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The sparid Dentex macrophthalmus is a widespread, important fishery species along most of the 
West African coast from southern Namibia to the Mediterranean. In southern Angola it is an important 
artisanal species targeted predominantly by handline fishers. A biological and fisheries study was 
conducted on this species in southern Angola between June 2008 and July 2009. It was the dominant 
species in the artisanal fishery, accounting for 99% of the sparids captured and 67% (by mass) of the 
total catch. The life history of D. macrophthalmus was characterised by slow growth (females: Lt = 
309[1 − e−0.06(t + 5.43)], males: Lt = 248[1 − e−0.16(t − 1.77)]), advanced age at maturity (females: 7.4 years, males: 
6.0 years) and high longevity (females: 36 years, males: 38 years). The sex ratio was 1:1 male:female. 
The length- and age-frequency distributions and macroscopic observations suggested that the species 
is a late gonochorist. Males and females reached 50% maturity at 151 and 166 mm fork length respec-
tively. Although individuals with ripe gonads were found during most of the year, the peak spawning 
period appeared to be in December and January. Despite a life history that renders D. macrophthal-
mus vulnerable to overexploitation, only 38% of artisanal fishers noticed a decline in the catches of 
this species. Potential reasons for this include: technology creep; limited pressure on the juvenile 
portion of the stock as a result of late recruitment (above the length of 50% maturity); the ‘basin affect’, 
whereby depleted areas are reseeded by areas (e.g. deeper water) inaccessible to the linefishery; and a 
deep-water reserve of large individuals. It is recommended that precautionary management strategies 
be implemented until the age estimates are revised by the countries in which this species forms signifi-
cant fisheries.

Keywords: growth, large-eye dentex, management, mortality, reproduction, Sparidae

Dentex macrophthalmus is a small, commercially important 
sparid fish that is abundant in the deeper waters (range 
50–500 m) of the Mediterranean Sea (Trunov 1970), the 
North-West African shelf (Goode and Bean 1896, Fowler 
1936), including the Cape Verde and Canary Islands, and 
the south-eastern Atlantic from the Equator to just south 
of Lüderitz (27°40′ S) (Trunov 1970). Because of its high 
abundance, it is of considerable economic importance and is 
captured in large numbers in both artisanal and commercial 
fisheries in many countries. Although it is the most important 
artisanal species along the entire Angolan coast, it is most 
abundant in the southern region (Kilongo et al. 2007). Despite 
its economic importance in Angola and elsewhere, relatively 
little is known on its abundance, fisheries and biology. 

The available knowledge on the abundance of D. macroph-
thalmus in Angola is limited to information from non-species-
specific demersal acoustic surveys. Between 1986 and 

1992, the biomass of seabream (Sparidae) in the demersal 
zone of Angola was estimated at between 35 000 and 
84 000 t. Results of trawl surveys conducted along the 
Angolan coast indicated that D. macrophthalmus is by far 
the dominant sparid between the Cunene and Tômbua 
(Figure 1), while the red pandora Pagellus bellottii is the most 
abundant species (~50%) between Benguela and Luanda, 
followed by roughly equal proportions of D. macroph-
thalmus and D. angolensis (~15%) (Duarte et al. 2005). 
Between Luanda and Cabinda, the red pandora remain 
dominant (~30%), whereas D. macrophthalmus is one of 
the minor seabream species (~2%) in that region (Duarte 
et al. 2005). 

Small sparids account for approximately 18% of the 
catch in the Angolan artisanal fishery (Duarte et al. 2005). 
Unfortunately, there is little resolution in terms of the 
species composition as fishers and fisheries personnel 
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generally refer to small, pink sparids (<40 cm total length 
[TL] of any species) as ‘cachuchu’ and larger fish as ‘pargo’. 
Nevertheless, D. macrophthalmus was identified to be one 
of the main artisanal species in six of the seven coastal 
provinces (Duarte et al. 2005).

Whole otoliths, scales and length frequency analysis were 
used by Domanevskiy et al. (1970), Nguyen and Wojciechowski 
(1972), Trunov (1972), Mennes (1985) and Domanevskaya 
1987 to age D. macrophthalmus. Those authors described it 
as being relatively fast-growing, reaching maturity at approxi-
mately 1 year and having a maximum age of between 6 and 
13 years. Although there is little published information specif-
ically on their reproduction, the species has been described 
as a late gonochorist (Alexseev 1975, cited in Heese 1985), 
with males and females maturing at a relatively small size 
(13–24 cm TL; Druzhinin 1976, Bauchot and Hureau 1986, 
Magnusson and Magnusson 1987). Their spawning season 
appears to be fairly protracted, being reported in all months 
of the year in Namibian waters (Druzhinin 1976). It has been 
described as an opportunistic carnivore (Domanevskaya 
and Patonika 1985, Kilongo et al. 2007). 

Despite its dominance in the catch of artisanal fisheries 
and its obvious importance to the livelihoods of coastal 
communities, there is no management directed towards 

D. macrophthalmus in Angola. This is in part due to that 
government’s policies, which rely on the artisanal fishery 
being the major food provider, while the government focuses 
on repairing infrastructure after the war (1975–2002), and 
to the misguided belief that management strategies should 
only be implemented once the total catch in the artisanal 
fishery exceeds 150 000 t per annum (Duarte et al. 2005). 

Although often neglected by coastal states, rigorous 
scientific assessment should underpin the development 
of fisheries management strategies (Mora et al. 2009). 
Here, we describe aspects of the fishery for D. macroph-
thalmus, the perspectives of artisanal fishers, as well as 
the life history of the species, including age, growth, size- 
and age-at-sexual-maturity, and reproductive seasonality. 
Management options for the species in the Angolan fishery 
are identified and discussed. 

Material and methods

Study area
The Namibe province is dominated by the dry Namib Desert 
and is characterised by a low population density that is 
concentrated in three major coastal towns, Tômbua, Namibe 
and Lucira (Figure 1). With a lack of industry and agricultural 
opportunities, the fishery, and most specifically the artisanal 
fishery, is critical for the livelihoods of the coastal communi-
ties in the region. 

Fishery information 
Catches in the artisanal boat-based hook-and-line fishery 
were inspected during a two-week period in June 2008, 
October 2008, January 2009 and May 2009. Inspection 
sites were situated at artisanal landing sites in the towns of 
Tômbua, Namibe and Lucira (Figure 1). Fishers in this sector 
use an average of four handlines per vessel, with small 
hooks ranging in size from 10 to 14 with a mode of 10 (gape 
width = 9.3 mm). Artisanal fishers use motorised vessels, 
‘chatas’ (<8 m) and ‘catrongas’ (>8 m), and primarily target 
reef-associated species such as D. macrophthalmus and 
geelbek (known locally as corvina) Atractoscion aequidens 
at depths between 100 and 250 m. Besides identifying 
and weighing the fish in the catches, fishers were formally 
interviewed using a questionnaire to determine their percep-
tions of the fishery, including their perceived status of 
important artisanal species. 

Biological data collection
Biological sampling for D. macrophthalmus was conducted 
between June 2008 and May 2009. Samples were 
purchased monthly (except November) from the artisanal 
fisheries in the towns of Namibe and Tômbua. Every effort 
was made to purchase fish from as wide a size range as 
possible each month. Once purchased, fish were stored on 
ice or frozen until they could be processed. In the labora-
tory, fish were measured to the nearest mm (fork length [FL] 
and total length), dissected and sexed. The gonads were 
categorised macroscopically according to five develop-
mental stages (Table 1) and weighed to the nearest 0.1 g. 
Saggital otoliths were removed from each fish and stored in 
labelled manila envelopes.

AFRICA
Angola

0 50 100 km

NAMIBIA

Lucira

Cunene

Namibe

Tômbua

Iona
National

Park

Coroca

ATLANTIC
OCEAN

14° S

16° S

18° S

12° E

12° E

13° E 14° E

13° E

Baia dos Tigres

AFRICA

ANGOLA

Angola

Figure 1: Map of the southern Angolan coastline showing the study 
area and sites mentioned in the text 
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Laboratory analysis
Otoliths were embedded in clear polyester casting resin 
and sectioned (0.4 mm) transversely through the nucleus 
with a double-bladed, diamond-edged saw. The sections 
were mounted onto glass slides with DPX mountant, and 
examined for opaque growth zones on three occasions under 
transmitted light at a magnification of between 20× and 50×. 
The median of the three readings was accepted as the age 
estimate, but the otolith was rejected if all three readings 
differed. The periodicity of opaque zone formation was 
validated using a marginal zone analysis. The outer margin 
of the otolith was examined and the optical appearance was 
categorised as either opaque or hyaline and expressed as a 
fraction of the monthly sample. 

Data analysis
The precision of the aging process was measured using 
the index of average percentage error (APE) (Beamish and 
Fournier 1981) and the mean coefficient of variation (CV) 
(Chang 1982). The monthly proportions of otoliths with a hyaline 
edge were fitted to a periodic logistic regression using the 
methods described in Winker et al. (in press). A log-likelihood 
ratio test was used to test the null hypothesis that the annual 
hyaline ring deposition was unimodal (rejected if p < 0.05). 

A three-parameter von Bertalanffy (Ricker 1975) growth 
model was fitted to the observed length-at-age data using a 
downhill simplex search (Nelder and Mead 1965), which is 
a non-linear minimisation routine to obtain model parameter 
estimates. Model fits were obtained by minimising the 
negative normal log-likelihood of the observed and predicted 
lengths-at-age. To compare the model fits, a non-parametric, 
one-sample runs test for residual randomness and the 
Bartlett’s test for their homoscedascity were applied. In 
addition, variance estimates were calculated using the 
(conditioned) parametric bootstrap resampling method 
(Efron 1982) with 1 000 bootstrap iterations. Standard errors 
and 95% confidence intervals were constructed from the 
bootstrap data using the percentile method described by 
Buckland (1984). A likelihood ratio test (Cerrato 1990) was 
used to compare the male and female fitted growth model 
parameters.

The length- and age-at-50% sexual maturity was deter-
mined using macroscopic staging information (Table 1). All 
fish in stages I, II and III were considered immature and 
those in stages IV, V and VI mature. Fish were separated 
into 50 mm length classes and one-year age classes, and 
the proportion of sexually mature fish in each length and 
age class was fitted with a logistic ogive of the form:

where PMI is the proportion of mature fish in the ith length 
class, li is the midpoint of the ith length (or age) class, l50 is 
the mean length (or age)-at-50% maturity and δ is the width 
of the logistic ogive (this describes the rate at which the 
population changes from 0% to 100% mature). Maximum 
likelihood estimates of the parameters were obtained by 
minimising a binomial likelihood. 

The age-at-50% sexual maturity could not be estimated in 
the same way as the length-at-50% sexual maturity because 
the low number of fish in each age class reduced the validity 
of the model. To overcome this, a simple conversion of the 
length-at-50% maturity to age-at-50% maturity using the von 
Bertalanffy growth model equation 

was considered logical. However, this method only provides 
an age-at-50% maturity estimate without an indication of the 
rate of maturation (or the ‘steepness’ of the ogive). Using 
the steepness of the length-at-50% maturity ogive as the 
age-based equivalent is negatively biased (as fish tend to 
take longer to grow to larger lengths). 

It should be noted that the steepness parameter 

      

where L75 and L50 are the lengths corresponding to when 
75% and 50% of the population are mature due to a 
reparameterisation of the logistic ogive, such that
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Stage Development Macroscopic appearance
I Juvenile Not possible to visibly distinguish sex

Gonad appears as a translucent, gelatinous strip
II Immature Ovaries translucent orange tubes. Oocytes are not macroscopically distinguishable

Testes are discernible as thin, flat, white bands
III Resting Ovaries slightly larger. Oocytes visible as tiny yellow granules in gelatinous orange matrix

Testes noticeably broader and appears as a flat, broad, white band
IV Developing Ovaries larger in diameter and orange/yellow in colour

Oocytes readily visible and occupying the entire ovary
Testes broadened, distended and mottled and creamy-beige in colour

V Ripe Ovaries large in diameter and orange. Oocytes dark orange, large (>90 mm diameter) and hydrated
Testes swollen to maximum size. Cream in colour due to considerable quantities of sperm. Sperm extruded 
  when pressure is applied to the abdomen

VI Spent Ovaries pinky-red, flaccid and sac-like with few vitellogenic oocytes visible
Testes shrivelled, reduced in size and grey in colour

Table 1: Macroscopic criteria used to stage gonad development for D. macrophthalmus in southern Angola
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The age-based estimates of maturity were therefore 
calculated using the method proposed by Booth and Weyl 
(2004): 

where                                        and                                    .

Results

Fishery information
In all, 155 boat inspections and interviews were conducted. 
Dentex macrophthalmus was the dominant species (67% 
by mass) in the catch of the Namibe, Tômbua and Lucira 
artisanal fisheries, followed by A. aequidens (22%) and 
horse mackerel Trachurus trecae (7%). There were no other 
sparid species important in the artisanal catch. The monthly 
catch rate remained high throughout the year (average = 
6.7 kg boat h–1 (SD 4.7); range = 3.4–8.6 kg boat h–1) with 
no apparent seasonal fluctuations. Recruitment into the 
fishery appeared to occur at approximately 160 mm FL as 
the smallest D. macrophthalmus observed in the catch was 
156 mm FL. 

Almost all (89%) of the 155 interviewed fishers felt that 
artisanal fishing effort had increased in the past five years. 
Whereas 88% of the fishers had noticed reductions in the 
size and abundance of all fish in the fishery, only 38% noticed 
a decrease in the catches and/or size of D. macrophthalmus.

Biological information
A total of 444 D. macrophthalmus, ranging in size from 
156 mm FL (60 g) to 331 mm FL (708 g) with a mean 
length of 227 FL mm and weight of 230 g (Figure 2), was 
examined. The relationship between FL and TL was 
described by the linear relationship: TL = 1.08 × FL + 2.17, 
whereas the relationship between FL and mass (M) was 
best described by a power function: M = 0.00002 × FL2.98. 

The smallest mature female and male were 168 mm FL 
(91 g) and 160 mm FL (81 g) respectively. Length-at-50% 
maturity for all fish was 160 mm FL, with males maturing at 
a smaller size (151 mm FL) than females (166 mm FL). The 
pattern of maturation for the species was described by the 
logistic curves presented in Figure 3. Although the popula-
tion sex ratio was 1:1, males dominated the small and 
females the large size classes (Figure 4).

Females with ripe gonads were present throughout most 
of the year, but the greatest proportion of ripe female fish 
was found in December and January (Figure 5a). Almost all 
females were in a developing phase from February, with an 
increasing proportion of fish with ripe gonads each month 
thereafter (Figure 5a). Female gonadosomatic index (GSI) 
gradually increased from June and peak between October 

and January (Figure 6a). Males with ripe gonads were 
present throughout most of the year, suggesting no clear 
seasonal pattern of reproductive development. However, 
as the gonads of all male fish were in a resting phase in 
February, it appears that the primary spawning time was in 
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Figure 2: Length frequency of D. macrophthalmus captured in the 
artisanal fishery in southern Angola between June 2008 and May 
2009

Figure 3: Pattern of sexual maturation by length of (a) female and 
(b) male D. macrophthalmus in southern Angola between June 
2008 and May 2009 
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January (Figure 5b). The male GSI fluctuated throughout the 
year, with peaks in July, October and January (Figure 6b).

Of the 444 otoliths examined for age determination, 
75 were rejected because the number of opaque rings 
observed during all three readings differed. The APE 
was 5.5% and the CV was 7.1%. Although the margins of 
most of the otoliths were opaque during most months, the 
proportion of otoliths with hyaline zones decreased from a 
distinct peak in July to the lowest levels the following May 
(Figure 7). The periodic regression estimated a period 
of 12.1 months for the formation of one opaque and one 
hyaline zone, so the hypothesis that one opaque zone was 
formed per annum was accepted (p = 0.97). 

The oldest female was 36 years and in males 38 years, 
and the mean individual age was 15.9 years. The three-
parameter von Bertalanffy growth model appeared to fit 
the observed length-at-age data for each sex, with realistic 
estimates of L∞ and residuals that were both random and 
homoscedastic. A comparison of the female and male 
von Bertalanffy growth parameters showed no significant 
difference in the Brody coefficient (k) (p = 0.07) or in the 
theoretical length at age zero (t0) (p = 0.09). However, the 
calculated asymptotic length (L∞) (p = 0.04) and whole model 
(p = 0.01) for male and female fish was significantly different, 
suggesting that females grow significantly faster than males 
(Figure 8). Female and male growth (in mm) was described 

Figure 4: Relationship between the proportion of females and the 
fork length of D. macrophthalmus in southern Angola between June 
2008 and May 2009. The number of fish in each size class is shown 

MONTH
J J A S O N D J F M A M

Spent Ripe Developing Resting

Figure 5: Seasonal macroscopic categorisation of the gonads of 
(a) mature female and (b) male D. macrophthalmus in southern 
Angola between June 2005 and December 2006. Numbers denote 
the number of individuals examined

Figure 6: Monthly gonadosomatic index values for (a) mature 
female and (b) male D. macrophthalmus in southern Angola 
between June 2005 and December 2006. Numbers denote the 
number of individuals examined
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by the von Bertalanffy growth equations: Lt = 309(1 − e−0.06(t + 

5.43)) and Lt = 248(1 − e−0.16(t − 1.77)) respectively (Figure 8). 
Male fish were dominant up to the age of 20 years, after 
which females dominated the population (Figure 9). 

The age-at-50% maturity was 7.7 years and 7.5 years 
for males and females respectively. The pattern of matura-
tion for the species was described by the logistic curves 
presented in Figure 10. 

Figure 7: Periodic regression fitted to the marginal zone analysis of 
D. macrophthalmus captured between June 2008 and May 2009. 
Numbers denote the number of individuals examined

AGE (y)

Figure 8: Growth of (a) female and (b) male D. macrophthalmus 
collected between June 2008 and May 2009 in southern 
Angola. Dashed lines denote 95% confidence intervals from the 
bootstrapped predicted lengths at age.

Females Males

Figure 9: Age frequency of D. macrophthalmus sampled in 
southern Angola between June 2008 and May 2009

AGE (y)

Figure 10: Pattern of sexual maturation by age of (a) female and 
(b) male D. macrophthalmus in southern Angola between June 
2008 and May 2009 
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Discussion

Comparing historical studies on D. macrophthalmus to the 
present study, it is clear that, while the size at maturity and 
reproductive seasonality are similar, the age, growth and 
age at maturity estimates differ considerably (Table 2). This 
may be on account of smaller and larger individuals not 
being well represented in our study. Although the maximum 
size for this species is 608 mm FL (650 mm TL) (Bauchot 
1987), no individuals near that size were observed during 
various surveys in southern Angola between 2005 and 2010. 
In fact, the maximum size reported from previous studies 
on this species off the West African coast is 355 mm FL 
(390 mm TL) (Heese 1985). Because trawl data were not 
used in our study, the small size classes (<150 mm FL) 
were under-represented. However, in a feeding study of D. 
macrophthalmus in Angolan and Namibian waters, Kilongo 
et al. (2007) found few specimens (n = 9) <150 mm FL in 
trawl samples. It is likely that large D. macrophthalmus were 
well represented in our study, but that small individuals were 
under-represented. This bias could be rectified by incorpo-
rating extensive trawl surveys in the sampling programme, 
but the cost of this would be prohibitive.

With no discernible differences found in the size range of 
D. macrophthalmus examined during the current study and 
those in previous age and growth studies, the differences in 
the growth rates may be a consequence of the less robust 
ageing techniques used in the past. The comparatively low 
maximum ages and fast growth rates estimated in some 
previous studies can be attributable to the aging techniques 
used. The use of scales (Trunov 1972) and whole otoliths 
(Domanevskiy et al. 1970, Nguyen and Wojciechowski 1972) 
have been shown to significantly underestimate the age of 
older sparids (Buxton and Clarke 1989, 1991, Francis et al. 
1992, Brouwer and Griffiths 2004) and other fish (Beamish 
and McFarlane 1987, Hyndes et al. 1992, Horn and Sutton 
1996). The species under study was no exception, because 
an initial analysis of the otoliths showed that age estimates 
were underestimated when the whole otoliths were read 
(Figure 11). The use of length frequency analysis for aging 
D. macrophthalmus (Mennes 1985) is considered unsuitable 
as there are no clearly discernible modal length classes in 
longer-lived species (Morales-Nin 1989), and the modal age 
and length classes frequently do not correspond (Campana 
2001). Furthermore, the use of one length frequency sample 
pooled over three years (Mennes 1985) is not considered 
a robust ageing method as the modal length progressions 
cannot be followed (Campana 2001). Besides the question-
able accuracy of the aging techniques, the age validation in 
the previous studies must be considered. Domanevskiy et al. 
(1970) and Trunov (1972) used a marginal zone analysis on 
scales and whole otoliths and validated the formation of two 
seasonal rings annually. Whereas studies that validated the 
annuli of whole otoliths using a marginal increment analysis 
were accepted for other long-lived species such as redfish 
(Sebastes spp.), subsequent studies have demonstrated 
that whole otoliths grossly underestimate age in older 
fish (Campana et al. 1990). Brouwer and Griffiths (2004) 
supported this finding when they concluded that sectioned 
otoliths are an improved technique for aging sparid fish. C
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Marginal zone analysis of the sectioned otoliths in our study 
confirmed the deposition of only one opaque and hyaline 
ring per annum. Although it is recognised that a marginal 
zone analysis is one of the least robust techniques for age 
validation (Campana 2001), the deep habitat occupied by 
these fish precluded the use of more appropriate techniques, 
such as chemical marking. Other techniques such as 
radiocarbon analysis, which is particularly suitable for 
long-lived fish (Campana 2001), was not considered due to 
costs considerations. 

Having accepted the validation of one opaque and hyaline 
zone per year, the current growth estimates of D. macroph-
thalmus are appreciably slower, and the maximum age 
higher, than was previously thought (Figure 12). It is well 
documented that sparids are generally slow-growing and 

long-lived species, and reports of ages in excess of 20 
years are not uncommon, even for smaller species such as 
carpenter Argyrozona argyrozona (Brouwer and Griffiths 
2004), blacktail seabream Diplodus capensis and zebra 
seabream Diplodus hottentotus (Mann and Buxton 1997). 
Furthermore, the low temperature, low energy and low 
productivity conditions generally found in deep water (Clark 
2001) are not suited for fast growth in fish. Compared with 
some other deep-water species, such as orange roughy 
Hoplostethus atlanticus and redfish Sebastes mentella, 
with validated maximum ages of 149 years (Fenton et al. 
2001) and 75 years (Campana et al. 1990) respectively, 
D. macrophthalmus is a relatively short-lived, deep-water 
species.

The dominance of males in the smaller and females in 
the larger length classes (Figures 2, 4) suggests protan-
drous hermaphroditism in D. macrophthalmus. However, 
the similar age frequency distribution (Figure 9) indicates 
that the slower growth rate exhibited by males (Figure 8) 
causes the dominance of females in the larger size classes. 
In addition, no macroscopic evidence of hermaphroditism 
(intersex individuals) was observed during our study, 
supporting Alexeev’s (1975; cited in Heese 1985) conclu-
sion that the species is a late gonochorist. 

According to the guidelines proposed by the Fish and 
Agriculture Organization (FAO 2001), which use life-history 
traits to classify finfish species by productivity, its slow 
growth, late sexual maturity and old maximum age place 
D. macrophthalmus in the low-productivity category. Fish 
in this category are expected to only sustain low levels of 
fishing effort. The slow growth and old age of this species 
has significant consequences for the management of its 
fisheries. It is therefore recommended that countries with 
significant fisheries for this species apply a precautionary 
approach while re-evaluating their stock assessments, 
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Figure 12: Comparison of the growth curves estimated for D. 
macrophthalmus at various locations in West Africa (refer to 
Table 2 for sources of these data) 
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Figure 11: Comparison of the number of opaque zones (white 
dots) visible on a sectioned (left) and a whole (right) otolith from 
(a) a 38-year-old and (b) a 13-year-old D. macrophthalmus from 
southern Angola 
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beginning with updating their age and growth estimates 
using sectioned otoliths. 

Despite the low productivity of D. macrophthalmus and 
increasing fishing pressure, only 38% of artisanal fishers 
perceived reductions in the catch of this species in Angola. 
The response of the fishers to the questionnaire may have 
been influenced by the inability of fishers to recall their 
historical catch rates (recall bias), misunderstanding or 
misinterpreting the question (response error), or intentional 
deception, whereby fishers report consistent catches for fear 
of management intervention (Pollock et al. 1994). Although 
these biases may have influenced the results, the suggestion 
by the same fishers interviewed that other fishery species 
such as A. aequidens had declined severely gives some 
confidence in the reliability of the results. 

There are a number of fishery and ecological explana-
tions for the perceived ‘stable’ catch rate of D. macroph-
thalmus. One is technology creep. The Angolan government 
has recently upgraded its artisanal fisheries (Duarte et al. 
2005), in many cases converting artisanal vessels to small-
scale commercial fishing vessels. Besides the govern-
ment vessels with inboard diesel motors, sophisticated 
GPS systems and depth finders, some commercial fishery 
enterprises have purchased new outboard engines for 
artisanal fishers, and fishing cooperatives have facili-
tated microcredit for the purchase of upgraded equipment 
by fishers. With better vessels and motors, fishers have 
extended their fishing grounds and increased their fishing 
time, resulting in possible increase in catches. The Angolan 
government policies, which promote artisanal fisheries by 
improving technology, will compound this issue further as 
catch rates are likely to remain high, even under a situation 
of declining biomass. This suggests that the relation-
ship between catch rates and technological improvements 
should be monitored closely in the Angolan artisanal fishery. 

A possible second explanation for a perceived consistent 
catch rate is that the stock may be in a healthy condition. 
The selectivity of the fishing gear may play an important 
contributory role to the health of the fishery. At present, 
recruitment into the fishery occurs at approximately 160 mm 
FL, which corresponds closely with the length-at-50% 
maturity of the species. This provides inherent protection 
for the fish, because it allows at least half of the individuals 
the opportunity to reproduce at least once. While a reserve 
of small reproductively active fish will provide a buffer to the 
effects of overfishing, the low fecundity of recently matured 
fish and the relatively low survival of their offspring, when 
compared with large adult fish (Palumbi 2004), suggests 
that even a small increase in fishing effort or change in 
environmental conditions may result in a decrease in the 
catch rate. The obvious fishery response to a reduced catch 
rate is a reduction in the hook size by artisanal fishers, or 
an increase in effort by the non-selective demersal trawl 
fishery. Presently, a reduction in the hook size of the 
artisanal fishery is unlikely as the capture of small fish is 
not economically viable. However, if the catch rates in the 
artisanal fishery begin to fall, it is likely that the hook size 
will be reduced. This will remove the buffer of the small 
reproductively active fish and have serious consequences 
for the D. macrophthalmus fishery. 

A third explanation may be the ‘basin effect’, whereby a 
reserve of fish from areas inaccessible to handline fishers 
(e.g. in deep water of 300–500 m depth) are reseeding 
the shallower-water fishing grounds. This situation would 
be characterised by a fairly consistent catch rate for some 
period until the deep-water reserves are depleted, after 
which the fishery is likely to decline rapidly or collapse. The 
misconception that stable catches indicate fisheries sustain-
ability has been well documented (reviewed by Mullon et 
al. 2005) and must be recognised in the context of artisanal 
fisheries management in Angola. 

Further, a reserve of older (larger) fish in the deeper 
waters is another possible explanation. Historical informa-
tion suggests that larger D. macrophthalmus are found 
at greater depths (>250 m) (Domanevskiy et al. 1970, 
Domanevskiy and Stepkina 1971). Handline fishers in 
the Namibe province generally do not fish deeper than 
250 m, so a proportion of the adult fish may be under-
exploited. These areas are considered critical to the sustain-
ability of the D. macrophthalmus fishery because large and 
old adult female fish are highly fecund (Marteinsdottir and 
Steinarsson 1998, Palumbi 2004) and produce fast-growing 
larvae with improved survival (Longhurst 2002, Berkeley 
et al. 2004). This situation has been documented in the 
Mediterranean Sea, where the catch rate and recruitment 
of Mediterranean hake Merluccius merluccius smiridus 
remained high in the 1980s compared with that in the North 
Sea, despite similar high levels of fishing pressure (Caddy 
1999). It is thought that the deep-water shelf habitat present 
in the Mediterranean Sea provides a refugium for the 
large adult fish as they were out of range of the demersal 
trawls (Caddy 1999). The large, adult D. macrophthalmus 
in deeper waters may therefore provide regular pulses of 
recruitment to this fishery and their protection is considered 
critical for the sustainability of this fishery. 

The dominance of D. macrophthalmus in the catches 
of the southern Angolan and indeed the whole country’s 
artisanal fishery (Duarte et al. 2005) demonstrates the 
importance of this species both in terms of the economy and 
livelihoods of fishers, their families and their communities. To 
prevent the humanitarian crisis that would be caused by the 
collapse of this fishery, it is recommended that the Angolan 
government review their current policy of not actively 
managing the artisanal fishery (until the total annual catch 
is greater than 150 000 t), because this approach is certain 
to lead to the overexploitation of the more vulnerable fishery 
species. To this end, it is imperative that a well-designed 
artisanal fishery monitoring protocol is initiated in order to 
develop simple fishery indicators. In terms of the fishery 
information, the distribution of effort, types of vessels and 
gear, and the total effort and catch, should be monitored. 
The collection of biological indicators such as size structure, 
age structure and reproductive biology parameters would 
be useful for the most abundant species. Whereas length 
or age-based stock assessments can be considered, the 
expense of this undertaking should be weighed against the 
value of the species under consideration. Ultimately, simpler, 
more cost-effective indicator methods such as a ‘Traffic Light 
System’ management framework (Potts et al. 2008) may be 
the most appropriate method in the long term. 
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Fishery regulations that may be beneficial to the D. 
macrophthalmus stock in southern Angola would be 
input controls, which could include limiting the number of 
artisanal fishing permits, as well as technical measures, 
which could include hook size restrictions, and a closed 
season that corresponds with the peak spawning season 
(December and/or January). The establishment of marine 
protected areas, which (if effectively policed) are considered 
effective management measures for sustaining fish stocks 
in instances where catch and effort is not easily restricted, 
is also strongly recommended. In the case of D. macroph-
thalmus, areas that support populations of large, fecund 
adult females should ideally be protected. 

The stock identification of D. macrophthalmus is critical 
for national and regional management strategies. There is 
evidence to suggest that the population size structure of 
this species may differ between the southern, central and 
northern parts of Angola (Kilongo et al. 2007). Whereas 
these differences may reflect the level of exploitation, it 
is possible that there are separate stocks of this species. 
Ideally, different stocks should be identified, assessed 
and managed as independent units. To this end, it is 
recommended that future research on D. macrophthalmus 
should initially focus on stock identification, which would 
include a national or regional, molecular (mitochondrial and 
nuclear DNA), otolith microchemistry, meristic and morpho-
metric study.
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