
A b s t r a c t - T h e  roudi escolar Pro- 
methichthys prometheus is common in 
deep hook-and-line and longline catches 
of a small-scale fishery along the slope 
off the Canary Islands. Population 
structure, reproduction, growth, and 
mortality of the species were studied 
from sampling undertaken from August 
1992 to July 1995. Range of length of 
fish in the catches was between 36 and 
80 cm TL, with a main distribution be- 
tween 56 and 66 cm. The overall ratio 
of males to females was 1:1.74. Females 
predominated in al1 sizes. The sex ra- 
tio varied throughout the period of 
study; the lowest discrepancy between 
males and females, however, was dur- 
ing the reproductive penod. A vertical 
space partitioning among sexes was ob- 
served, with males predominating from 
600 to 800 m depth, females from 300 
to 500 m. The reproductive penod of the 
species was from April to September, 
with a peak in spawning in JuneJu ly .  
The size at first maturity was 47.41 cm. 
Tho paramotors ef the !en@h-weight 
relat ionship for al1 fish were 
a=0.004521 and b=2.98932. Age read- 
ings of otoliths indicated that the ex- 
ploited population consisted of nine age 
groups (111-XI years) .  The von 
Bertalanffy growth parameters for al1 
individuals were L-=93.61 cm, k=O.l8/ 
years, and t, =-1.54 years. She rates of 
mortality for al1 fish were Z=0.49/years, 
M=O.35lyears, and F=0.14/years. The 
length a t  first capture for the whole 
population was 51.57 cm. 
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The family Gempylidae consists of 
16 genera and 23 species. Only 
seven species are found off the Ca- 
nary Islands, one of which is the 
roudi escolar Promethichthys pro- 
metheus (Cuvier, 1832), the only 
species recognized to date in the 
genus Promethichthys (Nakamura 
and Parin, 1993). 

The roudi escolar is a bentho- 
pelagic marine fish t h a t  has  a 
worldwide distribution in tropical 
and warm temperate waters. This 
species generally inhabits waters 
between 100 and 800 m in depth 
over seamounts and continental 
and insular slopes. It  migrates up- 
ward a t  night, probably forming 
schools (Nakamura, 1981; Parin, 
1986; Nakamura and Parin, 1993). 

Published information on P. 
prometheus is very scarce. The ma- 
jority of studies describe its morpho- 
logical characteristics, geographical 
and depth distribution, and ecology 
(Nakamura, 1981; Parin,  1986; 
Nishikawa, 1987; Nakamura and 
Parin, 199.1). On!y L ~ r e r ? z n  and 
Pajuelo (1995) have studied some 
biological aspects of the species. 
These authors carried out a prelimi- 
nary study on the sex ratio, repro- 
duction, and age and growth of 
roudi escolar off the Canary Islands 
(central-east Atlantic) on the basis 
=fa sma!! mmber of specimeris dur- 
ing one life cycle. This paper is an 
extension of their work, analyzing, 

in addition to al1 those aspects, 
population structure and mortality. 

The roudi escolar is common in 
the catches of the deep hook-and- 
line and longline small-scale fish- 
ery over the slope off the Canary 
Islands. In this area, this species is 
captured year round without signifi- 
cant seasonal differences in landings. 

Materials and methods 

Between August 1992 and July 
1995, the TL (cm) of 1879 specimens 
of roudi escolar was measured 
monthly from commercial catches of 
the small-scale fleet. Fish were 
caught with baited hook-and-lines 
and longlines a t  depths of 285-870 
m around the islands of the Canary 
archipelago (Fig. 1). 

A subsample was taken by a ran- 
dom stratified method from each 
sample for biological examination. In 
total, 776 individuals were analyzed. 
For each fish, the TW (0.1 g) and the 
weight of the g~nads  (0.01 g)  wzrs 
measured, and sex and stage of matu- 
ration were ascertained macroscopi- 
cally. The latter was classified as fol- 
lows: 1 = immature; 11 = resting; 111 = 
ripe; IV = ripe and running; V = spent. 
Sagittal otoliths of the fish were ex- 
tracted, cleaned, and stored dry. The 
~erig@h-frequericy &str&uiion "fin&- 

viduals in catches was calculated. 
Data were pooled for 1992-95. 
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Figure 1 
Location of sampling areas (8) in the Canary Islands 

The sex ratios (ma1es:females) for the whole 
sample, for different size clases ,  for quarters of a 
year, and for depth strata were calculated. The re- 
productive season was determined on the basis of 
monthly variations of the gonadosomatic index (GSI) 
according to Anderson and Gutreuter (1983). The 
length at  sexual maturity (length at  whch fiRy per- 
cent of the specimens became mature) was estimated 
by means of a logistic function that was fitted to the 
proportion of the mature individuals (stages 111, IV, and 
V) by using a nonlinear regression (Saila et al., 1988). 

The ratio of total length to total weight was calcu- 
lated over the whole period for males and females 
separately, as well as for the population as a whole, 
by applying a linear regression (Ricker, 1973). Age 
was determined by interpreting growth rings on the 
otoliths; whole otoliths were placed in a watch glass 
with a blackened bottom and containing glycerin and 
examined under a compound microscope with re- 
flected light. Counts for each specimen were per- 
formed a t  least twice and only coincident readings 
were accepted. An index of average percent error 
( M E )  developed by Beamish and Fournier (1981) 
was used to compare the precision of age determina- 
tions Ageing was validated indirectly by examina- 
tinn d menthly chlnges in ippearance of the margins 
of the otoliths (Morales-Nin, 1987). The date 1 July was 
considered as birthdate to assign the individual ages 
to  age groups. The von Bertalanffy growth curve was 
fitted to data of the resulting age-length key by means 
of the Marquardt's algorithm for nonlinear least 
squares parameter estimation (Saila et al., 1988). 

Length-frequency data were converted to age fre- 
qüeíicies by ~ s i a g  the estimated voi; Eei.ta!ai;ffi. 
growth parameters (Pauly, 1983, 1984). The rate of 

total mortality (2) was calculated from the length 
converted catch curve by using ELEFAN program 
(Gayanilo et al., 1988). The rate of'natural mortaiity 
(M) was determined,from the equation of Pauly 
(1980). Following estimation of Z and M, the rate of 
fishing mortality ( F )  was calculated by substraction. 
The length at  first capture was estimated from the 
selection ogive generated from the length converted 
catch c u p e  (Pauly, 1984). 

The size-frequency distribution showed a length 
range of 36 to 80 cm TL in the catches, with a main 
distribution between 56 and 66 cm (Fig. 2). 

Of the 776 fish examined, 282 (36.3%) were male, 
491 (63.3%) female. The sex of the remaining 3 (0.4%) 
individuals could not be identified macroscopically 
because they were immature and had very thin, 
translucent gonads. The overall ratio of males to fe- 
males was 1:1.74 and x2 analysis revealed this to be 
significantly different from a 1:l ratio (Table 1). Fe- 
males predominated in al1 size intewals. Sex ratios 
for males and females grouped into 5-cm length 
classes had sip-ifirant departures from t.he 1: 1 ratin 
for al1 size intervals (Table 1). The ratio of males to 
females varied throughout the period of study, but 
there were no significant differences from the 1:l ratio 
during the spring and summer months (Table 2). 
There was a relationship between the sex of roudi es- 
colar and depth; males predominated at 600 to 800 m 
depths, females a t  300 to 500 m (Table 3). 

The GS! shvwec! higher va!ües f ~ r  females thai, 
for males (Fig. 3). The same temporal variation pat- 





BBE value was only 3.4%. A false hyaline 
ring intempting the normal growth pat- 
te- 9f the etelith wus identified withiri 
the fourth annual opaque zone and in al1 
subsequent opaque zones. Marginal zone 
analysis showed that one annulus was 
formed per year (Fig. 5). The percentage 
of otoliths with opaque edge was high in 
the months from April to September, and 
between June and August in particular. 

Fish aged 3 to 11 years were present in 
the sampIes (Table 5). Growth parameters 
determined formales, females, and the en- 
tire population are shown in Table 6. No sig- 
nificmt diflereiices the giüwth p i a i i -  
eters were found between sexes (Hotelling's - 

p-test, ~=5.29<To20.05,3, ,,,=7.88). 
The length converted catch curve is 

shown in Figure 6. The rates of total mor- 
tality, natural mortality, and fishing mor- 
tality were 2=0.49/year, M=0.35/year, and 
F=O.l4/ year, respectively. The size at  first 
capture was 51.57 cm SL. 

Promethichthys prometheus is distributed 
along the slope to a depth of 800 m 
(Nakamura and Parin, 1993). In waters 
off the Canary Islands, greatest concen- 
trations of this species are found between 
400 and 700 m depth. Below this depth, 
the species is replaced by other trichiuroid 
fish present in the area, e.g. the black 
scabbardfish, Aphanopus carbo Lowe, 
1839 (Uiblein et al., 1996). 
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Figure 3 
Monthly evolution of the gonadosomatic index (GSI) for males and females 
of P prornetheus caught off the Canary Islands (August 1992July 1995) 

The roudi escolar off the Canary archipelago is a 
gonochoristic species with no evidence of sexual di- 
morphism. The sex ratio is clearly unbalanced in fa- 
vor of females. This fact could be explained by the 
differences between sexes in the spatial distribution. 
The lowest discrepancy between sexes observed dur- 
ing the reproductive season seems to confirm this 
conclusion. Because of the space partitioning between 
sexes and because females are  fished more than 
maies, this species couid be ciassed as vuinerabie to 
unrestrained fishing. Therefore, fishing for roudi es- 
colar is an activity that has the potential to threaten 
its target population compared with fishing for more 
reiiabie and robust stocirs (Csirke, 1988). This fishery 
will require a prudent exploitation strategy to reduce 

?&!e 3 
Number of males and females of P prometheus caught off 
the Canary Islands by depth stratum and sex ratio tested 
by chi-square analysis. *=~%~,2,,,,,,=3.84. 

Depth ( m )  Males Females Sex ratio zL 

the potential risk of a collapse. in spawning activity in June-July) which agrees with 
The roudi escolar has a definite reproductive pe- information reported by Parin (1986) and Nakamura 

nod (extending fromApri1 to September, with a peak and Parin (1993). These authors pointed out that the 
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Figure 4 
Se~u-1  maturity ogive fm P p.rn.metheus crught off the  Canary !s!ands !P.cgi?st 1992-Jc!y 
1995). 

spawning of this species occurs from August to Sep- 
tember in the Atlantic off Madeira. Nishikawa (1987) 
found the highest concentration of gempylid larvae 
a t  the end of the summer months in the Pacific wa- 
t e r ~  of Japan. In the Canary archipelago, the spawn- 
ing of roudi escolar seems to be related to water tem- 
peratures, occurring when these reach greatest val- 
ues. Possible significance of seasonal temperature 
variation to maturation and spawning in other bony 
fish species off the Canary Islands has been discussed 
by Lorenzo and Pajuelo (1996) and Pajuelo and 
Lorenzo (1995, 1996). Reproduction in roudi escolar 
does not involve horizontal migrations because dur- 
ing the spawning season the specimens are observed 
in the same areas where they are fished al1 year 
round. The lowest discrepancy in the number of males 
and females observed during the spawning period 
suggests an aggregation for breeding. Males and fe- 
males were found aggregated mainly a t  depths of 
450-650 m during this period. 

Length a t  sexual maturity does not differ between 
males and females, corresponds approximately to 48 
cm TI,. In the age-length relationship, this size cm- 
responds to 4-year-old specimens. The size a t  which 
fifty percent of the fish become mature is less than 
the length a t  first capture and the majority of the 
total catch is longer than this length, indicating a 
mnd - - - ~xnlnitntinn ----- ---- A paktern from the h i ~ ! ~ g i ~ ~ . !  point 
of view. Furthermore, a low value of fishing mortal- 
ity rate was obtained. 

Table 4 
Parameters of the length-weight relationship for males, 
females and al1 fish of i? prometheus caught off the Ca- 
nary Islands and the possibility of isometry tested by 
Student's t-test. *= t>t, ,j ,n,zs ,=1.65. 

a b SE(b) r" t-test 

Males 0.004128 2.95321 0.03721 0.959 282 1.25 
Females 0.004987 2.96214 0.03140 0.981 491 1.20 
Al1 fish 0.004521 2.98932 0.02341 0.992 776 0.45 

The alternate pattern of opaque with translucent 
zones was easily distinguishable on the otoliths of 
the roudi escolar. These zones are deposited owing 
to alternating periods of rapid and slow growth iWil- 
liams and Bedford, 1974). The opaque zone is formed 
when the water temperature is higher, and food is 
abundant, and the translucent is formed when tem- 
perature is lower and the species spawns. This find- 
ing demonstrated the validity of using otoliths for 
estlmating the age and growth of roudi escolar. The 
false hyaline zones observed within the fourth opaque 
ring and in subsequent opaque rings are probably 
spawning bands, because this species spawns in the 
summer months, when the opaque zone is formed in 
the ~ t o l i t h c .  Mc-&S-Nin (1987) pointec! Q E ~  th,t 
when the spawning does not take place during the 
period of hyaline zone formation, a false ring, known 
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Figure 5 
Monthly percentage of otoliths with opaque edge for P. prometheus capght off the Canary 
Islands iAugust 1 9 9 2 J u l y  1995). 

Relative age (year) 

Figure 6 

Length converted catch curve for i? prometheus caught off the Canary Islands (August 
1992-July 1995). The initial data points (+) were not used in the regression. 

as a spawning ring, may form within an opaque zone, males and females grow at equal rates. The growth 
dividing it into two. parameters obtained are reasonable because the 

The oldest age class observed was XI years, al- theoretical maximal length value is greater than the 
though this class, as well as age classes IX and X, size of the largest fish sampled and because the 
were poorly represented in the landings. As a whole, growth coefficient value indicates relatively rapid 
growth of &he roudi escolar is relatively fast and attainment of maximal size. 
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Table 5 
Age-length key for al1 fish of P prometheus caught off the 
Canary Islands. 

Age group (years) 
1 Size 

(cm) 111 iV V VI VI1 VI11 IX X XI 
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Paramcters of the von Bertalanffy growth curve for males, 
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help with improving our English. This study was 
partially financed by the Directorate General XIV 
(Fisheries) of the European Commission. 

Literature cited 

Anderson, R. O., and S. J. Gutreuter. 
1983. Length, weight, and associated structural indices. 

T.. T A ~ : ~ i - - -  ..-A n T T-L ---- , -A-  1 w:-L--:-- '--L 
L I L  h. n. LVICIDCII ~ I I U  U. u. UUIIIISUII i c u u . ~ ,  I IJIICIICU L C L L I -  

niques, p. 283-300. Am. Fish. Soc., Bethesda, MD. 
Beamish, R. J., and D. A. Fournier. 

1981. A method for comparing the precision of a set of age 
determination. Can. J. Fish. Aquat. Sci. 38:982-983. 

Csirke, J. 
1988. Small schoaling pelagic fish stock. In J. A. Gulland 

ied.), Fish population dynamics: the implications for man- 
agement (second edition), p. 271-302. John Wiley & Sons, 
Chichester. 

Gayanilo, F. C., Jr., M. Soriano, and D. Pauly. 
1988. A draft guide to the compleat ELEFAN. ICLARM 

Software 2, Contribution No. 435:l-65. 
Lorenzo, J. M., and J. G. Pajuelo. 

$995. Eisl~gica! parameters cf the rvludi esco!ar Pro,z:- 
thichthys prometheus (Pisces: Gempylidae) off the Canary 
Islands. Fish. Res. 24:65-71. 

1996. Growth and reproductive biology of chub mackerel 
Scomber japonicus off the Canary Islands. S. Afr. J. Mar. 
Sci. 17:275-280. 

Morales-Nin, B. 
1987. Métodos de determinación de la edad en los osteictios 

en base a estructuras de crecimiento. Inf. Téc. Inst. Inv. 
Pesq. 143:l-30. 

Nakamura, 1. 
1981. Gempylidae. In W. Fischer, G. Bianchi and W. B. 

Scott (eds.), FA0 species idcntification sheets for fishery 
purposes. Vol 11: Eastern central Atlantic; fishing areas 
34; 47 íin parti FAO, Ottawa (iinpaginated). 

Nakamura, I., and N. V. Parin. 
1993. FA0 species catalogue. Vol. 15: Snake mackerels and 

cutlassfishes of the world (families Gernpylidae and 
Trichiuridae): a n  annotated and illustrated catalogue of 
t h e  s n a k e  mackerels ,  snoeks,  escolars, gemfishes,  
sackfishes, domine, oilfish, cutlassfishes, scabbardfishes, 
hairtails, and frostfishes known to date FA0 Fish. Synop. 
125: 1-136. 

Nishikawa, Y. 
1987. Occurrence anddistnbution of gempylid larvae in the 

Pacific waters of Japan. Bull. Jpn Soc. Fish. Oceanogr. 
5111-8. 



Lorenzo and Paluelo. Biology of Prornethichthys prornetheus - - - - --A- -- ---= -_ _- =-=__ ------___ 99 

P4uelo J. G., and J. M. Lorenzo. 
1995. Biological parameters reflecting 

the  exploited pink dentex Dentex 
Sparidae) population off the Canary 

the current state of 
gibbosus (Pisces: 
Islands. S .  Afr. J. 

Mar. Sci. 16:311-319. 
1996. Life history of the red porgy Pagruspagrus (Teleostei: 

Sparidae) off the Canary Islands, central-rast Atlantic. 
Fish. Res. 28:163-177. 

Parin, N. V. 
1986. Gempylidae. In P. J. P. Whitehead, M. L. Bauchot, 

J. C. Hureau, J. Nielsen and E. Tortonese (eds.), Fiches of 
the north-eastem Atlantic and the Mediter~anean, p. 967- 
973. UNESCO, Pans.  

Pauly, D. 
1980. On the interrelationships between natural mortal- 

ity, growth parameters and mean environmental tempera- 
ture in 175 fish stocks. J. Cons. Int.  Explor. Mer 39: 
175-192. 

1983. Length-converted catch c w e s :  a powerful tOOl for fish- 
eries research in the tropics (part 1). Fishbyte 1:9-13. 

1984. Length-converted catch curves: a powerful tool for fish- 
eries research in the tropics (part 11). Fishbyte 2:17-19. 

Ricker, W. E. 
1973. Linear regression in fishery research. J. Fish. Res. 

Board Can. 30:409-434. 
Saila, S. B., C. W. Recksiek, and M. H. Prager. 

1988. Basic fishery science programs. Develop. Aquac. 
Fish. Sci. 18:l- 230. 

Uiblein, F., F. Bordes, and R Castillo. 
1996. Diversity, abundance and depth distribution of dem- 

ersal deep-waters fishes off Lanzarote and Fuerteventura. 
Canary Islands. J. Fish Biol. 49:75-90. 

Williams, T., and B. Bedford. 
1974. The use of otoliths for age determination. In T. B. 

Bagenal (ed.), The ageing of fish, p. 114-123. Unwin 
Brothers, Surrey. 


