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General abstract 

Cape monkfish, Lophius vomerinus Valenciennes 1837, has supported the Namibian fishing 

industry for decades, historically as by-catch and recently as a target species. This species is 

also an important predator in this region. With increasing levels of exploitation and 

unprecedented climate change, an understanding of the changes in the long-term biological 

parameters of this species is critical. To date, there has been a scarcity of spatio-temporal studies 

that have examined and compared the biological aspects of Cape monkfish in relation to climate 

change and exploitation pressure. Investigations into changes in feeding habits, reproduction 

strategy, age and growth can provide valuable information for the sustainable management and 

conservation of this species. This thesis aimed to improve our understanding of the impacts of 

exploitation and climate variability on the biological parameters of Cape monkfish in the 

Namibian marine waters, thereby contributing to efforts directed at sustainable harvest and 

management of this resource. This was achieved through temporal and spatial comparisons of 

feeding, reproductive scope, age and growth, and catch statistics. The study used data collected 

during the monkfish swept-area biomass surveys of 2001–2005 and for 2007–2018, hake (deep-

water hake Merluccius paradoxus Franca 1960 and shallow-water hake M. capensis Castelnau 

1861) swept-area biomass surveys of 2017 and 2019, port sampling programme data collected 

from April 2014 to December 2019, and monkfish commercial fishing activities collected 

between April 2001 and December 2019. 

 

Based on historical feeding data (1986 – 1987) and contemporary feeding data (2015-2018), 

Cape monkfish feeds on a variety of prey species from seven groups: Teleost, Cephalopoda, 

Crustacea, Echinoidea, Elasmobranchii, Gastropod and Porifera. The diet was characterised by 

a high prevalence of empty stomachs (43.9%), showing low feeding intensity, but most 

prevalent in juveniles (52.9%). Although the diet composition varied at different life stages, 

Teleosts (especially deep-water hake Merluccius paradoxus Franca 1960) were the main 

constituents of the diet for all size classes as per the Index of Relative Importance (%IRI). The 

results highlight the particular importance of the deep-water hake M. paradoxus (by %IRI) in 

the diet of Cape monkfish across all size classes. There is a clear dominance of hake in both 

studies, which means that any overexploitation or climate-driven population decline in hake 

will most likely have an impact on Cape monkfish. Feeding composition was dependent on the 

season (p < 0.05), with the type and quantity of prey ingested changing seasonally, showing the 

ability of Cape monkfish to adjust its diet, depending on possible environmental parameters 

which consequently influence prey availability. In general, the spatial and temporal variability 
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of the main prey items suggests that the species is highly opportunistic with a broad trophic 

adaptability. Comparison of historical and contemporary stomach content data indicates that 

Cape monkfish appear to have changed their diet, probably reflecting the availability of forage 

species over time and space, possibly due to climate change, fishing pressure, or both. The 

broad trophic adaptability for Cape monkfish highlights their adaptive potential to increasing 

anthropogenic stressors such as climate change. However, the dominance of the commercially 

important deep-water hake, M. paradoxus, in the diet during contemporary times highlights that 

complex trophic interactions may play a role in altering the northern Benguela fisheries.  

 

The general male to female sex ratio was measured at 1:1.67, with significant variation across 

depth, size class, and year (p < 0.05). Comparison of length at 50% maturity (L50) for Cape 

monkfish between historical (2004–2006) and contemporary time (2015–2019) showed no 

significant differences in both sexes, with no significant changes in the L50 for females (χ2 = 

1.53, df = 1, p = 0.2154), and males (χ2 = 0.41, df = 1, p = 0.5204) between the two periods. 

The monthly gonadosomatic index (GSI) showed that Cape monkfish spawn throughout the 

year with peaks between July and September for females and August for males, similar to those 

observed 20 years ago. Spawning hotspot areas were identified and were consistently located 

between 22⁰ and 25⁰S in deeper water (> 250 m) for the 2001–2018 time series. Comparison of 

the contemporary (2015–2019) proportions of developing, ripe and spent gonads to the 

historical study data (1996 – 2000) show minimal differences. Ripe ovaries capable of spawning 

(Stage IV) were dominant in July (23.8%) and August (26.2%), while ripe testes were prevalent 

in April (52.5%) and November (28.5%). The discovery of the veil (a gelatinous, flat ribbon 

structure containing individual eggs) off Namibia for the first time (during this study) is a 

significant because this result provides important reproduction activities information of this 

species, which were never recorded off Namibia. The location where the veil was discovered, 

off Swakopmund (22⁰30'S, 13⁰25'E), provides further evidence of the identified spawning 

hotspot areas, this location is also identified as a monkfish consecutive hotspot fishing area. 

 

The ages, growth rates, and length-weight relationships were compared between fish collected 

during monkfish commercial fishing activities between 1996 and 1998 (Period 1) and during 

monkfish routine monitoring surveys from 2014 to 2016 (Period 2). A total of 607 (size range: 

9–96 cm total length (TL)) and 852 (size range: 9–96 cm TL) Cape monkfish were aged by 

reading sectioned illicia, during Periods 1 and 2, respectively. The length-weight relationships 

were W = 0.012L3.035 (r2 = 0.98) and W = 0.014L 2.989 (r2 = 0.98) for females and males, 
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respectively, during Period 1, and W = 0.01L2.97 (r2 = 0.98) and W = 0.01L 3.03 (r2 = 0.98) for 

females and males, respectively, in Period 2. The growth of Cape monkfish (in cm) for 

combined sexes was described by Lt = 94(1 − e(−0.10(t−(-0.31))) in Period 1 and Lt = 98(1 − 

e(−0.10(t−(-0.33))) in Period 2. Females grew significantly faster during Period 1 (LRT results 

from Maartens et al., 1999), while male and female growth was not significantly different 

during Period 2 (F = 0.65, p = 0.58). There were no significant differences between the male 

and female growth curve in Period 2 (F = 0.65, p = 0.58). Although the growth curves are 

similar between Period 1 and Period 2, the larger fish are in Period 2 are lighter than those in 

Period 1. This finding is important to the monkfish fishing industry because fish is sold by 

weight. This finding may suggest that although the fish grow similarly by length, changes in 

the environmental conditions may have resulted in a reduced condition of the fish. In terms of 

mean age, the historical Period 1 had a slightly lower mean age of 4.40 compared with a mean 

age of 5.49 during Period 2. Slight differences were also observed in the age structure between 

the two periods, with 2-year-olds (20.3%) the most abundant age class in the historical period 

while 5-year-old fish (18.3%) were most abundant in Period 2. Although the spatial distribution 

of the catch was not available for Period 1, 0-year-old fish were distributed from 22⁰ to 24⁰S, 

and 25⁰ to 26⁰S in shallower waters of 166–290 m during Period 2. Only fish between 5 and 16 

years old were found off the documented historical nursery area off 28º S. The similar growth 

curves and spatial overlap of nursery habitats between Period 1 and Period 2 suggest that Cape 

monkfish may be fairly resilient to the rapid environmental change reported in this region and 

to the extensive levels of exploitation for the species. However, the recent spatial shifts in the 

nursery areas are sensitive to disturbance and may indicate that these changes could be having 

an impact on the early life stages of the species. Continued monitoring may be necessary to 

understand the consequences of these spatial shifts for the age and growth and resilience of the 

species.  

 

Analysis of the overall spatial and temporal catches of monkfish (both Cape monkfish and 

shortspine African monkfish) off Namibia between 1998 and 2018 identified noticeable spatio-

temporal trends. The pattern of fishing activities for Cape monkfish is heterogeneous, with 

identified ‘hotspots’ in specific areas. Of particular importance is the consecutive hotspot, 

between 1998 to 2018 for monkfish fishing activities between 25⁰ and 26⁰ S. The kernel density 

analysis indicated that the area around 24⁰S, and between 26º and 27 ⁰S, between Walvis Bay 

and Lüderitz, had the highest total catch densities (~300 kg/km2), suggesting that this is the core 

of the stock abundance. Annual monkfish catches have fluctuated since the inception of the 
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fishery in 1994, with a drastic decline in the catch recorded after 2003 through to 2018. 

Generally, there has been an underutilisation of the total allowable catch (TAC) for most of the 

years. The decrease in catches and the underutilisation of the TAC might be indicative of the 

reduction in the stock abundance. However, external factors such as lack of capacity of the 

fishing industry and the administration can contribute to underutilisation of TAC. Basic 

regression analysis between total monthly catches and monthly sea surface temperature (SST) 

yielded low r-squared values indicate that in all three grids, only ~ 1% of the variation is 

explained between SST and total monkfish catches in these areas. 

 

The most prominent points to consider from this study are the results of the comparative feeding 

study (Chapter 3), reproductive indicators (Chapter 4) and age and growth (Chapter 5). 

Certainly, there have been changes in feeding, demography, and distribution of the species in 

the last two decades – climate-driven changes were recorded in the feeding habits of Cape 

monkfish, spatially and temporally – but despite the changes in prey species composition, 

distribution and abundance in various habits and periods, Cape monkfish was able to switch 

prey species, reflecting wide trophic adaptability. The dominance of M. paradoxus at all size 

classes in all analysed habitats is a significant result because. The peak spawning period has 

remained the same between July and September, as previously reported in Period 1. The 

consecutive spawning hotspots were identified in the areas between 22º and 25ºS. From a 

fisheries management perspective, the spawning ground and spawning season should be 

protected (by means of closure). The evidence of changes in length at 50% maturity presented 

in this study hints at both climate change and extensive exploitation pressure. The discovery of 

the veil for the first time in this study is very important; however, it might be sampling related 

and not driven by climate or exploitation pressure. Finally, the change in the Cape monkfish 

distribution discussed in Chapter 6 may be attributed to a shift in the distribution or fishing 

effort as a consequence of shallow water depletion.  

 

Keywords: Age and growth, Cape monkfish, catch statistics, climate change, feeding, fishing 

pressure, maturity, Namibian waters, spatial management, spawning. 
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Chapter 1: General introduction 

 

Multiple studies have provided evidence that marine resources worldwide are under serious 

threat (Morishita, 2008; Wheeler et al., 2009; Kirkman et al., 2013; Boyd et al., 2018; 

Mazumder et al., 2015). Fluctuations in the fish growth patterns (Mazumder et al., 2015), 

changes in reproductive patterns (Pankhurst & Munday, 2011) and feeding behaviour 

(Grémillet et al., 2019) are some of the unprecedented consequences of these threats. Changes 

in the biology of species are complex and can result from several factors, but many studies have 

identified climate change and anthropogenic activities, such as fishing, as ubiquitous stressors 

to marine organisms (e.g., Garrod & Shumacher, 1994; Fu et al., 2019). Other stressor such as 

habitat modification and marine pollution (Dulvy et al. 2003) also influence the abundance and 

distribution of marine resources. Of these stressors, climate change and exploitation pressure 

are the subject of this study. There are various climate change sensitivities among marine 

organisms due to differences in genetic make-up, growth rate, and body size, among other 

factors. However, studies that seek to uncouple exploitation pressure and climate change effects 

on the biological aspects of these fish stocks are under-represented. Obtaining information on 

the synergistic effects of climate change and exploitation pressure is critical in the management 

and conservation of these resources.  

 

1.1 Climate change 

Globally, a large body of research (Kirkman et al., 2013; Simpson et al., 2013; Jarre et al., 

2015a; Potts et al., 2016; Gíslason et al., 2020; Mendenhall et al., 2020) has documented the 

mounting concern over the impacts of climate change. It is noted that marine heat waves are 

becoming more frequent and intense, on a global scale (Simpson et al., 2013; Frölicher et al., 

2018). There is vast evidence that climate-driven changes in marine waters have led to low 

primary production, the collapse of some fisheries and poor recruitment of some fish stocks 

(Hamukuaya et al., 1998; Daskalov et al., 2003; Cisneros-Mata et al., 2019; du Pontavice et al., 

2021). Climate change coupled with excessive fishing pressures has been identified as an 

important threat to marine resources at a population level (Hamukuaya et al., 1998; Morishita, 

2008; Perry et al., 2005; Kirkman et al., 2013). The synergistic effects of climate change and 

overexploitation play a key role in shifts in the abundance and distribution of marine fish and 

invertebrates (Jennings & Kaiser, 1998; Hutchings et al., 2009), and the impact on the marine 

environment can cause unprecedented challenges for marine fisheries management, and threats 
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to the global seafood production and supply (Weatherdon et al., 2016; Cisneros-Mata et al., 

2019).  

Monitoring of environmental parameters of the ocean is critical to assess interdecadal 

variability (Junker et al., 2017). The environmental parameters of the Benguela upwelling 

system have been extensively observed since the 20th century (Taunton-Clark & Shannon, 1988; 

Boyer et al., 2001; Monteiro et al., 2008; Junker et al., 2017), and in Namibia, many studies 

have indicated variation in dissolved oxygen levels (Hamukuaya et al., 1998; Bartholomae & 

van der Plas, 2007; Monteiro et al., 2008), frequency and intensity of Benguela Niño events 

(Boyer et al., 2001; Monteiro et al., 2008; Hampton & Willemse, 2012), sea surface temperature 

changes (Junker et al., 2017), intrusions of warm, nutrient- and oxygen-poor water from 

southern Angola (Boyd et al., 1987; Bartholomae & van der Plas, 2007; Hampton & Willemse, 

2012) and wind stress, particularly in the Lüderitz area (Monteiro et al., 2008). Changes in 

environmental parameters have resulted in several negative impacts, including the vertical 

distribution of hake over the Namibian shelf as a result of low oxygen levels near the seabed 

(Mas-Riera et al., 1990, Hamukuaya et al., 1998; Hampton & Willemse, 2012). Changes in 

these environmental parameters have implications for the Namibian fishing industry. For 

instance, when hake species change their vertical distribution (e.g., due to environmental 

variables) they become less available to the trawl and longline fleets (Hampton & Willemse, 

2012). These long-term decline of present ecosystem functions with climate change has been 

predicted in the BCLME (Monteiro et al., 2008).  

 

Therefore, monitoring climate change parameters, the impact on marine resources and the 

oceanographic environment is a vital part of integrated and adaptive ecosystem management 

systems (Morishita, 2008; du Pontavice et al., 2021) and enables the prediction of future climate 

change effects that are yet not fully understood (van der Lingen et al., 2006). Studying the 

impact of climate change on the biological aspects of fish and consequently on their 

populations, is complex, because climate change influences a multitude of environmental 

variables, such as temperature and wind strength, that may also have subsequent impacts at 

different levels of biological organisation (Tasker, 2008; Rijnsdorp et al., 2009). 

 

1.2 Global fishing 

Fishing is by far the greatest human exploitative activity and has been conducted for centuries 

in the marine environment (Jennings & Kaiser, 1998; Watson et al., 2013). Based on world 

fishery data (Figure 1.1), the fishing harvest worldwide has increased to its highest total in 2011 
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(69 951 064.49 tonnes). However, recently fish catches have been declining globally following 

extensive fishing pressure, and this decline has led to an increasing concern among fisheries 

managers (Trippel, 1995; Worm et al., 2006; Paterson, 2015; De Mitcheson 2016; Heymans & 

Tomczak, 2016). The collapse of many fisheries globally, including sardine Sardinops sagax 

Pappe 1854 in Namibia, is one of the direct impacts of uncontrolled fishing (Oelofsen, 1999; 

Boyer et al., 2001b; Daskalov et al., 2003; Jarre et al., 2013, 2015b).  

 

 
Figure 1.1: World capture fish quantities (data sourced from ‘Our World in Data’, 
https://ourworldindata.org/). 

 

Even with the decrease in the world fish catches, the worldwide demand for seafood continues 

to increase (Valdimarsson & James, 2001). According to an FAO report for 2016, seafood is a 

significant food source that supplies about 20% of the animal protein consumed globally in 

2013 (FAO, 2016). This demand will continue to increase as the world population increases. It 

is well documented that fisheries resources are finite and perspectives on exploitation and 

management need to be changed if these resources are to benefit future generations (Oelofsen, 

1999; Watson et al., 2013). Each fish species has unique environmental preferences, for 

example, specific locations and depths of the sea. As a result, fishing activities may be directed 

on the surface, midwater, or bottom (Jennings & Kaiser, 1998), and may employ a large variety 

of fishing techniques such as drive netting, spearing, pots or traps, baited hooks and gill nets 

(Jennings & Kaiser, 1998; Yamashita et al., 2009). Fishing techniques and equipment are 

continuously being modified to exploit the behaviour and habitat preferences of target species 

https://ourworldindata.org/
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and to achieve maximum catch per unit effort (CPUE) (Jennings & Kaiser, 1998; Gabriel et al., 

2005). Fishers are also constantly upgrading their fishing techniques, gears, and vessels to 

ensure a maximum harvest (Gabriel et al., 2005). For instance, some monkfish-targeting vessels 

fishing off Namibia have been reported to employ the use of double-belly nets that maximise 

their harvest (MFMR, 2018). These nets also have tickle chains that “dig” monkfish out of the 

sea bottom. The increasing horsepower of fishing vessels has also enabled the use of larger and 

heavier trawls and dredges, so increasing the catch (Jennings & Kaiser, 1998; Gabriel et al., 

2005). It is thus important to monitor and investigate the impacts of fishing pressure and fishing 

technology on fish populations globally. Despite the increasing developments to improve 

fishing gear and hence catch rates, studies dedicated to understanding the impacts of this 

technology creep on fishing exploitation are limited. 

  

1.2.1 Impacts of fishing 

There is an increasing concern over the impacts of fishing globally (Tasker et al., 2000; Worm 

et al., 2006). Since the beginning of industrial exploitation, overfishing, habitat disturbance and 

destruction, imbalanced predator-prey relationships, alteration in population size and structures 

have been observed (Jennings & Kaiser, 1998; Tasker et al., 2000; Kaiser et al., 2003; Worm 

et al., 2006). Most fishing activities, especially demersal, scrape the seabed, scouring and 

resuspending the substratum (Jennings & Kaiser, 1998). Other indirect impacts include spatial 

changes in the distribution of small pelagic fish, increases in biomass of other species (e.g., 

pelagic goby Sufflogobius bibarbatus von Bonde 1923 and jellyfish Chrysaora and Aequorea 

species), and shifts in environmental variability, all of which affect levels of productivity and 

resource biomass. These changes have considerably interrupted fish assemblages and have also 

altered the trophic functioning of the system (Jennings & Kaiser, 1998; Graham et al., 2005; 

Heymans & Tomczak, 2016), resulting in ecological regime shifts and/or an alternate stable 

state of the ecosystem (Shannon et al., 2003; Heymans & Tomczak, 2016). Several studies have 

outlined the negative impacts of fishing activities on benthic fauna and habitat, community 

structure and trophic interactions, both at a short- and long-term level (Jennings & Kaiser, 1998; 

Tasker et al., 2000; Kaiser et al., 2003; Graham et al., 2005; Jarre et al., 2013, 2015b). Fishing 

activities impact marine habitats and affect the diversity, composition, biomass, and 

productivity of the associated biota; however, the magnitude of these impacts varies with the 

type of fishing gear used and the habitat fished (Tasker et al., 2000; Kaiser et al., 2003; 

Cisneros-Mata et al., 2019). 
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Fishing directly influences the marine ecosystem because it causes high mortality of both target 

and by-catch species/incidental catches (Jennings & Kaiser, 1998; Tasker et al., 2000; Cisneros-

Mata et al., 2019). Fishing activities targeting prey species alter the food web and regulate fish 

stocks, with the resultant poor availability of prey negatively affecting the growth and 

reproduction of predators (Jennings & Kaiser, 1998; Frid et al., 2005). Equally, heavy fishing 

on target species may reduce their abundance, thereby reducing species competition for 

resources, consequently resulting in the proliferation of non-target and forage species (Jennings 

& Kaiser, 1998; Tasker et al., 2000; Roux et al., 2013). Some fishing gear such as gill nets, 

when lost or discarded at sea, may continue to fish (known as ‘ghost fishing’) for a long time, 

killing marine organisms mostly through entanglement (Sancho et al., 2003; Masompour et al., 

2018). Understanding the potential impacts of exploitation on important fishery species, both 

prey and/or predator, are critical for maintaining population persistence and resilience (Watson 

et al., 2013; Potts et al., 2014). 

  

1.2.2 Indicators of fishing pressure 

A solid comprehension of the effects of fishing requires the integration of population and 

ecosystem-centred research (Kaiser et al., 2003; Jennings & Kaiser, 1998; Porobic et al., 2019). 

For example, trophic interactions may change due to the impacts of different fishing activities 

(Moloney, 2010). Thus, an evaluation of the impacts of fishing pressure on the marine 

ecosystem is a crucial component that should be considered in any future management plans 

(Kaiser et al., 2003; Coll et al., 2016). However, the effects of fishing are complex and often 

interact with other factors, such as climate change and make them difficult to identify and 

quantify (Tasker et al., 2000).  

 

To understand the impacts of fishing on the marine environment and its resources, researchers 

monitor changes in the behavioural responses and biological aspects of fish (Worm et al., 2006). 

Early maturation, for example, has been linked to excessive exploitation pressure in several fish 

species (Trippel, 1995; Rochet, 1998; Wheeler et al., 2009; Butler et al., 2018). Past and present 

knowledge on the life-history traits of target and valuable retained by-catch species, including 

feeding behaviours, reproductive strategies, age- and size-at-maturity, growth patterns, as well 

as information on the spatial and temporal distribution of vital life-history stages, is critical to 

identify change. Since these parameters act as crucial indicators of exploitation pressure 

(Trippel, 1995; Walters, 2003; Wheeler et al., 2009; Butler et al., 2018), they are important 

inputs in studies investigating the impacts of fishing activities. 
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1.3 Fishing in Namibian waters 

The Namibian waters form part of the Benguela Current Large Marine Ecosystem (BCLME), 

which is one of four eastern boundary systems (Shannon, 1985). The BCLME has some of the 

world's most productive fishing grounds (Crawford, 1987), resulting in a large fishing industry 

off Namibia, ranked the third highest in Africa after Morocco and South Africa (MFMR, 2015; 

NDP5, 2017). The Namibian fishing industry is the third-highest contributor to Namibia’s 

Gross Domestic Product (GDP), contributing 3.6% in 2017 (NDP5, 2017; MFMR, 2018) and 

employing more than 16 300 people in 2017 (NDP5, 2017). Namibia exports most of the fish 

and fisheries products to other countries, with Spain, DRC and South Africa importing the 

largest portion (Chiripanhura & Teweldemedhin, 2016; MFMR, 2018). The Namibian waters 

are home to various marine resources, ranging from small fish to large predators, of which 20 

species are commercially important. Eight of these species (Cape horse mackerel Trachurus 

capensis Castelnau 1861, deep-water hake Merluccius paradoxus Franca 1960 and shallow-

water hake M. capensis Castelnau 1861, Cape fur seals Arctocephalus pusillus pusillus Schreber 

1776, monkfish (Lophius vomerinus Valenciennes 1837 and L. vaillanti Regan 1903), red crab 

Chaceon maritae Manning & Holthuis 1981, rock lobster Jasus lalandii Milne-Edwards 1837, 

sardine Sardinops sagax Pappe 1854 and orange roughy Hoplostethus atlanticus Collett 1889 

are regulated through a Total Allowable Catch (TAC) system which is a tool founded on the 

concept of Maximum Sustainable Yield (MSY) (Martell & Froese, 2013). The TAC is the total 

amount of fish allowed or permitted to be caught from a particular stock (e.g., Cape horse 

mackerel), in a specific fishing season. Sardine and orange roughy are currently under a catch 

moratorium. Tuna Thunnus alalunga Bonnaterre 1788 and T. obesus Lowe 1839 resources are 

also harvested off Namibia, but the TAC is allocated on an international level by the 

International Commission for the Conservation of Atlantic Tunas (ICCAT). Additionally, there 

are non-target species that are commercially important, but they have no direct fishery and 

instead are harvested as by-catch. These include Cape anchovy Engraulis encrasicolus 

Linnaeus 1758, angelfish Brama brama Bonnaterre 1788, jacopever Helicolenus dactylopterus 

Delaroche 1809, kingklip Genypterus capensis Smith, 1847 and west coast sole Austroglossus 

microlepis Bleeker 1863. 

 

1.3.1 Characteristics of the Namibian fishery 

The Namibian fishing industry can be categorised into a pre-independence fishing industry 

(before March 1990) and a post-independence fishing industry (after March 1990).  
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1.3.1.1 Namibian Fisheries before Independence 

Industrial fishing off the coast of Namibia was first recorded in the 1950s when Namibia, and 

its water bodies, was still under the South African Administration. In the 1950s and 1960s 

fishing activities off Namibia were spearheaded mainly by European fleets who started with an 

inshore pelagic fishery for sardine and Cape anchovy (Bianchi et al., 1999; Boyer et al., 2001; 

Kirchner et al., 2010). In the beginning, fishing off Namibia was open access, with no limit or 

regulations governing the exploitation of marine resources off the coast (van der Westhuizen, 

2001). In 1969 the International Commission for the Southeast Atlantic Fisheries (ICSEAF) 

was established to control and regulate the harvest of marine resources off the coasts of Namibia 

and South Africa (Bianchi et al., 1999; van der Westhuizen, 2001; Paterson et al., 2013). 

Despite the fisheries management measures implemented by ICSEAF, such as the 

implementation of legal minimum mesh size and member country quotas, the abundance of 

marine resources continued to decline, mostly because overfishing continued (Roux & 

Shannon, 2004). 

 

1.3.1.2 Contemporary Fishing off Namibia (post-independence)  

Immediately after independence in 1990, the Namibian government declared the 200 nautical 

miles (nm)Exclusive Economic Zone (EEZ) intending to rebuild the Namibian fish stocks 

which were overfished (MFMR, 1990; Oelofsen, 1999; van der Westhuizen, 2001). Most 

fisheries had a reduced catch after independence (Oelofsen, 1999; Boyer et al., 2001; van der 

Westhuizen, 2001; Roux & Shannon, 2004) (Figure 1.2), which was ascribed to the departure 

of the foreign fishing vessels and the strict management measures put in place after 

independence.  

 

Currently, Cape horse mackerel, hake (deep-water hake and shallow-water hake) and monkfish 

are the three major commercially exploited fish species off the coast of Namibia (MFMR, 

2018). Cape horse mackerel have been exploited by purse seine since the early 1960s (Olivar 

& Shelton, 1993; van der Westhuizen, 2001; Kirchner et al., 2010). The catches of Cape horse 

mackerel dominated the Namibian fishery for decades, reaching a peak in 1982 (FAO, 1999b 

Kirchner et al., 2010). After the 1990s, the catches declined until they reached the lowest 

records of 191 000 t in 2007 (MFMR, 2000). Although of relatively low value, Cape horse 

mackerel is the largest fishery in terms of landed volumes in Namibia (van der Westhuizen, 

2001; Kirchner et al., 2010; MFMR, 2018). 
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Figure 1.2: Namibia fishing total landings for nine top commercial important species: 
Trachurus capensis, hake (Merluccius capensis and M. paradoxus), Arctocephalus pusillus 
pusillus, monkfish (Lophius vomerinus and L. vaillanti), Chaceon maritae, Jasus lalandii, 
Sardinops sagax, Hoplostethus atlanticus, and tuna (Thunnus alalunga and T. obesus) for 
1979–2019. 

 

Three hake species (Merluccius capensis, M. paradoxus and M. polli) occur in Namibian 

waters, with M. capensis and M. paradoxus forming the major part of the hake fishery (Boyer 

& Hampton, 2001; Strømme & Iilende, 2001; van der Westhuizen, 2001). The Namibian hake 

fishery started in the 1960s, targeted by foreign fishing fleets (Gordoa et al., 1995; van der 

Westhuizen, 2001) and was unregulated between 1964 and 1976, with the highest catches 

recorded in 1972. After 1972, hake catches decreased annually, attributed mainly to 

unsustainable exploitation (Butterworth & Geromont, 2001; van der Westhuizen, 2001), and 

they continued to decline until they reached their lowest level in 1990, a year that is currently 

considered a reference point in Namibian hake stock assessment. After 1990 the catches 

increased, up to the present. The hake fishery remains the highest contributor to GDP and 

employment in Namibia (Oelofsen, 1999; van der Westhuizen, 2001; MFMR, 2018). 

 

Monkfish catches were first recorded in 1974 as by-catch in the hake (Merluccius spp.) 

targeting trawls (Maartens, 1999; Boyer & Hampton, 2001). However, as the demand for 

monkfish increased, a monkfish-directed fishery was developed in 1994 (Maartens & Booth, 

2001a). Monkfish landings decreased to approximately 10 000 tonnes between 1995 and 1997, 
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followed by the highest catches ever of almost 17 000 tonnes in 1998 (MFMR, 2019). Since 

2000, monkfish resources have been regulated through TAC determination. Currently, most of 

the monkfish landed in Namibia is caught using demersal bottom trawling (Maartens, 2001; 

Kathena et al., 2018).  

 

The population sizes of some species, which were of great commercial importance, have 

declined due to various factors, including high exploitation pressure, unfavourable 

environmental conditions, or both. Records of how these species have been heavily fished are 

profoundly disturbing (Boyer et al., 2001; van der Westhuizen, 2001; Paterson, 2015). For 

instance, orange roughy, and sardine fish stocks were once of significant commercial 

importance (Oelofsen 1999; Boyer et al., 2001b; van der Westhuizen, 2001) but have now 

collapsed and a moratorium has been enforced on their fisheries (MFMR, 2018). The sardine 

stock was abundant, estimated at 11 million tonnes in Namibian waters in the late 1960s but it 

declined to less than 1 million tonnes by mid-1970s due to a combination of high catches, 

unsustainable harvest, poor recruitment and the Benguela Niño events in 1972, 1984, and 1995 

(Boyer et al., 2001; Erasmus et al., 2021a). The sardine stock continued to decline, which led 

to the first fishing moratorium in 2001 (Boyer et al., 2001; Roux & Shannon, 2004). After the 

moratorium was lifted, fisheries continued with limited sardine catches, but both the catches 

and biomass estimates continued to drop, resulting in a second moratorium imposed from 2018 

to 2020 (Government Gazette of the Republic of Namibia, 2017). When a resource is found to 

be heavily exploited and needs a “ban” from fishery until it can recover from fishing pressure, 

a moratorium is imposed (Roux & Shannon, 2004; Purcell & Pomeroy, 2015; MFMR, 2018). 

A moratorium is a drastic measure, usually the last resort, taken to halt fishing activities (Purcell 

& Pomeroy, 2015). Locally, orange roughy fishery and the sardine fishery are currently under 

moratorium (Government Gazette of the Republic of Namibia, 2017; MFMR, 2018; Erasmus 

et al., 2021a). 

 

Despite remarkable success reported in the Namibian fishing industry, such as the Marine 

Stewardship Council (MSC) certification of the Namibian hake fishery (https://fisheries.msc.o

rg/en/fisheries/namibia-hake-trawl-and-longline-fishery/@@assessments), the reduction in 

seabird mortality (Da Rocha et al., 2021) and the recognition of Namibia as having relatively 

well-managed fisheries worldwide (Sumaila et al., 2004; Paterson et al., 2013), the industry still 

faces challenges. For instance, a large proportion of the fish captured in the monkfish fishery 

are undersized and should not be fished until they become part of the fishable biomass 

https://fisheries.msc.org/en/fisheries/namibia-hake-trawl-and-longline-fishery/@@assessments
https://fisheries.msc.org/en/fisheries/namibia-hake-trawl-and-longline-fishery/@@assessments
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(Maartens & Booth, 2001a); by-catches (incidental catches) (Belhabib et al., 2016) and the 

industry generate a lot of seafood waste (Erasmus et al., 2021b). Based on the chain analysis 

study by the United Nations Environment Programme (UNEP) in 2016, lack of access to capital 

and vessel ownership has resulted in the significant presence of foreign capital in Namibia’s 

fishing industry, which defeats the purpose of the “Namibianisation” of the Namibian fishing 

industry (Chiripanhura & Teweldemedhin, 2016). Skills shortage and multiple challenges with 

Namibian boatmen’s qualifications were also listed (Chiripanhura & Teweldemedhin, 2016) as 

barriers to the transformation of the industry.  

 

1.3.2 Fisheries management in Namibia 

Namibia, like other countries, is a party to several regional and international legal instruments 

and agreements. These include the United Nations Convention on the Law of the Sea, 1982; the 

United Nations Fish Stocks Agreement, 1995; the FAO Compliance Agreement, 1993; the Code 

of Conduct for Responsible Fisheries and its associated International Plans of Action, and the 

South African Developing countries (SADC) Regional Protocol on Fisheries; the 2001 

Reykjavik Declaration on Responsible Fisheries in the Marine Ecosystem, and the Rio (1992) 

and Johannesburg (2002) declarations on sustainable development. These bodies and the laws 

continue to be considered in the development of the management plan of various Namibian 

marine species. Namibia is also a signatory nation to the 2002 World Summit on Sustainable 

Development (WSSD), and its management plan thus recognises the importance of an 

Ecosystem Approach to Fisheries (EAF) (Roux & Shannon, 2004; Wilhelm et al., 2015). In 

Namibia, there are studies (Heymans & Tomczak, 2016; Iitembu & Richoux, 2016) that have 

looked at feeding ecology at an ecosystem level, the interaction between various marine 

organisms, and not just focusing on single species. Several aspects, including recording seabird 

mortality in the hake fishery, have been revised to embrace EAF (Da Rocha et al., 2021). These 

actions are thus important in implementing the EAF (Layman et al., 2007; Mohanraj & Prabhu, 

2012; Iitembu et al., 2021). To date, Namibia is recognised for having one of the best fisheries 

management policies globally (described as a model in many respects) (Sumaila et al., 2004), 

and won the Food Security Leadership Award in 2000 and Silver Future Award in 2012 

(Paterson et al., 2013). 

 

At a national level, Namibia has management measures in place focused on rebuilding fish 

stocks to their full potential, especially those that were overfished before independence (Boyer 

& Hampton, 2001). The steps aimed to rebuild the fish stocks started with the declaration of 
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the EEZ in 1990 (MFMR, 1990; Oelofsen 1999; van der Westhuizen, 2001). This was followed 

by the draft of the Sea Fisheries Act in 1992 (Act 29 of 1992; MFMR, 1992), which was 

repealed in 2000 and replaced by the Marine Resources Act (Act No. 27 of 2000; MFMR, 

2000). The Marine Resources Act (Act No. 27 of 2000) is regulated by the Marine Resources 

Regulations of 2001 (MFMR, 2001). A new White Paper, Namibia’s Marine Resources Policy, 

was drafted in 2004 (MFMR, 2004) followed by the Marine Resources Act (No. 27 of 2000) 

amendment (Act No. 9 of 2015; MFMR, 2015). Fisheries management is a task of the Ministry 

of Fisheries and Marine Resources (MFMR), which is responsible for setting TACs, 

formulating policies, research, monitoring catches, vessel licensing and monitoring, 

surveillance and control (Oelofsen 1999; MFMR, 2000; MFMR, 2001). The National Marine 

Information and Research Centre (NatMIRC) of MFMR, deals with research and monitors the 

marine living resources to inform policy development, stock assessment and TAC 

determinations. NatMIRC is the research office of MFMR based in Swakopmund, Namibia. 

From this section, NatMIRC is referred to as MFMR. The MFMR has contracted the Fisheries 

Observer Agency (FOA) to complement its efforts to combat Illegal, Unreported and 

Unregulated (IUU) fishing, control overfishing, by-catch, undersize fish, and to collect 

biological data (Oelofsen, 1999; MFMR, 2000). The MFMR also works with the Namibian 

Maritime and Fisheries Institute (NAMFI), whose aim is to provide training and maritime 

vocational skills development to the staff of MFMR, FOA, supporting agencies and seafarers. 

 

The MFMR conducts dedicated annual research surveys for the main, commercially exploited 

species (red crabs, deep-water and shallow-water hake, Cape horse mackerel, monkfish, orange 

roughy, rock lobster and sardine) using various methods such as swept-area bottom trawl, 

midwater trawl, acoustics, traps, and pots. The Cape fur seals research surveys (census) take 

place after every third year using a low-flying helicopter, whereby the researchers take pictures 

on seal colonies, which are later counted to quantify the number of seals. The research surveys 

take place at different times of the year; monkfish swept area biomass surveys take place 

annually in November. The main objectives of these surveys are to: obtain biomass indices of 

the Namibian commercially exploited fisheries, monitor recruitment, map out the geographical 

distribution of commercially important species, collect biological information of commercially 

important species, and collect environmental data to establish linkages between the 

environment and the species distribution (Schneider & Johnsen, 2000). 
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As in many other fisheries globally, entry into the Namibian fishery is limited through rights of 

exploitation. Fishing off the coast of Namibian without a fishing rights/licence is prohibited. 

Fishing companies are granted fishing rights which expire within different periods, ranging 

from seven to twenty years, depending on various factors specified in the Marine Resources 

Act (Act No. 27 of 2000; MFMR, 2000), such as the level of Namibian ownership, investments, 

and fishing experience. In addition to these, there are several specific management measures in 

place to manage the Namibian fisheries resources. The measures include TAC, licensing to 

limit entry into the fishery, quota system, closing season, by-catch fees and other technical 

measures (MFMR, 2001). There is also by-catch control. When a fishing vessel catches and 

lands a resource (e.g., fish) that it does not have a fishing or exploratory rights to catch, the 

right holder is charged with by-catch fees (Oelofsen, 1999; MFMR, 2000; Wilhelm et al., 2015). 

These fees are therefore important management tools. To avoid by-catch penalty fees, fishing 

vessels limit their species by-catch harvests, mostly by avoiding fishing grounds where these 

species are abundant. 

 

Fisheries technical measures are a suite of rules governing how, when and where fishers may 

fish (van der Westhuizen, 2001; Moore et al., 2011; Purcell & Pomeroy, 2015; de Mitcheson, 

2016). As with all fisheries, Namibia has several technical measures in place aimed at managing 

fishing activities off the coast. There is an annual closed season in October for the hake fishery, 

which came into effect in 2006 and aims at protecting juveniles and the adult spawning fish 

from being fished (MFMR, 2014). Fishing by trawlers (all trawlers for instance, the trawling 

fishing vessels targeting either hake, Cape horse mackerel or monkfish) within the 200 m 

isobath is restricted since 1993 by MFMR as a management measure to protect fish that 

aggregate to spawn and their juvenile fish, to protect small pelagic species, and to safeguard 

Ecologically and Biologically Significant Areas (EBSA) (Oelofsen, 1999; Sundby et al., 2001). 

Fisheries Restricted Areas (FRAs) play an integral part in fisheries management (Botsford et 

al., 2009; Purcell & Pomeroy, 2015). There are also gear restrictions in place which are specific 

to each fishery, for instance, the minimum cod-end mesh size is 110 mm for hake and orange 

roughy, 60 mm for Cape horse mackerel, 12.7 mm for sardine, and 75 mm or 110 mm for 

monkfish and west coast sole. The minimum cod-end mesh-sizes were set to allow the juvenile 

fish to escape from the fishing nets during trawling. To ensure adherence to the technical 

management measures, fishing vessels are fitted with comprehensive Automatic Location 

Communicators (ALCs) which report important vessel information to the Vessel Monitoring 

System (VMS) located at the MFMR`s Fisheries Monitoring Centre (FMC) in Walvis Bay. The 
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VMS records information on vessel position and movement (Paterson, 2015), and it is enforced 

through regulations. 

 

Commercial fishing vessels fishing in the Namibian waters are mandated to carry a fisheries 

observer (hereafter referred to as “the Observer”) aboard and to record daily fishing activities 

in logbooks (MFMR, 2000; Boyer & Hampton, 2001; MFMR, 2001). Recording fishery-

dependent data is critical as it forms an input into stock assessment (Paterson, 2015; Kathena 

et al., 2018). The daily logbooks are completed by the fish vessel captain and verified daily by 

the observer (Boyer & Hampton, 2001; Paterson, 2015). The primary role of observers is to 

monitor and observe the harvesting, handling, and processing of marine resources and ensure 

that the at-sea provisions of the Marine Resources Act and Regulations are adhered to. The 

observers report any at-sea discarding that may take place and they also play an important role 

in collecting biological data such as length and sex, or any other data requested by MFMR.  

 

The management of the Namibian fisheries resources is single species oriented, and species are 

managed through the determination of annual TACs, based on stock assessment models, to 

ensure the long-term sustainability of fish stocks. The main aim of the TAC is to set a limit on 

the quantity of particular marine resources that can be harvested within a specific period 

(MFMR, 2000; Mohanraj & Prabhu, 2012). The determination of the TAC involves various 

data, such as survey data and the commercial catch data. Once models are fitted to the data, a 

TAC is then recommended, based on the status of the stock. As in other countries, the 

recommended TAC is subject to discussions and decisions by various stakeholders with 

conflicting interests and takes into consideration various factors such as socio-economic factors 

(del Valle & Astorkiza, 2007). To promote economic efficiency, the MFMR Minister allocates 

the TAC as individual quotas to rights holders who have been granted rights to fish off the coast 

of Namibia (Oelofsen, 1999). During each fishing season, rights holders pay quota fees based 

on the quotas issued. Quotas are allocated based on the criteria stipulated in the Marine 

Resources Act (Act No. 27 of 2000; MFMR, 2000). All these target species are managed 

through TAC allocation: Cape horse mackerel (Trachurus capensis), hake (Merluccius capensis 

and M. paradoxus), Cape fur seals (Arctocephalus pusillus pusillus), monkfish (Lophius 

vomerinus and L. vaillanti), red crab (Chaceon maritae), rock lobster (Jasus lalandii), and 

sardine (pilchard) (Sardinops sagax). Cape monkfish, Lophius vomerinus Valenciennes 1837 

(ex L. upsicephalus, Smith 1841), the subject of this study, is an important commercial and 

ecological fish species that thrives in the Namibian waters. Despite the economic and ecological 
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role of Cape monkfish, there are knowledge gaps regarding their biology, life history and rate 

of exploitation. 

 

1.4 General description of the genus Lophius  

The genus Lophius of the lophiidae family has seven species worldwide: Lophius americanus 

Valenciennes 1837 off the coast of the north-eastern United States and North Carolina (Steimle 

et al., 1999; Able et al., 2007); Lophius budegassa Spinola 1807 in the eastern Atlantic Ocean 

(Preciado et al., 2006); Lophius litulon (Jordan 1902) in the north-west and east Pacific Ocean 

(Yoneda et al., 2001); Lophius gastrophysus Miranda-Ribeiro 1915 in the south-west Atlantic 

Ocean; Lophius piscatorius Linnaeus 1758 in the north-east Atlantic Ocean (Afonso-Dias & 

Hislop, 1996); Lophius vomerinus Valenciennes 1837, previously known as L. upsicephalus 

(Smith, 1841), off the South African and Namibian coasts (Leslie & Grant, 1991; Maartens & 

Booth, 2001a, b; Walmsley et al., 2005), and Lophius vaillanti Regan 1903 off Namibia (Leslie 

& Grant, 1991).  

 

Lophius species are commonly called goosefish, monkfish, or anglerfish. They are 

characterised by the dorso-ventrally compressed morphology of the head and body, a wide and 

cavernous mouth with strong jaws. Their skin is thin, with no scales and is covered in a mucous 

layer. These species also have a modified first dorsal fin ray, known as illicia, above their heads. 

Studies focusing on Lophius species describe them as typically sit-and-wait predators 

(Macpherson, 1985; Gordoa & Macpherson, 1990). They are a demersal species with no swim 

bladders (Griffiths & Hecht, 1986; Fariña et al., 2008). Although most of the Lophius species 

have been caught as by-catch worldwide, they now have well-developed directed fisheries 

targeting them (Afonso-Dias & Hislop, 1996; Steimle et al., 1999; Maartens & Booth, 2001a, 

b). 

 

1.5 Cape monkfish 

The Cape monkfish, Lophius vomerinus Valenciennes 1837 (Figure 1.3) is one of two monkfish 

species which occur off the Namibian coast. The other is the shortspine African Angler, L. 

vaillanti. The syntopic species are morphologically similar but differentiated by the colouration 

of their dorsal and ventral sides. The dorsal body of Cape monkfish is brown, and the ventral 

side is white, whereas the dorsal and ventral sides of the shortspine African Angler are a dark 

purple colour. Another distinct difference between Cape monkfish and shortspine African 
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Angler is the fleshy appendix on the tip of the illicium, which is present in Cape monkfish but 

absent in the shortspine African Angler. The Cape monkfish is the most abundant monkfish 

species in Namibia (Maartens & Booth, 2001a, b; Fariña et al., 2008), and is the focus species 

for this study. 

 

 

Figure 1.3: An adult (44 cm total length) Cape monkfish, Lophius vomerinus held by the author 
during port sampling in October 2019 (Photo credit: Esther Shoopala). 

 

Habitat 

The distribution of the Cape monkfish extends from northern Namibia (21° S) to Durban, South 

Africa (30°S, 31°E) (Leslie & Grant, 1990; MFMR, 2020). Cape monkfish is a bottom-dwelling 

species, inhabiting sandy and muddy sediment waters between 150 and 500 m (Leslie & Grant, 

1991; FAO, 1999b), with the highest densities occurring at 300–400 m off the coast of Namibia 

(Maartens, 1999). Boyer and Hampton (2001) suggested the possibility of an interaction 

between the Cape monkfish populations found in the southernmost part of Namibian waters 

and on the South African west coast. The egg and larval stage of Cape monkfish, as with other 

Lophius species, are found in the water column, but later move to a benthic existence as 

juveniles and adults (Fariña et al., 2008). This species is one of the most important predators in 

the Benguela region (Gordoa & Macpherson, 1990).  
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Stock structure 

Cape monkfish has been reported in Namibia and South Africa (Leslie & Grant, 1990; Fariña 

et al., 2008). The taxonomic status of Cape monkfish, L. vomerinus, has not always been clear. 

Some studies (Griffiths & Hecht, 1986; Gordoa & Macpherson, 1990), refer to L. vomerinus as 

L. upsicephalus, however, Leslie and Grant (1991) revised this species and concluded that 

L. upsicephalus was a junior synonym of L. vomerinus. 

 

In Namibia, this species is distributed throughout the region; however, the stock structure of 

Cape monkfish is uncertain. The only available genetic information is based on a historical 

genetic study (Leslie & Grant 1990) which found significant genetic variation between 

L. vomerinus and L. budegassa, and between L. vomerinus and L. piscatorius; documented that 

Namibian Cape monkfish individuals appear darker in colour when compared to the others 

(Leslie & Grant, 1990). However, there is no evidence to suggest whether the Cape monkfish 

off Namibia comprises a single stock or several stocks. 

 

Fishery 

Cape monkfish is a valuable component of the commercial fisheries off both Namibia and South 

Africa (Maartens & Booth, 2001a, b; Walmsley et al., 2005; Fariña et al., 2008). The monkfish 

fishery off Namibia is relatively new in comparison with other Namibian fisheries, such as the 

hake fishery, and as a result, research on the stock dynamics of monkfish before the mid-1990s 

(Boyer & Hampton, 2001) is limited. Off the coast of Namibia, Cape monkfish has been 

exploited since 1974 as by-catch, mainly in the hake fishery (Boyer & Hampton, 2001; 

Maartens & Booth, 2001a, b). However, owing to the increasing catches and demand, a 

monkfish fishery (targeting both Cape monkfish and the African Shortspine monkfish) was 

established in 1994. Monkfish is managed through TAC since the inception of its fishery in 

1994. Due to the close depth distribution of monkfish and with shallow-water hakes, about 5-7 

% of the monkfish TACs, is allocated to the hake directed fishery as unavoidable by-catch 

(Kathena, 2019). Monkfish is harvested by two fisheries: as a target species in the monkfish 

fishery, and as by-catch in the hake-directed fishery. Cape monkfish is harvested by both freezer 

(vessels that catch and process at sea) and wet fish vessels (fishing vessels that catch and process 

the catches onshore).  

 

The Cape monkfish fishery has grown steadily since its inception in 1994, and the value of 

Cape monkfish in Namibia is especially high in terms of price per unit weight, which made it 
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the third-highest contributor to the country’s fishing industry in 2017 (MFMR, 2018). About 

94% of the total monkfish landed is Cape monkfish (Maartens & Booth, 2001a, b; Fariña et al., 

2008). Studies have indicated an increase in Cape monkfish catches from less than 2000 tonnes 

to 12 000 tonnes since 1994 (Booth & Quinn, 2006) (as also seen in Figure 1.4).  

 

 
 

Figure 1.4: Monkfish (Lophius vomerinus and Lophius vaillanti) total catch between 1974 and 
2018 and the Total Allowable Catches (TAC) set each year between 2001 and 2018, off the 
coast of Namibia. Cape monkfish represents 94% of the catches. 

 

Based on a harvest rate above MSY, Cape monkfish is reported to be under extensive fishing 

pressure and was classified by the International Union for the Conservation of Nature (IUCN) 

as Near Threatened on their Red List in 2010 (Dooley et al., 2010). The IUCN assigns the 

following classifications: Critically endangered/Endangered = 3, Vulnerable = 2, Near 

Threatened = 1, and Least Concern = 0. In 2005, the monkfish abundance was already said to 

have been declining, based on the monkfish-directed biomass survey (Booth & Quinn, 2006). 

Similarly, the commercial data analysed in 2005 showed exploitable biomass during that time 

to be over 30% higher than MSY levels (Booth & Quinn, 2006). The species is also reported to 

be threatened by mercury contamination which suggests an increase in poor body condition of 

fish with high mercury concentrations (Erasmus et al., 2018; 2019). The latest published data 

(Kathena et al., 2018) estimated the MSY to be 9 000–11 000 tonnes, approximately 36–44% 

of its pristine state. 
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Life history 

The Cape monkfish is a slow-growing, long-lived species, living more than 10 years (Maartens 

et al., 1999; Walmsley et al., 2005; Fariña et al., 2008). Female Cape monkfish grow larger than 

males (Maartens & Booth, 2005), a common trait in other Lophius species (Richards et al., 

2008). Although previous studies have provided crucial information on the life-history traits of 

this species, it is not known how growth parameters of Cape monkfish compare between 

historical and contemporary times, especially in the face of climate change and extensive 

exploitation pressure. 

 

The spawning behaviours and locations of Cape monkfish have not yet been described, although 

Lophius species are generally known to spawn in deep water, releasing eggs in long, gelatinous 

ribbons called egg veils (Afonso-Dias & Hislop, 1996; Yoneda et al., 2001; Colmenero et al., 

2017). There is limited information on the spawning of the Cape monkfish, however, Walmsley 

et al. (2005) suggested it takes place in deeper water off South Africa. The nursery grounds of 

Cape monkfish are reported to be off Walvis Bay (23º–25º S) at depths between 150 and 300 m 

and near the Orange River 28º 35’S at depths between 100 and 300 m (ICSEAF, 1984). Male 

Cape monkfish mature at a smaller size (39.9 cm total length (TL)) than females (58.2 cm TL; 

Maartens & Booth, 2005). Reproduction aspects of the Namibian Cape monkfish are not fully 

understood. For instance, there are no known studies on fecundity estimation of Cape monkfish 

and no spawning grounds have been identified off Namibia. 

 

Diet and feeding 

An early account of Cape monkfish feeding was provided by Macpherson (1985) who described 

them as daytime predators. Cape monkfish are typically sit-and-wait predators; they are 

opportunistic, non-selective feeders, their diet influenced by the behaviour of the prey and the 

size of their mouths (Gordoa & Macpherson, 1990). Off Namibia, their diet primarily comprises 

the shallow-water hake Merluccius capensis, cuttlefish Sepia australis Quoy & Gaimard 1832, 

pelagic goby (Nematogobius bibarbatus now revised to Sufflogobius bibarbatus von Bonde 

1923) and Angolan flying squid Todarodes sagittatus Adam 1962 (Macpherson, 1985; Gordoa 

& Macpherson, 1990).  

 

1.6 Knowledge gaps and purpose of the study 

The MFMR is tasked with the responsibility of managing fisheries resources in Namibia. This 

task involves implementing a knowledge-based EAF (Heymans & Tomczak, 2016; Iitembu & 
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Richoux, 2016; Iitembu et al., 2021), which is improved when adequate information on the 

fishery is attained. Although Namibia is currently using a single species approach, it is 

committed to the implementation of EAF. There is, however, a lack of knowledge on some of 

the basis of EAF.  

 

Understanding feeding linkages provides some basis for understanding the ecosystem linkage 

as evident in various feeding studies (Crozier, 1985; Young & Blaber, 1986; Herman et al., 

2005; Michener & Lajtha, 2007; Emmanuel & Ajibola, 2010; Iitembu & Richoux, 2015; Potts 

et al., 2016). These studies are good examples of how organisms relate to each other (predator-

prey relationship), which is an important aspect in understanding the role that a particular 

organism plays in its habitat and related ecosystems (Carrasco et al., 2012; Mohanraj & Prabhu, 

2012; Iitembu & Richoux, 2016). Some of these feeding linkages may be influenced by climate 

change because it forms an important part of EAF. Climate change, therefore, has the potential 

to affect the bases of EAF implementation.  

 

Cape monkfish is an important species ecologically, chiefly because it is a top predator that 

feeds on a variety of prey species (Macpherson, 1985; Gordoa & Macpherson, 1990), but the 

strength of its feeding linkages is not known. The role that Cape monkfish plays in relation to 

other organisms needs to be revised, especially in relation to climate change and exploitation 

pressure. However, uncertainties exist surrounding the Cape monkfish resource. The species 

has been a commercially important fish species in Namibia for decades, historically as by-catch 

and since 1994 as a target species. This study attempts to fill the knowledge gaps on multiple 

questions concerning the feeding habits and spawning behaviours of Cape monkfish, questions 

that arise at annual monkfish Working Group (MWG) meetings of the MFMR. The MWG is a 

group of experts that includes scientists, monkfish rights holders, economists, observers, 

fisheries inspectors, and other stakeholders in the fishery industry who convene meetings 

annually to discuss matters of common interest. The main objective of these meetings is to 

discuss the data used in the Stock Assessment Model to determine the status of the monkfish 

resource and to enable scientists to provide the best possible scientific advice on management 

measures (as stated in various MFMR reports e.g., MFMR, 2014, 2015). These questions can 

only be addressed through dedicated studies on the spatial and temporal aspects of the biology 

and life history of the species. To date, no recent life-history studies have been conducted nor 

has any spatial analysis research of Cape monkfish in this region been carried out. Previous 

studies focusing on the biology of Cape monkfish (Maartens et al., 1999; Maartens & Booth 
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2001a, b; Maartens & Booth 2005; Erasmus et al., 2018, 2019) serve as baseline studies but 

they have not linked the biology of Cape monkfish to climate change or exploitation pressure. 

In this study, it was hypothesised that climate change and exploitation pressure may have 

altered the life-history traits, biomass distribution and the abundance of Cape monkfish, 

spatially and temporally. Both temporal and spatial components of research are important 

because they provide room for a comparison of various biological aspects. An investigation of 

possible long-term changes in the biology of Cape monkfish, with a focus on feeding patterns, 

maturation dynamics, age and growth, and exploitation patterns in Namibian waters has not yet 

been carried out, though exploitation patterns have been described until 2018. Such 

information, when linked to historical data, is critical to improve our understanding of the 

impacts of climate change and overexploitation of this commercially important species. Such 

an investigation has the potential to improve management plans of this species. 

 

1.7 Aims and objectives of this thesis 

The broad aim of this study is to contribute to our understanding of both the life history and the 

exploitation rate of Cape monkfish in the Namibian marine ecosystem through new research 

and a comparison with historical data. The objectives of this study were to: 

i. identify the dominant prey species of Cape monkfish in the Namibian waters, using 

stomach content analysis data (from 2015 to 2018) and compare this to a historical study 

(from 1986 to 1987); 

ii. investigate the seasonal and spatial variation of Cape monkfish diet, to identify any 

ontogenetic shifts in diet, and assess the trophic adaptability; 

iii. examine the life history of Cape monkfish and identify any spatial and temporal changes 

in reproduction, including spawning area and season;  

iv. investigate the differences in annual growth rates of Cape monkfish between historical 

(1996 to 1998) and contemporary (2014 to 2016);  

v. explore changes in catch and effort temporally (from 1998 to 2018) and spatially (the 

Namibian waters) with a view to better understand possible changes over time, and 

vi.  to link any observed changes in the above to exploitation patterns and the climatic 

environment in the Namibian waters. 

 

The findings from this study are expected to contribute to our understanding of biological 

aspects of Cape monkfish in relation to climate change and exploitation pressure; findings 

which will aid the successful implementation of EAF (Cochrane et al., 2009) to sustainably 
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manage this resource. The results may also contribute to the maintenance of essential ecological 

processes in the environment.  

 

1.8 Thesis overview 

To achieve the aims and objectives, this thesis is divided into seven chapters. The first chapter 

(Chapter 1) provides a general introduction to global fishing and available knowledge on 

climate change. This chapter highlights how fishery species (globally) are threatened by 

anthropogenic impacts such as overexploitation and climate change. It gives details on the 

Namibian fishery, and in particular, how the demersal fishery species in Namibia are managed. 

It concludes with a background on the environmental conditions off the coast of Namibia and 

information of Cape monkfish, the subject of this study. 

 

Chapter 2 provides a description of the study area; it gives a general description of the BCLME 

in which the Namibian marine ecosystem is found. This chapter also provides background 

information on how the data were collected (research survey, port sampling and commercial 

catches) and describes various historical and contemporary data sources, general methods, and 

maps of predetermined survey stations.  

 

Chapter 3 presents a spatial and temporal analysis of feeding patterns of Cape monkfish in 

Namibia, based on stomach content analysis. A comparison between historical (Gordoa & 

Macpherson, 1990) and contemporary feeding habits of Cape monkfish is presented.  

Chapter 4 explores the spatio-temporal analysis of the reproductive biology of Cape monkfish 

throughout its Namibian distribution and compares this information to historical data, extending 

the work of Maartens and Booth (2005).  

 

Chapter 5 provides a comparison of historical (Maartens et al., 1999) and contemporary age 

and growth of Cape monkfish in Namibia.  

 

Chapter 6 is an attempt to answer the question “Where do monkfish-targeting vessels fish?” As 

such it explores main monkfish fishing grounds, and possible changes in the temporal and 

spatial patterns of the general monkfish resource distribution and catches statistics in Namibian 

waters, including the trend in catch statistics of monkfish. 
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Chapter 7 is the final chapter and gives a general discussion linking possible changes in the 

temporal and spatial biological aspects of Cape monkfish to climate change and exploitation 

pressure. The chapter closes with conclusions and proposes recommendations in the 

management context. 
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 Chapter 2: Study area and general materials and methods 

 

 

 

Map of the Namibian coast showing the dust storm during the east wind period (photo credit: 

LandWaterSA) 
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2.1 Benguela Current Large Marine Ecosystem and the marine waters off Namibia 

The Namibian waters form part of the Benguela Current Large Marine Ecosystem (BCLME), 

which is one of the world’s four major eastern boundary currents (Hill et al., 1998; Shannon & 

O’Toole, 1998; Bode et al., 2014) (Figure 2.1). The BCLME is one of the most productive 

marine ecosystems of the world, mainly due to the strong upwelling features that provide highly 

productive ecosystems (Cochrane et al., 2009; Hutchings et al., 2009; Huenerlage & Buchholz, 

2013; Jarre et al., 2013). It is a unique eastern boundary current because it is bounded by two 

warm-water regimes: the Angola Current system that separates the warm water of the Angola 

Current from the cold Benguela waters in the north, and by the Agulhas Current System that 

separates it from the Indian Ocean in the south (Shannon, 1985; Hutchings et al., 2009; Santos 

et al., 2012) (Figure 2.1). The BCLME has a permanent upwelling cell off Lüderitz (25º–27º S) 

that effectively divides it into two regions; the northern Benguela Ecosystem (nBE) north of 

the Lüderitz upwelling cell, and the southern Benguela Ecosystem (sBE) south of the Lüderitz 

upwelling cell (Figure 2.1; Shannon, 1985). The Lüderitz upwelling cell acts as an 

environmental barrier for some key species (van der Lingen et al., 2006; Lett et al., 2007; 

Hutchings et al., 2009; Santos et al., 2012). Upwelling cells of lesser intensity also occur further 

north, the most notable being off Cape Frio. 

 

The BCLME is characterised by cold, nutrient-rich waters, hypoxic conditions and a high 

primary production that reaches an average of 400–900 g C m-2 yr-1 annually (Boyd et al., 

1987; Brown et al., 1991; Heymans et al., 2004; Heileman & O’Toole, 2008). Although high 

primary productivity (measured by the abundance of phytoplankton) is an important feature of 

the BCLME, most of it ends up not utilised; it then dies, sinks and settles at the sea bottom 

where it creates anoxic conditions (Bailey, 1991). From time to time, the warm tropical surface 

waters enter the Angola Current warm (Figure 2.1). Here, the warm tropical waters mix with 

the cold upwelled water in the Angola-Benguela frontal (ABF) system (located at 15–17° S) 

(Figure 2.1) (Bartholomae & van der Plas, 2007). 

 

The Namibian waters form part of the BCLME, covering a coastline of 1572 km, from 17°12'S, 

along the border with Angola (covering part of the nBE) to 29°30'S, to the border with South 

Africa (covering part of the sBE) (Figure 2.1). The mid-shelf Namibian waters (180–350 m 

bottom depth) are defined by a wind-driven upwelling cycle (Gibbons & Buecher, 2001; 

Hutchings et al., 2009; Jarre et al., 2013). 
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Figure 2.1: A general map of the Benguela Current Large Marine Ecosystem (BCLME) 
showing the major physical features within this region (adapted from Shannon, 2006, p. 4). 

 

2.2 Environmental conditions in the Namibian Marine Ecosystem 

Various environmental factors such as wind strength and direction, upwelling intensity, 

dissolved oxygen, and sea surface temperature give the BCLME its unique features. The 

BCLME is primarily a wind-driven system with an equatorward wind (Hutchings et al., 2009), 

thus, wind strength is an important feature of this system. Specifically, in the Namibian waters, 

the upwelling intensity has been fluctuating (Hutchings et al., 2009; Chen et al., 2012), driven 

primarily by wind strength (Jackson et al., 2013). The high abundance of phytoplankton 

biomass is also associated with strong winds (Hutchings et al., 2009, Louw et al., 2016). The 

combination of wind, rotation of the earth (Coriolis force) and Ekman transport brings cold 

nutrient-rich waters to the surface during upwelling (Hutchings et al., 2009). The major 

upwelling cell off the Lüderitz is critical for sustaining biological productivity in the Namibian 

waters and the BCLME and can be a limiting factor for primary production (Taylor et al., 2013). 
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The Lüderitz upwelling cell is the strongest wind-driven upwelling zone in the BCLME (Chen 

et al., 2012) and is characterised by persistent, perennial, high equatorward wind speeds that 

generate powerful offshore transport and mixing in the water column (Bakun, 1996; Hutchings 

et al., 2009; Chen et al., 2012). As such, primary production, measured by the growth of 

phytoplankton, is influenced by upwelling activities. The Benguela current system has a high 

mean annual primary production, which was reported at 1.25 kilograms of carbon per square 

metre in 2003, about six times higher than the North Sea ecosystem (Shannon & O’Toole, 

2003). This high level of primary productivity of the BCLME supports an important global 

reservoir of biodiversity and biomass of zooplankton, fish, sea birds and marine mammals. 

Hutchings et al. (2006) reported a substantial long-term increase in zooplankton over five 

decades, followed by a decrease since 1995. 

 

The distribution and abundance of marine organisms in the Namibian waters is influenced by 

limiting factors such as dissolved oxygen and water temperature. The dissolved oxygen level is 

important as it is a determining factor of habitable locations in aquatic systems (Wu, 2002). 

Generally, oxygen concentration increases from north to south (Bartholomae & van der Plas, 

2007; Jarre et al., 2015a). However, there is variation in oxygen concentration, both at a 

seasonal and interannual scale and lately, frequent low oxygen events in the Namibian marine 

waters have been reported (Boyd et al., 1987; van der Lingen et al., 2006; Bartholomae & van 

der Plas, 2007; Hutchings et al., 2009). Low oxygen water in the Namibian marine waters 

mainly comes from the Angolan Basin (Hamukuaya et al., 1998). The effects of oxygen 

depletion in the water include hypoxic-anoxic conditions which further result in sulphur 

outbreaks (Boyd et al., 1987; Monteiro et al., 2008; Ohde & Mohrholz, 2011). Underutilisation 

of phytoplankton build-up at the seabed contributes to the build-up of poorly oxygenated water, 

possibly leading to the production of toxic hydrogen sulphide. The sulphur eruptions reduce 

species abundance and distribution, especially off Walvis Bay, where the most severe anoxic 

conditions develop regularly. 

 

Marine organisms are reported to adjust their behaviour (e.g., feeding) in response to ocean 

temperature warming or cooling (Johansen et al., 2014). The BCLME experiences recurring 

large-scale extreme warming of the ocean waters termed Benguela Niño events, which have 

been occurring with almost decadal regularity (Shillington et al., 2006). These events occurred 

in 1934, 1963 (Stander & De decker, 1969), 1972, 1984 (Taunton-Clark & Shannon 1988; 

Florenchie et al., 2003) and 1995 (Gammelsrød et al., 1998; Florenchie et al., 2003). In 2001, 
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the Namibian waters had another extreme warming since the last Benguela Niño in 1995 

(Rouault et al, 2007). The 2001 warming event is not termed a Benguela Niño event because of 

its short duration, and because the intrusion of warm water did not go as far south as the other 

warm waters during Benguela Niño events (Bartholomae & van der Plas, 2007; Rouault et al., 

2007). During intense Benguela Niño events, the intrusion of warm waters has been reported to 

reach as far south as Walvis Bay (22° S) (Florenchie et al., 2003). Recent environmental data 

collected in the Namibian marine ecosystem indicate general warming of the sea surface 

temperature, especially in 2007 and 2011 (Junker et al., 2017).  

 

These events are thought to have a significant influence on the abundance of fishes (Boyer et 

al., 2001). Important findings on the effects of Benguela Niño events are detailed in Stander 

and De decker (1969), Shannon et al. (1986), Taunton-Clark and Shannon (1988), Gammelsrød 

et al. (1998), Hamukuaya et al. (1998) and Rouault et al. (2007). Some of the main 

consequences of Benguela Niño in the Namibian marine waters are fish mortalities of, for 

example, sardine, Cape horse mackerel and kob (Argyrodomus inordorus) in 1995 

(Gammelsrød et al., 1998), and the displacement of fish from the northern part of Namibia 

toward the southern part (making fish more susceptible to fishing) (Gammelsrød et al., 1998, 

Boyer & Hampton, 2001; Monteiro et al., 2008). 

 

 

2.3 The study area 

This study was conducted off the entire coast of Namibia (Figures 2.1 and 2.2). As pointed out 

previously, Namibian waters form part of the Benguela Current Ecosystem, one of the four 

major eastern boundary current systems of the world. The area is about 1572 km long and 

extends from the Cunene River at 17°12'S (along the border with Angola) to the Orange River 

at 29°30'S (to the border with South Africa). The shelf area from the shore to a depth of 200 m 

is approximately 110 00 km2, it is widest off the Orange River and off Walvis Bay, and 

narrowest off the Cunene River to Cape Frio (FAO, 1999b). The Lüderitz upwelling cell 

situated between 25º and 27ºS (Figure 2.1), is a key feature of Namibia. Upwelling cells of 

lesser intensity also occur further north, the most notable being off Cape Frio. Additionally, the 

presence of a 500 km long mud belt (muddy bottom) in the mid-shelf of the Namibian marine 

ecosystem is a significant feature in the Namibian marine waters (Bianchi et al., 1999), and it 

is associated with poor oxygen concentration (FAO, 1999b). Off Namibia, strong upwelling is 
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particularly experienced during the cooler months, which reinforces the seasonal effect and 

causes a definite temperature cycle (Gordoa et al., 2000).  

 

 
Figure 2.2: Map of the study area between 17°12'Sand 29°30'S (Namibian coast) showing the 
200, 500 and 1000 m depth contour. Map constructed using ArcGIS 10.8 Software. 

 

Fishing off Namibia takes place within the 200 nm EEZ which contains various commercially 

important species, including small-sized pelagic species, such as Cape anchovy (Engraulis 

encrasicolus) and sardine (Sardinops sagax), and medium-sized pelagic species including adult 

Cape horse mackerel (Trachurus capensis). The demersal species include hake (mostly 

Merluccius capensis and M. paradoxus), Cape monkfish (Lophius vomerinus), west coast sole 

(Austroglossus microlepis), red crab (Chaceon maritae) and other bottom-dwelling species. 

Sampling was confined between latitudes 17°12'S and 29°30'S (Figure 2.1), covering the spatial 

distribution of Cape monkfish. The study area ranges from depths of 90 to 837 m, which is the 

area fished commercially and that which is covered through research biomass surveys.  
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2.4 Data acquisition 

Data used in this thesis were sourced from various databases and institutions summarised in 

Table 2.1. The spatial and temporal data collected included stomach content data (Chapter 3), 

reproduction and maturity data (Chapter 4), age and growth data (Chapter 5) and catch data 

(Chapter 6). Collection methods included survey cruises, observer sampling and port sampling. 

This study used historical data (1974 to 1989, collected before independence) and contemporary 

data (collected between 1990 and 2019). The data available for assessment of the Cape 

monkfish resource can be divided into fisheries-independent (research survey data) and 

fisheries-dependent (commercial fishing) data (Table 2.1). 
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Table 2.1: Details of data used in this study; data type, sampling year, data source and the thesis chapter in which the data is used. 

Data type Sampling year Data source Chapter in which 

the data is used 

Biological data 

Stomach content data 2015-2018 port sampling and research survey Chapter 3 
Sexual maturity data 2004-2019 port sampling and research survey Chapter 4 
Age and growth data 2000-2005, 2007-2019 port sampling and research survey Chapter 5 
Length frequency data 2001-2018 MFMR-Fisheries Observer data Chapter 6 

Catch data 

Historical catch data 1974-1990 MFMR-ICSEAF datasheets Chapter 6 
Contemporary data 1991-2018 MFMR – fishery data Chapter 6 
Mean length 1998-2018 MFMR-fishery data Chapter 6 
Environmental data  

  

Bottom temperature 1998-2018 MFMR logbook data Chapter 6 
Sea Surface Temperature 1998-2018 NOAA (https://doi.org/10.7289/V5T72FNM) Chapter 6 
Other available data  

  

Monkfish survey data 2001-2005, 2007-2018 MFMR – survey data Chapter 2, 3,4 & 5 
Past feeding study data 1986 - 1987 Gordoa and Macpherson (1990) study Chapter 3 
Past reproduction data 1996 - 2000 Maartens and Booth (2005) study Chapter 4 
Age and growth data 1996 - 1998 Maartens et al. (1999) study Chapter 5 
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2.4.1 Catch data 

The daily catch data were obtained from the daily fishing logbooks of monkfish-targeting 

vessels between 1998 and 2018. The daily catches consisted of vessel ID, fishing position (for 

the first trawl of the day, fishing year, month, and day, catch in kg (a sum of the total catch for 

the day from all the trawls made in one day), duration of the trawl in hours (a sum of the trawling 

time for all trawls in a given day), vessel Gross Register Tonnage (GRT) and depth in metres 

(depth of the first trawl of the day). 

 

The annual TAC data were obtained from the Economics Division under the Directorate of 

Policy, Planning and Economics (PPE) at the MFMR. From these data, annual total catch, and 

annual CPUE were calculated from 1998 to 2018. Catch data were used to determine catch and 

effort, and distribution and abundance patterns, both spatially and temporally. The abundance 

data were derived from three sources: the commercial catch data of the monkfish-directed 

fishery (obtained through MFMR, in Swakopmund), Fisheries Observer data (research database 

data (RESDAT)) obtained through MFMR, and historical monkfish catch data collected by the 

International Commission for South-East Atlantic Fisheries (ICSEAF) and obtained through 

MFMR.  

 

2.4.2 Survey biomass data 

The first dedicated monkfish swept-area biomass survey was carried out in November 

2000 (Schneider & Johnsen, 2000) with the objective of testing the differences between length 

frequency and biomass estimates of monkfish from a hake-dedicated survey compared to a 

monkfish dedicated survey (Schneider & Johnsen, 2000). This investigation became an annual 

biomass survey and time-series data are available for 2001–2005 and for 2007–2018. The 

monkfish swept-area biomass surveys were carried out on RV Welwitschia from 2001 to 2005 

but, due to delays in the tendering process, the RV Welwitschia was unable to carry out the 

annual monkfish survey in 2006. However, surveys continued uninterrupted on this vessel until 

2011. In 2012, MFMR purchased a new research vessel, RV Mirabilis, and this research vessel 

has been used to conduct the annual monkfish biomass surveys since 2014. 

 

2.4.3 Fisheries Observer data 

Sampling on commercial fishing vessels was done by observers who are tasked to collect 

biological data on board fishing vessels. They also recorded environmental data, mostly sea 
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surface temperature (SST), bottom temperature, sky cover and wind direction. The Observer 

programme (where Observers sample all commercially important species) was established in 

1996 (Boyer & Hampton, 2001; Maartens & Booth, 2001b). The biological data collected, 

comprising species identification (species name), length (measure to the nearest cm below), sex 

and maturity stages, are recorded on Research Database forms (RESDAT) and brought to 

MFMR for data capture and analysis. Because there are variations in the education levels and 

ranks of observers, not all Observers collect all the data. For instance, observers with Grade 1 

training level record only species identity and take length measurements, while Observers with 

Grade 3 training level collect and record species identity, length, sex and maturity stages. 

Additionally, it is almost impossible to attain 100% observer coverage, thus some fishing trips 

took place without observers onboard. Observer data used in this study were collected on 

commercial fishing vessels, which used a bottom trawl net with a head length of 55 m, a 

footrope of 70 m, and an average 5 m vertical net opening. Commercial vessels trawl at an 

average speed of 3.8 knots and an average trawling time of five hours, using either 75 or 

110 mm mesh size. Data for 338 407 fish were collected from fishing trips that were undertaken 

from April 2001 to December 2019 at depths of between 214 and 611 m.  

 

2.4.4 Environmental data 

The only environmental data used were bottom temperature and sea surface temperature (SST). 

The bottom sea temperature data were collected and recorded in logbooks by fishing vessel 

captains during monkfish commercial fishing activities between 1998 and 2018. Even so, these 

data are recorded for only some trawl stations. The SST data were satellite derived from the 

National Oceanic and Atmospheric Administration (NOAA) (NOAA, 2020 - 

https://doi.org/10.7289/V5T72FNM). The SST was extracted only for the areas where 

monkfish catches were taken. 

 

2.5 Study population 

Cape monkfish of between 4 and 130 cm TL were considered in this study. However, for the 

comparison between contemporary and historical samples in Chapters 3, 4, and 5, the specific 

size range is described in each comparative chapter. For the comparative study in Chapter 3, 

fish between 20 and 75 cm TL were used, similar to the size range in Period 1 (Gordoa & 

Macpherson, 1990). For the comparative study in Chapter 4, fish between 6 and 99 cm TL were 

investigated, as was the case in Period 1 (Maartens & Booth, 2005). For the comparative study 

https://doi.org/10.7289/V5T72FNM
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in Chapter 5, fish between 9 and 96 cm TL were considered, as this was the case in Period 

1(Maartens et al., 1999). For Chapter 6, the total catch (fish of all sizes) between 1974 and 2018 

was considered.  

 

2.6 Field sampling and sample preparations 

The sampling area for the contemporary data collection is shown in Figure 2.2, with specimens 

collected between 2016 and 2019 by the author with assistance from MFMR staff and the 

research vessel crew. Sampling took place at various times using different sampling techniques, 

depending on the type and use of the data in question. Samples were collected during annual 

biomass surveys of both hake and monkfish of MFMR on board the RV Mirabilis and following 

predetermined stations off the Namibian hake and monkfish survey stations. These surveys are 

mainly done to estimate the biomass, size composition and geographical distribution of the hake 

and monkfish stock off Namibia; they have been carried out since November 2000 for monkfish 

and 1990 for hake. 

 

2.6.1 Hake annual biomass survey 

Sampling was done on board the RV Mirabilis during the annual hake (Merluccius capensis and 

M. paradoxus) biomass surveys conducted by the MFMR. Samples for this study were collected 

between 11 January and 24 February 2016, and between January and February 2018, between 

06:00 and 19:00. The survey used a systematic transect design. Transects ran perpendicular to 

the Namibian coastline, about 20–25 nm apart, with transect lengths ranging from 20 to 80 nm 

(Figure 2.3a). The surveys had 218 predetermined stations distributed semi-randomly along 

transects (Figure 2.3a). Sampling was done using a Gisund Super two-panel bottom trawl with 

head length 31 m, footrope 47 m with the vertical net opening of 4.2–4.5 m as described in 

Strømme et al. (1999). The distance between the wings during towing was 18–21 m. The depth 

of sampling tows was 90–600 m at an average trawling speed of three knots and average 

trawling time of 30 minutes. All trawl hauls were monitored by SCANMAR trawl sensors and 

trawl depth, bottom water temperature, catch sensors, headline height, and the distance between 

the doors were used to determine the vertical opening of the net, clearance from the bottom, 

and the distance between the doors during trawling.  
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2.6.2 Monkfish biomass survey 

The monkfish (both L. vomerinus and L. vaillanti) swept-area biomass surveys take place 

annually during November. Biological samples were collected during the period of 2–17 

November 2015 on board the RV Welwitschia and 8–24 November 2016, 11–27 November 

2017 and 5–23 November 2018 on board the RV Mirabilis. These surveys were carried out 

within the boundary of the Namibian EEZ between 17 and 29° S, following 94 predetermined 

trawl stations (Figure 2.3b).  

 

The monkfish research vessels operate 24 hours, making between one and eight trawls per day, 

depending on various factors such as weather condition, size of the catch and the distance from 

one sampling station to another. Trawling was mostly between 98 and 909 m. The survey design 

followed the optimised geo-statistical stratified random design described in Schneider and 

Johnsen (2000) and all other monkfish Biomass Survey Cruise Reports of the MFMR. The 

distance between 17°12' and 29°30'S off the coast was divided into 40 equal intervals, while 

the east-west direction was divided into 19 nm intervals. The survey area was defined by a 

polygon of the assumed distribution of monkfish, which was then sub-divided into smaller cells. 

Trawling targeted an average of 30 minutes at a trawling speed of 3.5 knots; the speed was not 

allowed to drop below 2.5 or exceed 3.5 knots. A commercial type ‘Albatross’ monkfish bottom 

trawl rigged with tickler chains along the footrope was used. The sweep lines consisted of 25 m 

double bridles and 20 m long single sweeps. ‘Thyboron’ trawl doors (7.93 m2), weighing 1936 

kg each were used. The cod-end mesh size was 133 mm but a smaller 50 mm blinder was 

installed inside the cod-end to catch smaller fish also. The SCANMAR trawl sensors were used 

to monitor ground bottom contact and opening height of the trawl. The research vessel trawled 

in a northerly direction.
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Figure 2.3: Map showing the layout of the general hake (a) and monkfish (b) annual biomass survey predetermined trawl stations off the coast of 
Namibia. Depth contour lines represent 100, 200, 500 and 1000 m. Map constructed by the author using ArcGIS 10.8 Software. 
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2.6.3 Port sampling  

Additional monthly samples were collected by monkfish commercial fishing vessels from 

April 2014 to December 2019 (Figure 2.3) at Walvis Bay port, through a port sampling project 

run by MFMR. The commercial fishing vessels mostly use a bottom trawl net with a head 

length of 55 m, a footrope of 70 m, and an average vertical net opening of 5 m. Monkfish-

targeting vessels fish at an average trawling speed of 3.8 knots and an average trawling time of 

five hours. These fishing vessels fished between 217 and 558 m using either 75 or 110 mm 

mesh size. Monkfish port sampling is an ongoing project that started in April 2014, to 

supplement data collected by Observers because some data (such as gonad and liver weight, 

otoliths, and stomach contents) are currently not provided by Observers owing to lack of 

experience and the unavailability of specific equipment at sea. The commercial fishing vessels 

pack two to three bins of whole round Cape monkfish (with head and gut) from the last trawls 

of their fishing trips. The samples were preserved on ice until they reached the laboratory at to 

MFMR within a day or two following the docking of the fishing vessels. Samples were 

accompanied by catch information which included the vessel name, fishing position, depth, 

and date of catch. 

 

2.7 Comparison with historical studies (Gordoa & Macpherson, 1990; Maartens & Booth, 

2005; and Maartens et al., 1999) 

Chapters 3, 4 and 5 have comparative sections where data from the present study (referred to 

as ‘Period 2’) in each chapter were compared to data in three historical studies (each referred 

to as ‘Period 1’). For Chapter 3, ‘Period 1’ was based on a feeding study conducted by Gordoa 

and Macpherson (1990). These data were collected between 1986 and 1987, from 23 to 30º S, 

between 100 and 400 m (see Chapter 3). This was compared to data in the present study 

(‘Period 2’) collected between 2015 and 2018. For the comparative study in Chapter 4, ‘Period 

1’ was based on the reproductive biology study by Maartens and Booth (2005). The data were 

collected between 1996 and 2000 off Namibia, from a depth ranging between 97 m and 686 m. 

For ‘Period 2’ (this study), samples were collected between 2001 and 2018 off Namibia. For 

Chapter 5, ‘Period 1’ was based on age and growth data collected between 1996 and 1998 by 

Maartens et al. (1999). These samples were collected between 1996 and 1998, from a depth of 

200–450 m (see Chapter 5). These samples were compared with data from the present study 

(‘Period 2’) collected between 2014 and 2016. 
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Chapter 3: Spatial analysis of feeding patterns of Cape monkfish, Lophius vomerinus in 

Namibia 

 

 

 

A picture of the researcher with a stomach of Cape monkfish, Lophius vomerinus (photo credit: 

Manga Simasiku). 

 

 

 

 

 

 

 

 

 



38 
 

3.1 Introduction 

Information on the feeding ecology is crucial for determining the role that a particular organism 

plays in its habitat and ecosystem (Carrasco et al., 2012; Mohanraj & Prabhu, 2012; Iitembu & 

Richoux, 2016) and is thus important for implementing the Ecosystem Approach to Fisheries 

Management (EAF) (Layman et al., 2007; Mohanraj & Prabhu, 2012). Globally, various 

feeding studies have been carried out (Arrhenius, 1996; Casini et al., 2004; Madurell & Cartes, 

2005; Bacha & Amara, 2009; Mihalitsis & Bellwood, 2017). Feeding studies yield information 

on daily rations (Madurell & Cartes, 2005), dietary relationships among organisms (Iitembu & 

Richoux, 2016), feeding preferences of organisms (Casini et al., 2004), dietary composition 

and food selectivity of various predators (Arrhenius, 1996), which in turn, contribute to our 

understanding of trophic ecology and energy transfer through the food web (Madurell & Cartes, 

2005; Mihalitsis & Bellwood, 2017).  

 

The spatial feeding analysis of organisms is crucial to understanding the ecology and 

management of a particular species, especially when considering spatial management (Gell & 

Roberts, 2003; Bacha & Amara, 2009; Falkenhaug & Dalpadado, 2014). Spatial dietary 

analysis data are essential in efforts aimed at locating the potential feeding grounds which may, 

in turn, be insightful for exploiting and managing these resources (Dutta et al., 2013). Fisheries 

management measures such as closed areas, protection of spawning grounds, and nursery areas 

all have a spatial component (Frid et al., 2005). By excluding spatial feeding, studies may limit 

efforts to manage commercially important fishery species (Khan & Fatima 1994; Bacha & 

Amara, 2009). 

 

For a comprehensive understanding and prediction of the impacts of climate change on 

organisms, and their response to climate change, studies on feeding ecology should be explored 

(Davis et al., 1998; Potts et al., 2016; van der Grient & Rogersa, 2021). Knowledge about the 

diet of fish in relation to climate change could bring us a step closer to a solid understanding 

of the climate influence on fish populations dynamics (Bacha & Amara, 2009; van der Grient 

& Rogersa, 2021). Diet studies in the context of climate change will also provide information 

on the likely impact of changes in prey abundance on the species, and an understanding of the 

trophic adaptability of a species will improve our understanding of the impact of fluctuations 

in the abundance of the primary prey of a species. It is predicted that the distribution and 

abundance of fish populations will shift and fluctuate with climate change (Potts et al., 2016). 



39 
 

Species are likely to change their metabolism and therefore feeding rates, which may have food 

web impacts.  

 

Globally, populations of marine resources are thought to be declining t owing to climate change 

(Morishita, 2008; Kirkman et al., 2013). The Namibian waters have undergone major changes 

especially sea surface temperature, dissolved oxygen and upwelling intensity (Monteiro et al., 

2008; Jackson et al., 2013; Jarre et al., 2013). For instance, Junk et al. (2017) described 

warming of the Namibian waters, especially north of the Lüderitz upwelling cell, in recent 

years. These changes in environmental parameters are thought to have resulted in spatial 

changes in the distribution of some pelagic fishes (Shannon et al., 2003; Cury & Shannon, 

2004) which are food for predators. Climate change in this region has resulted in increased 

biomass of some species, such as jellyfish and pelagic goby (Crawford, 1987; Utne-palm et al., 

2010; Roux et al., 2013), while a drastic reduction in the abundance of some species, such as 

sardine and Cape anchovy, has been noted (Hutchings et al., 2009). While several studies 

(Crozier, 1985; Young & Blaber, 1986; Herman et al., 2005; Michener & Lajtha, 2007; 

Emmanuel & Ajibola, 2010; Iitembu & Richoux, 2015; Potts et al., 2016) have assessed the 

feeding habits of organisms and have expanded our understanding of the ecology of predatory 

fishes both the nBE and sBE, only limited studies exist that examine trophic adaptability and 

the complex effect of climate change on species interactions (Wisz et al., 2013). Few studies 

(except Potts et al., 2016) have examined changes in the diet of predatory fishes over time.  

 

The Cape monkfish, Lophius vomerinus, which supports an important commercial fishery off 

the coast of Namibia, historically as by-catch and recently as a target species (see Chapter 1), 

is an important predator in the Namibian waters. Despite its economic and ecological 

importance (Maartens & Booth, 2001a,b; 2005), there is a paucity of information on its biology 

and ecology, and only limited information is available on diet composition and prey selectivity 

for Cape monkfish (Macpherson, 1985; Gordoa & Macpherson, 1990). Monkfish are typically 

non-selective predators, relying on ambush behaviour to attract potential prey using the 

modified first ray of the dorsal fin that acts as a lure (Crozier, 1985; Laurenson & Priede, 2005; 

Johnson et al., 2007; Fariña et al., 2008; Maguire et al., 2008). Detailed information on food 

habits and diet composition is only known for Lophius americanus (Johnson et al., 2007; Fariña 

et al., 2008; Johnson et al., 2008), Lophius piscatorius (Crozier, 1985; Laurenson & Priede, 

2005), Lophius budegassa (Preciado et al., 2006), and Lophius litulon (Jordan 1902) (Yoneda 

et al., 2001; Fariña et al., 2008). The Cape monkfish off the coast of Namibia and South Africa 
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has been reported to feed on hake (Merluccius spp), cuttlefish (Sepia australis), pelagic goby 

(Sufflogobius bibarbatus) and ladder dragonets (Paracallionymus costatus Boulenger 1898) 

(Macpherson, 1985; Gordoa & Macpherson, 1990; Walmsley et al., 2005). While the Gordoa 

and Macpherson (1990) and Macpherson (1985) studies provided some baseline biological 

information of this species, from which comparisons can be made, there are still knowledge 

gaps on dietary composition and cannibalism, including an understanding of the food web 

relationships in the Namibian waters.  

 

Feeding behaviours of marine organisms have been extensively studied, using various 

techniques such as fatty acid profiles (Iitembu & Richoux, 2016), stable isotope analysis (SIA) 

(Iitembu et al., 2012; Erasmus & Iitembu, 2019) and stomach content analysis (SCA) (Casini 

et al., 2004; Dutta et al., 2013). The SCA techniques have been used to understand the feeding 

ecology of organisms for decades (Pennington, 1985; Varela et al., 2013). However, this 

method has drawbacks, one of which is the difficulty of identifying partially digested prey 

items (Mqoqi et al., 2007; Mohanraj & Prabhu, 2012; Iitembu & Richoux, 2015; Saikia, 2015), 

the differential digestion rates of prey items which introduce bias (Tollit et al., 1997), and the 

instantaneous “snapshot” of the most recent meals, which provides limited evidence of long-

term feeding patterns of the individual (van der Lingen & Miller, 2011; Carrasco et al., 2012). 

Despite these limitations, SCA provides a direct method for measuring food web deformation 

(Michener & Lajtha, 2007) and identifies the common foods ingested by a predator population 

(Saikia, 2015). Additionally, the SCA results can be obtained right away without delay, it is 

easy to record presence and absence of prey items and SCA requires fewer and less 

sophisticated tools (scissors, measuring tape, scale, sieve, and microscope). Although demersal 

fish are in some cases known to regurgitate their stomach when brought to the surface (Carrasco 

et al., 2012), this technique is still considered appropriate for species like the Cape monkfish 

as they do not have a swim bladder (Griffiths & Hecht, 1986; Thangstad et al., 2002; Fariña et 

al., 2008) and therefore do not regurgitate stomach contents.  

 

This chapter aims to contribute to our spatial and temporal understanding of the diet and 

feeding habits of Cape monkfish, including prey composition, cannibalism aspects, trophic 

adaptability, and ontogenetic shifts in their diet. This research was carried out by comparing 

the historical stomach content data (Period 1, Gordoa & Macpherson, 1990) with that collected 

during this study in order to explore possible changes in feeding over time. 
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3.2 Materials and methods 

3.2.1 Field sampling  

Sampling was conducted during (i) annual monkfish (Lophius spp) swept-area biomass 

surveys, (ii) hake (Merluccius spp) annual swept-area biomass surveys and (iii) the commercial 

monkfish-directed fishery via the port sampling initiative (Table 2.1). In total, 896 (4–115 cm 

TL) Cape monkfish were collected between 17°12'S (along the border with Angola) and 

29°30'S (to the border with South Africa) at depths from 150 m to 619 m (Figures 2.2 and 3.1) 

between February 2015 and November 2018 (Table 3.1). The specimens were classified as 

juveniles (< L50, 37 cm TL), sub-adults (L50 – L100, 37 – 47cm TL) and adults (> L100, 47cm 

TL) Cape monkfish. 

 
Figure 3.1: Map indicating areas where juveniles (< L50, 37 cm TL), sub-adults (L50 – L100, 37 
– 47cm TL) and adults (> L100, 47cm TL) Cape monkfish, Lophius vomerinus were sampled 
off the coast of Namibia between 2015 and 2018. Areas are shown as polygons of 90th 
percentile of the kernel density. Map constructed using ArcGIS 10 Software. 
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The samples used for the feeding study were collected during the monkfish annual biomass 

surveys (described in Chapter 2, Section 2.6.2) during the period of 2–17 November 2015, 8–

24 November 2016, 11–27 November 2017 and 5–23 November 2018. During the survey, 

stomachs were collected from between four and six specimens from each trawl when Cape 

monkfish was present. Additional samples were collected during the commercial monkfish-

directed fishery via the port sampling programme (described in Chapter 2, Section 2.6.3). 

Sampling was conducted monthly between February 2015 and November 2018, on board 

commercial fishing vessels as shown in Table 3.1. On average about 40 fish are sampled twice 

a month are received for port sampling, however only about 15 stomachs are collected per 

month. No sampling occurred in October because the fishing season for hake is closed and 

most fishing vessels, including some monkfish-targeting vessels, do not trawl in October.  

 

On board the research vessel and/or in the laboratory, sampled fish were measured (total length) 

to the nearest cm below, gutted and weighed wet to the nearest gram (g), sexed and the maturity 

stages were categorised and recorded. Stomachs of individual fish were cut out, weighted and 

placed in plastic bags that were sealed and frozen at -20 ºC to limit post-capture digestion 

(Andersen, 2012). Information of the samples used in SCA is described in Table 3.1. 

 

Table 3.1: Sampling information for stomach contents of Cape monkfish, Lophius vomerinus, 

collected between February 2015 and November 2018 off Namibia; sampling month, number 

(n), total length (cm), wet weight (g), and sampled depth (m). 

Sampling month N Size range (cm TL) Wet weight range (g) Depth range (m) 
January 61  24–115 194–22750 177–356 
February  51  13–84 52–11691 172–381 
March  59  26–73 233–5032 313–483 
April 62  28–84 314–13531 262–403 
May  78  9–93 5–10825 262–421 
June 87  22–82 140–7417 291–439 
July 80  27–69 224–4880 267–375 
August 115  25–85 200–7080 267–388 
September 124  6–72 2–5821 296–395 
November 94  4–96 2–17200 150–619 
December 85  36–67 630–5315 339–406 
Total 896       
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3.2.2 Analysis of stomach contents 

Stomachs were defrosted and laid out on towelling to remove excess water. Items in the buccal 

cavity were purposely excluded from the analysis. The stomach was then weighed, cut open 

with scissors, after which, the content was emptied into a sieve. Prey items found were sorted 

and identified to the lowest taxon possible, depending on the state of digestion. The names of 

the species recovered in the analysed stomachs were verified using the electronic Eschmeyer's 

Catalog of Fishes 

(http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp). The 

otolith (as hard remains) found in the examined stomachs were retained and matched to the 

otoliths of known fish. The prey items were also enumerated, weighed to the nearest 0.01 g and 

measured to 0.01 cm where possible. The digestive state for each recovered prey item was 

estimated using a digestive stage table (see Appendix A) and recorded. All recovered prey 

items in digestive Stage 1 (fresh) were excluded from the analysis, because they are mostly fed 

on in the net, termed “net feeding”, and they have the potential to bias the analysis if not 

excluded (Zacharia & Abdurahiman, 2004). In total, 896 stomachs were examined, of which 

specimens of Cape monkfish were grouped into three size categories; juveniles (< L50, 37 cm 

TL), sub-adults (L50 – L100, 37–47 cm TL) and adults (> L100, 47 cm TL) (Table 3.2). For 

juvenile fish, 210 stomachs were examined, and 110 stomachs were empty. For sub-adults, 299 

stomachs were examined of which 116 were empty. For adult fish, 387 stomachs were 

examined and 165 of these were empty. Unfortunately, it was not possible to analyse 

comparable numbers of samples from each geographic location due to the sporadic nature of 

the trawls and therefore such a bias must be considered when analysing and interpreting the 

data. 

 

3.2.3 Comparison with historical feeding study (Gordoa & Macpherson, 1990) 

For the comparative study, stomach content data collected during Period 1 were compared to 

data collected in Period 2 (this study). For this chapter, Period 1 refers to the study by Gordoa 

and Macpherson (1990) (see Chapter 2). The samples in Period 1 were collected between 1986 

and 1987, from 23 to 30º S, between 100 and 400 m. For Period 2 (this study), samples were 

collected between 2015 and 2018 from the same area. The area was sectioned into three areas; 

(i) ‘Area 1’: 23º00’S to 27º59’S at 100–300 m, (ii) ‘Area 2’: 23º00’S to 27º59’S at 300–400 m, 

and (iii) ‘Area 3’: 28º00’S to 30º00’S at 100–300 m. Fish size ranges were the same as in the 

historical classes, ranging between 20 and 75 cm, and divided into three size classes; (i) 20–

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp
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39 cm, (ii) 40–59 cm and (iii) 60–75 cm TL. For historical studies (Gordoa and Macpherson, 

1990), no original field data were available, thus only the study description, methods used 

(limited) and the results were compared to the contemporary study.  

 

3.2.4 Data analysis 

Diet composition and relative importance of prey items 

Specimens of Cape monkfish were grouped into three size categories; juveniles (< L50, 37 cm 

TL), sub-adults (L50 – L100, 37–47 cm TL) and adults (> L100, 47 cm TL), based on the length 

at maturity ogives estimated by Walmsley et al. (2005). The Index of Relative Importance (IRI), 

for each prey species, was calculated based on the formulae described in Pinkas et al. (1971): 

 

(i) IRI = (%N + %W) %F       (Equation 3.1) 

where %N is the percentage of a certain food organism, %W is the percentage of food weight 

and, %F is the percentage of frequency of occurrence.  

 

The percent IRI was then calculated for each of the prey items at each life stage as: 

(ii) %IRI = (IRI/∑IRI) × 100       (Equation 3.2)  

 

For this study, the %IRI was grouped into four categories; where items contributing (i) > 30% 

IRI were regarded as dominant prey, (ii) between 10.1 and 29.9% IRI were regarded as 

secondary, (iii) between 1 and 10% regarded as less important, and (iv) < 1% IRI were regarded 

as incidental prey.  

 

Variation in feeding intensity 

The feeding intensity was investigated by means of number and percentage of empty stomachs 

per: (i) size class, (ii) season, and (iii) depth strata. A chi-squire test was used to examine the 

correlations between the proportion of empty stomachs and size class, season and depth strata. 

The size classes are described above. The seasons considered were summer (December–

February), autumn (March–May), winter (June–August) and spring (September–November), 

from February 2015 to November 2018. The depth where samples were collected were grouped 

into four depth strata: (i) < 200 m, (ii) 200–299 m, (iii) 300–400 m and (iv) > 400 m.  
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Seasonal dietary trends  

A chi-squire test was used to examine the compare dietary composition and seasons between 

February 2015 and November 2018, by comparing the %IRI contributions of prey items to the 

diet of the three size classes by season. The seasons are described above. February 2015 to 

November 2018. 

 

Spatial dietary trends and diet composition in the contemporary study  

A regression analysis was used to compare the relationship between dietary composition and 

four depth categories. Specimens were grouped into four depth strata: (i) < 200 m, (ii) 200–

299 m, (iii) 300–400 m and (iv) > 400 m. The prey diversity was calculated using the Shannon-

Wiener diversity index for the four areas: (i) Cape Frio upwelling cell, (ii) Central region, (iii) 

Lüderitz upwelling cell and (iv) Southern region, for Study 1. 

 

Spatial variation in diet composition was analysed as a single dataset portioned into a 

10 x 10 nm grid. To examine the results in terms of historical information, three geographical 

areas based on features of the Namibian coast (Monteiro et al., 2008; Chen et al., 2012; Bode 

et al., 2014) were also included in the mapping: (i) 17°12'S–19⁰59'S (Cape Frio upwelling cell), 

(ii) 20°00'S–25⁰59'S (Central region), (iii) 26°00'S–27⁰59'S (Lüderitz upwelling cell) and (iv) 

28°00'S–29⁰59'S (south of the Lüderitz upwelling cell). Data were confined between 100 and 

700 m owing to the distribution of the study species. Additionally, the area between 28⁰59' and 

29⁰24'S was excluded since there is limited commercial fishing in that area, mainly because of 

the rocky bottom (Schneider & Johnsen, 2000). Spatial variation in dietary composition was 

explored using non-metric multidimensional scaling (nMDS) and hierarchical cluster analysis, 

followed by a Permutational Multivariate Analysis of Variance (PERMANOVA; 1000 

permutations). Principal component analysis (PCA) was carried out to examine the spatial 

pattern of relationships among all prey species in the diet. The dependence of similarity on the 

selected metric (Bray-Curtis metric) was plotted using the Shepard diagram. All spatial data 

were visualised using ArcGIS software version 10.8 on a Geographic Information System 

(GIS) (URL https://www.arcgis. org/). 

 

Predator-prey size relationships 

The relationship between predator size and prey size was investigated using Pearson’s product-

moment correlation (Zar, 1999). A linear model (lm.01) was used to fit a trendline. Calculations 
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were done using R version 3.3.1 (R Core Team 2018, http://www.r-project.org/) and 

accompanying open-source interface Rstudio v0.99.902 (RStudio 2018).  

 

Comparison with the historical feeding study (Gordoa & Macpherson, 1990) 

A comparison between the findings of this study (Period 2) and those from a previous historical 

feeding study (Period 1, Gordoa & Macpherson, 1990) was conducted. The dietary composition 

of Cape monkfish was compared for the same locations and depth; (i) 23º00’S to 27º59’S at 

100–300 m (‘Area 1’); (ii) 23º00’S to 27º59’S at 300–400 m (‘Area 2’) and (iii) 28º00’S to 

30º00’S at 100–300 m (‘Area 3’), and same size classes; (i) (20–39 cm, 40–59 cm and (ii) 60–

75 cm TL. A non-metric multidimensional scaling (nMDS) was applied to the data to compare 

dietary species composition in the same areas for the two periods (‘Period 1’ and ‘Period 2’). 

A PCA was carried out to examine the relationship pattern among all prey species in the diet 

of the Cape monkfish sampled from six areas used in the comparative study. Data analysis was 

performed using R version 3.3.1 (R Core Team 2018, http://www.r-project.org/) and 

accompanying open-source interface Rstudio v0.99.902 (RStudio 2018). 

 

 

3.3 Results 

3.3.1 Variation in feeding intensity  

A high number of empty stomachs were recorded overall (43.9%), with a greater frequency of 

empty stomachs found in juveniles (52.9%) than in adults (42.8%) and sub-adults (38.8%). 

However, the difference between empty stomachs across size classes was not significant (X2 = 

2.3473, df = 2, p = 0.3092) (Figure 3.2a). There was a significant negative correlation (r = -

0.63) between the proportion of empty stomachs and predator size. For the empty stomachs per 

season, a Chi-square test showed a significant difference (X2 = 26.08, df = 3, p < 0.05) in the 

proportion of empty stomachs across seasons, with the highest proportion of empty stomachs 

recorded in spring (50.2%) and the lowest in autumn (39.2%) (Figure 3.2b). A significant 

difference was observed in the proportion of empty stomachs among depth strata (X2 = 2861.4, 

df = 3, p < 0.05) and there was a weak correlation between the proportion of empty stomachs 

and depth (r = -0.14, p > 0.05) (Figure 3.2c). 
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Figure 3.2: Proportions of empty stomachs for Cape monkfish, Lophius vomerinus, collected 
off Namibia between 2015 and 2018, according to size classes; juveniles (< L50, 37 cm TL), 
sub-adults (L50 – L100, 37 – 47cm TL) and adults (> L100, 47cm TL) (a), season; summer 
(December–February), autumn (March–May), winter (June–August), spring (September–
November) (b) and depth strata; (i) < 200 m, (ii) 200–299 m, (iii) 300–400 m and (iv) > 400 m 
(c). 

 

3.3.2 Diet composition and relative importance of prey items 

The stomach contents of the 896 fish examined contained a variety of pelagic and benthic prey 

items belonging to seven taxa (teleosts, cephalopods, crustaceans, echinoderms, 

elasmobranchs, gastropods, and porifera). Of the stomachs containing food, 60% contained a 

single prey type. The main prey taxa observed in Cape monkfish were crustaceans, cephalopods 

and teleosts. From the values of %IRI, teleosts dominated the diet of all size classes (%IRI > 

90%). Merluccius paradoxus was the most dominant prey species for all size classes, but more 

so in adult fish (%IRI = 89.7%), followed by sub-adults (%IRI = 47.2%) and juveniles (%IRI 

= 30.2%). Although crustaceans, elasmobranchs, echinoderms, gastropods, and porifera were 

observed in the diet, they contributed little (< 1% IRI, Appendix B). Juvenile Cape monkfish 

(< L50, 37 cm TL) (n = 210) fed predominantly on teleosts (%IRI = 97.2%), cephalopods (%IRI 

= 2.2%) and crustaceans (%IRI = 0.7%) (Appendix B). Their diet was dominated by 

Sufflogobius bibarbatus (18.1%) and unidentified fish (17.2%) in terms of percentage of 

number, and by M. paradoxus (16.3%) and Caelorinchus simorhynchus (9.7%) in terms of 

percentage of wet weight. Sufflogobius bibarbatus were most frequently observed (%Fc = 

18.7%) in the juvenile stomachs (Appendix B). The stomach contents of sub-adults (L50–L100, 
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37–47 cm TL) (n = 299) were dominated by teleosts (%IRI = 99.2%), crustaceans (%IRI = 

0.07%), cephalopods (%IRI = 0.76%), and gastropods (%IRI <0.01). Unidentified fish (18.1%), 

M. paradoxus (15.9%) and Merluccius spp (9.3%) were numerically dominant, while 

Helicolenus dactylopterus (15.7%) and M. paradoxus (29.8%) dominated in terms of wet 

weight. Merluccius paradoxus (%Fc = 15.9%) and unidentified fish (%Fc = 19.3%) were the 

items most frequently observed in the stomachs (Appendix B).  

 

All seven taxa (teleosts, cephalopods, crustaceans, echinoderms, elasmobranchs, gastropods, 

and porifera) of prey were observed in the stomachs of adults (> L100, 47 cm TL) (n = 387). 

Merluccius paradoxus dominated the diet of adults in terms of percentage in number (33.7%), 

wet weight (58.4%) and frequency of occurrence (%Fc 28.5%). Cannibalism was only 

observed in 0.7%, of the stomachs examined.  

 

3.3.3 Seasonal dietary trends 

Juvenile Cape monkfish fed exclusively on teleosts in autumn (%IRI = 100) and on teleosts 

(%IRI = 79.1%) and cephalopods (%IRI = 20.9%) in summer. Teleosts were the dominant prey 

item in winter (%IRI = 86.2) and spring (%IRI = 92.1), with crustaceans the most important 

secondary prey items in winter (%IRI = 6.9) and spring (%IRI = 7.9) (Figure 3.3a and Appendix 

C). Similarly, teleosts were the dominant (%IRI > 74) prey item of sub-adults in all seasons, 

while cephalopods were secondary items in summer (%IRI = 6.3). Crustaceans were secondary 

items (%IRI = 6.3%, 5.6%, 8.6% and 2.7%) in autumn, winter, and spring, respectively. 

Gastropods (%IRI = 3.1%) were only consumed by sub-adults in winter (Figure 3.3b and 

Appendix C). 

 

Like the other life stages, teleosts dominated the diet of adult Cape monkfish in all seasons. 

However, secondary prey items were more varied in adults and included cephalopods (%IRI = 

8.5%, 13.7%, 9.8% and 16.1%) in all four seasons. Echinoidea were only consumed in summer 

(%IRI = 8.4%). Gastropod and Porifera were consumed only in winter, where they were the 

least important items (%IRI = 1.2%), while elasmobranchii were consumed only in autumn, 

where they were the least important items (%IRI = 1.7%) (Figure 3.3c and Appendix C). A 

Chi-squared test on the %IRI contribution of prey items consumed indicated that stomach 

contents were significantly different between the seasons for juveniles (X2 = 114.2, df = 6, p < 

0.05), sub-adults (X2 = 49.024, df = 9, p < 0.05) and adults (X2 = 203.36, df = 18, p < 0.05).  
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Figure 3.3: Seasonal stomach content analysis composition, illustrated by the percentage Index 
of Relative Importance (%IRI) of Cape monkfish, Lophius vomerinus, collected off Namibia 
between 2015 and 2018, according to size classes, (a) juveniles (< L50, 37 cm TL), (b), sub-
adults (L50 – L100, 37 – 47cm TL) and (c) adults (> L100, 47cm TL). 

 

3.3.4 Spatial dietary trends and diet composition in the contemporary study 

The measure of prey species richness in the Cape monkfish stomachs in four areas showed 

more richness (n = 28) in the Central region and poor (n = 6) in the Southern region (south of 

the Lüderitz upwelling cell), while prey diversity was 13 and 17 at Cape Frio upwelling cell 

and Lüderitz upwelling cell, respectively. Cluster analysis and ordination by nMDS indicated 

spatial variation in the diet, with four main assemblages identified: the Southern region (south 

of the Lüderitz upwelling cell), the Cape Frio upwelling cell, the Central region, and the 

Lüderitz upwelling cell (Figure 3.4). The hierarchic cluster analysis showed similarities in the 

diet of Cape monkfish in the Central region and Lüderitz upwelling cell region, using a distance 

of < 0.45 as a cut-off (i.e., similarity level of 45%) (Figure 3.4).  
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Figure 3.4: Cluster analyses based on normalised Euclidean distances of prey species in the 
diet of Cape monkfish, Lophius vomerinus, at Cape Frio upwelling cell, Central region, 
Lüderitz upwelling cell and Southern region, based on the data collected between 2015 and 
2018 off Namibia. 

 

Juveniles fed on teleosts along the entire coast, but only fed on crustaceans in the Central region 

and cephalopods in the Central and Southern region. For sub-adults and adult fish, cephalopods 

were primarily important in the Central region (between 22⁰ and 25⁰S) and in the far south at 

28⁰ and 29⁰S, while crustaceans were consumed between 20⁰ and 25⁰S and around 27⁰S (Figure 

3.5). 
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Figure 3.5: The spatial dietary composition (per IRI%) of Cape monkfish, Lophius vomerinus according to size classes, (a) juveniles (< L50, 37 
cm TL), (b), sub-adults (L50 – L100, 37 – 47cm TL) and (c) adults (> L100, 47cm TL) of the coast of Namibia between 2015 and 2018. Map 
constructed using ArcGIS 10 Software. 
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Teleosts dominated the stomach contents of fish caught along the entire coast. Areas where 

hake predominated (M. capensis and M. paradoxus), the main teleost consumed in all regions, 

are presented in Figure 3.6. The kernel density analysis of the combined diet of Cape monkfish 

showed that 90% of the hake consumed were south of 22⁰S (Figure 3.6). 

 

 
Figure 3.6: Spatial and temporal representations of 90% probability of hake (Merluccius 
capensis and Merluccius paradoxus) as prey in the diet of Cape monkfish, Lophius vomerinus, 
off the coast of Namibia between 2015 and 2018. Map constructed using ArcGIS 10 Software. 

  

The PCA of the spatial diet composition for Cape monkfish (Figure 3.7) showed a different 

stomach composition in the four regions; Cape Frio upwelling cell, Central region, Lüderitz 

upwelling cell and Southern region, consistent with the spatial dietary composition (per %IRI) 

in Figure 3.5. 
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Figure 3.7: Principal component analysis (PCA) for spatial diet composition of Cape 
monkfish, Lophius vomerinus, collected in four regions; Cape Frio upwelling cell, Central 
region, Lüderitz upwelling cell and Southern region of Namibia between 2015 and 2018. 

 

The diversity of the Cape monkfish diet composition increased with depth. In shallow waters 

(< 200 m), Cape monkfish fed only on teleosts and cephalopods, with Paracallionymus 

costatus fed on exclusively at < 200 m depth (Figure 3.8). At the 200–299 m depth stratum, the 

diet comprised teleosts, cephalopod, crustaceans, and echinoderms. Sufflogobius bibarbatus 

was preyed upon in the 200–299 m and 300–400 m strata, but not in deeper waters (> 400 m) 

(Figure 3.8). All seven taxa of prey items were consumed at the 300–400 m depth stratum. The 

deeper waters (> 400 m) were less diverse, with only teleosts and cephalopods consumed. Only 

Cape monkfish in deeper waters preyed on black slimehead Hoplostethus cadenati Quéro 1974 

(Figure 3.8). Despite the increased diversity with depth, teleosts were still the most dominant 

prey groups at all depth strata (Figure 3.8). The % IRI contribution of prey items indicated that 

feeding composition depends on depth (Χ2 = 234.51, df = 18, p < 0.05) (Figure 3.8).  
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Figure 3.8: Dietary composition according to depth strata of Cape monkfish, Lophius 
vomerinus, off the coast of Namibia between 2015 and 2018. 

 

3.3.5 Predator-prey size relationships 

Cape monkfish appeared to consume prey (n = 214) relative to their size. There was a 

significant positive correlation (r2 = 0.56) between prey length (Standard length (SL)) and 

predator Cape monkfish, length (TL) (p < 0.05, r2 = 0.56) (Figure 3.9). 

 

 
Figure 3.9: The relationship between prey length (cm) (n = 214) and the length of Cape 
monkfish, Lophius vomerinus, (cm TL) collected off the coast of Namibia between 2015 and 
2018. 
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3.3.6 Comparison with the historical feeding study (Gordoa & Macpherson, 1990) 

The diet of Cape monkfish captured in Namibia between 1986 and 1987 (Gordoa & 

Macpherson, 1990) (‘Period 1’) comprised far fewer species (11) compared with this study (30 

species) (‘Period 2’) (as described in Section 3.2.3). The dependence of similarity on the 

selected metric plotted using a Shepard diagram showed a perfect match (Figure 3.10).  

 

 
Figure 3.10: Shepard plot of prey species in the diet of Cape monkfish, Lophius vomerinus, at 
three areas (Areas 1, 2 and 3) for Period 1 (Gordoa & Macpherson, 1990) and Period 2 (this 
study). 

 

Dominant prey species (M. capensis, Todarodes sagittatus, Sepia australis, C. simorhynchus, 

P. costatus and Sufflogobius bibarbatus) found in Period 1 were compared with dominant 

species found in Period 2 (Table 3.2). There are changes in the areas historically dominated by 

pelagic goby, C. fasciatus, and Sepia australis that are now dominated by M. paradoxus, M. 

paradoxus and P. costatus (Table 3.2). 
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Table 3.2: The dominant prey items found in the stomachs of Cape monkfish, Lophius 

vomerinus in (i) ‘Area 1’ (23º00’S to 27º59’S at 100–300 m), (ii) ‘Area 2’ (23º00’S to 27º59’S 

at 300–400 m), and (iii) ‘Area 3’ (28º00’S to 30º00’S at 100–300 m) of Namibia, used in Period 

1 (1986–1987, Gordoa & Macpherson, 1990) and Period 2 (2015–2018). 

Area 1986–1987, Gordoa & 
Macpherson, 1990, ‘Period 1’ 

2015–2018, contemporary 
study ‘Period 2’ 

‘Area 1’ (23º00’S to 
27º59’S at 100–300 m) 

Nematogobius bibarbatus 
(revised to Sufflogobius 
bibarbatus), 
Merluccius capensis 

Merluccius paradoxus, 
Trachurus capensis, 
Nematogobius bibarbatus 
(revised to Sufflogobius 
bibarbatus), 

‘Area 2’ (23º00’S to 
27º59’S at 300–400 m) 

Coelorhynchus fasciatus 
(revised to C. simorhynchus), 
Merluccius capensis, 
Todarodes sagittatus 

Merluccius paradoxus 
Helicolenus dactylopterus 
Trachurus capensis 

‘Area 3’ (28º00’S to 
30º00’S at 100–300 m) 

Sepia australis, 
Merluccous capensis, 
Paracallionymus costatus 

Sepia australis, 
Merluccius paradoxus 
Paracallionymus costatus 

 

 

In terms of spatio-temporal distribution, there was greater diversity in the stomach contents of 

fish in all areas in the contemporary study. In terms of the spatial distribution, the stomach 

contents of fish in Area 3 had few species and thus poor species richness in both studies (Figure 

3.11).  

 

The dendrogram of the cluster analysis revealed three distinct clusters (Figure 3.12). Area 1 

and Area 2 in Period 2 were most similar, as were Area 1 and 2 in Period 1. However, Area 3 

clustered out with similarities observed in both periods (Figure 3.12). There were differences 

in the dominant species in the different areas between the historical and contemporary studies. 

Sufflogobius bibarbatus dominated the stomach contents of fish in Area 1, but this changed to 

M. paradoxus (18.3%) in Period 2. Area 1 (C. fasciatus-dominated area) is now dominated by 

deep-water hake (M. paradoxus, 31.2%). ‘Period 1’ Area 3 (S. australis-dominated area) is 

now dominated by P. costatus (37.5%). The stomach contents of Cape monkfish were most 

diverse (26 species) in Area 2 during the Period 2.  

Richness was marginally higher in the Central area between 23⁰00’S and 27⁰59’S, at 300–

400 m depth, in Period 2 (28 species). Cannibalism for this species was only reported in 

‘Period 2’. The hierarchic cluster analysis showed that the same areas, ‘Period 1’ Area 1 and 
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‘Period 2’ Area 1, ‘Period 1’ Area 2 and ‘Period 2’ Area 2, ‘Period 1’ Area 3 and ‘Period 2’ 

Area 3 are clustered separately in the multivariate analysis (Figure 3.12).  

 

 

 

Figure 3.11: Cluster analysis based on Normalised Euclidean distances of prey species in the 
diet of Cape monkfish, Lophius vomerinus, in (i) 23º00’S to 27º59’S at 100–300 m (‘Area 1’); 
(ii) 23º00’S to 27º59’S at 300–400 m (‘Area 2’) and (iii) 28º00’S to 30–00’S at 100–300 (‘Area 
3’), of Period 1 (1986–1987, Gordoa & Macpherson, 1990) and Area 1, 2 and 3 of Period 2 
(2015–2018). 

 

Richness was marginally higher in the Central area between 23⁰00’S and 27⁰59’S, at 300–

400 m depth, in both Period 1 and Period 2. Cannibalism for this species was only reported in 

‘Period 2’. The hierarchic cluster analysis showed that the same areas, ‘Period 1’ Area 1 and 

‘Period 2’ Area 1, ‘Period 1’ Area 2 and ‘Period 2’ Area 2, ‘Period 1’ Area 3 and ‘Period 2’ 

Area 3 are clustered separately in the multivariate analysis (Figure 3.11). ‘Period 1’ Area 1 (S. 

bibarbatus-dominated area) is now dominated by M. paradoxus (18.3%). ‘Period 2’ Area 1 (C. 

fasciatus-dominated area) is now dominated by M. paradoxus (31.2%). ‘Period 1’ Area 3 (S. 

australis-dominated area) is now dominated by P. costatus (37.5%).  
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Figure 3.12: Non-metric multidimensional scaling (nMDS) for temporal diet composition for 
Cape monkfish, Lophius vomerinus in three areas ((i) 23º00’S to 27º59’S at 100–300 m (‘Area 
1’); (ii) 23º00’S to 27º59’S at 300–400 m (‘Area 2’) and (iii) 28º00’S to 30º00’S at 100–300 m 
(‘Area 3’), for Period 1 study (1986–1987, Gordoa & Macpherson, 1990) and Period 2 study 
(2015–2018). 

 

 

3.4 Discussion 

The results of this chapter showed that Cape monkfish, Lophius vomerinus, has a broad dietary 

composition that is not constant spatially nor temporally, feeding opportunistically on a diverse 

array of prey (teleosts, cephalopods, crustaceans, gastropods, and echinoderms, 

elasmobranchs, and porifera). The spatial and temporal comparative analysis of the dietary 

composition of Cape monkfish between the historical (Period 1) and the present (Period 2) 

study indicated a high trophic adaptability, with the stomach contents more similar between 

habitats (at the same time) than the same habitats at different times. The increased diversity of 

prey in Period 2 may also reflect the adaptability of Cape monkfish to changing availability of 

prey species with time. While both studies highlighted the importance of hake in the diet of 

Cape monkfish, the results showed that Cape monkfish was previously dependant on shallow-

water hake, M. capensis, while in Period 2, the main prey was observed to be deep-water hake, 

M. paradoxus. Despite the observed broad trophic adaptability of Cape monkfish, the diet 

dominance of hake in both studies suggests that any form of overexploitation or climate-driven 

population declines of hake will most likely impact monkfish.  
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Various organisms feed at different times of the day and time intervals (Macpherson, 1985; 

Lall & Tibbetts, 2009; Nikolioudakis et al., 2011). The high prevalence of empty stomachs in 

Cape monkfish (43.9%) presented here indicates a low feeding intensity. This result supports 

existing evidence (Macpherson, 1985) that Cape monkfish is not an active predator, but instead 

feeds infrequently. While the frequent occurrence of empty stomachs and low feeding intensity 

is common among Lophius species (Laurenson & Priede, 2005; Preciado et al., 2006; Johnson 

et al., 2007), it is uncertain whether the infrequent feeding pattern is behavioural, or a reflection 

of food availability (Lall & Tibbetts, 2009). In this study, feeding frequency increased with 

predator size, which was also observed in L. americanus (Armstrong et al., 1996) and 

L. piscatorius (Laurenson & Priede, 2005). The higher proportion of empty stomachs (52.9%) 

among the juveniles might suggest that they do not feed as frequently as adults and sub-adults. 

However, it is also possible that, because juveniles feed on smaller prey species such as 

S. bibarbatus and myctophids and have a faster digestive rate than large-bodied prey ingested 

by adults and sub-adults, that their stomachs may empty faster. Overall, the high number of 

empty stomachs could be influenced by differences in the distribution of samples over area, 

depth, and season for each size class (for instance more samples were collected from adults 

than juvenile and sub-adult), thus, it is advisable in future to use as much balanced sampling 

as possible. 

 

Prey size and shape influence prey ingestion, especially in younger fish (Gordon & 

Macpherson, 1990; Mihalitsis & Bellwood, 2017). The prey species consumed by juvenile fish 

belonged mostly to the teleost and a few to cephalopods and crustacean groups. Crustaceans 

were most likely uncommon in juveniles' diet probably highlighting the role of the mouth gape 

in relation to the size and shape of prey that can be consumed by a predator ((Ortiz & Arim, 

2016). Additionally, this suggests a low abundance of crustaceans in the shallow waters 

(Macpherson, 1985), where juvenile fish were found in our study.  

 

The results indicated that Cape monkfish has a broad dietary composition, with a range of prey 

items from seven groups (Appendix B); however, teleosts contributed largely (> 70%) to the 

diet of all life-history stages, affirming the piscivorous behaviour of this species (Macpherson, 

1985). Gastropods and echinoderms were infrequent in the diet (%IRI < 2% each) and were 

categorised as incidental prey items. Cape monkfish are sedentary predators employing an 

ambush method by attracting prey species using a lure (esca) on the tip of the illicium (Fariña 

et al., 2008), thus they are most likely to feed on active swimming prey species that are attracted 
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to the esca. This mode of foraging might explain the low frequency of gastropods, echinoderms 

and porifera, in its diet because these are sessile species. Similarly, some prey species such as 

Bathyuruconger vicinus and west coast sole, A. microlepis, were less important in the stomach 

contents (< 0.6 IRI%) although they are usually caught as by-catch in Cape monkfish-directed 

fishery (pers. obs.). The rare encounter of these species in the Cape monkfish diet may suggest 

that they are not active prey. Elasmobranchs are often top predators (Filiz, 2009), and might be 

challenging to prey upon. 

 

At different sizes, predators fed on various prey species. For example, the pelagic goby, 

S. bibarbatus, dominated the diet of juveniles, by percentage in number and occurrence. They 

are a smaller, soft-bodied species that might be required in large amounts compared to large-

bodied prey species such as M. paradoxus (which had the highest %IRI of 32.6%) for juveniles. 

Pelagic goby are widely distributed off Namibia, especially in waters of 50 to 300 m depth 

(Olivar et al., 1992), in the same areas inhabited by juveniles, thereby making them readily 

available to juvenile Cape monkfish.  

 

The feeding composition diversified with predator size. In addition to cephalopod, crustaceans 

and teleosts, sub-adults also fed on gastropods, hence a broader diet than juveniles. The 

decrease in the importance of pelagic species, such as Euphausiids, in the stomach contents 

with an increase in size, is probably due to the observed occurrence of larger Cape monkfish 

in deeper waters, reducing their encounters with pelagic prey species. Surprisingly, some small 

species such as Sepia australis and Sufflogobius bibarbatus, although in low quantities, still 

appeared in the adult diet. 

 

Many teleosts exhibit ontogenetic shifts in prey diversity (Preciado et al., 2006; Bacha & 

Amara, 2009; Falkenhaug & Dalpadado, 2014; Mihalitsis & Bellwood, 2017), with larger/adult 

fish exhibiting a broad diversity in prey composition (Morato et al., 2000; Preciado et al., 

2006). This shift has been attributed to energy demand as the fish grows (Lall & Tibbetts, 2009) 

and was also observed in this study, where adult Cape monkfish fed on more prey taxa (n = 7) 

than juveniles (n = 3) and sub-adults (n = 4) did. The diverse adult diet composition was also 

wider than for juvenile and sub-adults, which is energetically beneficial for adult fish. The adult 

diet demonstrated a notable shift from soft-bodied prey to include large and hard-shelled prey, 

for example, crustaceans. The presence of sessile species such as gastropod in the diet of Cape 

monkfish was surprising, however, these partially digested gastropods and porifera found in 



64 
 

the stomachs were included in the analysis, although they are not active swimmers and 

therefore not usual prey targeted by an ambush predator, they were also not likely to have been 

freshly digested as a result of the trawl process and therefore could not be discounted. The high 

diversity of prey species in the adult diet can be attributed to the larger mouth gape, which 

enables the fish to feed on a variety of prey species of various sizes and shapes (Ortiz & Arim, 

2016). Additionally, the inclusion of more prey groups and large-bodied prey items in the adult 

diet suggests higher metabolic requirements/return among adult fish (Ortiz & Arim, 2016). 

Similarly, Ortiz and Arim (2016) observed progressive incorporation of prey items with an 

increase in predator size of the South American killifishes (Austrolebias spp.). Moreover, the 

shift in prey size observed in Cape monkfish is also likely to be due to the habitat, as large and 

hard-shelled prey species occur at overlapping depth distribution with adult Cape monkfish. 

 

It has been well documented that food limitation is a driver of cannibalism in predators, 

especially those that aggregate (Neuenfeldt & Köster, 2000; Ibanez & Keyl, 2010). When 

examining the findings of Period 2 and Period 1 (Gordoa & Macpherson, 1990) and a feeding 

study on monkfish conducted in South Africa (Walmsley et al., 2005), it appears that 

cannibalism is not common in monkfish. Similarly, no evidence of cannibalism was observed 

in L. piscatorius and L. budegassa (Thangstad et al., 2002). Since Cape monkfish feeds on a 

wide range of prey species, as demonstrated in this study, the low rate of cannibalism may be 

related to the availability of a range of other prey types, thus rendering cannibalism 

unnecessary. 

 

The dominance of T. capensis, H. dactylopterus and M. paradoxus by weight in the sub-adult 

and adult diets is possible because these prey species, unlike elasmobranchs, are abundant, 

especially in the benthic zone (Kirchner et al., 2010). The results of this study highlight the 

spatial and temporal dominance, by number, weight, and frequency of occurrence (Figures 

3.5b, 3.5c and 3.6), of M. paradoxus in the diet of both sub-adults and adults, highlighting some 

degree of selectivity. Merluccius paradoxus is a demersal species (Iitembu et al., 2012; 

Wilhelm et al., 2015), inhabiting deeper waters (between 250 and 600 m, Burmeister, 2001) 

than Cape monkfish (347 m on average, see Chapter 6) and is also the most abundant of the 

three hake species off Namibia. Off South Africa, M. paradoxus also made up a large 

proportion of the Cape monkfish diet (Walmsley et al., 2005). However, in Period 1, 

M. paradoxus was not listed as a prey species (only M. capensis was listed), but in Period 1, it 

was consumed at all size classes, in all areas, and it was dominant in terms of %IRI. This may 
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suggest an increase in the abundance and distribution of M. paradoxus and hence increased 

availability to monkfish when compared to M. capensis. Nonetheless, the clear dominance of 

hake in both studies implies that any overexploitation or climate-driven population declines of 

hake will probably impact monkfish. Cape horse mackerel were also numerically dominant in 

the diet. These fish exhibit diel vertical migrations (Pillar & Barange, 1997, 1998), which 

would make them accessible prey items for Cape monkfish. The Angolan flying squid, 

T. sagittatus, also formed an important dietary component in terms of mass, both in Period 1 

(Gordoa & Macpherson, 1990) and Period 2 (present study). Cape monkfish and T. sagittatus 

have an overlapping depth distribution (FAO, 1993; Kathena et al., 2018) which makes them 

readily available as prey to Cape monkfish. Squids are common food for Lophius species 

(Preciado et al., 2006). 

 

The type and quantity of food ingested can vary seasonally (Madurell &. Cartes, 2005; Bacha 

& Amara, 2009; Falkenhaug & Dalpadado, 2014). Across all size classes, the diet appeared to 

be less diverse in summer than in winter (see Figure 3.3). Indeed, species are most abundant 

and reach reproduction peaks in the winter months in the northern Benguela Ecosystem (nBE) 

(Olivar & Shelton, 1993). The seasonal variation observed in the diet of Cape monkfish may 

be attributed to seasonal changes in physical parameters, such as water temperature (Hutchings 

et al., 2009; Kainge et al., 2017) (see Chapter 2), which in turn, influences prey distribution 

and abundance. A study on the larvae of yellow goosefish Lophius litulon demonstrated the 

influence of temperature on their feeding activities, with an increase in temperature leading to 

a shortened period of initiation of first feeding and starvation tolerance (Nakaya et al., 2017). 

For this study, the sea bottom temperature data (associated with catches) presented in Chapter 

6 did not show significant trends. Van der Lingen et al. (2006) documented extensive seasonal 

variability in the distribution and abundance of several species, including sardine and Cape 

horse mackerel, which are forage species of Cape monkfish, in this region and concluded that 

interannual and decadal-scale variability in abundance, distribution and biological 

characteristics of various species in both the northern Benguela Ecosystem and southern 

Benguela Ecosystem has major effects on the food web and ecosystem in these regions. 

Although the broad trophic adaptability observed in this chapter suggests that monkfish may 

be resilient to such variability, anthropogenic impacts such as overexploitation may render 

Cape monkfish less resilient to such changes.  
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The stomach contents of Cape monkfish may serve as an effective indicator of changing 

benthic assemblages in this region (Crawford, 1987; Crawford et al., 1992). Several authors 

have reported how organisms demonstrate dietary change with geographical locations 

(Falkenhaug & Dalpadado, 2014), and the dietary composition of Cape monkfish exhibited 

spatial variation that coincided with changes in species abundance in different areas at different 

seasons of the year. The observed pattern of trophic adaptability of Cape monkfish to available 

prey species in presented in this study corresponds to diet studies on L. budegassa (Preciado et 

al., 2006) and yellow goosefish, L. litulon (Kosaka, 1966), which also found significant 

seasonal variation in the diet composition for all size classes. Thus, Cape monkfish's generalist 

opportunistic feeding behaviour allows it to adjust its diet in response to seasonal and spatial 

changes in food availability. This broad trophic adaptability allows it to utilise a wide variety 

of the most readily available prey species in the environment at any time. Several predators in 

this region are described as opportunistic non-selective feeders, for example, shallow-water 

hake (Payne et al., 1987), Cape horse mackerel (Hecht, 1976, Konchina 1986), and snoek, 

Thyrsites atun (Crawford, 1987). The opportunistic non-selective feeding characteristics of 

predatory species provide them with resilience to large changes in their prey species' 

abundance, which appears to be common in Namibian waters (Crawford, 1987).  

 

The spatial variations observed in the diet of Cape monkfish may be attributed to the physical 

characteristics of Namibian waters. Species richness was highest in the stomach contents (n = 

28 species) of fish captured in the Central region in Period 2. The Cape Frio upwelling cell 

which recorded a species richness of 13 species, has a phytoplankton signal masked by the 

intrusion of chlorophyll-a-poor waters from Angola each austral summer, resulting in low 

species abundance, despite the perennial upwelling off Cape Frio (at 17° S) (Monteiro et al., 

2008; Hutchings et al., 2009). The similarity in species composition between the Central and 

Lüderitz upwelling region as per the hierarchical cluster analysis (Bray-Curtis) was expected 

because they are geographically close to each other. Species richness was poorest (n = 6) in the 

region south of Lüderitz (n = 6). This may suggest that the area is species-poor in comparison 

to the rest of the Namibian coast. The absence of some commonly observed species such as 

B. albescens, C. simorhynchus, H. dactylopterus, M. capensis, N. micronychodon, and T. 

capensis in the south, although observed in the northern part, may explain the dissimilarity 

between regions. This finding indicated that habitat attributes such as the proximity to the 

Lüderitz upwelling cell, a biological boundary that effectively divides the BCLME (Junker et 

al., 2017; Hutchings et al., 2009; Bode et al., 2014; Martin et al., 2014) influence species 
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distribution. Although the barrier mostly influences phytoplankton and pelagic fish (Lett et al., 

2007), it may have an indirect effect on deep-water species with regards to predator-prey 

interaction.  

 

Based on the comparison between the historical (Period 1) and contemporary (Period 2) 

studies, a notable temporal shift was evident in the dietary composition of Cape monkfish. 

Areas where the diet was previously dominated by Coelorhynchus fasciatus (revised to 

C. simorhynchus), Nematogobius bibarbatus (revised to Sufflogobius bibarbatus), and 

Sepia australis, are now dominated by M. paradoxus and P. costatus. These changes may be 

attributed to the well-documented regime shift in the Namibian waters (Monteiro et al., 2008; 

Jackson et al., 2013; Jarre et al., 2013) and the consequent changes in the species abundance 

and distribution in this region (van der Lingen et al., 2006). Our results indicate that the two 

studies' time frame (historical and contemporary) was more important than the area. In the past, 

the Southern African sardine (S. sagax) was listed as one of the prey species of Cape monkfish 

(Bianchi et al., 1999), but this was not found in Period 2 diet nor Period 1. This absence is most 

likely a result of sardine's collapsed population in the nBE (Crawford, 1987; Roux et al., 2013; 

Erasmus et al., 2021a). Changes in the abundance of prey species have been mentioned as 

indirect impacts of fishing activities (Crawford, 1987; Tasker et al., 2000). It is well 

documented that fishing forage species influence the diet composition of their predators 

(Hilborn et al., 2017). The abundance of pelagic goby has increased in the Namibian waters, 

replacing sardine and Cape anchovy, which were key forage species in this region (Crawford, 

1987; Cury & Shannon, 2004; Roux et al., 2013).  

 

The switch from shallow-water hake (M. capensis) to deep-water hake (M. paradoxus) as a 

dominant prey in the diet of the Cape monkfish, which was the staple diet item in the past 

(Macpherson, 1985; Gordoa & Macpherson, 1990), is interesting. Deep-water hake was not 

listed even as a less important prey in Period 1 but now in Period 2, it is fed on in all areas, at 

all size classes. The reason for this is most likely twofold: firstly, the change could be 

influenced by the change in biomass of the two hake species. It is difficult to conclude with 

certainty on the biomass size of the two hake species in Namibia because they are assessed 

jointly as a single stock (Kathena et al., 2016). However, the species-specific abundance index 

available from the scientific biomass surveys (MFMR, unpublished) indicates an increase in 

the biomass estimation of M. paradoxus compared to the earlier 1990s. There is evidence from 

van der Westhuizen (2001) that since 1991, the fishable M. capensis biomass has been 
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declining. In contrast, M. paradoxus has not only increased its biomass, but has also expanded 

its geographic distribution. Secondly, the monkfish population has shifted vertically, towards 

deeper waters which are more inhabited by M. paradoxus than M. capensis (as evidenced in 

Chapter 6). This information shows that Cape monkfish can switch their diet composition 

depending on their prey species' availability and abundance. There are thus signals of both 

climate change and exploitation impacts on the diet of Cape monkfish manifested in the 

abundance and distribution of prey species. However, when the predators switch prey species, 

they might replace high-energy food with poor-energy food, such as the pelagic goby (Ludynia 

et al., 2010; Roux et al., 2013). The switch from one main prey to another is common in this 

region (Cooper, 1985; Ludynia et al., 2010; Grémillet et al., 2019), but may have important 

implications for the species' productivity, due to changes in the energy budgets of individuals. 

Although the diet shifted with an increase in Cape monkfish size and depth distribution, some 

prey species, such as the pelagic goby, N. bibarbatus (revised to S. bibarbatus), remained an 

important component of the diet. Pelagic goby were the second most important prey items 

(17.3% IRI) in the Cape monkfish juvenile diet and continue to constitute the sub-adult and 

adult Cape monkfish diet. Additionally, they persisted in the diet of Cape monkfish during the 

two study periods in this region, which could be owing to their extensive ability to adapt to 

diverse environmental conditions (e.g., low oxygen zones) (Utne-Palm et al., 2010; Salvanes 

et al., 2015; Currie et al., 2018; Salvanes et al., 2018). Moreover, pelagic gobies have expanded 

their geographical distribution in Namibia (Salvanes et al., 2018). They are reported to be 

tolerant of low oxygen, limiting other species by causing poor recruitment and mortality 

(Woodhead et al., 1997) and a reduction in fish habitat (Monteiro et al., 2008; Stramma et al., 

2010). Previous work on feeding ecology in this region (Jarre et al., 2015b; Heymans & 

Tomczak, 2016) also highlighted the increasing importance of the pelagic goby as a forage fish 

in the diet of several species. Indeed, following the collapse of sardine, some predators 

substituted sardine with pelagic goby (Moloney, 2010).  

 

While this study has provided much-needed insights into the spatial and temporal diet of Cape 

monkfish, it is not without limitations. For example, the use of stomach content analysis (SCA) 

only provides a snapshot of information, which can make interpretation challenging. A simple 

approach (spatial and temporal diet composition) was used to assess trophic adaptability of 

Cape monkfish, and although it presented evidence of trophic adaptability, the use of stomach 

contents for inferring diet is limited, and future work should thus consider using stable isotope 

analysis techniques to look at long-term trends in the diet of Cape monkfish. Additionally, 
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although it is common for demersal fish to regurgitate their stomach when brought to the 

surface, rendering the SCA technique biased (Carrasco et al., 2012), this regurgitating effect 

does not affect Cape monkfish, as they do not have a swim bladder (Griffiths & Hecht, 1986). 

Lastly, since most SCA samples were collected from the central and southern part of Namibia 

(Figure 3.1), the conclusion based on data from the northern part of Namibia is not concreate. 

However, the sample collection is reflective of the nature of the fishery, which indicates more 

fishing activities in the area where more samples were collected, an area coinciding with the 

main monkfish fishing grounds (especially between 25º and 26ºS) as shown in Chapter 6. 

 

In summary, the results of this study suggest that Cape monkfish are piscivorous generalist 

predators, feeding opportunistically on whatever prey is abundant. This generalist feeding 

appears to be beneficial in that it provides Cape monkfish with a wide trophic adaptability as a 

response to changes in its prey species abundance and distribution. The results highlight the 

particular importance of the deep-water hake, M. paradoxus, in the Cape monkfish diet across 

all size classes and imply that any change in the population size of M. paradoxus may have a 

domino effect on the Cape monkfish. Importantly, the results suggest that Cape monkfish have 

shifted their diet over the last 29 years, probably reflecting the availability and abundance of 

forage fishes in the Namibian waters, possibly due to exploitation pressure (in the case of 

M. capensis), climate change (in the case of S. bibarbatus), or a combination of both. Our 

results suggest that their broad trophic adaptability, despite their dependence on a dominant 

teleost, would render them resilient to the synergistic effects of climate change and overfishing. 

The increasing presence of pelagic goby in the diet of Cape monkfish is a concern because 

pelagic goby is a poor quality prey and hence are less energetically valuable, which may lead 

to a decline in population productivity of Cape monkfish in the future. 
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Chapter 4: Spati0-temporal analysis of reproductive indicators for the Cape monkfish 

(Lophius vomerinus) in Namibia 

 

 
The Cape monkfish egg veil when it was discovered off Namibia in November 2018 (photo 

credit: Ndamona Mathew) 
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4.1 Introduction 

As mentioned in the introduction, the impacts of climate change and exploitation pressure on 

world fish populations are becoming a mounting concern (Law, 2007; Potts et al., 2014). These 

global threats induce stress in fish and lead to changes in life-history events, such as 

reproduction strategies (Buxton, 1993; Wheeler et al., 2009; Hunter et al., 2015). Reproduction 

aspects, including age at first maturity, fecundity, spawning period, spawning grounds, and 

spawning frequency are influenced by exploitation pressure (Buxton, 1993; Trippel, 1995; 

Rochet 1998; Wheeler et al., 2009; Butler et al., 2018) and environmental variability (Boyer et 

al., 2001; Pankhurst & Munday, 2011; Kujawa et al., 2015). Climate change causes stress in 

fish which then manifests in changes in life-history traits, for example, early maturation 

(Trippel, 1995; Pankhurst & Munday, 2011). It is important to understand the reproductive 

dynamics of fish in the context of fisheries management in relation to climate change and 

extensive fishing pressure.  

 

Studies on reproduction and maturation dynamics are critical for fisheries management as they 

provide information on the state of the stock (Trippel, 1995; Blamey et al., 2015). Information 

derived from reproductive strategies and maturation dynamics of any organism is significant 

in comprehensively understanding population dynamics (Kjesbu et al., 1998; Colmenero et al., 

2013; Jansen et al., 2015), and it is critical for assessing the exploitation pressure at a population 

level when attempting to develop appropriate management measures (Afonso-Dias & Hislop, 

1996; Duarte et al., 2001; Potts et al., 2014; Grabowska & Przybylski, 2015). Many studies 

have reported fishery-induced changes in reproductive strategies (e.g., Trippel, 1995; Law, 

2007). Monitoring biological aspects, such as reproduction and maturation characteristics, can 

therefore serve as good indicators for both climate change and exploitation pressure (Buxton, 

1993; Trippel, 1995; Pankhurst & Munday, 2011).  

 

Globally, multiple studies have investigated the influence of climate change (Buxton, 1993; 

Rijnsdorp et al., 2009; Pankhurst & Munday, 2011) and exploitation pressure (Hunter et al., 

2015) on reproduction strategies of marine fisheries, including maturation, spawning timing, 

and spawning grounds. However, to date, no such study has been done on Cape monkfish off 

Namibia. This species plays a key ecological role, mainly as a top predator in the BCLME 

(Macpherson, 1985; Gordoa & Macpherson, 1990; Walmsley et al., 2005) as also shown in 

Chapter 3. Although some aspects of the reproductive biology of this species have been studied 

previously (Maartens & Booth, 2005), no attempts have been made to date to link the biological 
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aspects of this species with environmental variables and exploitation pressure. This chapter 

aims to conduct a spatio-temporal analysis of the reproductive biology of Cape monkfish 

throughout its Namibian distribution and to compare this information to historical data to 

examine any potential changes. Specifically, the objectives were to investigate whether the 

reproductive strategies of Cape monkfish have changed in response to the extensive fishing 

pressure targeting this species, and to the climate change in this region; to validate the 

macroscopic sexual stages, compare the current spawning season to the historical spawning 

season (both spatially and temporally), and to compare the fecundity, sex ratio and current 

spawning grounds to those identified in previous studies (both spatially and temporally). 

 

 

4.2 Materials and methods 

4.2.1 Field sampling  

A total of 360 530 Cape monkfish specimens ranging in size from 10 to 130 cm TL (measured 

to the nearest cm below) were collected for reproductive analysis off the coast of Namibia 

(Figure 4.1). Data used in this chapter were collected between April 2001 and December 2019. 

For sex ratio, data for 2001–2019 were used, GIS data used were for 2001–2019, length at 50% 

maturity (L50) data for 2004–2006 and 2015–2019. For fecundity and histology analysis, the 

data used was collected in 2017. Spawning ground data (677 records of co-ordinates) were 

collected between 2001 and 2018 (Table 4.1). Maturity data were compared spatially (10 by 

10 nm blocks) and temporally from 2001 to 2019, covering the entire shelf area of Namibia 

between 138 and 837 m depth range. 
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Figure 4.1: Spatial distribution of sampling stations for Cape monkfish, Lophius vomerinus, 
off the coast of Namibia between April 2001 and December 2019. Map constructed using 
ArcGIS 10 Software. 

 

Samples were obtained from three sources: (i) observer sampling on board the commercial 

fishing vessels off Namibia (collected by Observers on board the commercial fishing vessels- 

see Chapter 1, Section 1.3.3), (ii) survey sampling on board the research vessels (by 

researchers), and (iii) port sampling (samples collected by the Namibian Ministry of Fisheries 

and Marine Resources researchers by the sampling of commercial landings in Walvis Bay) as 

indicated in Table 4.1. Details of the survey are given in Chapter 2 and further details are found 

in Strømme and Iilende (2001).  
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Table 4.1: Sampling information for Cape monkfish, Lophius vomerinus, specimens including the type of data collected, source of data, sampling 

period, sample number (n), sampling month, total length (cm) range, and depth range (m). Samples were collected between 2001 and 2019 off 

Namibia. 

Data type Sampling 

period 

Data source Sample 

No 

Total Size 

range (cm TL) 

Sampling depth 

range (m) 

Sex ratio  2001-2019 Fisheries Observer data, port sampling & research survey 360530 10-130 138-837 
Histology  July 2017 port sampling  23 26-77 290-370 
L50 2015-2019 Fisheries Observer data and port sampling 8853 21-93 230-480 
GIS and HIS 2015-2019 port sampling & research survey 2257 26-103 150-558 
Monthly gonad proportions 2015-2019 Fisheries Observer data, port sampling & research survey 10827 23-130 150-670 
Spawning ground 2001-2018 port sampling & research survey 677 28-108 142-719 
Fecundity Aug - Sep 2017 Port sampling 18 46-75 267-475 
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Length at sexual maturity 

The length at 50% maturity (L50) was estimated from a combination of Observer and port 

sampling data collected in 2004–2006 (n = 378), and 2015–2019 (n = 4475) (Table 4.4), during 

the spawning period (February, July, August and September). Samples collected during other 

months were excluded from the L50 estimation to avoid some adults that are resting. No 

biological data were collected during the spawning months of the missing years. The following 

maturity descriptions were used to determine the maturity stages of Cape monkfish: Stage I: 

Immature, Stage II: Developing, Stage III: Mature, Stage IV: Ripe, and Stage V: Spent. Fish 

were classed as immature or mature, based on the maturity stage of the gonad (Table 4.2). Only 

fish classified as Stage III to V were considered mature because they had advanced yolked 

(vitellogenic) oocytes. Total length was used to estimate L50 for Cape monkfish, for samples 

ranging in size from 21 cm to 93 cm TL.  

 

4.2.2 Comparison with the historical reproduction study (Maartens and Booth, 2005) 

For the comparative study in this chapter, reproduction and maturity data collected during 

Period 1 and data collected in Period 2 (this study) were used. For this chapter, Period 1 refers 

to the study by Maartens and Booth (2005) (see Chapter 2). The samples in Period 1 were 

collected during both monkfish commercial fishing activities and during hake biomass survey, 

between 1996 and 2000 off Namibia, from a depth of 97 m–686 m. For Period 2 (this study), 

samples were collected during biomass monkfish survey, commercial fishing activities and port 

sampling between 2001 and 2018. For historical studies (Maartens and Booth, 2005), no 

original field data were available from the historical study, thus only the study description, 

methods used (limited), and the results were compared to the contemporary study.  

 

4.2.3 Laboratory analysis of samples 

Sex determination and macroscopic examination of gonads  

Specimens collected during the commercial survey and port sampling programme between 

2001 and 2019 were measured (TL, ± 0.1 cm, to the nearest cm below). The sex of the 

specimens was determined as male, female, or unknown. Cape monkfish are not sexually 

dimorphic, thus sex was determined through a macroscopic examination of the gonads, after 

dissection. Gonads were removed, weighed individually to the nearest gram (g), and 

macroscopically assigned to a gonadal stage based on a five-stage maturity scale for both 

females and males (Table 4.2). Male gonads consist of a pair of white tubes (sausage-like), 



76 
 

while female gonads are confluent in shape in a single, compressed orange tube. In both sexes, 

gonads in Stage I are transparent. Fish too small to determine their sex were categorised as 

unknown (juvenile). Table 4.2 gives a physical description of male and female gonads in 

various maturity stages. 

 

 

Histological examination of gonads 

A total of 23 Cape monkfish specimens were measured for total length (TL, ± 0.1 cm), total 

weight (TW, ± 0.0 g), gutted weight (GW, ± 0.1 g) m, gonad weight (GNW, ± 0.01 g) and liver 

weight (LW ± 0.01 g). In total, 14 females and nine males of 26–77 cm (TL) were collected in 

July 2017 and classified into the five macroscopic maturity stages for female fish and male fish 

as described in Table 4.2. Upon dissection, the gonads were immediately preserved in 10% 

formalin to avoid post-mortem degeneration of cells that can be confused with atresia. 

Histological examination of gonads was done to validate the macroscopically assigned maturity 

stages (Table 4.2). Sections of 3 mm thickness were cut transversely through the anterior, 

median, and posterior regions of each gonad using a razor blade. Gonad sections were 

embedded in paraffin wax, sectioned (about 5 microns thick) and thereafter, histological 

analysis was performed following Austin and Austin (1989), by means of staining with 

haematoxylin and eosin (HE). From these sections, oocyte development stages in ovary 

sections were microscopically classified, based on the developmental stage of the most 

advanced oocytes. An Axio camera mounted on a Zeiss compound microscope (x10 

magnification) was used to digitise the pictures used for microscopic maturity staging. Oocyte 

size, colour, and the presence or absence of specific spawning features such as oil droplets, 

yolk vesicles, and postovulatory follicles (POFs) were used to microscopically classify the 

gonads. Histological analysis was done at the Department of Paraclinical Sciences, University 

of Pretoria, South Africa. 
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Table 4.2: Description of the five-stage scale macroscopic maturity stages for female and male Cape monkfish, Lophius vomerinus, (sourced from 

Period 1 study, Maartens and Booth (2005) and modified to include a veil, which was recorded for the first time in this study). 

Maturation Female Male 

I. Immature 

Ovaries are greyish-pink in colour, relatively small, ribbon-like and 
appear empty with no vascularisation.  

Testes are white to tan in colour and very small. 

II. 
Developing 

Ovaries are orange-pink, larger than the immature stage and with 
little vascularisation. No ova are visible. 

Testes are white to tan in colour, much larger than the 
immature stage, and a small amount of milt is sometimes 
present when dissected. 

III. Mature 

Ovaries are orange, highly vascular and ova are evident by eye. Testes are blotchy cream- to tan-coloured and very firm in 
texture. Moderate to large amounts of milt are present when 
dissected. 

IV. Ripe 

Ovaries are straw-coloured to almost clear and highly vascular. 
Distinct ova are present.  
*Presence of a cream/pale yellow delicate gelatinous flat ribbon 
structure containing individual eggs floating in separate chambers, 
within the gonad or being excreted from the gonad. 

Testes are blotchy cream- to tan-coloured with areas of pink, 
extremely firm in texture and abundant amounts of milt are 
present when dissected. 

V. Spent 

Ovaries are grey, extremely flaccid, moderately vascular and 
appear almost empty. Atretic ova appear as black or white dots. 

Testes are greyish-tan, extremely flaccid, edges appear 
translucent and a small amount of milt is sometimes present 
when dissected. 

*Observed when a veil was found  
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Fecundity determination 

Batch fecundity was estimated from ovaries of 18 Cape monkfish (Stage IV) of 46–75 cm (TL) 

(Table 4.1). After biometric data including total length (to the nearest cm below), gutted weight 

(g), whole weight (g) and sex determination. For each individual, the whole gonad was weighed 

and three subsamples, ranging between 7.0 and 9.9 g, were cut from three different sections of 

the ovary; anterior, middle, and posterior. Only ovaries containing oocytes in the secondary 

yolk stage were used, no veil were used to estimate batch fecundity. The total number of 

oocytes was estimated by direct counts in the ovary subsamples using a stereo microscope on 

the assumption that all oocytes were evenly packed in the gonads. 

 

 

4.2.4 Data analysis 

Sex ratio  

The sex ratio of 360 530 fish was determined by counting the number of male and female 

specimens per depth stratum and size class for specimens collected during the commercial, 

research survey and port sampling between 2001 and 2019. The depth strata (i) < 200 m, (ii) 

200–299 m, (iii) 300–399 m, (iv) 400–500 m, (v) 500–599 m, and (vi) > 600 m were 

considered. Length class: juveniles (< L50, 37 cm TL), sub-adults (L50–L100, 37–47 cm TL) and 

adults (> L100, 47 cm TL), were determined based on the length at maturity ogives estimated in 

Walmsley et al. (2005). Spatio-temporal sex ratio was determined for three-year intervals 

between 2001 and 2019. Spatial analysis was done for the entire Namibian coast (between 

17°2'S and 29°30'S, Figure 4.4 a (1-6), b (1-6)).  

 

There is uncertainty over the accuracy of data collected by Observers for some of the maturity 

stages, therefore only mature fish were used as a comparison for the years from 2001 to 2019. 

Where serious doubt was experienced, the data in question were excluded from the analysis. 

The Chi-square (X2) test of homogeneity was used to test for the goodness-of-fit for the years 

between 2001 and 2019, based on the formula:  

 

𝑋² =
𝛴(𝑂−𝐸)²

𝑖−𝐸
          (Equation 4.1) 

Where O = Observed, and E = Expected.  
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Length at sexual maturity 

The length class in which 50% of fish were mature was estimated by fitting a logistic function 

to the estimated proportion of matured males and females per length class (cm) per year for the 

contemporary samples (Period 2: set 1; 2015–2019 and set 2; 2004–2006). Maturity was 

modelled as a function of total length (cm), with length used as opposed to age as length data 

were available for all fish sampled while many fish did not have age data. L50 and δ parameters 

were obtained using solver. The logistic ogive was expressed as: 

 

 P(li) = (1)/(1+e-li-l
50

/ δ ))        (Equation 4.2) 
 

where p(li) is the probability that fish in length class i are matured, li the midpoint of length 

class i, l50 is the length at which 50% of the sex is matured, and δ is the steepness of the ogive. 

The differences in L50 among the years for both male and female fish were statistically 

determined using a chi-square analysis (Zar, 1999). Maturity ogives were used to examine 

temporal changes in maturation.  

 

Reproductive seasonality  

Reproductive seasonality was assessed by examining the proportion of fish with 

macroscopically-staged ripe gonads and determining the peak monthly gonadosomatic index 

(GSI) and hepatosomatic index (HSI) in both sexes. Only mature specimens (Stage III–V) were 

used to determine the mean monthly changes in GSI and HSI for both male and female fish. 

The GSI was used to investigate spatio-temporal patterns in the distribution of spawning 

individuals. A threshold, established from a reproduction baseline study of Cape monkfish 

(Maartens & Booth, 2005) was used as a reference point for peak spawning. These indices were 

then used to determine the spawning season and duration. A combination of samples collected 

during the survey (n = 6) and port sampling (n = 2 251) from 2015 to 2019 were used to 

calculate GSI and HSI. Data collected by Observers during monkfish fishing activities were 

not used in GSI calculations because observers do not record fish weight and gonad weight on 

board the fishing vessels due to unavailability of equipment on board. Calculations of monthly 

GSI and HSI done according to Yoneda et al. (2001) as per the following formula: 

  

𝐺𝑆𝐼 = (
𝐺𝑁𝑊

𝐺𝑊
) 100        (Equation 4.3) 

𝐻𝑆𝐼 = (
𝐿𝑊

𝐺𝑊
) 100       (Equation 4.4) 
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where GNW is gonad weight (g), LW is the liver weight (g), GW is the gutted weight (g). The 

GSI thresholds (1.5% for females and 0.6% for males) were defined as the average GSI value, 

derived from Maartens and Booth (2005). 

 

Comparison of the GSI between sexes was tested using Student’s paired t-test (Zar, 1999), 

while the temporal trend of GSI for each month and the differences in GSI among the months 

were tested using a non-parametric Kruskal-Wallis test for each sex. Statistical significance 

was defined at p < 0.05 and 0.95 confidence intervals. Monthly GSI was represented as 

boxplots using R (version 3.3.1) (R Core Team 2018, http://www.r-project.org/) and 

accompanying open-source interface Rstudio v0.99.902 (RStudio 2018) software application. 

 

To determine the spawning grounds, spatial data for ripe and running gonads were recorded 

and analysed. The Period 1 study (1996–2000) did not investigate the spawning ground, hence 

the comparison of the spawning ground was done only for data collected during Period 2 

(2001–2018). An overlap was done using Boolean map algebra to show where ripe and running 

gonads of both sexes were found. The kernel densities were determined using a grid size of 

500 x 500 m and a search radius of 50 km. 

 

The monthly distribution of maturity Stage III, IV and V of Cape monkfish for 2015–2019 was 

subsequently compared to Period 1 maturity stages distribution as presented in Maartens and 

Booth (2005) from samples collected between 1996–2000. Data on maturity stages between 

2000 and 2014 were not included in this analysis because it is very few with most of the months 

missing.  

 

Assessment of fecundity 

Batch fecundity was estimated from ovaries of 18 Cape monkfish (Stage IV) of 46–75 cm (TL) 

(Table 4.1). The total number of oocytes was estimated by direct counts in the ovaries using a 

stereo microscope on the assumption that all oocytes were evenly packed in the gonads. The 

number of oocytes in the three subsamples was counted, and then recounted if the coefficient 

of variation (CV) for two or three subsamples was larger than 5%. Batch fecundity for each 

female was calculated as the product of the number of oocytes per unit of weight multiplied by 

the total gonad weight. Linear regression analysis was used to examine the relationship 

between batch fecundity and fish size (total length). 
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4.3 Results 

4.3.1 Sex ratio  

Sex ratio was calculated from 360 530 (female n = 225 667 and male n = 134 863) Cape 

monkfish across depth strata, size class, and year, with the result of a male to female sex ratio 

of 1:1.67 (37.4%:62.6%). The sex ratio was skewed in favour of females at all depth strata. 

The test for the goodness-of-fit, determined statistically by a Chi-square (X2) test of 

homogeneity, showed that the sex ratio is significantly dependant on depth (X2 = 2784.5, df = 

5, p < 0.05). The highest proportion of females was found in the deepest depth stratum of 

> 600 m (Figure 4.2a). A significant variation in the sex proportions by size class was also 

found (X2 = 18802, df = 2, p < 0.05). The largest size class (> 47 cm TL) contained the highest 

proportion of females (77.9%), while the lowest proportion of females (53.8%) was recorded 

in the juvenile class (< 37 cm TL) (Figure 4.2b).  
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Figure 4.2: Male (n = 134 646) to female (n = 225 520) sex ratio of Cape monkfish, Lophius 
vomerinus, off the coast of Namibia, by depth (a) and size class (b) for 2001 and 2019.  

 

There was a significant temporal difference in sex ratio (X2 = 2310.6, df = 17, p < 0.05), with 

females significantly more numerous in all years, with the greatest proportions (68.5%) of 

females recorded in 2017 (Figure 4.3).  

 

 
Figure 4.2: Temporal distribution of female (n = 225 520) to male (n = 134 646) Cape 
monkfish, Lophius vomerinus, off the coast of Namibia between 2001 and 2019. 
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The spatial distribution of male and female fish in 2001–2003 was similar, with females 

extending further south than males. Between 2007 and 2009, females were mostly further 

offshore than the males, except between 22⁰ and 23⁰S, where females were predominated 

inshore. Generally, between 2001 and 2019, along the entire Namibian coast (between 17°12'S 

and 29°30'S), there was a consistent pattern with females mostly offshore with an inshore 

distribution at 22⁰ and 23⁰S for all years except from 2001–2003 (Figures 4.4a (1-6) and 4.4b 

(1-6). 
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Figure 4.3: Spatio-temporal distribution of male (A1-6) and female (B1-6) Cape monkfish, 
Lophius vomerinus, off the coast of Namibia between 2001 and 2019. Map constructed using 
ArcGIS 10.8 Software.
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4.3.2 Histological observation of gonads  

The histological study validated the five macroscopic stages (described in Period 1, Maartens & Booth, 2005) for females and males with no 

adjustments required.  

Females: 

Female immature ovaries (Stage I) were characterised by non-clustered primary growth oocytes (Pg) or oogonia attached to the ovigerous 

membrane (Ov) (Figure 5A). The primary growth oocytes were of different sizes (based on the oocyte diameter) and shapes and they had large 

nuclei (n) occupying about a third of the oocytes. 

Female developing ovaries (Stage II) were characterised by empty sections and sections with developing oocytes (B1 and B2) (Figure 5B). The 

gonads had oocytes in the primary development phase in addition to oocytes in a vitellogenesis stage (Vt). Some oocytes formed clusters in bag-

like structures, which were detached from the Ov. The bigger the oocyte, the smaller the nuclei become (Figure 5B). 

Stage II contains virgin fish with gonads developing for the first time, and some resting adult fish that had spawned before. Four female gonads 

were macroscopically staged as Stage II, but after microscopic examination, two gonads were classified as Stage VI (spent).  

Mature ovaries (Stage III) are in the primary yolk vesicle oocyte stage (Figure 5C). There are relatively few primary growth oocytes. The secondary 

vitellogenic oocytes seem to be more spherical, with the presence of small, undefined yolk vesicles (Yv) and oil droplets (Od). 

Ripe ovaries (Stage IV) have oocytes that are more spherical and detached from each other (Figure 5D). Most oocytes are fully developed although 

there are still some oocytes from Stage III but no primary growth oocytes. The oocytes are mature and characterised by large, well-defined reddish 

yolk vesicles. There are cortical alveoli (Ca) that have aggregated in the nuclei region and the nuclei have shifted from the centre to the periphery 

of the cytoplasm. Spent gonads (Stage V) are characterised mostly by empty regions, atretic oocytes and few postovulatory follicles (POFs) (Figure 

5E). The presence of POFs was indicative of recent spawning activities.  
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Figure 4.4: Images of histological sections through ovaries of Stage I (A), Stage II (B1 and B2), Stage III (C), Stage IV (D) and Stage V (E) Cape 
monkfish, Lophius vomerinus. Ov = ovigerous membrane, Od = oil droplet, n = nucleus, Pg = primary growth, POF = postovulatory follicle, Vt = 
vitellogenesis stage, Yv = yolk vesicle. (Bb) empty lobules. Scale bars = 100 µm. Pictures were taken from samples collected in July 2017 off the 
coast of Namibia.  

 

Males: 

The gonads of immature testes were in a spermatogonial proliferation stage (Stage I) which starts in the cysts, and the seminal lobule is organised 

and appears empty (Figure 4.6A). The gonads of developing testes (Stage II) are in an early spermatogenesis stage (Figure 4.6B). The seminal 

lobules contain spermatogonia (Sg) packed in cysts, which are bag-like structures. No visible spermatids (St) contained in cysts. Developing testes 

(Stage III) are in late spermatogenesis (Figure 4.6C), with single spermatozoa (Sz), together with the spermatid.  

In mature testes (Stage IV), the lumen of the sperm duct is populated with fully mature spermatozoa with elongated head structures, now mixed 

with plenty of seminal fluid (Figure 4.6D).  
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Spent testes (Stage V) are characterised by few residual spermatozoa and some spermatogonia contained in seminal fluid, with some regions empty 

(Figure 4.6E). 
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Figure 4.5: Images of histological sections through testes of Stage I (A), Stage II (B), Stage III (C), Stage IV (D) and Stage V (E) Cape monkfish, 
Lophius vomerinus. Ta = tunica albuginea, L = seminal lobule, C = cyst, El = empty lobule, Bv = blood vessel, Sz = spermatozoa, 
Sg = spermatogonia, Sc = spermatocyte, St = spermatid, Scale bars = 25 µm. Pictures were taken from samples collected in July 2017 off the coast 
of Namibia. 
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 4.3.3 Temporal trends in length at sexual maturity  

The length at 50% maturity (L50) for the contemporary samples (set 2; 2015–2019) was 

estimated at 53.01 cm, α = 7.03 for females and 35.08 cm, α = 5.35 for males. These estimates 

were larger than the L50 estimations for the historical samples (set 1; 2004–2006), which were 

estimated at 40.99 cm TL, α = 6.86 for females and at 29.89 cm TL, α = 4.72 in males. In both 

the historical and contemporary samples, males matured at a smaller size (length) than females. 

Based on a Chi-square (X2) test of homogeneity, the estimated length at 50% maturity for 

female (X2 = 1.53, df = 1, p = 0.2154) and male fish (X2 = 0.41, df = 1, p = 0.5204) did not vary 

significantly between the two periods (Figure 4.7). 

 

 
Figure 4.6: Temporal length at maturity for (a) female and (b) male Cape monkfish, Lophius 
vomerinus, off the coast off Namibia sampled during 2004–2006 (n = 378) and 2015–2019 
(n = 4475). 
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4.3.4 Spawning season 

Gonadosomatic Index 

There was a significant difference between the female GSI (M = 3.82 (±5.48) and male GSI 

(M = 1.14 (± 2.18), Student’s paired t-test, (DF = 579), p < 0.05). The mean GSI for both sexes 

remained fairly constant but peaked between July and September for females, and August (2.0% 

± 2.6) for males. The GSI varied significantly among months for females (Kruskal-Wallis chi-

squared = 34.107, df = 11, p < 0.05). A Kruskal-Wallis test for differences among GSI for male 

was not significant (df = 11, p = 0.08). The lowest mean GSI values were recorded in January 

for females (2.6% ± 2.53) and October for males (0.7% ± 0.27) (Figure 4.8).  
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Figure 4.7: Mean monthly gonadosomatic index (GSI) values with standard error for (a) female 
(n = 836) and (b) male (n = 1 421) (b) Cape monkfish, Lophius vomerinus, collected off the 
coast of Namibia between January 2015–December 2018. The horizontal solid lines indicate 
the threshold value (1.5% for females and 0.6% for males). 

 

Hepatosomatic index 

Based on a paired t-test, there was a significant difference, t = 6.9098, df = 10, p < 0.05), in the 

mean HSI values between males (2.54 ± 0.24) and females (3.14 ± 0.26). Kruskal-Wallis chi-

squared analysis showed a monthly significant difference in the HSI for both females (Kruskal-

Wallis chi-squared = 21.757, df = 11, p < 0.05), and males (Kruskal-Wallis chi-squared = 

29.483, df = 11, p < 0.05). Mean monthly HSI peaked in November (3.63 ± 4.97) for females, 

and in January (2.84 ± 0.99) for males (Figure 4.9). 
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Figure 4.8: Mean monthly hepatosomatic index (HSI) values with standard errors for (a) female 
(n = 517) and (b) male (n = 925) Cape monkfish, Lophius vomerinus, collected off the coast of 
Namibia between January 2015–December 2018. The horizontal dotted lines indicate the 
average value (3.1% for females and 2.5% for males).  

 

4.3.5 Temporal distribution of spawning Cape monkfish 

The proportions of mature individuals capable of spawning (Stage IV) were dominant in July 
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(23.8%), August (26.2%) and September (22.9%) for females, and in April (52.5%) and 

November (28.5%) for males. Female spent gonads (V) were prevalent in January (45.6%) and 

October (43.4%), while spent males were prevalent in October (30%) (Figure 4.10a and 4.10b) 

 

 

 
 

Figure 4.9: Monthly proportions of maturity stages of gonads for a) females (III = 3879, 
IV = 932, V = 1631) and b) males (III = 3112, IV = 940, V = 433) Cape monkfish, Lophius 
vomerinus, collected off the coast of Namibia between January 2015 and December 2019. 
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4.3.6 Spatial and temporal distribution of spawning Cape monkfish 

Latitudinal distribution of maturity Stage IV was used to serve as an indication of spawning 

grounds. The boundaries of the 90th percentile of the kernel density determinations for females 

and males with ripe and running gonads are shown in Figure 4.11. Cape monkfish appear to 

spawn throughout Namibian waters, with evidence of hotspot spawning aggregation between 

21⁰ and 25⁰ S. Based on the temporal analysis of distribution of fish in maturity Stage IV, there 

was a great overlap in the area between 22⁰ and 26⁰ S.  

 

 
Figure 4.10: Spatial and temporal distribution of ripe and running female (Stage IV) (n = 277) 
and male gonads (n = 400) of Cape monkfish, Lophius vomerinus, for 2001–2018 off the coast 
of Namibia. The yellow asterisk indicates the location where the veil was found. Map 
constructed using ArcGIS 10.8 Software. 

 

In this study, one veil, which houses the spawned eggs, was recorded for the first-time off 

Namibia as indicated by the yellow asterisk in Figure 4.11. The veil is an off-white, delicate, 

gelatinous, flat ribbon structure containing individual mature oocytes. The veil was found 

during the monkfish annual swept-area biomass survey in November 2018, at a depth of 248 m 
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in the area off Swakopmund (22⁰30'S, 13⁰25'E). The veil was 3.3 m long, 1.48 m wide and 

1 568 g (wet weight) (Figure 4.12).  

 

 

 

Figure 4.11: A 3.3 m veil collected from a 54 cm (TL), female Cape monkfish, Lophius 
vomerinus, caught in November 2018, off the coast of Namibia (Picture credit: Ndamona 
Mathew, 2018). 

 

4.3.7 Fecundity  

Batch Fecundity (BF) ranged from 76 695 to 182 440 oocytes and a mean of 136 732 oocytes 

(± 29228.54) for females between 46–75 cm TL (n = 18) (Figure 4.13). Batch fecundity tended 

to increase linearly with total length (cor 0.8453) based on Pearson's product-moment 

correlation; t = 6.3292, df = 16, p < 0.05. 
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Figure 4.12: Relationship between batch fecundity and total length (TL) for Cape monkfish, 
Lophius vomerinus, (n = 18) collected off the coast of Namibia, between August and September 
2017. 

 

 

4.4 Discussion 

To investigate whether the reproductive strategies of Cape monkfish have changed in the 

Namibian marine waters, results of Period 2 (2001–2019) were compared to the results of 

Period 1 (1996–2000). Results of the sex ratio between Period 1 (1996–2000) and Period 1 

(2001–2019), show that the sex ratio is still skewed in favour of female in Period 2 as was the 

case in Period 1. However, the proportion of males to females had changed, from 1:1.21 (in 

Period 1) to 1:1.67 (in Period 2). The sexual maturity stages from Period 1 were microscopically 

validated with no adjustments. The length at 50% maturity (L50) was compared between 

Period 1 (1996–2000) and Period 2 (2004–2006, 2015–2019). In all sets of data (1996–2000, 

2004–2006 and 2015–2019), females matured at a smaller size (length) than males. However, 

the L50 values were larger during Period 1 (1996–2000) than the L50 estimations for both 2004–

2006 and 2015–2019 samples, suggesting that fish are maturing at a smaller size in recent years 

than in the past.  

 

Comparisons of the spawning season for Period 1 to Period 2 show that female Cape monkfish 

spawn throughout the year with a peak between July and September in both periods. However, 

what stands out is an additional elevated spawning activity in February during Period 2, which 
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was not reported in Period 1. For both periods, the GSI for males did not differ significantly 

throughout the year. The proportions of ripe and running eggs were high in the months of high 

GSI. Analysis of spawning grounds, using spatial data for ripe and running gonads, shows 

spawning activities throughout the coast but the great intensity was recorded between 22⁰ and 

26⁰ S. The most interesting result of this study was the first-time discovery of the veil off 

Namibia, around Swakopmund. 

 

The sex ratio in Period 2 was skewed in favour of females as was also reported in Period 1 

(Maartens & Booth, 2005). However, the proportion of the males to females had increased from 

1:1.21 (in Period 1) to 1:1.67 (in Period 2). The significantly skewed temporal sex ratio in 

favour of female fish found in Period 2 (this study) is similar to the monthly sex ratio variation 

reported in L. budegassa (Duarte et al., 2001). Although in the 18 years between 2000 and 2018, 

females were temporally significantly more numerous than the males, the proportions are seen 

to fluctuate, possibly due to the level of exploitation, or in response to environmental variables 

(e.g., water temperature), or a combination of both. Water temperature has been reported as 

among the most important environmental factors able to affect sex determination in fish 

(Geffroy & Wedekind, 2020). Other Lophius species, including Lophius americanus (Richards 

et al., 2008), Lophius budegassa and Lophius piscatorius (Afonso-Dias & Hislop, 1996; Duarte 

et al., 2001) display a similar trend. The skewed sex ratios may have resulted from unequal 

fishing mortality between the sexes because females tend to attain a larger size than male fish 

(Maartens & Booth, 2005), and the current fishing net mesh size is selective for larger fish 

(although small fish are also caught to a certain extent). The fact that males grow more slowly 

and attain a smaller maximum size than females implies that males will be smaller than females 

of the same age, thus, even a sex ration of 1:1 per cohort, it will nonetheless be skewed towards 

females in the larger size classes. Fish growth rate is the largest factor influencing sex ratio in 

fish (Vicentini & Araújo, 2003), with the fast-growing sex tending to outgrow the most 

vulnerable smaller size phase quickly, leading to a skewed sex ratio. Additionally, when there 

is a difference in the growth rate of different sexes of the same species, the fast-growing sex 

diminishes the predation proportion (Vicentini & Araújo, 2003). Maartens and Booth, (2005) 

and Richards et al. (2008) previously observed that male Lophius species grow slowly, causing 

the male numbers to accumulate near the maximum size, thereby skewing the sex ratio. The 

skewed sex ratio in favour of females with depth, suggests a movement of large females into 

deeper waters, an observation comparable to those of Richards et al. (2008). It was hypothesised 

that the differences in sex ratio among size classes and depth strata are possibly due to 
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behavioural differences, including single-sex movement patterns, because large catches of 

entirely single-sex during sampling activities were observed in this study. Large males were 

few in both Period 1 (Maartens & Booth, 2005) and Period 2 (this study), suggesting that as 

these species get older, the proportion of female fish outnumber male fish. A similar trend was 

observed in L. americanus (Johnson et al., 2008), L. piscatorius (Afonso-Dias & Hislop, 1996), 

and L. litulon (Yoneda et al., 2001, Sun et al., 2020). Interestingly the significantly female-

dominant sex ratio may have an implication in stock assessment because the use of the age-

length keys and other inputs into the Age Structure Production Model (ASPM) currently used 

to assess the Namibian monkfish stock does not consider this sex ratio imbalance.  

 

The sexual maturity stages from Period 1 were microscopically validated with no adjustments. 

This study is the first to microscopically examine gonads of Cape monkfish. Histological 

examination of gonads, which is more reliable (Yoneda et al., 2001), validated the five 

macroscopic maturity stages proposed in Period 1 (Maartens & Booth, 2005). Interestingly, 

Stage II had empty regions (with no oocytes), an indication of post-spawning activity, while at 

the same time, other regions had small oocytes, showing the growth of new oocytes. The 

presence of both regions with no oocytes and regions filled with oocytes can be attributed to 

the gradual development of oocytes. It remains difficult to distinguish the virgin female fish in 

Stage II from resting females in Stage II that are restarting the spawning cycle. At each given 

maturity stage, the oocytes of the same gonads were not in the same developmental stages. For 

instance, Stage III contains oocytes in both Stage II and Stage III, an observation also made for 

L. budegassa (Colmenero et al., 2013). Equally, it was noted that oocytes in the same stage, for 

example, Stage III, were of various shapes and sizes (based on the oocyte diameter), similar to 

what was observed in L. budegassa (Colmenero et al., 2013). The spent gonads (Stage V) of 

other Lophius species such as L. litulon (Yoneda et al., 2001) had oocytes in the primary or 

secondary yolk oocyte stages; however, this was not observed in Period 2. This was not found 

to be surprising since the veil containing mature oocytes and developing oocytes had been 

released, thus developing oocytes were not expected to be left in the gonad. Observers tend to 

classify fish in Stage V as Stage II possibly because both gonads in these stages are similar and, 

after completing Stage V, the mature fish return to Stage II (resting stage). It is necessary to 

train samplers involved in the macroscopic staging of Cape monkfish. Additionally, there is an 

assumption that oocytes are evenly distributed, but this does not seem to be true in Cape 

monkfish. Large portions of gonads were empty, especially in Stages II and III of female 

gonads. 
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The results of the comparison of length at 50% maturity (L50) between Period 1 (1996–2000) 

and Period 2 (2004–2006, 2015–2019), show that L50 of Cape monkfish varied in all datasets 

(1996–2000, 2004–2006 and 2015–2019). Although the variation is not significant (p > 0.05), 

it is interesting that females matured at a smaller size than males. The L50 values were larger 

during Period 1 (1996–2000) than the L50 estimations for both 2004–2006 and 2015–2019 

samples, suggesting that fish have been maturing at a smaller size recently than in the past. 

Specifically, results show that males mature at a smaller size than females in all datasets, an 

observation that seems to be a genus trait because it has been observed in L. budegassa 

(Colmenero et al., 2013) and L. americanus (Richards et al., 2008) of the same genus. However, 

an interesting result is that each maturation is now at a smaller size than in Period 1. 

Additionally, the dataset for 2015–2019 shows that both male and female fish are maturing at 

a larger size than in the dataset of 2004–2006, but still smaller than in 1996–2000, which could 

be a sign of stock recovery. However, this observation requires further investigation.  

 

Changes in maturation timing have been linked to exploitation pressure (Rochet 1998; Wheeler 

et al., 2009; Butler et al., 2018) and climate change (Pankhurst & Munday, 2011; Kujawa et al., 

2015). Both these factors have been reported in this region. Length at maturity has been used 

as an indicator of fishing pressure (Buxton, 1993; Trippel, 1995; Lappalaine et al., 2016) while 

early maturation is said to be a manifestation of stress in fish as a result of climate change 

(Trippel, 1995; Pankhurst & Munday, 2011). For instance, in North Atlantic, early maturation 

was detected in some of the American plaice (Hippoglossoides platessoides) fish cohorts that 

experienced higher temperatures (Morgan & Colbourne, 1999). Male Cape monkfish mature at 

a smaller size than female fish as evident in Period 1; however, this change in the length at 

maturity (L50) for female or male fish is not significant, despite the climate change reported in 

this region and the extensive fishing pressure directed at this species. It could be that the 

maturity rate of Cape monkfish is resilient to external factors such as fishing pressure and/or 

climate change. Woodhead et al. (1996) found that monkfish is generally tolerant of relatively 

low oxygen conditions. It is also possible that the time series studied (2004–2019) is too short 

for Cape monkfish, which is a slow-growing and long-lived species (see Chapter 5), to exhibit 

changes as a response to the external factors (Hunter et al., 2015). Law (2007) suggested that 

sometimes changes in maturation may only be detected on decadal time-scales. Additionally, 

although changes have been recorded in many environmental variables, for example, sea 

surface temperature (SST) and oxygen concentration in this region, Cape monkfish inhabit 

deeper waters (e.g., 400 m) where physiological conditions (e.g., temperature) are mostly more 
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stable than in shallow waters. It is important to note that not all fish populations that have 

declined exhibit changes such as early maturation (Berlinsky et al., 1995), and to consider the 

inherent caveats associated when comparing two different studies; there is always the element 

of bias associated with the differences in sampling techniques and sampling location. For 

example, in this study, resting adults were classified as immature fish in the L50 estimation 

methodology, which could have biased our results. Despite these caveats, the compared 

contemporary and historical estimates of L50 provide much-needed insight into understanding 

how reproductive biology has changed over the past decade. Understanding the reproductive 

dynamics of fish in relation to climate change and extensive fishing pressure is important in the 

context of fisheries management. 

  

Female Cape monkfish spawned throughout the year with a peak between July and September 

in both periods. However, what is salient is an additional, elevated spawning activity in 

February during Period 2, which was not reported in Period 1. For both periods, the GSI for 

males did not significantly differ throughout the year. The proportions of ripe and running eggs 

were high in the months of high GSI. Gonadosomatic index (GSI) is useful in determining the 

spawning seasons (Yoneda et al., 2001; Ghaffari et al., 2011; Jansen et al., 2015), and in Period 

2, the mean monthly GSI was above the estimated mean GSI in both sexes for this species in 

Period 1 (Maartens & Booth, 2005). The female GSI estimates in Period 2 peaked between July 

and September, as was also observed in Period 1 (Maartens & Booth, 2005). Period 2 is 

distinctive in that the results show an additional GSI peak in February that was not recorded 

previously. Although there is evidence that fishing pressure leads to changes in life-history 

traits (Buxton, 1993; Franco et al, 2012), solid conclusions could not be made with certainty 

that the additional peak in February in Period 2 denotes changes in the biology of this species. 

There is evidence of climate change in this region (Hamukuaya et al., 1998; Kirkman et al., 

2013; Jarre et al., 2015a) and these changes might have contributed to the new observations in 

this study. Results of Period 1 showed no significant differences in the male GSI; similarly, no 

distinctive differences were found.  

 

Monthly HSI calculated for this species showed no pattern for both sexes; however, this 

contradicts results obtained by Walmsley et al. (2005) for the same species off South Africa. a 

decline in HSI was expected to be closely associated with an increase in GSI, as demonstrated 

in various studies (Yoneda et al., 2001; Mahboob & Sheri, 2002; Ghaffari et al., 2011), but this 

pattern is not distinctively demonstrated in this study. No plausible explanation for this 
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observation could be found. For instance, when female GSI reached a maximum in July, female 

HSI was expected to reach the minimum, but this is not evident in this study. Discrepancies 

(especially of the February peak) between Period 1 and Period 2 may be attributed to the 

differences in sampling periods and not necessarily due to fishing pressure and climate change. 

 

The proportions of ripe and running eggs were high in the months of high GSI; however, there 

was a relatively low number of mature gonads recorded throughout Period 2, as was also evident 

in Period 1. The scarcity of ripe and running gonads suggests a low catchability of spawning 

individuals. The scarcity of mature individuals was also noted in L. piscatorius of the same 

genus (Hislop et al., 2001). The seasonal distribution of mature ovaries and testes (Stages III, 

IV and V) between Period 1 (Maartens & Booth, 2005) and Period 2 (this study) is similar, 

except that no spent ovaries were recorded in November in Period 1, while the present study 

recorded spent ovaries in all months. In addition, this study recorded ripe and running ovaries 

in all months, while in Period 1 there was no evidence of ripe ovaries in December and January. 

There might be some changes leading to an extended spawning peak. Cape monkfish spawn 

throughout the year, with spawning peaks observed between July and August for females but 

no significant peak for males (inferred from GSI in Figure 4.8 and based on the proportions of 

ripe and running gonads in Figure 4.10.) Based on these observations, the main spawning 

season was from July through September with a second season in February. 

 

Latitudinal distribution of ripe and running gonads (maturity Stage IV) was used to identify 

spawning grounds. Evidence (distribution of ripe and running gonads) from this study shows 

that Cape monkfish spawn throughout Namibian waters with a great spawning intensity 

between 22⁰ and 26⁰S which might be important spawning hotspots for Cape monkfish. The 

spawning-capable gonads were found mainly in deep waters. Both L. americanus and 

L. piscatorius migrate into deeper waters for spawning (Hislop et al., 2001; Richard et al., 

2008). The location where the veil was found (Figure 4.11) is a monkfish fishing ground hotspot 

(see Chapter 6), and this finding has management implications because this area is extensively 

fished, making spawning individuals more available to fishing fleets. Spawning grounds are 

frequently targeted by fishers (de Mitcheson, 2016), leading to serious declines in fish 

populations due to overfishing. Overfishing and fishing in spawning aggregation areas lead to 

size-selective fishing (de Mitcheson, 2016) which is significantly detrimental to a population. 

Our results indicate that the spawners, although very few were found, maybe specifically 

vulnerable to overexploitation pressure. As a precaution, fishing should be limited or restricted 
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in spawning grounds because, when fishing takes place during spawning aggregation in these 

hotspot spawning grounds, these species are exposed to both increased catchability and 

biological factors as described in de Mitcheson (2016). Based on catch statistic results presented 

in Chapter 6, the area with high spawning activity (spawning ground) coincides with the 

monkfish fishing hotspots. Identification of spawning grounds and season is a prerequisite in 

management decisions to guide and manage harvest and sustainable utilisation of resources. It 

is critical to protect identified spawning grounds from fishing and other anthropogenic 

activities, including mining, to avoid disrupting spawning activities (de Mitcheson, 2016).  

 

Since 2010, Namibia has been debating at a national level whether to allow or not to allow 

phosphate mining (Chiripanhura & Teweldemedhin, 2016; Erasmus et al., 2019); the area 

mapped for phosphate mining overlaps with the main areas where fish with ripe and running 

gonads were found (this study). Recruitment depends on the successful spawning and survival 

of larvae, and the disturbance of these grounds would defeat the purpose of sustainable 

management of these species (Moore et al., 2011). Any changes in spawning area could not be 

determined because no spawning grounds have previously been identified off Namibia. 

However, nursery habitats were recorded off Walvis (23°–25° S) and the Orange River 

(28°35’S) based on the presence of the 0-year-olds (ICSEAF, 1984).  

 

The most interesting result of this study was the discovery of the veil (n = 1), which is excreted 

from the gonad and denotes an active spawning event from a ripe and running gonad. This was 

the first time a Cape monkfish veil has been found off Namibia, (pers. obs.). The veil was found 

in November although the peak spawning period is between July and September and confirms 

the idea that spawning takes place throughout the year. The discovery of the veil in this study 

contradicts previous studies that have reported that no veils have ever been observed off 

Namibia (Maartens & Booth, 2005; Fariña et al., 2008), although veils have been reported in 

other Lophius species such as L. americanus (McBride et al., 2017) and L. piscatorius 

(Colmenero et al., 2013). The veil is described as a replica of the gonad (Rasquin, 1958); 

however, the veil found in Period 2 was 3.3 m, about twice the size of the gonad (1.01 m). This 

raises the question of whether the veil is folded inside the gonad to ensure that it fits in the 

gonad. Although numerous studies have described the veil (Fariña et al., 2008; Colmenero et 

al., 2013; Colmenero et al., 2017; McBride et al., 2017), there is no record of the stage at which 

this veil is produced, whether it is produced immediately before it is excreted or produced 

through the ripe and running stage (IV). It has been proposed that the release of eggs in these 
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veils is beneficial in facilitating their dispersal because the egg veil floats near the surface and 

is subject to the actions of wind, currents, and waves (Colmenero et al., 2017). The veil seems 

to rebut the idea of broadcasting a large number of eggs over great geographical distances 

because the eggs are likely to end up in one place since they are lumped together in this 

structure. Further investigation would provide evidence whether the veil has repellent 

substances that would protect it from predators. The discovery of this veil, which represents 

evidence of the early life of Cape monkfish off Namibia, needs further investigation. This study 

recommends a Cape monkfish “veil hunt” for future studies.  

 

Ichthyoplankton surveys are crucial because they provide information on specific spawning 

grounds and spawning seasons and might shed light on the physical features influencing larval 

survival (Brander, 1994). Overall, the relatively low number of veils (< 0.1%) and fish with 

ripe gonads (5.6%) recorded in this study has left certain questions unanswered. Several studies 

(Maartens & Booth, 2005; Walmsley et al., 2005; McBrideon et al., 2017) on the reproduction 

of Lophius species did not observe veils and this general scarcity of veils in other Lophius 

species studies warrants further investigation. Spawning fish might have gone into inaccessible 

spawning grounds, for example, shallow grounds (within the 200 m isobath) inaccessible to 

trawlers (MFMR, 2001). To obtain veils and/or larvae, the correct gear, for example, drift nets 

cuff must be used, and sampling must take place during the spawning season in the spawning 

ground (Roseman et al., 2011). The above conditions were not necessarily satisfied, and this 

might be a contributing factor to the scarcity of veils and larvae in this study. 

 

Batch fecundity in Cape monkfish was estimated at 136 732 oocytes (± 29 228.54), which is 

lower than fecundity in L. budegassa mean 218 020 (Colmenero et al., 2013) 

and L. americanus 838 900 (McBride et al., 2017) of the same genus. However, no large fish 

(> 75 cm TL) were used in this study, which might have contributed to the lower batch fecundity 

in Cape monkfish, compared to other Lophius species. The fish size and the number of oocytes 

linearly correlated in this study, as noted in other Lophius species (Yoneda et al., 2001; 

Colmenero et al., 2013; McBride et al., 2017). Our study is the first to estimate fecundity in 

Cape monkfish, an aspect important for stock assessments (Trippel et al., 1997). Large 

spawning females are more fecund than smaller fish, which has implications for the 

management of this commercially exploited species because, with high levels of exploitation 

targeting mostly large individuals, the populations lose the buffering capacity provided by the 

exceedingly fecund large fish (Trippel et al., 1997). Fishing mortality of large fish leads to a 
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contracted spawning period for the whole population (Trippel, 1995). This study does not 

provide evidence of whether this fecundity is annual or seasonal because the number of veils 

released by this species annually is unknown since only one veil was recorded in Period 2. The 

presence of developing oocytes together with fully matured oocytes in the female ripe ovaries 

(Stage IV) observed during Period 2, might suggest that the Cape monkfish releases multiple 

batches within the spawning season, as suggested in McBride et al. (2017) for L. 

americanus and in Yoneda et al. (2001) for L. litulon. However, this seems unpredictable 

because the release of a whole veil implies that all oocytes (both mature and immature) are 

released, leaving no oocytes behind to mature into spawnable oocytes at a later stage. The fate 

of the developing oocytes that are released in the veil is therefore unknown and needs further 

investigation. 

 

Several questions arose during this study, and some remain unanswered. For instance, although 

variations were observed in the monthly proportions of various maturity stages, the bulk of fish 

was in Stage II. It is not known how long a fish spends in a particular stage, but very few ripe 

and running ovaries gonads were recorded throughout the year, suggesting that fish probably 

spend a very short time in Stage IV, for example, 24 hours. Because only one veil was found, 

possibly excretion takes only a few minutes, making it more difficult to encounter them. 

Samplers may be influenced by the size of the individual and not by the characteristics of the 

gonad, leading to possible bias. A caveat may exist in Stage II classification because this stage 

contains both the virgin fish and mature resting adult fish. It is macroscopically impossible to 

differentiate the two groups, apart from their length, which is not precise. Fish in Stages II and 

V look similar macroscopically and can easily be mixed up. 

 

The scarcity of information on the spawning frequency in Cape monkfish has been noted 

previously (Maartens & Booth, 2005; Walmsley et al., 2005). However, based on a reproduction 

study on L. americanus, there is a possibility that large female monkfish may spawn more than 

once a year (Johnson et al., 2008), although L. americanus spawn once a year (Afonso-Dias & 

Hislop, 1996). The work by Duarte et al. (2001) identified protracted spawning in L. budegassa. 

Information on spawning frequency for any species is crucial for estimating its reproductive 

potential (Yoneda et al., 2001). 

 

Gear restrictions, (e.g., the mesh size in commercial fishing activities) limited the number of 

juvenile fish sampled. Additionally, the restriction of the commercial trawling within the 200 m 
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depth zone, led to under-sampling in the < 200 m depth stratum because it was only sampled 

during the monkfish annual swept-area biomass survey which has no spatial trawling 

restrictions. The technique of counting eggs using a stereo microscope is very lengthy and 

tedious. Future studies should employ other methods, such as automated particle counting. The 

October closed season for the hake fishery also affects the monkfish fishery (especially wet 

vessels that provide samples for the port sampling programme), consequently, fewer samples 

were collected during October than in the other months.  

 

In conclusion, this study makes important contributions to the reproductive strategy and 

maturation dynamics of Cape monkfish in the Namibian marine waters. Our most important 

results include the evidence of the veil which was not observed in previous studies and the 

estimation of batch fecundity of 136 732 oocytes (± 29 228.54). Empirical evidence from this 

study suggests female fish tend to outnumber males spatially and temporally and at any size 

class. Male Cape monkfish mature at a smaller size than female fish as also demonstrated in 

Period 1; however, there is no significant change in the length at maturity (L50) for female and 

male fish. Cape monkfish appear to spawn throughout the Namibian coast with consecutive 

spawning hotspots in areas between 22⁰ and 26⁰ S, mainly in the deeper waters.  

 

The months of July to September were identified as the peak spawning season. The primary 

drivers of reproductive traits, reported here, such as sex ratio, length at maturity, spawning 

season, and spawning ground are relevant for sustainable management because they influence 

population parameters. For the Namibian Ministry of Fisheries and Marine Resources to 

sustainably manage this resource by protecting the spawning stock, the identified spawning 

areas between 22⁰ and 26⁰S should be protected by means of closure or limited fishing activities, 

and a month between July and September should be chosen as a closed season for monkfish 

fishery. This study provides significant reproductive trait information such as sex ratio, 

spawning season, and gonadal maturation process which are critical in understanding the life 

cycle, and they are thus relevant in defining management measures (Sauer & Lipinski, 1990; 

Pankhurst & Munday, 2011; Colmenero et al., 2013). 
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Chapter 5: Comparison of the historical and contemporary age and growth of Cape 

monkfish in Namibia 

 

 

 
Cape monkfish illicia section as seen under a microscope (photo credit: Collette 

Mwanangombe) 
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5.1 Introduction 

Information on the age and growth rates of fish is crucial for estimating population productivity 

and resilience to external factors such as fishing pressure and climate change (Buxton, 1993; 

Landa et al., 2002; Fariña et al., 2008). Several fish growth models, including the widely used 

somatic growth equation, the von Bertalanffy growth function (VBGF), require an accurate 

portrayal of growth because age and growth are important inputs in these models (Johnson et 

al., 2007; Landa et al., 2008; Snover, 2008; Ogle & Isermann, 2017). A comprehensive 

understanding of key fish species traits, such as life span, age at recruitment and age at sexual 

maturity, is derived from data on age and growth (Preciado et al., 2006; Landa et al., 2018). 

Information derived from growth and age studies is significant in decision making and 

management plans of fish populations (Griffiths & Hecht, 1986; Farthing et al., 2016).  

 

Accurate information on the age and growth of fish is significant for fisheries management 

although, at times, age information is both expensive to attain and susceptible to errors (Kathena 

et al., 2018). Life-history traits such as length and age-at-maturity are dynamic, mostly due to 

external factors such as fishing pressure (Buxton, 1993; Hewett & Kraft, 1993; Lappalainen et 

al., 2016). There have been difficulties in determining accurate age and growth in various fish 

species globally (Griffiths & Hecht, 1986; Maartens et al., 1999; Salvanes et al., 2018), 

difficulties which are frequently attributed to the structure used for age determination, such as 

otolith, illicia, scales, and vertebrae (Griffiths & Hecht, 1986; Maartens et al., 1999; Salvanes 

et al., 2018).  

 

Spatial variations in the age distribution and growth rates have been observed in several species. 

For example, Adams (2017) documented variation in depth distribution in Atlantic butterfish, 

Peprilus triacanthus, in the north-west Atlantic Ocean. They found that ages 2 and 3 were found 

farther north-east and deeper than age 1, while in the fall, age 3 butterfish were found farther 

north-east and deeper than ages 0. Evidence of significant seasonal and spatial variations in 

growth rates of the same species has also been documented by Buxton (1993), Beckman and 

Wilson (1995) and Fablet et al. (2011). Various environmental or physiological changes within 

habitats are often key drivers of fish growth (Griffiths & Hecht, 1986). As such, growth curves 

and other life-history traits of the same species may vary depending on the environmental 

variables, genetics, fishing pressure and food availability (Hewett & Kraft, 1993; Sandstrom et 

al., 1995). Studies (e.g., Thresher et al., 2007) focusing on the comparison of growth parameters 

between different periods can provide much-needed insight into the effects of climate change 
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and exploitation pressure (Rochet, 1998) on various marine resources. Additionally, some 

studies have found climate-induced distributional changes over time (Perry et al., 2005; du 

Pontavice et al., 2021). Spatial information is critical for improved management of commercial 

fishery species, especially of those fisheries inhabiting climate change hotspots. 

 

Cape monkfish are a valuable resource to the Namibian fishing industry, where it is managed 

through TAC (Maartens et al., 1999; Maartens & Booth, 2001a; Kathena et al., 2018), and 

where information on age and growth serves as input in the Stock Assessment Model of this 

species (Maartens et al., 1999; Maartens & Booth, 2001a). Illicia are mostly used in monkfish 

age and growth studies because they are easy to collect, read and they provide accurate age 

results (Maartens et al., 1999; Walmsley et al., 2005; Fariña et al., 2008; Şenbahar & Özaydin, 

2020). Since changes in growth rates influence the productivity of stocks, such changes must 

be incorporated into stock assessment models. Cape monkfish is a slow-growing species 

(Griffiths & Hecht, 1986; Maartens et al., 1999; Walmsley et al., 2005) that lives for more than 

10 years (Fariña et al., 2008). Historical spatial data (ICSEAF, 1984) point to areas off Walvis 

Bay (23º–25ºS) and near the Orange River (28º35’S) as nursery areas based, on the presence of 

0-year-old fish. Although the age and growth characteristics of Cape monkfish have been 

described previously (Griffiths & Hecht, 1986; Maartens et al., 1999), providing crucial 

information on the life-history traits of this species, to date no study has compared growth 

parameters of Cape monkfish between historical and contemporary times. As a result, there is 

no information on whether there has been any spatial or temporal variation in the age and 

growth structure of this species over time.  

 

This chapter aimed to provide comparisons of the age and key growth parameters; L∞, K and 

t0 between the historical (1994–1996, Period 1) and contemporary (2014–2016, Period 2) times 

and to explore any spatial change in the distribution of different life stages of Cape monkfish. 

To do this, the age and growth of Cape monkfish and the spatial distribution of the different 

age classes between the two periods were compared. This information was related to recent 

changes in the environment and levels of exploitation in the region.  
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5.2 Materials and methods 

5.2.1 Study area 

This study was conducted in the Namibian marine waters, as described in Chapter 2. For 

Period 1 (Maartens et al., 1999) fish were captured using commercial fishing vessels, for which 

there is no geographic information provided. For this chapter, Period 1 refers to the study by 

Maartens et al. (1999). For Period 2, the samples were collected during monkfish surveys which 

follow predetermined stations described in Chapter 2 (Figure 2.3).  

 

5.2.2 Field sampling 

For Period 1 (Maartens et al., 1999) sagittal otoliths and illicia were collected from 607 Cape 

monkfish specimens ranging in size between 9 and 96 cm TL. The samples were collected 

between 7 September and 14 October 1996 on board the Norwegian research vessel, Dr Fridtjof 

Nansen. An additional 570 samples of Cape monkfish were obtained from the monkfish fishing 

vessels between March 1997 and March 1998. Most samples used for the Period 1 study were 

taken at depths ranging between 200 and 450 m using either 75 or 110 mm mesh cod-ends. For 

historical studies (Maartens et al., 1999), no original field data were available, thus only the 

study description, methods used (limited) and the results were compared to the contemporary 

study. Similarly, no actual samples from Period 1 were available for reading. 

 

For Period 2 (this study), a total of 852 Cape monkfish samples ranging in size from 9 to 

96 cm TL were used. The samples were collected during monkfish annual biomass surveys of 

November 2014, November 2015, and November 2016 at a depth of 98–909 m using a cod-end 

mesh size of 133 mm with a 50 mm blinder installed inside the cod-end. The fish were generally 

collected at random but ensuring that the very large and smaller fish were collected. This was 

important because these individuals are hard to come by and not selecting them might lead to a 

gap in the sample collection. Otolith collected during the monkfish annual biomass surveys of 

November 2014, November 2015 and November 2016 were read and the subsequent age data 

were compared to Cape monkfish age data collected from 1996 to 1998 in Period 1.  

 

Standard data collection methods were used during both periods. Fish were worked up 

immediately after capture. Biometric data such as total length (TL, ± 0.1 cm, recorded to the 

nearest cm below), sex, whole weight, and gutted weight (± 0.1 g) were recorded. Illicia were 

collected and stored dry in labelled manila envelopes. Fish were aggregated into males, females, 
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or juveniles. Cape monkfish have several dorsal fin rays, but the first one close to the mouth is 

called an illicium. For each individual, it was cut off at the base with a pair of scissors.  

A comparison between the historical age and growth patterns (Period 1) and the present study 

(Period 2) was conducted. The aspects of age and growth were compared for the Namibian 

Cape monkfish, using the same fishing depth range (between 200 and 450 m) and the same fish 

size range (between 9 and 96 cm TL), using identical equations as described below. However, 

no consideration was given to the geographical position because the Period 1 study did not 

provide information on the geographical position where the samples were taken. The Period 1 

study used age and growth data collected during monkfish fishing activities and the hake annual 

biomass survey, while the contemporary study used data collected during the monkfish annual 

biomass survey; as such, the sampling gear used differed. 

 

Pilot study 

Prior to any analysis, a pilot study involving 43 otoliths and 14 illicia from Cape monkfish was 

conducted to determine the most suitable hard structure to carry out the objectives of this 

chapter. The otoliths and illicia were collected from the same specimens caught off Namibia in 

2017. Otoliths were collected, cleaned with saline water, and laid out individually onto the 

solidified resin in the silicon tubs, together with their labels. Another layer of resin was poured 

into the silicon tubs to embed the otoliths overnight. Once solidified, a double-bladed, diamond-

edged saw was used to slice the otoliths transversely at a 0.2–0.9 mm thickness. Similar to what 

was reported in Period 1 (Maartens et al., 1999), the pilot study showed that Cape monkfish 

otoliths are irregular in shape and thickness. The growth zones in otoliths were unclear and 

difficult to read compared to the illicia, so they are therefore not the best structure to be used in 

age determination of Cape monkfish, as was also suggested in Maartens et al. (1999). Hence, 

only data derived from sectioned illicia were used for age determination in this study. 

 

5.2.3 Laboratory analysis 

Illicia preparation 

Period 1 used illicia sectioned to 0.2–0.5 mm at 0.5 cm from the base using a double-bladed 

diamond saw. The illicia sections were mounted on microscope slides with DPX mountant, 

illuminated using transmitted light and read under a binocular stereo microscope at 20x 

magnification. For Period 2, Luxor resin mixed with a catalyst (hardener) was poured onto 

silicon tubs and allowed to solidify for 24 hours. The illicia base sections were carefully laid 

out individually onto the solidified resin in the silicon tubs, together with their labels, and 
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another layer of resin was poured into the silicon tubs to embed the illicia (Figure 5.2). A 

double-bladed, diamond-edged saw was used to slice the illicia transversely (between 0.2 and 

0.5 mm) approximately 0.5 cm above the base (as per the methods of Maartens et al., 1999). 

The illicia slices were mounted onto microscope slides which were prepared as per the methods 

described in Landa et al. (2002).  

 

  
Figure 5.1: Photographs of (a) the first dorsal spine (illicium) being cut off of Cape monkfish, 
Lophius vomerinus caught off Namibia and (b) the resultant illicium (Picture credit: Manga 
Simasiku, 2019).  

 

 
Figure 5.2: The silicon tub mould with a base layer of solidified Luxor resin, labelled paper 
and the 0.5 mm sectioned illicia sample of Cape monkfish, Lophius vomerinus, caught off 
Namibia. 
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Illicia reading and age determination 

Illicia reading was done by three readers, two experienced readers and me. The numbers of 

translucent zones were counted from the nucleus towards the post-rostrum edge of the illicium 

section using a Zeiss compound microscope at 40× magnification, under reflected light. The 

clarity of the increment patterns was categorised as high or low, and those that were considered 

low were excluded from the analyses. 

  

Age validation 

It was assumed that a singular annulus is deposited annually, based on the findings of Griffiths 

& Hecht (1986) and Maartens et al. (1999). Thus, it was assumed that an opaque and a 

translucent zone, which appears as a wide light and narrow dark ring, respectively, under 

reflected light, is deposited each year (see Figure 5.3). 

 

 
Figure 5.3: A transverse cross-section of a 55 cm (TL), 8-year-old female Cape monkfish, 
Lophius vomerinus, illicium collected in April 2016, off the coast of Namibia. Yearly growth 
increments are dotted (Picture credit: Collette Mwanangombe, 2016). 

 

 

5.2.4 Data analysis 

Growth model 

For comparative purposes, the age and growth modelling used by Maartens et al. (1999) was 

also followed during Period 2. A general, three-parameter VBGF (Ricker, 1975) was fitted to 
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the observed length at age data for each sex and the pooled data (males, females and fish of 

unknown sex). The VBGF was also used in Period 1 to determine the length at age, calculated 

based on the Beverton and Holt (1957) equation below: 

 

 Lt = L∞(1 − e(−K(t−t0)))        (Equation 5.1) 

 

where Lt is the length at age t, L∞ is the maximum observed length, K is the growth coefficient, 

and t0 is the theoretical age at zero length.  

 

The VBGF parameters, L∞, K and t0 were obtained based on the lowest residual sum of square 

(RSS) determined using the Microsoft Excel Solver. Using Microsoft Excel, a likelihood ratio 

test (LRT) (Cerrato, 1990) was used to test the difference between the growth curves of males 

and females. The growth curves between females and males were also compared in Period 1 

(Maartens et al., 1999).  

 

Length-weight relationship 

A power curve model was fitted to the observed length-weight data for each sex separately, and 

then to the pooled samples to estimate the a and b parameters, using the least-square method as 

described in (Ricker 1973) (also see Maartens et al., 1999). The length-weight relationship 

(LWR) equation is described as follows: 

 

𝑊 = 𝑎𝐿^𝑏         (Equation 5.2) 

 

where a is the condition factor, and b is the regression coefficient of the length-weight curve 

(providing information about the fish growth), the allometric factor, L is the total length (cm 

TL), and W is the body wet weight (g) (Ricker, 1975; Basusta et al., 2013). When b = 3, the 

increase in weight is isometric, b < 3, the fish attains more length than weight and this is 

negatively allometric; b > 3, is the opposite and the growth is positively allometric (Tesch, 

1971; Hamid et al., 2015). 

 

Spatial and temporal age distribution 

A spatial analysis of the age distribution was conducted for the Period 2 data. Fish were grouped 

into the age classes: (i) 0 years, (ii) 1–4 years, (iii) 5–8 years (iv) 9–12 years and (v) 13–16 

years. These data were then compared to previously/historically identified known life-history 
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stage hotspots, for example, nursery habitats (based on ICSEAF data of 1984). Data analysis 

was performed using R version 3.3.1 (R Core Team 2018, http://www.r-project.org/) and 

accompanying open-source interface Rstudio v0.99.902 (RStudio 2018). All spatial data were 

visualised on a Geographic Information System (GIS) ArcGIS 10.8 Software) (URL 

https://www.arcgis. org/). 

 

 

5.3 Results 

5.3.1 Longevity 

Period 1 analysed 554 illicia with a total of 67 (12.1%) sectioned illicia rejected as unreadable, 

in the end, only 487 illicia were considered. Period 2 used 894 sectioned illicia and 42 (4.7%) 

were rejected; in the end, only 852 illicia were readable and used to determine the age and 

growth patterns of Cape monkfish. During age interpretation, it was observed that the opaque 

zones tended to split in two, while one side of the sectioned illicia remained intact, further 

hindering the interpretation of age readings. The split of the opaque zone was also observed in 

the historical Period 1. 

 

The mean age in Period 1 was 4.40, while in Period 2 it was 5.49. Fish of age 2 were numerous 

(20.3%) in Period 1, while fish of age 5 (18.3%) were numerous in Period 2. The maximum age 

of fish was 11 years during Period 1 and 16 years during Period 2. Considering only the age 

results derived from illicia, the age demographic appeared truncated/shortened (without the 

older individuals) in Period 1 with 7.5% of fish over eight years. In contrast, 16.2% of the fish 

aged in Period 2 were older than eight years (Figure 5.4).  
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Figure 5.4: Age distribution frequency (%) of Cape monkfish, Lophius vomerinus, caught off 
the coast of Namibia (a) for 1996 - 1998 (Maartens et al., 1999), and (b) for 2014 - 2016.  

 

5.3.2 Growth comparison 

The oldest Cape monkfish found in Period 1 was 11 years old, while that found in Period 2 (the 

contemporary study) was 16 years old. In terms of sex, the oldest female was 16 years old in 

Period 2 (Table 5.1). Period 1 showed a maximum age of 11 years but it was not clear whether 

the oldest individual was male or female. Females tended to be smaller during Period 1 (max. 
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length = 96 cm TL) than during Period 2 (max length = 119 cm TL), whereas males in Period 

1 were larger (max. length = 72 cm TL) than the males in Period 2 (max. length = 63 cm TL).
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Table 5.1: Age, sample size, total size range, mean observed length (standard deviation) and expected lengths-at-age determined from female 

(n = 473), male (n = 339) and pooled samples (n = 852) of Cape monkfish, Lophius vomerinus, sampled during November 2014, 2015 and 2016 

off the coast of Namibia. 

Female Male Male + Female + Unknown 
Age n Total Size 

range 
(cm) 

Mean 
observed 
length (cm) 

Expected 
length 
(cm) 

Age N Total Size 
range (cm) 

Mean 
observed 
length (cm) 

Expected 
length 
(cm) 

Ag
e 

n Total 
Size 
range 
(cm) 

Mean 
observed 
length (cm) 

Expected 
length 
(cm) 

0 3 15 -20 17±1.73 2.65 0 4 16-18 17.25±17.55 3.70 0 38 9-20 13.63±3.24 3.30 
1 17 17 -26 21.71±15.39 11.08 1 15 18-25 20.80±15.46 13.67 1 41 14-26 20.27±15.50 12.69 
2 49 19-31 24.78±15.07 18.89 2 52 20-30 24.98±15.12 22.14 2 101 12-31 24.75±15.08 21.15 
3 17 27-34 30.47±14.94 26.15 3 22 25-34 30.05±14.83 29.33 3 39 25-34 30.23±14.83 28.77 
4 41 30-42 34.39±14.98 32.87 4 50 29-44 34.54±13.78 35.44 4 91 29-44 34.47±13.78 35.63 
5 79 33-52 39.63±13.60 39.11 5 77 32-48 39.23±13.70 40.63 5 156 32-52 39.43±13.54 41.81 
6 52 38-52 45.35±14.14 44.90 6 45 37-53 45.22±14.25 45.04 6 97 37-53 45.29±14.11 47.38 
7 49 44-57 50.53±14.81 50.27 7 44 44-55 49.52±14.84 48.79 7 93 44-57 50.05±14.81 52.40 
8 40 49-63 54.53±15.67 55.25 8 18 48-62 52.50±15.46 51.97 8 58 48-63 53.90±15.50 56.92 
9 37 50-79 58.73±15.13 59.87 9 10 51-61 57.00±15.75 54.68 9 47 50-79 58.38±15.13 60.99 

10 21 58-70 62.62±16.40 64.16 10 1 62 - 56.97 10 22 58-70 62.69±16.4 64.66 
11 28 61-73 66.96±17.59 68.14 11 1 63 - 58.93 11 29 61-73 66.83±17.59 67.97 
12 20 65-77 71.55±17.61 71.83 12 0 - -   12 20 65-77 71.55±17.61 70.95 
13 14 73-84 78.50±17.55 75.25 13 0 - -   13 14 73-84 78.50±17.55 73.63 
14 3 86-89 87.33±17.55 78.42 14 0 - -   14 3 86-89 87.33±16.49 76.04 
15 1 94 - 81.37 15 0 - -   15 1 94 - 78.22 
16 2 89-96 - 84.10 16 0 - -   16 2 89-96 92.5±3.61 80.18 
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The results of the von Bertalanffy growth function for the two periods are presented in Table 

5.2 and in Figure 5.5. There were no significant differences between the growth curves of males 

and females in Period 2 (F = 0.65, p = 0.58). However, significant differences between males 

and females for both the survey (F(6.604) = 19.82, p < 0.001) and commercial data (F(1.559) = 

17.85, p < 0.001) were observed in Period 1. The growth curve in Period 1 was Lt = 94(1 − 

e(−0.10(t−(-0.31))) and for Period 2 was Lt = 98(1 − e(−0.10(t−(-0.33))) for pooled data. The 

rate at which females reached Lif (K) in both periods was similar (K = 0.08). Additionally, K 

was also similar (K = 0.10) for pooled data in both periods.  

 

In Period 2 Cape monkfish attained a greater asymptotic length (L∞) of 119 cm, 69 cm and 

98 cm for female, male and pooled fish, respectively, as compared to 112 cm, 72 cm and 94 cm 

for female, male and pooled fish, respectively. The K value (the rate at which the fish reach 

Lif) was similar (K = 0.08) for females in both periods. The males in Period 2 had the highest 

K value (K = 0.16) compared to the males (K = 0.14) in Period 1 (Figure 5.5 and Table 5.2). 

 

 
 

Figure 5.5: Relationship between age and total length for female, male, and pooled Cape 
monkfish, Lophius vomerinus, off the coast of Namibia for the Period 1 (1996–1998, Maartens 
et al., 1999, n = 487) and the Period 2 dataset (2014–2016, n = 852). 
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Table 5.2: A comparison of the von Bertalanffy growth function parameter estimates for length 

at age data of female, male, and pooled Cape monkfish, Lophius vomerinus, in Period 1 (1996–

1998, Maartens et al., 1999) and Period 2 (2004–2006, this study), off the coast of Namibia. 

Sample sizes (n) are given, along with K, L∞, and t0. 

Period 1 Period 2 
Sex N L∞ K t0 (years) N L∞ K t0 (years) 
Female 193 112 0.08 -0.36 473 119 0.08 -0.30 
Male 249 72 0.14 -0.30 339 69 0.16 -0.34 
Pooled 487 94 0.10 -0.33 852 98 0.10 -0.33 

K = growth coefficient, L∞ = maximum total length, t0 = theoretical age at zero length. 

 

5.3.3 Length-weight relationship 

Period 1 yielded W = 0.01L2.97, (r2 = 0.98) for females and W = 0.01L3.03 (r2 = 0.98) for males 

while Period 2 yielded the length-weight relationship (LWR) for females as W = 0.07L2.63 (r2 

= 0.95), and males: W = 0.16L2.38, (r2 = 0.88) (Figure 5.6a). Both female and male fish in both 

periods showed rapid, almost linear, growth up until about 50 cm. At total length of less than 

65 cm for males and 78 cm for females, Cape monkfish in Period 2 were heavier (Figure 5.6a) 

than in Period 1 at the same length (Figure 5.6 b). Larger females and males in Period 2 were 

lighter than fish of the same length in Period 1 (Figure 5.65a and b). The LWR regression 

coefficient b values of female and male fish in Period 1 were approximately 3.0, thereby 

representing isometric growth, an indication of an ideal shape of fish. The LWR regression 

coefficient b values for both male and female fish in Period 2 were less than 3.0, indicating a 

negative allometric growth (Table 5.3). 
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Figure 5.6: Length-weight relationship of female, male and pooled data Cape monkfish, 
Lophius vomerinus, off the coast of Namibia according to (a) the Period 2 dataset (2014–2016, 
n = 852) (b) Period 1 dataset (1996–1998, Maartens et al., 1999, n = 607). [Note: Figure 5.6 
(b) was adapted from Maartens et al. (1999) because no data were available to generate the 
length-weight relationship for Period 1 samples.] 
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Table 5.3: Length-weight relationships between total length (cm) and wet weight (g) for 

female, male fish, and pooled data in Period 1 and Period 2 for fish sampled off the coast of 

Namibia. Samples were collected during 1996–1998 and 2014–2016 in Periods 1 and 2, 

respectively.  

Period 1 Period 2   
Sex N A B r2 n a B r2 
Female 306 0.01 2.97 0.98 473 0.07 2.63 0.95 
Male 301 0.01 3.03 0.98 339 0.16 2.38 0.88 
         

a = is the condition factor, and b is the regression coefficient of the length-weight curve. 

 

 

5.3.4 Spatial-age distribution 

The 0-year-old fish were distributed between 22⁰ and 26⁰S in shallower waters of < 250 m 

during Period 2. Fish between 1 and 4 years old were found along the entire coast at depths of 

less than 300 m. The oldest fish (between 13 and 16 years old) were found from the Central 

region southwards and generally deeper than the other age classes (Figure 5.7).  

 

 
Figure 5.7: Spatial-age distribution of Cape monkfish, Lophius vomerinus, sampled off the 
coast of Namibia during Period 2 (between 2014 and2016, n = 848). Map constructed in 
ArcGIS 10.8 Software. 
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5.4 Discussion 

While basic age and growth information of Cape monkfish has been reported previously 

(Griffiths & Hecht, 1986; Maartens et al., 1999), this study provides the first spatio-temporal 

analysis on the age and growth of this species. Results from Period 2 are comparable to Period 1 

results in several ways, but they include some important differences. There were no differences 

in the growth curves between Periods 1 and 2. There were also no significant differences in the 

growth rate between males and females. These results are unexpected and suggest that both 

male and female fish have similar growth curves, contrary to what was previously reported 

(Maartens et al., 1999). However, some differences were observed between Periods 1 and 2, 

including a reduction in population age truncation and a potential shift in the nursery habitat of 

the species. These differences suggest that other changes may occur, and that these may, in 

turn, influence growth over time, and they suggest that monitoring growth will be important 

during the Anthropocene. Results indicate that the population was more truncated in Period 2, 

evidenced by the fact that the female Cape monkfish attained an asymptotic TL of 119 cm in 

Period 2, while in Period 1, it was 112 cm. Male Cape monkfish attained an asymptotic TL of 

69 cm, while in Period 1 it was 72 cm. 

 

There were no differences in the growth rates between period 1 and 2. The species appears to 

be relatively resilient to the impacts of overexploitation and climate change. Similar growth 

curves were reported between Period 1 and Period 2 samples. It is evident (from Figure 5.6) 

that the female curve from Period 2 is close to the Period 1 female curve. Similarly, the male 

curve from Period 2 is similar to the male curve from Period 2. However, it is important to note 

here that in Period 2 older specimens were collected than in Period 1. Consequently, differences 

in maximum age were observed between the two periods. The presence of older individuals in 

Period 2 is probably not a climate signal, but rather a consequence of extensive sampling in 

Period 2. an ontogenetic offshore habitat shifts with age was also noted. 

 

When comparing Period 2 results on life-history traits of Cape monkfish, with those published 

in Period 1 (Maartens et al., 1999), the various parameters reflect differences, for example, in 

the life span. Results from Period 2 suggest a longer life span because of the 16-year-old 

individual found in Period 2 as opposed to the oldest individual of 11 years in Period 1 

(Table 5.3). At the time of Period 1, the monkfish fishery was relatively new (see Chapter 6) 

as compared to the current study (Period 2); as such, greater depths and some geographical 

areas were possibly not exploited in the past as they were in Period 2, possibly leading the older 
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individuals being missed in Period 1. Given the tendency for larger fish to be females, the 

increased proportion of females (55%) in Period 2 compared to Period 1 (40%) may have also 

contributed to the larger maximum age observed in Period 2.  

 

A similarity between Periods 1 and 2 is that female fish in both periods attained a larger 

asymptotic size and reached an older age than males. This is a common trait in other Lophius 

species such as L. americanus (Richards et al., 2008) and this result accords with earlier 

reproduction work (Chapter 4) where mature female fish house large egg veils, which 

necessitate the females growing larger than males. A longevity gender gap is common in fishes 

(e.g., Antimora rostrata; Fossen & Bergstad, 2006, L. americanus; Richards et al., 2008, 

Oryzias latipes; Gopalakrishnan et al., 2013) and has been attributed to the sex difference in 

telomere length and oestrogen levels (Gopalakrishnan et al., 2013; Noreikiene et al., 2017). 

This difference can contribute significantly to population persistence as large females are 

critical for maintaining population reproductive potential. The comparatively shorter male life 

span, reported in both Periods 1 and 2, has been already reported for other Lophius species 

(Richards et al., 2008; Şenbahar & Özaydin, 2020), but it warrants further investigation. 

 

Sectioned illicia of Cape monkfish showed noticeable growth rings, which consisted of both 

an opaque zone and a translucent zone, interpreted altogether as one year. Younger fish up to 

the age of six years old were easier to read than older fish. This result contrasts with that of 

some other species, for example, Farthing et al. (2016) found it easier to determine the age of 

older Rhabdosargus holubi fish than for younger fish. While most sectioned illicia 

demonstrated a clear increment pattern, some were difficult to read, resulting in a 4.7% 

rejection. The 4.7% rejected samples in Period 2 is an improvement on 12.1% rejected 

sectioned illicia in Period 1 (Maartens et al., 1999). These disparities can be attributed to the 

differences in the level of the age determination experience. The readers in Period 1 might have 

been less experienced than those in Period 2. Maartens and Booth (authors for the Period 1 

study were not experienced otolith readers – Potts. pers. Comm.) The researcher (Erasmus) for 

Period 2 is a relatively new reader, but the other two readers from Period 2 have more than five 

years of reading experience. The potential differences between experienced and inexperienced 

readers can affect accuracy verification and precision of fish age determination (Campana, 

2001). 
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When comparing fish age in Period 1 to fish age in Period 2, it was noted that most fish in 

Period 1 were from age group 2 (20.3%); fish in age group 5 (18.3%) were numerous in 

Period 2 (Figure 5.4). This difference can be explained by the recruitment size. The numerous 

fish in age group 2 in Period 1 suggests that the population had relatively good recruitment two 

years prior, consequently, this cohort dominated Period 1 samples. The numerous fish in age 

group 5 in Period 2 also shows relatively good recruitment five years earlier. Recruitment of 

fish species is said to be influenced by various factors, including levels of exploitation (Boyer 

et al., 2001), predation mortality on age 0-group, parental stock size (Neuenfeldt & Köster, 

2000) and environmental variables (Cury & Roy, 1989; Kujawa et al., 2015). It is well known 

that several factors, such as environmental parameters (Kujawa et al., 2015), food availability 

(Berrigan & Charnov, 1994; Massutõ et al., 2000), reproductive strategy (Massutõ et al., 2000) 

and exploitation influence the growth of fishes (Griffiths & Hecht, 1986). For instance, there 

was a pronounced Benguela Niño event in 1995 (Bartholomae & van der Plas, 2007; Hutchings 

et al., 2009). Based on the Bertalanffy growth curve for Period 2, the rate at which pooled 

samples of Cape monkfish reached Lif was identical (K = 0.10) to Period 1, with a rapid growth 

curve in the first five years of life resulting in fish attaining an average size of 40 cm (TL), 

followed by considerably slower growth in the remaining years (Figure 5.6 and Table 5.2). The 

similar growth curves of Cape monkfish observed in both Periods 1 and 2, however, suggests 

that anthropogenic stressors such as climate change and exploitation were not significant 

enough to bring about changes in the growth curves between the two time periods. It is also 

possible that this species is resilient to changes in these factors. For instance, although there is 

an increasing concern over the decrease in oxygen in this region (Bartholomae & van der Plas, 

2007; Hutchings et al., 2009), monkfish can tolerate relatively low levels of oxygen (Woodhead 

et al., 1996). A comparative study on the diet composition of Cape monkfish between the 

historical and contemporary times (Chapter 3 of this study), showed that Cape monkfish has 

wide trophic adaptability, hence food availability is not likely to influence its growth pattern. 

 

Changes in the growth curves of fishes are concerning, particularly with commercially 

important species, as these changes can be used as indicators for both exploitation pressure and 

climate change (Rochet 1998). Generally, species characterised by large size, late maturity, 

slow growth, low mortality rate and a long lifespan are particularly susceptible to overfishing 

(Freitas et al., 2019). While trends obtained in Period 2 showed that Cape monkfish is a slow-

growing and long-lived fish species (as was also previously noted in Maartens et al. (1999)), 

no major changes in most of the biological parameters in this species were found. It appears 
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that fluctuations in the biological parameters, such as a change in growth rate, are more 

common in fast-growing species such as Cape horse mackerel (Kirchner et al., 2010). 

Both female and male Cape monkfish fish during Period 1 exhibited isometric growth (b = 3) 

(i.e., they followed an ideal shape of fish, Tesch, 1971). On the other hand, the length-weight 

relationship (LWR) regression coefficient b values for both male and female fish in Period 2 

indicated a negative allometric growth (b < 3). This means that, historically, both female and 

male fish were growing more in length than in weight when compared to females in Period 2. 

It is not uncommon for fish of the same species to exhibit variation in growth patterns. Able et 

al. (2007) also observed allometric shift (body proportions changing) in L. americanus of the 

same genus, during the transition from the juvenile to the adult phase. Growth (in length) is the 

same between the two periods, but the larger fish are lighter in Period 2, than fish of the same 

length in Period 1. The differences in weight at length has implications for the monkfish fishing 

industry because fish is sold by weight. The rightholders would now have to sell more fish (in 

number) for the same weight. A reduction in fish weight (poor body condition) may be linked 

to influences from external factors such as environmental variables (e.g., water temperature 

and salinity), food availability and geographical distribution (Kjesbu et al., 1998; Hossain et 

al., 2006). Boveng et al. (2020) linked the poor body condition of phocid seals (Histriophoca 

fasciata, Phoca largha and Phoca vitulina richardii) to the rapid increase in water temperatures 

in the Bering Sea and Aleutian Islands. The general warming of the marine waters globally has 

led to a decrease in the average sizes of individuals within populations of many commercially 

exploited species (Simpson et al., 2013). Differences in the length-weight relationship between 

the two periods can be attributed to different oceanographic conditions between the two time 

periods, which could affect the distribution, population structure, and growth patterns. The 

current environmental condition of the Namibian waters is characterised by a reduction in 

dissolved oxygen concentration (Shannon & O’Toole, 2003), warming events (Hutchings et 

al., 2009; Santos et al., 2012) and weakening of the upwelling intensity (Kirkman et al., 2013). 

These may influence food availability and the physiological processes of this species and may 

explain the observed differences. These changes have led to changes in species composition 

and abundance, some of which are food for Cape monkfish (see Chapter 3). The changes have 

been described as “regime shifts” in the Namibian marine waters, as documented by various 

authors (Boyer et al., 2001; Moloney, 2010; Heymans & Tomczak, 2016). The “Regime shift” 

resulted in a decrease in some prey species which are of high quality (e.g., sardine) and an 

increase in some prey species of poor quality (e.g., the pelagic goby) (Boyer et al., 2001; 

Erasmus et al., 2021a). Prey species with high energy density increase production in other 
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trophic levels when consumed (Dunlop et al., 2020). A recent paper (du Pontavice et al., 2021) 

has highlighted the climate‐induced decrease in biomass flow in marine food webs which has 

domino effects on predators and ecosystem production. 

 

Spatial analysis of the age distribution of Cape monkfish in the contemporary study identified 

key habitats for the various life-history stages. The 0-year-old fish were mostly distributed in 

shallow waters ranging from 166 to 290 m, between 22⁰ and 26⁰S. While no spatial data were 

available from Period 1, the results of Period 2 support historical evidence (ICSEAF, 1984) of 

identified nursery habitats, where 0-year-old fish were also found between 23ºS and 25ºS and 

at depths between 150 and 300 m. However, historical evidence showed 0-year-olds were 

found off 28ºS and around 23°S - 25°S (ICSEAF, 1984), which was not evident in Period 2, 

with only older fish between 5 to 16-years-old found in this habitat. The absence of 0-year-old 

fish off 28º35’S might be an indication that this habitat is no longer a Cape monkfish nursery 

area. These areas were defined as nursery areas over three decades ago (ICSEAF, 1984), and 

it is possible that, with time, these areas have changed. The reason for this is less understood, 

but what is known, is that many factors, including climate change and food availability, 

influence the distribution and abundance of juvenile fish in nursery habitats (Perry et al., 2005). 

Nursery areas might be more sensitive to disturbance than other areas. Changes in the nursery 

habitats, including the change in the size and availability of such areas have been linked to 

climate change, as a direct effect of changes in physiochemical characteristics of such nursery 

habitats (Perry et al., 2005; Rijnsdorp et al., 2009). No environmental data are available from 

1984, however recent observations from the 2011 environmental survey indicate that the area 

around 28⁰ had an average of 9.79 ⁰C bottom water temperature and 2.94 ml/l dissolved oxygen 

in 2011. Additionally, there is an extensive anthropogenic activity associated with diamond 

mining around this area (Kampf, 2007; Schneider, 2020) that might have caused disturbances 

and altered these habitats. Diamonds were discovered in 1908 off Namibia and mining has been 

ongoing since (Kampf, 2007). 

 

Fish at various stages of their life history tend to shift vertically or horizontally in response to 

factors such as environmental variables (Mendenhall et al., 2020). Ontogenetic distribution of 

fish in terms of size has been reported in many benthic fishes (Booth, 2000; Perry et al., 2005; 

Adams, 2017). In Period 2, fish between one and four years old were found along the entire 

coast in water less than 300 m depth, while the oldest fish (13 to 16 years old) were found from 

the Central region to farther south and deeper than 300 m. This suggests an ontogenetic spatial 
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habitat shift, with older fish moving offshore to deeper waters with age. The offshore 

movement to deeper waters with age is most likely in response to food availability (as shown 

in Chapter 3 of this study), and other conducive environmental conditions necessary for this 

demersal species to complete their life stages. Alterations in the depth distribution of benthic 

fishes in response to ocean warming have been reported in the North Sea (Perry et al., 2005). 

There is evidence, then, that the depth distribution of Cape monkfish may have changed over 

time, and this may have considerable consequences for the fisheries, mainly because of the new 

distribution of this resource. This study provides a good baseline from which distributional 

shifts can be monitored, and this spatial distribution analysis is important as it can be input into 

verifying the Cape monkfish spatial equilibrium assumption for the calculation of biological 

reference points (Adams, 2017), and hence should be a research priority in future studies. The 

study also provides the first comparison of the LWR of Cape monkfish, between the historical 

and the present times. These comparisons are important when evaluating and determining 

changes in the physiological status of the species, which can inform resource management 

decisions. A comprehensive understanding of these changes in a species’ life-history, coupled 

with historical environmental and fisheries data is critical for effective sustainable 

management. 

 

Some of the plausible causes of differences can be attributed to the consequences of several 

factors including, (1) the different periods of sampling (1996–1998 (throughout the year) and 

2014–2016 only in November), (2) the experience of age determining experts (3) sampling 

sites, (4) environmental conditions, and (5) different fishing pressures on the population during 

the two time periods. Dendrochronology studies (see Black et al., 2005; Black et al., 2012) in 

illicia of this species are recommended, as an attempt to understand the variation in 

environmental variables as a possible factor influencing the growth rate in this species. 

 

While this study provides a much-needed spatial perspective and temporal comparison, it is 

not without limitations. This study was limited in that fewer young fish (n = 41) and male fish 

(n = 339) were sampled in comparison to female fish (n = 473). Few males were caught during 

the biomass surveys, as is evident from the sex ratio presented in Chapter 4 of this study. This 

was not surprising as the proportion of male fish tends to reduce with age, which is not unusual 

for species in this genus (Colmenero et al., 2016; Afonso-Diaz, 1996). The average size at age 

in the earlier size classes (0 – 1 year old) may be overestimated due to the inherent selectivity 

of the sampling gear used. Additionally, samples collected and used for Period 1 had no 
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geographical position data (co-ordinates) hence spatial analysis on age distribution was done 

for the contemporary study only, but no comparison was possible.  

 

Another potential caveat was the different sampling methods between the two periods. Period 1 

used age and growth data collected during monkfish commercial fishing activities and hake 

annual biomass survey, while Period 2 used data collected during the monkfish annual biomass 

survey (in November each year between 2014 and 2016). Bias may well have been introduced 

into the comparison because of the difference in the sampling season and the sampling gear 

used; thus, there was no consistency in the sampling season and gear. The survey tends to 

explore a wide depth range while the commercial fish does not, mostly because of spatial 

fishing restrictions. Additionally, surveys use a much smaller mesh size as opposed to fishing 

nets used during commercial fishing activities. These differences might also influence the size 

composition of the samples. Sampling in one month (November) could influence the sample 

compositions because of factors such as migration when compared to sampling throughout the 

year.  

 

In conclusion, despite the limitations, this study has provided much-needed information on the 

comparison of the age and growth curve for Cape monkfish, both spatially and temporally. The 

results presented in this study show similarities and dissimilarities with the historical study. In 

general, the growth rate of Cape monkfish was similar, especially for pooled data and for 

female fish between the historical and contemporary times. In Period 1, significant differences 

were found between the growth curves of females and males, but no significant differences 

were detected between the growth curves of males and females in Period 2. This might suggest 

significant variations in the growth parameters between the two studies (rather than between 

sexes). No possible explanation could be attributed to this observation, hence further 

investigation is recommended. However, there have been notable changes in environmental 

condition and levels of exploitation pressure directed to Cape monkfish population in this 

region, between Periods 1 and 2. Single-sex movement, reported in Chapter 4, coupled with 

the diminishing number of males > 70 cm could be the underlying cause of variation in growth 

curves between sexes, but this change warrants further research, for instance, by investigating 

the telomere length. The main changes observed between Periods 1 and 2 are in longevity; fish 

in Period 2 were as old as 16 years, while fish in Period 1 only reached 11 years. The similarity 

lies in the rate (K) at which the fish attained the maximum length, but larger fish in Period 2 

were lighter than larger fish in Period 1, a factor that has implications for the fishing industry, 
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especially for the bigger fish which are sought after in the market (Erasmus et al., 2021b). 

There are no obvious differences in the growth pattern between Period 1 and 2, except that 

larger individuals were collected in Period 2 than in Period 1. Although these findings may 

suggest that, unlike Thresher et al. (2007), this species is not responding to changes in the 

thermal environment, this may simply be because of the short time differences (20 years) 

between the studies. 
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Chapter 6: Exploring possible spatial and temporal changes in the catch statistics of 

monkfish, Lophius vomerinus and Lophius vaillanti in Namibia 

 

 

A monkfish fishing net being dragged by MFV Kaume in Namibian waters; November 2020 

(photo credit: Eduardo Coastas Torres) 
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6.1 Introduction  

Globally, the fishing rate has been increasing due primarily to the demand for more food and 

because of improvements in fishing technologies (World Bank and FAO 2009). An increase in 

fishing activities has resulted in a growing concern over their impact on world fish populations 

and the marine ecosystem (Albaret & Laë, 2003; Watson et al., 2013; Potts et al., 2014). 

Extensive fishing pressure has resulted in changes in population structures of various marine 

species (Albaret & Laë, 2003; Worm et al., 2006; Hunter et al., 2015; Ben‐Hasan et al., 2018), 

including changes in the mean length of fish (Ben‐Hasan et al., 2018) and the abundance and 

distribution patterns of various fish species (Hilborn et al., 2017). The effect of overexploitation 

is exacerbated by the impacts of climate change, which adversely affect fish populations and 

marine ecosystems (Blamey et al., 2015; Tasker et al., 2000; Potts et al., 2014; Cisneros-Mata 

et al., 2019).  

 

The catch weight for any given species continues to be the most used measure to quantify 

fisheries production (Maunder & Punt, 2004), which is used as an indicator for overfishing 

(Moloney et al., 2005). However, various factors such as climate change cause shifts in the 

distribution of fish populations (Mendenhall et al., 2020), which can influence catches and can 

make management of these resources challenging. For example, the vertical and horizontal 

movement of fish is influenced by water temperature (Monteiro et al., 2008; Morley et al., 

2018). Vertical migration was reported in Lophius americanus western north Atlantic 

(Rountree et al., 2006). Similarly, L. americanus, L. budegassa, and L. litulon, of the same 

genus have been reported to display seasonal onshore-offshore movements in response to 

thermal conditions (Steimle et al., 1999). No known study in Namibia has investigated the 

possibility of vertical migration in monkfish off Namibia, however, Chapter 4 might suggest 

this possibility of both vertical migrations, and offshore-onshore migration. In Namibian 

waters, the intense Benguela Niño event in 1994/1995 was linked to a southerly shift (28ºS) in 

the biomass density of the deep-water hake, M. paradoxus, a commercially-important fishery 

species (Monteiro et al., 2008). This highlights the importance of spatial data in fisheries 

management. 

 

The inclusion of spatial data contributes to better decision-making (Booth, 2000; Geronimo et 

al., 2018; Everett et al., 2021) such as when determining which areas to close/protect. 

Therefore, an important strategy to formulate effective management plans is to collect and 

include information on the spatial and temporal changes in various fish stocks' catch statistics 
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(Walters, 2003; McCluskey & Lewison, 2008; Moutopoulos et al., 2020). Spatial data on 

catches and catch-per-unit-effort (CPUE) can be challenging to analyse, mostly because of 

differences in fishing gears and activities, and regulations, at any given time or area 

(McCluskey & Lewison, 2008; Geronimo et al., 2018). When spatial representation of catch 

and effort are omitted from stock assessment analyses, an assumption is made that catches are 

even over a fishing ground (including unfished and rarely fished grounds). This, however, 

creates uncertainty over the abundance indices for fisheries that have developed progressively 

over fishing grounds (Booth, 2000; Walters, 2003; Geronimo et al., 2018). Historically, there 

has been little attempt to include the spatial variability inherent in the age and length structure 

and growth patterns of populations into a stock assessment framework (Booth, 2000). 

 

Given the significance of spatial data in identifying important feeding grounds (see Chapter 3), 

the spawning season and spawning grounds (see Chapter 4) and distribution of age (see Chapter 

5) of commercially important species such as the monkfish, few studies have incorporated 

spatial analyses into stock assessment models (Goethel et al., 2011; Kritzer & Liu, 2014). 

While previous stock assessment studies focusing on monkfish off Namibia have provided 

insight into their stock status (Maartens & Booth, 2001a, b; Kathena et al., 2018), there is a 

need for a spatio-temporal understanding of the catch statistics of this species for their effective 

management.  

 

Setting of TAC is a good management practice employed in many fisheries around the world. 

Although the TAC setting process is complex, and sometimes not accurate, TACs still represent 

one of the critical components of fisheries management globally (del Valle & Astorkiza, 2007). 

The stakeholders in the monkfish fishery meet yearly during Monkfish Working Group 

(MWG) meetings (as described in Chapter 1, section 1.6) to discuss data that would later form 

part of the stock assessment analyses that would inform decisions on annual TAC. The data 

used in the stock assessment models determine the status of the monkfish resource and enables 

researchers to provide the best possible scientific advice on management measures (MFMR, 

2013, 2014 and 2015), including catch statistics, observer data and annual monkfish biomass 

survey data. During the MWG meetings, results on monkfish annual biomass survey, observer 

coverage and fleet dynamics, standardisation of catch rates of Namibian monkfish stock using 

generalised linear modelling (GLM) and the overall status of the monkfish stock using the Age 

Structure Production Model (ASPM) model are discussed. This chapter provides a first 

exploration of available spatial information on monkfish catch and effort data to provide a first 
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impression of the spatial nature of the monkfish fishing grounds. This chapter aimed to (i) 

identify hotspot fishing areas over time, (ii) examine spatial changes in exploitation patterns of 

monkfish since the inception of the fishery in 1994, and (iii) explore the relationship between 

monkfish catch and bottom sea temperature.  

 

6.2 Materials and Methods 

6.2.1 Study area 

General methods concerning the study area (where fishing took place) were discussed in 

Chapter 2. Fishery-dependent data were collected from the fishing grounds, between 17.11⁰ 

and 29.96⁰S and at a depth between 200 and 748 m. Catch data were recorded by fishing vessel 

captains in daily logbooks. and compiled by the Namibian Ministry of Fisheries and Marine 

Resources (MFMR). The data were combined for both monkfish species (Cape monkfish and 

shortspine African monkfish) because the monkfish landings harvested off Namibia are not 

separated by species, however as mentioned previously, Cape monkfish represent 94% of the 

total catch.  

 

6.2.2 Data collection 

Commercial catch data 

For this chapter, the primary data are (i) the commercial catch data, (ii) the length-frequency 

and sex data based on commercial catches (Table 6.1). The commercial catch data were 

recorded daily in logbooks by fishing vessel captains during fishing activities off Namibia. 

Fishing vessel captains recorded vessel details (such as vessel licence, net mesh size and gear 

type), environmental data (such as SST, wind speed and direction), operations information 

(such as haul position and time, number of trawls and duration of trawl), catch information 

describing the type and quantity (kg) of species caught per trawl and the catch information 

describing the type and quantity of products processed from each species caught. Fisheries 

observers onboard the fishing vessels verify the data recorded in daily logbooks. The logbooks 

are collected from the fishing vessels by fishing inspectors who verify the recorded catches 

with the landed products. The catch data recorded in logbooks are checked for accuracy and 

captured into the Fisheries Information Management System (FIMS) database for commercial 

logbook data owned by MFMR. Historical data on the monkfish catch were from the 

International Commission for the Southeast Atlantic Fisheries (ICSEAF) between 1974 and 

1989 recorded only for the areas around 20°S to 25°S and 25°S to 30°S as by-catch in the hake 
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directed fishery (ICSEAF, 1982). The monkfish directed fishery only started in 1994 (Maartens 

& Booth, 2001a). The ICSEAF data were obtained from MFMR (see Chapter 2, section 2.4.1). 

Yearly average monkfish catches were obtained for 1974-2018, as described in Table 6.1. 

These data were obtained through MFMR (see Chapter 2, section 2.4.1). The monkfish fishery 

was established in 1994, thus, for this study 1994 will be taken as a reference point to refer to 

the stock status when it was not targeted as a fishery. 

 

Fishing vessels fishing in the Namibian waters are mandated to carry observers onboard (for 

the full description of the functions of fisheries observers, see Chapter 2, section 2.4.3). The 

length-frequency and sex data were collected and recorded by observers onboard the 

commercial fishing vessels. Observers sampled at least three stations a day, depending on the 

number of trawls made per day. During sampling, at least three bins (weight 30 kg on average) 

were sampled, whereby observers scope the fish from the vessel deck or from the conveyer belt 

in the processing factory. Observers only sample unprocessed (whole round) fish. They record 

vessel information, environmental data, species composition in the sample, length 

measurements of target species recorded to the nearest cm below, sex and maturity stages. If 

time allowed, observers also sampled the main bycatch species on each fishing vessel. The data 

collected by observers is scrutinised and captured into the database by researchers. These data 

were obtained through MFMR (Table 6.1). It is important to note that both the observers and 

the researchers who collected length frequency data, recorded the total length (TL) in cm to the 

nearest cm below. These sets of data are discussed at the monkfish working group (MWG) 

(described in Chapter 1, section 1.6). The MWG met annually and collated the monkfish 

catches, observer data and annual monkfish biomass survey data. 

 

Monkfish annual biomass survey data 

The monkfish biomass data were recorded by researchers during annual monkfish research 

surveys. The biomass survey data include station depth and position, species composition, and 

biometric data (sex, maturity, length and weight measurements). The numbers of fish per 

station and length from monkfish surveys were recorded during the monkfish survey in 

November each year from 2000 to 2005 and 2004 to 2018). These data were obtained from the 

Nan-SIS database (Strømme, 1992), which is a collation of demersal biomass surveys 

conducted by MFMR (Table 6.1). The survey data were obtained through MFMR (see Chapter 

2, section 2.4.2 for the full description of the survey). 
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 Table 6.1: Sources of data relating to the stock status and harvesting of monkfish (Lophius 

vomerinus and Lophius vaillanti) in Namibia between 1974 and 2018. 

Type of data Source of data Database Sampling 
period 

Catch-at-length  Logbooks of MFMR FIMS 1998–2018 

Daily catch data  Logbooks of MFMR FIMS 1998–2018 

Catch-Per-Unit-Effort (CPUE) Logbooks of MFMR  FIMS 1998–2018 

Bottom sea temperature data Logbooks of MFMR FIMS 1998–2018 

Sea Surface Temperature NOAA satellite  1998–2018 

Total Allowable Catches (TAC) PPE PPE 2001–2018 

Total annual catches Nan-sin data of MFMR Nan-sis, FIMS 1974–2018 

Note: MFMR = Ministry of Fisheries and Marine Resources; FIMS = Fisheries Information 

Management System; PPE = Policy, Planning and Economics; NOAA = National Oceanic and 

Atmospheric Administration. 

 

 

Environmental data 

Monthly average satellite-derived sea surface temperature (SST) data from the National 

Oceanic and Atmospheric Administration (NOAA) from 1998 to 2018 ((NOAA, 2020 - 

https://doi.org/10.7289/V5T72FNM) were used to evaluate any possible dependency of 

catches on ocean surface temperature. The Extended Reconstructed Sea Surface Temperature 

(ERSST) data set in a CSV format was utilised. These data were provided in 2° x 2° grids, 

which formed the spatial template for categorising the catch weights.  

 

Sea bottom temperatures, coinciding with monkfish catches between 1998 and 2002, were 

recorded on logbooks by fishing vessel captains during commercial fishing activities. Bottom 

temperatures outside of the 1998 to 2002 period were not available. Other in situ climatology 

data such as salinity and dissolved oxygen are not recorded during monkfish commercial 

fishing activities and were thus not available for analysis.  

 

https://doi.org/10.7289/V5T72FNM


 

- 138 - 
 

6.2.3 Data Analysis 

The MFMR has mandated all fishing vessel captains to complete and submit logbook data for 

every fishing trawl made in Namibian waters. The data collected in logbooks are utilised 

routinely in the assessment models. The annual average catch data were analysed between 1974 

and 2018, as well as the annual mean length (ML) of fish caught between 1998 and 2018. Catch 

data were arranged to reflect vessel Id, fishing positions, fishing year, month and day, catch in 

kg (a sum of the total catch for the day from all the trawls made in one day), duration of the 

trawl in hours (a sum of the trawling time for all trawls in a given day), vessel Gross Register 

Tonnage (GRT) and gear depth in m. Catches made before Independence (pre-1990) were 

recorded by the ICSEAF (but these data are now kept by MFMR), while MFMR recorded the 

catches after 1990.  

 

The length of all individual fish sampled by observers for each year (e.g., 75600 records in 

2017) was raised to the vessel total catch. An annual mean length and standard deviation were 

then calculated. Annual mean length (TL) values were compared between 1998 and 2018. A 

one-way analysis of variance (ANOVA) test in R (version 3.3.1) (R Core Team 2018, 

http://www.r-project.org/) and accompanying open-source interface Rstudio v0.99.902 

(RStudio 2018) was used to test for significant differences among the annual mean length (total 

length, cm) from 1998 to 2018. For spatial analysis, a geostatistical aggregation curve was 

constructed for the catch positions for 1998 – 2018 using ArcGIS Pro 

(http://desktop.arcgis.com/en/arcmap/10.5/tools/space--time-pattern-mining-

toolbox/learnmoreemerging.htm). Areas were identified as coldspots and hotspots, and defined 

as 'oscillating hotspot', 'consecutive hotspot', 'oscillating coldspot' and ‘sporadic hotspot’, and 

also included areas with ‘no pattern detected’ (Table 6.2), based on the conceptualisation of 

spatial relationships.  
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Table 6.2: The definitions of 'sporadic hotspot’, 'oscillating hotspot', 'consecutive hotspot', 

'oscillating coldspot' and 'no pattern detected' as per ESRI. 2021. 

Term Definition 
'consecutive hotspot' An area with a single uninterrupted run of statistically significant 

hotspot bins in the final time-step intervals. The area has never been 
a statistically significant hotspot before the final hotspot run and 
less than ninety percent of all bins are statistically significant 
hotspots. 

'oscillating hotspot' A statistically significant hotspot for the final time-step interval that 
has a history of also being a statistically significant cold spot during 
a prior time step. Less than ninety percent of the time-step intervals 
have been statistically significant hotspots. 

'sporadic hotspot’ An area that is an on-again then off-again hotspot. Less than ninety 
percent of the time-step intervals have been statistically significant 
hotspots and none of the time-step intervals have been statistically 
significant cold spots. 

'oscillating coldspot' A statistically significant cold spot for the final time-step interval 
that has a history of also being a statistically significant hotspot 
during a prior time step. Less than ninety percent of the time-step 
intervals have been statistically significant cold spot. 

'no pattern detected' Does not fall into any of the hot or cold spot patterns defined above. 
 

Firstly, a composite map for 1998–2018 data was produced. Subsequently, hotspot maps for 

1998–2000, 2001–2003, 2004–2006, 2007–2009, 2010–2012, 2013–2015 and 2016–2018 

were plotted. The hot and coldspots were evaluated using the Mann-Kendall trend test as 

described (ESRI, 2021).  

 

The areas of catches were analysed for the period 1998 to 2018 and traditional estimates of 

space were calculated employing a Gaussian kernel density to show the clustering of total 

catches over the years. Calculations were based on a 5km x 5km, using a search radius of 100 

km from each sampling location, the total catch densities were categorised into 50, 100, 150, 

200, 250 and 300 kg/km² classes. 

 

Annual mean length (TL) values were compared between 1998 and 2018. A one-way analysis 

of variance (ANOVA) test in R (version 3.3.1) (R Core Team 2018, http://www.r-project.org/) 

and accompanying open-source interface Rstudio v0.99.902 (RStudio 2018) was used to test 

for significant differences among the annual mean length (total length, cm) from 1998 to 2018. 

For the analysis of long-term trends in fishing depth, the annual mean depth fished between 

1998 and 2018 was calculated. No trawling is permitted within the 200 m isobath in Namibia 

since 1993 (Boyer & Hampton, 2001), so no catch data exist for these depths. Depths recorded 
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with no units (fathom or meter) and depths shallower than 200 m (47 depth records (0.07%)) 

were excluded from this analysis. Changes in fished depth per year were tested using a one-

way analysis of variance (ANOVA) test in R. Statistical significance was defined at p < 0.05 

and 0.95 confidence intervals.  

 

For the water temperature data versus catch, the following analyses were performed. As stated 

above, the data were provided in 2° x 2° grids, which formed the spatial template for 

categorising the catches. For each 2° x 2° square, the total monthly catch was graphed against 

the monthly average SST for the three cells; their central coordinates were 21°S; 13°E, 23°S; 

13°E and 25°S; 13°E, that had catch data across the entire study area. No data (zero) values 

were excluded from the analyses. 

 

An exploratory analysis of the influence of bottom sea temperature on monkfish catches 

between 1998 and 2002 was conducted using the same 2° x 2° grids as above. The bottom 

temperatures for each month were averaged for each cell. Zero data cells and obvious outliers 

were excluded from the analyses. The same three cells utilised for the SST analyses were 

selected for comparing temperature with catch weights. Detailed spatial mapping was 

conducted on the bottom and sea surface temperature data for 1998 and 1999. In addition, 

diffuse spatial interpolation was undertaken on data for 1998–2002. Regression analyses were 

conducted on SST and BT data and the total monthly catches in the three areas. Statistical 

analysis was undertaken in R (version 3.3.1) (R Core Team 2018, http://www.r-project.org/) 

and accompanying open-source interface Rstudio v0.99.902 (RStudio 2018). 

 

 

6.3 Results 

 

6.3.1 Total monkfish catches and TAC 

The highest annual catch recorded was 16 600 tonnes in 1998 (Figure 6.1). Between 1998 and 

2003, the total annual catch exceeded the reference point (12 158 tonnes, in 1994). The catches 

in 1994 were used as a reference point in this study because that is when the monkfish directed 

fishery was introduced. The lowest total catches since the inception of the fishery in 1994 were 

recorded in 2011 (7 200 tonnes) (Figure 6.1). The setting of a TAC commenced in 2001, with 

the TAC not caught in most years (61.1%), although in some years this was exceeded. For 
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example, the 2002 catch far exceeded the set TAC, by 3 200 tonnes. Most recently, however, 

in 2018, catches were 7.3% less than the set TAC for that year (Figure 6.1). 

 

 
Figure 6.1: Monkfish (Lophius vomerinus and Lophius vaillanti) total catch between 1974 and 
2018 and the Total Allowable Catches (TAC) set each year between 2001 and 2018, off the 
coast of Namibia. Cape monkfish represents 94% of the catches. 

 

6.3.2 Annual mean length (TL) between 1998 and 2018 

The annual mean length (TL) for monkfish between 1998 and 2018, fluctuated between 39 and 

50 cm (TL) (Figure 6.2). The shortest mean length (39 cm, TL) was recorded in 1998, 2007 

and 2009, while the highest annual mean length (50 cm, TL) was recorded in 2017. However, 

the was no significant difference among the annual mean length between 1998 and 2018 (F = 

2.873, df = 1, p = 0.106). 
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Figure 6.2: Annual mean total length (TL) (cm) of monkfish (Lophius vomerinus and Lophius 
vaillanti) for commercial catches between 2001 and 2018, off the coast of Namibia. Cape 
monkfish represents 94% of the catches. The bars represent the standard deviations for each 
mean. 

 

6.3.3 Spatial analysis of fishing patterns to identify monkfish "hotspots"  

A total of 65 044 catch records (geographical positions) were recorded between 1998 and 2018. 

Catches were documented along the entire coast, between 17⁰ and 28ºS, with little fishing effort 

between 27⁰ and 28⁰S (Figure 6.3). Similarly, the area between 17º and 18ºS was seldom 

trawled. Spatial analyses of 1998 – 2018 dataset showed that consistently high catch volumes 

(Consecutive Hotspots) were observed south of Walvis Bay, between latitude 25⁰S and 26⁰S, 

with the sporadic fishing hotspots located just north of the consecutive hotspots, at 25⁰S (Figure 

6.3). The oscillating hotspots were observed in two areas between Walvis Bay and Lüderitz, 

adjacent to the consecutive and oscillating hotspots, between 25⁰S and 26⁰S. The oscillating 

coldspots were more fragmented along the coast, between 19⁰S and 20⁰S, 21⁰S and 23⁰ and at 

27⁰S (Figure 6.3).  
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Figure 6.3: Identified hotspots based on monkfish (Lophius vomerinus and Lophius vaillanti) 
catch off the coast of Namibia between 1998 and 2018. Cape monkfish represents 94% of the 
catches. Map constructed in ArcGIS 10.8 Software. 

 

 

6.3.4 Spatial analysis of monkfish catch to identify high-density areas 

The kernel density analysis indicated that the latitudes around 24⁰S, and between 26º and 27⁰S, 

between Walvis Bay and Lüderitz, had the highest total catch densities (~ 300 kg/km2) (Figure 

6.4). The area north of 23⁰S produces lower catch densities that never exceeded 150 kg/m2 

(Figure 6.4). 
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Figure 6.4: Spatial distribution of total monkfish (Lophius vomerinus and Lophius vaillanti) 
catches based on kernel density of data collected between 1998 and 2018 off the coast of 
Namibia. The catches are shown as densities of 50, 100, 150, 200, 250 and 300 kg/km2. Black 
dots indicate monkfish fished positions between 1998 and 2018. Cape monkfish represents 
94% of the catches. Map constructed using ArcGIS 10.8 Software. 

 

 

6.3.5 Temporal changes in fishing depth 

The depth fished did not vary significantly between 1998 and 2018 ((F = 0.168, df = 1, p = 

0.686). On average, the deepest depth was in 2001 (369 m ± 62.34 m) and the shallowest depth 

was in 1998 (324 m ± 47.89) (Figure 6.5). Interestingly, although not significant, the average 

fishing depth has been steadily increasing, from about 324 m in 1998 to 367 m in 2018. 
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Figure 6.5: The mean annual depth (n = 64 995) of monkfish (Lophius vomerinus and Lophius 
vaillanti) catches off the coast of Namibia between 1998 and 2018. The bars represent the 
standard deviations for each mean. 

 

6.3.6 Sea surface temperature and total monkfish catches between 1998 and 2018 

The regression analysis between sea surface temperature (SST) and the monthly spatial catches 

of monkfish (Lophius vomerinus and Lophius vaillanti) in three 2° x 2° Cells; 21°S 13°E, 23°S 

13°E and 25°S 13°E, between 1998 and 2018 revealed no significant relationship (p = 0.230, 

r2=0.0059, p = 0.797, r2=0.0114 and p = 0.041, r2=0.0158, respectively) (Figure 6.6). These 

low r2 values indicate that in all three grid cells, only ~ 1% of the variation is explained between 

SST and total monkfish catches in these areas.  
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Figure 6.6: Sea surface temperature profile and the total monthly catches of monkfish (Lophius 
vomerinus and Lophius vaillanti) at three 2° x 2° Cells; 21°S 13°E, 23°S 13°E and 25°S 13°E, 
off the coast of Namibia between 1998 and 2018. 

 

 

6.3.7 An association between temporal changes in bottom sea temperature and monkfish 

catches 

The bottom sea temperature data represent a dynamic environment that changes on an inter and 

intra-annual basis. Similarly, catches vary considerably. This is illustrated in Figure 6.7, which 

is an example of spatially analysed annual catch and bottom sea temperature data. The maps 

show annual data for two years (1998 and 1999) and are based on diffuse interpolation and 

Geographically Weighted Regression, and kernel density interpolation of bottom sea 

temperature and monkfish catches. The regression analysis between sea bottom temperature 

(BT) and the monthly spatial catches of monkfish (Lophius vomerinus and Lophius vaillanti) 

in three 2° x 2° Cells; 21°S 13°E, 23°S 13°E and 25°S 13°E, between 1998 and 2002 revealed 

no significant relationship (p = 0.601, r2=0.0126, p = 0.947, r2=0.0055 and p = 0.205, 

r2=0.0717, respectively) (Figure 6.7). These low r2 values indicate that in all three grids, only 

~ 1% of the variation is explained between BT and total monkfish catches in these areas.  

However, although not significant, the areas with high catches in 1998 coincided with areas of 

higher bottom temperature (Figure 6.8).  
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Figure 6.7: Sea bottom temperature and the total monthly catches of monkfish (Lophius 
vomerinus and Lophius vaillanti) at three 2° x 2° Cells; 21°S 13°E, 23°S 13°E and 25°S 13°E, 
off the coast of Namibia between 1998 and 2002. 
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Figure 6.8: A qualitative appraisal of bottom seawater temperature profile and the spatial catches of monkfish (Lophius vomerinus and Lophius 
vaillanti) off the coast of Namibia for 1998 and 1999. Map constructed using ArcGIS 10.8 Software.
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6.4 Discussion 

Although there are yearly MWG and monkfish TAC reports (e.g., MFMR, 2018; MFMR, 2019; 

MFMR, 2020) and stock assessment studies focusing on monkfish (Maartens & Booth, 2001a, 

b; Kathena et al., 2016; Kathena et al., 2018), in-depth research on monkfish spatial catch 

statistics is limited (MFMR, 2019). The previous work on monkfish catches is centred around 

the temporal trends of monkfish since the inception of the monkfish fishery in 1994. 

Particularly, the importance of spatial data is acknowledged but spatial data are not included in 

stock assessment models (e.g., a generalised metapopulation model; Goethel et al., 2011). The 

results from this study provide a first examination of the spatial catch and effort statistics of 

the monkfish fishery since its inception in 1994, and therefore, presents important information 

e.g., the main fishing grounds identified between 25º and 26ºS in this study. However, the 

spatial catches analysis showed the highest catch densities (300 kg/km2) in the 1998–2018 

catch time series around 24⁰S, and between 26º and 27⁰S, between Walvis Bay and Lüderitz 

(Figure 6.3). Additionally, a basis is provided to investigate changes in the stock status that 

may result from climate change and the extensive fishing pressure directed at monkfish since 

the inception of its fishery. Findings from this study can be used as input in management 

decisions for the Namibian monkfish stock. The annual catch statistics for monkfish between 

1974 and 2018 are presented, which show variability, with the lowest total catch recorded in 

2011 (7 200 tonnes) since the inception of the fishery in 1994. No significant variations were 

observed in the annual mean length between 1998 and 2018. Similarly, no significant variation 

was observed in fishing depth for the same period.  

 

To comprehensively understand the catch trends for monkfish, it is important to consider all 

catch data; however, data before the inception of the monkfish fishery (before 1994) are 

limited. Maartens and Booth (2001b) ascribed the increase in catches between 1991 and 1994 

to an improvement in the efficiency of the monkfish fleet. The increase in fishing vessel 

numbers catching monkfish, with direct targeting, may be reflected in the declining trend in 

the catch in recent years. Alternatively, environmental change to the ecosystem may be 

impacting the resource in ways not yet understood. A decline in catches of other monkfish 

species such as L. piscatorius (Afonso-Dias & Hislop, 1996), L. americanus (Steimle et al., 

1999) and L. litulon (Sun at al., 2020), has also been noted, and ascribed to an increase in the 

harvest. Locally, overfishing has been attributed to the cause of the collapse of species such as 

the pilchard Sardinops sagax and orange roughy Hoplostethus atlanticus, both of significant 
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commercial importance (Oelofsen, 1999; Boyer et al., 2001b; van der Westhuizen, 2001; Jarre 

et al., 2015a). These species are currently under moratorium to rebuild their stocks. The 

declining trend of monkfish catches is worrisome. In addition to the extensive fishing of the 

monkfish resource, it has been indicated in MWG that more catches of monkfish have been 

reported by the hake fishing industry. For this reason, stringent measures must be taken to deter 

hake fleets from landing excessive monkfish (more than allowed (5%) in the Marine Resource 

Act, Act No 27 of 2000).  

 

TAC limits have not been fully utilised by the fishery (Figure 6.1). For instance, in 2013, the 

TAC was the highest (14 000 tonnes) in the catch time series, while the actual catches were 

substantially lower. The underutilisation of the TAC suggests that the set TAC did not 

reflect the abundance of the stock. In 2011 when the yields were the lowest, catches 

were 20% less than the TAC. The underutilisation of the TAC in some years can be attributed 

to several fishery-depended and fisheries-independent factors, namely, (i) a reduction in 

biomass; (ii) overexploitation of the resource, such that in 2005, the Cape monkfish stock was 

already said to be overexploited (Booth & Quinn, 2006); (iii) a lack of capacity to land the set 

TAC; (iv) some of the monkfish rights expired in 2017 and were not renewed; (v) there is 

mostly always a late allocation of monkfish quotas, such that the fishing season can lapse 

without the right holder landing their quotas.  

 

Spatial analysis allows a more comprehensive investigation on changes in stock abundance 

(Booth, 2000; Geronimo et al., 2018; Everett et al., 2021), and overfishing is often associated 

with a reduction in fish size at capture (Wheeler et al., 2009). Yet for the monkfish resource, 

although there was a fluctuation in the annual mean size, the variation in mean length was not 

significant. Variation in annual mean length may be due to the nature of the fishery. Fishing 

vessel movement is spatially dynamic, if fishers fish in areas with a high abundance of large 

fish, then the mean length would be high, the opposite is also true. This is often called the basin 

effect – a decline in size is rarely observed because effort changes according to hotspots. 

Although this is rarely observed, Ben-Hasan et al. (2018) showed a significant decline in the 

mean length of yellow‐fin seabream Acanthopagrus latus with an increase in catches. 
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The areas that were oscillating "coldspots" (Figure 6.3) suggest fewer fishing activities 

targeting the monkfish resource, especially between 19⁰S and 20⁰S, between 21⁰S and 23⁰ and 

at 27⁰S. These areas might not be suitable fishing grounds or that monkfish is not abundant in 

these areas. Climate change may have resulted in the movement of the species, with the fleets 

following a change in distribution and density (Mendenhall et al., 2020). However, despite the 

expansion of the fishing grounds, there is an area south of 28⁰S which showed marginal catches, 

likely due to a rocky bottom that is not able to be trawled as shown in Schneider & Johnsen 

(2000) and Johnsen & Kathena (2012). Results indicate that the pattern of monkfish fishing 

activities is heterogeneous, leading to 'hotspots' in specific areas. Importantly, this study has 

identified the area around 25⁰S and 26⁰S as consecutive fishing hotspots for the 1998–2018 

fishing time series. The consecutive hotspot areas are constantly exposed to fishing pressure. 

Studies of these areas show that the area around 25ºS has a high concentration of food and is a 

preferred habitat for sardine spawning (Bakun, 1993). Additionally, these areas form part of 

the area with the maximum upwelling alongshore wind (at about 25º–27ºS) (Santos et al., 

2012). These features likely make these areas attractive to fishers. Part of the 25⁰S area is seen 

as sporadic. This might indicate localised enriched areas in terms of monkfish abundance, 

which is further confirmed by the biomass survey density (weight) in these areas is also high 

Clustering of important fishing areas has also been observed in similar studies (Saul et al., 

2013; Moutopoulos et al., 2020). Frequently fished areas coincide with areas of high relative 

abundance for the target species. The consecutive hotspots fishing ground around 25⁰S suggest 

an area prone to extensive fishing pressure and may lead to local depletion. Although the 

fishing area may change annually, the spatial analysis of fishing grounds helps in the 

identification of frequently fished areas (core fishing areas), which are important in delineating 

fisheries management areas, which is key in the implementation of the Ecosystem Approach 

to Fisheries (EAF) (Geronimo et al., 2018; Everett et al., 2021) and Marine Spatial Planning 

(MSP). Because the ocean is utilised by many parties such as fishers and miners, spatial data 

are also important in resolving conflicts between ocean users (Moutopoulos et al., 2020). For 

instance, the recently demarcated phosphate mining areas (discussed also in Chapter 4) fall 

within monkfish spawning grounds (Chapter 4) and the areas with the highest monkfish density 

(this chapter, Figure 6.4). Results from this study can be used to inform management decisions 

to restrict phosphate mining in this important area.  
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Spatial analysis and mapped geographical positions of catches for 1998 to 2018 show how 

monkfish fishing grounds have evolved spatially. In recent years (from 2011) monkfish fishing 

grounds have expanded southward and northward compared to before 2000 when fishing was 

mostly confined between 21⁰ and 27⁰S (Figure 6.2). Similarly, historical studies have indicated 

that monkfish was only distributed from 21⁰S southward (Leslie & Grant, 1990; Maartens & 

Booth, 2001a, b). In recent years, monkfish have also been harvested north of 21⁰S. The 

increase in the demand for more monkfish products is one possible driver towards both 

increasing fishing intensity and expansion horizontally (Figure 6.4) and vertically (Figure 6.5).  

 

Although most monkfish fishing effort (indicated by hotspots) is around 25⁰S and 26⁰S, the 

abundance of monkfish appears to be primarily concentrated around 24⁰S latitude, and between 

26º and 27⁰S, between Walvis Bay and Lüderitz, with the highest total catch densities (~ 300 

kg/km2) (Figure 6.4). It appears that the environmental conditions in these areas are conducive 

for monkfish, hence their aggregation. The spatial variation in the distribution might be 

following oxygen concentration at the sea bottom, which plays a vital role in the dynamics of 

species e.g., shallow-water hake (M. capensis) (Bartholomae & van der Plas, 2007). Oxygen 

concentration at the bottom varies both temporally and spatially and this influences species 

distribution (Bartholomae & van der Plas, 2007; Hamukuaya et al., 1998; Monteiro et al., 

2008). Furthermore, the topography of the seabed in these areas might also be suitable as a 

monkfish habitat. Smith et al. (2008) showed that habitat type was a key determinant in 

monkfish L. litulon abundance and distribution. Monkfish are generally abundant in sandy and 

muddy bottoms (Leslie & Grant, 1991). Several studies have shown that fish are not evenly 

distributed in each area, but aggregate into patches (Downing, 1986). The kernel density 

distribution of monkfish catches reflects both the species distribution and the fishing effort. 

Identification of areas of high density is important for species management, EAF and MSP 

(Kavadas et al., 2015; Moutopoulos et al., 2020). The low density of monkfish north of 23⁰S 

might be due to extreme environmental variables in the northern part of Namibia, mainly due 

to intrusion of warmer water from Angola, the highest frequency of warm events occurred 

between 1995 and 2003 (Bartholomae & van der Plas, 2007; Hutchings et al., 2009). 

Interestingly, the catch data analysed in this study show no clear trends with bottom sea 

temperature. Monkfish catches show an area between 19º and 20⁰S with an increased catch 

density. The observed distribution might originate from a different stock, but this needs to be 

investigated. There is a need to investigate whether the commercial catches in the north 
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(between 19º and 20⁰S) are those of Cape monkfish or the shortspine African monkfish. 

Currently, the shortspine African monkfish stock size off Namibia is difficult to investigate 

because the records of monkfish catches do not separate species. It should be noted that fishing 

activities also do not necessarily cover the full portion of a species’ distribution, or species may 

be inaccessible by the fishery in parts of the grounds due to gear incompatibilities (Everett et 

al., 2021); thus, caution should be exercised when interpreting these spatial distribution results 

of monkfish. Additionally, the numbers of the shortspine African monkfish encountered on 

monkfish surveys are very minimum, usually representing between 1 and 2% of the monkfish 

surveyed. For instance, only 26 individuals were recorded in 2014, none individuals in 2015 

and 44 in 2016 (based on the MFMR survey dataset).  

 

There was no significant variation in average fishing depth (Figure 6.2), hence no direct 

evidence of monkfish moving into deeper waters. Globally, there is a trend of deeper fishing 

occurring for bottom-dwelling marine species (Morato et al., 2006), which was not observed. 

For example, Simpson et al. (2013) found a downward movement of cold-water demersal fish 

species such as cod and monkfish in response to the warming of the European seas. On average, 

the fishing depth changed from 324 m in 1998 to 367 m in 2018 (a difference of 43 m). The 

collection of accurate data is a crucial aspect for fisheries managers and stock assessment 

however, this study found several limitations in the data. For example, on several occasions, 

depth data did not align with associated coordinates and simple measures of units (fathoms or 

metres) were omitted from the data. While all such discrepancies were omitted from the 

analyses in the present study, such errors raise concerns and highlight the importance of 

researchers at MFMR to constantly engage and remind fishing vessel captains to ensure that 

they use correct units when they record the catches and to take care in data collection. Fishing 

vessel captains need to use one measurement unit (meters) for consistency to allow for accurate 

analysis and solid conclusions on depth data. Moreover, the researchers can identify a few 

fishing vessels that can be fitted with temperature reading instruments on the fishing nets so 

that bottom temperature associated with catches can be recorded. Additionally, all fishing 

vessel captains should be compelled to fill out all environmental data such as SST and 

observers tasked to ascertain that all information is indeed captured.  
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Water temperature is a key determinant in the spatial distribution and preferred habitats of 

marine species (Morley et al., 2018; Wang et al., 2021). There is often a relationship between 

catch size (magnitude of catches) and temperature (Sumaila et al., 2011). No known studies in 

the Namibian waters have investigated the change in bottom temperature versus catches. These 

studies are important because they provide information about the conducive bottom 

temperature of species. This information also indicates shift/movement of fish which can be 

used to improve their management. The bottom sea temperature data in this study suggest a 

dynamism of the ocean currents in the Benguela System and episodic upwellings, indeed a 

dynamic environment that changes on an inter and intra-annual basis, which has also been 

extensively highlighted in various studies in this region (Gibbons & Buecher, 2001; Hutchings 

et al., 2009; Jarre et al., 2013). Similarly, spatial catches varied considerably (Figure 6.6). In 

the 1998 – 2002 catch time series, only data from 1998 showed discernible trends, where high 

catches aligned with high bottom sea temperatures. 

 

Sea surface temperature affects the distribution of fish (Wang et al., 2021), spawning activities 

(Wang et al., 2021) and feeding (Sun et al., 2020). For example, SST is considered a major 

environmental factor that affects the wintering and spawning of chub mackerel (Wang et al., 

2021). However, in this study, only ~1% of the variation could be explained between the SST 

and the monthly total catches of monkfish at three 2° x 2° Cells; 21°S; 13°E, 23°S; 13°E and 

25°S; 13°E, between 1998 and 2018. Similar findings were obtained in the analysis of bottom 

temperature and monthly total catches. However, the period of analysis was limited to five 

years between 1998 and 2002, and more detail is required here in future studies. 

 

Although the literature shows warming of the Namibian waters, especially north of the Lüderitz 

upwelling cell, in recent years (Junker et al., 2017), the bottom limited water temperature data 

collected concurrently with fishing data of monkfish does not show clear warming patterns of 

the bottom water temperature but instead demonstrates significant variability which was 

expected because the nBE is highly variably largely due to the upwelling intensity. In general, 

recent environmental studies in Namibia show general warming of the SST, especially in 2006 

(Chen et al., 2012 and 2011 (Junker et al., 2017), the years considered as Benguela Niño years, 

with the SST off Namibia much warmer than average. Chen et al. (2012) described the intrusion 

of sea surface waters in the northern part of Namibia as the main cause of warming events. 
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O'Toole and Bartholomae (1998) discussed the water warming event in 1995, which coincides 

with the low catches in other fisheries in 1995 although the catches were high in the previous 

year (1994). The decline in catches was also observed in other fisheries, and it is said to have 

lasted until 1997 (O'Toole & Bartholomae, 1998). Temperature differences in the waters are 

known to influence the distribution patterns of organisms (Mqoqi et al., 2007). Some Lophius 

species (L. americanus, L. budegassa, and L. litulon) have been reported to display seasonal 

onshore-offshore movements in response to thermal conditions (Steimle et al., 1999). The nBE 

is currently experiencing variability in sea surface temperature (Hutchings et al., 2009; Rouault 

et al., 2007; Santos et al., 2012), wind (Monteiro et al., 2008; Peard, unpublished data), with 

an increase in the warming events since the 1990s (Jarre et al., 2015a). Warming waters induce 

vertical and horizontal shifts in fish populations, making the same fish populations accessible 

in new areas (Jennings & Kaiser, 1998; Perry et al., 2005; Hampton & Willemse, 2012; 

Mendenhall et al., 2020). The bottom water temperature data analysed in the present study 

showed great variability with mostly warming in 1998. There have been records of North-south 

temporal shifts in the catchability of the Namibian hake in summer, which happen to coincide 

with the southward movement of the warm Angolan tropical water (Gordoa et al., 2000). This 

might be true for monkfish as well because Figure 6.4 illustrates high catches in central and 

south of Namibia when compared to the catches in the north where temperatures are warmer. 

Similarly, in the nBE, the intrusions of warm, nutrient and oxygen-poor water from southern 

Angola have been linked to changes in the vertical distribution of both hake species making 

them less available to the trawl and long-line fleets (Hampton & Willemse, 2012). Globally, 

marine waters are generally warming in recent years (Frölicher et al., 2018). Analysing 

monkfish tracks and trawls using monkfish fishery captains' (as previously carried out by 

Peterson (2014) for the hake fishery) might shed more light on the spatial distribution of fishing 

activities of monkfish off Namibia. The annual catch statistic (Figure 6.1) was also found to 

indicate high total catches in 1998 when the bottom temperatures were high. It is possible that 

catchability for monkfish increase with an increase in temperature. However, for this study, no 

trend and no statistical relationship could be established between bottom temperature and catch 

size and between sea surface temperature and catch size. The system's dynamism made the 

correlation between bottom temperature and catches difficult, for two reasons. Firstly, the 

temperature is ever-changing in different areas where the catches were recorded, and second, 

the bottom temperature data were limited and were not recorded for the entire Namibian coast. 

As such, no trend and no statistical relationship could be established between temperature and 

catch size.  
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To conclude, there is a need for more data on temperature associated with catches along the 

entire Namibian coast. There is also a need for intra-annual analyses, the role of upwelling, 

among other elements in relation to monkfish. Although MFMR already records temperature 

profiles (i.e., CTD data), regional ocean current and SST, there is a potential avenue for future 

research to utilise CTD data for these analyses. Although CTD data are collected during 

monkfish annual surveys, the data were not available for analysis in this study. Additionally, 

detailed environmental data were not available to explain the density of monkfish in different 

areas. In future, these areas with high catch densities need to be profiled in terms of 

oceanography. This can be done by for instance installing a CTD instrument. 

 

Finally, management measures may be assessed using spatial information, such as in marine 

spatial planning (MSP). The identified consecutive fishing grounds and areas with high and 

low fish density in this study are important results to the monkfish fishery and should be 

considered when making fisheries area management decisions e.g., MSP. The results of this 

study also highlight the importance of analysing spatial catch trends, and the need for fisheries 

managers to consider variations in spatial data when formulating and implementing 

management measures. Interesting to note here is the fact that specific monkfish fishing 

grounds are currently heavily fished (consecutive fishing hotspots) than other areas (no pattern 

detected), yet these areas remain the most productive areas yielding the highest catches. There 

are numerous management measures already in place, however, the stock continues to decline, 

and for this reason, the Namibia monkfish management team could consider such measures as 

closed areas and seasons making use of the data from this study and investigating the 

monitoring measures that would be required such as the VMS currently in place.  

 

 

 

 

 

 

 



 

157 
 

 Chapter 7: General discussion and conclusion 

7.1 Ecology of Cape monkfish 

Improved management measures of the Namibian Cape monkfish, Lophius vomerinus fishery 

resource rely on accurate data contributing to the understanding of its status. The Cape 

monkfish is one of two monkfish species that occur off the Namibian coast: the other being the 

shortspine African Angler, L. vaillanti (Chapter 1). The Cape monkfish is the most abundant 

monkfish species in Namibia (Maartens & Booth, 2001a, b; Fariña et al., 2008), and is the 

focus species for this study (Chapter 1). Leslie and Grant (1990) indicated that this species is 

distributed from northern Namibia (21°S) to Durban, South Africa (30°S, 31°E). Cape 

monkfish is slow-growing and lives more than 10 years (Maartens et al., 1999; Walmsley et 

al., 2005; Fariña et al., 2008). A historical study found the oldest individuals to be 11 years old, 

with females growing larger than males, but males mature at a smaller size than females 

(Maartens & Booth, 2005). No veil (that host spawned eggs) had been observed off Namibia 

before the present study. Spawning takes place throughout the year but peaks between July and 

September (Maartens & Booth, 2005). Similarly, no spawning grounds had been identified 

previously but the nursery areas were documented off Walvis Bay (23º – 25ºS) and near the 

Orange River (28º 35’S) (ICSEAF, 1984).  

 

7.2 Changes recorded between historical studies and contemporary studies 

As mentioned previously, the life-history parameters of fish may vary, spatially and temporally 

(Pankhurst & Munday, 2011; Falkenhaug & Dalpadado, 2014) as a result of stress on their 

populations (Pankhurst & Munday, 2011). Monitoring changes in the life history of species 

can provide indications of the responses of populations to external factors such as fishing 

pressure and climate change which can inform management decisions (Trippel, 1995; 

Pankhurst & Munday, 2011). Climate change coupled with extensive fishing pressure has been 

linked to a “regime shift’ in the BCLME, especially in the nBE (Moloney, 2010; Heymans & 

Tomczak, 2016). Uncoupling the effects of climate change from overfishing is challenging 

because, in most circumstances, the impacts of extensive exploitation pressure are exacerbated 

by the complexities of climate change. Multiple authors (Gammelsrød et al., 1998; 

Bartholomae & van der Plas, 2007; Monteiro et al., 2008) have documented environmental 

changes in the Benguela system, and in Namibia in particular. Variations in environmental 

parameters have been significantly noted including oxygen concentration (Bartholomae & van 
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der Plas, 2007), sea surface temperature (Junker et al., 2017) and wind strength (Monteiro et 

al., 2008). Frequent low oxygen events in the Namibian marine waters limit fish distribution 

(Boyd et al., 1987; van der Lingen et al., 2006; Bartholomae & van der Plas, 2007; Hutchings 

et al., 2009). The Namibian waters, especially in the north, have experienced recurring large-

scale extreme warming of the ocean waters (Benguela Niño events) (Shillington et al., 2006), 

which result in catastrophic effects such as the change in the abundance of fishes (Boyer et al., 

2001) and fish mortality (Gammelsrød et al., 1998). These changes in environmental variables 

are not uniform either spatially or temporally. For this reason, changes must be monitored in 

this region on both spatial and temporal scales.  

 

For the present study, biological aspects of Cape monkfish between historical and 

contemporary data were compared to look for changes and relate these to possible climate 

change impacts and exploitation pressure directed at this resource. Data were sourced from 

various databases including port sampling and observer data (Chapter 2). When the biological 

results of this study were compared to the historical information, some significant changes 

between the current study (Period 2) and the past studies (Period 1) in Chapter 3, 4 and 5 were 

found. Results from Chapter 3 showed that the feeding habits differed significantly between 

Period 2 (current study) and Period 1 (Gordoa & Macpherson, 1990), using the same study site 

and same data analysis methods. The changes, especially in the temporal diet composition, 

appear to be largely due to the types of prey species available. During the monkfish trawl swept 

area research biomass surveys, there was variation in the species composition over time 

suggesting that the benthic fauna is diverse in places and this matches with the stomach content 

diversity from this study. Previous studies (Roux 1998; Boyer et al., 2001) have documented a 

decline in small pelagic fish especially the Southern African sardine (pilchard), which is food 

for top predators such as Cape monkfish. At the same time, the nBE (from the Angola front to 

the Lüderitz upwelling cell) is reported to be experiencing a regime shift with an increase in 

the abundance of jellyfish and pelagic goby (Roux et al., 2013). Chapter 3 highlighted the 

particular importance of the deep-water hake M. paradoxus in the diet, across all size classes. 

The study provided evidence that although the composition, abundance, and distribution of 

some prey species in this region have changed, Cape monkfish was able to switch prey species 

and exhibit wide trophic adaptability (Chapter 3). This adaptation, however, might not be 

enough as total catches continue to decline (Chapter 6), and the possibility exists that negative 
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impacts of overfishing on their dominant prey (hake spp) may be contributing to this reduction. 

This study suggests that the diet of Cape monkfish may be used as an indicator of available 

forage fish both spatially and temporally, and the changes in the types, abundance, and 

distribution of these prey species are suggested to be partly ascribed to fishing pressure, along 

with possible climate change effects. 

 

Cape monkfish have previously been documented to spawn throughout the year and along the 

entire coast (Maartens & Booth, 2005). Key consecutive spawning hotspots identified from 

this study were between 22⁰ and 25⁰S, spawning mainly in deep waters (Chapter 4). 

Interestingly fishing hotspots were found around 25⁰S and 26⁰S (Chapter 6, Figure 6.3) and the 

highest catches were taken from around 24⁰ S, and between 26º and 27⁰S (Chapter 6, Figure 

6.4). This overlap has some management implications as besides overfishing, fishing spawning 

aggregations can lead to size-selective fishing (de Mitcheson, 2016), removing fecund adults. 

Although this species spawns throughout the coast, the consecutive hotspots between 22⁰ and 

26⁰S (Chapter 4) suggest that the resource might benefit from some spatial management, for 

example closing some areas (e.g., between 22⁰ and 26⁰S) between July and September, the peak 

spawning season.  

 

Nursery areas identified previously were off Walvis Bay (23º–25ºS) at depths between 150 and 

300 m and near the Orange River 28º35’S at depths between 100 and 300 m (ICSEAF, 1984). 

Interestingly, this study noted the absence of 0-year-old fish in the area around 28⁰ S, in contrast 

to the ICSEAF data of 1984. The area around 28⁰S is close to extensive mining activities 

(Kampf, 2007; Schneider, 2020) as discussed in Chapter 5, which may be detrimental. Because 

of a dearth of historical data on fecundity, no historical comparison could be made to the 

contemporary findings. A continuous monitoring study on maturation dynamics and 

reproduction strategies of this species should be maintained to make temporal comparisons in 

the future. 
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Although monkfish catches are declining (Chapter 6), the results of the age and growth analysis 

between the historic and present study did not show major differences, with similar growth 

curves (Chapter 5), suggesting some resilience to both overfishing and climate change. 

Interestingly, 2-year-old fish (20.33%) were dominant in the historic study, while 5-year-olds 

(18.3%) were prominent here. Additionally, the current study aged the oldest individual as 16 

years old, while the historical study did not find fish older than 11 years. This counterintuitive 

result is difficult to explain but may be due to the more extensive sampling in this study, 

possibly coupled with better age reading experience. 

 

It is noteworthy that there is an underutilisation of the monkfish TAC in most years. The 

question of whether the TAC might be set too high, in part perhaps due to pressure from 

stakeholders, needs to be discussed and investigated further. Although this study found fishing 

to occur in larger area than historically, there was no evidence that the fishery is moving deeper. 

Also increasing numbers of monkfish have been reported in the hake directed fishery, perhaps 

indicating some illegal targeting of monkfish, and flouting the current bycatch regulations. This 

would add pressure to the resource.  

 

Bottom water temperatures analysed in Chapter 6 were variable between 1998 and 2018, 

possibly influencing the distribution and abundance of monkfish. The trend shows warmer 

years (2003, 2006 to 2009) and colder years (e.g., 2004). These are average bottom water 

temperature, but it should be noted that environmental variables, such as temperature and 

oxygen content, vary both with depth and in particular with latitude. Although this study did 

not establish the optimum temperature for monkfish, it is evident from environmental data 

collected during the monkfish survey, that monkfish were abundant in bottom water 

temperature of 8.73 ⁰C (MFMR. 2019). However, for this study, no trend and no statistical 

relationship could be established between bottom temperature and catch size and between sea 

surface temperature and catch size. The system's dynamism made the correlation between 

bottom temperature and catches difficult, for two reasons. Firstly, the temperature is ever-

changing in different areas where the catches were recorded, and second, the bottom 

temperature data were limited and were not recorded for the entire Namibian coast. 
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7.3 Current management measures for the Namibia monkfish 

In Namibia, stock assessments are the basis for advice to the fisheries managers. Mathematical 

models and data from surveys and commercial fisheries are used to conduct the assessment. 

Hence, there is a high reliance on statistical analysis, when providing management advice. 

Currently, L. vomerinus stock is assessed annually using an Age-Structured Production Model 

(ASPM, Rademeyer and Nishida, 2011). Input data to the model are stock and catch weight-

at-age, maturity-at-age, natural mortality, survey biomass index, commercial catch rates, 

survey catch-at-age and commercial-catch-at-age (see Chapter 2). The CPUE (as an index of 

relative abundance) is calculated and standardised using a GLM. The MWG (described in 

Chapter 1, section 1.6), considers various data including catch and effort, data on length at age, 

mean length and length at maturity. When the data are scrutinised and the MWG members are 

satisfied, the ASPM is executed annually, and the model produces TAC for that assessment 

year and a number of management quantities. The management quantities are often used as 

reference points. Thereafter, The MFMR scientists then present the TAC recommendations to 

the Marine Resource Advisory Council (MRAC). MRAC consists of members from the fishing 

industry, banking sector, labour union, legal fraternity, and fishery experts. MRAC considers 

the scientific advice and draft recommendations to the Minister of Fisheries and Marine 

Resources. The minister then presents these recommendations to the cabinet, and the cabinet 

decides on the TAC. The cabinet decision is passed on to the Attorney-General. 

  

Namibia has comprehensive management measures in place, including regular MWG 

meetings, setting of TACs, recording of fishery-depended data in logbooks and the use of VMS. 

Additionally, other management measures guiding the harvesting of monkfish include a 

minimum cod-end mesh-size of 75 or 110 mm, to allow juveniles to escape although this study 

showed that commercial fishing vessels (through port sampling data) were able to retain some 

unquantified immature monkfish, indicating that the 75 mm net mesh-size for Cape monkfish 

might need to be re-evaluated. Fishing vessels in Namibia are fitted with a compulsory VMS, 

to provide information on vessel position and movement to the fisheries management agency 

(Paterson, 2015), however, the extent to which this is monitored and the use of information for 

management requires attention.  
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Several barriers to management were identified which appear to be hindering the successful 

management of this fishery. Compulsory logbooks, which must be completed daily at the end 

of every fishing day, were found to be sometimes incomplete e.g., the bottom water 

temperature was only recorded at some fishing stations between 1998 and 2018 (see Chapter 

6). Apart from annual survey data collected by MFMR, the other data are collected by the 

fisheries observers operating under the Fisheries Observer Agency (FOA). The FOA, 

established in May 2002 under Section 8 of the Marine Resource Act, Act No. 27 of 2000 (as 

described in Chapter 1) plays a key role in the collection of biological data, but verification of 

information recorded on an ongoing basis is essential. 

 

There is no annual closed season for monkfish, thus, the introduction of a closed season during 

the peak spawning period, identified here as July to September, maybe beneficial and should 

be further discussed. The inclusion of spatial closures to fishing into conservation and fisheries 

management strategies to protect marine organisms from human exploitation is on a rise 

globally (Botsford et al., 2009). Historical data show 0-year-old fish between 23ºS and 25ºS 

and off 28ºS, while the current study found 0-year-old fish only between 23ºS and 25ºS and 

not off 28ºS. Protection of key nursery areas should be contemplated as an additional 

management measure, given the decline in the commercial catches. 

 

7.4 Caveats associated with the data used in this study 

There were inconsistencies in the type of data collected during observer sampling and monkfish 

swept area biomass surveys. Some records had full biological data on length, sex, weight, and 

maturity stage, while some records were missing some of the biological data (see Chapter 4). 

For instance, for L50 estimation, the full biological data for all fish collected during the 

spawning months is required. However, the spawning months (February, July, August, and 

September) were only fully sampled in 2004, 2006, 2011, and 2015 – 2018. As a result, 

conclusions could not be made on size at maturity for some years e.g., before 2004 and the 

years between 2011 and 2015. The port sampling programme MFMR, through the sampling of 

commercial landings in Walvis Bay, provided the most reliable data, and it is important that 

this should be continued to build a long-term time series. Studies on monkfish (Erasmus et al., 
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2018; Erasmus et al., 2019) have been carried out using this port sampling data. As mentioned, 

the logbooks completed by the fishing vessel captains do not always contain required fishery-

dependent data, and intervention is required to ensure that these mandatory data are recorded.  

 

7.5 Future work 

This study provides a first cursory examination of spatial information but highlights areas for 

future work. Investigation of the impacts of climate change on fish populations is complex 

because climate change affects a multitude of environmental factors that may affect various 

processes at different levels of biological organisation (Rijnsdorp et al., 2009). In this study, 

no evidence of the direct impacts of climate change on the biological aspects of Cape monkfish 

was found, and possibly the habitat is more stable and less vulnerable to climate change as 

opposed to shallow and mid-waters. The fact that Cape monkfish were able to shift their diet 

and exhibit wide trophic adaptability might indicate an adaptation to change. Interestingly the 

bottom temperature at considerable depth was found to vary, and a dedicated study looking at 

the changes in bottom temperature over time may provide some information on possible 

change, and future implications for benthic fauna. Experiments on the physiology of key 

benthic species would be of interest. Sundby et al. (2001) carried out an experiment on the 

buoyancy of eggs and larvae and larval behaviour of M. capensis. Additionally, because in 

Chapter 5 there is evidence of offshore movement with an increase in the fish size, studies on 

the effects of environmental variables on growth should be carried out at different life-history 

stages of marine fishes that undergo ontogenetic habitat shifts.  

 

 

Although the focus of this study was on juvenile, sub-adult, and adults Cape monkfish, not 

much is known about the eggs and larvae stage of this species in the Namibian waters. 

Moreover, physio-chemical characteristics of the nursery area and if/how these have changed 

over time would be interesting.  

Further capacity building of the observers currently deployed is encouraged. Personal 

communication with observers revealed that some observers (with limited qualifications, often 

less than grade 12 certificate) have no scientific interest in the data they collect, so they might 

not endeavour to collect error-free data. To redress the imbalances caused by the apartheid 

regime, the authorities recruited from within the ranks of previously disadvantaged 
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communities whether or not they had the required qualifications (Stanley Ndara – CEO at FOA; 

pers. comm.). Other observers e.g., at the Falkland Islands have advanced qualifications; they 

are qualified biologists/zoologists or related fields (Honours and masters degrees). They 

process data, analyses and write reports (CPUEs, length frequencies, maturities, birds and sea 

mammals interactions with the fishing and vessels compliance) after each deployment, thus 

they know the importance of quality data. They are part of the research team and they are 

involved in other scientific projects for publications (which mostly comes from observers’ 

data). They also collect other data when required, such as feeding and histology data (Vasana 

Tutjavi – observer at the Falkland Islands; pers. comm.). Together with the landing data; the 

scientific observers collect biological data (otoliths fused in age determination, sex and 

maturity and lengths) from all the commercial species, which are used in the assessment 

models. The scientific observers in the Falklands are part of the Research team, thus they take 

part in research cruises, data analyses and report writing. They also take part in scientific 

meetings (if they are on land), which discusses research findings and management measures. 

Locally (in Namibia) there is generally a poor involvement of the observers in discussions on 

data and TAC recommendations (pers. obs.). If observers get more involved, they are likely to 

become more interested and simultaneously improve the quality of data that they collect. These 

issues are not unique to Namibia; Wang and DiCosimo, (2019) reported concerns regarding 

data quality, training costs, shortage of available observers, and safety and harassment of 

observers in the National Oceanic and Atmospheric Administration (NOAA) Fisheries which 

may potentially compromise the quality of data. To address this issue, as an area of high 

priority, the current observers need to be refreshed and trained. Hiring criteria for observers 

also need to be revised so that well qualified observers can be hired to collect accurate and 

reliable data. The observer training aspect has been previously highlighted more than a decade 

ago (Oelofsen, 1999). 

 

7.6 Conclusion and management recommendations 

The following is recommended: 

• This study indicates that most female fish landed are below L50. The small fish are part 

of the non-fishable biomass, which end up in the catch as evidenced from the observer 

data. They are mostly reported, except when they are not sampled. They are quantified 

by raising the sampled data to the total catch, which indicate the quantities of under-
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size being landed. Landing of under-size is a concern to stock assessment because that 

amount to recruitment overfishing something that should be avoided. This calls for a 

change in regulation e.g., increase in minimum mesh size, close area, close seasons. 

Changes to those regulations could address the concern of landing under-size fish. A 

revision of the mesh size from 75 or 110 mm to at least 140 mm to allow fish smaller 

than 48 cm (TL) to escape is therefore recommended. This would limit catches of fish 

at the L50 or slightly above (48 cm TL) so that the fish have a chance to mature and 

spawn before capture.  

• The current monkfish stock assessment does not fully incorporate spatial data. It is 

therefore recommended to incorporate more spatial catch data in stock assessment. 

Spawning and nursery areas should be considered in management discussions, with 

considerations for possible closed areas and/or seasons.  

• The current education level for observers limits the quality of data collected. 

Requirements for observers to be recruited should be revised to discourage candidates 

without first degrees in science from applying. Additionally, current observers should 

be mentored, and additional training incorporated.  

 

We live in a changing environment, and the management of fisheries becomes ever more 

complex. The first look at the spatial complexity of the monkfish resource underlines the 

challenges faced but highlights some of the research and management directions to follow in 

the future.  
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Appendix A  

Table of digestion stages of fish prey items (adapted from Filiz, 2009) 

Digestive state Description 

Stage 1 Shiny body surface – probably with scales. Clear eyes, fresh; prey without signs of 

digestion. 

Stage 2 Digestion just started; prey intact except for the more delicate parts, body parts may 

be discoloured (brownish, especially in the margins). 

Stage 3  Moderately digested; prey clearly affected by digestion.  

Stage 4 (a) Severely digested; prey highly fragmented; (b) Digestion almost complete, 

unidentifiable remains with little muscle; (c) only backbone or hard parts such as 

otoliths left. 
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Appendix B 

Overall diet composition expressed as percentages by number (%N), weight (%W), frequency 

of occurrence (%Fc), Index of Relative Importance (IRI) and percentage of Index of Relative 

Importance (%IRI), for juveniles (< L50, 37 cm TL) (n = 210), sub-adults (L50 – L100, 37–47 cm 

TL) (n = 299) and adults (> L100, 47 cm TL) (n = 387) Cape monkfish Lophius vomerinus 

collected off Namibia between 2015 and 2018. 

 

 
 

Taxon Prey item %N %W %Fc  IRIi %IRI %N %W %Fc IRIi %IRI %N %W %Fc IRIi %IRI 
Austroglossus microlepis 0.86 7.62 0.93 1.41 1.14 - - - - - - - - - -
Bassanago albescens - - - - - 0.44 0.27 0.48 0.19 0.01 0.82 0.13 1.07 0.91 0.01
Bathyuroconger vicinus - - - - - - - - - - 0.27 0.08 0.36 0.19 0.00
Beryx splendens 1.72 8.08 1.87 3.00 2.43 - - - - - - - - - -
Celorhinchus caelorhinchus polli1.72 0.97 1.87 0.40 0.32 3.10 1.98 2.90 8.28 0.58 0.82 0.36 1.07 2.54 0.02
Caelorhincus acanthiger 0.86 5.90 0.93 1.09 0.88 - - - - - - - - - -
Caelorinchus simorhynchus 8.62 9.66 9.35 18.70 15.16 3.54 1.35 3.38 6.73 0.47 2.74 1.25 3.20 26.41 0.22
Unidentified Caelorinchus sp 1.72 1.41 1.87 0.56 0.45 - - - - - - - - - -
Chlorophthalmus agassizi 1.72 1.48 1.87 0.58 0.47 3.54 1.94 1.45 4.08 0.29 6.03 1.49 2.85 28.25 0.23
Unidentified Congridae - - - - - 1.33 0.40 1.45 0.87 0.06 1.92 0.38 2.14 5.43 0.04
Cynoglossus zanzibariensis 0.86 1.21 0.93 0.23 0.19 - - - - - - - - - -
Epigonus telescopus 0.86 1.43 0.93 0.27 0.22 - - - - - 0.82 0.20 0.71 0.95 0.01
Helicolenus dactylopterus 4.31 8.70 4.67 8.22 6.67 9.29 15.65 10.14 224.87 15.81 6.58 5.36 7.83 274.22 2.27
Hoplostethus cadenati 0.86 1.22 0.93 0.23 0.19 - - - - - - - - - -
Lophius vomerinus - - - - - - - - - - 0.55 1.92 0.71 8.88 0.07
Unidentified macrouridae 5.17 4.93 5.61 5.78 4.69 8.41 4.05 8.70 51.26 3.60 3.84 1.13 4.63 34.59 0.29
Merluccius capensis 0.86 0.99 0.93 0.19 0.16 3.54 9.24 3.86 50.39 3.54 3.84 6.63 4.27 184.22 1.53
Merluccius paradoxus 10.34 16.30 11.21 37.28 30.24 15.93 29.76 15.94 671.30 47.20 33.70 58.43 28.47 10823.16 89.69
Merluccius  spp 2.59 6.33 2.80 3.57 2.89 9.29 9.81 9.18 128.32 9.02 4.11 3.19 4.98 103.87 0.86
Myctophids 4.31 1.25 3.74 1.12 0.91 1.33 0.31 1.45 0.69 0.05 - - - - -
Nemichthyidae - - - - - 0.88 0.14 0.97 0.21 0.01 0.82 0.05 0.71 0.24 <0.01
Nemichthys scolopaceus - - - - - 0.44 0.04 0.48 0.03 <0.01 - - - - -
Nezumia micronychodon - - - - - 3.10 1.64 3.38 8.04 0.57 3.01 1.42 3.91 36.65 0.30
Notacanthidae - - - - - - - - - - 0.55 0.04 0.36 0.10 <0.01
Paracallionymus costatus 5.17 4.08 1.87 1.62 1.31 - - - - - - - - - -
Pterothrissus belloci - - - - - 0.44 1.08 0.48 0.74 0.05 0.27 0.28 0.36 0.66 0.01
Selacophidium quentheri - - - - - 0.88 1.11 0.97 1.53 0.11 1.10 0.46 1.42 4.36 0.04
Sufflogobius bibarbatus 18.10 4.66 18.69 21.31 17.28 0.44 0.31 0.48 0.22 0.02 0.82 0.02 0.71 0.14 <0.01
Trachurus capensis 0.86 3.29 0.93 0.61 0.50 8.41 15.18 7.25 155.69 10.95 3.29 3.31 2.85 61.47 0.51
unidentified fish 17.24 3.03 16.82 13.64 11.06 18.14 3.25 19.32 97.02 6.82 9.59 1.89 11.39 144.58 1.20
Trachyrinchus scabrus - - - - - - - - - - 0.82 0.67 1.07 4.70 0.04
Unidentified Cephalopod 1.72 0.65 1.87 0.28 0.23 1.77 0.27 1.93 0.81 0.06 4.66 5.94 5.34 206.74 1.71
Sepia australis 3.45 2.38 3.74 1.91 1.55 0.44 0.18 0.48 0.13 0.01 0.27 0.01 0.36 0.04 <0.01
Todarodes sagittatus 0.86 2.65 0.93 0.49 0.40 - - - - - 3.01 4.63 3.56 107.18 0.89
unidentified Crustacean - - - - - 0.44 0.02 0.48 0.02 <0.01 0.82 0.02 1.07 0.15 <0.01
Euphausiids 3.45 0.04 2.80 0.15 0.12 - - - - - - - - - -
Nephropsis atlantica - - - - - - - - - - 0.27 0.01 0.36 0.04 <0.01
Shrimps - - - - - 0.44 0.03 0.48 0.02 <0.01 - - - - -
Squilla aculeata calmani 1.72 1.72 1.87 0.67 0.54 3.98 1.93 3.86 10.85 0.76 0.82 0.03 1.07 0.24 <0.01

ElasmobranchiiGaleus polli - - - - - - - - - - 0.27 0.11 0.36 0.26 <0.01
Gastropoda Gastropod - - - - - 0.44 0.06 0.48 0.04 <0.01 0.55 0.04 0.36 0.11 <0.01
Echinoidea Sea urchin - - - - - - - - - - 2.19 0.46 2.14 6.57 0.05
Porifera Sponge - - - - - - - - - - 0.82 0.05 0.36 0.14 <0.01
– Absent.

Cephalopoda 

Crustacea

Juveniles (<L50, 36cm TL) Sub-adults (L50–L100, 36–47cm TL) Adults (>L100, 47cm TL)

Teleost
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Appendix C 

 Overall diet composition expressed as percentages of Index of Relative Importance (%IRI), for juveniles (< L50, 37 cm TL) (n = 210 stomachs), 

sub-adults (L50 – L100, 37–47 cm TL) (n = 299) and adults (> L100, 47 cm TL) (n = 387) Cape monkfish, Lophius vomerinus, in summer, autumn, 

winter and spring, collected off Namibia between 2015 and 2018. 

  Juveniles (<L50, 36cm TL) Sub-adults (L50–L100, 36–47cm TL) Adults (> L100, 47cm TL) 

Taxon Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring 

Teleost 79.1 100.0 86.2 92.1 93.7 90.8 75.2 97.3 81.8 79.4 85.3 80.7 

Cephalopoda  20.9 0.0 6.9 0.0 6.3 3.7 3.1 0.0 8.4 13.7 9.8 16.1 

Crustacea 0.0 0.0 6.9 7.9 0.0 5.6 18.6 2.7 1.4 5.2 2.5 3.2 

Elasmobranchii 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0 0.0 

Gastropoda 0.0 0.0 0.0 0.0 0.0 0.0 3.1 0.0 0.0 0.0 1.2 0.0 

Echinoidea 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.4 0.0 0.0 0.0 

Porifera 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 

 


