
the greatest proportion of ripe fishes was collected in 
January-February, but more than 40% were ripe in all 
months. The proportion of inactive fishes was greatest 
in September t o  December, 

Chaetodon ocellatus (N = 56): Small numbers of ripe 
fishes were taken in all months. There are no data for 
March, April and June. The greatest proportions ot  ripe 
fishes were found in January and May. 

Table 12.3. Observed sizes of the smallest mature male and female 
ehaetodontids from all areas investigated. 

No. of Smallest No. of Smallest 
females female males male 

Species examined (cm, TL) examined (cm. TL) 

Chaetodon capistratus 
C. striatus 
C ocellatus 
C: sedentarius 
~ n a t h o d e s  aculeatus 
Potnucanthus arcuatus 
t! porn 
Holacanthus tricolor 
H. ciliaris 



Table 12.4. Estimated egg numbers and eggs per gram body 
weight for Chaetodon capistratus. C striatus, C ocellatus, C 
sedentarius, hmacanthus arcuatus, J? paru and Holacanthus 
tricolor. 

Estimated 
Species and total number Eggslgram 

length (cm) Weight (g) of eggs weight 

C capistratus 
8.0 
8.8 
9.4 
9.5 

10.4 

C striatus 
11.0 
11.7 
13.2 
13.9 

C ocelkrtus 
11.2 
13.4 
14.1 
15.5 

C sedentarius 
6.5 
8.0 
8.0 

P. arcuatus 
19.9 
22.6 
29.7 

R paru 
28.4 
30.7 

H. tricolor 
12.0 
15.4 

Table 12.5. Seasonal variations in the percentage of ripe (R), 
active (A) and inactive (I) Chaetodon capistmtus in Jamaican 
waters. Data for 1968-1973 combined on a monthly basis. 

Number Percent Percent Percent 
Months examined I A R 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

59 10 
5 9 18 
38 31 

100 0 
5 8 21 
92 0 
69 8 
94 0 
96 2 

No data 
8 1 9 
45 25 

Total 658 

were found in all months, with the exception of Decem- 
ber for which there are no data. 

Holacanthus ciliartr (N = 1 1 1): Munro et al. ( 1973) 
found ripe fishes at the Port Royal Reefs "from January 
t o  August 1970, with a maximum proportion in April." 
Table 12.9 shows that the maximum proportions of ripe 
fishes were collected between September and October 
and that ripe fishes were collected throughout the year 
except between November and December. 

Spawn 

The unfertilized spawn of the chaetodontids has not 
been described in the literature to  date. 

Bardach (1 958) collected fertilized eggs of H. tricolor 
in Bermuda. He noted that they were relatively large, 
just over 1 mm in diameter and had neither oil inclusions 
nor hairlike or other obvious holdfast mechanism. They 
sank t o  the bottom when released. Nothing is known of 

Chaetodon sedentanus (N. = 15): A few ripe fishes 
were found in January, May and September. 

Table 12.6. Seasonal variations in the percentage of ripe (R), active (A) 
and inactive (I) Bluetodon striatus in Jamaican waters Data for 1968- 
1973 combined on a bi-monthly basis. 

Pornacanthus arcuatus (N = 318): Table 12.7 shows 
that the greatest proportions of ripe fuhes were collected 
in October and January, but there is no discernible 
seasonal trend in the data. 

Pornacanthus paru (N = 2 1): Ripe fishes were col- 
lected in May, July, August, October and November. 

Holacanthus tricolor (N = 148): Table 12.8 shows 
that samples were small in March, April and November- 
December. The greatest proportions of ripe fishes were 
collected between January and February, but ripe fishes 

Months 
Number 
examined 

January-February 
March-April 
May-June 
July-August 
September-October 
November-December 

Total 

Percent Percent Percent 
I A R 

3 3 16 51 
Insufficient data 

37 15 44 
39 15 46 
60 0 40 
5 1 9 40 



Table 12.7. Seasonal variations in the percentage of ripe (R), 
active (A) and inactive (I) tbmacanthus arcuafus in Jamaim 
waters. Data for 1968-1973 combined on a monthly basis. 

Number Percent Percent Percent 
Months examined I A R 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total 317 

the nature of the eggs of the other species found during 
the present study. 

PRE-ADULT PHASE 

Embryonic Phase 

No features of the development of chaetodontid 
embryos have been described. The survival rates, parasites 
or predators, the effects of environment and mode of 
hatching are unknown. 

Table 12.8. Seasonal variations in the percentage of ripe (R), 
active (A) and inactive (I) Holacanthus tricolor in Jamaican 
waters. Data for 1968-1973 combined on a bimonthly basis. 

Number Percent Percent Percent 
Months examined I A R 

January-February 32 53 3 44 
March-April 9 (44) (33) (22) 
May-June 27 59 19 22 
July-August 17 18 53 29 
Septembedctober 5 3 60 13 26 
November-December 10 80 10 10 

Total 148 

Table 12.9. Seasonal variations in the percentage of ripe (R), 
active (A) and inactive (I) Holucanthus ciliuris in Jamaican 
waters Data for 1968-1973 combined on a bimonthly basis. 

Number Percent Percent Percent 
Months examined I A R 

January-February 17 53 35 12 
March-April 14 50 21 29 
May-June 30 77 13 10 
July-August 15 86 7 7 
Sep tembedctober 22 64 9 64 
NovembmDecember 13 100 0 0 

Total 111 

ADULT PHASE 
Larval Phase 

Competitors 
Scotton and de Sylva (1972) mention that "larval 

butterflyfish occur in the upper waters of the open 
ocean." 

It is hypothesized that the chaetodonts have pelagic 
larval stages and also that they have oceanic larval and 
pre-juvenile stages. Caldwell (1966) states that "fishes 
collected at the offshore banks consisted predominantly 
of groups having pelagic larvae or pre-juveniles or of 
species which are not bound to  the shallows as adults." 
(During the present study chaetodontids were taken 
from depths ranging from 5 m to 48 m in most areas 
investigated.) 

Juvenile Phase 

During this study, the juvenile stages of all species 
of chaetodontids have been seen in the back reef and 
lagoon zone areas of coral reefs. They seem to prefer 
fairly sheltered water. Juvenile C. capistratus have been 
collected from the shallows at the Port Royal Marine 
Laboratory. Early juveniles may also be pelagic as 
Dragovich (1969) found juvenile chaetodontids among 
food items in Atlantic tuna stomachs. 

There is no direct evidence of competition in the 
chaetodontids. From work on food material of coral reef 
fishes by Randall (1967) it would seem that Pomacan- 
thus arcuatus and P. paru may compete against each 
other as both feed almost entirely on sponges. It is also 
possible that the triggerfish, Melicthys niger, may 
compete with P. arcuatus and P. paru for food as it also 
feeds to a large extent on sponges. 

Predators 

Dragovich (1 969, 1970) reported that juvenile 
chaetodontids were included in the food of seven species 
of Atlantic tunas and found that chaetodontids were 
among the three highest-ranking families of fish (by 
occurrence) eaten by skipjack and yellowfin tuna. In 
skipjack tuna (Katsuwonus pelamis) the genus Holacan- 
thus comprised less than 4776, and Chaetodon spp. 
comprised less than 1%. In yellowfin tuna (Thunnus 
albacares), Holacanthus spp. comprised over 20% with 
Chaetodon spp. again forming less than 1% in frequency 
of occurrence. 



Hamilton and Peterman (1971) reported that in a 
number of Pacific species of Chaetodon the dorsal lines 
are oriented towards predators approaching from above, 
and stated that "this exposes only their darkly patterned 
and n m o w  dorsal surface to view." The abovemen- 
tioned authors based this conclusion upon hundreds of 
field observations. They also state that "the usual 
response to a sudden attack by a predator in the. field is 
to dart forward then hook about to face the flank of the 
predator." They conclude that this behavior along with 
"angular swimming," "provides a smaller target and may 
make the fish less conspicuous especially against dark 
substrates." 

Parasites, Diseases, Injuries and Abnormalities 

Soganderes-Bernal and Soganderes ( 196 1) reported 
digenic trematodes (Platyhelminthes) of the genus 
Multitestis from Chaetodon capistratus and C. ocellatus. 
The genus Chaetodon was sometimes parasitized by the 
trematode Hurleytrematoides. 

Straughan (1959) reported that in captivity both P. 
arcuatus and P. paru sometimes contract "skin blotch" 
or "white patch" disease. In extreme cases the entire fish 
will turn white but usually a mottled effect results. The 
causal organism is thought to be a protozoan. This 
disease may be cured in captivity by treatment with 
sulphathiozole sodium (Straughan 1959). No diseased or 
abnormal chaetodontids were captured or observed 
during the present study. 

Serology 

Some work has been done by Saunders ( 1966) on the 
blood of Caribbean species of chaetodontids. The 
eosinophils, leucocytes, erythroblasts and erythrocytes 
were examined. The low numbers of leucocytes found in 
C. sedentarius was thought to  be a species characteristic. 
C. capistratus had unusually large eosinophils. 

NUTRITION AND GROWTH 

Feeding 

Feddern (1968) observed that in his study area in the 
Florida Keys, every specimen of H. ciliaris and H. 
isabelita examined (caught during the day) contained 
large amounts of food showing that they are diurnal 
feeders. The other species of chaetodontids are probably 
also diurnal feeders. 

Food 

The food habits of the Caribbean species of Chaeto- 
dontidae have been studied by Randal1 (1 967). Much of 
the data presented in Table 12.10 are taken from this 
source except for those for Chaetodon ocellatus, of 
which five specimens were examined. 

Table 12.10. Food of Chaetodontidae (in part from Randall 
1967). X  denotes main food material. 

Algae X X X X X  

Spennatophytes x x 
Sponges x x x x  
Bryozoans x x x 
Anthozoa x x x x x 
Gorgonians X X X 

H ydroids x x x x  
Polychaetes X X x x x  
Mollusc eggs x 
Echinoids x x 
Echin. tube feet x 
Copepods x x 
Amphipods x 

Shrimps X X 

Tunicates x X X X  

Unident. crustaceans x  x x 
Unident. eggs x x 

In Randall's study (1967), coral polyps were not 
found in the stomachs of the butterflyfishes, although 
individuals of the genus Chaetodon were observed 
feeding on them in aquaria in Puerto Rico. This has also 
been observed for the species C. capistratus and C. 
striatus in aquaria in Jamaica. Straughan (1959) also 
reported seeing this. The Chaetodontidae also ingest 
inorganic material such as sand and coral fragments 
and thus play a direct role in the transport of calcareous 
fragments by reef fishes (Bardach 196 1). 

Randall (1967) records that the butterflyfishes 
(subfamily Chaetodontinae) in the West Indies "seem t o  
feed primarily on the tentacular crowns of polychaetes 
and anthozoans, especially on Zooanthus, and that the 
angelfishes (Pomacanthinae) feed mostly on sponges 
and occasionally on algae" (see Table 12.10). From 
personal observations while diving around the coast of 
Jamaica, Chaetodon capistratus in particular feeds at 
least to some extent on the tips of live coral. This has also 
been observed by Reese (1973) in a Pacific species of 
Chaetodon. Randall (1967) has also observed species of 
Chaetodon feeding on coral in aquaria in Puerto Rico 
(see Table 12.10). 

Randall and Hartmann (1968) mention that sponges 
comprise over 95% of the food of angelfishes of the 
genus Holacanthus and over 70% of the food of the 
species of Pomacanthus. 



Growth 

Maximum size 

C. capistratus: Randall (1968) reports that this 
species reaches a maximum size of 6 in (15 cm TL) but 
rarely exceeds 4 in ( 10 cm). Bohlke and Chaplin (1968) 
record that they are "supposed to reach 6 inches" (15 
cm TL). The largest male captured during the present 
study measured 14 cm TL and the largest female 13 cm 
TL. It appears therefore that the asymptotic length of 
the males is not less than 14 cm and about 1 cm less for 
females. 

C. striatus: This species is reported by Randall ( 1968) 
and Bohlke and Chaplin (1968) to attain 6 in (1 5 cm). 
The largest specimen recorded during this study was also 
of 15 cm TL. 

C. ocellatus: Randall (1968) states that this species 
reaches 7 to 8 in (17.7 to 20.3 cm) while Bohlke and 
Chaplin (1968) state that in the Bahamas, although "said 
to reach 8 in, none over 6 in (1 5.2 cm) were taken." The 
largest individual taken during this study was 16 cm TL. 

C. sedentarius: Bohlke and Chaplin (1968) report 
that this species "grows to at least 6 inches" (15 cm) 
while the largest collected by Randall (1968) was 5.5 in 
(14 cm). The largest collected during this study was 13 
cm TL. 

Prognathodes aculeatus: Bohlke and Chaplin (1968) 
state that this species "grows to nearly 3.5 inches" (8.9 
cm) and the largest specimen collected by Randall 
(1968) was of this size. The maximum size collected 
during this study was 8.8 cm (15.2 g). 

Pomacanthus arcuatus: Both Randall (1968) and 
Bohlke and Chaplin (1 968) report that this species grows 
to about 2 ft (61 cm) although the largest individual 
collected by Randall (1968) measured 17 in (43 cm). 
The largest specimen collected during this investigation 
was much smaller than the maxima stated in the literature 
and measured only 35 cm TL. The asymptotic length 
may be about 60 cm TL but more sampling with differ- 
ent gear, e.g., by spearfishing, is needed before a definite 
figure can be stated. 

P. paru: Randall (1968) states that the largest speci- 
men collected measured 16 in (40.5 cm). Bohlke and 
Chaplin (1968) state that 36 cm is about the maximum 
size. Catches of P. paru taken in traps set by R. V. 
Alcyon on Salmon Bank in February 1970 yielded a 
specimen measuring 37.5 cm. The largest taken during 
this study measured 36.0 cm (1,625 g). 

Holacanthus tricolor: Both Randall (1968) and 
Bohlke and Chaplin (1968) state that this species grows 
to about one foot (30.5 cm). However, the largest 
individual captured during this study measured 34.4 cm 
(1,140 g), somewhat larger than that mentioned in the 
literature. 

H. ciliaris: Randall (1968) states that this species is 
"reported to reach 18 inches" and the largest collected 
by him was "16.8 inches" (42.5 cm TL). Bohllce and 
Chaplin (1968) state that it "grows to one foot, and 

probably larger." The largest specimen collected during 
this study measured 33.3 cm (13.2 in). This seems to be 
well under the asymptotic length of this species which 
might be in the region of 40 cm. 

H. isabelita: Randall (1968) reports that this species 
"reaches 18 inches" (45.7 cm). Bohlke and Chaplin 
(1968) who called this species H. bermudensis. Jordan 
and Rutter, also state that it "grows to about 18 inches." 
None were collected during this study. 

Age and growth 

Randall (1962) reported that a tagged C. capistratus 
grew 13 mm in three months (about 4.3 mm per month), 
and specimens of P, arcuatus (which he termed P. aureus, 
a synonym) "grew at a decreasing rate from 6.47 mm 
per month for a 144 mm fish to 1.56 mm per month for 
a 280 mm fish." It should be noted, however, that the 
Petersen tags used by Randall suffer from the great dis- 
advantage of causing actual physical damage to the fish. 
The fishes thus Wured in this manner may contract 
infections and thus grow at abnormally slow rates. 

Monthly length-frequency histograms of species of 
chaetodontids captured in traps during study showed no 
evidence of modal progression. Examination of scales 
of some chaetodontids (P. arcuatus, P. paru, H. tricolor, 
H. ciliaris and C. ocellatus) showed that rings or marks 
were present, but no interpretable pattern was discernible. 
The "rings" that could be seen might have been due to 
one or more of several factors such as spawning, physical 
condition or temperature changes. It is possible that 
large samples of scales collected on a regular basis could 
yield estimates of age and growth. Length-weight and 
lengthdepth relationships were not established for any 
of the chaetodontids. 

BEHAVIOR 

Migration and Local Movements 

Tagging experiments conducted on tropical Atlantic 
reefs (Bardach 1958; Randall 1962; Springer and McEar- 
lean 1962; Moe 1972) have all shown that angelfishes 
and butterflyfishes tend to remain on their "home reef' 
for very long periods. Feddern (1968), quoted by Moe 
(1972), reported that although these f d e s  are non- 
migratory, a variation in the habitat of juvenile and adult 
H. isabelita (near Florida) indicates a movement of 
juveniles into the adult range when maturity is attained. 

Randall (1 962) found that no tagged C. capistratus, 
H. ciliaris or P. paru moved more than 1,000 yards from 
the reefs where they were tagged. Springer and McEarlean 
(1962) found that tagged P. arcuatus showed a strong 
affinity for their home reefs and none were recaptured 
on other than their home reefs. Reese (1973) found that 
some Pacific species of Chaetodon were resident on a 
reef for up to four years. 

These observations are generally in agreement with 



Bardach's (1958) conclusion from tagging experiments 
at Bermuda that the chaetodontids in general spend their 
entire lives associated with a relatively small portion of 
the reef environment. 

Schooling 

There are no reports of schooling in any of the 
species of western Atlantic chaetodontids that occur in 
Jamaican waters. However, Hobson (1969) has noted 
that some of the Pacific butterflyfishes, notably Heni- 
ochus nigrirostris Gill, often form large aggregations or 
schools around the cleaning stations that they operate. 
No such schooling around cleaning stations in the 
western Atlantic speciesof Chaetodon has been reported; 
instead, only a few aggregate nearby. 

Reproductive Behavior 

Bardach (1958) observed that butterflyfishes of the 
genus Chaetodon usually occurred in pairs. He captured 
several pairs of C. striatus and C. capistratus and the 
members of the pair were identified as male and female. 
Adult angelfishes are sometimes solitary, but more often 
form pairs and small groups, or rarely large aggregations 
(Feddern 1968). Sylvester and Dammann (1972) in the 
Virgin Islands noted that butterflyfish entered fish traps 
in pairs. In the Pacific, Hobson ( 1972) observed that the 
butterflyfishes which are paired "as during midday," 
often remained paired into the early night at least. Reese 
(1973), also working in the Pacific, observed the same in 
three species of Chaetodon. Observations while diving on 

POPULATION STRUCTURES 

Sex Ratios 

the Port Royal reefs and also from trap catches tend to 
agree with those in the literature. 

Cleaning Symbiosis 

Bohlke and Chaplin ( 1968) reported that "a young P. 
paru was stationed over a period of weeks over the same 
rock prominence, picking at the skins of various fishes 
which had called at the station for that service. Another 
was seen cleaning the teeth of a large needlefish which 
was lying motionless near the bottom, its mouth wide 
open." Straughan (1959) reported that "in turn angelfii 
will be sometimes seen hovering near the cleaning 
stations of the cleaning Gobies (Gobiossoma genie) to 
have their parasites picked." Hobson (1969) noted that 
butterflyfishes in the Pacific notably Heniochus nigriros- 
tris are also cleaners and also operate cleaning stations. 

Some adult butterfly fishes and most young angelfiies 
thus exhibit cleaning symbiosis with other f i i e s  on 
coral reefs. 

Aggression 

Hamilton and Peterman (1 97 1) made observations on 
displays of aggression in a Pacific species of Chaetodon, 
(Chaetodon lunuh). The authors reported observing 
various intensities of aggressive interactions in C. lunula 
associated with color displays and changes as well as 
movements. Observations of captive C. capistratus at the 
Port Royal Marine Laboratory are similar to a great 
degree to those made by Hamilton and Peterman (1 97 1). 
Similar intensities of aggressive interactions were observed 
both within and between species. 

Populations 

Sex ratios of the various species of chaetodontids 
caught in traps from all the areas investigated show that 
females outnumber the males of the species (Table 
12.1 1). This is very marked in Pomacanthus arcuatus 
and P. paru which had ratios of male to female (M:F) of 
1:2.5 1 and 1:3.28, respectively. Chaetodon capistratus 
shows variation between the sex ratios at the Port Royal 
Reefs and at Pedro Bank (Table 12.1 1). It is possible that 
this variation in ratios may be due to differences in 
depth, because the Port Royal reef sampling was done in 
depths of 5 to 21 m while at Pedro Bank the depth of 
sampling increased to between 10 to 45 m.* 

*Moyer (1978; Jap. J. Zchthyol. 25,25-39) has demonstrated 
pmtogynous sex reversal for the angelfish Centropyge interrup- 
h r ~ .  The eex ratios flable 12.11) and mean sizes of male and 
female pomacanthida (Table 12.2) might be indicative of the 
same phenomenon in the QnbbePn specie& (Ed.) 

Size and Age Composition 

It has not been possible to determine the ages of any 
of the chaetodontids taken during this study. 

Table 12.11. Sex ratios of samples of chaetodontids taken from 
all areas investigated. 

No. of No. of Male:Female 
Species Males Femalea Sex ratios 

Qlcretodon captstmtus 
Port Royal 
Pedro Bank 

C slriahrs 
C ocelluhr~ 
C sedentmluJ 
Rognathodes aculeahrs 
Po-thu~ mcurrtu~ 
R paw 
Holacanthus trlcdor 
H. dimis 



Chaetodon capistratus: The percentage frequency of 
successive length groups captured in traps at the Port 
Royal Reefs, California Bank and in the unexploited parts 
of Pedro Bank are compared in Fig. 12.1. Relatively 
more large fishes (over 10 cm TL) were taken from the 
unexploited parts of Pedro Bank than were caught in the 
other two areas. The size distributions of catches from 
the Port Royal Reefs and California Bank are very similar, 
except for a slightly greater number of larger fishes 
(over 10 cm TL) from the latter area. This probably re- 
sults from the relatively deeper zones (31 t o  45 m) at 
which the traps were set while traps at the Port Royal 
Reefs were set at a shallow depths between 5 t o  21 m. 

Samples of this species taken in traps at Lameshur 
Bay, St. John, U.S. Virgin Islands totalled 24 specimens. 
Total length range was 8 t o  11 cm with a mean length 
of 10.2 cm. Eighteen specimens examined from the 
Jamaica south coast shelf had a total length range from 
9 to 13 cm with a mean length of 1 1 cm. 

On the basis of the California Bank sample, the sizes 
at first retention, mean retention and full retention are 8 
cm, 8.5 cm and 9 cm TL, respectively. The minimum 
size caught was 7 cm TL. 

Chaetodon striatus: Figure 12.2 shows the percentage 
length-frequency distributions of catches taken in traps 
at the unexploited parts of Pedro Bank in the depth 
range 10 to 45 m. It appears that this species fully 
recruited to  the fishery at 13 cm TL. The samples from 
the Port Royal reefs and California Bank had modes at 
10.5 cm TL and 12.5 cm TL. However, the temporal 

distribution of catches was uneven and the sample sizes 
were small. 

On the basis of the Pedro Bank sample, the sizes at 
first retention, mean retention and full retention are 8 
cm, 12 cm and 13 cm TL, respectively. 

Chaetodon ocellatus: The percentage length-frequency 
distributions of trap catches taken at the unexploited 
parts of Pedro Bank in the depth range 10 to  45 m were 
examined. This species appears to be fully recruited to 
the fishery at 13.0 to  13.9 cm TL. The samples from the 
other areas investigated were too small for use in size 
distributions. The sizes at first and mean retention are 9 
cm and 12 cm TL, respectively. 

Pornacanthus arcuatus: Figure 12.3 shows the per- 
centage length-frequency distributions of catches taken 
in traps at the Port Royal Reefs, compared with the 
percentage length-frequency distributions of catches 
taken in traps at the unexploited parts of Pedro Bank. 
Relatively more of the larger fishes (over 20 cm TL) 
were taken at the unexploited parts of Pedro Bank 
compared with the size distribution of the Port Royal 
reef catches. 

On the basis of the Pedro Bank sample, the sizes at 
first retention, mean retention and full retention are 9 cm, 
18 cm and 2 1 cm TL, respectively. 

Holacanthus tricolor: Figure 12.4 shows the per- 
centage length-frequency distributions of catches taken 
in traps at the unexploited parts of Pedro Bank. The 
mean length was 18.9 cm TL and the range from 10 to  
23 cm TL. A sample of 29 specimens were taken in traps 
at the Port Royal Reefs. In contrast to the sample from 
the unexploited parts of Pedro Bank, several specimens 
exceeding 23 cm TL were taken. The length range was 
10 to 34 cm TL and the mean length was 17.0 cm TL. 

Total length (cm) 

Fig. 12.1. Length-frequency distniutions of trap (4.13 cm mesh) 
catches of Chaetodon capistratus from the Port Royal Reefs 
(-), California Bank (- - - -), and unexploited parts of 
Pedro Bank (' ). Port Royal reefs: N = 498, time period = 
36 months. California Bank: N = 228, time period = 12 months. 
Pedro Bank: N = 377, time period = 6 months. 

Total length (cm) 

Fig. 12.2. Length-frequency distributions of trap (4.13 cm mesh) 
catches of &aetodon striatus from unexploited parts of Pedro 
Bank. N = 266, time period = 6 months. 



Total length (cm) 

Fig. 12.3. Comparison of gross length-frequency distributions 
of trap (4.13 cm mesh) catches of Pomacanthus arcuahcs from 
the Port Royal Reefs (N = 190; solid line) and from unexploited 
parts of Pedro Bank (N = 320; broken tine). 

10 I5 20 25 

Total length (cm) 

Fig. 12.4. Gross length-frequency distribution of trap (4.13 cm 
mesh) catches o f  Holacanthus tricolor at uncxploited parts of 
Pedro Bank. N = 177. 

At California Bank a sample of eleven specimens exam- 
ined ranged in length from 10 to 20 cm TL with a mean 
length of 13.8 cm TL. 

There is no satisfactory explanation at present as to 
why the larger-sized specimens were found in the rela- 
tively shallow waters (5 to 2 1 m) around the Port Royal 
Reefs and not in deeper waters offshore. The minimum 
mean and maximum retention lengths are 12 cm and 14 
cm TL, respectively. 

Holacanthus cilians: A sample of 47 specimens taken 
from all sections of Pedro Bank had a length range 
from 13 to 32 cm TL and a mean length of 24 cm TL. 
The mean length of the sample (N=95) from the Port 
Royal Reefs was 20.4 cm TL. This may be as a result of 
commercial fishing effort on the reefs there. The mini- 
mum retention size is 9 cm TL. 

Chaetodon sedentanus: Seventeen specimens taken in 
traps at the unexploited parts of Pedro Bank had a 
length range from 9 to  13 cm and a mean length of 10.4 
cm. Another 17 specimens (length range 8 to 10 cm; 
mean TL 9.4 cm) were examined from California Bank 
and six (length range 8 to  10 cm; mean TL 9.5 cm) were 
examined from the Port Royal Reefs. 

Prognathodes aculeatus: Five specimens from 5.0 to 
5.9 cm and mean length of 5.3 cm were taken from 
Eastern Pedro Bank in 1972. 

Pomacanthus p a w  A sample of 34 specimens taken 
from both the unexploited and exploited areas of 
Pedro Bank ranged in length from 12 to  34 cm and had a 
mean length of 22.9 cm. Seventeen specimens (length 
range 9 to 36 cm; mean length 20.1 cm) were examined 
from the Port Royal Reefs. 

MORTALITY AND MORBIDITY 

Predators probably contribute to mortality of all 
stages in unexploited areas. In nearshore Jamaican 
waters, trap and spearfishing undoubtedly cause much 
mortality. They are never taken on hook and line. 

The absolute ages of the species of chaetodontids 
dealt with are not known and the estimates of mortality 
rates are based entirely upon the length distribution of 
samples taken during this study. Such estimates are 
probably open to  fairly wide margins of possible error. 

The size distributions of trap catches of P. arcuatus 
based on moderate samples from the unexploited parts 
of Pedro Bank and from the Port Royal Reefs are shown 
in Fig. 12.3. 

The asymptotic length, L,, is about 60 cm TL but K 
is unknown. The decline in abundance of successive 
length groups after full recruitment at 20.0 to 20.9 cm 
TL is shown in Table 12.12. 

The calculated value of Z/K (=  M/K) at the unex- 
ploited parts of Pedro Bank is 8.1. 

ABUNDANCE AND DENSITY 

Relative Abundance 

Data on relative abundance of the two commercially 
important chaetodontids are listed in Table 12.13. The 
largest trap catches of P. arcuatus by number and weight 
were made at Banner Reef at the south side of Pedro 
Bank. Greatest catches by weight of P. paru were made 
at 20 m Bank and SW Pedro Bank. 

NATALITY AND RECRUITMENT 

Chaetodontids are deep-bodied fishes which should 
theoretically become vulnerable to capture in small- 



meshed (4.1 3 c m  aperture) traps at a very small size. and it is presumed that behavioral changes are responsible. 
However, Figs. 12.3 to  12.4 indicate that in the case of Recruitment indices cannot be calculated because 
the angelfishes, most fishes do not become fully vul- there is no  information on mortality rates. 
nerable to  traps until about 14 to  16 cm TL is attained 

Table 12.12. Derivation of relative mortality rates from relative 
abundance of successive length groups of Pornacanthus arcuatus 
beyond full recruitment at 20.0 cm TL at Pedro Bank. 

-- - 

Length group No. Relative 
crn TL captured abundance 

Mean TL = 24.4 cm 
IfL,=60cm 

Table 12.13. Mean catch rates of angelfiies in baited traps (4.13 cm mesh) at Pedro Bank and California Bank, expressed as numbers 
per 1,000 trapdays. 

Eastern Southern Western California 
Species Pedro Bank Pedro Bank Pedro Bank Pedro Cays area Bank 

Pornacanthus arcuatus 172 
I? porn 24 



CHAPTER 13: 

THE BIOLOGY, ECOLOGY AND BIONOMICS 
OF THE PARROTFISHES, SCARIDAE 

by 
P.H. Reeson 

(June 1975) 

Identity 

The Scaridae are oblong, slightly compressed fishes 
with large cycloid scales covering their body in regular 
rows. They have a discontinuous lateral line. The head 
is rounded in front and their teeth are completely or 
incompletely fused anteriorly to form dental plates in 
each jaw. Their popular name (parrotfkhes) derives from 
the beak-like structure of the dental plates. The Scaridae 
have been divided into two subfamilies, the Sparisom- 
atidae, represented in the Atlantic by Sparisoma, Nichol-  
sina and Cryp to tomus  and the Scarinae, which contains 
only one genus in the Atlantic, Scarus. 

Schultz (1958) and Smith (1956,1959)have reviewed 
the classification of the Scarinae with differing results. 
More recently the species within that subfamily have 
been rearranged into two genera whilst the classification 
of the Sparisomatidae by Shultz is considered satisfactory 
(Rosenblatt and Hobson 1969). 

Characters of the genera and species found in the 
Caribbean are given by Bohlke and Chaplin ( 1968) and 
Randall (1 968). 

Randall (1968) lists 14 species in 4 genera from the 
Caribbean and Bohllce and Chaplin (1968) found 13 
species in the Bahamas. CaldweU (1966) listed 13 species 
from Jamaica but includes Sparisoma abildgaardi which 
had previously been shown to be in synonomy with 

Sparisoma viride (Winn and Bardach 1957). Species 
known from Jamaica are listed in Table 13.1. 

Table 13.1. Scientific and common names of scarids reported 
from Jamaican waters. 

Scientific name Common name 

1. Sparisoma rubripinne (Cuvier and 
Valenciennes) 1839 

2. Sp. chrysopterum (Bloch and 
Schneider) 1 801 

3. Sp. viride (Bonnaterre) 1788 
4. Sp. ourofrenuturn (Cuvier and 

Valenciennes) 183 9 
5. Sp. radians (Cuvier and 

Valenciennes) 183 9 
6. Sp. atomarium (Poey) 1860 
7. Scarus vetula Bloch and 

Schneider 1801 
8. S. croicensis Bloch 1790 
9. S. taeniopterus Desmarest 1831 

10. S. coeruleus (Bloch) 1786 
1 1. S. guacamaia Cuvier 1829 
12. S. coelestinus Cuvier and 

Valenciennes 1839 

Yellowtail parrotfish 

Redtail parrotfish 
Stoplight parrotfish 

Redband parrot fish 

Bucktooth parrotfish 
Green Blotch parrotfish 

Queen parrot fish 
Striped parrotfish 
Princess parrot fish 
Blue parrotfish 
Rainbow parrotfish 

Midnight parrot fish 

The parrotfishes are tropical shallow-water fishes that species listed above are relatively common and range 
abound on coral reefs and adjacent areas. They also throughout Bermuda, southwestern coast of U.S.A., 
occur over rocky shores and substrates. Most of the Bahamas, western coast of Central America, West Indies 



and Brazil. Bauchot and Blanc (1 96 1, quoted by Randall 
and Randall 1963) recorded Sp. rubripinne from San 
Thome off the west coast of Africa. 

Sp. radians, S. guacamaia and S. croicensis are said to 
occur in the eastern Atlantic (Bohlke and Chaplin 1968) 
but due to past confusion over the identities of S. 
croicensis and S. taeniopterus the range of these two 
species is not certain. Sp. atomarium is found in deep 
water (1 5 to  76 m; Randall 1968) and is the only species 
listed in Table 13.1 that was not caught during the 

REPRODUCTION 

course of this study. It has, however, been trawled from 
19 fm (about 35 m) south of Aligator Pond Bay, Jamaica 
(Caldwell 1966). 

The eggs of several species are known to  be pelagic 
and this is probably true for the family. There are few 
reports of capture of the larvae. 

All of the species caught during the period of this 
study were from coral-reef habitats or oceanic bank 
facies with the exception of Sp. radians which is common 
in seagrass beds. 

Bionomics and Life History 

Gonads 

The paired, elongated gonads lie along the dorsal wall 
of the abdominal cavity. 

Data on gonad size or the number of eggs relative to 
body size and fecundity were not collected during this 
study. 

Sexuality 

Most Atlantic species of scarids exhibit sexual dichro- 
matism (Longley and Hildebrand 1941; Winn and 
Bardach 1957, 1960; Randall 1963) with juveniles, 
females and small males exhibiting a drabcolor phase 
while terminal-phase males are more brightly colored. 
During this study, drab-phase specimens of sexually 
dichromatic species were either male, female or immature 
whereas the colorful specimens were all males. The 
terminal-phase malecoloration pattern of Scarus croi- 
censis and S. vetula can be induced by injecting the 
corresponding females with testosterone (Winn and 
Bardach 1957; Ogden and Buckman 1973). Winn and 
Bardach suggested that the females underwent a sex- 
reversal into the colorful male phase at a certain stage of 
maturity, presumably related to testosterone levels. The 
factors regulating the transformation are not known but 
it may be due to the carrying capacity of the reef for 
terminal-phase males (Ogden and Buckmann 1973). 
Randall and Randall (1 963) noted that the attainment of 
the terminal-phase coloration by the male Sparisoma 
rubripinne is associated with a change in their spawning 
behavior. Buckman and Ogden (1 973) have suggested 
that gonadal transformation probably occurs before the 
color change. 

Scarus guacamaia and S. coeruleus do not show 
sexual dichromatisrn but large individuals of S. coeruleus 
have a pronounced gibbous forehead which may be a 
feature of the males (Randall 1968). Rosenblatt and 
Hobson (1969) have pointed out that in two eastern 
Pacific scarid species the possession of a hump on the 
forehead is a feature of sub-adults and adults and is due 
to allometric growth, although "in those species in which 
the males attain a larger size, (it) is more prominent in 
males than in females". 

Maturity 

The size at sexual maturity for Sp. aurofrenatum, S. 
taenoipterus and S. croicensis is indicated in Tables 13.2 
to 13.4. Few ripe fishes of other species were observed 
but these are mentioned below. 

Sparisoma aurofrenatum: Ripe fkhes of this species 
were caught at the Port Royal reefs and on the oceanic 
banks. The smallest ripe male and ripe female recorded 
measured 15.1 cm FL and 14.6 cm FL, respectively. It is 
likely that the females of this small species begin to 
mature at a size smaller than that retained by the mesh 
covering the trap as shown by Table 13.2. 

Table 13.2. Percentages of mature male and female Sparisorna 
aurofrenaturn in successive length groups. All specimens were 
captured in traps at the Port Royal Reefs and at Pedro Bank. 

Males Females 
Length group No. No. 

(cm, FL) examined % ripe examined % ripe 

Total 363 220 

Sp. viride: Only 3 ripe females were caught at the Port 
Royal Cays of which the smallest was 17.9 cm FL. Ripe 
specimens were not caught on the oceanic banks. Winn 
and Bardach (1 960) reported that males mature at 16.0 
to 20.0 cm SL and females at 16.3 cm SL in Bermuda. 

Sp. chrysopterum: One ripe female, which measured 
24.9 cm FL, was trapped at the Port Royal Reefs. Ripe 
fishes were not caught on the oceanic banks. 

Scarus taeniopterus: One ripe fish, a male measuring 
29.1 cm FL, was caught at the Port Royal Reefs but no 
ripe males were caught offshore. The smallest mature 
female, caught offshore, measured 17.2 cm FL and full 



Table 13.3. Percentages of mature female Scams taenioptems in 
successive length groups. All specimens were captured in traps 
on the oceanic banks. 

Length group No. 
( a n  FL) examined % ripe 

15.0-15.9 
16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 
23.0-23.9 
24.0-24.9 

Total 

maturity was probably reached before 17.5 cm FL as 
shown by Table 13.3. 

S. croicensis: Ripe females were not found at the Port 
Royal Reefs nor offshore. The smallest ripe male, caught 
at Port Royal, measured 15.5 cm FL and Table 13.4 
indicates that this species matures at a size smaller than 
that retained by the trap-mesh. It is also a small species 
and individuals, approximately 10 to  12 cm in length, 
have been observed t o  engage in spawning activity. In 
Bermuda, the size at maturity of males is 11.0 t o  13.0 
cm SL and that of females is 9.0 t o  10.0 cm SL (Winn 
and Bardach 1960). 

Other species: The smallest mature S. coeruleus 
female measured 30.5 cm FL and the smallest ripe male 
and female of Sp. rubripinne measured respectively 27.0 
cm FL and 16.1 cm FL. Winn and Bardach (1960) 
reported that around Bermuda S. vetula matured as 
males between 2 1.0 and 24.5 cm SL. 

Mating and Fertilization 

Two types of reproductive behavior have been 
recognized within the same species of the sexually 
dichromatic scarids (Randall and Randall 1963) and the 
type of reproductive behavior exhibited is related t o  the 
color phase of the males involved. Parrotfishes do not 
have intromittent organs and fertilization is external. 

Spawning aggregations 

The observations of Randall and Randall (1963) on 
spawning aggregations of drab-phase Sp. rubripinne may 
be summarized as follows: Incipient spawningis indicated 
by the increased activity of small groups of parrotfish 
amongst the larger school. These small groups rise higher 
in the water column, then incline their bodies upward, 
hesitate briefly and shoot diagonally upwards and release 
their milt at the peak of their upward movement. 
Subsequently they descend and disperse. About 4 t o  11 

Table 13.4. Percentages of mature male Scams croicensis in sue 
cessive length groups. All specimens were captured in traps at 
the Port Royal Reefs or at Pedro Bank. 

Males 
Length group No. 

(cm, FL) examined % ripe 

Total 153 

fishes are involved in the spawning runs which last about 
2 seconds. The Randalls believe that each group consists 
of a single female with the rest being males. They also 
suggest that the sudden upward rush helps t o  expel the 
gametes by causing expansion of the airbladder as would 
the sharp flexure of the body at the apex of the spawn- 
ing run. Similar spawning behavior by aggregations of S. 
croicensis have been observed (Ogden and Buckman 
1973). This author also witnessed spawning of S. croi- 
censis at Discovery Bay, in August 1972 at 1530 hours. 
Over 400 drab-phase individuals (approx. 10 t o  12 cm) 
were associated together over a thicket of Acropora 
cervicornis, near the edge of a buttress spur. The aggre- 
gation milled around about 2 m above the coral. Within 
the school small groups of fishes swam together of which 
a few would suddenly dart 0.5 t o  1.0 m upwards expel- 
ling a cloud of milt at the apex of their spawning run. 
About 10 of these spawning runs were witnessed over 
the 10min period of observation. At the same time, 
other fishes in the aggregation were seen grazing on fine 
algae on dead coral at the bottom. The presence of 
terminal-phase males in the aggregation was not noted. 

Spawning o f  pairs 

Observations on spawning acts between individual 
male and female Sp. rubripinne and S. croicensis were 
also made by Randall and Randall (1963) in the Virgin 
Islands. The males display, by vibrating the posterior 
part of body and tail over the female, and spawning 
occurs by both fish dashing a few feet upwards, releasing 
the eggs and sperm as they turn sharply and swim 
downwards. Paired-spawning of Sp. auro frenaturn 
has been observed by Winn and Bardach (1960) in 
Bermuda and by Randall and Randall (1963) in the 
Virgin Islands. Suspected pre-spawning behavior of S. 
coelestinus was observed by a colleague (David Allard) in 
February 1970 at the Port Royal Cays. About fifty pairs 
of fishes were seen in which the larger fish swam behind 
and t o  one side of the smaller fish. The larger fish 
(possibly males) had reddish, bulging abdomens, the 



dorsal and anal fins often raised and the dental plates 
exposed. In the eastern Pacific, pairspawning has been 
observed for S. ghobban and S. rubroviolaceus (Rosen- 
blatt and Hobson 1969). 

Randall and Randall (1 963) suggested the possibility 
that pair-spawning between fishes of different color is 
the basic reproductive pattern of parrotfishes and that 
aggregate spawning is secondary, related to  the attain- 
ment of sexual maturity by males before the color 
change has been effected. Ogden and Buckman (1973) 
question the secondary role of aggregate-spawning as 
their observations showed it to be the most common 
pattern of reproduction for S. croicensis. Randall and 
Randall (1963) and Smith (1972) suggest that the aggre- 
gation of species for spawning increases its reproductive 
potential and has an adaptive value in enhancing the 
chances of fertilization. 

Time o f  day o f  spawning 

The observations of Randall and Randall (1963) on 
Sp. rubripinne showed that spawning commenced be- 
ween 1125 t o  1345 hours and continued through the 
afternoon until 1700 to  1740 hours. Ogden and Buck- 
man (1973) noted that S. croicensis spawned in the 
afternoon off Panama as was also observed at Discovery 
Bay for this species. 

The diving activities of the project at Port Royal 
usually took place between 1000 to  1300 hours and 
more than 120 hours were personally spent scubadiving 
in the same area. Definite spawning behavior by scarids 
was never observed by any member of the diving teams 
during this time. If the spawning of scarids, or at least of 
certain species, commonly occurs in the afternoon, then 
it is possible that we missed the phenomenon. However, 
it is also possible that scarids at the Port Royal Reefs 
migrate to  the exposed reef front on the surrounding 
barrier reef for spawning. 

Spawning 

Spawning seasons 

Initial information regarding the spawning seasons of 
parrotfishes around Jamaica has been reported by Munro 
et al. ( 1973). 

Sparisoma aurofrenatum: Catches of this species at 
the Port Royal Reefs (n = 509) indicate that spawning 
takes place throughout the year, with a peak in April 
(Fig. 13.la). On the oceanic banks, ripe fishes were 
caught in all months (n =103) except May. I t  would 
seem that this species spawns year round with higher 
activity in April. Spawning was observed in the Virgin 
Islands by Randall and Randall (1963) in March, April, 
June and August. Winn and Bardach (1960) found ripe 
fish in Bermuda from June to  August. 

Sparisoma viride: Although 890 fishes caught at the 

Port Royal Reefs were examined, only 3 were ripe and 
these were captured in February and April. However, 
the proportions of active fishes captured suggest that the 
breeding season extends from October through May, 
perhaps with a peak in February as shown in Fig. 13.lb. 
Only a few fishes of this species were caught on the 
oceanic banks, one of which had gonads in the active 
stage and this was caught in February. Randall and 
Randall (1963) observed a pair spawning in the Virgin 
Islands during May and Winn and Bardach (1960) found 
ripe females at Bermuda during June, July and August. 

Spnrisoma chrysopterum: Only 1 ripe fish was found 
in a total of 512 fishes examined for gonad activity and 
this was caught in March. As shown in Fig. 13.lc, fishes 
with active gonads were found from February to March 
and again in September with a suggestion of peak gonad 
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Fig. 13.1. Monthly percentages of ripe (shaded), active (cross- 
hatched), inactive (blank) and spent (stippled) gonads of parrot- 
fishes at the Port Royal Reefs: (a) Sparisom aurofremtum, (b) 
Sp. viride and (c) Sp. chrysopterum. The numbers of fishes 
examined are given above each respective month. I = inactive; 
A = active. 



activity in February. Only 3 fiishes were caught offshore 
and all had inactive gonads. 

Scarus croicensis: Six specimens were caught offshore 
and all had inactive gonads. Gonads of 175 fishes caught 
at the Port Royal Reefs were examined and active and 
ripe fiishes were found in January, April and May (Fig. 
13.2a). Randall and Randall (1963) observed this 
species spawning in the Virgin Islands in February, 
March, April, June and August. Spawning of S. croicensis 
was observed at Discovery Bay, Jamaica in August 1972, 
and this behavior had been noted throughout the summer 
(P. Dustan, pers. comm.). Ogden and Buckman ( l973), 
working on the eastern coast of Panama from May 1970 
to February 197 1, observed group- and pair-spawning 
"often during the study" but did not specify the months. 

Scarus taeniopterus: One ripe male was caught at the 
Port Royal Reefs in January 1970. Ripe fishes were 
found on the oceanic banks every month during which 
samples were obtained. The highest proportion of ripe 
fishes occurred in December and January as shown in 
Fig. 13.2b. 

Other species: Ripe S. vetula were caught at the Port 
Royal Reefs in January and May 1970. Randall and 
Randall (1 963) observed a spawning pair during August 
in the Virgin Islands and another pair in January at 
Puerto Rim. Sp. rubripinne with ripe gonads were caught 
during November 1969 and January and February 1970 
at the Port Royal Cays. Randall and Randall (1963) 

Fig. 13.2. Monthly percentages of ripe (shaded), active (cross- 
hatched), inactive (blank) and spent (stippled) gonads of Scams 
croicensis at the Port Royal Reefs (a) and S. taeniopteius from 
the oceanic banks (b). The numbers of fishes examined are given 
above each respective month. I = inactive; A = active; R = ripe. 

collected ripe males and females in all months of the 
year in the Virgin Islands. Ripe female S. coeruleus were 
caught on Pedro Bank in January 1973. The spawning 
of S. guacamaia and S. coelestinus seems to be confined 
to the warmer months of the year in Bermuda (Winn et 
al. 1964). Longley (in Longley and Hildebrand 1941) 
noted that the female Sp. radians are ripe in July and 
August in the Tortugas, Florida. Erdman (cited by 
Winn and Bardach 1960) collected ripe eggs from this 
species in November at Puerto Rico. 

Factors influencing spawning seasons 

Sp. auro frenatum and S. taeniopterus appear to  spawn 
throughout the year whereas for the other species illus- 
trated, the highest proportion of active and ripe fishes 
were confmed to the period between January and May. 

Randall and Randall (1963) suggested that seasonal 
spawning occurs in regions where there is a wide seasonal 
range in water temperature and length of day. Munro et 
al. (1973) have shown that the expected abundance of 
reef-fish eggs is greatest during the cooler months 
(February to April) than in the remaining months 
around Jamaica where the range of temperature is 26.5 
to  29.S°C. In the Caribbean spawning probably occurs 
throughout the year for some, if not all, parrotfish 
species with more intense spawning activity being 
confimed to  the cooler months of the year. 

Location of  spawning ground 

Randall and Randall (1963) have pointed out that 
deeper reef fronts (15 to  20 m) appear to be the focal 
points for spawning groups of Sp. rubripinne, and suggest 
that such sites are more exposed to water currents which 
afford more opportunity for dispersal of the pelagic 
eggs. A similar observation has been made for S. croi- 
censis in Jamaica. 

Spawn 

Female pamotfishes release transparent pelagic eggs. 
Winn and Bardach (1960) showed that the eggs of 
Sparisoma species are round whereas those belonging to 
species of Scarus are a modified fusiform shape. These 
authors also gave length measurements of ripe eggs 
of S. croicensis (2.4 to 2.6 mm), S. guacamaia (2.9 to  
3.1 mm), S. vetula (2.8 to 2.9 mm) and diameter mea- 
surements of eggs of Sp. aurofrenatum (0.9 to  1.1 mm) 
and Sp. chrysopterum (0.6 to 0.7 mm). 

PRE-ADULT PHASES 

Little or nothing is known about the developmental 
stages of scarids through adolescence. Randall and 
Randall (1963) have described the development of 
artificially fertilized Sparisoma rubripinne eggs up until 
the 6 day post-larval stage. Metamorphosis probably 



ADULT PHASE 

Competitors 

There are no data regarding the degree of intraspecific 
competition amongst the scarids or of interspecific 
competition with the other major groups of herbivorous 
fishes at Port Royal, namely the acanthurids, pomacen- 
trids and monacanthids. 

Predators 

Moray eels (Muraenidae) are commonly caught in 
traps around Jamaica and often are found to contain 
whole parrotfishes in their stomachs. This is not to say 
that this situation exists in the normal reef environment, 
but the many observations made suggest that morays are 
important predators of parrotfishes. The role of the 
mucous envelope, produced at night by species of 
Scarus, in reducing predation by moray eels has been 
discussed by Winn and Bardach (1959). Ogden and 
Buckmann (1973) have observed predation by Epine- 
phelus striatus, Scomberomorus regalis and Caranx ruber 
on foraging groups of S. croicensis. Randall (1963) 
recorded scarids in the stomach contents of Gymnothorax 
vicinus and in addition from the Serranidae (Cephalo- 
pholis filva, Epinephelus striatus, E. adscensionis, E. 
guttatus, Mycteroperca tigris, M. venenosa); the Lutjani- 
dae (Lutjanus apodus, L. cyanopterus, L. jocu) and the 
Carangidae (Caranx bartholomaei, C. ruber). Lutjanus 
griseus is also a predator of parrotfishes (Starck and 
Davis 1966; Starck and Schroeder 1970). 

Parasites and Diseases 

Saunders (1966) has reported the presence of the 
blood parasite Haemogregarina bigemina in S. croicensis 
and Sp. aurofrenatum. The large parasitic isopod, com- 
monly found on the heads of many reef fishes, e.g., 
holocentrids, pomacanthids and acanthurids, has never 
been observed attached to parrotfishes. 

NUTRITION AND GROWTH 

Feeding 

Parrotfishes feed intermittently and Bakus (1967) has 
estimated that they spend 30 to 40% of their active 
period in feeding. They are grazers and browsers, using 
the fused beak to rasp filamentous algae growing on 

takes place when the larvae are carried by currents over dead coral and other hard substrates or on the blades of 
suitable habitats. At the Port Royal Reefs, juvenile Scarus Thalassia testudinum. They also feed directly on T. 
croicensis (2 to  3 cm), Sp. viride (3  to  5 cm) and Sp. testudinum taking characteristic scalloped bites from the 
aurofrenatum (4 to 5 cm) are commonly found amongst edges of the leaf blades. Bakus (1964, 1966, 1967) and 
corals in shallow water, although juveniles of certain Randall ( 1 9 6 1 ~ ~  1965) have pointed out the importance 
species may be encountered on deep reefs. of herbivorous fishes on the settlement and growth of 

benthic primary producers and invertebrates. Smith and 
Paulson ( 1974) suggested that ingested calcium carbonate 
is dissolved in the intestine, thus possibly making the 
interstitial algae growing in coral substrate available for 
nutrition. 

Randall ( 1967) has reported the food habits of Scarus 
coelestinus, S. croicensis, S. guacamaia, S. taeniopterus, 
S. vetula, Sparisoma aurofrenatum, Sp. chrysopterum, 
Sp. rubripinne, Sp. viride and Sp. radians. In the absence 
of suitable data from parrotfishes caught in our traps, 
Randall's results are referred to below. 

More than 80% of the food content of the stomachs 
of most of these species was comprised of algal material 
with seagrasses making up the m Jority (1.3 to  17 3%) of 
the remaining items. Algae was the only item of food 
found in S. croicensis. The young of this species have 
been observed to browse epiphytes on Thalassia blades 
at the Port Royal Reefs. 

Longley (in Longley and Hildebrand 1941) has ob- 
served S. coeruleus and S. guacamaia ingesting mouthfuls 
of fine sand which was ground to a fine powder by the 
pharyngeal m a ,  and he presumed that they were feeding 
on microscopic organisms. Randall (1967) estimated 
that approximately 70% of the dried stomach contents 
of most of the above species was residual inorganic 
material and further suggested that the inorganic sedi- 
ment serves to grind plant tissues thus rendering them 
more digestible. Ogden and Buckman (1973) reported 
that S. croicensis ingested large amounts of sediment 
whilst foraging. 

Sp. radians is restricted to seagrass beds and, corres- 
pondingly, 88% of its food was Thalassia and 12% was 
algae. It ingests very little inorganic sediment (Randall 
1967). Greenway (1973) has estimated the amount of 
Thalassia grazed by fishes in Kingston Harbour at 
0.06 g/m2/week. Sp. radians is the species largely re- 
sponsible as indicated by the scarid bite marks on the 
blades. Randall (1 965) has pointed out that the scalloped 
edges of Thalassia blades mentioned by Thomas et al. 
(1961) were probably due to this species. 

Other items of food found in the stomachs of West 
Indian scarids were gorgonians, sponges, corals and 
fragments of molluscs, crustaceans and echinoids, but 
these constituted, at most, less than 3% of the stomach 
contents of any one species. 

Although parrotfishes are herbivorous grazers and 
browsers utilizing benthic algae and marine angiosperms 
as a source of food, it has also been reported that Indo- 
Pacific scarids feed on living coral. Hiatt and Strasburg 
(1960) considered parrotfishes, in the Marshall Islands, 
as either grazing herbivores or grazing omnivores depend- 
ing on the relative amounts of algae or coral polyps that 
were consumed. The corals that were rasped were largely 



Table 13.5. Relationships between fork lengths (FL) and maxi- 
mum body depth (D) for three species of parrotfishes. Measure- 
ments are expressed in centimeters. 

Number of Length range 
Species and formula fishes (cm, FL) 

Sparisoma aurofrenatum 
D = -0.90 + 0.36 (FL) 
FL = 2.54 + 2.78 (D) 

Sparisoma ~~iride 
D = 0.10 + 0.33 (FL) 
FL = -0.40 + 3.06 (D) 

Sparisoma chrymptemm 
D = -1.38 + 0.36 (FL) 
FL = 3.76 + 2.79 (D) 44 17.5-23.5 

Table 13.6. Relationships between fork lengths (FL) and weight 
(W) for four species of parrotfishes. Lengths and weights are 
expressed in centimeters and grams respectively. 

Number of Length range 
Species and formula fishes (cm, FL) 

Sparisornu aurofrenatum 
Log W= -1.89+ 3.11 (Log FL) 100 14.5-22.5 

Sparisoma viride 
Log W = 1.27 + 2.74 (Log FL) 145 13.5-31.5 

Sparisoma chrysoptenim 
Log W = -2.03 + 3.21 (Log FL) 126 16.5-27.5 

Scarus croicensis 
Log W = -1.78 + 3.02 (Log FL) 78 8.5-19.5 

massive glomerate forms. Talbot ( 1965) also classified 
the Scaridae off East Africa as coral-feeders, but Bakus 
(1967) suggested that parrotfishes "consume mostly 
dead coral in the process of rasping algae and sessile 
invertebrates from the substratum". Parrotfishes studied 
at Madagascar (Vivien 1973), the Great Barrier Reef, 
Australia (Choat, cited by Randall 1967), Hawaii (Hobson 
1974), Marshall Islands (Smith and Paulson 1974), and 
the eastern Pacific (Rosenblatt and Hobson 1969) 
were considered to be strictly herbivorous. In Florida, 
Starck (cited by Randall 1967) observed that insignifi- 
cant amounts of live coral were occasionally scraped by 
parrotfishes, but Randall (1967) did not observe such 
feeding in the Virgin Islands nor saw any evidence of 
scarid beak marks on living coral. Parrotfishes have never 
been observed to feed on live coral by this author. 

Recent studies show that different species of scarids 
utilize different vegetative resources. Vivien (1973) 
has recognized two feeding patterns amongst parrotfishes: 
those that browse on soft algae and phanerogams and 
those that scrape epiphytes on dead coral. Hobson 
(1974) distinguished species that mainly scraped coral 
substrate and those that preferred rocky substrate. 
Different life stages of the same species may also utilize 
different resources. Observations at the Port Royal Reefs 
indicate that juvenile and subadult S. croicensis over the 
reef flat feed on epiphytic algae growing on Thalassia 
blades whilst schools of larger individuals, foraging over 
the reef, scrape dead coral substrate as well as ingest fine 
sediments. 

Metabolism 

The relationship between the high calcium content of 
the diet and the metabolism of calcium in parrotfishes 
has been recently studied. Fontaine et al. (1973) suggest 
that the comparatively high level of activity of the 
ultimobranchial bodies and the corpuscles of Stannius, 
glands which cause a lowering of the blood calcium level, 
is attributable to the calcium-rich diet of these fishes. 

Smith and Paulson ( 1975) found high levels of intestinal 
carbonic anhydrase activity in Scarus jonesii, as well as 
in Acanthurus triostegus, and hypothesized that ingested 
calcium carbonate dissolves in the gut and that this 
enzyme was involved in the carbon dioxide transport 
mechanism. 

Growth 

Relative growth patterns 

The relationships between fork length and maximum 
body depth for Sp. aurofrenatum, Sp. viride and Sp. 
chrysopterum are shown in Table 13.5. Given that the 
maximum aperture of the wire mesh commonly used on 
Jamaican fish traps is 4.13 cm, then the fork lengths of Sp. 
aurofienatum, Sp. viride and Sp. chrysopterum at that 
body depth are 14.0 cm, 12.2 cm and 15.3 cm, respec- 
tively. 

Table 13.6 gives the relationships between fork length 
and weight of Sp. aurofrenatum, Sp. viride, Sp. chrysop- 
terum and S. croicensis. Growth is isometric for these 
four species. The length-weight relationship of Sp. rubri- 
pinne is illustrated by Randall (1961~;  Fig. 6). 

Maximum size 

The maximum lengths recorded for each species 
caught during this investigation are given in Table 13.7. 
Except in the case of Sp. aurofrenatum and S. taeniop- 
terus, these values do not closely approach the values 
given by either Bohlke and Chaplin (1968) or Randall 
(1968). In most of the observed cases the males had 
attained a greater size than the females. 

Age and growth 

During his reef-fish tagging experiments in the Virgin 
Islands, Randall (1962) found that parrotfishes showed 



Table 13.7. Maximum observed fork lengths of parrotfishes from 
Jamaican waters and the maximum total lengths reported in the 
literature. 

Maximum observed 
fork length (cm) Maximum reported 

Species Male Female total length (cm)* 

Sparisoma viride 
Sp. aurofrenatum 
Sp. chrysopterum 
Sp. rubripinne 
Scarus croicensis 
S. taeniopterus 
S. vetula 
S. coeruleus 
S. guacamaia 
S. coelestinus 
- - -  

*Values obtained from Bohlke and Chaplin (1968) and Randall 
(1968). 

the fastest growth rates. He reported that 14 S. coeruleus 
(13.3 to 18.8 cm FL) had an average growth rate of  7.2 
mm per month. Three S. vetula showed growth rates 
between 11 to 18 mm per month, 3 Sp. chrysopterum 
grew at rates between 8.7 t o  20 mm per month and the 
growth rates of 9 Sp. rubripinne averaged 8.1 mm per 
month. Three Sp. viride ranging in length between 18.7 
to  23.6 cm had growth rates of 7.7 to  3.5 mm per month. 

Length-frequency histograms of Sp. viride, Sp. chry- 
sopterum and Sp. aurofrenatum caught in traps set at 
the Port Royal Reefs did not appear to show any con- 
sistent pattern of modal progression. 

BEHAVIOR 

Recent studies have paid attention to  the diurnal or 
nocturnal pattern of activity amongst many coral reef 
fishes (Hobson 1972, 1973; Starck and Davis 1967; 
Collette and Talbot 1972). Parrotfishes are diurnally 
active commencing their activity around the time 
of sunrise and retiring to sleep on the reef at sunset. 

Migrations and Local Movements 

Scarids undertake daily migrations between their 
diurnal feeding areas and their nocturnal resting sites. 
Near dusk they tend to  aggregate in the shallow waters 
and then move to deeper areas before nightfall but 
whether they reform into groups before they ascend the 
reef at dawn is not known. Ogden and Buckman ( 1973) 
were able t o  identify specific routes along which schools 
of Scarus croicensis migrate daily, and Winn et al. (1964) 
found that sexually mature S. coelestinus and S. guacamia 
use sun-navigation in order to return to  their home 
caves. I t  has not been established whether scarids occupy 
the same sleeping site each night. 

It has been indicated that scarids have a tendency to  

be associated with the same area of "home" reef for 
variable periods of time but they may move over dis- 
tances of up t o  several hundred meters during feeding 
(Bardach 1958; Randall 1961c; Winn et al. 1964). 
Ogden and Buckman (1973) noted that terminal-phase 
males of S. croicensis have a stronger tendency to  home 
than the striped phase. 

Ogden and Buckman (1973) have also recognized 
three behavioral patterns in S. croicensis. Individuals or 
small groups of both striped-phase and terminal-phase 
fishes may repeatedly be found in the same area of reef 
and apparently use the area for feeding. In contrast to  
the stationary category, striped-phase fishes and terminal- 
phase males may actively defend a temtory in shallow 
water (Buckmann and Ogden 1973). The third category 
includes the large foraging groups which move and feed 
over the reef all day. 

Schooling 

Winn and Bardach (1966) noted that during the day 
species of the genus Sparisoma tended to  be found 
individually or in small groups, in contrast to  the species 
of Scarus which tend t o  form large groups or schools. 
However, in view of the recognition of the three types of 
dispersion in a single species (S. croicensis) by Ogden 
and Buckman (1973) and Buckman and Ogden (1973), 
this generalization may not be valid. 

Mixed-species aggregations may occur, e.g., S. coeles- 
tinus and S. guacamaia (Winn et al. 1964), S. croicensis 
and S. taeniopterus (Stark and Davis 1967), or the 
schools may additionally contain representatives of 
other families. It is common around Jamaica to find 
members of the Acanthuridae (surgeonfishes), Mullidae 
(goatfishes), Pomadasyidae (grunts) and Labridae 
(wrasses) along with the usually numerically dominant S. 
croicensis. Itzkowitz ( 1974) discusses these groupings in 
further detail. 

Mucous Envelope and "Sleep" 

Several observations have shown that parrotfishes 
remain motionless in crevices and holes in the reef at 
night. Winn (1955) and Stark and Davis (1967) noted 
the formation of a mucous envelope at night by species 
of Scarus but Collette and Talbot (1972) also observed 
Sparisoma viride within a mucous envelope on one 
occasion. The mucous envelope has anterior and posterior 
openings and is produced into a cocoon around the body 
of the fish by opercular glands (Byrne 1970). In the 
eastern Pacific, only small individuals of Scarus regularly 
produce the mucous envelope (Rosenblatt and Hobson 
1969), and Hobson (1965, 1974) has suggested that 
mucous envelopes are most commonly produced by 
small individuals or those that are injured. 

Winn and Bardach (1959) have discussed the possible 
role of the mucous envelope in reducing predation by 
moray eels, fishes which seek out their prey by olfactory 
or gustatory senses. 



Behavior in Relation to Fish Traps they also often nipped at dead conspecifics. Similar 
observations have been noted by High and Beardsley 
(1970). The significance of this behavior is not under- 

Within traps, weak or  injured parrotfishes were often stood but it has not been observed amongst free individ- 
seen to be chased and attacked by the same species, and uals. 

Populations 

POPULATION STRUCTURES were smaller than the terminal-phase males. Sp. chrysop- 
terum appeared to be the exception. 

Sex Ratios 
Age and Length Compositions 

Randall and Randall (1963) found that the male to  
female ratio of a spawning aggregation of Sparisoma 
rubripinne was 1:0.3 as compared with a ratio of 1: 1 
obtained from the fishes in their usual shallow habitat. 

The sex ratio of parrotfishes caught in traps varied 
according to the species, but all differed from the 1: 1 
ratio as shown in Table 13.8. Except in the cases of Sp. 
aurofrenatum and Scarus croicensis at the Port Royal 
Reefs there was a predominance of females in the catches 
of the other species. Sp. aurofrenatum and S. croicensis 
are small species and the predominance of males in the 
catches probably relates to the retention of the larger 
sized males in the traps. Buckmann and Ogden (1973) 
have reported that approximately one fifth of the 
migratory population of S. croicensis were terminal- 
phase males. 

The relative abundance of female Sp. viride, Sp. auro- 
frenatum and S. taeniopterus decreased with increasing 
size with a corresponding increase in the relative number 
of males. Randall and Randall (1963) similarly found 
that drab-phase males and females of Sp. rubripinne 

There was no success in establishing the absolute age 
of parrotfishes at given sizes and, therefore, there is no  
information regarding the age composition of the 
catches. Parrotfishes scales are fairly deciduous and the 
majority of scales obtained for age determination were 
regenerated. 

The size compositions of Sp. viride, Sp. chrysopterum 
and Sp. aurofrenatum from the Port Royal Reefs were 
estimated by combining the length-frequency distribu- 
tions, obtained during 1970 and 1971 as shown in 
Figs. 13.3 and 13.4a. The estimated mean annual length- 
frequency distributions of Sp. aurofrenatum and S. 
taeniopterus on the oceanic banks are shown in Figs. 
13.4b and 13.5. 

Sp. viride and S. chrysopterum are fully recruited to 
the traps at the Port Royal Reefs at sizes 20.5 cm FL and 
21.5 cm FL, respectively, as shown by Fig. 13.3. Figure 
13.4a shows that Sp. auro frenatum are fully recruited at  
17.5 cm FL. The smallest individuals of these three 
species recorded from the traps were 13.1 cm FL, 15.8 

Table 13.8. Sex ratio and percentage females of parrotfishes caught at the Port Royal Reefs and on the oceanic banks. 

Length class 
(cm, FL) 

14.0-14.9 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 

Overd 
ratio of 
Male: Female 

Port Royal 
Sp. viride Sp. chrysopterum Sp. aurofrenatum S. croicensis 

No. % No. % No. % No. % 
fishes female fishes female fishes female fishes female 

Oceanic banks 
Sp. aurofrenatum S. taeniopterus 
No. % No. % 

fishes female fishes female 



Fork length (cm) 
Fig. 13.3. Annual length-frequency distribution of (a) Sparisoma 
viride and (b) Sp. chrysopterum caught in traps set on the Port 
Royal Reefs (mean of annual data collected in 1970 and 1971). 

cm FL and 14.0 cm FL, respectively, values which more 
or less correspond to the calculated size at retention. 
Figure 13.4 shows a complete overlap in the length 
ranges of Sp. aurofrenatum from the Port Royal reefs 
and the oceanic banks, but the modal size at the oceanic 
banks (19.5 cm FL) is 2 to 3 cm larger than that at the 
Port Royal Reefs. This either indicates that smaller 
specimens of Sp. aurofrenatum are to be found in shal- 
lower areas, or  it indicates that exploitation at the Port 
Royal Reefs is so heavy that most individuals are captured 
while still within the selection ogive of the 4.13cm 
mesh. The latter appears most likely, but the small size 
of the sample from the oceanic banks precludes any 
definite conclusions. 

S. taeniopterus is fully recruited to the traps at the 
exploited Pedro Cays at asize of 18.5 cm FL as compared 
with the recruitment size of 20.5 cm FL obtained from 
the unexploited areas (Fig. 13.5). 

MORTALITY AND MORBIDITY 

Factors Affecting Mortality 

Those species which prey on parrotfishes have been 
discussed previously, but otherwise direct evidence of 
the factors affecting mortality in adolescent or adult 
parrotfishes is not available. Parrotfishes are not readily 
caught on hand-lines but are important components of 
trap catches from coastal areas. 

Mortality Rates 

The age composition of the catches of parrotfishes 

Fork length (cm) 
Fig. 13.4. Annual length-frequency distribution of Sparisonla 
aurofrenatum caught in traps set on (a) the Port Royal Reefs 
(mean of annual data collected in 1970 and 1971) and (b) Cali- 
fornia Bank and Pedro Bank (data coUectcd between May 1971 
and February 1973). 

Fork length (cm 1 
Fig. 13.5. Annual length-frequency distribution of Scarus 
raeniopterus caught in traps set on (a) the Pedro Cays and 
(b) the unexploited portions of Pedro Bank. 



Table 13.9. Relative abundances of successivc length groups of 
fully recruited Spariwma viride at the Port Royal Reefs with 
computation of mortality rate. L, = 50.0 cm FL. Data for both 
sexes combined. 

Port Royal Reefs 
Length class 96 Rclative 

(cm, FL) frequency frequency 

13.0-1 3.9 
14.0-14.9 
15.0-15.9 
16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 
23.0-23.9 
24.0-24.9 
25.0-25.9 
26.0-26.9 
27.0-27.9 
28.0-28.9 
29.0-29.9 
30.0-30.9 
31.0-31.9 
32.0-32.9 

1c 
'Mcan FL 6 )  
If L,= 50 cm 

Z/K 

Table 13.10. Relative abundances of successive length groups of 
fully recruited Sparisoma chrysoptemm at the Port Royal Reefs 
with computation of mortality rate. L, = 40.0 cm FL. Data for 
both sexes combined. 

Port Royal Reefs 
Length class % Relative 

(cm, FL) frequency frequency 

15.0-15.9 
16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 
23.0-23.9 
14.0-24.9 
25.0-25.9 
26.0-26.9 
27.0-27.9 

1c 
Mean length 
If L,= 40 cm 

Z/ K 

Table 13.1 1. Relative abundances of successive length groups of 
fully recruited Sparisoma aurofrenatum at the Port Royal Reefs 
with computation of mortality rate. L, = 26.0 cm FL. Data for 
both sexes combined. 

Port Royal Reefs 
Length class "/o Relative 

(cm, FL) frequency frequency 

14.0-14.9 
15.0-15.9 
16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 

1c 
Mean length 
If L,= 26 cm 

Z/K 

has not been determined and their mortality rates 
cannot be calculated directly. However, estimates of 
relative mortality rates were obtained from length 
composition data as described in Chapter 3. 

The relative abundance of successive length groups of 
Sparisoma viride, Sp. chrysopterum and Sp. auro frena- 
tum at the Port Royal Reefs and Scarus taeniopterus 
from the exploited and unexploited portions of Pedro 
Bank are given in Tables 13.9 to 13.12. The ratio of Z/K 
for each of these species is calculated below their respec- 
tive tables. In the case of S. taeniopterus from the unex- 
ploited Pedro Bank, the ratio of Z/K is taken as equal to 
the ratio M/K. 

ABUNDANCE AND DENSITY 

No measure of the absolute abundance or population 
density of parrotfishes was obtained during this study. 

Relative Abundance at the Port Royal Reefs 

Munro (1974) has described a measure termed 
'availability' t o  estimate the relative abundance of fishes 
taken in trap catches. The mean monthly availability 
values of Sparisoma viride, Sp. chrysopterum and Sp. 
aurofrenatum at the Port Royal Reefs were plotted as 
shown in Fig. 13.6. The figure shows that the relative 
abundances of Sp. viride and Sp. chrysopterum were 
highest during the earlier months of the year. The 



Table 13.1 2. Comparison of the relative abundance of successive 
length-groups of Scarus taeniopterus beyond full recruitment at 
the Pedro Cays (N = 175) and at unexploited portions of Pedro 
Bank (N = 284). Data for both sexes combined. La= 35.0 cm FL. 

Unexploited Pedro Bank Pedro Cays 
Length class No. Relative No. Relative 

(cm, FL) captured frequency captured frequency 

15.0-15.9 
16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 
23.0-23.9 
24.0-24.9 
25.0-25.9 
26.0-26.9 
27.0-27.9 

1c 
Mean length 
If L,= 35 cm 

Z/K 

availability of Sp. aurofrenatum was generally very low. 
The figures also show that these species were present on 
the reefs throughout the year. As cited before, workers 
have shown that reef fishes tend to remain within 
limited tracts of reef. 

Relative Abundance on the Oceanic Banks 

The relative abundance of parrotfishes on the oceanic 
banks are given in Table 13.13. In contrast to the 
catches at the Port Royal Reefs, S. taeniopterus was 
the most important parrotfish in the trap catches from 

the oceanic banks. Apart from Sp. aurofrenatum, 
catches of the other parrotfishes were poor. 

NATALITY AND RECRUITMENT 

Information regarding the rates of reproduction of 
the three species studied is not available. 

Sparisoma viride and Sp. aurofrenatum smaller than 
15 cm FL and Sp. ch lysop temm smaller than 17 cm FL 
were caught in the traps between May and December. 
However, there is no welldefined recruitment period to 
the trap fishery. 

1 1 1  [ l l l l l , l l l  
J F M A M J  J A S O N D J F M A M J J A S O N  

Fig. 13.6. Monthly availability of (a) Sparisom viride. (b) Sp. 
chrysopterum and (c) Sp. aurofrenatum caught in unbaited 
traps set at the Port Royal Reefs. 

Table 13.13. Mean catch rates of parrotfishes in baited traps (4.13 cm mesh) at Pedro Bank and California Bank ex- 
pressed as numbers per 1,000 hexagonal trapdays. 

Eastern Southern Western California 
Species Pedro Bank Pedro Bank Pedro Bank Pedro Cays area Bank 

Scarus taeniopterus 
S. croicensis 
S. vetula 
S. coelestinus 
S. coeruleus 
Sparisoma viride 
Sp. chrysopterum 
Sp. aurofrenatum 



CHAPTER 14: 

THE BIOLOGY, ECOLOGY AND BIONOMICS 
OF THE SURGEONFISHES, ACANTHURIDAE 

by 
P.H. Reeson 

(June 1975) 

Identity 

The surgeonfishes are oblong, high-bodied, com- 
pressed and covered with small scales. The eye is placed 
laterally high on the head; mouth small and low with 
non-protractile upper jaw. The teeth are small, closeset, 
spatulate, with denticulate edges. The preorbital is very 
narrow and deep. The family receives its common name 
from the one or more modified spinous scales borne 
laterally on the caudal peduncle. The spines are hinged 
posteriorly and contained in a horizontal groove. 

The family contains 6 genera with about 75 species. 
Five species in a single genus, Acanthurus, occur in the 

Atlantic and the genus has been reviewed by Randall 
( 1956). Caldwell (1 966) included the following species 
known from Jamaica: 

Acanthurus coeruleus Bloch and Schneider 1801. 
Blue tang. 

Acanthurus chirurgus (Block) 1787. Doctorfish. 
Acanthurus bahianus Castelnau 1855. Ocean surgeon. 
The other two Atlantic species are Acanthurus 

monroviae, which is known only from West Africa, and 
Acanthurus mndalli, a species found in the Gulf of 
Mexico (Briggs and Caldwell 195 7). 

Distribution 

The surgeonfishes are circumtropical, herbivorous 
fishes but apparently absent from the Mediterranean. 
Most species are wide-ranging, probably due to a long 
pelagic larval life. They are fishes commonly found on 
coral reefs. Acanthurus coeruleus is known from New 
York and Bermuda to Brazil, including the central 
American coast, Gulf of Mexico and the Bahamas. A. 
chirurgus occurs in West Africa and in the Western 
Atlantic from Massachusetts and Bermuda, Bahamas, 
West Indies, Gulf of Mexico, Panama, Venezuela and 

Brazil. A. bahianus is found from New England and 
Bermuda to Brazil as well as being recorded from Ascen- 
sion and St. Helena. 

All the specimens of these species found in extreme 
northern localities were juveniles or sub-adults, and their 
range extension probably resulted from the transport of 
larvae by the Gulf Stream (Randall 1956). 

The three species occur on the inshore reefs around 
Jamaica as well as on adjacent oceanic banks. 

Bionomics and Life History 

REPRODUCTION macroscopically distinguishable except when the fish are 
Gonads immature. The testes are white, alongated and separated 

dorsally. The ovaries are pink but the wlor is often 
The paired gonads lie on either side of the midline in masked by the silvery black peritoneum. In shape the 

the ventroposterior part of the coelom. The sexes are ovaries are rounded and lie close together. 



Table 14.1. Percentages of mature male and female Acanthums 
coemleus in successive length groups. All specimens were captured 
in traps at  the Port Royal Reefs or at  Pedro Bank. 

Males Females 
Length group No. No. 

(cm, FL) examined % ripe examined % ripe 

8.0-8.9 
9.0-9.9 

10.0-10.9 
11.0-11.9 
12.0-12.9 
13.0-13.9 
14.0-14.9 
15.0-15.9 
16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 
23.0-23.9 
24.0-24.9 
25 .O-25.9 
26.0-26.9 
27.0-27.9 
28.0-28.9 

Totals 

Table 14.2. Percentages of mature male and female Acanthums 
bahianus in successive length groups. All specimens were c a p  
tured in traps at the Port Royal Reefs or at  Pedro Bank. 

Males Females 
Length group No. No. 

(cm, FL) examined % ripe examined % ripe 

Totals 494 5 86 

Table 14.3. Percentages of mature male and female Acanthums 
chimrgus in successive length groups. All specimens were cap- 
tured in traps at the Port Royal Reefs or at  Pedro Bank. 

Sexuality 

Males Females 
Length group No. No. 

(cm, FL) examined % ripe examined % ripe 

The sexes are separate amongst the acanthurids and 
there is no evidence of sexual dimorphism. 

Maturity 

The length-frequency distributions and the per- 
centages of mature surgeonfishes in successive length 
groups are given in Tables 14.1 to 14.3. The sizes at full 
maturity are difficult to define as are the sizes at which 
the average fish matures. Acanthurus coemleus appears 
to normally mature at about 13 cm FL and most fishes 
probably mature within a few cm of this size. In the case 
of A. bahianus, first maturity is at about 11 cm FL, and 
most fishes are probably mature at 15 to 16 cm FL. 
Only one ripe male A.  chimrgus ( 14.0 to 14.9 cm group) 
was ever captured, but quite large numbers of ripe 
females were found, first maturing at about 17 cm FL. 
The reasons for this are unknown. 

Fertilization 

Randall (1961a and b) witnessed the spawning 
behavior of three acanthurid species. The eggs and sperm 
are shed into the water simultaneously and fertilization 
is external. 

10.0-10.9 
11.0-11.9 
12.0-12.9 
13.0-1 3.9 
14.0-14.9 
15.0-15.9 
16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 
23.0-23.9 
24.0-24.9 
25 .O-25.9 
26.0-26.9 
27.0-27.9 
28.0-28.9 
29.0-29.9 
30.0-30.9 
3 1 .O-3 1.9 
32.0-32.9 
33.0-33.9 

Totals 



Fecundity 

Data on gonad size or number of eggs relative to body 
size were not collected during this study. It is not known 
whether individual surgeonfishes spawn more than once 
a year. 

Estimates of fecundity were not obtained during this 
study. 

Mating and fertilization 

Randall (1961a and b) reports a spawning behavior 
pattern for acanthurids that is similar to the spawning 
aggregation pattern of parrotfishes and the wrasse, 
Thalassoma bifasciatum. The fish mill together con- 
stantly in small or large schools. A few spawning individ- 
uals swim rapidly upwards, above the school, and then 
down again flexing their bodies at the apex of their 
movement. The decrease in pressure and consequent 
expansion of the airbladder caused by the upward dash 
as well as the sharp flexure of the body at the apex of 
the spawning run are believed to assist in the extrusion 
of eggs and sperm. 

Spawning occurred in localities where the set of the 
current was towards the sea which would be advan- 
tageous to dispersal of the fertilized eggs. 

Randall originally thought that the upward rush of 
the spawning fish served to confuse would-be predators 
but he has subsequently abandoned this idea. Jones 
(1968) maintains it has a possible secondary advantage 
in that the eggs are placed out of reach of predators. 

The spawning of acanthurids was never witnessed 
during the course of this study. Randall (1961a and b) 
has observed the spawning behavior of three Pacific 
species (A. triostegus sandvicensis, Ctenochaetus striatus 
and Zebrasoma scopas) for each of which spawning 
occurred at dusk. Randall (196 lb) also reported obser- 
ving what he believed to be a prespawning aggregation of 
A. coeruleus in the Bahamas late in the day. 

Randall (196 la  and b) noted from his observations 
that acanthurid spawning occurred around full moon. 

Spawning Seasons 

Initial data on the spawning seasons of surgeonfihes 
around Jamaica have been reported by Munro, Gaut, 
Thompson and Reeson (1 973). 

Acanthurus coeruleus: Monthly data on the state of the 
gonads of fishes caught at the Port Royal Reefs and on 
adjacent oceanic banks have been combined and are 
presented for each of the above areas in Fig. 14.1. Very 
few ripe fishes were caught at the Port Royal Reefs but 
the highest proportion of fishes with active gonads 
appeared in April. High proportions of active and/or ripe 
fishes were caught during most months on the oceanic 
banks. 

Acanthurus bahianus: Active and/or ripe fishes were 
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Fig. 14.1. Monthly percentages of ripe (shaded), active (cross- 
hatched), inactive (blank) and spent (stippled) Acanthurus 
coeruleus in Jamaican waters. Monthly data was combined for 
all localities at (a) the Port Royal Reefs and on (b) the oceanic 
banks. The number of f ~ e s  examined is given above each 
month. I = inactive; A = active; R = ripe. 

J  F M A M J J A S O N D  

Fig. 14.2. Monthly percentages of ripe (shaded), active (hatched), 
inactive (blank) and spent (stippled) Acanthurus bahianus in 
Jamaican waters. Monthly data was combined for all localities 
at (a) the Port Royal Reefs and on (b) the oceanic banks. The 
number of f d e s  examined is given above each month. 

taken in all months except June, July and October at 
the Port Royal Reefs as shown in Fig. 14.2. The highest 



proportion of ripe fishes occurred in January. Active and 
ripe fishes were found offshore during most months 
which indicates that this species also has a year round 
breeding season with peaks in spawning activity during 
January to February and August to September. 

Acanthurus chirurgus: Data from the Port Royal Reefs 
(Fig. 14.3) indicate that active gonads were found from 
December to June with the highest proportions of active 
fish occurring between January and May. A few ripe 
fishes were caught in May 1970. Only a few specimens 
obtained from the oceanic banks were examined. Ripe 
fishes were caught during September to  November. 

As shown by Table 14.4, higher proportions of ripe 
acanthurids were caught on the oceanic banks than at 
the Port Royal Reefs. This may be due to a lack of 
spawning activity around the lagoon patch reefs at Port 
Royal, and spawning aggregations may be migrating to 
the exposed windward slopes of the surrounding barrier 
reef. Alternatively, as discussed in a later section, the 
modal size of the fishes captured at the Port Royal Reefs 
is smaller than that of fishes trapped on the oceanic 
banks and thus fewer fishes are reaching sexual maturity 
at the exploited Port Royal Reefs. 

Fig. 14.3. Monthly percentages of ripe (shaded), active (cross- 
hatched), inactive (blank) and spent (stippled) Acanrhums 
chirurgus in Jamaican waters. Monthly data were combined for 
all localities at the Port Royai reefs. The number of fishes 
examined is given above each month. 

Spawn 

Unfertilized eggs of the three species of acanthurids 
are spherical, less than 1 mm in diameter, and trans- 
parent. The eggs float in sea water and are not adhesive. 
Randall ( 196 1 a) reports similar characteristics for the 
eggs of A. triostegus sandvicensis from Hawaii. 

PRE-ADULT PHASE 

Randall (1961a) estimated the length of the pelagic 
larval life of A. triostegus sandvicensis around Hawaii to 
be 2 112 months. The post-larval stage is reached 5 days 
after fertilization. Transformation into the juvenile form 

Table 14.4. Percentages of ripe fishes caught at the Port Royal 
Reefs and at Pedro Bank. 

No. of fishes 
Species Location examined % ripe 

A. coeruleus Port Royal 920 1.8 
Pedro Bank 278 30.9 

A. bahianus Port Royal 646 7.7 
Pedro Bank 434 49.1 

A. chimrgus Port Royal 678 0.8 
Pedro Bank 60 36.7 

occurs at night when the characteristic late post-larval 
stage, the acronurus, moves inshore. Transformation 
in this species takes 4 to 5 days. The early developmental 
stages of the Caribbean species have been described by 
Burgess ( 1965). Acronurus larval stages have been found 
in plankton tows taken around Jamaica and are reported 
from Barbados (Powles 1975), and Burgess ( 1965) has 
shown that acanthurid larvae are mainly found above 
100 m. Lutken (1880, cited by Randall 196 la) iden- 
tified post-larval A.  coeruleus and observations on the 
transformation of A. hepatus ( = A .  chirurgus) were made 
by Breder (1949). Sale (1969) concluded that the 
presence of substratum, cover, food and a suitable depth 
of water were the major environmental characters that 
acted as stimuli for habitat selection by juvenile A. 
triostegus sandvicensis. 

Juvenile A. chirurgus and A. bahianus have the same 
coloration pattern as the adults. The juveniles of A. 
coeruleus, however, are a bright yellow and may be 
found at various sizes in this color or in intermediate 
patterns of yellow and blue, with the caudal fin becoming 
blue last. Observations show that the change in color 
occurs when the juveniles are between 4 to 9 cm FL. 

ADULT PHASE 

Competitors 

The most important potential competitors for algae 
on the Port Royal Reefs are the parrotfishes, various 
pomacentrid species and the filefishes, notably Canthe- 
rhines pullus. There is no available information on the 
relative degree of intraspecific or interspecific competi- 
tion or whether in fact the several populations are 
sufficiently abundant that the food resources are in 
short supply. Jones(1968) has suggested habitat selection, 
foraging methods, food habits and modifications of the 
alimentary canal as possible factors that would reduce 
interspecific competition amongst the more diverse 
acanthurid fauna of Hawaii and Johnson Island in the 
Pacific Ocean. 



Predators 

Predatory attacks by any species upon acanthurids 
were not witnessed during this study but a young 
Synodus intermedius, approximately 9 cm FL, was 
observed resting on the bottom with a juvenile Acan- 
thurus chirurgus (3 to  4 cm FL) between its jaws. In his 
extensive study of the food habits of West Indian reef 
fishes, Randall ( 1967) reported the presence of adult or 
young acanthurids in the stomachs of Cinglymostoma 
cirratum, Dasyatis americana, Sphyraena barracuda, 
Alphestes afer, Cephalopholis fulva, Epinephelus striatus, 
Mycteroperca venenosa, M. tigris, Lutjanus analis and 
Caranx ruber. Randall ( l96la) has noted that predation 
on A. triostegus sandvicensis "is probably most acute 
during the early stages of the life history". Larval 
acanthurids have been found in the stomach contents of 
skipjack tuna (Katsuwonus pelamis) and yellowfin tuna 
(Thunnus albacares) (Dragovich 1970; Dragovich and 
Potthoff 1972) as well as blackfin tuna (T. atlanticus) 
(Bone 1965). 

Parasites 

Ectoparasitic isopods are frequently found on the 
heads of all three species of acanthurids. 

bahianus consisted of sand, small shells, etc. and simi- 
larly, 25 to 75% of the stomach contents ofA. chirurgus 
examined was inorganic matter. It is believed that the 
inorganic material ingested aids in grinding the algal 
cells, allowing their contents to be digested. Algae and 
organic detritus comprised 91.8% of the diet of A. 
bahianus and the remainder consisted of seagrasses. 
Likewise for A. chirurgus, algae and organic detritus 
comprised 93.9% by volume of their diet with seagrasses 
making up 5.7%. On the other hand, A. coeruleus has a 
thin-walled stomach, and does not ingest much calcareous 
material. Its diet is also made up of algae and organic 
detritus (92.8%) and seagrasses (6.8%). Longley and 
Hildebrand (1941) observed that A. coeruleus swam 
higher in the water column than either of the other 
species, which suggests a possible mechanism by which 
A. coeruleus may be ecologically separated from A. 
bahianus and A. chirurgus. However, this behavior has 
not been noted by this author, and Earle (1972) did not 
distinguish differences in the food habits of the three 
species. 

Although there is no doubt that these surgeonfishes 
are primarily herbivorous, A. bahianus have been observed 
feeding on dead fish both in traps and in a fish pen. 
In the latter case, these acanthurids were also observed 
t o  feed on several species of fleshy and filamentous algae 
that were growing on the sides of the pen. 

Longevity and Hardiness 
Growth Rates 

It was not possible to establish the age at a given length 
for the species under study and, thus, the average life 
expectancy and maximum age attained are not known. 
Surgeonfishes have been kept alive for up to 20 years in 
aquaria (Randall 196 la). 

Surgeonfishes are able to withstand a minimal amount 
of handling. Their tolerances to salinity and temperature 
are not known. 

NUTRITION AND GROWTH 

Feeding and Food 

Surgeonfishes are diurnal feeders, almost entirely 
herbivorous and well adapted for browsing and grazing 
algae by means of spatulate teeth. All three  specie,^ have 
a long intestine, generally typical of herbivores. Although 
the stomach contents of fishes caught in traps were 
examined during the initial phases of the study, in the 
maority of cases the stomachs were empty or else the 
contents had been digested beyond identification. 
Randall (1967) has analyzed the food habits of many 
West Indian reef fish species and hisdata are incorporated 
below. 

Acanthurus bahianus and A. chirurgus have thick- 
walled stomachs, tend to feed close to  the bottom 
(Longley and Hildebrand 1941) and consume much 
inorganic material along with algae. Randall (1967) 
reported that 5 to  8% of the stomach contents of A. 

Relative growth patterns 

The relationships between fork lengths and total 
lengths of A. coeruleus and A. bahianus are given in 
Table 14.5. 

Table 14.6 shows the relationships between fork length 
and maximum depth for the above species. Maximum 
depth was measured as the perpendicular distance be- 
tween the dorsal edge of the fish and a point between 
the a n ~ s  and the insertion of the anal fin. The mean 
maximum aperture of the wire mesh commonly used 
on Jamaican fish traps is 4.13 cm, and the fork lengths 

Table 14.5. Relationships between fork length (FL) and total 
length (TL) of two species of surgeonfishes. Measurements are 
expressed in centimeters. 

Number of Length range 
Species and formula f ~ e s  FL, cm 

Acanthurus coeruleus 

A. bahianus 



Table 14.6. Relationships between fork lengths (FL) and maxi- 
mum body depth (D) of two species of surgeonfishes. Measure- 
ments are expressed in centimeters. 

Number of Length range 
Species and formula fishes EL, cm 

Acanthurus coeruleus 
D = 1.98 + 0.42 (FL) 
FL = -4.75 + 2.38 (D) 

A. bahianus 
D = 2.33 + 0.27 (FL) 
FL = -8.44 + 3.64 (D) 

of A. coeruleus and A. bahianus at that body depth are 
5.08 and 6.59 cm respectively. 

The relationships between fork lengths and weights 
of A. coeruleus, A. bahianus and A.  chirurgus are given 
in Table 14.7. In all three cases the exponent b has a 
value approximating 3.0, and it is concluded that growth 
is isometric in these species. 

Maximum size 

Table 14.8 shows the maximum fork lengths measured 
for both sexes of A. coeruleus, A. bahianus and A. 
chirurgus caught during the present investigations. The 
maximum total lengths recorded for these species from 
the western Atlantic (Randall 1968) are also included. 

Age and growth 

Randall (1961a) estimated that juveniles of the Pacific 
species, A. triostegus sandvicensis grew at the rate of 
about 12 mm per month, while adults of 100 to 120 mm 
SL and 120 to  141 mm SL grew at rates of more than 
1.0 mm and 0.8 mm per month respectively. Using a 
mark and recapture method around the Virgin Islands 
and ignoring individuals that showed no growth, Randall 
(1962a) found that specimens of A.  bahianus between 
97 and 137 mm FL, had a mean growth rate of 2.7 mm 
per month while larger fishes, between 140 and 180 mm 
FL, grew at a rate of 1 mm per month. Ten individuals 
of A.  chirurgus, between 86 and 181 mm FL, grew at 
2.3 mm per month and A. coeruleus had a growth rate 
of 1.3 mm per month. 

Length frequency distributions of acanthurids at the 
Port Royal Reefs and on the unexploited portions of 
Pedro Bank showed no interpretable modal progressions. 

The absence of welldefined modal progressions in the 
length frequencies of the three species is perplexing. The 
sample sizes are admittedly small for many of the periods 
but this reflects the great amount of trap fishing effort 
that is required to obtain statistically satisfactory sample 
of a single species from a community that is very diverse. 
Little is known about the biology of most coral reef 

Table 14.7. Relationships between fork lengths (FL) and weights 
OK) of three species of surgeonfishes. All lengths are expressed 
in centimeters and weights are given in grams 

- 
Number of Length range 

Species and formula fishes FL, cm 

Acanthurus coeruleus 
Log W = -1.556 + 3.022 (Log FL) 276 8.5-24.5 

A. bahianus 
Log W = -1.719 + 3.080 (Log FL) 142 10.5-18.5 

A. chirurgus 
Log W = -1.655 + 3.009 (Log FL) 271 6.5-24.5 

Table 14.8. Maximum observed fork lengths of surgeonfishes 
from Jamaican waters and the maximum total lengths reported 
in the literature. 

Maximum observed 
fork length (cm)* Maximum reported 

Species Male Female total length (cm)** 

A. coeruleus 21.5 23.6 (25.8) 36.6 
A. bahianus 22.1 (24.4) 17.3 25.6 
A. chirurgus 35.0 25 .O 34.3 

*Calculated total lengths are given in brackets. 
**Randall (1968) 

species and it is not known whether several schools of 
surgeonfishes exist on the reefs at Port Royal, each with 
their own size structure, or whether the population 
structure of the surgeonfishes in this area is stable and 
that the samples represent estimates of a stable popula- 
tion structure. In the latter case recruitment and mor- 
tality rates would be continuous and constant. It is 
later noted that recruitment to the trap fishery appears 
to take place throughout the year. 

BEHAVIOR 

Surgeonfishes are active during daylight hours (Stark 
and Davis 1966; Hobson 1972; Collette and Talbot 
1972), during which time they engage in feeding, moving 
slowly over the substrate, usually in small groups or in 
larger aggregations. The three species were observed asso- 
ciated with larger mixedspecies aggregations of other 
species of reef fishes such as parrotfishes, grunts, goat- 
fishes and wrasses as noted by Luckhurst (1972) and 
Collette and Talbot (1972) and studied from a behav- 
ioral viewpoint by Itzkowitz (1974). Earle (1972) has 
noted that Acanthurus bahianus and A. chirurgus may 
be encountered on the reef as well as over adjacent algal 



plains and seagrass beds, whereas A. coeruleus is com- 
monly seen on the reef but does not often venture far 
from it. As previously noted by Longley and Hildebrand 
(1941), Randall (1956) and Collette and Talbot (1972), 
A. chirurgus commonly schools with A. bahianus. 

During the evening acanthurids seek cover and remain 
inactive at night. A. bahianus and A. chirurgus nest in 
groups near open shelter whilst A. coeruleus are found 
individually in more confined locations (Stark and Davis 
1966). Randall ( l96 la )  noted that A. triostegus sand- 
vicensis rested on the bottom at night. Juvenile and 

POPULATION STRUCTURES 

adult A. coeruleus adopt a nocturnal pattern of pale bars 
on the sides whilst A. bahianus may become paler at 
night (Stark and Davis 1966; Collette and Talbot 1972). 

Studies by Bardach (1958) and Randall ( l 9 6 l a  and 
b) indicated that acanthurids are permanent residents in 
the same general location on a reef. More recently Smith 
and Tyler (1973b) have categorized A. bahianuj as a 
benthic resident whilst A. coeruleus and A. chirurgus are 
considered as suprabenthic nomads. Detailed studies 
have yet to be done in order to  properly define the 
extent of home or feeding ranges of these species. 

Populations 

(Pedro Cays) and unexploited portions of Pedro Bank 
are shown in Table 14.10. 

Sex Ratios 
Age and Length Compositions 

The sex ratio of fishes caught in traps at the Port 
Royal Reefs is approximately 1 : 1 for the three species as 
shown in Table 14.9. There was no apparent variation in 
the sex ratio with size or preferential selection of either 
sex by the traps within the size range of fishes caught. 

The ratios of males to  females caught on the exploited 

Table 14.9. Sex ratio and percentage of female surgeonfishes 
caught at the Port Royal Reefs. Sample size within each length 
class = > 30 fishes. 

Length class A. coeruleus A. bahianus A. chirutgus 
(m) % female % female % female 

Overall ratio of 1:0.89 
Male:Female (n = 920) 

Table 14.10. Sex ratio of surgeonfishes caught on Pedro Bank. 

Unexploited 
Pedro Cays Pedro Banks 

No. No. No. No. 
Species Male Female M:F Male Female M:F 

A. coeruleus 19 22 1:1.2 77 114 1:1.5 
A. bahianus 17 52 1:3.0 150 177 1:1.2 
A. chirurgus 38 29 1:0.8 

The age at any given size of individual was not 
established for any of the surgeonfishes. There is thus no 
information regarding the age composition of the 
populations. The scales of the three species dealt with in 
this report were small and the circuli were very regular 
and closely spaced. Marks that could be used for age 
determination were not noticeable and a high percentage 
of the scales were regenerated. Randall ( 1 96 1 a) reported 
that annular marks could not be detected on the scales, 
otoliths or vertebrae of A. triostegus sandvicensis. 

The estimated mean annual length frequency distri- 
butions of surgeonfishes caught in traps at the Port 
Royal reefs and on the oceanic banks are shown in 
Figs. 14.4 to 14.9. The length frequency estimates 
pertaining to  the Port Royal reefs were derived from the 
length frequencies obtained in 1970 and 1971. The 
length frequencies at the oceanic banks were estimated 
from monthly data collected between May 1971 and 
February 1973 at the unexploited portions of Pedro 
Bank; between July 197 1 and June 1972 at the Pedro 
Cays and between October 197 1 and March 1972 at 
Serranilla Bank. The catches from the oceanic banks were 
expressed as percentage frequencies. 

Acanthurus coeruleus: As shown in Fig. 14.4a and b, 
there is an almost complete overlap in the length range 
of the catches from the Port Royal Reefs and the unex- 
ploited portions of Pedro Bank. The modal size of A. 
coeruleus in the traps at the Port Royal Reefs was 12.5 
cm FL whilst they were fully recruited at 15.5 cm FL on 
the unexploited parts of Pedro Bank. Further data 
regarding the size composition of catches of A. coeruleus 
were obtained from commercial catch samples (Fig. 
14.5a and b). The estimated modal lengths of the 
catches from the exploited Pedro Cays area and the 
relatively unexploited Serranilla Bank are 17.5 cm FL 
and 19.5 cm FL, respectively. Fishes smaller than 13.5 
cm FL were not encountered in the commercial catches 
and this is believed to  be due to  the size selection of 
fishes by fishermen who often discard the smaller fishes 



or retain them for their own purposes. 
The minimum size of A.  coeruleus theoretically re- 

tainable by the 4.13cm mesh used in the trap fishery 
is 5.01 cm FL. Based on the size composition of the 
catches from the Port Royal Reefs the minimum length 
at retention is 8.5 cm FL. In the absence of body 
depth measurements at the smaller length sizes, one is 

" 
7 9 1 1  13 15 17 19 21 23 25 27 29 

Fork length (cm) 
Fig. 14.4. Annual length-frequency distribution o f  Acanthums 
coemleus caught in traps set on  (a) the Port Royal Reefs (mean 
o f  annual data collected in 1970 and 1971) and (b) the unex- 
ploited portions o f  Pedro Bank (data collected between May 
1971 and February 1973): 

Fork length (cm) 
Fig. 14.5. Annual length-frequency distribution o f  Acanthmis 
coeruleus caught in traps by the commercial fishery at (a) the 
Pedro Cays and (b) Serranilla Bank. 

not able to  exclude the possibility that the lengthldepth 
relationship is not linear over a wider range of length 
groups. Assuming that the relationship is linear however, 
then the available data would indicate that the smaller 
fishes are unavailable to the traps below 8.5 cm FL. This 
is possibly due to the absence of the smaller fshes at 
depths greater than 7.6 m, the depth below which 
traps were most commonly set, or to different behavior 
patterns relative to  traps. 

Acanthurus bahianus: Fishes caught at the Port Royal 
Reefs and on Pedro Bank fall within the length range of 
9.5 to  23.5 cm FL as shown in Figs. 14.6 and 14.7. The 
modal size caught at the Port Royal reefs (12.5 cm FL) 
is smaller than that at Pedro Bank (15.5 cm FL) as 
shown in Figs. 14.6a, b and c. The commercial catches 
taken at the exploited Pedro Cays and at Serranilla Bank 
had modal sizes of 16.5 cm FL and 18.5 cm FL, re- 
spectively as shown in Figs. 14.7a and b. 

The minimum length at retention of fishes caught on 
the Port Royal Reefs is 9.5 cm FL as compared with a 
theoretical minimum retainable size of 6.59 cm FL by a 
mesh size of 4.13 cm. As with A. coeruleus, it appears 
that A. bahianus is unavailable at sizes smaller than 9.5 
cm FL at depths below 7.6 m. 

Acanthurus chirurgus: Figure 14.8 shows the estimated 
size compositions of catches of A.  chirurgus at the Port 
Royal Reefs and the unexploited portions of Pedro Bank 
The modal size at the Port Royal reefs was 16.5 cm FL 
compared to  22.5 cm FL at Pedro Bank. 

The estimated annual size compositions of commercial 
catches from the Pedro Cays and Serranilla Bank are 
shown in Fig. 14.9. The modal size at the Pedro Cays 
is 17.5 cm FL. The first mode of the polymodal length 
distribution at Serranilla Bank occurred at 18.5 cm FL. 

Although insufficient data were collected to establish 
a length: body depth relationship for this species it is 
likely that the minimum size retained by the traps at the 
Port Royal Reefs (= 9.0 cm FL) is greater than the 
theoretical minimum retainable size, as would seem 
to  be the case for A.  coeruleus and A. bahianus. 

The modal lengths of catches of the three species 
from Pedro Bank are greater than the corresponding 
modal lengths from the Port Royal Reefs. This is attri- 
buted to the greater degree of exploitation by the trap 
fishery at the Port Royal Reefs resulting in a smaller 
size structure of the populations. 

The mean weights of samples of the three surgeon- 
fishes taken at different depths on the oceanic banks, 
presented in Table 14.1 1 show that the larger fishes tend 
to be found at greater depths. 

MORTALITY AND MORBlDITY 

Factors Affecting Mortality 

Direct evidence of factors affecting mortality in 



Fork length (cm) 
Fig. 14.6. Annual length-frequency distribution of Acanthums 
buhianus caught in traps set at (a) the Port Royal Reefs (mean 
of annual data collected in 1970 and 1971), (b) the Pedro Cays 
(data collected between February 1971 and February 1973) and 
(c) the unexploited portions of Pedro Bank (data collected 
between May 1971 and February 1973). 

adolescent or adult surgeonfishes is unavailable. Predatory 
species have been discussed previously. Surgeonfuhes are 
not caught by hand-lines but they contribute substan- 
tially to the catch of 
on the oceanic banks. 

Mo~tality Rates 

Mortality rates of 

the trap fishery both inshore and 

the surgeonfishes cannot be cal- 

Table 14.11. Mean weight of acanthurids taken from different 
depth zones on the oceanic banks. 

Depth zone Number of Mean weight 
Species (m) fishes (kg) 

A.  bahianus 11 -20 
21-30 
31-45 

- 
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Fork length (cm) 
Fig. 14.7. Annual length-frequency distribution of Aconthums 
buhianus caught in traps by the commercial f ~ e r y  at (a) the 
Pedro Cays and (b) Serranilla Bank. 

culatd d h c t l y  as the composition of samples of the 
three #ptcics is unborn. Assuming that gowth and 
mortality rates ooafbnn with theaetkal pattern 
estimates of relative mortality rates can be made from 
data on size composition. 

Tables 14.12 to 14.14 show the relative abundances 
of successive length groups of the three species and 
calculations of mortality rates. As the growth rates and 
asymptotic lengths are unknown, the ratio Z/K may be 
estimated, given approximated asymptotic lengths, and 



Fork length (cm) 

Fig. 14.8. Annual length-frequency distribution of Acanthums 
chimrgus caught in traps set on (a) the Port Royal Reefs (mean 
of annual data collected in 1970 and 1971) and (b) the unex- 
ploited portions of Pedro Bank (data collected between May 
1971 and February 1973). 
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Fork length (cm) 

Fig. 14.9. Annual length-frequency distribution of Acanthums 
chirurgus caught in traps by the commercial fishery at (a) the 
Pedro Cays and (b) Serranilla Bank. 

Table 14.12. Relative abundances of successive length groups of fully recruited Acanthums coemleus at the Port Royal 
Reefs and the unexploited parts of Pedro Bank with computations of mortality rates. L= 30.0 cm FL. 

Unexploited Pedro Bank 
Length class % Relative 

(cm, FL) frequency frequency 

1c 
Mean length 
lf L,=30 cm 

Port Royal Reefs 
% Relative Adjusted 

frequency frequency frequency 



Table 14.13. Relative abundances of successive length groups of fully recruited Acanthunrs bahianus at the Port Royal Reefs, 
the exploited Pedro Cays and the unexploited parts of Pedro Bank with computations of mortality rates L,= 28.0 cm FL. 

Unexploited Pedro Bank Pedro Cays Port Royal Reefs 
Length class % Relative % Relative % Relative Adjusted 

(cm, FL) frequency frequency frequency frequency frequency frequency frequency 

9.0-9.9 
10.0-10.9 
11.0-11.9 
12.0-12.9 
13.0-1 3.9 
14.0-14.9 
15.0-15.9 
16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 
23.0-23.9 

1c 
Mean length 
If Lw=28 cm 

Table 14.14. Relative abundances of successive length groups of fully recruited Acanthunrs chirurgus at the Port Royal Reefs 
and the unexploited Pedro Bank with computations of mortality rates. L,= 35.0 cm FL. 

Unexploited Pedro Bank 
Length class % Relative 

(cm, FL) frequency frequency 

9.0-9.9 
10.0-10.9 
11.0-11.9 
12.0-12.9 
13.0-1 3.9 
14.0-14.9 
15.0-15.9 
16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 
23.0-23.9 
24.0-24.9 
25 .O-25.9 
26 .O-26.9 
27.0-27.9 
28.0-28.9 
29.0-29.9 
30.0-30.9 
31.0-31.9 

- 
1, 

Mean length 
If L,= 35 cm 

Z/K 

Port Royal Reefs 
% Relative Adjusted 

frequency frequency frequency 



for unexploited areas where Z = M, M/K can also be 
estimated. 

It was noted previously that the populations at the 
Port Royal Reefs are virtually extinct whilst still within 
the recruitment ogive as exemplified by the unexploited 
populations on Pedro Bank. Therefore, for the purposes 
of computing mortality rates the observed length fre- 
quencies of the Port Royal populations have been 
adjusted by dividing by the probability of capture 
indicated by the recruitment ogive of the populations on 
Pedro Bank (see Chapter 3). 

The monthly availability values of surgeonfishes 
caught throughout the Port Royal Reefs are shown in 
Figs. 14.10a, b and c. Acanthums coeruleus and A. 
bahianus showed a decline in abundance throughout 
1970 and 197 1 while A. chirurgus was annually more 
abundant between March and June. 

Most of the trap fishing effort at the Port Royal reefs 
was expended at two large patch reefs, Nassau Reef and 
Yahoo Reef, and the monthly availability value of each 
species at these reefs is plotted in Figs. 14.1 1 to  14.13. 
As shown in Figs. 14.1 l a  and b, there was a decline in 

ABUNDANCE AND DENSITY 
6 - 

n=359 A 
No information was obtained on the absolute abun- 

dance or the population density of the acanthurids. 

Relative Abundance at the Port Royal Reefs 

A measure of the relative abundance of trapsaught .$ 
fishes was described by Munro (1974) and termed .z 0 
"availability". This measure takes into account the W .= 5 
tendency for the catch to accumulate in traps over time 
in the form of an asymptotic curve. 

n=276 B 

3 
A 

2 
n = 751 

1970 1971 
Fig. 14.1 1. Monthly availability of Acanthuius coeiuleus at (a) 
Nassau Reef and (b) Yahoo Reef. Traps were not set at Yahoo 
Reef between February and April 1971. 

0 LY--& J M M J S N J M M J S N  

Fig. 14.10. Monthly availability of (a) Acanthuius coeiuleus, (b) Fig. 14.12. Monthly availability of Acanthuius bahianus at (a) 
A. bahianus and (c) A. chirurgus caught in unbaited Z and S Nassau Reef and (b) Yahoo Reef. Traps were not set at Yahoo 
traps set at the Port Royal Reefs. Reef between February and April 197 1. 



the abundance of A. coeruleus during 1971 at both 
reefs. At Nassau reef the abundance of A. bahianus 
remained comparatively stable throughout the two year 
period except for a peak in December 1970 whereas 
there was a general decline in abundance at Yahoo reef 
(Figs. 14.12a and b). Only a few A. chirurgus were 
caught at Nassau reef but they were caught through- 
out the two year sampling period. At Yahoo reef (Fig. 
14.13) there was a decline in catches of this species 
following initially very high catches. 

The data shows that these species are present on the 
patch reefs throughout the year and no seasonal fluc- 
tuations in abundance are apparent except possibly in 
the case of A. chirurgus. It is felt that the decline in 
catches of these species was due, in part at least, to the 
fishing activities of the project and that this may have 
maintained these populations at low levels of availability. 

Fig. 14.13. Monthly availability of Acanthums chirurgus at 
Nassau Reef. 

Relative Abundance at Oceanic Banks 

The catch rates obtained at the locations sampled on 
the oceanic banks is presented in Table 14.1 5. No 
surgeonfish were caught at Central Pedro Bank. 

A. bahianus was the most common acanthurid caught 
offshore followed in abundance by A. coeruleus and A. 
chirurgus, respectively. At Pedro Bank, relatively high 
catch rates of each species were obtained at SE Spur 
and 20 meter Bank. Also A.  coeruleus was abundant at 
Banner Reef, A. chirurgus was abundant at SW Pedro 
and A .  bahianus was abundant at Portland Rock. Al- 
though less sampling effort was expended at Central 
Pedro and along the northern edge it is noteworthy that 
only poor catches of A. bahianus were made at the 
northern edge. The bottom substrate type is not well- 
known in either of these areas but certainly these are not 
the reef formations that are found along the southern 
side of the bank. It is suggested that the lack of cover 
limits the abundance of the acanthurids in these areas. 

The catch rates of the three species at California Bank 
were comparatively low. The depth of this bank ranges 
from 35 to 45 meters and there are no shallow reefs or 
cays such as are found on Pedro Bank. The presence of 
acanthurids on California Bank indicates that settlement 
of acronurus larvae can occur at that depth. Due to light 
attenuation, algal growth may be somewhat limited on 
this bank and the possible scarcity of food resources 
could be the reason for the low catch rates. 

NATALITY AND RECRUITMENT 

There is no available information regarding the rates 
of reproduction of the three species studied. 

The presence of small Acanthurus coeruleus (8.0-9.9 
cm FL) in each bimonthly period during 1970 suggests 
that recruitment to the trap fishery at Port Royal occurs 
throughout the year. A.  bahianus appears to be similar in 
this respect. 

In Jamaica, juveniles of the three species of surgeon- 
fishes have been observed throughout the year in shallow 
reef areas, beds of Thalassia testudinum and along rocky 
shorelines. 

The mean lengths at recruitment (1,) for traps with 
4.13 cm mesh are 14.4 cm for A. coeruleus, 14.7 cm for 
A. bahianus and 20.6 cm for A.  chirurgus (Tables 14.12 
to 14.14). 

Table 14.15. Mean catch rates of surgeonfishes (Acanthurus sp.) in baited traps (4.13 cm mesh) at Pedro Bank and Cali- 
fornia Bank, expressed as numbers per 1,000 hexagonal trapdays. 

Eastern Southern Western California 
Species Pedro Bank Pedro Bank Pedro Bank Pedro Cays area Bank 

A. coeruleus 180 3 74 12 
A. chimrgus 5 9 125 33 
A. bahianus 1,608 1,426 134 



CHAPTER 1 5 : 

THE BIOLOGY, ECOLOGY AND BIONOMICS 
OF THE TRIGGERFISHES, BALISTIDAE 

by 

K.A. Aiken 

(October 1975) 

Identity 

TAXONOMY 

Suprageneric Affinities 

The taxonomy of the Balistidae according to Smith 
(1965) is as follows: 

Family - Balistidae 
Genus - Balistes 

Melicthys 
Xanthicthys 
Canthidermis 

The presently accepted valid scientific names for 
those species included in the present study are included 
in Table 15.1, together with their common names. 

Jordan and Evermann (1898), Meek and Hildebrand 
(1928), Longley and Hildebrand ( 194 l), Duarte-Bello 
(1959), Moore (1967), Randall (1968) and Bohlke and 
Chaplin (1968) give synonyms for these species. 

The triggerfishes (Balistidae) are one of several 
families of the Order Tetradontiformes (Plectognathi). 
They are very distinctive and often colorful shore 
and oceanic fishes of the tropical seas which appear to 
be derived h m  the surgeonlbhes or acanthurid-like 
to& (Randall 1968). Randall (1968) describes them as 
having a body which is relatively deep and moderately 
laterally compressed; the eye is high on the head and the 
preorbital deep, the snout is long but not attenuate and 
the mouth is terminal or directed slightly upwards. The 
jaws are short but strong; there are eight long, close-set 
protruding incisiform teeth in each jaw, the upper with 

six inner reinforcing teeth. The gill opening is restricted 
to a short slit. There are two dorsal fins, the f is t  of two 
or three spines; the fvst spine is the longest and is very 
stout. The pelvic fins are replaced by a single small 
spinous knob termed the "pelvic terminus" (Randall 
1968) or "ventral apparatus" (Bohlke and Chaplin 1968) 
which is articulated to the long pelvis. The skin is tough; 
the scales are modified to platelike structures, the basal 
plate often being rhomboid in shape, with the outer 
surface roughened or armed with one or more small 

Table 15.1. Scientific and common names of Caribbean balistids. 

Scientific names Common names 

1. Balistes capriscus 
Gmelin 1788 

2. Balistes vetula 
Linnaeus 1758 

3. Canthidermis suffamen 
(Mitchill) 1815 

4 .  Canthidermis maculatus 
(Bloch) 1786 

5. Elichthys niger 
(Bloch) 1786 

6. Xanthichthys ringens 
(Linnaeus) 175 8 

Gray or Common triggerfish,Leath- 
e jacket, Filefish, Sabaco. 
Queen triggerfish or turbot, Old- 
wife, Old wench, Blue striped 
triggerfish, Bessy cerka, Bastard 
turbot, Alewife, Peje puerco, 
Cochino. 
Ocean triggerfish, Sobaco. 

Rough triggerfish. 

Black triggerfish, durgeon or 
oldwife, Fanny Corker, Negrito, 
Galafate, Ocean tolly. 
Sargassum or Redtail triggerfish. 



spines or tubercles (Randall 1968 ; Norman and Green- 
wood 1963). 

The triggerfdes are noted for possessing a locking 
mechanism (trigger) in the spinous dorsal fin. When the 
first largest dorsal spine (which has a deep Vdaped  
furrow along most of its hind surface) is erected, the 
small second spine (which is wedge-shaped) moves 
forward, fitting into the groove in the first. When the 
first spine is fully erect and the second is pushed home, 

the first spine cannot be depressed by external force and 
can only be depressed if the second spine is pulled back. 
When depressed the second fits into the fvst and both lie 
flat in a deep furrow along the dorsal. The second spine 
is the trigger, hence the name "trigger" f d  (Smith 
1965; Bohlke and Chaplin 1968). 

Thus far there is no record of hybridization among 
the Balistidae and no hybrids were found duMg the 
course of this study. 

Distribution 

GEOGRAPHICAL DISTRIBUTION 

Notes on distribution are given by Jordan and Ever- 
mann (1 898), Longley and Hildebrand (1941), Duarte- 
Bello (1959), de Sylva (1963b), Caldwell(1966), Berry 
and Baldwin (l966), Moore (1967), Randall (1968) and 
Bohlke and Chaplin ( 1968). 

The Balistidae are tropical fishes. Most Atlantic 
Ocean species are circumtropical except Balistes capris- 
cus and Canthidermis suffamen, which are known only 
from that ocean. 

HABITS AND DEPTH DISTRIBUTION 

Areas Occupied by Spawn, Larvae, Juveniles 

Cousteau (1971) has briefly described the spawn of 
two tropical Pacific triggerfdes and states that it is 
attached to coral. 

There is very little information in the literature on 
the areas occupied by very young balistids. Longley and 
Hildebrand (1942) state that young Balistes capriscus, 
up to 100 mm in length are common in floating sargasmm 
and about bits of flotsam. Some young were observed 
accompanying a piece of bamboo, in the hollow of 
which they hid when alarmed. Observations made during 
the present study confirm that post-larval B. capriscus 
are common in floating sargassum and flotsam. Also 
some post-larval B. capriscus up to 10 mm FL have been 
captured in plankton nets from among mangrove (Rhi- 
zophora mangle) prop roots in the shallow swamp 
near Port Royal, Jamaica, during another study and 
several juvenile B. capriscus up to 35 mm were captured 
from floating sargassum and Thalassia testudinum blades 
in shallow water in the Port Royal area, Jamaica. Three 
80 mm juveniles were taken in traps set in 20 m on a 
sandy bottom at Pedro Bank. 

No larval B. vetula were seen or captured during the 
present study but other information (see Section 3.1.6) 
suggests that they are pelagic. 

No larval Canthidermis suffamen were seen or 
captured but it is thought that the larvae would be 
pelagic in distribution. 

Xanthichthys ringens juveniles are said to be common 
under sargassum weed patches on the surface (Randall 
1968), hence their common name "Sargassum trigger- 

fib. " None were taken but several were seen at California 
Bank, south of Port Royal. 

No larval Melichthys niger were seen or taken during 
the present study and some doubt remains as to whether 
the juveniles of this species are pelagic or benthic in 
distribution. 

Areas Occupied by Adults 

Adult B. vetula are found near the bottom on most 
coral reef environments ranging from shallow sandy or 
grassy areas (Randall 1967) to the upper slope of the 
deep reef (1 00 m). DuMg this study adult B. vetula were 
caught both by traps and lines in depths ranging from 
6 m to  about 100 m. B. vetula adults thus cover the full 
range of the coral reef complex. There is some evidence 
that the smaller individuals tend to be found in shallower 
water than the larger ones. 

B. capriscus adults were taken from Pedro Bank on 
only one occasion and nothing definite is known about 
the areas occupied by this species. They seem to inhabit 
the same areas as B. vetula but are far less abundant in 
number. Randall (1968) records them as "rare in the 
West Indies but may be common in higher latitudes." 

Adults of C. suffamen are found in mid-water or at 
the surface below floating objects. They have commonly 
been taken by hook-and-line in mid-water and just below 
the surface near drop-offs and over deep water (Randall 
1967). This is related to  their plankton-feeding habits. 
However, Randall (1967) reports this species feeding on 
Diadema in only 3 m of water in Puerto Rico. On one 
occasion duMg the study a single individual was seen 
hiding within an over-turned floating plastic crata in 
deep oceanic water south of Kingston. On another 
occasion at California Bank a group of about three 
large C. suffamen were seen at the surface (in 40 m of 
water) feeding on bread thrown overboard. 

Randall (1967) reports adult M. niger as a species 
typical of outer reefs and clear water at depths exceed- 
ing 15 m. However, he also reported that occasion- 
ally individuals may be seen inshore in as little as 3 or 
4 m. Like C. suffamen, adults of M. niger are usually 
seen well above the bottom (Randall 1967, 1968). 
Randall (1967) also reported that individual fish may 
rise from the bottom in 20 m or more of water to feed 
at the surface. Berry and Baldwin (1966) state that M. 
niger "is primarily an inhabitant of oceanic islands, and 



may be locally abundant in that environment." beyond this depth they become one of the most abun- 
X. ringens adults may be found beneath floating mats dant West Indian reef fishes." 

of sargassum weed or other floating objects often over According to Berry and Baldwin (1966) Canthidermis 
deep water. A few have also been taken in traps from 20 maculatus "is primarily a surface oceanic species that 
m on Pedro Bank. Randall (1968) reports that "adults occasionally occurs in inshore waters." None were 
are rarely encountered in less than 100 feet of water, but caught during the present study. 

Bionomics and Life History 

Sexuality 

Evidence of hermaphroditism, heterosexuality or 
intersexuality has not been reported for the Balistidae. 
Moore (1967) records that Melichrhys niger shows 
morphological sexual dimorphism in which the lower 
jaw projects antero-ventrally in adult males while that of 
females does not. 

Data gathered on the length distributions of male and 
female Balistes vetula during the present study are 
shown in Figs. 15.1 a and b. The length distributions of 
males and females taken by R. V.  Caranx are very similar 
and suggest that size differences between both sexes are 

Fork length (cm) 

Fig. 15.1. Length-frequency distribution of trap catches (4.1 3 
cm mesh) of male (m) and female (f) Balistes vetula (a) from 
all sampling areas, (b) from R. V. Alcyon cmise 70-2 (Eastern 
Pedro, Salmon and Albatross Banks). 

slight, but that males might attain a larger maximum 
size. Catches of B. vetula taken by R. V .  Alcyon con- 
tained larger males and females than did those obtained 
by R. V.  Caranx. This is probably because traps set from 
the R. V. Alcyon were usually set as deep as possible 
(100 m) on the outer edge of the sill reefs. The larger 
size of the males is apparent in this sample. Samples of 
other balistids were too small from which to deduce any 
conclusions. 

Maturity 

A sample of 642 male and 66 1 female B. vetula taken 
from all areas and in all months of the year, showed that 
the minimum size at maturity of males is 17.5 cm FL 
(Table 15.2). Females attained maturity at a minimum 
size of 16.5 cm FL (about 150 g). The mean size at 
maturity is found to be 26.5 cm for males and 23.5 cm 
for females. 

The sample sizes for the other four species B. capris- 
cus, Canthidermis su fflarnen, M. niger and Xanthichthys 
ringens were too small for accurate estimate of sizes at 
maturity. 

Fecundity 

There is no previous information on fecundity of the 
balistids. Egg counts for two species of triggerfishes are 

Table 15.2. Length distributions of male and female B. vetula 
and percentages of fishes with ripe gonads (samples from al l  areas 
combined). Lengths are FL in cm. 

Males Females 
Median of No. No. 

length group examined % ripe examined % ripe 

16 and under 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
39.5 



Table 15.3. Estimated egg numbers and eggs per gram body 
weight for (a) Balistes vetula and (b) anthidermis sufflamen. 

Species and 
fork length Total weight Estimated no. Eggs/gram 

(cm) (-1 of eggs weight 

(a) Balistes vetula 
32.0 800 52,000 65 
37.0 1,200 83,000 69 
28.0 570 49,000 86 

(b) anthidemis sufflamen 
38.7 1,350 219,700 163 
40.7 1,600 332,000 208 
40.2 1,300 427,170 285 
50.1 2,950 620,000 210 

Table 15.4. Monthly distribution of gonad development stages 
for Balistes vetuk from all areas, Febmary 1969 to Febmary 
1973. I-inactive; A-active; R-ripe. 

No. Percentage 
Month examined I A R 

January 
Febmary 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total 1,151 

listed in Table 15.3. The average number of eggs produced 
by the three B. vetula in the table is 73 eggs per gram 
body weight. C. sufflamen yielded an average of 217 
eggs per gram body weight. 

Mating and Fertlization 

There is no information on mating in the balistids. 
As the balistids lack intromittent organs it is con- 

cluded that fertilization is external. 

Spawning 

There are relatively few publications on the spawning 
of Caribbean reef f de s .  Randall and Randall ( 1963) and 
Munro et al. (1973) provide some information on this 
topic. 

Balistes capriscus (N = 3): There is no previous infor- 
mation on the spawning of this species in the literature 
and no information was obtained during this study as 
only juveniles of this relatively rare fish were caught. 

Balistes vetula (N = 1,147): Munro et al. (1973) re- 
ported having found fishes with ripe gonads in February 
and May. Table 15.4 shows that ripe fishes were collected 
all through the year except in April and June.Maximaof 
spawning were found between January and February and 
the period August to October. No ripe f d e s  were taken 
from the Port Royal Reefs during the period November 
1969 to February 1972, although fishes with active 
gonads were captured between January to  February and 
April to  May. Most of the fishes of this species from these 
reefs were small maturing individuals, suggesting perhaps 
a movement into deeper water on maturation. 

Canthidermis sufflamen (N = 49): Ripe fishes were 
taken in January, May, August, September and Decem- 
ber with a maximum in September. 

Melicthys niger (N = 58): During this study ripe f ~ h e s  
were taken in March and August to  November. 

Xanthicthys ringens (N = 4): Ripe fishes were collected 
in March and November. 

LARVAL AND JUVENILE PHASES 

Eggs and Larvae 

Cousteau (1 97 1) observed the actual spawning site of 
a Pacific triggerfish, Balistes conspicillum (Bloch and 
Schneider 1801), which was seen on several occasions 
watching over the eggs which were deposited in an 
opening in the coral. It is not known whether the 
mid-water and pelagic triggerfd such as Canthidermis 
su fflamen, Xanthichthys ringens and Melichthys niger 
spawn on the bottom but it seemsprobable that B. vetula 
and B. capriscus may do so. However, there is no evi- 
dence for this at the present time. 

Randall (1961), Da Cruz (1965) and Bane (1965, 
quoted by Beardsley 1969, 1970) all found larvae and 
early juvenile specimens in the stomachs of several 
species of nearshore-feeding tunas. Specimens of B. 
vetula about 20 mm long were obtained from mid-water 
trawls in areas east of Jamaica some 80 miles from the 
nearest land lying upcurrent (Munro et al. 1972). It is 
hypothesized that Jamaican waters and the western 
Caribbean oceanic banks are dependent to some extent 
for their recruitment of B. vetula on those which spawn 
in southern Hispaniola, Puerto Rico and the Lesser 
Antillean chain far to the east. It is thought that the eggs 
and larvae might be transported westwards by the trans- 
Caribbean Current (an off-shoot of the South Equatorial 
Current) and taken to suitable habitats which lie in its 
path. These areas probably include Jamaica, Pedro Bank 



and the Cayman Islands. 
Large sexually mature fishes were absent from trap 

samples of B. vetula from the Port Royal reefs. This may 
be explained by the heavily exploited nature of the area 
or by the larger fishes going into deeper water as they 
reach maturity. 

Adolescent Phase 

There is no information in the literature on the 
adolescent phase of balistids. A few were caught during 
the present study. They would seem to occur in roughly 
the same areas as the adult fishes. Small adolescents, 
however, are very seldom seen by divers and it is not 
known when they settle out of the plankton. 

ADULT PHASE 

Competitors 

The species captured during this study differed in 
food habits (Table 15.5), size and ecological distribution, 
so it is doubtful if interspecific competition occurs. 

Interspecific competition may occur between Melich- 
thys niger and the angelfhes Pomacanthus arcuatus and* 
P. paru as these species feed mainly on sponges (Randall 
1967). 

Predators 

Dragovich (1969) studied the food of Atlantic 
tunas,,and found post-larval and juvenile balistids in the 
stomachs of Euthynnus alletteratus, Katsuwonus pelamis. 
Thunnus albacares and T. alalunga. Specimens of Balistes 
capriscus (listed by Dragovich as B. forcipatus, a syno- 
nym) were positively identified from two species of tuna. 

Bane (1965) quoted by Dragovich (1969) found that 
balistids ranked third, numerically, in the stomach 
contents of E. alletteratus collected near Puerto Rico. 
Most of the balistids were small. Da Cruz (1965) quoted 
by Dragovich (1969), noted large numbers of small 
balistids in the stomachs of E. alletteratus taken off the 
Brazilian coast. 

Caldwell (1 966) reported that De Sylva (1963b) 
found a specimen of B. capriscus in a blue marlin (Maka- 
ira nigricans) stomach captured off Port Antonio, 
Jamaica. 

Dragovich (1970) in a further study of tuna food 
items showed that balistids were one of the major fish 
families preyed upon by them. Balistids ranged from less 
than 1% to over 18% by frequency of occurrence. Two 
species, B. vetula and Xanthichthys ringens were iden- 
tified from stomach contents. Randall (1961) showed 
that in the Pacific, T. albacares fed on balistids to some 
extent. 

Dolphinfuh (Coryphaena hippurus) are also predators 
of balistids. Gibbs and Collette (1959), quoted by 
Beardsley (1967), examined the stomach contents of a 

Table 15.5. Food of Balistidae (in part from Randall 1967). 
Note: X denotes the major food item. 

Foraminifera 
Algae 
Seagrasses 
Sponges 
Anthozoa (Exc. Corals) 
Corals 
Polychaetes 
Sipunculids 
Pelecypods 
Gastropods 
Echinoids 
Ophiuroids 
Asteroids 
Chitons 
Amphipods 
Shrimps 
Stomatopods 
Crabs 
Hermit Crabs 
Scyllarid Lobster 
Unident. ~ s t a c e a n s  
Fishes 
Tunicates 
Siphonophores 
Pelecypod Larvae 
Gastropod Larvae 
Isopod Larvae 
Pteropods 
Barnacle Larvae 
Copepods 
Crab Larvae 
Shrimp Larvae 
Unident Eggs 

sample of 46 dolphinfish taken off the coast of Florida 
and found balistids in 47% of them. 

Ovchinnikov (197 1) investigating the feeding of 
Xiphioid fish, found that 7.7% of blue marlin (M. nigri- 
cans) stomach samples from the Gulf of Mexico and 
the Caribbean contained balistids. The Atlantic sailfish 
(Histiophoms amencanus) was found to be another 
predator on balistids, and stomachs of specimens taken 
from waters off northeastern Brazil contained 34% of 
the genus Balistes. 

The species of parasite found in B. vetula indicate 
that sharks may also prey upon the balistids. Few fish 



stomachs were examined during this study and no 
balistids were found in them. . 

Parasites, Diseases, Injuries and Abnormalities 

Sogandares-Bernal (1959) in his study of digenetic 
trematodes of marine fishes from the Gulf of Panama 
and from Bimini, Bahamas, found three species of the 
trematode platyhelminth genus Apocreadium and two 
species of Pseudocreadium within the digestive tracts of 
B. vetula and B. capriscus. The species of Apocreadium 
live in a particular section of the intestine. B. vetula was 
found to be parasitized by A. coili (which inhabits the 
region 113 the way down the intestine). A. uroprocto- 
ferum was found 213 distance down the intestine as was 
Pseudocreadium lamelliforme. B. capriscus was para- 
sitized by A. balistis, A. coili and P. biminensis. M. niger 
was found to harbor an unidentified lepocreadid 
trematode. 

Specimens of an otobothrid cestode larva were found 
(sometimes in large numbers) at various times in the 
abdominal cavity of B. vetula from the Pedro Bank. 
These were identified at the British Museum as possibly 
being Otobothrium (Pseudobothrium) dipsaeum (Linton 
1897), the final hosts of which are sharks. 

On a single occasion, two specimens of B. vetula each 
over 30 cm FL were taken by hook and line from 42 
meters at Pedro Bank and both had their body surfaces 
irregularly spotted with small subepidermal "bumps," 
which appeared to be cysts which had come to lie 
just under the tough "leathery" modified scales covering 
the body. 

A 41 cm FL C. sufflamen, from Pedro Bank was 
found to have 15 to 20 white circular bodies about 
1 mm in diameter in each of the ripe female ovaries. 
These bodies may be encysted reproductive stages of a 
parasite. No gonadial infection was noted for males of 
any balistid species. 

On several occasions specimens of B. vetula and C. 
sufflamen (usually the larger ones more than 30 cm) had 
parasitic isopods attached to the anus, especially in C. 
sufflamen, and around the eye membranes of B. vetula. 
It should be noted here that these isopods may have 
only a nuisance value and not have a true parasitic 
relationship. 

Only a few injured balistids were seen in catches 
made during this study. The msZjority of these were B. 
vetula and had much of the caudal fin lobes missing or 
shredded. The cause may be attacks by other fishes or a 
"fin-rot" disease. On one occasion a large (36 cm TL) 
B. vetula from Pedro Bank was seen with the caudal fin 
reduced to a stump. 

NUTRITION AND GROWTH 

Feeding 

The balistids are diurnal feeders (Randall 1968). Balis- 

tes vetula is a bottom feeder (Randall 1963, 1967, 1968) 
rummaging for its food. It has been seen by Randall 
(1967) to feed on Diadema antillarum, an echinoid, by 
gr ipwg a single spine and flipping the urchin over to 
expose its oral surface. The spines are shorter on this 
surface and it attacks the urchin there. There is no 
information on the feeding of B. capriscus in the litera- 
ture. Specimens captured during this study appeared to  
be bottom feeders. 

Canthidermis su fflamen is a zooplankton-feeder in 
midwater and the surface (Randall 1967). Melichthys 
niger often feeds well above the bottom (Randall 1967) 
and also to a considerable extent on the bottom. 

Food 

The types of food eaten by most balistids have been 
described to some extent by Randall (1967). However 
Randall gave no information on food items eaten by two 
species, B. capriscus and Xan thich thys ringens. 

The results of Randall's investigations (1 967) and 
data obtained during this study are listed in Table 15.5. 

It may be observed from the table and from Randall 
(1967) that B. vetula consumes a wide variety of food 
while C. sufflamen and M. ringens are fairly restricted in 
their diets. C. suffamen and M. niger consume mainly 
planktonic forms. Food items listed for B. capriscus 
were taken from juvenile forms only. 

Growth 

Relative growth patterns 

Randall (1 962) presented a length-weight curve for B. 
vetula from the Virgin Islands, West Indies, but did not 
calculate the lengthweight relationship. A sample of 
190 B. vetula examined during this study gave the 
following expression for the fork length-weight relation- 
ships of both sexes within the length range of 19 to 3 1 
cm FL: 

where W is the weight in grams and L is the fork length 
in centimeters. 

For C. sufflamen the fork lengthlweight relationship 
within the length range of 35 to 47 cm FL is described 
by the following equation: 

The exponents for both B. vetula and C. sufflamen 
indicate that there is a relative decrease in weight with 
increasing length. 

The relationship of fork length (FL) to  standard 
length (SL) in B. vetula in the size range 14 to  38 cm FL 



is expressed by the formulae 

The relationship between fork length and maximum 
body depth (MD) in B. vetula in the size range 14 t o  3 3  
cm FL is expressed by the formulae 

The FL:SL relationship in C. sufflamen within the 
size range 37 to 45 cm is expressed by the formulae 

The FL:MD of C. sufflamen within the size range 37 
to  45 cm is expressed by the formulae 

There were insufficient data t o  determine morpho- 
metric relationships of B. capriscus, M. niger and X. 
ringens. 

Maximum size 

Randall (1968) and Bohlke and Chaplin (1968) 
record that a fork length of about a foot (30.5 cm) is the 
maximum size of B. capriscus. Moore (1967) found 
several individuals of 32 cm FL on the U.S. east coast 
during a study of the western Atlantic Balistidae. The 
asymptotic length is probably about 3 1 cm FL. 

Randall (1968) records B. vetula of up to  57 cm 
(22.5 in) FL from the U.S. Virgin Islands. Bohlke and 
Chaplin (1968) state that B. vetula grow a little longer 
than 43 cm (17 inches) FL. The largest male captured 
during these investigations measured 44.7 cm FL and the 
largest female, 39.6 cm FL. It  seems therefore that the 
median asymptotic length ( L a  of B. vetula is about 45 
cm FL, that of females being somewhat less than the 
abovementioned figure and that of males somewhat larger. 

Using the length-weight conversion the calculated 
asymptotic weight is 2920 g. 

C. sufflamen is reported by Bohlke and Chaplin 
(1968) to  reach a maximum size of 2 feet (61 cm). 
RandalI (1968) reports that it attains a length of "at 
least 22 inches" (56 cm). The largest specimen recorded 
during this study was 50 cm FL (2,950 g) from Pedro 
Bank. Some specimens measuring 53 cm FL (3,000 g) 
were seen in commercial catches from Serranilla Bank. It 
therefore appears that the asymptotic size is about 55 
cm FL. 

Bohlke and Chaplin (1968) record that in the west 
Pacific M. niger grows "up to 20 inches" (51 cm) in 
length. However, most specimens seen by them in the 

Bahamas were slightly less than a foot (30 cm) long. 
Randall (1968) reported M. niger "attains 14 inches" 
(35 cm). The maximum size captured in this study was 
32 cm ( 13 inches). 

Bohlke and Chaplin ( 1968) recorded specimens of X. 
ringens of up to  25.5 cm FL and Randall ( 1968) reported 
the same length for this species. The largest specimen 
captured during thisstudy was 20 cm FL. The asymptotic 
length for this species appears to  lie in the region of 25 
cm FL. 

Age and growth 

During this study, analysis of modal progressions in 
length-frequency distributions was possible only for 
Balistes vetula as samples of other species were too small 
and irregularly distributed spatially to yield reliable 
information. 

Randall ( 1962) tagged B. vetula in the U.S. Virgin 
Islands and found that the average growth rate of fishes 
ranging from 192 to  304 mm fork length was 4.4 mm 
per month. The specimen at large the longest increased 
in size at a rate of 6.8 mm per month. 

The length distributions of catches of male and female 
B. vetula suggest that there is only slight sexual dimor- 
phism in growth rates (Table 15.2). 

Monthly length-frequency distributions of samples 
taken at Pedro Bank between May 1971 and April 1972 
show some evidence of modal progression (Fig. 15.2) 
and modes are quite discrete in most samples. The 
calculation of the values of log, (L, - It) against t and 
plotted as a regression against a monthly time scale gives 
two similar regressions, (Fig. 15.3) when an asymptotic 
length, L, , of 45.0 cm FL is used. The mean slope (K) 
of the regression lines on an annual basis is 0.57. These 
values derived are the best estimates from available data 
on B. vetula. 

BEHAVIOR 

Migration and Local Movements 

Several tagging studies of balistid s on tropical At18 ~n tic 
reefs (Bardach 1958; Randall 1962; Springer and Mc- 
Erlean 1962 and Moe 1972) have been conducted, and 
no indications of migration found. However, the size 
compositions of samples of Balistes vetula seems to 
indicate movement to deeper waters with increasing size. 

Hobson (1972) noted that two related species of 
triggerfishes in the Hawaiian Islands which had remained 
close to  the substrate throughout their active periods 
during daylight and early twilight, sought shelter 15 to 
20 minutes after sunset and vacated the water column 
(along with other diurnal species). 

In the mornings, Hobson noted the appearance on 
Hawaiian reefs of what he termed "milling assemblages" 
mainly of herbivorous fishes. Also swimming in and 
around these assemblages were a number of larger 
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Fig. 15.2. Monthly length-frequency distributions of trap samples of Balistes vetula from 
Pedro Bank, May 1971 to April 1972. Broken lines show the modal progressions utilized 
in estimating the growth rate. 

diurnal fishes that occur as individuals or groups of 
two or three f ~ h e s :  these included two species of 
triggerfishes, one of them Melichthys niger which ranges 
circum tropically. 

Schooling 
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Fig. 15.3. Modal lengths of monthly samples of Balistes vetula 
from Pedro Bank expressed as values of loge (L, - 4). Data 
from Fig. 15.2. Best fit of regression is obtained when &= 45.0 
cm FL. Mean slope, K, = 0.57 per 12 months. 

B. vetula has beeasaid to be solitary (Randall 1968) 
but groups of one to four fish have been observed 
around Jamaican reefs. Also, Bohlke and Chaplin (1968) 
reported that Beebe (1933) observed "a school at 150 
feet," from his bathysphere off Bermuda. 

According to Bohlke and Chaplin(1968) Canthidermis 
suff imen forms loose groups of about six individuals 
and that sometirnes'this species and M. niger are seen 
together. A school of well over 50 individuals was ob- 



served on one occasion near the bottom (in 8 to 10 m) 
on the reef at the U.W.I. Discovery Bay Marine Labora- 
tory, Jamaica (M. Itzkowitz, pers. comm.) 

On a few occasions during this study loose aggrega- 
tions of C. sufflamen were seen just below the surface on 
the deep side of the reef dropaff on some areas of Pedro 
Bank. 

Xanthichthys ringens forms small schools under 
floating Sargassum weed patches. The size of the schools 
is thought to be related to the area of the weed patch. 
The reason for this correlation lies in the fact that the 
weeds offer shelter from predators. 

Responses to Stimuli 

There are only a few brief references to balistid 
responses to stimuli (Moulton 1958; Steinberg et al. 
1965). 

Steinberg et al. (1965) observed a small B. vetula to 
produce a "rattling" sound as it swam after intruding 
fishes. The intruding fishes included snowy groupers 
(Epinephelus niveatus) and slippery dicks (Halichoeres 
bivittatus). 

Steinberg et al. (1965) observed a large B. vetula 
which progressively undermined an acoustic instrument 
placed on the bottom. It did this by "lying on its side 
and fanning vigorously with its body." The instrument 
eventually had to  be righted by divers (Steinberg et al. 
1965). 

POPULATION STRUCTURES 

Sex Ratios 

Other Aspects of Behavior 

Cousteau (1971) mentions that in the Indian Ocean 
triggerfish are "particularly ferocious while their eggs are 
incubating. The female stands guard over her nest and 
defends it against all comers (including divers) regardless 
of their size, with a vigor and disregard for her own 
safety that it would be difficult to match with any land 
animal." From photographs in Cousteau (197 I), at least 
two of the balistids have been identified as the bigspotted 
triggerfish Balistes conspicillum (Bloch and Schneider 
1801) and the yellowspotted triggerfish Pseudobalistes 
fuscus (Bloch and Schneider 1801) both from the 
tropical Pacific and Indian oceans (Marshall 1965). 

Cousteau also reports ( 197 1) that divers have seen 
female triggerfishes, possibly of the two abovementioned 
species, fanning eggs which are laid among the corals in 
clumps. This is the first account of a triggerfish incu- 
bating eggs by fanning to maintain water circulation. No 
such observations have yet been made in any of the 
western Atlantic species of balistids. 

Clark (1950) and Marshall (1972) mention that 
triggerfishes may be observed sleeping or resting lying 
flat on their sides on the bottom. Clark (1950) stated 
that in captivity, in the daytime B. vetula may be seen to 
rest for up to one minute on their sides on the bottom 
and at night resting or sleeping in a vertical or near 
vertical position against the side wall of their container 
or flat on the bottom M. niger have also ,been observed 
by Clark (1 950) to  sleep in a vertical position against the 
sides of their container. 

Populations 

There is no previous information regarding sex ratios 
in the balistids. The sex ratios observed in samples 
during these investigations are summarized in Table 
15.6. Sex ratios of male and female Balistes vetula 
samples taken in traps (4.13cm mesh) are very nearly 
equal. Female Canthidermis sufflamen outnumber males 
in the samples by more than two to one, while in Melich- 
thys niger samples the situation is apparently reversed. 
These deviations from the usual may be due to male C. 
sufflamen attaining a retainable size before the females, 
and the converse in M. niger. 

Age and Length Compositions 

It has not been possible to  determine the ages of any 
species of balistids and consequently there is no infor- 
mation on the age compositions of catches or of the 
populations. 

Balistes vetula: The percentage frequency of successive 
length-groups captured on hook-and-line are shown 
in Fig. 15.4. Data were gathered from cruises of the 

R. V. Caranx where hook-and-line gear was used for 
fishing at all parts of Pedro Bank. The mean size caught 
was 27 cm FL. 

Figure 15.5 shows the mean percentage frequency 
distributions of catches taken in traps in the 10.1 to 20 
m, 20.1 to 30 m and 30.1 to 45 m depth zones on 
unexploited Pedro Bank. Relatively more larger fishes 
(above 25 cm FL) were taken in the 30.1 to  45 m 
zone and the mean size increased by several centimeters. 
Fishing effort was similar in the zones 20.1 to  30 m and 
30.1 to 45 m, and so it is thought that this increase in 
mean size of the samples implies that B. vetula seeks 
deeper water as it increases in size. 

Figure 15.6 shows the gross length-frequency distri- 
butions of trap catches of B. vetula at the exploited 
parts of Pedro Bank (the Pedro Cays) and at California 
Bank. Relatively more small fishes (less than 18 cm FL) 
were taken at the Pedro Cays than at California Bank. 
This may be as a result of the traps at the Pedro Cays 
being set in shallower water (10 to 20 m) than those at 
California Bank (3 1 to  45 m). 

Figure 15.7 shows the percentage length-frequency 
distributions of trap catches of B. vetula taken by 
commercial fishermen operating mainly around the 
Pedro Cays. When compared with catches taken during 
this study from the unexploited parts of Pedro Bank (10 



Table 15.6. Sex ratios of balistid samples taken from dl areas. 

Species Area 
No. of No. of Male: Female 
Males Females Sex ratio 

Balistes vetula Port Royal Reefs 26 29 1.00:1.12 
Unexploited Pedro Bank 268 274 1 .OO: 1.02 
Pedro Cays (exploited) 79 87 1.OO:l.lO 
California Bank 67 71 1.00: 1.06 

Canthidemis suffamen all 14 36 1.00:2.57 

Melichthys niger all 35 15 1.00:0.43 

16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 
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Fig. 15.4. Length-frequmicy distniutions of catches of Balistes vetula at Pedro Bank on hook and 
line. 
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Fig. 15.5. Length-frequency distributions of catches of Balistes vetula caught in traps (4.13 cm mesh) in the 
10.1 to 20 m, 20.1 to 30 m and 30.1 to 45 m depth zones of unexploited parts of Pedro Bank. 
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Fig. 15.6. Length-frequency distribution of catches of Balistes 
vetuh caught in traps (4.13 cm mesh) at Pedro Cays (exploited 
parts of Pedro Bank) and California Bank (exploited). Pedro 
Cays-N = 821; California Bank-N = 295. 

I0 IS 20 25 30 35 40 45 

Fork length (cm) 

Fig. 15.7. Length-frequency distributions of commercial trap 
(4.13 cm mesh) catches of Balistes vetula from the Pedro Cays. 
N = 1982. 

to 45 m) (Fig. 15.5), any deductions should be made 
with some caution as the commercial fishermen usually 
dispose of the smaller length groups (i.e., those less than 
about 17 cm FL) prior to  shipment from the Pedro Cays. 

Figure 15.8 shows the percentage length-frequency 
distributions of commercial catches taken in traps at the 
Honduras-Nicaragua shelf and at Serranilla Bank. The 
distributions are very similar. The mean size of catches 
at the Honduras-Nicaragua shelf was 22 cm FL while 
that of Serranilla Bank catches was 2 1 cm FL. 

Figure 15.9 shows the percentage length-frequency 
distributions of successive lengthgroups of trap (4.13 
cm mesh) catches taken by the UNDPIFAO vessel R. V. 
Alcyon at eastern Pedro Bank, Salmon Bank and Alba- 
tross Bank. Relatively larger fishes were taken at Salmon 
and Albatross Banks (over 30 cm FL) than at Pedro 
Bank on this cruise (70-2). The mean sizes of catches on 
Salmon and Albatross Bank are 29 cm and 28 cm FL, 
respectively. Catches at eastern Pedro Bank had a mean 
size of 23 cm FL by comparison. 

The catches at Salmon and Albatross Banks have a far 
greater proportion of the larger length groups (over 25 
cm FL) than do any of the samples taken from all  other 

areas. This may probably be due to the fact that the 
traps used on M. V. Alcyon were set much deeper (about 
100 m) than were those at the other areas (maximum 
depth 45 m). This may also imply that the larger length 
groups of this species are found in deeper water. 

On the basis of the sample taken from the unexploited 
parts of Pedro Bank (10 to 30 m) the sizes at first 
retention, mean retention and full retention are 9 cm, 15 
t o  16 cm and 18 cm, respectively. At depths below 30 m 
the size at full recruitment (I,) is 23 to 24 cm FL. 

Canthidermis sufflamen: The frequency of successive 
length groups captured with hook-and-line on unex- 
ploited Pedro Bank in 10 to 45 m depth is shown in 
Fig. 15.10. A mean size of 39 cm, FL was calculated 
from 65 individuals measured. 

Table 15.7 lists the size range (in cm FL), mid-range 
mode and mean size of those captured by the same gear 
on California Bank. A mean size of 38 cm FL was 
calculated. 

Melicthys niger: The frequency of successive length 
groups captured with hook-and-line on the unexploited 
parts of Pedro Bank is shown in Fig. 15.1 1. A mean 
size of 27 cm FL was calculated from 32 specimens 
measured. 

Table 15.7 lists the size composition data gathered 
for this species from California Bank hook-and-line 
catches. 

Xanthichthys ringens: Table 15.7 lists the size com- 
position of a sample of 23 specimens taken in traps at 
the unexploited parts of Pedro Bank. The mean size 
calculated was 17 cm FL. Four specimens (length range 
16 to 19 cm FL; mean FL 17.3 cm) were examined from 
hook-and-line catches at California Bank. 

MORTALITY AND MORBIDITY 

Factors Causing or Affecting Mortality 

There is no direct evidence concerning natural factors 
responsible for mortality of adolescent or adult balistids. 
One of the major sources of mortality would be predation 
probably by tunas on the pelagic species or stages 
(Dragovich 1969, 1970) or by groupers and sharks upon 
the demersal species. Heavy infestations of the otobothrid 
cestode parasite Otobothrium (Pseudobothrium) dip- 
seaum Linton 1897 have been observed in Balistes vetula 
only. It is possible that extreme cases of infestation result 
in death. 

In the nearshore areas of the Jamaican shelf at 
California Bank and the Port Royal Reefs, trap fishing is 
undoubtedly a major cause of mortality. Balistids are 
also readily caught with hook-and-line. 



--- Honduran - Niamgwn Shelf 
- Serranilla Bank 

Fork length (cm) 

Fig. 15.8. Length-frequency distributions of commercial trap (4.13 cm mesh) catches of Balistes retula from Serranilla Bank and the 
Nicaraguan-Honduran Shelf. N = 381. 
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Fig. 15.9. Length-frequency distributions of M V. Alcyon trap (4.13 cm mesh) catches of Balistes vetula from Pedro Bank (-1, 
Salmon Bank (----) and Albatross Bank (- . - .). Pedro Bank-N = 161; Salmon Bank-N = 81; Albatross Bank-N = 152. 



Table 15.7. Size composition of Balistid samples taken by traps and lines. 

Size range Mid-range Modal size Mean size Sample Depth 
Species and area (cm FL) (cm FL) (cm FL) (cm FL) size (m) 

Conrhidermis su ffamen 
California Bank (H.L.) 3 5 4 3  39.5 - 3 8 22 31-45 

Melichthys niger 
California Bank (H.L.) 26-32 29.5 - 29 27 31-45 

Xanthichthys ringens 
Pcdro Bank (Unexploited Traps) 13-20 16.5 - 17 2 3 10-45 

Table 15.8 Relative density of Balisres vetula populations in various depth zones of Pedro Bank. 
- - 

Adjusted effort 
Total (hexagonal Area of zone Relative abundance 

Depth zone trap catch trap days) c/ f mm2 (Clf x km2 ) 

Fork length (cm) 

Fig. 15.10. Percentage frequency of 83 specimens of anthider- 
mis suffamen all taken with hook and line, mainly from Pedro 
Bank. 

Fork length (cm) 
Fig. 15.1 1. Percentage frequency of 63 specimens of Melichrhys 
niger captured in traps (4.13 cm mesh) from all areasinvestigated. 

Mortality Rates 

The absolute ages of the species of balistids dealt with 
are not known and the following estimates of mortality 
rates are based entirely upon the length distribution of 
samples taken during this study. The accuracy of such 
estimates is probably dependent upon the size and 
representativeness of the samples. 

Balistes vetula: Estimates of the mortality rate of this 
species are based on large samples from the unexploited 
parts of Pedro Bank. There is a very marked movement 
from the shallows to deeper water with increasing size 
and any estimates of mortality must take this movement 
into account. This has been done by weighting the length 
distributions according to  relative population density (= 
catch/1,000 hexagonal trapdays) and the area of each 
depth zone. The product (C/f x area) gives an index of 
relative abundance (Table 15.8). This table shows that 
the ratio of relative abundance in 20 to 30 m is only 0.3 1 
of that in 10 to 20 m. In 30 to  45 m the figure is 0.1 8. 

Table 15.9 shows the length-frequency distributions 
in each depth zone reduced by 0.31 (for 20 to  30 m) 

,and by 0.18 (for 30 to 45 m) and then summed to get 
the best overall estimate of the decline in abundance of 
successive groups. If L, = 45 cm FL and K = 0.57, 
the best resulting estimates are M/K = 4.58 and M = 2.6. 

The population length structure at California Bank 
which isuniformly deep and level, indicates a total mortal- 
ity rate of Z = 3.2. The derivation of fishing mortality 
rates and catchabilities is described in Chapter 17. 



Table 15.9. Relative abundance of unexploited stocks of Balistes Other species: Catches of other species of balistids 
vetula adjusted for population density and area of depth zone were not sufficiently large to yield estimates of mor- 
at Pedro Bank. tality rates. 

Median of Relative 
length group 10.2-20 m 20.1-30 m 30.1-45 m abundance 

ABUNDANCE AND DENSITY 

There is no information on the absolute size of the 
populations which were studied nor of the effect of 
ecological factors on population density and abundance. 

Relative Abundance 

Catch rates of Balistes vetula in traps during this study 
are listed in Table 15.10. Highest catch rates (C/f) were 
found at the Pedro Cays but the average weight of 
individual fishes was low. 

Table 15.1 1 lists data on the abundance of B. vetula 
relative to depth at Pedro Bank. Highest catch rate for 
this species was at the Pedro Cays between 11 to 20 m 
depth where it comprised nearly 60% of the total catch 
by number aqd 52.41% by weight. Greatest mean 
weights were found at western Pedro Bank between 31 
to 60 m depth. 

In general B. vetula comprised, by both number and 
weight, the most abundant of all species caught in traps 
(4.13 cm mesh) at all parts of Pedro Bank. 

lC = 2.10 NATALITY AND RECRUITMENT 
Mean FL = 25.3 cm FL 
If L,= 45 cm FL There appears to be no information on any aspect of 

45.0 - 25.3 the natality of any species of Balistidae. 
Z/K = 

25.3 - 21.0 As previously mentioned the minimum size at which 
B. vetula is recruited to the trap (4.13 cm mesh) fishery 

= 4.58 = M/K is about 9 cm and mean and full recruitment generally 
occur at about 16 and 2 1 cm FL respectively at most 

If K = 0.57, Z = 2.6 = M areas investigated. 
Owing to the very marked movement into deeper 

waters with increasing size and the uncertain nature of 

Table 15.10. Mean catch rates, percentages of Balistes vetula (by wt) and mean weights of individuals in the catch (Wc) 
in various areas. Catch rates expressed as numbers (C) or weight (W) per 1,000 hexagonal trapnights (f). 

Area 

N.W. Pedro (incl. N. edge) 
S.W. Pedro 
2Om Bank 
Banner Reef 
S.E. Spur (incl. E. Pedro) 
Central Pedro 
Pedro Cays arca 
Morant Cays 
California Bank 
South Jamaica Shelf 



Table 15.11. Relative abundance and mean weight of individual 
Balistes vefula captured in traps (4.13 cm mesh) in various areas 
and depth zones of Pedro Bank. Catch rates expressed as num- 
bers (C) or weight W) per 1,000 hexagonal trapnights (f). 

Depth W/f Average 
Area (m) C/f (kg) weight 

Pedro Cays 11-20 9,200 1,261 137 
SouthernPedro 11-20 6,315 1,122 177 
Southern Pedro 21-30 448 129 287 
Western Pedro 21-30 75 3 151 201 
Western Pedro 3160 970 475 489 
East Pedro 21-30 1,287 371 288 
East Pedro 31-60 3,185 852 267 

the mortality estimates, estimates of recruitment indices 
are rather speculative. A very rough estimate of numer- 
ical catch per unit effort in unexploited areas averaged in 
terms of depth zones amounts to  2,900 fishes/1,000 
hexagonal trap-nights. If the natural mortality rate, M, is 
2.6, the mean recruitment index, R,  for Pedro Bank 
is about 7,500 fishes. 

Table 15.12. Summary of estimated population parameters for 
Balistes vetula exploited by traps with 4.13 cm wire mesh. All 
lengths are fork length in cm. 

Both 
Males Females sexes 

Minimum retainable length, l1 9 9 
Mean retention length, 1, 16 16 
Full retention length, 1, 2 1 2 1 
Asymptotic length, L, 45 
Asymptotic weight (g), W, 2,920 
Coefficient of growth, K 0.57 
Coefficient of natural 

mortality, M 2.6 
M/K 4.6 
Length at maturity, 1, 17.5 16.5 
lmILc.3 0.39 0.37 

D YNAMlCS OF THE POPULATlON 

The biological and population parameters estimated 
for male and female Balistes vetula are summarized in 
Table 15.12. 



CHAPTER 16: 

THE BIOLOGY, ECOLOGY AND BIONOMICS 
OF SPINY LOBSTERS (PALINURIDAE), 

SPIDER CRABS (MAJIIDAE) AND OTHER 
CRUSTACEAN RESOURCES 

by 

J .L. Munro 

(November 1974) 

Introduction 

Various species of crustaceans comprise a very 
valuable portion of the catches of the trap fisheries of 
Caribbean coral reefs. Spiny lobsters (Palinuridae) are of 
particular importance and spider crabs (Majiidae) and 
species of the family Xanthidae (the stone crabs and 
queen crabs) are also important in some areas. 

In most parts of the Caribbean the common spiny 
lobster, Panulirus argus, is the most important species of 
crustacean. In some areas (Florida, the Bahamas, Cuba 
and the Turks and Caicos Islands, and most Central and 
South American countries bordering the Caribbean) 
they are the object of specific fisheries, using wooden 
refuge traps of several designs, spears or bully nets. In 
the Antilles, where there is an almost unlimited demand 
for fish, P. argus is mostly captured concurrently with 
reef fishes, in Antillean fish traps constructed of wire 
mesh supported by a wooden frame. There appears t o  be 
no indication that wooden slat-traps are superior to  
Antillean traps in catching spiny lobsters and it appears 
that the wooden designs are only popular where there is 
a limited market for trapcaught fishes. 

There is a voluminous, rather repetitive, literature 
describing the fisheries for P. argus in the Caribbean and 
west Atlantic, but few of the biological and ecological 
details necessary for rational management are available. 

However, this has not prevented the imposition of 
quotas, closed seasons, minimum size limits, prohibition 
of certain fishing gear, or restrictions upon the capture 
of bemed female lobsters in many areas. Some of these 
measures have been of rather dubious value, while others 
appear to  have needlessly restricted development of the 
fisheries. 

Fishing techniques for spiny lobsters in the Caribbean 
and catch statistics are given by Idyll (1971) and a very 
comprehensive account of the Cuban fishery, together 
with much biological detail, by Buesa Mas (1965). The 
overall status of biological knowledge of P. argus was 
reviewed by Smith (1959) and Idyll (1971). Fishing 
methods have been reviewed by Cope (1966). A very 
extensive annotated bibliography by Sims (1966) covers 
almost al l  literature concerning the Palinuridae and 
Scyllaridae published between 1900 and 1965. 

In the area exploited by the Jamaican fisheries (Fig. 
2.1), only Panulirus argus, P. guttatus and the Majid 
spider crab, Mithrax spinosissimus, are of importance 
and are considered in detail in the following pages. Other 
species of edible crustaceans which are of potential 
importance or presently occur in limited numbers in the 
trap catches are mentioned in the last part of this 
chapter. 



A. PANULIRUS ARGUS (LATREILLE): 
PALINURIDAE 

Identity 

The spiny lobsters are a clearly defined group of Panulirus argus is readily distinguishable from P. 
decapod Crustaceans. On a world-wide basis various guttatus and P. laevicauda, which are the only species 
problems of taxonomic detail have stilI to be resolved, with which it might be confused (Holthuis and Zaneveld 
but only a limited number of species occur in the 1958). 
Caribbean and western Atlantic. 

Distribution 

The common spiny lobster, Panulirus argus is found seagrass (Thalassia testudinum) beds which are inhabited 
along the western Atlantic coasts from Rio de Janiero, by the post-larval and early juvenile stages, to depths of 
Brazil to Beaufort in North Carolina, at Bermuda, and at least 100 m. There are few records of P. argus 
throughout the Bahamas and the islands of the Caribbean. captured in depths exceeding 50 m but this is possibly a 
The depth range is from the extreme shallows of the consequence of limited fishing effort with suitable 
littoral fringe, particularly around mangroves and traps in such depths. 

Bionomics and Life History 

REPRODUCTION 

Gonads 

The gonads lie in the posterodorsal part of the cara- 
pace and are connected to paired gonopores situated at 
the base of the thud pair of legs of the female and on 
the last pair of legs of the male. 

The ovaries undergo progressive color changes as 
maturation proceeds and their colors have been de- 
scribed by Buesa Mas and Mota Alves (197 1) and may 
therefore be used for elucidating aspects of the repro- 
ductive cycle. 

Sexuality 

There is no evidence of any hermaphroditism, hetero- 
sexuality, or intersexuality in the Palinuridae. The 
sexes are anatomically distinct. Sexual dimorphism is 
apparent in the relative size and shape of the tail and the 
males have a relatively larger and heavier carapace and 
relatively lighter and shorter tails. 

Maturity 

Smith ( 1948) reported that a female Panulirus argus 
of 45 mm carapace length (CL: the distance from the 
anterior margin of the carapace, between the horns, to 
the posterior margin of the carapace measured in the 
middorsal line) was found carrying eggs, but the smallest 
sizes reported by other authors are somewhat larger: 54 
mm CL in British Honduras (FA0 1968a), 57 mm CL in 
Cuba (Buesa Mas and Mota Alves 197 1) and 65 mm CL 
in Venezuelan waters (Cobo de Barany et al. 1972). 
Elsewhere, the smallest berried females have usually 
been in the 80- to 90-mm CL size range (Creaser 1950; 
Sutcliffe 1952; Feliciano 1958; Dawson 1949; Peacock 

1974) and smzller berried females have not been found 
despite the examination of many individuals. 

Weber (FA0 1968b) used the presence or absence of 
setae on the abdominal pleopods of a large sample 
(N > 720) of females as an indicator of maturity and on 
this basis, the smallest mature females were about 60 
mm CL and full maturity was at 88 mm CL. The mean 
size at maturity would be 74 mm CL. 

During the present investigations, the smallest female 
found carrying eggs measured 83 mm CL and weighed 
580 g. Table 16.1 shows that most females are mature at 
110 to 119 mm CL and the mean size at maturity in 
Jamaican waters might be about 95 mm CL. 

This is a larger mean size than that estimated by 
Weber for the British Honduras stock, and the difference 
is difficult to explain. Over half of the 248 females 
examined during this study were less than 80 mm CL 

Table 16.1. Proportions of female Panulims argus in successive 
size classes which were found to be bearing spermathecae or fer- 
tilized eggs. All specimens from Jamaican waters. 

Carapace 
length No. No. Percentage 
(mm) examined mature mature 

5 0-5 9 
60-69 
70-79 
80-89 
90-99 

100-109 
110-119 
120-129 
130-1 39 

Total 



but none carried eggs o r  spermathecae. 
There is no information on the sizes at which males 

become mature, but Berry (1970) has suggested that the 
male P. homarus must be larger than the female in order 
t o  mate successfully and the males therefore probably 
attain maturity at a larger size than the females. 

Fecundity 

No fecundity estimates were made during this study, 
but a number of investigators have previously made 
limited numbers of counts of the numbers of eggs 
carried by female P. argus of various sizes (Creaser 
1950; Crawford and de  Smidt 1922; F A 0  1965a). A 
compilation of the results indicates that egg production 
per unit body weight varies over a fairly narrow range 
from about 670 to  1,2 10 eggslg of total body weight, 
with an average of 830 eggslg. 

Creaser (1950) stated that female P. argus in Bermuda 
spawn at least twice between May and August, but the 
numbers of broods produced in Caribbean waters, where 
the spawning period appears to  be more extended, are not 
known. Peacock (1974) observed that large females were 
less frequently found canying eggs than were smaller 
individuals and suggested that the frequency of broods 
might decline with age. As it has been reported that 
female spiny lobsters normally molt before mating 
(Berry 1970, for P. homarus; Buesa Mas 1965, for 
P. argus) it is possible that decreased frequency of 
molting in older females results in a decrease in the 
frequency of spawning. 

Mating, Fertilization and Spawning 

The mating of P. argus has been briefly described by 
Buesa Mas (1965) and appears to be similar t o  that of P. 
homarus which has been described in detail by Berry 
(1970). Males are strongly attracted to  females with ripe 
ovaries and which are usually recently molted but hard- 
shelled. After a vigorous and prolonged courtship, 
copulation takes place in a frontal position and the male 
deposits a spermatophoric mass on the sternum of 
the female. The spermatophoric mass contains a pair of 
spermatophores which are simultaneously extruded from 
the paired gonophores during copulation. The sperma- 
tophoric mass consists of an outer protective matrix, a 
spermatophoric matrix containing the spermatophores 
and spermatozoa and an adhesive matrix. The protective 
matrix hardens immediately after deposition and the 
spermatophores and sperm are protected by the matrix 
until the spawning process commences, after an interval 
ranging from 1 to  42 days (Berry 1970, for P. homarus). 

The process of fertilization and spawning of spiny 
lobsters is initiated when the female commences scratch- 
ing at the protective outer matrix of the spermatophoric 
mass, using the dactyls of the fifth legs (Berry 1970). 
This exposes the spermatophores in which the sperm are 
embedded in a gel. Oviposition occurs with the female 
resting in a vertical position or lying partly or entirely on 

her back, with the abdomen flexed to  form a chamber 
(Berry 1970; Sutcliffe 1952). Beating of the pleopods 
creates a current passing from the gonopores, over the 
spermatophoric mass and into the brood chamber. It is 
likely that an enzyme released with the eggs dissolves the 
gel in which the sperm are embedded and eggs and sperm 
are together drawn into the brood chamber where 
fertilization occurs and the eggs become attached to the 
endopodites of the pleopods (Berry 1970). When ovipo- 
sition is completed the spermatophores are empty and 
the remnants of the spermatophoric mass are picked off 
by the female. 

Buesa Mas (1965) reported that eggs of P. argus are 
laid in three batches at daily intervals, with each spawning 
lasting about 2 112 hours. 

Spawning Seasons 

A large number of investigators have reported on the 
seasonal occurrence of berried female P. argus in the 
western Atlantic and Caribbean. For most territories 
within the Caribbean Sea, bemed females have been 
observed in all months of the year but with greatest 
frequency in the months from February to  August 
(Buesa Mas 1965; Buesa Mas and Mota Alves 1971; 
Mattox 1952; Feliciano 1958; Peacock 1974). However, 
the observations are not entirely consistent. Year-round 
spawning but with maxima in February-March and 
AugustSeptember has been reported by Cobo de Barany 
et al. ( 1970) at the Los Roques Islands off Venezuela. In 
Florida and the Bahamas, spawning is said t o  occur only 
between March and July or early August (Sweat 1968; 
Dawson and Idyll 195 1). At Bermuda, mating occurs 
from mid-May onwards and two broods are produced in 
rapid succession in June and July and no bemed females 
are found after August (Sutcliffe 1952). 

During the present investigations bemed female P. 
argus were captured in all months, and no seasonal 
maxima were apparent. 

Spawn 

The fertilized eggs of P. argus adhere to  hairs on the 
endopodites of the pleopods. The incubation period is 
about 4 weeks (Buesa Mas 1965) and the females tend 
t o  move towards deeper water when the eggs are ready 
to  hatch. It appears that no  account of the embryology 
of any species of spiny lobster has been published. 

PRE-ADULT PHASES 

Spiny lobsters normally appear t o  hatch as first stage 
phyllosoma larvae, but some authors have reported 
hatching at the naupliosoma stage, with rapid trans- 
formation t o  the first phyllosoma stage (Sims 1965; 
Baisre 1964). 

The larval and post-larval stages of Panulirus argus 
have been described and illustrated by Lewis (1 95 1) and 



Lewis, Moore and Babis (1952). Larvae have not yet 
been reared in the laboratory from egg to the post-larval 
puerulus stage (Provenzano 1969). The actual duration 
of the larval life has not been determined, but the 
available evidence indicates that larval life extends 
through at least twelve stages and might last from six 
months to one year (Lewis 1951; Chittleborough and 
Thomas 1969, for P. longipes cygnus). Relative to the 
prevailing speeds of ocean currents this would pennit 
extremely wide dispersal of the larvae and it appears 
most likely that larvae spawned in the Caribbean could, 
for example, settle at Bermuda. During their planktonic 
phase they are preyed upon by pelagic fishes, including 
the tunas, Katsuwonus pelamis and Thunnus atlanticus 
(Baisre 1964). Provenzano (1969) has suggested that 
medusae might be an important element in the diet 
of the late phyllosoma stages. 

After transformation to  the puerulus stage, the 
post-larvae settle in suitable environments, and it is 
likely that shallow mangrove-fringed lagoons offer the 
most favorable habitats, (Ingle and Witham 1969; 
Peacock 1974; Witham, Ingle and Sims 1964; Lewis et 
al. 1952). However as P. argus also occurs on isolated 
oceanic banks such as Rosalind Bank, which has a least 
depth of about 10 m, and Pedro Bank, of which only 
about 2.1% of the area is less than 10 m deep (see Chap- 
ter 3), it is clear that shallow environments are not 
essential for completion of the life cycle. Metamor- 
phosis to the puerulus stage occurs in the pelagic envi- 
ronment. It is not known whether the pueruli are able to 
survive for an appreciable time if suitable shallows are 
not encountered soon after metamorphosis. 

The earliest pueruli have been captured moving 
shorewards with the flood tide in Florida (Sweat 1968) 
and later stages have most commonly been found 
concealed in algae and other marine growth attached to 
mangrove roots and pilings (Witham, Ingle and Sims 
1964; Ingle and Witham 1969). After the pigmentation 
is fully developed, rocky shallow-water habitats and 
seagrass (Thalassia testudinum) beds are the most favored 
enviroriment. 

Peacock (1974) found that P. argus of from 10 to 90 
mm CL inhabited the shallow (less than 3 m) Barbuda 
lagoon, but moved out of the lagoon when 60 to 90 mm 
CL was attained, and no sexually mature lobsters were 
found in this habitat. Likewise few small P. argus were 
encountered in deeper reef or offshore areas. 

It is therefore likely that shallow areas with man- 
groves and seagrass serve as nursery areas for pre-adult 
populations of P. argus wherever such habitats are 
available. However, it is not clearly established that such 
habitats are essential to the development of abundant 
populations of this species. 

ADULT PHASE 

There is no direct evidence concerning the longevity 
of adult Panulirus argus under natural conditions. 

The species is found on most shelf areas which offer 
adequate shelter in the form of reefs, wrecks or other 
forms of cover. A9 they have few defences other than 
the heavily armoured carapace it is likely that they rely 
upon their nocturnal habits and upon access to shelter 
by day in order to  escape predation. 

The major predators of adult and sub-adult stages are 
skates (Dayatis spp.), sharks (especially the nurse shark, 
Gingylostoma cirratum), various species of snappers 
(Lutjanidae) and groupers (Serranidae) and the octopus 
(Buesa Mas 1965). Other predators include dolphins and 
loggerhead turtles. A small whelk (Murex pomum) is 
reported to kill lobsters in traps and presumably in 
nature, by boring through the carapace (FA0 1968a). 

Barnacles (Balanus ebureus Could) settle on the 
carapace of large P. argus and could serve as indicators of 
habitat and of the intermolt period (Buesa Mas 1965). 

There are no reports of parasitized, diseased or 
abnormal spiny lobsters in the literature and none were 
encountered during this study. 

NUTRITION AND GROWTH 

Feeding and Food 

Panulirus argus feeds only at night. Lobsters captured 
by day invariably have empty guts. Bivalve molluscs are 
the main food but small crustaceans are also taken. In 
aquaria they have been observed to attempt to capture 
small fishes. Several lobsters were caught on baited 
hooks during this study. The massive mandibles with 
grinding molar surfaces are clearly adapted for crushing 
hard-shelled animals or plants (Peacock 1974). 

Peacock (1974) found that P. argus in the Barbuda 
lagoon appeared to feed only on molluscs, but in the 
reef habitat the guts contained algae, foraminifera, 
sponge spicules, polychaetes and sand, in addition to 
bivalve and gastropod mollusc and crustacean remains. 
In Belize, P. argus was found to consume fish, crus- 
taceans (including other lobsters) and molluscs, partic- 
ularly the turkey wing clam, Arca zebra (FA0 1968a). 

Growth Rates 

Relative growth patterns 

Numerous authors have commented on or illustrated 
aspects of the relative growth patterns of P. argus. but 
few accurate or mathematically correct regression 
equations have been given for the 1ength:weight relation- 
ships and other morphometric features. 

Male and female P. argus differ in the relative sizes of 
their carapaces and tails. Females of a given carapace 
length (CL) have heavier tails than males of the same 
carapace length and the tail of a female is longer and 
narrower than that of a male of the same tail weight 
(FA0 1968b). However, the relationships between total 
length and total weight are very nearly identical for 
males and females. 



During this study samples of 50 male and 50 female 
P. argus from the Port Royal Reefs yielded identical 
carapace 1ength:weight regressions (W expressed in g and 
CL in mm): 

The average relationship between carapace length 
(CL) and total length (TL) is given by Peacock (1 974) as 
follows: 

males : TL = 2.61 CL or CL = 0.383 TL, 
females: TL = 2.91 CL or CL = 0.344 TL. 

The average relationship between tail weight (AW) 
and total weight (W) is given by Pinto Paiva (1960) as 
follows: 

males : W = 3.36 AW or AW = 0.298 W 
females: W = 2.74 AW or AW = 0.365 W 

The maximum carapace width is about 0.78 CL for 
males and 0.73 CL for females. The maximum depth of 
the cephalothorax is about 0.88 CL. 

Age and growth 

Department of Agriculture of British Honduras (Belize). 
Details of the sizes and dates at marking and at recovery 
of 70 specimens of P. argus have been published by 
Little (1972). Similar data for 86 specimens marked and 
recaptured in British Honduras waters have been supplied 
to the author by Mr. G.W. Miller. The data show similar 
increases in size per unit time, but differ in that the data 
from Florida have a preponderance of recaptures after 
periods exceeding 50 days, whereas most recaptures in 
British Honduras were taken within 50 days and had not 
molted. Consequently, neither set of data provides 
sufficient information upon which to estimate the mean 
intennolt period and the mean growth per molt. 

The abovementioned data have therefore been com- 
bined in an attempt to produce an adequate representa- 
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The growth rate of Panulinis argus has been inves- 
tigated in detail by several authors, with fairly divergent 
and sometimes conflicting results. Dawson (1949), 
Smith (1959) and Buesa Mas (1965) have provided 
estimates of age andlor growth but do not give any 
details of the methods employed. Ting (1973), Witham, 
Ingle and Joyce (1968) and Travis (1954) studied the 
growth of the species under aquarium conditions and 
Eldred, Futch and Ingle (1972) studied the growth of 
juvenile P. argus using the Petersen method. Peacock 
(1974) has recently made estimates of the growth rate 
based upon the recovery of 32 marked individuals from 
the Barbuda lagoon. 

During these investigations, P. argus formed a signi- 
ficant proportion by weight of the total trap catch at the 
Port Royal Reefs. Year classes were recruited to the Port 
Royal fishery at a length of 65 to 69 mm CL in the mid- 
summer months of 1970 and 197 1. The modal pro- 
gression of the cohorts could be followed (Fig. 16.1) as 
they increased from a modal size of 67.5 mm CL in 
May-June of 1970 to 82.5 mm CL by November-Decem- 
ber. The 1971 cohort likewise attained 82.5 mm CL in 
November-December of that year, at which time the 
1970 cohort appeared to have attained 102.5 mm CL. 
The numbers of lobsters decreased rapidly with increasing 
size, presumably as a result of emigration from the reef 
areas to the offshore shelf (as observed by Peacock 
1974, at Barbuda) and the modal progression beyond 
82.5 mm CL is not clearly discerned. 

During 1969 and 1970 mark and recapture programs 
were undertaken by the Florida State Board of Con- 
servation (Little 1972) and by the Fisheries Unit of the 
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Fig. 16.1. Carapace length-frequency hhtograms of samples of 
Itrnulirus mgus captured in traps (4.13 cm mesh) at the Port 
Royal Reefs, between January 1970 and February 1972. 



tion of the growth rate of P. argus. The combined data 
show the following trend: 

6.7% of recaptures (N = 60) effected in 0-19 days 
had molted 

23.8% of recaptures (N = 2 1.) effected in 20-39 
days had molted 

58.8% of recaptures (N = 17) effected in 40-59 
days had molted 

80.0% of recaptures (N = 15) effected in 60-79 
days had molted 

88.9% of recaptures (N = 27) effected in 80-139 
days had molted 

94.0% of recaptures (N = 16) effected after more 
than 140 days had molted. 

Of 28 specimens free for more than 120 days only 
one (which was free for 161 days) had not molted. The 
trend of the above data indicates that 50% of the speci- 
mens had molted within 45 days of marking and the 
mean intermolt is therefore about 90 days. 

The basic assumption in this method for estimating 
the intermolt period is that at the time of tagging, 
individuals are randomly distributed throughout their 
molting cycle, and that 50% will therefore have molted 
when half of their intermolt period has elapsed. Most 
investigators have reported that recently molted lobsters 
occur throughout the year, with the exception of 
Bermuda waters where Travis (1954) reported that 
molting ceased when water temperatures fell below 17 
to 18O and all molting occurred between May and Octo- 
ber. Nevertheless, Travis observed an average of four 
molts per year. 

The estimated intermolt period of 90 days is based 
upon specimens in the 50 to  120 mm CL size range. 
There is no evidence to indicate that the intermolt 
period is constant throughout the growth span. On the 
contrary, smaller individuals might be expected to 
molt more frequently and Witham et al. (1968) observed 
a juvenile that grew from the puemlus stage to a 15 mm 
CL juvenile in seven molts over 183 days-a mean 
intermolt period of only 26 days. Likewise it is possible 
that large adults might molt with decreasing frequency. 

If the growth pattern conforms with the von Berta- 
lanffy growth equation, plots of the length at marking 
against the length at i~capture of individuals which 
showed an increase in size should produce several 
discrete regressions when separated according to the 
time free; those free for 0 to 89 days should have 
molted once, those free for 90 to  179 daysshould have 
molted twice and those free for 180 to  269 days should 
have molted three times. 

Figures 16.2a, b and c show Walford plots of the com- 
bined Florida and Belize data. There are not sufficient 
data to  enable the sexes to be treated separately, even 
though it is well established that males attain a larger 
size than females and must therefore have a slightly 
different pattern of growth (Creaser 1952; Sutcliffe 
1957; Buesa Mas 1965). The asymptotic length is un- 
known but males are commonly reported to attain 200 
mm CL and females 180 mm CL and the asymptotic 

length might be about 190 mm CL. The regression lines 
shown in Figs. 16.2a, b and c are simply drawn through 
the estimated L,af 190 mm and through the means of 
the lengths at marking and recapture in each case. The 
resulting lines have slopes of 

k, (1 molt in 0-89 days) = 0.9456 = e-K 1 and 
K1 = 0.05594 

k2 (2 molts in 90 to 179 days) = 0.9090 = e-K2 
and K2 = 0.09545 

k3 (3  molts in 180 to  269 days) =0.8422 = e-K3 
and K3 ~ 0 . 1 7 1 7 6  

If Kz and K3 are divided by two and by three respec- 
tively the resulting estimates of the coefficient of growth 
per molt (per 90 days) are 0.05594, 0.04773 and 
0.05725, with a mean of Kl  =0.05364. If there are four 
molts per year, the annual coefficient of growth is 
derived as 

K ~ 0 . 0 5 3 6 4  x 4 =0.2146 when L, = 190 mm CL 

The studies of Witham et al. (1968), Eldred et al. 
(1972) and Ting ( 1972) have a l l  suggested that a size of 
40 to 50 mm CL is attained one year after settlement of 
the puerulus from the plankton. Using the median value 
of 45 mm CL attained at one year, and the values of K 
and L, above, a growth curve has been calculated and is 
shown in Fig. 16.3, together with indications of growth 
obtained by other workers. When the calculated growth 
curve is used as a reference point, there is close agreement 
between the calculated curve, and the estimates given by 
Sutcliffe (1957), Ting (1973), Peacock (1974) and those 
derived from the present investigations at the Port Royal 
reefs. The early estimates given by Smith (1959) and 
Travis (1954) and the recent estimates by Buesa Mas 
(19155) indicate much slower growth. In the latter case 
this is probably because Buesa Mas (1965) estimates that 
molting occurs only twice per year, in contrast to the 
present estimate of four molts per year. 

BEHAVIOR 

There is much evidence that indicates that spiny 
lobsters have complex, seasonal and diurnal behavior 
patterns, but many aspects of the observed behavior 
are not yet well understood. 

There appears to be little doubt that Panulirus argus 
moves progressively from shallow-water juvenile habitats 
to  relatively deep shelf areas when adult (Sutcliffe 
1952). Tagging experiments have indicated that with few 
exceptions adult lobsters do not usually undertake 
extensive movements. For example, Buesa Mas (1965) 
reports that 5,203 tagged and recaptured P. argus 
moved only an average 0.16 kilometers per day and thc 
movement appeared to be at random. However, Buesa 



Fig. 16.2. Walford graphs showing carapace length at marking (lm) and recovery Or) of Anulirus argus. Solid circles-Florida data; 
crosses-Belize. (a) 35 specimens recovered within 0 to 89 days; (b) 27 specimens recovered within 90 to 179 days; and (c) 6 specimens 
recovered within 180 to 269 days. 

Years 

Fig. 16.3. Growth of Anulirus argus estimated from tagging data (line lo), compared with estimates 
given by (1) Smith 1979; (2) Ting 1972; (3) Peacock 1974; (4) Eldred et al. 1972; (5) Witham et al. 
1968; (6) Travis 1954; (7) Sutcliffe 1957; (8) Jhesa Mas 1965 and with (9) modal progression of 
length-frequency distributions at the Port Royal Reefs. Lower h e ,  W (10) shows equivalent 
growth in weight. 

Mas (1965) also reports that in fall and early winter, 
large, darkcolored P. argus approach the coast and 
Dawson (1949) also found indications of seasonal 
inshore movements by this species. Sutcliffe (1952) 
found that greater numbers of large individuals (over 
145 mm CL) were found in the lagoon areas at Bermuda 
than on the outside reefs. 

Mass migrations by this species have been reported by 
a number of authors and the whole phenomenon ex- 
haustively discussed by Herrnkind et al. ( 1973). During 
the migratory phase the spiny lobsters emerge from their 
usual refuges and form very long queues which normally 
move purposefully in a given direction. The phenomenon 
has been reported most often from Florida and the 
Bahamas, where the movement is usually southwards 
and appears to be possibly related to the onset of 
autumnal storms. Within the Caribbean Sea it appears to  

have been reported only from Belize (British Honduras). 
No such migrations have ever been reported in Jamaican 
waters. 

Davis (1971) reported that juvenile P. argus (26 mm 
CL) at the U.S. Virgin Islands sheltered in daytime 
aggregations of the sea-urchin Diadema antillamm and 
thus gained access to  extensive feeding areas which were 
otherwise devoid of shelter. This phenomenon was not 
observed in Jamaican waters. 

The species normally emerges from shelter and feeds 
only at  night. By day, groups of adult P. argus aggregate 
in holes and crevices in reefs or other refuges. A strong 
"pecking-order" is rapidly established in any group and 
the largest dominant male usually occupies the most 
favored and safest position deep within the refuge (J. 
Strangways-Dixon, pen. comm.). 



Populations 

POPULATION STRUCTURES 

Sex Ratios 

The sex ratio in populations of Panulirus argus 
appears usually to  be close to  unity (Creaser 1952; 
Feliciano 1958; Buesa Mas 1965). 

During this investigation, samples from the Port 
Royal Reefs totalled 242 males: 188 females, (56.3% 
males) while samples from Pedro Bank totalled 245 
males : 169 females o r  59.2% males. 

Age and Size Compositions 

As the absolute age of individual crustaceans cannot 
be determined, there is no information on the age 
compositions of populations of P. argus. Details of the 
size composition of commercial catches in Florida and at 
Barbuda have been given by Robinson and Dimitriou 
(1963) and Peacock ( 1974) respectively. 

Figure 16.4 shows the estimated mean annual size 
compositions of P, argus at the exploited Port Royal 
reefs and at unexploited parts of Pedro Bank. The data 
show that the males are consistently larger (in carapace 
length) than the females, the modal lengths being 80 to  
89  mm CL and 70 to  79 mm CL, respectively at the Port 
Royal Reefs and 110 t o  119 mm CL and 90 to  99 mm 
CL, respectively at Pedro Bank. Female P. argus enter 
the Port Royal fishery at a mean recruitment length, I,, 
of 7 1.2 mm CL and males are recruited at a mean length 
of 76.3 mm CL. Males at Pedro Bank become available 
t o  the traps at a mean size of 106.3 mm CL, and females 
at a mean size of 92.3 mm CL. These sizes are well in 
excess of the minimum sizes retainable by the 4.13 cm 
mesh of the traps which will theoretically retain lobsters 
of about 45 mm CL. The largest males captured at Pedro 

Bank measured 150 to  154 mm CL, substantially smaller 
than the largest sizes reported elsewhere, or the estimated 
asymptotic carapace length. Females were likewise much 
smaller than the reported maximum sizes. 

Peacock (1974) reported that male P. argus become 
fully recruited t o  the diving fishery at  the reefs around 
Barbuda at a modal length of 70 to  79 mm CL, and to  
the offshore trap fishery at 100 to  109 mm CL. These 
sizes are 10 mm less than those found in the Port Royal 
Reefs and at Pedro Bank, respectively. 

Buesa Mas (1965) reported that both male and female 
P. argus are fully recruited to  the Cuban fishery at 230 
mm TL (equivalent to  88 mm CL in the case of males 
and 79 mm CL in the case of females), and that the 
males were of substantially larger average size. The 
length distributions shown by Buesa Mas are very similar 
in terms of mode, median and range t o  those found at 
the Port Royal Reefs. 

MORTALITY AND MORBIDITY 

Factors Causing or  Affecting Mortality 

There is little direct evidence concerning the causes of 
mortality in Panulirus argus. Predators undoubtedly 
cause substantial mortality of all stages in unexploited 
areas. In nearshore Jamaican waters large predators are 
not abundant (owing to the intensive fishery for all 
species) and trap and spearfishing are undoubtedly the 
major causes of mortality. 

Chittleborough (1970) has shown that the natural 
mortality of pre-recruit P. longipes cygnus in Western 
Australian waters is directly related to  the density of the 
pre-recruit populations, and postulated that the amount 
of shelter on a given reef area might be a limiting factor, 
leading to  high mortality amongst individuals which are 
unable to find a safe refuge by day. However, in coralline 
areas it seems unlikely that the amount of shelter 
offered by a reef would ever be a limiting factor but this 
might be important in shelf areas which have a sparse 
coral cover. 

Mortality Rates 

Carapace length (mm) 

Fig. 16.4. Estimated mean annual carapace length-frequency 
distributions of male and female Panulirur argus at (a) the Port 
Royal Reefs and (b) unexploited parts of Pedro Bank. 

The only previous estimates of mortality rates in 
populations of P. argus are given by Buesa Mas (1965) 
who calculated that annual total mortality in Cuban 
waters amounted to 56-78%, varying somewhat with age. 

Tables 16.2 and 16.3 show the relative abundances of 
the successive length groups (CL) of P. argus at the Port 
Royal Reefs and at unexploited parts of Pedro Bank, 
together with calculations of the values of the coefficient 
of mortality, Z, derived from Beverton and Holt's ( 1956) 
formulation: Z = K (L, -?)lo - I,). At unexploited 
parts of Pedro Bank, the calculated values of Z (=M) are 
0.8 1 and 1.25 for males and females respectively. 



Table 16.2. Relative abundances of successive length groups of male and female Panulirusargus at unexploited parts of 
Pedro Bank (12-45 m depth), and computations of the mortality rates. 

Males Females 
Length group % frequency Relative % frequency Relative 

(CL, mm) in catch abundance in catch abundance 

Mean CL of recruited stock 126.7 mm 
when Lw= 190 mm 

104.7 mm 
when Lw= 190 mm 

Table 16.3. Relative abundances of successive length groups of male and female Pbnulirus argus at the Port Royal Reefs 
(7-14 m depth) and computations of the mortality rates. 

Males Females 
Length group % frequency Relative % frequency Relative 

(CL, mm) in catch abundance in catch abundance 

Mean CL of recruited stock 96.0 mm 83.0 mm 

when Lm= 190 mm when Lm= 190 mm 



However, as it is most likely that the males grow more 
rapidly and to  a larger asymptotic size than females, the 
median estimates of L, and K used in the calculations 
will lead t o  mortality coefficient for females being 
slightly overestimated and that for the males being 
underestimated. The median estimates for both sexes 
will be M/K =4.80 and M = 1.03. 

The estimated values of Z at the exploited Port Royal 
Reefs are 1.26 and 1.77 for males and females, respec- 
tively (median 1.5 2) and these values are compounded of 
natural mortality, M, fishing mortality, F, and emigra- 
tion from the reefs to  the South Jamaica Shelf. 

It is argued in Chapter 17 that it is most likely that 
natural mortality results very largely from predation and 

in which P is the biomass of predators and g is the mor- 
tality generated in the prey species by one unit of bio- 
mass of predators. Mortality caused by other factors, Mx, 
is probably negligible except in communities where pre- 
dators are extremely rare. At the Port Royal reefs, the 
biomass of predators amounts to only about 14% of that 
at unexploited parts of Pedro Bank (see Chapter 17 for 
details). It is therefore likely that the natural mortality 
rate is abaut 0.1 1 for males and 0.1 8 for females (median 
0.14). 

The emigration rate from the Port Royal Reefs is 
indeterminate, but if it can be presumed that few 
lobsters survive to  attain the size at which emigration 
usually occurs, then the fishing mortality rate will be 
close to  and not more than Z - M: 

formales : F <  1.26-O.11=1.15 
forfemales: F <  1.77-0.18=1.59 
bothsexes : F <  1.52-0.14=1.38 

On the basis of the foregoing, and of data given in 
Chapter 17 the following estimates can be derived: 

Port Royal Reefs: M = 0.14, F = 1.38, Z = 1.52, E = 
0.9 1 

South Jamaica Shelf: M = 0.23, F = 1.3 x 0.206 = 0.27, 
Z = 0.50, E = 0.54 

Pedro Cays area: M = 0.52, F = 0.5 x 0.206 = 0.10, 
Z =0.62,E =0.16 

ABUNDANCE AND DENSITY 

Catches of Panulims argus in the areas investigated 
were too sparse or too sporadic to show any consistent 
seasonal variations in availability. 

Peacock (1974) estimated the stock in the shallow 
Barbuda lagoon to amount to  10,800 + 3,360 individ- 
uals at a mean weight of 216 g each. This is a density 
of 290 to 550 lobsters, or 63 to 119 kg/km2. This 
concentration yielded a catch rate of 5.25 lobsters per 
week in the local rectangular Antillean trap. Buesa Mas 

(1965) estimated the "reserves" of P. argus in Cuban 
waters to amount to 26,000 tonnes in an area of about 
100,000 km2, or an average of about 260 kg/km2. 

Cobo de Barany et al. (1972) found that lobster 
production at the Los Roques islands amounted to 90 
metric tons p.a. from an area of about 1,000 km2, or 
about 90 kg/km2. Similarly, the total Jamaican produc- 
tion in 1968 amounted to 293 metric tons (Vidaeus 
1970) from an area of 3400 km2, or 86 kg/km2. 

The total catch taken at Pedro Bank during these 
investigations amounted to only 120 P. argus from a 
total fishing effort (expressed in terms of hexagonal 
traps set for one day each) of 2,064 trap-nights or an 
average of 58 spiny lobsters per 1,000 trap-nights. 
The deeper eastern and western portions of the bank 
yielded the greatest catch rates (104 and 66 lobsters/ 
1,000 trap-nights respectively), confirming the observa- 
tions of Chislett and Yesaki (1974) that these areas are 
more productive of spiny lobsters. The shallower southern 
margins of the bank produced only 22 lobsters/1,000 
trap-nights and the exploited Pedro Cays area only 3 
lobsters/1000 trap-nights. 

At the Port Royal Reefs, P. argus were captured at a 
rate of 52/1,000 hexagonal trap-nights, and limited 
fishing effort on the South Jamaica Shelf produced P. 
argus at a rate of 8 1/1,000 hexagonal trap-nights. None 
were caught at California Bank. 

NATALITY AND RECRUITMENT 

Data on the fecundity of Panulirus argus is given in 
the section on reproduction. The number of spawnings 
per year and absolute abundances of populations are un- 
known, and it is therefore not possible to  calculate the 
natality of any population. 

The product of the mean stock density and the 
coefficient of total mortality is equal to the initial stock 
density of any population. Likewise, the product of the 
mean catch per unit effort ( C / f )  and the mortality rate 
(Z) will yield an index of recruitment (R') equal to  the 
theoretical number of recruits at the mean recruitment 
length which are required to  produce the observed catch 
per unit effort. Thus R' = (C/~)Z .  

h 

For the Port Royal reefs, C / f  = 52 and Z = 1 .52, thus 
R' = 52 x 1 .52 = 79 spiny lobsters at a mean recruitment 
length of 7 1.2 - 76.3 mm CL (according to  sex). 

At Pedro Bank, the mean catch rate was 58 P. argus 
per 1,000 trap-nights and Z = M = 1.03, thus R' = 60 
spiny lobsters at a mean recruitment length of 92.3 mm 
CL in the case of females and 106.3 mm CL in the case 
of males. I t  is therefore likely that recruitment rates are 
basically similar in the two areas. 

Calculations given in the following section show that 
the population on the South Jamaica Shelf is presently 
yielding about 480 glrecruit. If the 1968 yield of P. 
argus, amounting to  293,000 kg (Vidaeus 1970), was 
taken mostly from the South Jamaica Shelf, then 
recruitment in that year amounted to  at least 600,000 
recruits at 60 mm CL. 



DYNAMICS OF THE POPULATIONS 

The various population parameters estimated in the 
preceding pages are summarized in Table 16.4, and are 
sufficient to permit the formation of some opinions 
regarding the exploitation of the species. 

It has been shown in the preceding pages that the 
natural mortality rate, M, of the unexploited Pedro Bank 
stock is about 1.03, and the growth rate, K, in the 
Caribbean area is about 0.215. The ratio M/K is 4.80. 
Additionally, it has been argued that the natural mortality 
rate is probably proportional to the biomass of predators, 
and that in the most heavily exploited areas with the 
lowest stock densities of predatory reef fishes, natural 
mortality rates of prey species will be correspondingly 
reduced. If, as seems likely (see Chapter 17 for details), 
this is essentially correct, then the ratio of M/K = 4.80 
will be reduced as follows: 

Pedro Cays area, M/K ~ 4 . 8 0  x 0.50 = 2.40 
South Jamaica Shelf, M/K = 4.80 x 0.22 = 1.06 

The biomass of predatory species at the Port Royal Reefs 
is only about 14% of that at Pedro Bank, but these reefs 
are contiguous with the South Jamaica Shelf and should 
not be treated separately, other than to note that the 
natural mortality rate affecting the stocks in the reef 
areas might be expected to be very low (M = 1.03 x 0.14 
= 0.14). Likewise, it is to be expected that natural 
mortality rates in the heavily exploited, narrow shelf 
areas of the north, southeast and southwest coasts of 
Jamaica will be even lower than that prevailing at the 
Port Royal Reefs. 

Figure 16.5 shows eumetric yield curves calculated by 
use of Beverton and Holt's (1964) "Tables of yield 
functions for fishery assessment" and which represent 
the various areas. 

It has been estimated that the rates of exploitation 
E(= F/Z) at the Pedro Cays and the South Jamaica Shelf 
are equal to, or slightly less than, 0.16 and 0.54, re- 
spectively, and at the Port Royal Reefs might be as much 
as 0.90. On this basis, several pertinent observations can 
be made: 

i) The mean sue of recruitment to the Port Royal 
reefs is 71.2 mm CL for females and 76.3 mm CL for 
males and these same stocks are exploited at ever smaller 
sizes by the local fishery in the seagrass beds and man- 
grove areas. The mean sizes of recruitment to  the South 
Jamaica Shelf f d e r y  is therefore substantially less than 
that mentioned above, and perhaps around 60 mm CL. 
The rate of exploitation is estimated to  be 0.54. Refer- 
ence to curve C in Fig. 16.5 shows that the present sue 
at fust capture is probably less than half of that required 
to  maximize the yield from the South Jamaica Shelf. 

ii) The fishing intensity on the north, southeast and 
southwest coasts is even greater than that on the South 
Jamaica Shelf. Small-meshed traps (3.30 cm) are very 
widely used, and the recruits to the fishery are harvested 
at an extremely early stage, often at carapace lengths of 

Table 16.4. Summary of estimated biology and fishery para- 
meters of populations of Panulirus argus captured in Antillean 
fish traps (4.13 cm mesh) at unexploited parts of Pedro Bank 
and at the exploited Port Royal Reefs. 

Both sexes Males Females 

L,(mm CL) 
. . 

K 
a (in W = ~ c L ~ )  
b (in W = ~ c L ~ )  
M (Pedro Bank) 
M/K (Pedro Bank) 
1, (mm CL) 
I m L  
e (eggslg body wt.) 
R (Jamaican shelo 

Port Royal Reefs 
(7-14 m depth) 

l1 (mm CL) 
1, (mm CL) 
1, (mm CL) 

Pedro Bank 
(12-45 m depth) 

l1 (mm CL) 
1, (mm CL) 
1, (mm CL) 
lrlL03 

only 30 to 40 mm. These stocks are represented by 
Curve D in Fig. 16.5. 

iii) Curve B of Fig. 16.5 represents the stocks in the 
Pedro Cays area. The fishing effort per unit area is 
estimated to be 0.15 canoes/km2) and the rate of 
exploitation is not more than 0.16. The stocks of P. 
argus are only recruited to the trap fishery at a fairly 
large sue, about 92 mm CL for females and 106 mm CL 
for males. Consequently, they are underexploited, and 
eumetric yields can only be achieved by increasing the 
fishing effort. Such a move would also result in a de- 
creased biomass of predators, a decrease in the value of 
M/K and a further increase in the potential yield per 
recruit of P. argus. 

Figure 16.6 shpws yield per recruit curves for the P. 
argus stocks of the South Jamaica Shelf (M/K 1.00) 
for various sues at recruitment, ranging from 1, =60 mm 
CL (the approximate size at which the stock is presently 
recruited) to  1, = 125 mm CL, a size which probably 
represents the upper limit of that which can readily be 
marketed. The curves indicate that if the present fishing 
effort on the South Jamaica Shelf generates a fishing 
mortality rate, F, of 0.27, then yields would beincreased 
by about 13% if the minimum size were set at 95 mm 



Rate of exploitation (E l  
Fig. 16.5. Eumetric fishing curves for Panulirus arguspopulations 
subjected to different natural mortality rates (M) and a constant 
growth rate, K = 0.215. Curve A (M/K = 5.0) repments the un- 
exploited stock at Pedro Bank; Curve B (M/K = 2.5) represents 
the stock at the Pedro Cays area; Curve C (M/K = 1 .O) represents 
the stock on the South Jamaica Shelf and Curve D (M/K = 0.5) 
represents the stock on the heavilyexploited northern, south- 
western and southeastern shelves of Jamaica. 
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Fishing mortality rate (F) 

Fig. 16.6. Theoretical yield per recruit from the stock of Panu- 
Zincs argus on the South Jamaica Shelf (M/K = 1.0, F = 0.27, 
1, = 60 mm CL, c = 0.32) compared with potential yield per 
recruit if recruitment were at a mean carapace length of 95 mm 
(C = 0.50), 106 mm (c = 0.56), 114 mm (c = 0.60) or 125 mm 
(C = 0.66). 

CL, and by 1876, 2 1% o r  22% if the minimum CL were 
set at 106 mm, 114 mm o r  125.4 mm, respectively. 

It is also important to  note that any increase in 
fishing effort will result in decreases in the catch of P. 
argus. Yields from the more heavily exploited northern, 
southwestern and southeastern shelves would increase 
by approximately 10% if the mesh size was increased. 

Thus, any restraint on  the harvesting of small sizes of 
P. argus will result in substantial increases in yield. 

It  is also likely that enforcement of a minimum size 
regulation would result in increased recruitment, by 
effectively protecting the very young stages which are 
indiscriminately harvested in nursery areas at the present 
time and which have not  been considered in amving a t  
the present estimate of mean length at recruitment of 
60  mm CL. 

The species of crustaceans which are represented in 
the Jamaican trap fishery can be managed by means of 
minimum size regulations, whereas regulation of the fish 
stocks cannot be undertaken on  the same basis because 
most fishes are mortally harmed by the abrupt pressure 
change which they undergo when traps are hauled t o  the 
surface. 

In addition t o  questions relating t o  gross yield per 
recruit (discussed in the previous pages), several factors 
require consideration in arriving a t  a suitable minimum 
size. 

1) The mean size at maturity of females is about 95 
mm CL and this should represent the lowest acceptable 
limit under any circumstances. 

2) For the fishery on  the South Jamaica Shelf, a 
minimum size of at least 110 mm CL would appear t o  be 
commensurate with the present rates of exploitation and 
even larger sizes would be indicated for t h e  northern, 
southeastern and southwestern shelf areas. 

3) I t  must be borne in mind that if minimum size 
regulations are enforced, the average size of individuals 
in the catch should not  be substantially in excess of that 
which is normally acceptable t o  purchasers. However, it 
should also be observed that the demand is so greatly in 
excess of the supply that this is unlikely t o  be a major 
constraint. 

4 )  On theoretical grounds, different sizes should be 
set for areas which differ in the intensity of fishing. A 
very large minimum size would be appropriate t o  the 
north, southeast and southwest coasts where the fishing 
intensity (canoes/km2) is u p  t o  fourteen times greater 
than that on  the South Jamaica Shelf, and the rate o f  
exploitation undoubtedly approaches unity. A lesser 
minimum size wopld be appropriate t o  the South 
Jamaica Shelf, and an even smaller size for the Pedro 
Cays fishery. However, variable limits might lead t o  false 
claims regarding the origin of undersized catches and 
thus lead t o  difficulties in enforcement of the regulations. 

It  appears likely that  a minimum size limit of 108.0 mm 
(4% in) carapace length would be most realistic in the 
light o f  the circumstances outlined above, despite 
the fact that this would be substantially below the 
eumetric size limit appropriate t o  the most heavily 



exploited areas. The equivalent total weight is 1,000 g length and lose weight on freezing or  cooking, and 
(2.2 lb.). The equivalent tail size is about 174 mm (298 regulations specifying minimum weights might be 
g) for males and 206 mm (365 g) for females. Tail difficult to enforce and should be avoided if possible. 
weights vary by about f 15% of the average of any given 

B. PANULIRUS GUTTATUS (LATRIELLE): 
PALINURIDAE 

This small spiny lobster occurs on the coasts of 
Florda and Bermuda, in the Bahamas, throughout the 
West Indies and as far south as Brazil. 

The species appears to  be confined to relatively 
shallow water and was not captured in depths exceeding 
about 20 m during this study, and appeared to be most 
common in fairly exposed areas near or  behind the reef 
crest. During the day they are usually observed hiding 
deep within crevices in stands of Acropora palmata, but 
at night may be seen wandering over shallow sand and 
coral-rubble flats in the lee of the Port Royal barrier 
reef. Caillouet, Beardsley and Chitty (1971) observed 
that this species concealed itself by day amongst boulders 
at Government Cut, Miami, Florida, but emerged at 
night and moved around over boulders and along the 
sides of  jetties, usually in depths of 1.5 m to 3 m. 

As with other species of palinurids, the sexes are 
morphologically distinct, and the males are of larger 
average size than the females. The smallest mature 
(berried) female captured by Caillouet et al. (1973) 
measured 36 mm CL and weighed 45.8 g. 

Berried females have been found by Caillouet et al. 
(1971) in Florida in greatest abundance in June, and in 
declining numbers to October, but there are no data for 
November-May. Sutcliffe ( 1953) found berried females 
in August, September and October in Bermuda. They 
were taken in June, November and March during this 
study. It is therefore likely that spawning occurs in all 
months in Jamaican waters. 

Caillouet et al. (1971) found a sex ratio approaching 

unity, when sampling was done by hand, but Sutcliffe 
(1953) obtained a sex ratio of d:? = 10: 1 in Bermuda 
and during this study our samples totalled 77 males:37 
females. In both of the latter cases the mesh sizes of the 
traps probably precluded complete sampling of the 
female populations. 

Sutcliffe (1953) reported maximum sizes of males 
and females of 88 mm CL and 72 mm CL, respectively. 
Caillouet et al. (1971) captured males of up to 85 mm 
CL and females of 77 m CL. In contrast, the largest male 
taken during this study was only 70 mm CL and the largest 
female 6 1 mm CL and this perhaps is indicative of the 
heavy rates of exploitation. 

There is no information on the growth rates of this 
species. Caillouet et al. ( 197 1) determined the carapace 
length (mm), weight (g) relationships to be as follows: 

males: W = 0.00 126 L ~ . ~ ~  
females (non-vigerous): W = 0.00069 L ~ . ~ ~  

At the Port Royal Reefs, this species is first recruited 
to  the fishery at 43 to 44 mm CL and the catches have 
modal lengths of 55 to 59 mm CL (males) and 50 to 54 
mm CL (females). 

As this is a small species, which matures well before it 
reaches its mean retention length of about 50 mm CL in 
the 4.13-cm mesh traps, it is unlikely that any con- 
servation measures are necessary at the present time, and 
it islikely that the present yields are close to the eumetric 
requirements. 

C. MITHRAX SPINOSISSIMUS (LAMARCK): 
MAJIIDAE 

There appears to be no account in the literature of fishery resources but no comparable tropical species are 
any aspects of the biology and ecology of this species known to exist. 
and the genus appears not to have previously been Accounts of the biology and ecology of spider crabs 
reported as being of importance in any fishery. Several are few, the most comprehensive accounts being those of 
species of spider crabs of the northern Pacific and north Hartnoll ( 1963 and 1965). 
Atlantic (Chionocetes spp., Maja squinado) are important 

Identity 

A number of species of the genus Mithrax (Majiidae, Mithrax spinosissimus is distinguished from other 
Brachyura, Decapoda) occur in the Caribbean. Keys to species of the genus by its large size, nearly naked 
the western Atlantic species and descriptions are given carapace without oblique parallel branchial sulci and the 
by Rathbun (1902, 1925, 1933) and Williams (1965). absence of spines or  spinules from the manus. 

Distribution 

According to Rathbun (1925) and Williams (1965), Bahamas and the Florida Keys and in the West Indies. 
Mithrax spinosissimus occurs from the Caribbean to the During this investigation most specimens were taken 



at the Port Royal Reefs in depths of 7 t o  14 m but were 
also captured in depths of 10 to  45 m at Pedro Bank and 
at California Bank which has a depth range of 35 to  45 m. 

Specimens have been observed at locations all 
around the Jamaican coast and are usually seen in 
exposed positions, clinging motionless to  coral heads in 
depths of 5-1 5 m. Specimens have also occasionally been 
seen hiding under ledges or coral outcrops. The relatively 
large numbers captured in traps during this investigation 
suggests that the species is far more abundant than 
underwater observations would indicate and, presumably, 
most specimens are overlooked as a result of their 

cryptic coloration and very slow movements. Juveniles 
were never observed by divers, nor captured in traps, 
despite the fact that traps would retain any specimens 
exceeding about 40-mm carapace width. It is therefore 
possible that the immature stages have different habits 
or  live in depths or habitats other than those occupied 
by the adults. However, several juveniles, tentatively 
identified as belonging to this species, were recovered 
from stomachs of the red hind, Epinephelus guttatus, 
captured in reef areas at Pedro Bank. 

Williams (1965) states that this species is often found 
around rocks, in shallow water and to  depths of 179 m. 

Bionomics and Life History 

The only comprehensive accounts of the biology and 
life history of tropical majiids, of which the present 
author is aware, are those by Hartnoll (1963, 1965). 
There is no previous account of the biology of Mithrax 
spinosissimus, but one of the species studied by Hartnoll 
(M. sculptus) appears to conform to  the general char- 
acteristics of the family and it might therefore be 
presumed in the absence of evidence t o  the contrary that 
the biology and life history of M. spinosissimus might 
likewise follow the same basic pattern. Nevertheless, it 
should be emphasized that M. spinosissimus is by far the 
largest species of tropical spider crab and for this reason 
might differ in some important respects. 

REPRODUCTION 

Hartnoll (1965) has pointed out that, as far as is 
known, species of spider crabs undergo a molt of puberty 
which is the final molt and thereafter the crabs enter a 
terminal anecdysis and no further growth occurs. He 
shows that the size at which this terminal molt occurs 
can vary very widely in a population. Copulation can take 
place at any time after the terminal molt has occurred, 
and it is not necessary that the female be in the "soft- 
shelled" condition for this to  be successful. The females 
are able to produce several batches of eggs in rapid 
succession, fertilized by sperms which are stored in 
spermathecae. The sperm remain viable for an extended 
period and it is therefore likely that it is necessary for 
these species to  mate only once in their lifetime. 

The incubation periods of the species studied by 
Hartnoll (1965) in Jamaican waters varied between 11 
and 14 days, but these included only one species of 
Mithrax (M. sculptus) and all were very much smaller 
than M. spinosissimus. Hatching of the eggs occurred at 
night. 

The sexes are separate and strongly dimorphic: the 
males are larger and have larger chelae than the females. 
Table 16.5 shows the size frequency distributions of 
male and female M. spinosissimus captured in fish traps 
(4.13 cm mesh) at the Port Royal reefs, and the per- 
centage of each size class (carapace width or CW) of 
females found carrying eggs. The males had a mean size 

of 133.4 mm CW and a modal size of 135 mm CW. 
Individuals of up to  160 mm CW are very common and 
the largest specimen observed measured 175 mm CW 
and weighed 2,425 g. In contrast, the mean size of 
females was 122.8 mm CW, but the modal size of the 
females was the same as that of the males. The largest 
female (which had only recently molted) measured 154 
mm CW and weighed 1,140 g. 

Table 16.5. Length-frequencies of male and female Mithrax 
spinosissimus and the proportion of egg-bearing females in suc- 
cessive size-classes. All specimens from Jamaican waters. 

Carapace No. captured Berried females 
width Percentage 
(mm) Males Females Number of total 

- 

Totals 141 7 1 35 

- 
- 

0 
0 

22 
69 
60 
5 5 

LOO 
0 
- 

- 

The smallest berried female measured 106 mm CW 
and weighed 540 g. However, as only a few females 
smaller than this size were ever captured this is not 
necessarily the smallest size at which the species matures. 
No observations were made of the state of maturity of 
males. 

Berried females were found in every month with no 
discernable maxima and spawning might therefore be 
continuous after the terminal molt is completed. 

The fertilized spawn, which are about 1 mm in 
diameter, are attached t o  the pleopods and are deep red 
in the early stages of development and change to an 



orange-brown color as embryogenesis proceeds. The 
incubation period was not determined. The fecundity 
was not estimated, but is likely in excess of 50,000 for 
an average-sized female. 

PRE-ADULT PHASE 

Spider crabs appear to  normally undergo a fairly 
abbreviated larval life, hatching as a pre-zoeal stage, and 
passing through two zoeal stages and one megalopa stage 
before settlement as small crabs. 

There is no  information whatever on the pre-adult life 
history of  Mithrax spinosissimus. The smallest individual 
captured was a male of 66 mm CW (100 g) and, as stated 
previously, it appears possible that the juveniles occupy 
a different habitat from that of the adults, and only 
enter the coral reef environment at sizes approaching 
maturity. Alternatively, the juveniles might live in the 
reef environment but have different habits which pre- 
clude their capture in traps. Several juveniles (20 to  30 
mm CW) were recovered from stomachs of the red-hind 
Epinephelus guttatus, and presumably might fall prey to  
other predators of similar size and habits. 

ADULT PHASE 

There is no information concerning competitors and 
predators, parasites, longevity or  other aspects of the life 
history of adult Mithrax spinosissimus. It is most likely 
that, like spiny lobsters, they fall prey to nurse sharks, 
turtles, groupers and other large predators, but there is 
no  direct evidence on this point. 

NUTRITION AND GROWTH 

Feeding and Food 

There appears to  be no information on the feeding 
and food habits of tropical species of majid crabs. M. 
spinosissimus is presumably a nocturnal feeder and its 
slow movements suggest that it is not an active predator. 

Hartnoll (1963) found that mqjids in British waters 
were highly omnivorous and algae, hydroids, "crusta- 
ceans", amphipods and decapods were all major com- 
ponents in the diets of various species. Polychaetes, 
gastropods, lamellibranchs and ophiuroids were also 
important. 

unable to  replace autotomized limbs or chelae. 
The molt of puberty is usually accompanied by 

distinct morphological changes in the chelae of the males 
and by a variety of changes in the shape of the abdomen, 
pleopods, sternum and genital apertures of the females. 
Hartnoll observed that the terminal molt might be 
attained over a very wide size range, and differences of 
162% and 3 14% between the minimum and maximum 
sizes (carapace length) of mature males and females were 
found in the case of M. sculptus. 

During the course of this study, the author was 
unaware that spider crabs could be classified as pre- or 
post-puberty according t o  external morphological 
criteria and such data were therefore not sought when 
catches were examined. However, if M. spinosissimus 
conforms in its characteristics with other species of the 
genus then the molt of puberty is attained by females 
at sizes between 106 mm CW (the smallest bemed female) 
and 154 mm CW (the largest "soft" or recently molted 
female; incidentally, also the largest female captured). 
The mean size of bemed females was 125.3 mm CW. 

Relative growth patterns 

The relationships between carapace width (CW) in 
mm and total weight (W) in g are described by the 
following equations: 

males : W =0.000181 C W ~ . ~ ~ ~ ~  
females: W =0.000280 C W ~ - ~ ~ ~ ~  

Growth of the females is thus very nearly isometric 
but that of males is slightly allometric, probably mostly 
as a result of  the development of the massive chelae in 
the later stages of growth. Rathbun (1902) states that 
young specimens are relatively more elongate and have 
longer horns than the adults. 

Maximum size 

The largest male measured 175 mm CW and weighed 
2,425 g. The largest female, which was recently molted 
and still "soft-shelled", measured 154 mm CW and 
weighed 1,140 g. Williams (1 965) states that males attain 
184 mm CW and 170 mm carapace length. The largest 
female reported by him was only of 80 mm CW. 

Age and growth- 
Growth Rates 

HartnoU (1963, 1965) has discussed molting and 
aspects of the relative growth of a number of species of 
maid crabs. In all of the species studied by him it 
appears that after the molt of puberty, no further 
molting or growth occurs. Specimens which have entered 
the terminal anecdysis (i.e., mature specimens) are 

There is no previous information on the age and 
growth of this species. The size-frequency distributions 
of  male and female M. spinosissimus captured at the 
Port Royal Reefs showed no discernible modal pro- 
gression between November 1969 and February 1972. 
This is not unexpected as most of these specimens had 
presumably reached the terminal anecdysis. 



BEHAVIOR all could be picked up without eliciting any response 
other than slow movements of the limbs when raised 
clear of the substratum. The only strong response 

Only limited numbers of solitary Mithrax spinosissi- evoked was that of a large male which retaliated by 
mus were seen on reefs during the course of this study. vigorous use of the large chelae when the author at- 
None showed any reaction to  the presence of divers, and tempted to  forcibly dislodge it from a coral crevice. 

Populations 

POPULATION STRUCTURES 

Sex Ratios 

A total of 131 males and 7 1 females were captured at 
the Port Royal reefs: a ratio of males to females of 
1.99: 1. The reasons for such a large preponderance of 
males is not understood. The size ranges represented in 
the samples are well above the minimum retainable size 
and the divergence from unity is therefore not a result of 
any gear selection factors. Behavioral factors or a true 
biological imbalance must therefore account for the 
observed sex ratio. 

Age and Size Compositions 

The absolute age of specimens of M. spinosissimus 
cannot be determined and there is no information on the 
age composition of the catches. 

If this species resembles other majids and reaches a 
terminal anecdysis coincident with maturity, the ascend- 
ing limb of the size frequency distribution of the catch 
(Table 16.5) shows the sizes at which the species is 
recruited to  traps in the particular habit which was 
fished, but the descending limb is compounded of the 
range of sizes at which the final molt is attained and 
the size frequency distribution of that portion of the 
population which is immature and is still actively grow- 
ing. As immatures were not distinguished in this study, 
the two components of the size frequency distribution 
cannot be separated. 

The mean size at recruitment to  the Park Royal 
fishery is 122 mm CW (males 727 g, females 65 1 g) for 
both males and females, and both sexes are fully recruited 
t o  the fishery at 1 35 mm CW. 

Forty-nine per cent of the females camed eggs and 
the size distribution of these mature females was similar 
to  that of the non-bemed females-most of which were 
presumably immature. This suggests that recruitment t o  
the fishery is related to the initiation of maturation of 
the gonads. 

ABUNDANCE AND DENSITY 

Seasonal Abundance 

A marked seasonal trend in the relative abundance of 
M. spinosissimus is apparent in the data. Catches were 
zero or negligible in January and February of 1970, 

197 1 and 1972, and the availability index (Munro 1974) 
reached maxima in March or  April, June or July and 
November or December in 1970 and 1971. There is no 
known factor which might be responsible for such an 
annual cycle, and the coincidence of the maxima in the 
two years might be fortuitous. 

Relative Abundance 

The total catch of M. spinosissimus at the Port Royal 
Reefs amounted t o  219 crabs weighing 21 3.4 kg, from a 
total effort of 14,066 trapdays (2 and S traps) equi- 
valent to a catch rate of 27 crabs per 1,000 hexagonal 
trap-nights. 

The catch rates at Pedro Bank were very low, being 
zero at the Pedro Cays area and Eastern Pedro Bank and 
2.9 and 2.7 crabs/ 1,000 hexagonal trap-nights at Southern 
and Western Pedro Bank, respectively. California Bank 
yielded 13.1 crabs/1,000 h. t-n and the South Jamaica 
Shelf 20.4 crabs/ 1,000 h. t-n. 

Catch rates were generally greatest in the most 
intensively exploited areas, with the exception of the 
Pedro Cays area where none were taken. It appears likely 
that the difference is caused by reduced predation in 
areas subjected to  heavy exploitation. 

NATALITY AND RECRUITMENT 

There is no  information concerning natality and the 
recruitment rates t o  the fishery. 

DYNAMICS OF THE POPULATIONS 

Data for this species are inadequate to  make any sort 
of assessment of the dynamics of the populations. It 
appears possible that the relatively great abundance of 
the species in nearshore Jamaican waters is a direct result 
of reduced predation, caused in turn by the intensive 
fisheries. 

Males outnumber females in the catch by about 2: 1 
and are the most sought-after components of the popula- 
tions; the fishery would therefore not suffer greatly 
from conservation measures directed at protection of the 
females. If, as is the case with other majiids, a single 
mating is all that is required to  ensure fertilization of 
successive batches of eggs, then protection of all berried 
females would be worthwhile and could serve to  enhance 
recruitment rates. 



As there is no information on mortality rates, it is not 
possible to  assess the optimum sizes at which the species 
should be harvested, but the species only becomes 
available to  the fishery at a mean size of 122 mm CW 

D. OTHER CRUSTACEAN RESOURCES 

and growth probably ceases soon thereafter, and it 
therefore seems likely that the fishery is t o  a large extent 
self-regulatory . 

Several species of crustaceans are either of minor 
importance or  of potential major importance in the 
Jamaican trap fisheries and are discussed below. They 
include Justitia longimana (Palinuridae) and Scyllarides 
aequinoctialis (Scyllaridae). A large, unidentified species 
of xanthid crab, known locally as the "queen crab", 
occasionally yields modest catches, and caridean prawns, 
which have not been identified beyond the family Pan- 
dalidae, appear to be very abundant on the deep slopes 
below the drop-off in depths exceeding 200 m. 

Several specimens of Justitia longimana (40 t o  50 mm 
CL) were taken at Discovery Bay, on the south coast of 
Jamaica at depths of 30 to  170 m. All were captured in 
traps, and none have ever been observed by divers. 
Presumably they secrete themselves deep within the reef 
by day. Nothing is known of the biology of this small 
species. Its large raptorial chelae suggest that it might be 
an active predator. 

Specimens of Scyllarides aequinoctialis were occasion- 
ally captured in traps at the Port Royal Reefs, but only 
three were taken at Pedro Bank and none at California 
Bank. The depth range was from 1 m to  45 m. The 
species is not sufficiently abundant t o  be of much 
commercial importance in any of the areas investigated. 

Specimens of the "queen crab" were captured in 
quantity at Pedro Bank and on the South Jamaica Shelf 
in depths of 25 to  45 m on several occasions. They are 
edible, but do  not appear to  be marketed by the fisher- 
men, and are most often crushed and left in the traps as 
bait. 

It appears possible that caridean prawns (family 
Pandalidae) could become an important resource if 
appropriate techniques are developed for their exploita- 
tion in depths of over 200 m. Several species may be 
present in Jamaican waters. The prawns were captured 
on all occasions with traps set in depths of 200 t o  400 

m on the slope below the drop-off of the northern and 
southern Jamaican shelves. It most cases the traps were 
of 4.13 cm mesh and the only shrimp retained were 
those which had become entangled in the mesh work, 
but on two occasions a trap covered with an outer layer 
of 1.27 cm mesh was set in these depths and produced 
modest catches of shrimps despite the fact that most of 
the shrimps escaped from the trap and could be seen 
dropping through the meshes when the trap was hauled 
t o  the surface. 

The stomachs of specimens of Epinephelus mystacinus, 
Brotula barbata and various sciaenids captured in these 
depths often contained caridean prawns which are 
clearly a major food resource for such predators. 

In the Indian Ocean, at Reunion Island, trap fishing 
for species of Parapandalus, Plesionika and Heterocarpus 
in depths of 100 to  800 m, has been shown by Lebeau 
(unpublished report) t o  have some commercial potential, 
and there are reports of similarly promising investigations 
undertaken in the Pacific at the Hawaiian Islands, Guam 
and the New Hebrides. Heterocarpus ensifer appears to 
be the most abundant species. Lebeau found that catches 
of about 1 t o  8 kg of pandalid shrimps per m3 of trap 
size (most traps had a volume of about 0.5 m3) could be 
taken in all depths from 105 to  795 m in waters around 
Reunion, and most depths yielded about 3 kg/m3. 

Various set-line systems using strings of small light- 
weight traps and a mesh size of not more than 10 mm 
should be tested in Jamaican waters at the earliest 
opportunity. This aquatic resource, if shown t o  be of 
significant size, lies within reach of the unmechanized 
canoe fleets of the north, southwest and southeast coasts 
of Jamaica, .and even if only modest catch rates are 
possible could result in the development of an economic- 
ally viable fishery. 



CHAPTER 17: 

BIOLOGICAL AND ECOLOGICAL 
CHARACTERISTICS OF 

CARIBBEAN REEF FISHES 

by 
J.L. Munro 

(March 1975) 

Introduction 

The purpose of this chapter is to summarize the basic 
features of the biological and ecological data on com- 
mercially important Caribbean reef fishes which have 
been presented in the preceding chapters, with the final 
objective of utilizing these data to assess potential yields 
and to evaluate possible management techniques for 
the multispecies Caribbean coral-reef fisheries, which are 
exploited mainly by means of wire-meshed Antillean fish 
traps (Munro 1969; Munro et al. 1971) and secondarily 
by means of hand-lines, seine nets and by spearfishing. 

It is also of interest to attempt to ascertain the degree 
to which species, groups or families of fishes have 
characteristics in common such as common spawning 
seasons, catchabilities, natural mortality rates, growth 
rates, fecundities, sizes at maturity, or juvenile nursery 
grounds, or, conversely, to examine the degree to which 
such features differ within the exploited section of the 
coral-reef fish community. It, appears likely that the 
differences in the compositions of various exploited reef 
fish communities (described in Chapters 4 and 5), are 
the result of the biological or ecological characteristics 
and of differential fishing mortalities of the constituent 
species, and that a complete understanding of the dyna- 
mics of the exploited communities will only be achieved 
when these features have been exhaustively studied. 

In perusing the data presented in the following pages, 
it is most important that the reader bears in mind that 
the estimates of biological, ecological and fishery para- 
meters are almost entirely based upon the results of a 

3 112-year research program and virtually no previous 
data, other than of a most generalized nature, have been 
available. Sample sizes have varied widely, and, even for 
the most abundant species, many of the estimates 
of biological parameters can only be regarded as approx- 
imations. Sample sizes and the general adequacy of the 
sampling program for each species are discussed in 
Chapters 6 to 16, from which the reader might make his 
or her own evaluations. Additionally, in the tables which 
accompany this chapter, some indication is given of the 
degree of confidence which might be attached to the 
various estimates. 

Over 200 species of fishes are landed and marketed 
by Caribbean fishermen and most of these species are 
associated with reefs or coralline areas. About seventy of 
these species, in ten families, have been discussed in 
some detail in Chapters 6 to 16 and these species col- 
lectively constitute over 90% of all landings from the 
coralline shelves of most parts of the Caribbean and 
adjacent regions. The most important reef fish species 
in Jamaican waters are listed in Table 17.1, the rough 
criterion for inclusion in this list being that each species 
constituted more than 1 .O%O by weight of the total catch 
in traps or on lines in at least one of the areas investigated, 
and that they have some commercial value. 

The greatest part of the shelf area over which com- 
mercially valuable species are distributed lies in depths 
of less than 40 m. Most of the area lying below 40 m and 
above the edge of the bathyal zone at about 300 m is 



comprised of very steep slopes and is located beneath a 
very narrow strip of surface water. This habitat is 
occupied by a fish fauna in which snappers, groupers, 
jacks and sharks are predominant (see Chapter 4), 
and few of the species found in this region are also 
found on the shelf in depths of less than 40 m (with the 
exception of juveniles of a few species). 

The shelf fauna appear to be quite generally distri- 
buted, both in a geographical sense and with respect to 
depth. Few species appear to be confined to either the 
shallows or to the deeper portions of the shelf although 

habitat or depth preferences are apparent in a number of 
species. A large proportion of the species appear to move 
progressively into deeper water with increasing size, but 
shallow waters are not essential as nursery areas in most 
species. This is shown by the fact that isolated oceanic 
banks having least depths of about 30 m are inhabited 
by most of the economically important demersal species. 
The parrotfishes (Scaridae) are the only group in which 
most of the species appear to be confined to depths of 
less than about 20  m. 

The Biological Characteristics 

The various biological parameters estimated for each 
species are listed in Table 17.1. These include estimates 
of asymptotic sizes, 1ength:weight relationships, coeffi- 
cients of growth (K) and natural mortality (M), the ratio 
M/K, fecundity (e) (eggs per gram body weight) and 
size at maturity. 

The fishery parameters, including calculated size 
retainable in 4.13-cm mesh traps, observed mean lengths 
at recruitment to that mesh size, mortality rates in 
exploited areas and estimates of catchabilities are given 
in Table 17.2 for species for which such data are available. 
Parameters shown in brackets can only be described as 
informed guesses and all parameters require further 
investigation. 

species for which the mean length at maturity has been 
accurately determined, the ratio 1,/L, lies between 
0.37 and 0.76. The average value is about 0.5, and there 
is some tendency towards an inverse relationship between 
this ratio and the asymptotic length. 

The few fecundity estimates which have been made 
do not permit the formation of any general conclusions 
regarding reef fish fecundity, other than to observe that 
for most of the species considered, mean fecundity 
counts of 200 to 500 eggslg body weight appear to be 
the most usual order of magnitude (Table 17.1). This is 
not strikingly different from that of many demersal 
species inhabiting temperate waters. 

GROWTH 
REPRODUCTION 

A high degree of uniformity in reproductive patterns 
is apparent in the species. With the exception of the 
groupers and angelfishes, which are protogynous herma- 
phrodites (Chapters 7 and 121, all commercially impor- 
tant species appear to be bisexual. Most species, with the 
possible exception of the balistids, appear to have exter- 
nally fertilized planktonic spawn, produced by aggrega- 
tions of spawning fishes (Randall and Randall 1963). 
These spawning aggregations appear to often be located 
on promontories on the seaward edge of a reef system, 
as far out in open water as is possible without actually 
leaving the reef. 

Almost all of the species have a main spawning season 
in Jamaican waters from January to May, with the 
maximum in March or April and a second, much less 
intensive, spawning in September to October. The 
groupers spawn exclusively in the period from December 
to April. These spawningperiods have not been correlated 
with environmental factors (Munro et al. 1973). 

The mean size at sexual maturity has been determined 
for most of the species listed in Table 17.1. Although 
the age at maturity is not known with any precision for 
any species, it seems likely on the basis of known growth 
rates that most of the small species mature for the first 
time at the end of their first year of life and that some 
of the larger species such as snappers, jacks, and groupers 
might mature in their second or third years. For those 

Growth rates have been estimated by conventional 
techniques such as the Petersen method and in a few 
cases by proportionality of marks on scales and otoliths. 

In the case of length frequency data for estimation of 
modal progressions, the main problem was the acquisition 
of sufficiently large samples of individual species, 
regularly spaced over extended time periods. The num- 
bers of fishes measured were fully adequate for only a 
few species, and in most cases the data had to be analyzed 
on a bi- or tri-monthly basis in order to obtain length- 
frequency distributions based on reasonable numbers of 
fishes. 

There was some evidence that marks on scales and 
otoliths could be utilized for estimation of age and 
growth of a substantial proportion of the species encoun- 
tered. However, such marks are, with a few exceptions, 
not nearly as clearly discernible as those found in 
temperate waters, and would require very detailed and 
laborious studies to  produce useable estimates of age and 
growth. The scientific manpower available during 
these investigations was insufficient to  permit such 
studies but, given the basis provided by the present 
investigations, could be expected to form an important 
part of any future studies. 

The estimates of the coeffficient of growth, K, 
indicate that growth is relatively rapid in comparison 
with temperate-water species. However, none of the 
species considered here have the exceptionally rapid 



rates of groyth which are found, for example, in the 
tropical freshwater groups such as Tilapia spp. or  the 
Indian and Chinese carps. 

MORTALITY 

Estimates of the mortality rates of the species captured 
during these investigations have been based on the 
length-frequency distributions of catches by using the 
Beverton and Holt (1956) formulation 

Z =K (Lm -?)lo - 1,) 

in which 

Z is the coefficient of total mortality, 
K is the coefficient of growth 
L, is the asymptotic length 
I, is the smallest size at which the fishes are fully 

- represented in the catch and 
I is the mean length of all fishes between I, and L,. 

This formulation has not been widely used. Most 
investigators have preferred the more laborious, but 
perhaps more accurate, method of deriving estimates of 
mortality rates from the age compositions of samples of 
catches, where such data have been available. Some 
doubts have also been cast upon the validity of such an 
"elementary" method of estimating Z. However, Le 
Guen (1971) has shown that estimates of Z based upon 
age compositions and upon lengthdistributions of 
samples of Pseudotolithus elongatus from the Gulf of 
Guinea are nearly identical and, provided that growth 
over the exploited range is reasonably well described by 
the von Bertalanffy growth equation, the above equation 
will yield quite accurate estimates of Z. As with any 
other estimate based upon samples, it is likely that very 
large samples will enhance the accuracy of the estimates. 

Additionally, estimates of Z have been derived from 
the mean weights of individuals in the catches. These 
estimates are not included in Chapters 6 to  16 because 
the compilation of data on trap catches in various areas 
(Chapter 5) was not complete at the time that the bulk 
of these chapters were in preparation. 

The equation for deriving the mean weight of individ- 
uals in the catch is 

(Gulland 1969) 

in which the mean weight (w,) is a function of the 
asymptotic weight (W,), the growth rate (K), the total 

mortality rate (Z) and the age at entry to  the exploited 
phase (t,). Un is the summation variable in which Uo = 
l , U l = - 3 , U 2 = 3 a n d U j = - 1 .  

Curves or tabulations showing the relationships 
between W, and Z have been prepared for those species 
for which the growth rates are known and estimates of Z 
then derived from the observed mean weight of individ- 
uals in catches from various areas. Estimates so derived 
are indicated by an asterisk in Table 17.2. The accuracy 
of such estimates of Z is much dependent upon the 
estimates of W, having been based upon catches which 
were evenly distributed throughout the year or which 
have been appropriately weighted to  allow for seasonal 
changes in condition and the growth of year classes. 
However, condition factors are not subject t o  very large 
variation in tropical waters. For the species listed in 
Table 17.2 there are, with some notable exceptions, 
large measures of agreement between the estimates of Z 
derived from length distributions and those derived 
from mean weights. 

Natural Mortality Rates 

A coral-reef fish community normally contains a 
complete spectrum of fish species, ranging from major 
predators such as sharks, mainly piscivorous species such 
as groupers, snappers and jacks, omnivores such as grunts 
and purely herbivorous or at least non-piscivorous 
groups such as parrotfishes and surgeonfishes. Most 
species are resident upon the reefs from a very small size 
and are liable to predation by larger fishes throughout 
most of their lives, but the likelihood of death by 
predation will decrease with increasing size. Predatory 
species will themselves be liable to  predation throughout 
all of their life cycle, the only likely exceptions being 
the largest adult sharks. Most species will therefore 
suffer great reductions in their numbers as a result 
of predation. 

The traditional concept of trophic structure is there- 
fore largely inapplicable and, with the exception of the 
herbivorous species, the position of a fish in the trophic 
pyramid is largely determined by its size. Most species 
contribute to  the biomass of predators in accordance 
with their numbers, average size and their proclivity t o  
the piscivorous habit. All species form part of the pool 
of prey in accordance with their numbers and average 
size. 

Beverton and Holt (1957, p. 169) have considered in 
some detail the theoretical basis for calculating the 
effect of exploiting two interdependent populations 
either in competition with each other or in a predator- 
prey system. However, their equations are not suitable 
for application t o  a highly complex coralreef community 
and cannot be used in the present analysis, mostly 
because of the large numbers of species involved. 

The present estimates of natural mortality rates 



Table 17.1. Biological characteristics of selected species of Caribbean reef fishes. Notation is as follows: a and b, respectively the constant and the expc 
equation ON = a ~ ' )  when weight 0 is measured in grams and length (L) is measured in cm; K, the coefficient of growth; L, and W,, the asymptoi 
the coefficient of natural mortality in an unexploited population (at Pedro Bank);e, the average number of eggs produced per gram of total body wei, 
at maturity of females; R', the recruitment index at Pedro Bank and at  the South Jamaica Shelf; lr, the mean length at  recruitment to traps with 4.13 CN 

are approximations. 

L~ w, %I Pedro Banl 
a b K (cm) (P) Mo Mo/K Z (cm) Im/L, R' 

Serranidae 
Cephalopholis fulva 
Epinephelus guttatus 
E. strintus 
Petrometopon cruentatum 
M.vcteroperca venenosa 

Carangidae 
Caranx ruber 
C bartholomaei 
C. latus 
C. lugu bris 
C f u p s  

Lutjanidae 
Lutjanus apodus 
L. buccanella 

L. vivanus 
Apsilus dentatus 

Pomadasy idae 
Haemulon album 
H. flavolineatum 
H. sciurus 
H. plumieri 
H. melanurum 
H. aurolineatum 



Table 17.1 (continued) 

Mullidae 
Pseudupeneus maculatus d .0099 

9 .0552 
Mulloidichthys martinicus d .0820 

9 .0089 

Chaetodontidae 
Holacanthus tricolor - 

H. ciliaris - 

Pornacanthus armatus - 

Scaridae 
Scams taenwpterus - 

Sparisoma chrysopterum .0093 
S aum frenatum .0129 
S. viride .0537 

Acanthuridae 
Acanthurus coeruleus .0278 
A. chirurgus .0221 
A. bahianus ,0191 

Balistidae 
Balistes vetula .0516 
Crrnthidermis suf$lamen .0599 

Note: Parameters for C fulva changed in this edition. See Table 7.17.  



Table 17.2. Summary of fishery parameters estimated for the commonest species in the Jamaican trap fishery. Notation is as follows:ir, calculated and ob 
ment to  traps with 4.13 cm wire mesh; Mo, coefficient of natural mortality in unexploited stocks at Pedro Bank; Z, coefficient of total mortality; F, coeffici 
catchability (the amount of fishing mortality generated by a fishing intensity of 1 canoe/km2). Values in brackets are approximations. Mortality estimate: 
been derived from the mean weights of individuals in the catches. 

Pedro Cays California Bank PC 
Calculated Observed - - f =  0.15 canoes/km2 f = 0.38 canoes/km2 f = l  

I r 4 Mo z I: q z I: q z 

Serranidae 
Cephalopholis fu11.a 
Epinephelus guttatus 
E. striatus 
Mycteroperca venenosa 

Carangidae 
Caranx ruber 

Lutjanidae 
Lutjanus apodus 
Ocyurus chrysums 

Pomadasyidae 
Haemulon album 
H. flavolineatum 
H. sciums 
H. plumieri 
H. melanumm 
H. aurolineatum 

Mullidae 
Pseudupeneus maculatus 
Mulloidichthys rnartinicus 

Scaridae 
Scams taenioptems 
Sparisoma chrysoptemm 
S. auro frenatum 
S. viride 

Acanthuridae 
Acanthums coemleus 
A. chimrgus 
A. bahianus 

Balistidae 
Balistes vetula 

Note: Mortality rate of C fulva changed in this edition. See Table 7.17. 



(Table 17.2) have been based upon the length frequency 
compositions of catches taken at unexploited parts of 
Pedro Bank. The mortality rates are relatively high and 
undoubtedly reflect the great abundance of predatory 
species in such areas. As a general case it can be suggested 
that the following equation adequately describes the 
situation: 

in which M is the natural mortality from all causes, Mx is 
natural mortality caused by factors other than predation, 
P is the biomass of predators and g is the amount of 
mortality generated in the prey population which is 
caused by one unit of biomass of predators. With the 
exception of communities from which predators are 
virtually absent, the value of Mx will usually be extremely 
small, as any fish which is striken a result of disease, 
injury or lack of food becomes highly vulnerable to 
predation. Thus, for most natural communities, M LZ gP. 
The above equation is directly analogous to  the expres- 
sion, F =qf ,  used for describing fishing mortality, F, in 
which q is the catchability, or amount of mortality 
generated by one unit of fishing effort, f. Thus the 
mortality rates in a population of prey are directly 
proportional to the abundance or biomass of the pre- 
dators. When predator and prey are concurrently ex- 
ploited, the biomasses and abundances of both groups 
will decline exponentially in response to increases in 
fishing effort. The natural mortality rate of the prey 
species wiU therefore also decline exponentially. How- 
ever, certain compensatory effects will occur: 

(a) The numbers of the prey species will not decline 
as rapidly as those of the predators, because the natural 
mortality of prey wiU have decreased. 

(b) The growth rates of the prey species will be 
enhanced as a result of decreased competition. 

(c) The ratio of predators to  prey will decrease thus 
reducing competition between predators for the avail- 
able prey and possibly enhancing growth rates of pre- 
dators. 

(d) The predators will be of smaller average size and 
survival of the largest prey species will be differentially 
improved, thus producing relative increases in the 
biomass of prey species. 

As a result of the complexity of these interactions the 
exact magnitude of the changes in natural mortality 
rates which might result from exploitation are not 
calculable. However, it is possible to make generalized 
estimates of the magnitude of the decreases in natural 
mortality rates in exploited areas by comparing the 
relative abundances of predatory species in various areas. 
The trap catch rates of predatory species have therefore 
been calculated, and expressed as catch in kg per 1,000 
hexagonal traps (Munro 1973) set for one night. Groups 
classed as major predators for this purpose include all 
species of sharks, lizardfishes (Synodontidae), eels 
(Gymnothorax spp.), the trumpetfish (Aulostomus 
maculatus), Sphyraena barracuda, hinds and groupers 

(Epinephelus spp. Cephalopholis fulva, Petrometopon 
cruentatum and Mycteroperca spp.), the tilefish (Mala- 
canthus plumieri) and all species of jacks (Caranx and 
Seriola spp.) and snappers (Lutjanus spp. and Ocyurus 
chrysurus). The relative total biomasses of these species 
were as follows: 

Kg/1,000 hexagonal Relative 
Area trap-nights biomass 

Unexploited Pedro Bank 718.3 1.00 
Pedro Cays area 355.8 0.50 
California Bank 188.9 0.26 
S. Jamaica Shelf 161.0 0.22 
Port Royal reefs 

(unbaited traps) 53.7 0.14 (0.07 x 2)* 

*(The adjustment of the Port Royal Reefs catch rate allows 
for the fact that unbaited traps were used and that baiting 
doubles availability; Munm 1974). 

It should be noted that the Port Royal Reefs are 
contiguous with the S. Jamaica Shelf, and it is likely that 
many species move onto the shelf and thus into an area 
which has more predators. For the purpose of estimating 
the relative amounts of fishing and natural mortalities in 
exploited areas, the natural mortality rates determined 
for unexploited parts of Pedro Bank have been reduced 
by a factor of 0.50 for the Pedro Cays area, 0.26 for 
California Bank, 0.22 for the South Jamaica Shelf, and 
0.14 for the Port Royal Reefs. 

The estimated natural mortality rates in the unex- 
ploited reef environment are remarkably high in com- 
parison with those commonly found in temperate waters 
but this is not surprising when due recognition is paid to 
the trophic structure of the reef fish community and the 
relatively great biomass of predatory species (Talbot 
1965; Odum and Odum 1955; Hiatt and Strasberg 
1960). 

Fishing Mortality Rates 

Figure 17.1 illustrates the relationships which exist 
between natural mortality rates (M), fishing mortality 
rates (F), and total mortality rates (Z), at different 
levels of fishing effort, if natural mortality rates in the 
reef fish community change in the manner suggested 
previously. 

It is clear from this figure that fishing mortality rates 
and catchability cannot be derived from conventional 
techniques of regression of estimates of Z against fishing 
effort (Widrig 1954). Instead, estimates of F must be 
derived as F = Z - M for each level of fishing effort. 
Results of such calculations are given in Table 17.2. 

Estimation of Fishing Effort 

Figure 2.3 shows that there is a negative linear 
relationship between the logarithm of the annual catch 



fishing effort at the Port Royal Reefs, 

V 

Fishing effort - 
Fig. 17.1. Theoretical interrelationships between natural mortal- 
ity rate (MI, fishing mortality rate (F) and total mortality rate 
(Z) which will exist if natural mortality rates in an exploited 
community decline as a result of concurrent exploitation of pre- 
datory species. 

(of all neritic species) per canoe (C,/f) and the fishing 
intensity, f, expressed as canoes/km2, i.e. 

in which m, the slope of the regression is -0.1468 and c, 
the y-axis intercept, is 3.5714, equal t o  the logarithm of 
a theoretical initial catch of 3,727 kglcanoelyear. 

The only other indications of relative abundance of 
the fish stocks in the areas investigated are the "avail- 
abilities" calculated by the methods of Munro (1974). 
These refer to the theoretical average weight of f ihes  
which will enter a trap which is set for one day. The 
calculated values are as follows: 

Southern Pedro Bank A, = 3,795 g 
Eastern Pedro Bank Aw = 3,455 g 3,083 g 
Western Pedro Bank A, = 1,998 g 
Pedro Cays area A, = 2,930 g 
California Bank AW = 986 g 934g  
South Jamaica Shelf A, = 882 g 
Port Royal Reefs 1 

(unbaited traps) A, = 317 g x 2 = 634 g* 

*Adjusted to account for use of unbaited traps. 

The only area common to the two sources of data is 
the South Jamaica Shelf (including California Bank) 
where the estimated annual catch per canoe (Cw/f) is 
3,279 kg and the availability A, is estimated at 934 
g/day. The equivalence between these relationships is 
Cw/f = 3 S l l  A,. 

The expected catch rate at the Port Royal Reefs is 
therefore 634 x 3.5 11 =2,226 kg/canoe/year. Therefore, 

f =(log 3727 - log 2226)/0.1468 
= 1.52 canoes/km2 

At unexploited parts of Pedro Bank, the mean 
availability, A,, is 3,083 g and the theoretical initial 
catch per canoe is 3.5 1 1 x 3,083 = 10,824 kg/canoe/year. 
This is almost three times greater than that estimated for 
the fishery around the coasts of Jamaica, and suggests 
either that recruitment to the nearshore Jamaican reefs 
has been adversely affected by the fishery, or that the 
stocks at the oceanic banks are naturally greater. The 
relationship shown in Fig. 2.3 should nevertheless hold 
and as availability at the Pedro Cays area was 2,930 
g/day, the fishing effort in the sampling area can be 
calculated as follows: 

f = 
log(3.5 11 x 3083) - log(3.5 11 x 2930) 

0.1468 

It is most strongly emphasized that the above calcula- 
tions of fuhing effort cannot be regarded as definitive, 
and are merely useful approximations which are in 
rough accordance with the expected values for fishing 
intensity. 

The approximate relative amounts of commercial 
fishing effort at the sampling stations are therefore as 
follows 

Pedro Cays area 0.15 canoesfkm2 
California Bank 0.38 canoes/km2 
South Jamaica Shelf 
Port Royal Reefs 1 .52 canoes/km2 

Catchability 

Estimates of catchability, q, have simply been derived 
for the exploited Pedro Cays area, California Bank and 
the Port Royal reefs from the following formula: 

Z - P w M o  
q =  f 

in which 

Z is the total mortality rate in each area 
Pw is the relative biomass of predators 
Mo is the natural mortality rate at unexploited 

parts of Pedro Bank, and 
f is the estimated fishing intensity, expressed as 

canoes/km2. 

With some exceptions, the resulting estimates of q 
(Table 17.2) are quite variable and can only be regarded 
as first approximations to the true values. The estimated 
values lie between 3.4 and 7.0, implying that a single 
canoe fshing with traditional techniques, is capable of 



generating mortalities per square kilometer of 97% 
to 100% per year in most species. As fishing intensity on 
the narrow northern shelf of Jamaica exceeds 5.5 
canoes/km2 in some areas, and averages 3.4 canoes/km2, 
the resultant annual fishing mortality rate is in excess of 
99% for all species, and the rate of exploitation ap- 
proaches unity in most areas. 

In contrast, fishing intensity on the wider southern 
shelf averages 0.38 canoes/km2, but this is still sufficient 
to generate instantaneous fishing mortality rates, F, of 
1.3 to 2.7 in most species and corresponding annual 
fishing mortality rates of 73% to 93%. 

RECRUITMENT RATES 

Estimates of annual recruitment to the stocks are not 
available for any species, there being no statistics of 
landings available. Recruitment has therefore been 
expressed on a relative basis, and a recruitment index 
(R') calculated which is equal to the theoretical number 
of recruits required to produce the observed catch rate 

(numbers per 1,000 hexagonal traps set for one night). 
Such estimates are derived simply as R' = (C/f)Z for 
various areas and the median estimates for each species 
at Pedro Bank and/or the South Jamaica Shelf are given 
in Table 17.1. 

Recruitment rates tend to be greatest at Pedro Bank, 
but some of the smaller species such as grunts and 
surgeonfishes have relatively more recruits in the ex- 
ploited areas. This suggests that predation upon juveniles 
might be an important factor determining recruitment 
rates and that if the Pedro Bank stocks are exploited, the 
patterns of recruitment will shift in favor of the prey 
species. This statement does not mean that ecological 
factors do not influence recruitment. For example, the 
relatively great abundance of parrotfishes on the South 
Jamaica Shelf undoubtedly reflects the presence of 
extensive shallow reefs which are absent from Pedro 
Bank. 

It is emphasized that the estimates of the recruitment 
index are in no way precise measures of abundance and 
merely illustrate the likely relative differences between 
species and between areas. 

The Effects of Fishing 

Apart from the changes in the biomass of predators 
and consequent changes in natural mortality and growth 
rates of all species which can be expected to be generated 
by the fisheries, there remain other questions which 
need be elucidated before a full understanding of the 
dynamics of exploited multispecies reek fisheries can 
be gained. 

In particular, the effect of high rates of exploitation 
with small-meshed traps can be presumed to adversely 
influence recruitment. The only available evidence that 
this is so is illustrated by the declining right hand arm of 
the surplus yield curve shown in Fig. 2.4. 

A comparison of the lengths at maturity ( I , )  and the 
mean lengths at which fishes are recruited (I,) to the 
4.13 cm fish traps currently employed in the Jamaican 
fishery, shows that about half of the 37 species con- 
sidered in detail here become catchable well before 
maturity. These include all of the snappers and jacks, 
most of the larger species of grunts and the triggerfish, 
Balistes vetula. Most of the groupers mature before 
recruitment, but transformation to males (they are 
protogynous hermaphrodites) occurs at sizes well in 
excess of the mean recruitment length. If this factor is 

considered in conjunction with the very high rates of 
exploitation mentioned in the previous section, it be- 
comes apparent that negligible numbers of fishes survive 
long enough to spawn in the most heavily exploited 
areas, and that recruitment to these areas might be 
largely dependent upon spawning elsewhere around the 
island, or even elsewhere in the Caribbean (Munro et al. 
1973). 

Any increase in fishing effort in response to relative 
increases in the value of the catch could lead to a virtual 
collapse in the stocks. Indeed, it could be argued that 
this has already occurred on the northern Jamaican 
shelf, where experimental fishing yielded an average 
catch rate of less than 100 g/trap/day, mostly of unmar- 
ketable fishes. Rehabilitation of these stocks can only be 
achieved by either a reduction in the fishing effort, or an 
increase in the mesh size used. The prohibition of the 
use of traps on the narrow northern shelf might also be 
considered, but this would lead to herbivorous species 
and some of the omnivorous species, which are catchable 
only in traps or by s p e a r f i g ,  becoming underutilized. 
These matters are further discussed in Chapter 18. 



CHAPTER 18: 

ASSESSMENT OF THE POTENTIAL 
P R O D U m T Y  OF JAMAICAN FISHERTES 

by 

J .L. M u m  

(April 1975) 

Introduction 

Discussions of the comparative productivity of 
Jamaican fisheries, the nature of the various fisheries and 
an outline of the organization of the fishing industry are 
included in Chapters 1 to 17. A brief recapitulation of 
the situation is given below. 

The fisheries of Jamaica can be divided into three 
basic groups: 

(a) the nearshore fisheries in which canoes are the 
basic operating units, and which exploit the fish stocks 
of the Jamaican shelf and proximal oceanic banks (Fig. 
2.2) by means of traps, hand-lines, gill-nets, seine nets 
and by trolling. 

(b) the trap fisheries based on offshore islands (cays) 
at oceanic banks including Pedro Bank, Morant Bank, 
Bajo Nuevo, Serranilla Bank and Serrana Bank and at 
various cays on the Nicaragua-Honduras shelf (Fig. 2.1). 
These fderies are serviced by carrier vessels which ply 
between Jamaica and the cays. The canoes seldom 
venture more than fifteen miles from their island bases 
and fishing gears other than traps are seldom used. 

(c) the offshore fisheries which exist only in em- 
bryonic form. These fisheries will be based on decked 
fishing vessels operating on oceanic banks and shelves 
remote from any land bases. It has been demonstrated 
that trap fishing at Pedro Bank can be effectively pur- 
sued by using stackable f d  traps (Munro 1973) but 
results of attempts at line fishing supplemented by 
trolling have not been encouraging up to the present 
time (Kawaguchi 1974 and Chapter 4). The evidence 
available at the present time suggests that economically 
viable fisheries in offshore areas will have to be based 

upon trap catches, supplemented by highquality hand- 
line and trolling catches. 

The statistical information on landings and fishing 
effort in these fisheries is very poorly based (see Chapter 
2). The most recent estimates of landings by the near- 
shore fishery are for 1968, when the total catch of 
neritic demersal and pelagic species (including crusta- 
ceans) amounted to an estimated 5,893 t. In addition, 
about 740 t of oceanic pelagic species were landed 
(Vidaeus 1970b). Estimates supplied to the author by 
officers of the Fisheries Division of the Jamaican Ministry 
of Agriculture show that the carrier vessels servicing 
the fisheries at the offshore cays landed about 3,650 t 
in 1973. Of this total, about 680 t originated from the 
Pedro Cays fishery, about 95 t from the Morant Cays 
and about 2,870 t from the cays on the Nicaragua- 
Honduras shelf and adjacent oceanic banks. Mr. E.L. 
Hamblyn (UK Ministry of Overseas Development, 
Fisheries Adviser in Jamaica) estimated that the land- 
ings by the Pedro Cays fishery amounted to 756 t in 
1974. In addition to the foregoing, about 300 t/year 
are said to be landed by vessels engaged in offshore 
operations. The total landings by the Jamaican fishing 
industry therefore amounted to about 10,00~11,000 t 
in 1974. 

It is known that almost all of the landings of the 
carrier vessels are derived from fishing by means of 
Jamaican Z traps. In the case of the nearshore fisheries, 
the relative contributions of the various fishing gears to 
the total catch are not known with any precision. The 
1968 survey of this f d e r y  indicated that trapcaught 



demersal species probably contribute about 65% of the 
total neritic catch (excluding oceanic pelagic species) 
and that about 20% is taken in seine-nets and gill-nets. 
The remaining 15% is taken on hand-lines and a very 
small fraction is caught by spear fishermen. 

For management purposes, the catch of demersal 
species in depths of 5 to  45 m can be regarded as being 
almost entirely harvested by means of traps and the 
fraction taken by means of nets or hand-lines is very 
small. In contrast, most of the catch taken on hand-lines 
is captured over the sill reefs or from the "dropaff '  and 
deep reefs in depths of 45 to 300 m (see Chapters 3 and 
4). Important exceptions to  the above statement include 
the yellowtail snapper (Ocyurus chrysurus) and the 
black-fin snapper (Lutjanus buccanella). 0. chrysurus is 
of major importance in both the fisheries but the greater 
prorportion of the catch is taken in hand-lines. Juvenile 
L. buccanella inhabit the sill reef areas and are exploited 
by the trap fishery before they migrate down the slope 
to  deeper waters. It is likely that the line fishery suffers 
a great reduction in its potential harvest as a result of 
this factor. 

Catches in seine-nets and gill-nets are predominantly 
comprised of pelagic clupeids and carangids, particularly 
the sprat, Harengula humeralis, and the goggleeye scad, 
Selar crumenopthalmus. A small part by weight and a 
numerically large part of the seine-net catch consists of 
juvenile reef fishes, and the seine-net fishery undoubtedly 
exerts an adverse effect on recruitment to  the trap 
fishery. There are no statistical data and minimal biol- 
ogical or ecological information on the important species 

in the gill-net and seine-net fisheries. Consequently, no 
assessment of potential harvests in this fishery is possible 
at the present time. Likewise, no assessment of potential 
harvest is possible in the case of the trolling fishery for 
oceanic pelagic species. The problem in this case does 
not stem from a lack of biological or ecological data, 
but relates instead to  the fact that al l  of the species 
involved in this fishery undertake extensive migrations, 
and are subjected to  exploitation on a regional basis. 
The harvests of the Jamaican fishery are therefore 
affected by events elsewhere in the western Atlantic and 
the Caribbean and catches will be proportional to  the 
amount of fishing effort and the numbers of these fishes 
which actually pass through Jamaican waters. 

The remainder of this chapter is directed towards an 
assessment of changes which might result in the trap and 
hand-line fisheries for demersal species in Jamaican 
waters as a result of changes in the mesh size used for 
traps and of changes in fishing effort. The biological and 
ecological data upon which the assessments are based 
have been detailed in the preceding chapters and sum- 
marized in Chapter 17 and will not be repeated here. 

This assessment deals only with the shelf areas of 
Jamaica and proximal oceanic banks, and with the 
extensive Pedro Bank which by virtue of its size and 
proximity is the most valuable oceanic area in Jamaican 
waters. By extrapolation, the conclusions reached in this 
report might be applied to  the other oceanic banks and 
shelf areas of the westcentral Caribbean, but it is 
emphasized that n o  primary research has been conducted 
in these areas. 

Assessment of Potential Yields 

The basic techniques for assessing the potential 
harvests from single species fisheries are well established. 
They are largely based upon the population models 
developed by Beverton and Holt (1957), Schaefer 
(1954) and earlier workers and their validity has been 
proven in their application to  numerous fisheries. 
Gulland (1969) has provided the most recent review of 
these techniques. The techniques are applicable to 
most exploited fish stocks, but in many tropical regions 
the problems of assessment of potential harvests are 
compounded by the multiplicity of species which are 
exploited. The same species is often exploited by a 
variety of techniques or  a single technique might capture 
an enormous variety of species. 

The problems of assessing the potential harvests from 
multispecies fisheries increase proportionately with the 
number of species involved and reach their maximum 
complexity in fisheries of coral reefs and other tropical 
environments. In the reef environment, the diversity of 
species is so great that no species is of singular importance, 
and a substantial portion of the catch is comprised of 
species which are individually of low abundance and for 
which even the most extensive biological sampling 
program is unable t o  produce adequate samples for the 
estimation of growth and mortality rates. An assessment 

of such a fishery must be based upon a summation of 
yield curves for individual species (or the sexes if growth 
or mortality rates differ), starting with the most abun- 
dant species and progressing through the list of species 
to  include all species for which there are adequate data 
upon which to base an assessment. The number of 
species included in an assessment is therefore propor- 
tional to the magnitude and effectiveness of the biol- 
ogical sampling program. In cases where some of the 
less abundant species form the basis of fisheries in other 
areas, biological parameters of such species might have 
to  be determined on the basis of their characteristics 
in the latter areas. 

However, conventional yield assessments are rendered 
extremely complex by a major problem which probably 
characterizes multispecies fisheries, in which the bio- 
masses of the herbivorous, omnivorous or predatory 
species are uniformly or differentially reduced by the 
fishery. The difficulty results from the fact that the 
natural mortality rate of each species is reduced in 
proportion to  the biomass of its predators and its 
growth rate might increase in response to  decreased 
biomass of competitors. This can result in radical reduc- 
tions in the ratio of natural mortality to  growth rates 
and improvements in the yield potentially available from 



Table 18.1. Summary of biological and fishery parameters used for assessment of the effects of changes in mesh size upon the potential yields of the 
fishery. Notation is as follows: V, relative value of the species; v and d, constants in the equation LC = dD + v in which LC is the mean length a t  first cap 
aperture of the wire mesh; W,and L,, the asymptotic weights (g) and lengths (cm); K, the coefficient of growth; M, the notional coefficient of natur 
of that prevailing in an unexploited population); q, the catchability or amount of fishing mortality generated by an annual fishing intensity of one can( 
the mean length at  recruitment to traps with 4.13 cm mesh and R' is the mean index of the relative abundance of recruits to the fisheries at Pedro Ban1 
Shelf. Values given in brackets are approximations and are not definitive. 

Species 

Serranidae 
Cephalopholis fulva* 
Epinephelus striatus 
E. guttatus 
Mj~cteroperca venenosa 

Carangidae 
Caranx ruber 
C bartholomaei 

Lutjanidae 
Lutjanus apodus 
Ocyurus chrysurus 

Pomadasyidae 
Haemulon aurolineatum 
H. flavolineatum 
H. melanurum 
H. album 
H. plumieri 
H. sciurus 

Mullidae 
Mulloidichthys martinicus 
Aeudupeneus maculatus 

Scaridae 
Scarus taeniopterus 
Sparisoma chrysopterum 
Sp. aumfrenatum 
S. v i d e  

Acanthuridae 
Acanthurus coeruleus 
A. chirurgus 
A. bahianus 

Balistidae 
Balistes vetula 

*See Table 7.17. 



Selection of Mesh Sizes 

At the present time the wire mesh most commonly 
used for trap construction in Jamaica is a hexagonal 
weave with a minimum aperture of 3.18 cm (known as 
1%" mesh) and amaximum aperture of 4.13 cm (1.625"). 
Mesh with a maximum aperture of 3.30 cm is mostly 
used on the northern and western shelves of the island. 

For assessing the effects of mesh sizes upon yields, 
the following mesh sizes have been selected: 

Maximum aperture Aperture between "knots" 

2.54 cm (1 .OO inch) 
3.18 cm (1.25 inch) 
3.81 cm (1.50 inch) 
4.45 cm (1.75 inch) 
5.08 cm (2.00 inch) 
6.35 cm (2.50 inch) 
7.62 cm (3.00 inch) 
8.89 cm (3.50 inch) 

10.16 cm (4.00 inch) 
1 1.43 cm (4.50 inch) 

Fishing Mortality Rates 

The estimated amounts of commercial fishing effort 
in the various areas investigated by this research program 
are given in Chapter 17 of  this series of reports, and the 
fishing effort on an island-wide basis is given in Chapter 
2 (Table 2.1). 

The fishing intensity expressed as canoes/km2 of 
shelf area ranges from zero at unexploited oceanic banks 
to  over 5.5 canoes/km2 on parts of the northern shelf of 
Jamaica. Catchabilities, q, (the amount of mortality 
generated by one canoe/km2) range between 3.3 and 7.0 
according t o  species or family (Table 17.2). The range of 
possible values of F covered by the present fishery is 
therefore extremely wide and the rate of exploitation 
undoubtedly approaches unity on the north coast of 
Jamaica, where fishing mortality rates, F, of 20 to 40 
might prevail accompanied by negligible natural mortality 
rates. 

Fish Prices 

Trapcaught fishes marketed in Jamaica are normally 
sold in 4 grades; "trash", "grunt", "common" and 
"quality". Prices are variable, being highest in proximity 
to  the main centers of population and on the north coast 
of Jamaica where demand greatly exceeds the supply. 
Despite the variations in absolute price, there is a fairly 

constant relative price structure which even extends to 
the retail level. Setting the value of "trash" fish at unity, 
the approximate average relative values are as follows: 

Trash fish 1.0 unit of value 
Grunt 1.7 units of value 
Common fish 2.2 units of value 
Quality fish 3.3 units of value 

There is some indication that the price range is narrow- 
ing, with prices of cheaper fish rising more rapidly than 
that of quality fish. This presumably results from high 
demand combined with low purchasing power or con- 
sumer resistance to the highest-priced fish. There are 
both local and seasonal variations in this price structure 
and the above weighting has been selected as being most 
representative of the fishery as a whole. 

Recruitment Rates 

There are no statistics of landings of any individual 
species in the Jamaican demersal fisheries, and it is 
therefore not possible to estimate recruitment to the 
fishery, other than as a relative value, R', which is the 
number of recruits required to produce the observed 
average numerical catch per 1,000 baited hexagonal 
traps set for one night. Use of this value, R', in the yield 
equation will therefore produce estimates of yield 
relative t o  the o ther  species in the fishery and n o t  
estimates of absolute yield. 

ESTIMATES OF RELATIVE YIELDS 

In order to assess the changes in yield which might 
result from changes in the mesh size of traps or of 
fishing intensity, relative yields have been calculated 
for each species for a range of possible mesh sizes and 
fishing efforts. This has been accomplished by the 
following procedure. 

The basic Beverton and Holt yield equation (Equa- 
tion l )  has been applied to each of the species con- 
sidered, for a range of mesh sizes and fishing efforts. 
This has been accomplished by means of a Wang com- 
puter, programmed by staff of the Computing and 
Statistics Unit of the MAFF Sea Fisheries Laboratory, 
Lowestoft, United Kingdom. The equation has been 
slightly modified to produce estimates of the relative 
value of catches for a given fishing effort, in addition to  
relative weights of landings. The relative values of the 
yields (Y,) of each species are then summed to give the 
total relative value of the catch for each mesh size over 
the range of effort values. 

All calculations have been based on estimates of 
natural mortality rates equal to one half of those esti- 
mated to prevail in unexploited stocks. It is therefore 
necessary to adjust the estimates of relative yields to 
allow for the fact that natural mortality rates decrease 



of the total Yv.  
Table 18.2 also shows that the theoretical composition 

(by weight) of the total trap catch accords fairly well 
with the observed composition of catches from sampling 
stations within the general area, and that the theoretical 
catch is in most cases bracketed by the values observed 
at the Port Royal Reefs, the station on the South Jamaica 
Shelf and at California Bank. The exceptions are Epine- 
phelus guttatus in which the observed percentages of the 
catch are somewhat greater than the theoretical value, 
and the goatfishes, Mulloidich thys martinicus and Pseud- 
upeneus maculatus which contributed less than the 
theoretical percentages. 

Figures 18.2 and 18.3 show that when the mesh sizes 
are increased, the yields from a given fishing effort tend 
t o  increase for those species with relatively large maxi- 
mum sizes, but the yields of small species abruptly 
decline and some of the species disappear from the 
catches when the aperture of the mesh exceeds the 
maximum body depth attained by the species. The 
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Fig. 18.3. Curves showing the relationships between fishing 
intensity and the calculated relative values of various species on 
the South Jamaica Shelf when traps with 8.25 cm mesh are used. 
Numbers indicate the following species: 2 Epinephelus guttatus, 
3 Cephalopholis film, 12 Haemulon plumieri, 18 Sparisoma 
chrysopterum, 20 S. viride, 21 Acanthurus coeruleus, 22 A. chi- 
rurgus and 24 Balistes vetula. Yield cuwes of the rsmaining 
14 species considered in this assessment (Table 18.1), each of 
which would not contribute more than 50 units of value to trap 
catches using this mesh size, have been summed to dve curve 25. 

groupers, E. guttatus and C. fulva, the white grunt, 
Haemulon plumieri and the triggerfish, Balistes vetula 
are representative of the first group. In contrast, the 
maximum yields of goatfishes, M. martinicus and P. 
maculatus are obtained in the 4.13 cm and 4.95 cm 
mesh, and yields decline in larger mesh sizes and they are 
eliminated from the catches in meshes of greater than 
6.60 cm maximum aperture. 

Pedro Bank 

The relative yields attainable in various mesh sizes at 
Pedro Bank are shown in Fig. 18.8. Details of the relative 
contributions of the most important species in traps 
with 4.13 cm, 5.78 cm and 8.25 cm mesh are shown in 
Figs. 18.5 to 18.7. The essential features are similar to  
those described for the Jamaica Shelf fishery, but owing 
to the relatively greater abundance of large species 
(particularly Balistes vetula) the differences between the 
yields in large and in small-meshed traps are greater and 
the total relative values of the catches are also propor- 
tionately greater. The yields in mesh sizes between 4.13 
cm and 8.25 cm maximum aperture become nearly 
stable at fishing intensities exceeding 1.5 canoes/kmZ 
and the greatest yields are taken in mesh sizes of 4.95 
cm to 8.25 cm maximum aperture. 

The most important species in the Pedro Bank fishery 
is Balistes vetula which will comprise about 25% of the 
value of the total catch, even in the smallest mesh sizes, 

Fig. 18.4. Calculated relative total values of catches of 22 species 
of reef f ~ h e s  (listed in Table 18.1) in various mesh sizes and at 
various f d i n g  intensities on the South Jamaica Shelf. 



and almost 40% in the 8.25 cm mesh. Other species of 
major potential importance include the French grunt, 
Haemulon flavolineatum, which is extremely abundant 
in some areas, the goatfishes, Mulloidichthys martinicus 
and Pseudupeneus maculatus, the white grunt, Haemu- 
Ion plumien' and the groupers (Epinephelus guttatus and 
Cephalopholis fulva). Owing to their relatively great body 
depth, the surgeonfishes, particularly Acanthurus bahia- 
nus are favored by moderately large mesh sizes (Figs. 
18.5 to  18.7). 

The estimates of relative yield refer to  Pedro Bank as 
a whole, the major part of which is unexploited at the 
present time. It is therefore not possible to compare the 
estimated composition of the catches with any actual 
values. Catches taken at the Pedro Cays area, which is 
lightly exploited, also cannot be compared with the 
computed estimates, as the catch at the Pedro Cays 
station contained about 50% Balistes vetula juveniles, 
which concentrate in shallow areas and move out onto 
the bank at maturity (see Chapter 15). 

Estimation of Potential Harvests 

The yield-fishing effort curves shown in Figs. 18.4 
and 18.8 serve only to show the mesh sizes which might 
be used in the trap fishery, and to illustrate the relative 
increases or decreases in yield which will result from 
changes in the mesh size. They do not provide any 
information on the magnitude of the catches which 
might be taken from a given area, and estimates of 
potentid harvests can only be derived indirectly from 
other data. 

Fig. 18.5. Curves showing the relationships between fishing inten- 
sity and the calculated relative values of catches of various species 
at Pedro Bank when traps with 4.13 cm mesh are used. Numbers 
indicate the following species: 1 Granx  ruber, 2 Epinephelus 
guttatus, 3 Cephalopholis fulva, 9 Mulloidichthys martinicus, 
10 Pseudupeneus rnaculatus, 13 Haernulon flavolineaturn, 16 
H. aurolineatum, 17 Scarus taeniopterus, 23 Acanthurus bahia- 
nus and 24 Balistes vetula. Relative yields of the remaining 
11 species considered in this assessment (Table 18.1). each of 
which would not contribute more than 50 units of value to trap 
catches in this mesh size, have been summed to give curve 25. 

THE NEARSHORE FISHERY 

The South Jamaica Shelf 

Figure 2.4 shows that the fishing intensity on the 
South Jamaica Shelf in 1968 was 0.38 canoes/km2. 
However, there is reason to believe that owing to the 
relatively high proportion of mechanized canoes the 
effective fishing effort is actually somewhat in excess of 
this value. Traps with 4.1 3 cm mesh are the predominant 
fishing gear. The 1968 harvest of all neritic species 
amounted to 1,240 kg/km21yr or 3,279 kglcanoe, of 
which about 60% to 70% was taken in traps. The harvest 
of trap-caught fishes therefore amounted to about 875 
kg/km21yr. Fig. 18.4 shows that an increase to a mesh 
size of 4.95 to 8.25 cm could produce a 5% increase in 
the harvest to about 920 kg/km21yr. However, if recruit- 
ment patterns were enhanced as a result of an increase in 
the stock of fishes which were able to mature before 
recruitment, then further substantial increases in recruit- 
ment might occur and, if recruitment was restored to 
levels similar to those which prevail on Pedro Bank, a 
50% increase in harvests to about 1,300 kg/km2/yr 
might be attainable. 

The potential harvest in traps from a fishing intensity 
of about 0.38 mechanized canoes/km2 therefore prob- 
ably lies between 875 kg/km2 lyr and 1,300 kg/km21yr 
to  which must be added about 360 kg/km21yr of species 
captured by other methods. The extent to which the 
latter figure can be increased isunknown. Some increases 
in the hand-line catches of groupers, snappers and jacks 
might result indirectly from an increase in mesh size. At 
the present time, small blackfi  snapper, Lutjanus 
buccanella, which reside on the sill reefs in their juvenile 
stages, are harvested by the small-meshed traps at sizes 
well before maturity. An increase in mesh size would 
enable more juveniles to enter the hand-line fishery for 
the adult stocks on the deep-reef slope and thus enhance 
harvest rates. Fig. 18.4 suggests that some increases in 
the catch would result from increasing effort up to 
about 1.5 canoes/km2, but it seems likely that increases 
in effective fishing of effort will only be achieved by 
radical departures from present fishing practices, includ- 
ing the introduction of economical diesel-powered 
canoes or other small craft, the use of line haulers and 
more efficient and cheaper traps such as Cuban S-traps, 



0.15 canoes/km2. Figure 18.8 shows that substantial 
increases in effort are required before the maximum 
yields are attained. It has also been shown (Chapter 17) 
that the theoretical initial catch per canoe amounts to 
10,824 kg/yr and this accords very well with a recent 
estimate by E.L. Hamblyn (pers. comm.) that the 72 
canoes operating from the Pedro Cays have an annual 
landing of 756,000 kg, equivalent to 10,500 kglcanoe 
or 756 kg/km2. 

Figure 18.8 shows that any increases in f ~ h i n g  effort 
from the present relatively low levels will result in 
substantial increases in the harvest. Increasing the fishing 
intensity to 0.15 canoes/km2 would result in a 40% 
increase in yield to 1,000 kg/km2/yr and if the effort 
were raised to 0.3 canoes/km2 the harvest would be 
nearly doubled, and production would be 1,450 kg/km2. 
The total annual harvest would approach 1,500 m 
tons. However an increase in the cay-based canoes fleet 
to  150 vessels, giving an effective fishing effort of only 
0.1 5 canoes/km2 would require 300 to 450 fishermen 
to be based on the cays. This could pose fairly difficult 
sociological and health problems and this appears to  be 
the m i o r  constraint on the development of the fishery. 
The inhospitable living conditions at the cays and the 
lack of major financial incentives offered to the fishermen 
by the carrier vessel operators are also important factors. 
Nevertheless, such conditions are capable of improvement 
and encouragement of the development of the carrier 
boat fleet will lead to  very large increases in landings up 
to  the highest levels of fishing effort that could possibly 
be generated by cay-based canoes. The constraints on 
the landings from this fishery are socioeconomic and do 
not relate to the fish stocks. 

These conclusions probably apply equally to the 
fishery based at  the Morant Cays, and the 170 km2 of 
banks could therefore be expected to produce a harvest 
of about 1,450 kg/km2/yr, or a total of 250 tlyear. 

THE PEDRO BANK (EXCLUDING THE 
PEDRO CAYS AREA) TRAP FISHERY 

This area, which includes all of the area remote from 
the Pedro Cays and beyond the operating range of 
outboard-powered canoes, is presently virtually unex- 
ploited. Only one vessel (the Lady Blythe) fished in this 
6,900-km2 area during the time that investigations were 
in progress, and was reputed toland about 100 tonnes per 
year, caught mostly if not exclusively in traps. In addi- 
tion, canoes from the mainland occasionally venture to  
the northern edge of the bank when conditions are 
suitable. The total harvest therefore probably does not 
exceed 150,000 kg/yr, or about 20 kg/km21yr-a neg- 
ligible amount by any standards. 

At the present time there are no indications that 
more vessels intend to enter this fishery. It appears 
likely that the profitability of fishing the bank with 
traditional Z traps in the manner adopted by the Lady 
Blythe (see Chapter 2 for details) compares unfavorably 

with the potential profits which can be derived from 
operating carrier vessels serving the cays fishery. Stack- 
able fish traps developed during the present investigations 
(Chapter 2; Munro 1973) provide a solution to this, but 
their adoption for commercial use on Pedro Bank 
appears unlikely until such a time as competition within 
the cays fisheries induces entrepreneurs to seek greater 
profits in offshore areas. 

I t  is difficult to estimate the potential harvest from 
this area with any precision. Figure 18.8 shows that a 
value close to  the maximum can be attained by a fishing 
intensity equivalent to that exerted by 0.6 canoe/km2. 
However, it is not known whether it would be possible 
to generate such a fishing effort by means of a fleet of 
fishing vessels utilizing stackable traps or other uncon- 
ventional techniques which might be developed at some 
future date. 

It has been shown in Chapters 5 and 17 that the 
relative availability of commercially important species is 
quite variable over the bank as a whole. The central 
portions of the bank in depths of 30 to 40 m, and 
remote from the sill reefs which fringe the edges, are 
comparatively sterile and produce very low trap catches. 
This area covers about 2,750 km2. In contrast, the sill 
reef areas, particularly along the southern edge of the 
bank from Banner Reef to the southwestern tip, are 
highly productive, as is the entire portion of the bank 
lying to the east of the Pedro Cays. The northern and 
western edges have been shown to be rather variable, 
with catches at a given station rangingfrom spectacularly 
high values on occasions to  negligible amounts at other 
times. The overall average catch rate (with effort stand- 
ardized in terms of the catch of 1,000 baited hexagonal 
traps set for one night) at Eastern, Southern and Western 
Pedro Bank amounted to 2,725 kg/1,000 trap-nights. 
The comparable catch per unit effort at the Pedro Cays 
was 2,5 20 kg/ 1,000 trap-nights. 

If it proves to be possible to  generate a fishing inten- 
sity equivalent to 0.3 canoe/km2, the theoretical catch 
from the areas proximal to the edges or of less than 
20 m depth should be similar to, or greater than, that in 
the Pedro Cays area: at least 1,450 kg/km2/yr. If the 
central region of the bank in depths exceeding 30 m is 
entirely discounted as a source of any production, the 
remaining area within the 20 m isobath or within 9.3 km 
of the edge, totals 4,265 km2, excluding the 1000 km2 
presently exploited by the fishermen based at the Pedro 
Cays. The maximum potential production is therefore at 
least 6,200 t/year. It is emphasized that this estimate 
is of the amount attainable using fish traps only in 
depths of 10 to 45 m. Additional catches might be 
taken on hand lines or by trap fishing in deep waters. 

THE HAND-LINE FISHERIES FOR 
DEMERSAL SPECIES 

There are extremely few data upon which to  base an 



evaluation of the hand-line fisheries for demersal species. 
The difficulty lies mostly in the absence of accurate 
statistics upon which estimates could be based and 
particularly in the poor breakdown of the contributions 
which different fishing gears make to the total yield in 
various areas. The best approximation that can be made 
from the 1968 catch statistics is that the total hand-line 
catch in the Jamaican nearshore fishery amounted to 
about 1,000 metric tons or about 17% of the total catch 
of neritic species. 

Most of the species which contribute to this catch are 
concentrated in a narrow zone along the shelf edge on 
the sill reef, drop-ff and deep-reef area. Details of the 
species comprising the catches and of the zonation have 
been given in Chapter 4. Various species of snappers 
(Lutjanidae) are of major importance, with groupers 
(Serranidae) and jacks (Carangidae) also contributing 
substantial parts of the catches. Owing to the concentra- 
tion of the fishery in this extremely narrow zone along 
the shelf edge, the yields from the fishery are probably 
best expressed in terms of harvest per kilometer of edge. 
On this basis, the estimated nearshore catch of about 
1,000 tonnes was derived from about 6 10 km of edge, or  
an average of about 1,640 kglkm. 

It has previously been shown (Chapter 4 and Kawa- 
guchi 1974) that the stocks of the important snappers, 
groupers and jacks are very sparse in areas currently 
exploited by the Jamaican fishery, and that unexploited 
stocks on the margins of Pedro Bank also d o  not produce 
catch rates which are sufficient to  support fishing vessels 
which might attempt to  fish exclusively for these species 
by means of hand-lines or powered reels. It was therefore 
concluded that it is likely that these stocks will only be 
exploited on an opportunistic basis by vessels fishing 
primarily by other techniques (most probably using 
traps). It is probably of significance that virtually no 
hand-line fishing is done by the fishermen based at the 
Pedro Cays. It has also been shown (Chapters 7 , 8 , 9  and 
17) that the important species appear to have relatively 
high natural mortality rates. In particular, in the snappers 
Lutjanus bucanella and Apsilus dentatus, the ratio M/K 

was estimated to range between 2.8 and 5.2. These are 
relatively high values, which suggest that stock densities 
and average size will rapidly decline as a result of ex- 
ploitation. 

Bearing in mind the limited fishing effort which is 
likely to be exerted on these species, the potential 
harvest from the margins of Pedro Bank could be guessed 
t o  lie in the region of 800 kglkmlyr. The circumference 
of the bank is about 590 km and the likely harvest is 
therefore in the region of 500 m tonslyear. The catch 
rates determined during the present investigations and 
by Kawaguchi (1974) amounted to about 3.0 kglline- 
hour and a harvest of 800 kg/km/year would therefore 
require at least 260 linehours of fishing effortlkmlyear. 
This could, for example, be achieved by 20 vessels, 
exerting an average of 40 line-hours each per night for 
200 nights of the year. However, the catch per line 
would only average 8 x 3.0 =24kg/night. This is unlikely 
to  provide a major incentive towards effort in this 
direction, and underlines the belief that this fishery 
would only be conducted on an opportunistic basis, 
when conditions of wind and current appeared to be 
most favorable. 

In contrast to Pedro Bank, Kawaguchi (1974) and 
others have shown that average catch rates of over 10.0 
kglline-hour can be taken on the edge of the Central 
American Shelf, off Nicaragua, and that similar catch 
rates can also be achieved quite often at Rosalind Bank 
and at other banks lying to the southwest of Pedro 
Bank. These relatively high concentrations of fish stocks 
have encouraged further investigations in this area, but it 
remains highly conjectural whether the stock densities 
would be sufficient to  sustain the activities of specialized 
line fishing vessels. The results produced by an American 
snapper fishing vessel, the Tiki IX, which was chartered 
by the UNDPIFAO Caribbean Fishery Development 
Project, were not encouraging. Further investigations of 
this area have been made by the M VDolphin, operated by 
the Fisheries Division of the Jamaican Ministry of 
Agriculture, but the results of these investigations are 
not known. 

Management of the Fisheries 

The theoretical requirements for the management of 
fisheries are well documented in the scientific and 
technical literature (e.g., Gulland 1974). Methods of 
effecting management requirements include adjustments 
of mesh sizes and hence the size at which fishes are 
recruited to the fishery, limitation or encouragement of 
fishing effort, abolition of certain types of fishing gear 
or  introduction of new techniques and protection of 
stocks or of nursery areas. 

All of the abovementioned methods are relevant in 
some degree to the management of the fisheries of 
Jamaica. Several points of major relevance to the trap 
fisheries which have emerged in the preceding pages and 
parts of this series of reports are worth recapitulating 
here. 

(a) The 3.30 cm and 4.13 cm mesh sizes presently 
utilized by the trap fisheries capture most of the impor- 
tant species of reef fishes at sizes well below that at 
which sexual maturity is attained. The evidence presented 
here suggests that recruitment rates are probably ad- 
versely affected as a result. Recruitment of some species 
might be supplemented by juveniles originating in other 
parts of the Caribbean but this has not yet been estab- 
lished. 

(b) When the fishing intensity with 3.30 cm traps 
exceeds 0.6 canoes/km2, cohorts of most species are 
harvested before they have attained their maximum 
biomass and the total weight and value of the catch is 
consequently substantially less than the maximum 
potential harvest (Fig. 18.4). 



(c) Fishing intensities in excess of 1.5 canoes/km2 
produce negligible increases in the total yield from traps 
(Fig. 18.4), although the diversification of the fishery 
which ensues as a result of competition for the available 
resources might ensure increases in yield until the fishing 
intensity reaches about 3 canoes/km2. Thereafter the 
total yield declines (Fig. 2.4). 

(d) Harvests of trap-caught reef fishes from the area 
surrounding the Pedro Cays can be increased by increas- 
ing the fishing effort, and the constraints on further 
development are probably of a socioeconomic nature 
and are not related to the abundance of fish stocks. 

(e) The unexploited parts of the Pedro Bank and the 
other oceanic banks of the west-central Caribbean have a 
very great potential which is not yet realized, even in 
part, owing to economic and technological constraints. 

The logical management procedures which follow 
from the foregoing are discussed below. 

MESH SIZES OF TRAPS 

Figures 18.4 and 18.8 show that mesh sizesof between 
4.95 cm and 8.25 cm maximum aperture will give 
substantially greater yields, at most levels of fishing 
intensity, than the 3.30 cm and 4.13 cm mesh presently 
in use. 

Within the range of sizes from 4.95 cm to 8.25 cm 
mesh, it is considered that a mesh size of 6.60 cm would 
best serve the interests of the fishery. The reasons are as 
follows: 

(a) Within the 4.95 cm to 8.25 cm range the value of 
the catch will be very similar but the composition of the 
catch will change steadily. This is because the harvest of 
Balistes vetula, the most abundant species in the fishery, 
would be greatest if 9.9 1 cm or  1 1.56 cm mesh (depend- 
ing upon effort) were used, but increases in the yield of 
B. vetula would be offset as a result of the smaller 
species never being recruited to the fishery. Figures 18.4 
and 18.8 show that B. vetula would be predominant 
even in the 8.25 cm mesh, and that the goatfishes, 
Pseudupeneus maculatus and Mulloidichthys martinicus 
will be entirely eliminated from the catches. For this 
reason, and also because B. vetula is not a particularly 
favored species in the markets, it is considered that 
8.25 cm mesh would not be best suited to  the rational 
exploitation of the fishery. 

(b) Reference to Tables 18.1 and 17.1 shows that if 
a 4.95 cm or 5.78 cm mesh is utilized, a substantial 
proportion of the larger species will still be recruited to 
the fishery before maturity and the possibilities of 
restoring recruitment rates to the original levels will not 
be greatly enhanced. Even in the case of the 6.60 cm 
mesh, 9 of the 24 species considered in this assessment, 
including B. vetula, Caranx ruber, Lutjanus apodus, 
Ocyurus chrysurus and Haemulon plumieri, will not have 
attained maturity before recruitment to the fishery. 
Thus, adoption of a 6.60 cm minimum mesh size would 
be a compromise between marketing requirements and 

utilization of all available species and the protection of 
the greatest proportion of immature recruits. 

It is important that it be noted that the suggested 
mesh size of 6.60 cm refers to the maximum aperture of 
the conventional hexagonal weave of galvanized wire 
mesh. The mesh size across the narrowest part of the 
hexagon, between the "knots", will be 5.08 cm (2 
inches). 

REGULATION OF FISHING INTENSITY 

It is readily apparent from Fig. 2.4 that the con- 
centration of canoes on the narrow northern shelves of 
Jamaica is very much in excess of the requirements for 
optimizing yields and probably very close to the point 
which allows only a negligible profit to the average fisher- 
man. It would be desirable to  reduce this fishing effort 
and hence increase both the total weight and value of 
the catch and coincidentally ensure a less tenuous 
livelihood for the remaining fishermen. It should also be 
pointed out that if adoption of an increased mesh size 
enhances the yields, there will be an immediate move 
towards an increase in fishing intensity until the average 
income of the individual fisherman again stabilizes at a 
very low level. 

Introduction and enforcement of licensing restrictions 
to  prevent this move in the most heavily fished areas 
might forestall the problem. Any measures to reduce the 
fishing intensity would raise political and administrative 
problems to be dealt with by the appropriate authorities. 
Restrictions on effort do not appear to be required in 
the parishes of St Thomas, Portland and those bordering 
the South Jamaica Shelf. 

In all of the areas considered there is scope for 
increasing the effectiveness of the fishery, either by 
diversifying the techniques, by reducing costs or by 
employing more effective gear. Such advances would 
have particular relevance to the trap fisheries at the 
offshore cays and on the South Jamaica Shelf, where the 
fishing effort is limited by economic factors or  by 
physical conditions. One of the most important possible 
developments in this respect is the introduction of the 
Cuban S trap (Fig. 5.1) which wasutilized by thisresearch 
program for much of the nearshore sampling. It was 
shown by Munro et al. (1971) that these traps capture 
25% more (by weight) than traditional Z traps. The 
S traps cost 20% less to construct, mostly as a result of 
simpler construction and consequently decreased labor 
costs. 

It should be noted that introduction of S traps on the 
northern shelf withour a concurrent increase in the mesh 
size of the traps would result in a very short-lived 
increase in the trap catch followed by a decline and 
stabilization of the reef fish stocks at a lower biomass. 

PROTECTION OF NURSERY AREAS 

The nursery areas of some of the species of major 



commercial importance are fairly clearly def ied .  The 
species of groupers (Serranidae), jacks (Carangidae), 
squirrelfishes (Holocentridae), angelfishes (Chaetodon- 
tidae), surgeonfishes (Acanthuridae) and triggerfishes 
(Balistidae), are all resident upon the reefs from an early 
age and are consequently not vulnerable to present 
fishing gears other than traps. The suggested increase in 
mesh size would add a measure of protection to  the 
juvenile stocks which they do not presently enjoy. 

In the case of other groups, particularly the grunts 
(Pomadasyidae), the shelf-dwelling species of snappers 
(Lutjanidae), the goatfishes (Mullidae) and the parrot- 
fishes (Scaridae), the juveniles are often, but not exclu- 
sively, concentrated in shallow areas and grassy embay- 
ments between the shore and the reefs. At this stage 
these species are extremely vulnerable to small-meshed 
traps and, particularly, to beach seines with meshes 
which are often of less than 4.0 cm stretched mesh. Very 
large numbers of juveniles of species in these families are 
captured in seines and in many cases the major portion 
of fishes in the catch are of less than 10 cm length and 
are either discarded, or at best, needlessly harvested. 

The prime use of the beach seines is for the harvest of 
shoaling clupeids (mainly Harengula humeralis and 
Sardinella spp.) and goggleeye scad (Selar crumenop- 
thalmus). There is no information concerning the mesh 
sizes which are required to  harvest these species effec- 
tively, but it is possible that a larger mesh size might 
prove adequate for capturing them, consequently 
enhancing survival of pre-recruitment reef fishes and at 
the same time reducing the cost of the seine nets. 
Alternatively, closed seasons for seine net fishing might 
be stipulated, particularly in the early summer months, 
from April to July when the greatest concentrations of 
juvenile reef fishes are likely to occur in the back-reef 
areas (Munro et al. 1973). It is not suggested that 
seine-netting be entirely prohibited, particularly if a 6.60 

cm mesh size for traps is adopted. This is because the 
increased size of the mesh for traps will result in under- 
utilization of the stocks of goatfishes which will, there- 
fore, have to be harvested by means of seine nets (or 
gill-nets). 

EDUCATION AND PUBLICITY 

There is a need to change the attitudes of fishermen 
by means of educational and publicity campaigns. No 
plan for the management of a marine fishery has yet 
been fully successful in the face of opposition from 
the fishing community. As a corollary, no system is 
likely to succeed if the officers of the regulatory author- 
ity are unconvinced of the need and of the potential 
benefits of the regulations. 

The fishermen of Jamaica and the officers of  the 
Jamaica Cooperative Union, the parent organization of  
the fisheries cooperatives, have shown themselves to be 
well aware of the possible benefits of management in the 
course of several fishermen's conferences organized by 
the Jamaica Cooperative Union in recent years. It is the 
author's belief that given a positive stance by the regula- 
tory authorities, together with a wellaganized publicity 
and poster campaign focused on the fishing beaches, the 
fishermen of Jamaica will support changes in mesh sizes 
and licensing arrangements. The crux of the matter is 
that the authorities should be recognized to be acting in 
the interests of the fishermen and that the fishermen and 
the regulatory officers themselves be convinced of the 
merits of any legislation. Given these conditions, it is 
possible for the fishermen themselves to  exert very great 
social pressures to ensure adherence to the minimum 
mesh sizes and non-participation in the fishery of 
unlicensed individuals. 

Summary and Conclusions 

The sizes at which maturity is attained relative to  the 
size at recruitment to the fishery also merits the most 
careful consideration. It has been shown that for most 
areas of the Jamaican Shelf, the fishing intensity is 
sufficient to  ensure that extremely few fishes survive for 
more than a year after recruitment, and the proportion 
of fishes which survive to  spawn must be extremely 
small. There is no doubt that recruitment rates of many 
species would be enhanced if a mesh size were adopted 
which is sufficiently large to  permit a greater proportion 
of fishes to spawn before becomingvulnerable to capture. 
The fact that initial stock densities at unexploited parts 
of Pedro Bank appear to  be about three times greater 
than the theoretical initial stock densities on the Jamaican 
Shelf suggests that recruitment rates to the Jamaican 
Shelf fishery have been reduced to  about one-third of 
their relative value as a direct result of exploitation 
of immature fishes, both by traps and by beach seines. 

In summary, the analyses show that adoption of a 
mesh size, or escape gap, of 6.60 cm maximum aperture 
would result in substantial increases in the total value 
and weight of the catch. Additionally, the cost of traps 
constructed of larger mesh would be less and the profit- 
ability of the fishery therefore increased. The adoption 
of a larger mesh would, probably, enhance recruit- 
ment rates to the nearshore fisheries, although the 
degree of such enhancement cannot be evaluated on 
present data. 

Yields which approach the maximum can be attained 
by the trap fishery by a fishing intensity of less than 1.5 
canoes/km2. Fishing intensities in excess of about 3 
canoes/km2 produce decreased yields as a result of gross 
disruption of the normal productive processes in the reef 
fish community. 

The total potential harvest from the island shelf and 
proximal oceanic banks, and from Pedro and Morant 



Banks is estimated on a conservative basis to amount to 
15,750 to 16,950 tlyear, comprised as follows: 

South Jamaica Shelf and 
adjacent banks (traps, 
lines and nets) 

Northern, eastern and 
western shelves (traps, 
lines and nets 

Pedro Bays trap fishery 
Morant Cays trap fishery 
Pedro Bank (areas pre- 

sently unexploited) 
traps 
lines 

Total 

3,900 tonneslyear 
1,s 00 tonneslyear 

250 tonnesl year 

6,200 tonnesl year 
5 00 tonneslyear 

To this must be added landings of oceanic pelagic species 
(which presently total an estimated 740 t/year) for 
which the potential harvest is indeterminate. 

The shelf areas of Nicaragua and Honduras and 
oceanic banks to the south and west of Pedro Bank 
collectively cover an area of over 130,000 km2. If it is 
assumed that half of this area is either unproductive or 
inaccessible to'Jamaican fishermen, the potential harvest 
from trap fishing alone should exceed 1,450 kglkm2 /year 
or 95,000 tlyear. The harvest taken from this area 
by the Jamaican fishery amounted to about 2,870 t 
in 1973. 

The analyses described in the preceding pages must 
not be regarded as providing definitive answers to all 
problems concerning the assessment of potential yields 
and the management of the trap fisheries. The extreme 
complexity of these problems and the difficulties 
involved in obtaining adequate samples of the species 
involved and even the problem of defining which species 

are of sufficient economic importance to merit con- 
sideration, have all been emphasized. 

It is apparent from the analyses that, of the multi- 
plicity of parameters involved, the estimated relative 
abundances of recruits to the fishery are those which are 
most liable to error and which cannot be improved upon 
until such time as a system for monitoring catch com- 
position, landings and effort is instituted by the author- 
ities. This does not imply that estimates of most other 
parametersare satisfactory. On the contrary, a continuing 
and intensive biological sampling program is required, 
directed towards the species which have been identified 
by this research program as being of m i o r  economic 
importance. 

For example, the queen triggerfish, Balistes vetula, 
has been identified as the species which has, by a large 
margin, the greatest relative number of annual recruits. 
However, it is not known whether the relative abundance 
is always maintained at this level or whether a series of 
particularly abundant yearclasses were recruited to  the 
fishery during 1969-1973. Likewise, the importance of 
any species which was at an abnormally low level of 
abundance during this period would not have been 
recognized. Some idea of the degree by which relative 
abundances might vary is given by the differences in the 
availability of species of grunts (Pomadasyidae) at the 
Port Royal reefs in 1970 and 197 1 (Chapter 10). 

The details of relative contributions of various species 
to potential total yields should, therefore, be treated 
with a degree of circumspection, as any major variation 
in relative abundance can result in proportional shifts in 
the levels reached by the yield curves for that species. 
Emphasis has, therefore been laid upon identifying the 
mesh sizes which would, if adopted, produce an increase 
in the yields of the greatest number of species, having 
due regard for their relative values. 



CHAPTER 19: 

EPILOGUE: PROGRESS IN CORAL REEF 
FISHERIES RESEARCH, 1973-1 982" 

by 
J.L. Munro 

Introduction 

Ten years have passed since the 1969-1 973  phase of 
investigations of the ODA/UWI Fisheries Ecology Re- 
search Project in Jamaica came t o  an end. In that time, 
significant progress has been made towards an under- 
standing of the fundamental processes governing the 
productivity of coral reef fisheries and substantial tech- 
nical advances have been achieved which have greatly 
facilitated data analyses. The reprinting by ICLARM 
of the Project reports presents an opportunity to  review 
this progress, reappraise some of the conclusions and 
analyses presented in the preceding chapters and t o  high- 
light the  areas where considerable doubt  o r  even contro- 
versy exists. 

The number af recent papers which refer t o  fishes of 
coral reefs is e n m m m s  and akhough few relate directly 
t o  reef fisheries, they have in many case!+contributed t o  
our  understanding of reef fish productivity. The early 
part o f  the past decade saw the completion of major 
Caribbean reef resource surveys in the Bahamas (Thomp- 
son 1978) and the completion of the FAO/UNDP 
Caribbean Fishery Development Project (Kawaguchi 

1974; Wolf and Chislett 1974) and the, perhaps belated, 
recognition that coral reef fishery resources arc capahle 
of supplying a significant part of the world's fish supply 
(Smith 1978b; Carpenter 1977). Additionally, thc 
presumptive causative organism responsible for ciguatera 
fish poisoning, (;atnbicr.discus toxicus,  was isolated and 
identified (Yasumoto et al. 1977) giving new impetus t o  
further investigations of this problem (Randall 1980; De 
Sylva and Higman 1980) and some hope of utilization o f  
resources in areas known t o  harbor many ciguatoxic fish 
if a cheap and reliable test for ciguatoxic fish can be 
devised. 

On taxonomic matters, the publication of the F A 0  
Species Identification Sheets for Fishery Purposes 
covering the Caribbean and Indo-Pacific (Fischer 1978; 
Fischer and Whitehead 1974) should have reduced the 
major taxonomic confusions and led t o  some degree 
of  uniformity o n  ~omencla t ive  matters for the exploited 
species. The publication of semi-popular manuals (e.g., 
Nagelkerken 1981) will also lead t o  a greater degree 
of  assurance in dealing with fishermen. 

Technical Advances 

Several significant technical developments have paved 1982; Brothers and McFarland 1981 ; Ralston 1977, 
the way for advances in coral reef fisheries research. 1980; Ralston and Miyamoto 198 1 ). 
Perhaps the most significant of these was the recognition 
by Pannella ( 197 1, 1974) that certain micro-structures *Based upon a paper entitled "Some advances and develop- 
in otoliths were, in fact, daily rings. It is now clearly ments in cord reef fisheries research: 1973-1982" presented at 
established that a t  least the younger stages o f  many coral the 35th Annual meeting of the Gulf and Caribbean Fisheries 
reef fish can be aged by this technique (Brothers 1980 Institute, Nassau, Bahamas, November 1982. 



Secondly, the greater availability of  air compressors 
and diving support facilities even in remote locations 
has extended the range of  possible observations on  coral 
reefs and their frequency and duration, leading t o  a 
berter overall understanding of reef phenomena. 

Thirdly, and perhaps most important of  all, has been 
the development of length-frequency based methods of  
fish stock assessment. These include methods for estima- 
tion of growth rates and mortality rates from length- 
frequency distributions, o r  complete stock assessments 
based upon virtual population analysis and length-cohort 
analysis (Jones 198 1). 

A method for computer analysis of length-frequency 
data which removes the subjectivity of modal progression 
analyses and derives a best possible fit t o  any set of  data 
has been developed by  Pauly and David (1981), making 
consistent interpretations of modal progression data 
possible. 

The methods for estimating mortality rates from 
length-frequency data have their origin in the equation 
developed by Beverton and Holt (1956) which states 
that 

in which Z is the coefficient of mortality, K is the coef- 
ficient of growth, L, is the asymptotic length, 1, is the 
smallest length of fish which is fully represented in the 
catch and is the average length of a l l  fishes lying 
between 1, and L,. Unfortunately, the usefulness 
of the method, whereby mortality rates can be estimated 
from catch length-frequency data and growth rate 
estimates, was not generally recognized and it remained 
virtually unused for many years (Munro 1980). 

However, Green ( 1970), Ebert ( 1973), Ssentongo 
and Larkin (1973), van Sickle (1977), Powell (1979) 
and Jones ( 198 1) subsequently produced a succession 
of papers demonstrating the  estimation of growth and/or 
mortality rates from size distributions. Saila and Lough 
(1981) gave a synthesis of the above-mentioned works. 

Pauly (l98Oa, 1980b) has demonstrated that the 
interrelationships which exist between temperature, 
growth parameters and natural mortality rates are 
sufficiently close that a useful degree of predictability 
of natural mortality rates is possible given estimates of 

growth parameters and mean environmental temperatures. 
Pauly and Gulland (Pauly 1982) have developed a 

method for deriving catch curves from length-frequency 
data and growth parameters and Hoenig (1982) and 
Hoenig and Lawing (1982) have developed equations 
which provide estimates of  mortality rates, based only 
upon the age and size of  the  largest fishes in a sample. 

Of the various methods for estimating mortality 
rates, the method of Pauly and Gulland is the most 
robust and useful as theoretical assumptions of  constancy 
in recruitment and size-related mortality are not  required. 
Changes in growth, recruitment o r  mortality will be 
reflected in the slopes of the  catch curves. In multigear 
o r  "gauntlet" fisheries in which fishing mortality rates 
are strongly size-related, the method is particularly 
useful. The method slightly underestimates mortality 
rates for reasons related t o  the assumption that t h e  
mean age of fishes in a length group can be equated 
with the age of the mid-length (P. Sparre, pers. comm.). 
The error is small when applied t o  fast-growing fishes 
divided into small length groups. 

The method of Jones (1981) is based upon the 
assumption that all cohorts remain catchable until they 
become extinct. If members of the largest size groups 
become progressively unavailable t o  the fishery or  t o  
the sampling gear the mortality rate will be under- 
estimated. It  should also be noted that the method of  
Ssentongo and Larkin (1973) gives erroneous results 
because of a logical error in derivation of their equation 
(P. Sparre, pers. comm.). 

Microcomputer-based methods for comprehensive 
stock assessments based almost exclusively on  length- 
frequency distributions have been developed by Pope 
and co-workers, and will soon be published. 

As a result of all of the above-mentioned develop 
ments, existing sets of length-frequency data can be 
reappraised and improved estimates of growth and 
mortality rates obtained. One question that has not 
yet been solved is the problem of assessing what repre- 
sents an adequate sample size for a length-frequency 
distribution and, as in any fishery, obtaining an unbiased 
sample of fishes. 

Although new methodologies have emerged, there are 
still relatively few sets of data pertaining t o  coral reef 
fish t o  which these methods can be applied 

Scientific Advances 

REPRODUCTION AND RECRUITMENT 

The question of the seasonality of spawning and 
periodicity of recruitment (which are not necessarily 
the same things) has received attention. In Jamaican 
waters, it was found that there were two main spawning 
periods for most of the larger species of reef fish with 
maxima around March-April and September-October 
(Chapter 17). Figures 19.1 and 19.2 show a synopsis of 
the Jamaican data. 

Watson and Leis (1974) noted that spring and fall 
spawning peaks around Hawaii coincided with periods 

of  weakened currents and Johannes (1978) found that 
13 of 18 spawning peaks listed in the literature coin- 
cided with periods when prevailing winds were weakest 
and suggested that reproductive strategies of tropical 
marine fish have evolved in part t o  maximize recruit- 
ment of offshore larvae t o  nearby inshore habitats. 
Data for Kenyan waters (Nzioka 1979), for the Great 
Barrier Reef (Russell e t  al. 1977) and for New Cale- 
donia (Loubens 19ROa) appear t o  add further weight 
t o  this hypothesis. However, data for the spawning 
periods of the large species of serranids (Goeden 1978: 
Chen et  al. 1980; Nagelkerken 1979; Olsen and La 
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Fig. 19.1. Synopsis of data on spawning seasons of 26 commer- 
cially important species of coral reef fish in Jamaican waters. 
Horizontal bars indicate months in which ripe or spent fish 
were obtained. Dots indicate months in which more than 20% of 
the fish in the sample had ripe or spent gonads. Broken lines 
indicate months for which there were no data. (Data derived 
from preceding chapters) 
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J F M A M  J J A S O N D  
Fig. 19.2. Numbers of species in Jamaican waters, of a total of 
26, in which a) some ripe fish were found in a given month and 
b) in which more than 20% of fish in the sample had ripe or 
spent gonads. 

Place 1979; Loubens 1980a, and Chapter 7, this volume) 
d o  not appear t o  fit with any known pattern and our 
understanding of these phenomena is far from complete. 
It  appears that the spring and fall peaks (Fig. 19.2) which 
seem t o  be confirmed for the Caribbean (Chapter 17, 
this volume; Luckhurst and Luckhurst 1977; Powles 
1975), might converge in  more temperate waters and be 
replaced by a single summer peak (e.g., Grimes and 
Huntsman 1980; Bradley and Bryon 1974; Futch and 
Bruger 1976). 

Additionally, it is clear that some spawning occurs 
throughout the year for most tropical species (Colin 
1978, 1982; Erdman 1977; Boardman and Weiler 1980) 
and that ~ e r i o d i c  peaks merely reflect the times of 
increased activity within the tropical zone. Johannes 
(1978) has collected ample evidence that a lunar period- 
icity of  spawning is also most often superimposed upon 
whatever seasonal patterns exist. 

One of  the principal features of research o n  coral reef 
fish (as opposed t o  fisheries) in  the last decade has been 
the enormous proliferation of ethological studies and the 
controversy which arose, and is perhaps not yet resolved, 
over whether reef fish partition the resources of  the reef 
in some fashion o r  simply indulge in a scramble for space 
o r  other  resources by  adding new recruits t o  the system 
a t  the greatest possible rate. This argument appears t o  
have been sparked off by the work of Russell e t  al. 
(1974) who, o n  the basis of observations o n  the Great 
Barrier Reef, suggested that colonization is essentially 
a random process. This was amplified by  Sale (1976) 
and other investigators soon made contributions (e.g., 
Sale 1978; Luckhurst and Luckhurst 1977; Dale 1978; 
Smith 1978a). 

Helfman (1978) summarized the then existing situa- 
tion, by which time various proponents appear t o  have 
agreed that space on  reefs is limiting and that  recruit- 
ment from the plankton is a random process, but dis- 
agreed o n  whether reef fish partition the resources. The 
case against any sort of  resource o r  space partitioning 
and in favor of a random colonization process seems t o  
have been made by Bohnsack and Talbot (1980) who 
found n o  differences in the number of species, number 
of females and mean number of  individuals per reef for 
isolated model reefs in Florida and Great Barrier Reef 
waters. Also, Talbot e t  al. (1978) and Brock et al. 
(1979) concluded that, at least, over small areas of  reef, 
long-term stability of the reef fish community composi- 
tion was unlikely because of  the combination of high 
predation rates and a random process of  colonization 
of vacant space by new recruits. 

A summary of and comments on  the recruitment 
phenomena are given by  Sale (1982) and by McFarland 
(1982). The latter concluded "that recruitment t o  in- 
shore reefs is dependent o n  several factors-the indivi- 
dual species' capacity t o  prolong larval life, the effect 
of  currents o n  the dispersion and settlement of recruits, 
the constancy o r  periodicity in the production of  eggs 
and larvae through reproductive drive and the nature 
of  the settlement site". Johannes et  al. (1981) have 
suggested that, notwithstanding occasional long distance 
dispersal of larvae, postlarvae and/or juveniles, a high 
degree of reef fish recruitment might be derived from 
local spawning, that genetic interchange might be limited 
and discrete stocks of reef fish species might exist. 

One particular feature of  the reef fish debate appears 
t o  have been the tacit assumption that space on  reefs 
is a factor which limits the population size of  virtually 
all reef fish. However, as suggested recently by Doherty 
(198 l ) ,  and previously by Munro et al. (1  973) in a some- 
what different context,  there is n o  evidence whatever 
that planktonic dispersal of thelarvae of reef fish regularly 
provides more recruitment than most reef habitats can 
absorb. Munro et  al. (1973) observed that catch rates 
from virgin reef fish stocks at  Pedro Bank in the West- 
Central Caribbean were markedly less than at  Rosalind 
Bank (Fig. 2.1), which is proximal to  the Nicaragua- 
Honduras shelf and suggested that the absence of any 



shallow waters upstream of Pedro Bank combined with 
the appqent absence of any significant mechanisms for 
retaining' larvae such as 'gyres, accounted for these 
differences. 

It is here suggested that all reef-dwelling fish are 
normally recruitment limited. That is, it appears probable 
that population densities of those organisms in which 
the young need to settle from the plankton onto a suit- 
able substratum are limited by the larval &val rates 
in the plankton, by the abundance of predators on and 
around the settling substratum and by the likelihood of 
current systems depositing the young near suitable 
settlement sites. The same suggestion might also apply 
to many other demersal organisms in which the post- 
larvae need to settle on a specific substratum. 

Certainly, in the case of coral reef fish, if not other 
organisms, the factors which reduce recruitment are 
well known. The characteristic spawning aggregations 
(Colin 1982; Randall 1961b; Randall and Randall 
1963) are attended by abundant eggeating plankti- 
vores (Colin 1978) and any eggs that are not wafted 
away from the reefs are preyed upon by a great variety 
of organisms (Hobson and Chess 1978; Leis 1981). 
Once into the oceanic plankton, the larvae and post- 
h a e  are also prey to a host of pelagic fishes including 
tuna, and are then largely dependent upon some chance 
current system returning them to a safe substratum. 
Johannes (1978), Powles (1975) and Leis and Miller 
(1976) have all suggested that gyres are important in 
retaining larvae around islands and indeed, if this were 
not so, islands such as Barbados, Pitcairn and Easter 
Island would be devoid of all neritic f i  with pelagic 
larvae. Instead, these islands have substantial fish popula- 
tions and it would be interesting to investigate whether 
such communities are composed predominantly of forms 
having short larval lives. 

However, there is no evidence that the reproductive 
strategies proposed by Johannes (1978), which consist 
of spawning as far seaward as possible, preferably in the 
late afternoon [as predation on eggs is reduced at night 
(Hobson and Chess 1978)] on a strongly ebbing spring 
tide, combined with gyre systems at the calmest periods 
of the year, regularly succeed in saturating the reef 
environment with newly-metamorphosed postlarvae. 

Rather, it now appears that the strategy of most reef 
dwelling fishes is to spawn over extended periods with 
some concentration of activity in certain favorable 
periods (summer or spring and fall, winciding with 
calm periods with low current velocities) in the "hope" 
that the requisite combination of biotic and environ- 
mental factors will open the "survival window" [as 
proposed by G. Sharp (see Bakun et al. 1982)] and 
will permit significant numbers of larvae to pass through 
and survive to settlement. Periodic opening of the 
"survival window" will result in episodic recruitment. It 
also seems likely that the conjunction to a greater or 
lesser degree of all factors necessary for survival which 
results in the opening of the "window" might well be a 
local phenomenon, with only a basic relationship to the 

seasons or to lunar rhythms. From the time of settle 
'ment onwards, the system will be predator-controlled, 
with vacant territories constantly created on the:reef for 
those species which require a defendable territoiy, and 
heavy predation upon all small elements of the fauna. 

There seems to be little doubt that very wide dispersal 
of larvae is achieved by those reef fish and invertebrates 
which have long-lived larvae and postlarvae. In many 
cases, favorable currents, eddy systems or geographical 
locations probably cause particular areas to receive 
abundant recruits regularly and thus support large 
populations of certain species, whereas different areas 
might be chronically short of recruits because of unfavor- 
able geographic circumstances. Pedro Bank which lies 
1,500 km downstream from the islands of the Eastern 
Caribbean seems a likely example of the latter condition, 
whereas much of the Bahamas, Cuba and the eastern 
coast of the USA which lie downstream of other Carib- 
bean reef systems might be much more favorably placed 
to receive recruits. It is suggested that reef fisheries of 
most island systems which do not lie within a suitable 
gyre or precisely at an optimum distance downstream 
of another reef system are chronically recruitment 
limited and that even under the most favorable circums- 
tances, there are few instances of saturation of the 
habitat by juveniles (e.g., Kami and Ikehara 1976). 

A final point concerning reproduction which has 
emerged in the last decade is that many families of 
coral reef fish, including members of the Serranidae 
(Nagelkerken 1979; Jones 1980; Goeden 1978; Loubens 
1980a), Lethrinidae (Lebeau and Cueff 1975; Loubens 
1980a; Young and Martin 1982), Scaridae (Reinboth 
1968), Sparidae, Labridae, Pomacanthinae (Smith 1975; 
Bruce 1980) and Amphiprioninae (Moyer and Nakazono 
1978), are sequential hermaphrodites, and in some 
groups, also diandric or digynous (Smith 1982). We 
require a far better understanding of the factors trig- 
gering sex change if we are to make any rational steps 
towards management strategies for such species, failing 
which recruitment from exploited stocks might become 
drastically limited, if not extinguished (Smith 1982). 

PARAMETER ESTIMATION 

Despite the methodological advances mentioned 
previously, there is still no consensus on the general 
order of magnitude of growth rates attained by coral 
reef fish and of natural mortality rates which might 
prevail. None of the detailed studies of recruitment 
of small reef fish which have been conducted appear 
to have been accompanied by estimates of subsequent 
growth and mortality, such that turnover rates in the 
reef community could be estimated. 

Age and Growth 

There are still few published accounts of attempts to 
age commercially important coral reef fish on the basis 
of daily rings in otoliths, the exceptions being the works 
of Ralston ( 1977, 1980), Ralston and Miyarnoto (1 98 1) 



and Moffitt (1 980) on various Hawaiian reef fish and of 
McFarland (1 980). The latter found that juvenile Haemu- 
lon flavolineatum could be aged at least up to 700 days, 
by which time they attained lengths of up to 12 cm, but 
that best results were for the first 100 days of life. 

Pauly and Ingles (1 98 1) have analyzed a number of 
sets of length-frequency data for coral reef fish using 
the ELEFAN I microcomputer program (Pauly and. 
David 198 l), which also can accommodate temperature- 
induced seasonal growth oscillations. Some of the length- 
frequency data reported in previous chapters have been 
reanalyzed using the ELEFAN I program to test whether 
any better interpretations of the data are obtainable. 
Additionally, the ELEFAN I program has been applied 
to length-frequency data for reef fish from the west 
coast of Florida published by Saloman et al. (1981). 
Loubens (1978, 1980b) has estimated growth rates 
from otoliths of 28 species of fishes from New Cale- 
donian waters, marking a major advance in our knowl- 
edge. 

All of the above-mentioned estimates plus others 
culled from the literature are summarized in Table 
19.1, from which it is apparent that most success has 
attended analyses of annular marks on scales and oto- 
liths in areas near the edge of the tropics. It is possible 

that if growth checks cause discernible marks on hard 
parts, overall growth rates in sub-tropical regions might 
be lower than in equatorial regions. Also, for a given 
species, larger asymptotic sizes ( L A  and lower growth 
coefficients (K) might be attained in cooler regions 
(Pauly 198 1). 

The question now arises of how the validity of the 
various growth estimates might be established in the 
absence of reliable norms or criteria. One possible 
approach to this problem is suggested by the work of 
Pauly (1980b) who showed that a plot of the logarithm 
of the growth coefficient, K, against the asymptotic 
weight, W,, for a wide variety of species yields a linear 
regression with a slope, very close to the theoretical 
value of 0.67. Thus, log K = a - 213 log W,. If the 
slope is fixed by physiological considerations and is 
thus constant, differences in growth characteristics 
can only be reflected in the value of the y-axis inter- 
cept, a, which is the theoretical value of K which 
would be attained if a particular species were growing 
towards an asymptotic weight of 1 gram. 

Calculated values of a are given in Table 19.1 and 
their distributions are illustrated in Fig. 19.3. Excluding 
the demoiselles and the chaetodontids, the estimated 
values of a for the 59 predatory reef species or stocks 

1 I l l  Pentapodidae 
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a =Log K + 2/3 Log W, 

Fig. 19.3. Frequency distributions of calculated values of a = log K + 213 log 
W, for species of the Serranidae, Pentapodidae, Pomadasyidae, Lutjanidae and 
Lethrinidae and for all of the reef dwelling species. 



Table 19.1. 1:stimates of the cocfficicnt of growth, K, and thc asymptotic length L,, of thc various coral rccf fishcs. Value* marked 
with an asterisk (*) have been rccalculatcd from thc original data. Asymptotic lengths givcn in brackets arc assumed values bascd upon 
the largest specimens in the sample. 'The value a is derived as a = log K + 213 log W, and is an indcv of relative growth performance of 
the species. See text for further details. 

Species 

SERRANIDAE 

Mycteroperca venenosa 
Mj~cteroperca microlepis 

Chapter 7 
Saloman et al. 1981 
Manooch and Haimovica 

1978 
Pauly and lngles 1981 

Jamaica 
Florida 
E. coast, USA 

Great Barrier 
Reef 

New Caledonia 
Virgin Islands 

I .  .. (iulf of 
Mcxico 

Campcchc 
Jamaica 

Jamaica 
Jamaica 

Jamaica 
Jamaica 

Otoliths 0.17 
ELEFAN I* 0.155 
Otoliths 0.121 

(86) cmTL 
129.7 cmTL* 
129.0 cm TL 

64.7 cm TL 

50.0 cm SL 
97.4 cm TL 

80.0 cm TL 

92.8 cmTL 
52.0 cm TL 

54.5 cmTL* 
34.0 cm TL 

35.5 cmTL* 
34.0 cmTL 

30.9 cm SL 
30.7 cm SL 
27.6 cm SL 
23.0 cm SL 
40.2 cm SL 
58.1 cm SL 
17.9 cm SL 
27.9 cm SL 

39.5 cm SL 
35.1 cm SL 
37.0 cm SL 
46.4 cm SL 

(60)* cmTL 
97 cmTL 

95.4 cm TL 
(66) cmTL 
(66) cmTL 

80.5 cm TL 

62.7 cm TI, 
60.0 cm FL 

33.4 cm SL 
29.3 cm SL 
24.8 cm SL 
17.3 cm SL 

28.2 cm SL 
23.8 cm SL 

Plcctropomus leopardus 

Loubens 1980b 
Olscn and La Place 

1979 
Moe 1969 

Otoliths 0.16 
Probit 0.185 

analysis 
Otoliths 0.18 

Epincphelus striatus 

Epinepl~elus morio 

Mclo 1976 
Chaptcr 7 

Otoliths 0.1 1 
Modal 0.24 

progrcssion 
I,.LICI:AN I* 0.22 
Modal 0.63 

progrcssion 
I.;LI<I-AN I* 0.56 
Modal 0.34 

progrcssion 

Epinephelus guttatus 

Chapter 7 
Chapter 7 Kpincphelus (Cephalopliolis) 

fulva 
Chapter 7 
Chapter 7 Epinephelus (Petrometopon) 

crucntatum 
Epinephelus sex fasciatus 
Epinephelus (Itauvina) * * 
Epinephelus areolatus 
Epinephelus fasciatus 

Pauly and lnglcs 1981 
Loubens 1980b 
Loubens 1980b 
Loubens l980b 
Loubens l980b 
Loubens 1980b 
Loubens 1980b 
Loubcns l980b 

Philippines 
New Calcdonia 
New Caledonia 
New Caledonia 
New Caledonia 
New Caledonia 
New Caledonia 
New Calcdonia 

IiLICFAN I 
Otoliths 
Otoliths 
Otoliths 
Otoliths 
Otoliths 
Otoliths 
Otoliths 

Epinephelus maculatus 
Epinephelus hoedt i  
Epinephelus merra 
Epinephelus rhyncholepis 

PENTAPODIDAE 

New Calcdonia Otoliths d 
New Cdcdonia Otoliths 9 
New Calcdonia Otoliths 
New Calcdonia Otoliths 

Gyrnnocranius japonicus Loubens 1980b 
Loubens 1980b 
Loubens 1980b 
Loubens l980b 

Gymnocranius lethrinoides 
Gyrnnocranius rivulatus 

LUTJANIDAE 

Lutjanus campechanus IZutch and Bruger 1976 
Nelson and Manooch 1982 

Saloman et al. 1981 
Talbot 1960 
Wheeler and Ommanney 

1953 
Ralston 1980 

Grimes 1978 
Chapter 9 

Loubens 1980b 
Loubens 1980b 
Loubens 1980b 
Loubens 1980b 

Loubens l980b 
Loubens 1980b 

1:lorida Otoliths 
Florida Scales and 

otoliths 
Florida ELEFAN I* 
Kenya Scales* 
Seychelles and Petcrsen 

Amirantcs method* 
Hawaiian Is. Otolith 

Lutjanus bohar 

Pristipomoides jilamentosus 

Rhomboplites auron~bens  
Ocyurus chrysurus 

Lutjanus amabilis 

Lutjanus fulviflamma 
Lutjanus quinquelineatus 

Lutjanus ritta 

daily rings 
Scales 0.198 
Modal 0.25 

progrcssion 
Otoliths d 0.26 
Otoliths 9 0.34 
Otoliths 0.30 
Otoliths 0.37 

N and S Carolina 
Jamaica 

New Caledonia 
New Caledonia 
New Caledonia 
New Caledonia 

Otoliths d 0.32 
Otoliths 9 0.30 

New Caledonia 
New Caledonia 

Continued 



Table 19.1 (continued) 
- 

Species Source Locality Method K Lm a 

Lutjanus bohar 
Lutjanus kastnira 
Aprion virescens 

PLECTORHYNCHlDAE 

Diagramma pictum 

POMADASY IDAE (Haemulidae) 

Haemulon album 

Haemulon plumieri 

Haernulon sciums 

Haetn~rlort aurolineatum 

LETHRINfDAE 

Lcthrinus eni~rrzaticus 
I ~ h r i n ~ r s  cl~iyosrotr~us 

Lerhririus letltjar~ 
Letl~rir~us rnahsena 
Lctl~rirlrrs rlehrrlosrrs 

Lclhrirlus nerwatacar~rlrus 

I,cvkrit~us ~~arie~arrrs 

CARANGIDAI:. 

Carat] r ru her 

BALISTIDAI. 

Balisrcs t w u h  

Loubens l980b New Caledonia Otoliths 0.11 
Loubens l980b New Caledonia Otoliths 0.38 
Loubens 1980b New Caledonia Otoliths 0.3 1 

Loubens 1980b New Caledonia Otoliths 0.28 

Chapter 10 Jamaica Petersen 0.20 
method 

Manooch 1976 N and S Carolina Scales 0.11 
Chapter 10 Jamaica Modal 0.35 

progression 
Jamaica ICLEFAN I* 0.275 

Chapter 10 Jamaica Modal 0.26 
progression 

Chapter 10 Jamaica IJLEFAN I* 0.24 
Manooch and Barans 1982 N and S Carolina Scales 0.22 

Lcbeau and Cucff 1975 
Loubens 1980b 
Loubcns 1980b 
Loubcns l980b 
Loubens 1980b 
Loubcns l980b 
Loubcns l980b 
Loubcns l980b 
Loubcns 1980b 
Loubens 1980b 

Chapter 8 

Pauly and lnglcs 1981 

Kalston 1977 

Chapter 15 

Saya de Malha 
New Calcdonia 
New Caledonia 
New Caledonia 
New Caledonia 
New Caledonia 
New Caledonia 
New Caledonia 
Ncw Caledonia 
Ncw Caledonia 

Scales* 0.13 
Otoliths d 0.26 
Otoliths Q 0.27 
Otoliths 0.33 
Otoliths 0.29 
Otoliths d 0.22 
Otoliths Q 0.21 
Otoliths d 0.87 
Otoliths Q 0.86 
Otoliths 0.43 

Jamaica Modal 0.24 
progrc~~ion 

I LI !.AN I* 0.24 

Jamaica I,.I.l'I-AN I Q 0.58 
1.I.I:I:AN l d 0.33 

Hawaii Otolith 1.13 
daily rings 

Jamaica Modal 0.57 
progression 

1.L1 1-AN I* 0.53 

**Epinephelus tauvina (Forskal) is a large species, reported to attain up to 200 cm TL. 

52.0 cm SL 1.47 
21.1 cmSL 1.23 
65.6 cm SL 1.95 

64.0 cmTL 1.50 
42.0 cm f:L - 

40.2 cm FL 1.43 
31.0 cmTL 1.11 

(55) cm TL 1.54 
48.9 cm SL 1.77 
45.7 cm SL 1.74 
29.2 cm SL 1.43 
32.7 cm SL 1.54 
50.9 cm SL 1.71 
54.3 cm SI. 1.75 
16.0 cmSL 1.31 
14.0 cmSL 1.18 
30.3 cm SL 1.55 

12.7 cmSL 1.19 

listed in Table 19.1 have a mean of 1.63 (s.d. 0.30). 1.08-2.15. mean 1.65. s.d. 0.35: Lethrinidae: range 
Within the families, details of the range of u, mean 1.18-1.77, mean 1.55, s.d. 0.20. The  values o f  u appear 
and standard deviation are as follows: Serranidae: t o  be a possible characteristic of a family o r  o f  a species 
range 1.35-2.26, mean 1.66, s.d. 0.36; Pentapodidae: group within a particular habitat and probably represent 
range 1.50-1.70, mean 1.59, s.d. 0.08; Pomadasyidae: an underlying characteristic of the energetics o f  that 
range 1. l 1- 1.79, mean 1.46, s.d. 0.22; Lutjanidae: range species group. 



At a practical level, calculation of a serves as a check 
on  the validity of growth estimates. For example, the 
values of K and L, estimated for Epinephelus fasciatus 
and E. merra by Loubens ( 1980b) yield values of a of 
0.94 and 0.93, respectively, and thus lie two standard 
deviations below the mean for the serranids. This suggests 
that the growth estimates of these two species should be 
reviewed or  that particular features of these serranids 
distinguish them from other members of the family. 

Mortality Rates 

In Chapters 6-15, the length-frequency distributions 
of catches of various species were used to estimate 
mortality rates, using the formulation of Beverton and 
Holt (1956). This method is now outdated by the 
development of the length-converted catch curve of 
Pauly (1982). The assumptions underlying the length- 
converted catch curves are that catchability is not size- 
related, that there have been no significant changes in 
recruitment or in natural mortality between years, that 
the samples are reasonable representations of the mean 
annual length-frequency distribution of the entire stock 
and the parameters of growth do not change over the 
age span covered by the catch curves. Progressive emigra- 
tion or  immigration will also be reflected in the shapes 
and slopes of catch curves. 

An interesting feature of the length-converted catch 
curves is that the slope of the descending arm of the 
curve is directly proportional to the estimated value of 
the coefficient of growth, K, for any given estimate of 
L,. Thus, a constant value of the ratio Z/K emerges for 
a given L, and the value of K can be arbitrarily set at 
any value (preferably 1) in order to obtain a valid 
estimate of Z/K. This is of much importance if samples 
are available from virgin stocks in which Z = M, as it 
enables estimation of the M/K ratio, provided that 
L, can be approximated. 

Estimates of Z derived from lengthconverted catch 
curves are sensitive to estimates of L, and very high 
estimates of Z/K will result from overestimates of L,. 
Estimates of L, set close to the size of the largest 
fishes normal1.v found in an unexploited stock will 
provide a realistic lowcr boundary to Z. As an arbitrary 
rule, assigned values of the asymptotic length, designated 
L(,), have been set at Lm,/0.95 where L,, is the 
largest fish within the contiguous annual average length- 
frequency distribution of the samples. The latter caveat 
serves to exclude outliers caused by the existence of 
occasional freak specimens of large size. 

It should be noted that the x-axis of the length- 
converted catch curve is the actual age only if the 
value of to, the theoretical time of hatching, is known. 
Otherwise, the values are the relative ages (calculated 
age (T) plus to). If the value of K is also unknown and 
is set at unity, the true age is (T/K) + to. 

Length<onverted catch curves for the principal 
species covered in Chapters 6-15 are shown in Figs. 
19.4-1 9.25, based on the data given in those chapters 
and, for a few species, on more recent estimates of 

growth parameters given in Table 19.1. Data points 
included in regressions of  the natural logarithms of 
abundance indices against relative ages are those points 
which clearly lie on the descending arm of the catch 
curve and are based upon a length-frequency sample 
of not less than 0.5% of the total sample. The features 
of the catch curves are discussed below: 

Holocentridae: The growth rates of squirrel fishes 
are unknown and the fully recruited length groups 
cover very limited length ranges. Lengthconverted 
catch curves for Holocentrus ascensionis and H. rufus 
at unexploited parts of Pedro Bank suggest M/K ratios 
of 7.3 and 7.6, respectively, sufficient to  indicate that 
on a comparative basis the M/K ratios are probably 
large. 

Serranidae: Catch curves for Epinephelus guttatus 
and Cephalopholis fulva taken at unexploited portions 
of Pedro Bank, at the Pedro Cays, California Bank and 
Serranilla Bank are shown in Figs. 19.4 and 19.5. For 
the exploited areas, the curves appear to descend more 
steeply with increasing age, thus supporting Hartsuijker's 
(unpublished) suggestion that catchability of groupers 
will increase with increasing size. 

Mortality rates are as follows: 
E. guttatus 

Unexploited Pedro Bank 34-46 cm M=0.72; M/K=3.3 
Pedro Cays 34-46 cm Z=0.97 
California Bank 34-44 cm Z= 1.06 

C. fulva 
Unexploited Pedro Bank 25-3 1 cm M=2.28; M/K=4. I 
Pedro Cays 25-3 1 cm Z=1.79 
California Bank 25-3 1 cm Z=3.16 
Serranilla Bank 25-31 cm Z=2.54 
The anomalous situation in which the mortality rate 

in the exploited population of C. fulva at Pedro Cays 
appears to be lower than in the unexploited population 
is thought to be the result of decreased predation in the 
Pedro Cays area. 

For the other grouper species, catch curves shown in 
Fig. 19.6 yield estimates of M/K ratios of 2.84 and 2.72 
for E. striatus and Mycteroperca venenosa, respectively. 
Curves for Petrometopon cruentatum yield estimates of 
Z = 1.69 and Z = 1 . I  5 for the Pedro Cays and Port 
Royal Reefs (Fig. 19.7). 

Carangidue: The family of catch curves for Carar~.~ 
ruher is shown in Fig. 19.8. The Port Royal Reefs 
population is clearly composed mostly of juveniles 
and the apparent mortality rate of Z = 3.25 undoubtedly 
includes a large component of offshore migration. The 
catch curve for Pedro Cays is highly linear and between 
2 1.5 cm and 34.5 cm the mortality rate Z = 1.77. How- 
ever, the curves for both the unexploited parts of Pedro 
Bank and for Serranilla Bank only peak at an age of 2.5 
years and a length of 25.5 cm and the estimate of 
Z = 1.77 for the Pedro Cays must also contain a com- 
ponent of emigration. The estimates of Z = M = 1.97 



Fig. 19.4. Length-converted catch curves for Epinephelus guttatus at a) uncxploited parts of 
Pedro Bank; Z = M = 0.72, b) Pedro Cays, Z = 0.97 and c) California Bank, Z = 1.06. Open points 
are not included in the regressions. 

Relat ive  age ( y r s - t o )  

Fig. 19.5. Lengthsonverted catch curves for Cephalopholus f u 1 1 ~ ~  at a) unexploited parts of Pedro Bank, Z = 
M = 2.28, b) Pedro Cays, Z = 1.79, c) Serranilla Bank, Z = 3.16 and d)  California Bank, Z = 2.54. Open 
points are not included in the regressions. 



Relative age (yrs-t0)  

Fig. 19.6. Length-converted catch curves for a) Myc/croperca venenosa, M/K = 2.84 and b) Epinephelus 
srriarus. M/K = 2.72 at unexploited parts of  Pedro Bank. 

Relative age ( yrs-to 

Fig. 19.7. Length-converted catch curves for Perronrcropon crtcenra/~rttl at a) Pcdro Cays, 1, = 1.69 and b )  
Port Royal Rdefs, Z = 1.15. Open points are not included in the regressions. 

and Z = 2.40 for the unexploited Pedro Bank and the 
Serranilla Bank fishery, respectively, imply that a fishing 
mortality rate of F = 0.4 might prevail at Serranilla Bank. 

Beyond a size of 36 cm, the catches of C. ruber are 
very low both in traps and on hook-and-line. This fact, 
together with the observation that the ratio of M/K 
of 8.95 for unexploited Pedro Bank appears to be 
extremely high, suggests that a further change of habitat 
or a behavioral change might occur at around 40 cm FL. 

Lutjanidae: The samples of Ocyurus chrysurus from 
Pedro Bank yield a highly linear catch curve (Fig. 19.9) 

giving an estimate of Z = M = 0.62 between 32 and 56 
cm (3.2-9.9 years), and an M/K ratio of 2.48. 

For Lutjanus buccanella and Apsilus dentatus esti- 
mates of growth rates are very poorly based. Figures 
19.10-19.1 1 show that estimates of M/K derived from 
unexploited stocks lie between 2.86 and 4.35. 

Pomadasyidae: Catch curves for Haemulon plumieri 
at unexploited parts of Pedro Bank and at the Port 
Royal Reefs are shown in Fig. 19.12. The catch curve 
for the Port Royal Reefs shows a period of steady 
mortality with Z = 0.84 between recruitment at a 
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Relative oge (yrs-to)  

Fig. 19.8. Length~onverted catch curves for Coratix rtrhcr at a) unexploited parts of Pedro Bank, 
Z = 1.97, b) Pedro Cays. Z = 1.77. c) Serranilla Bank. Z = 2.40. and d) Port Royal Reefs. Z = 3.25. 
Open points are not included in the regressions. 

Relative age (yrs-to) Relative oge ( yrs -to) 

Fig. 19.9. Length-converted catch curves for Ocvurus Fig. 19.10. Length-converted catch curves for 1,rrfjonus 
chrysurus at unexploited parts of Pedro Bank. Z = M = huccanello at unexploited parts of Pedro Bank. 
0.62. Open point is not included in the regression. a) males, M/K = 3.60, b) females, M/K = 4.35. Open 

points are not included in the regressions. 



to the catches at around 5 years of age and suffer a high 
apparent mortality rate (Z = M = 2.27; M/K = 8.7), 
which presumably can be ascribed to the high abundance 
of predators or to  decreased catchability of large spe- 
cimens. 

H. album samples from Pedro Bank yield a relatively 
linear catch curve (Fig. 19.13) with Z = M = 0.61 and 
M/K = 3.1. 

The catch curve for H. sciurus (Fig. 19.14) at the Port 
Royal Reefs is highly linear and yields an estimate of 
Z = 1.4. 

In the cases of the other species of grunts, the growth 
coefficients are unknown and only ratios of M/K or 
Z/K can be derived from the catch curves. For H. flavo- 
lineatum (Fig. 19.1 5 )  the M/K ratio at Pedro Bank is 
3.0, while at the Pedro Cays the Z/K ratio is 4.4 over 
the same size range, implying an F/K value at the Pedro 
Cays of 1.4. Like H. plumieri, apparent mortality of 
this species at the Port Royal Reefs undoubtedly includes 

5 10 
a component of offshore migration and the Z/K ratio 
is around 7.2. 

Relative age ( yrs-to) H. melanurum has a M/K ratio of 3.6 at Pedro Bank 
and Z/K = 5.3 at Serranilla Bank (Fig. 19.16) while 

Fig. 19.11. Length-converted catch curves for Apsilus dentatus H. aurolineatum appears to have an M/K ratio of 8.7 
at unexploited parts of Pedro Bank. a) males, MIK = 2.86, at Pedro Bank. If is not less than the value of 0.22 
b) females, MIK = 3.83. Open points are not included in the 
regressions. estimated by Manooch and Barans (1982) for this 

species in Carolina waters, then M would be not less 

5 10 

Relative age ( yrs-to) 

Fig. 19.12. Length-converted catch curves for Haenidon ph- 
mieri at a) Port Royal Reefs, Z = 0.84 and b) unexploited parts 
of Pedro Bank, Z = 2.27. Open points are not included in the 
regressions. 

relative age of 2 years (15.5 cm FL.) and an offshore 
migration starting 1.5 years later. The catch curve for 
Pedro Bank shows that these fish are only fully recruited 

than 1.9. 

Mullidae: Catch curves for male Pseudupeneus 
maculatus (Fig. 19.17) and combined male and female 
Mulloidich thys martinicus (Fig. 19.1 8) are highly 
linear. In neither case is the growth coefficient reliably 
known. The M/K ratio for P. maculatus is 2.7 at Pedro 
Bank and Z/K ratio is 8.1 at the Port Royal Reefs, 
implying an F/K ratio of 5.4. 

For M. martinicus, the M/K ratio at Pedro Bank is 
estimated at 5.7, with a lower Z/K value of 4.8 at the 
Pedro Cays. 

Chaetodontidae: The catch curve tor Pomacanthus 
arcuatus at Pedro Bank is fairly irregular. The best line 
through the set of points (Fig. 19.1 9) yields an estimate 
of M/K = 3.4. 

Scaridac: For Scarus tacniopterus at unexploited 
Pedro Bank, the estimated value of M/K is 3.2 between 
20.5 and 25.5 cm TL (Fig. 19.20). Over the same length 
range at the Pedro Cays, the estimated value of Z/K is 
of the same general magnitude-the scatter of the points 
rendering the regressions not significantly different. , 

Acanthuridae: No growth estimates are available for 
the Acanthurids and only M/K or Z/K ratios can be 
derived from the catch curves (Figs. 19.2 1-1 9.23). 

For the unexploited parts of Pedro Bank, M/K ratios 
are 3.2, 4.2 and 3.6 for Acanthurus chirurgus, A. ba- 
hianus and A. cocruleus. All species appear t o  undertake 
progressive offshore movements as they increase in size 



and estimates of Z/K for the Port Royal Reefs and for 
Pedro Cays probably include a component of migration. 

5 10 
Relative age ( yrs-to) 

Fig. 19.13. Lengthconverted catch curves for Hae~,lulon album 
at unexploited parts of Pedro Bank, Z = 0.61. Open points are 
not included in the regressions. 

Relative age ( yrs-to) 

Fig. 19.14. Lengthconverted catch curves for Haemulon sciurus 
at the Port Royal Reefs, Z = 1.40. Open points are not included 
in the regressions. 

Balistiduc: The catch curve for Balistcls vctulu (Fig. 
19.24) is highly linear over the range 21.5-35.5 cm FL 
(relative ages 1.2-2.7 years) with a coefficient of mortal- 
ity Z = M = 2.5 1 and an M/K ratio of 4.7. However, the 
frequencies inserted into the catch curve have been 
compounded of catches in different depth zones (Table 
15.9) and it is difficult t o  evaluate the validity of the 
estimated values of  M and M/K. It  is possible that larger 
specimens are under-represented in trap catches (Hart- 
sui.iker, unpublished). 

1 2 3 
Relative age ((yrs/ K ) - to )  

I5g. 19.15. Length-converted catch curves for Hae~~rulor~ j1at.o- 
lineatun~ at a) the Port Royal Reefs, Z/K = 7.2, b) Pedro Cays, 
Z/K = 4.4 and c) unexploited parts of Pedro Bank, M/K = 3.0. 
Open points are not included in the regressions. 

I 

I 2 3 

Relative age ((yrs/K)-to) 

Fig. 19.16. Lengthconverted catch curves for Haemulon mela- 
nurum at a) Serranilla Bank, Z/K = 5.3, and b) at unexploited 
parts of Pedro Bank, M/K = 3.6. Open points are not included 
in the regressions. 



Palinuridae: Length-converted catch curves for male 
and female Panulirus argus at the Port Royal Reefs and 
at Pedro Bank are shown in Fig. 19.25. The catch curves 
for the Port Royal Reefs are fairly linear over the cara- 
pace length range from 8.5 cm t o  11.5 cm (for female) 
or 12.5 cm (for males) withvalues of Z of 1.76 and 1.35, 
respectively. For unexploited parts of Pedro Bank, the 
male and female catch curves both steepen abruptly in 
the last two length groups encountered, possibly as a 
result of a change in growth rates. Over the mid-ranges, 

0 
2 2.5 

Relative age (( yrs/ K ) - tJ 

Fig. 19.17. Lengthconverted catch curves for male Aeudupenerts 
maculatus at a) the Port Royal Reefs, Z/K = 8.1 and b) at un- 
exploited parts of Pedro Bank, M/K = 2.7. 

1 I I I 1 
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Relative age ( (y rs /K) - to  

Fig. 19.18. Length-converted catch curves for Mulloidichth.vs 
rnartinicus at a) unexploited parts of Pedro Bank, MIK = 5.7, 
and b) at the Pedro Cays, Z/K = 4.8. 

between full recruitment and the start of the decline, 
mortality rates appear to  be modest, amounting to  
0.4 and 0.6 for males and females, respectively. 

Generalizations: A few generalizations appear to  
emerge from the foregoing. Firstly, based upon 36 
comparisons, the estimates of M/K or Z/K derived from 
the Beverton and Holt (1956) equation average 9.7% 
lower than those derived from the lengthconverted 
catch curves. The difference is statistically highly signi- 
ficant. Secondly, estimates of M derived from the 
catch curves tend to be substantially higher in most 
cases than estimates based upon the empirical equation 
derived by Pauly (1980a) which states that 

in which M is the calculated coefficient of natural 
mortality, K is the coefficient of growth, L, is the 
asymptotic length and T is the mean water temperature. 

It was argued in Chapter 17 that natural mortality 
rates will decrease as a result of non-selective exploita- 
tion of a multispecies fishery, primarily as a result of the 
decrease in the biomass of predators. Evidence of any 
such changes is not yet available, although for three 
small species (Cephalopholis fulva, Mulloidichthys 
martinicus and Scarus taeniopterus) mortality rates 
appeared to be lower at the exploited Pedro Cays than 
at unexploited parts of Pedro Bank. 

STOCK ASSESSMENTS 

The development of reliable scuba diving equipment 
has led to  the development of highly sophisticated visual- 

Relative age (( yrs  /K )-to ) 

Fig. 19.19. Length-converted catch curves for Porna- 
canthus arcuatus at unexploited parts of Pedro Bank, 
M/K = 3.4. Open point isnot included in the regression. 



Relative age ( (yrs /K ) - t o )  

Fig. 19.20. Length-converted catch curves for Scarus tae~lioptems at a) unexploited parts of Pedro Bank, 
MIK = 3.2 and b) at the Pedro Cays, ZIK = 3.0. Open points are not included in the regressions. 

I  2 3 
Relative age ( ( y r s / K ) - t o )  

Fig. 19.21. Length-converted catch curves for Acanthuius 
chirurgus at a) the Port Royal Reefs, ZIK = 3.9 and b) at  un- 
exploited parts of Pedro Bank, MIK = 3.2. Open points are 
not included in the regressions. 

census techniques (Craik 1981; Brock 1982; Sale and 
Douglas 198 I), giving considerable confidence in density 
estimates of diurnally active species when surveys are 
properly executed. However, with very few exceptions, 
such techniques have not been applied to commercially 
exploited species. 

Additionally, Eggers et al. (1982) have presented a 
method whereby it is possible to estimate the average 
area from which a trap or other stationary fishing 
gear draws its catch of a particular species. The method 
has not yet been applied to coral reef fisheries but it 
appears that this, combined with the visual-census 
techniques and further advances in our understanding 

Relative age ( (yrs /K) - to)  

Fig. 19.22. Length-converted catch curves for Acanthurus 
bahianus at a) the Port Royal Reefs, ZIK = 6.6, b) at  the Pedro 
Cays, ZIK = 7.2, and c) at unexploited parts of Pedro Bank, 
M/K = 4.2. Open points are not included in the regressions. 

of how traps actually function (Stevenson and Stuart- 
Sharkey 1980; Olsen et al. 1978; Craig 1976; Munro 
1974; Munro et al. 197 1) gives promise of population 
estimation based on trapping. If a set of definitive 
experiments is conducted, it might be possible to con- 
vert the results of previous trap fishery investigations 
(Wolf and Chislett 1974; Hartsuijker 1982) and the 



results reported in Chapter 5 to estimates of popula- 
tion densities. 

Although as demonstrated in Chapter 18 and by 
MUNO (1977), it is possible to merely sum the results 
of conventional single-species assessments in a multi- 
species coral reef fishery, the degree of uncertainty 
attached to the input parameters and most especially 
the unknown extent to which parameters are influenced 
by species interactions, limit the usefulness of this 
approach (Munro 1980). 
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Fig. 19.23. Length-converted catch curves for Acanthums 
coemleus at a) the Port Royal Reefs, Z/K = 4.3 and b) at un- 
exploited parts of Pedro Bank, M/K = 3.6. Open points are 
not included in the regreaions. 

Total biomass-fishing intensity surplus yield curves 
in which the fishing intensities per unit area are regressed 
against catch per unit of effort from different, but eco- 
logically similar areas (Chapter 2), have found some use- 
fulness in making assessments in other coral reef areas 
(Gulland 1979), but application to coral reef fisheries 
remains limited by the acute lack of appropriate sta- 
tistics. The methods outlined by Bazigos (1974) give 
some hope of correcting this situation. 

Relative age ( yrs-to)  

Fig. 19.24. Length-converted catch curves for 
Balistes vetula at unexploited parts of Pedro Bank, 
M = 2.51. Open points are not included in the 
regressions. 
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Fig. 19.25. Length-converted catch curves for a) male and b) female Panulirusargus at the Port Royal Reefs @I) and at Pedro Bank (pb). 
See text for interpretation. Open points are not included in the regressions. 



A number of multispecies models have been proposed 
in recent years (Andersen and Ursin 1977; Pope 1979; 
Saila 1982; Powers and Crow 1982) but all remain 
bedevilled by the problems of parameter estimation. 
A promising approach arising from a simplification of 
ecosystem models, such as that of Laevastu and Favorite 
(1978), has been developed by Polovina and Tagami 
(1980) for the French Frigate Shoals, in the northwest 
Hawaiian Islands, in which an ecosystem model is simply 
based upon estimates of biomass, production and con- 
sumption at different trophic levels. A similar approach 
has been developed by Larkin and Gazey (1982). Given 
the availability of good census techniques combined 
with a much improved knowledge of food and feeding 
of reef fish (Talbot and Goldman 1972; Ogden 1976; 
Ogden and Lobe1 1978; Hobson and Chess 1978; Parrish 
e t  al. 1980; Randall 1980; Hay 1981) it would appear 
that such models have the greatest potential for giving 
an insight into the complex reactions wrought on  a 
community by exploitation, which is almost invariably 
selective. 

At a more immediate level, multispecies analyses by 
Stevenson (1978) of the Puerto Rican trap fishery and 
by Ralston (1980) demonstrate that useful results can 
still be generated by using fairly conventional techniques. 
There is clearly scope for further conventional stock 
assessments, particularly if length composition data are 
effectively utilized t o  conduct virtual population analysis 
and cohort analysis (Jones 198 1). 

POTENTIAL HARVESTS FROM 
CORAL REEF AREAS 

This particular topic has generated considerable 
interest (Smith 1978b) and an equal amount of confu- 
sion in recent years. Most available data have been 
summarized by Marshall ( 1980) and recapitulated by 
Marten and Polovina (1  982). Basically, it appears 
from the available evidence that harvests of fish of 
4-6 t/km2/year are attainable from coralline shelves 
(Munro 1977; Wijkstrom 1974; Carpenter 1977; Murdy 
and Ferraris 1980; Bayliss-Smith, unpublished MS). 
Such shelves, extending from the shore t o  an arbitrary 
200-m isobath, encompass seagrass beds, sand flats, 
submerged reefs and emergent reefs, and all other 
habitats (Marshall 1981). The fishes included in the 
statistics have usually comprised all neritic species. 

More recent evidence from fisheries based on reef 
flats and almost pure stands of coral has shown that 
harvests of reef fish and invertebrates per unit area of 
actively growing coral are far in excess of those men- 
tioned above. Hi11 ( 1978) and W a s  (1  982), respectively, 
estimated average yields of fish of 8 t/km2/year and 
18  t/km2/year for the shoreline fishery of American 

Samoa, plus very large catches of invertebrates when 
harvests from depths of only 0-8 m are considered. 
In the central Philippines, Alcala (1981) and Aicala 
and Luchavez (1981) have estimated harvests of  8.00- 
14.73 (mean 11.4) t/km21year at Apo Island and a range 

2 of 9.7-23.7 (mean 16.5) t/km /year over a five-year 
period at Sumilon Island. If Elops sp. and Scotnbero- 
morus sp. are excluded from the harvests at Apo Island, 
the yield of reef-related species averaged about 8.7 
t/km /year. The harvests in the above-mentioned 
instances are from depths down to 6 0  m and the inter- 
vening depths are substantially covered with living 
corals. Both island shelves have been subjected to 
exploitation for many years. 

It is clear that questions of potential productivity of 
coralline shelves relate closely t o  the depths involved, 
t o  the areas of living coral cover and to the productivity 
of adjacent habitats. A recent workshop (Saila and 
Roedel 1980) has recommended that the possibility of 
relating coral reef fishing potential t o  a morphoedaphic 
index be pursued. These questions require additional 
field work, backed up  by a solid statistical base, before 
they can be resolved. 

In concluding, two points require emphasis. Firstly, 
the general confirmation of estimates of growth and 
mortality rates lends confidence t o  the assessment of 
theoretically optimal mesh sizes. It  must nevertheless 
be emphasized that the results presented in this volume 
are based upon limited data and that we d o  not claim 
to have produced a definitive work. However, it can 
be claimed that the validity of length-frequency based 
stock assessment methodologies has now been estab- 
lished. 

Secondly, in Chapter 18 (first published in 1975) 
the potential production of fisheries based upon the 
neritic, pelagic and demersal fish communities of the 
Jamaica shelf, proximal oceanic banks and Pedro and 
Morant Banks is estimated, on a conservative basis, 
t o  amount to about 16,000 tonneslyear. Nothing has 
emerged in the intervening period which indicates 
a need t o  revise this figure. However, it must also be 
emphasized, that the magnitude of a potential harvest 
is determined purely by biological and ecological factors 
and that the degree t o  which it will evei be feasible t o  
harvest even a fraction of the potential is determined by 
economic and technological factors. 

Only a few options are available t o  any fishery 
administrator; namely, t o  manage overfished nearshore 
resources or  see harvests dwindle; to  adopt more effi- 
cient fishing technologies in order to bring marginal 
areas into production and t o  diversify the industry 
t o  ensure that all resources are rationally harvested. 
There are no  other alternatives. 
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