
i 

 

 
 

Age assessment of Black 
Dogfish(Centroscyllium fabricii) and Great 

Lanternshark (Etmopterus princeps) 
 

 

 

 
 

 

 

 

 

 

 

 

Ása Guðmundsdóttir 

 

 

 
 

Líffræðideild 
Háskóli Íslands 

2020 





i 

 

 

 

 

Age assessment of Black 
Dogfish(Centroscyllium fabricii) and Great 

Lanternshark (Etmopterus princeps) 
 

 

 

 

Ása Guðmundsdóttir 

 

 

 
 

 
15 eininga ritgerð sem er hluti af 

Baccalaureus Scientiarum gráðu í Líffræði 

 
 

 

 

 

Leiðbeinandi 
Professor Steven Campana 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

Líffræðideild  
Verkfræði- og náttúruvísindasvið 



ii 

Háskóli Íslands 

Reykjavík, Maí 2020 

  



iii 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 
 

 
 

Age assessment of Black Dogfish(Centroscyllium fabricii) and Great Lanternshark 

(Etmopterus princeps) 

Age assessment of two deepwater shark species  

15 eininga ritgerð sem er hluti af Baccalaureus Scientiarum gráðu í Líffræði 

 

Höfundarréttur © 2020 Ása Guðmundsdóttir 

Öll réttindi áskilin 

 

 

Líffræðideild 

Verkfræði- og náttúruvísindasvið 

Háskóli Íslands 

Tæknigarður 

Dunhagi 5 

107 Reykjavík 

 

Sími: 525 4000 

 

 

 

Skráningarupplýsingar: 

Ása Guðmundsdóttir, 2020, Age assessment of Black Dogfish (Centroscyllium fabricii) and 

Great Lanternshark (Etmopterus princeps), BS ritgerð, Líffræðideild, Háskóli Íslands, 30 

bls. 

 

 

 

Prentun: Háskólaprent 

Reykjavík,  13. maí 2020 



iv 

 



v 

Útdráttur 

Margt er enn ekki vitað um djúpsjávarhákarla, sérstaklega varðandi aðferðir til að 

aldursgreina þá. Í þessari tilraun reyndi ég að aldursgreina tvær tegundir hákarla úr 

fjölskyldunni Etmopteridae; Svartháf (Centroscyllium fabricii) og Dökkháf (Etmopterus 

princeps). Þar sem hákarlar eru yfirleitt þekktir fyrir að mynda árlega aldurshringi á 

baklægum uggabroddum og hryggjaliðum, þá voru þessir líkamshlutar notaðir til þess að 

áætla aldurinn í árum. Fimmtán hryggjaliðir úr tveimur sýnum af tegund C. fabricii og úr 

einu sýni af tegund E. princeps voru skoðaðir, auk þess voru skoðaðir anal uggabroddar úr  

sýnum sem var safnað árin 1997-1998. Safnið er aðallega af tegund C.fabricii. Hátt í átján 

sýni voru aldursgreind og var aldur þeirra á bilinu 32-65 ára. Tölfræðilega mikilvæg fylgni 

mældist á milli áætlaðs aldurs og heildarlengdar, sem og á milli anal broddalengdar og 

heildarlengdar. Niðurstöður frá þessu verkefni sýna þörf fyrir fleiri upplýsingar um þessar 

tegundir og þörf fyrir þróun fleiri aðferða til að aldursgreina þær. 

 

 

 

 

Abstract 

Scarce information is available about many deep-sea shark species, especially regarding 

suitable methods for age assessment. In this study, I attempted to age two species of the 

family Etmopteridae; the Black Dogfish (Centroscyllium fabricii) and the Great 

Lanternshark (Etmopterus princeps). As sharks are generally known to form annual growth 

bands on dorsal fin spines and/or vertebrae these were used in order to estimate age in years. 

Fifteen vertebrae belonging to two specimens of C. fabricii and one specimen of E. princeps 

were examined, along with fin spines from 1997 to 1998, mainly from C. fabricii. A total of 

18 individuals were aged using anal fin spines, ranging between 32 and 65 years. Statistically 

significant correlations were found between estimated age and total length, and anal spine 

length and total length. Results from the study suggest the need for reliable prior knowledge 

to confirm accuracy of estimated ages, and the development of more suitable ageing methods 

to use in these species. 
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1 Introduction 

Little about the life history of deep-sea sharks is currently known. Chondrichthyans in 

general are more under threat of extinction than other groups of vertebrates. Although large, 

shallow water and fresh water sharks are considered to be the most imperilled from 

overfishing and the practice of shark finning, it is likely that deep-water sharks are especially 

threatened from being caught as bycatch and from habitat degradation resulting from the use 

of highly destructive bottom trawlers (Dulvy et al. 2014). The true number of sharks that are 

caught as bycatch and then either discarded or kept for the sale of their meat or fins, is 

estimated by some to be 3-4 times larger than has currently and historically been recorded 

(Worm et al. 2009).  

Almost 60% of deep-sea chondrichthyans are Data Deficient (DD) according to IUCN Red 

List in terms of their conservation status (Dulvy et al. 2014). Given that sharks tend to follow 

the k-selection strategy with slow growth and maturation, few offspring with a long gestation 

period, population growth is slow, and sharks are vulnerable to overexploitation (Cortés, 

2000; García et al. 2008). Knowing more about life expectancy (especially size-at-age of 

caught sharks) and reproductive habits can determine the general health of stocks and species 

(Trippel, 1995). 

Knowing the ages of individuals in a reasonably sized sample can indicate whether a species 

is long lived (Trippel, 1995; Hedeholm et al. 2019). Long lived species are likely to be able 

spawn multiple times throughout their life (Trippel, 1995). The Black Dogfish continues to 

grow after maturation (Jaboksdóttir, 2001; Hedeholm et al, 2019; Yano, 1995), then length 

and weight increase, which will increase the number of offspring a female can produce. The 

largest and therefore the oldest and most fecund individuals are subject to fishing mortality 

due to gear selectivity. This may decrease future year class strength and if size is a heritable 

characteristic, could mean that smaller individuals are selected for (Hedeholm et al, 2019). 

If fishing mortality is high, as many researchers think is the case for the Black Dogfish, then 

quota sizes for similarly sized commercially-viable species (such as the Greenland Halibut) 

inhabiting the same area could be adjusted to prevent population collapse of the Black 

Dogfish (Hedeholm et al, 2019; Jaboksdóttir, 2001; Yano, 1995). As age and total length are 

correlated,  it can be estimated how many years it takes for an individual to grow to a certain 

size, and to reach sexual maturity, if it is known at what total length the reproductive organs 

mature. This could allow researchers to loosely estimate future year class strengths using 

sampling of the current population and would give an idea of projected population size 

changes (Trippel, 1995). 

Age determination in deep-sea sharks is currently not as advanced as in bony fishes, likely 

because elasmobranchs lack otoliths and their scales do not form growth bands (Campana, 

2014). Various methods to age sharks exist, for example, a method involving staining 

vertebrae with Cobalt Nitrate and counting band pairs was developed to age Etmopterus 

spinax, which has poorly calcified vertebrae (Gennari et al. 2007). Another method involving 

the use of neural arches instead of the centra of vertebrae was successful in Hexanchus 

griseus, the Bluntnose Sixgill Shark (McFarlane et al. 2002). Near Infrared Spectroscopy 
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has been used in conjunction with the more traditional band counting method to age Great 

Hammerhead and Spot-tail Sharks (Rigby et al. 2014).  

Studies indicate that fin spines in certain species of deep-sea sharks can be used for ageing, 

as in the case of C. crepidater (The Longnose Velvet dogfish) and Squalus mitsukurii (The 

Shortspine Spurdog) (Moore et al. 2013; Cotton et al. 2011). In many cases however 

vertebrae are usually preferred as they do not suffer from a lifetime of wear and tear as spines 

do (Campana, 2014). 

The most used method for ageing sharks is counting band pairs that are assumed to be annuli 

on vertebrae. Technically the method is not difficult, requiring only various preparatory 

implements to make sufficiently thin sections and an optical microscope or use of digital 

enhancement software on high resolution photographs to increase contrast (Campana, 2014). 

Some researchers suggest that use of vertebrae and spines does not necessarily give accurate 

ages; a study that used two different staining methods for spines in Centroselachus 

crepidater failed to age any specimens of that species, revealing only growth bands in one 

of the four species studied: Galeus melastomus, a deep-sea catshark (Moore et al. 2013). The 

study underlines that using calcified body parts such as spines and vertebrae assume that 

these body parts will continue to grow throughout the life of the shark, which is not always 

the case, (Moore et al. 2013) meaning that there may have been consistent age 

underestimation across a range of ageing studies (Campana, 2002). 

It is also important to have robust age validation, as recent studies point to consistent age 

underestimation in many long-lived sharks (Campana et al. 2002). Age underestimation is a 

problem as many of these studies have been used in the setting of quotas, which, as has been 

seen in bony fish (such as in the case of the Walleye Pollock), has led to overfishing and 

stock collapse (Beamish et al. 1995). Age mis-estimation could be considered even more 

grievous in chondrichthyans, especially members of the order Squaliformes as C.fabricii and 

E. princeps are, as their population growth is slower (Cortés, 2000; García et al. 2008). 

One of the most common age validation methods is Marginal Increment Analysis (MIA), 

which involves looking at the outermost edge of an otolith and measuring the distance from 

the last annulus to the edge. The distance is then plotted against the season to give a 

sinusoidal cycle. Some studies argue that it can lead to errors in ageing as the bands do not 

always form yearly, nor are they always interpreted correctly due to human error (Campana, 

2001; Lessa et al. 2006). Other age validation methods are the use of chemical markers in 

released known age sharks and Bomb Radiocarbon analysis (Campana, 2001; Campana et 

al. 2006). Bomb Radiocarbon analysis has been used with success in many species such as 

the Porbeagle Shark (Campana et al. 2002) and the White Shark (Hamady et al, 2014), with 

both studies disproving some prior age studies about these species. The method involves 

picking up high amounts of the carbon-14 isotope in the calcifying structures (otoliths, 

vertebrae, scales and shells) of marine organisms that were born around the 1960s when 

nuclear testing meant that radiocarbon levels surged in the ocean (Campana et al. 2002). 

The Black Dogfish (Centroscyllium fabricii) is a demersal Atlantic shark of the family 

Etmopteridae, as is the Great Lanternshark (Etmopterus princeps). Both the Black Dogfish 

and the Great Lanternshark are common to the waters surrounding Iceland, especially the 

South West, although the Great Lanternshark is most common to the Reykjanes Ridge area 

(Jakobsdóttir, 2001) where specimens were sampled for this study, as well as being found in 

the waters around Southern Greenland (Yano, 1995). 
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As with many deep-sea sharks, the Black Dogfish and Great Lanternshark have no 

commercial value but are frequently caught by bottom trawlers as bycatch where they are 

immediately discarded (Jakobsdottir, 2001). The Black Dogfish is listed as Least Concern 

by the IUCN (Ebert et al. 2009) and appears to be common. The Great Lanternshark is listed 

as Data deficient by the IUCN Red List (Herndon et al. 2006). Information on the life history 

of both of these species is lacking, but studies point to them producing extremely variable 

but small litters of offspring at inconsistent times throughout the year. Given that they mature 

very late, (Yano, 1995) population replacement from any foreseen (such as from fishing) 

and unforeseen (such as sudden impacts from climate change) perturbations would likely be 

very slow. In two studies about Black Dogfish near Iceland and Greenland, a vast majority 

of the specimens were immature despite having reached a large size for the species 

(Jakobsdóttir, 2001, Yano, 1995). The maximum size described for the species varies 

between studies as Von Bertalanffy Growth Models have not been produced, and asymptotic 

size and growth rate have not been confirmed (Hedeholm et al. 2019; Jakobsdóttir, 2001; 

Yano, 1995). 

In this study, the initial aim was to utilise pre-existing ageing methods to age the Great 

Lanternshark (Etmopterus princeps) and Black Dogfish (Centroscyllium fabricii), to 

produce a table of length and inferred age for each species. Growth bands on the vertebrae 

and fin spines were used to determine age, as this had never been done before for these 

species in a published study, and given the timeframe and scope of this study, other more 

costly and time-consuming methods were not available. 

More needs to be learned about the Black Dogfish and Great Lanternshark in order to 

safeguard them for the future, especially with the onset of climate change and increasing use 

of highly efficient bottom trawlers. This study will aim to improve knowledge of deep-sea 

shark life spans, using vertebrae and fin spines for age determination.  

 

 

 



4 

 

2 Methodology 

2.1 Data collection and methods 

The study analysed data from a group of 3 frozen deep-sea shark specimens that had been 

collected previously. Total length was used to measure the sharks, as it was deemed suitable 

for comparison with the lengths of the specimens in the 1997-1998 collection by 

Hafrannsóknastofnun. Total length was defined in an Icelandic study on Black Dogfish and 

Great Lanternshark as “measured to the nearest centimetre (from snout to the tip of the upper 

caudal lobe)” (Jakobsdóttir, 1998) and this description was followed when measuring the 

frozen specimens.  

In the sample there was one Great Lanternshark with a total length of 63 cm and two Black 

Dogfish with total lengths of 77 and 63 cm. Vertebrae from these specimens was taken from 

the area around the gills, as this is the area which tends to give the largest vertebrae and 

therefore the largest bands (Campana, 2014). The dorsal and anal fin spines were also taken. 

The sharks did not possess claspers, and therefore were female. All were within the size 

range expected for females reaching sexual maturity (Yano, 1995). 

Initially the vertebrae were placed in mouldable clay and then attached them to a small 

platform which rested upon the isomet saw. However, the clay proved too malleable and the 

vertebrae would often move or drop down into the water. The vertebrae were then embedded 

in epoxy although due to their large size and uneven weight distribution many of them 

solidified unsymmetrically, leading to some off-centre sections. The useable sections were 

mostly around 500 µm thick, however, and four to five sections were produced from each 

shark. The sections were studied under a binocular microscope and magnified photos (2.0x) 

were taken and edited in the image editing software Adobe Photoshop to increase the 

contrast between darker and lighter areas to better see the growth bands.  

The older fin spine collection of Great Lanternfish and Black Dogfish was from 

Hafrannsóknastofnun and taken during two late autumnal annual surveys from 1997-1998. 

The sample size here was small, with 43 individuals sampled, 33 specimens of C. fabricii 

and 10 specimens of E. princeps, sampled from the waters to the West of Iceland and the 

Reykjanes Ridge. The C. fabricii specimens yielded both a dorsal and an anal spine, with 

one exception, where there was no dorsal spine. The E. princeps specimens yielded only 

anal spines. Only anal spines were used for increment measurements and ageing, although 

the dorsal spines were used in a correlation test against the anal spines and total length.  

A map of where the spines were collected can be seen below. 
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Figure 1: A map showing where around Iceland the specimens yielding the fin spines were sampled from. In this case, 
KA1-97 refers to the E. princeps specimens caught in 1997, whilst TBR2-97 and 98 refer to the C. fabricii specimens caught 
in 1997 and 1998 

I took photographs of the spines with a Panasonic Lumix DMC-GH3 digital camera at 1920 

x 1080 resolution. The spines were supported by black modelling clay to hold them in the 

right position to focus on the ridge area that gives the most defined bands. (Campana, 2014) 

Artificial lighting was kept to a minimum, using smooth daylight where possible. The 

whitest spines were not used as they were bleached due to wear and tear. The rest of the anal 

spines (30 spines) were then edited in Adobe Photoshop to increase contrast between the 

light and dark zones. Any growth bands were labelled, to find continuous, repeating light 

and dark bands that could be used to age the specimen. 

Transverse sections were taken using two spines based off a methodology found in a study 

by Tovar-Ávila et al. from 2007. I sectioned a small number of the previously photographed 

spines using the isomet saw in three places, near the tip, near the middle and near the base 

or root of the spine. I edited them once again in Adobe Photoshop in order to see growth 

bands. 
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2.2 Hypotheses 

This was primarily an age determination study but also had the additional objectives of 

testing association between variables of Length and Age. This study tested five different 

hypotheses, four concerning the Black Dogfish (C. fabricii) and one concerning the Great 

Lanternshark (E. princeps). 

1. H0= There is not a significant correlation between dorsal spine length and total length 

in Black Dogfish. 

HA= There is a significant correlation between dorsal spine length and total length in 

Black Dogfish. 

 

2. H0= There is not a significant correlation between anal spine length and total length 

in Black Dogfish. 

HA= There is a significant correlation between anal spine length and total length in 

Black Dogfish. 

 

3. H0= There is not a significant correlation between anal spine length and dorsal spine 

length in Black Dogfish. 

HA= There is a significant correlation between anal spine length and dorsal spine 

length in Black Dogfish. 

 

4. H0= There is not a significant correlation between estimated age and total length in 

Black Dogfish. 

HA= There is a significant correlation between estimated age and total length of in 

Black Dogfish. 

 

5. H0= There is not a significant correlation between anal spine length and total length 

in Great Lanternshark. 

HA= There is a significant correlation between anal spine length and total length in 

Great Lanternshark. 

I expect to find that there is correlation between spine length and proposed age, and between 

spine length and total length of the Black Dogfish and Great Lanternshark. I expect there to 

be a correlation between estimated age and total length, as it would indicate that larger sharks 

are generally older than smaller sharks, as it is known that the Black Dogfish continues 

growing throughout its lifetime (Hedeholm et al. 2019; Jakobsdóttir, 2001.). As the Great 

Lanternshark is a closely related species and almost no information exists about it, I will 

assume that it also continues growing throughout its lifetime.  
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3 Results 

3.1 Shark Total Length and Length of the Dorsal 
Spines: The Black Dogfish 

Total length increased in a linear fashion with dorsal spine length in the Black Dogfish, as 

can be seen in Figure 2 below. 

 

Figure 2: A Scatter plot showing the length of the dorsal spines compared to shark total length (C. fabricii) 

There was a significant correlation between total length and the length of the dorsal spines. 

The r-value of the Pearson’s Product Moment Correlation Coefficient at 25 degrees of 

freedom is 0.58.  The slope of the regression was y = 13.34x + 27.87.  This indicates that, 

on average, that for every centimetre the dorsal spine grows, the total length of the shark 

increases by 13.3 cm. The R2 Value for the Sum of Least Squares Linear Regression was 

0.34. The p-value was 0.0015, so p<0.05 at 5% significance level. The null hypothesis of 

zero correlation can therefore be rejected. 
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3.2 Shark Total Length and Length of the Anal 
Spines: The Black Dogfish 

Total length increased in a linear fashion with anal spine length in the Black Dogfish, as can 

be seen in Figure 3 below. 

 

 

Figure 3: A Scatter plot showing the length of the anal spines compared to shark total length (C. fabricii) 

There was a significant correlation between total length and the length of the anal spines. 

The r-value of the Pearson’s Product Moment Correlation Coefficient at 25 degrees of 

freedom is 0.86. The slope of the regression was y = 12.5x + 7.99. This indicates that, on 

average, that for every centimetre the anal spine grows, the total length of the shark increases 

by 12.5 cm. The R2 Value for the Sum of Least Squares Linear Regression was 0.74. The p-

value was p<0.001, so p<0.05 at 5% significance level. The null hypothesis of zero 

correlation can therefore be rejected. 

3.3 Length of the Dorsal Spines and Length of 
the Anal Spines: The Black Dogfish 

Dorsal spine length increased in a linear fashion with anal spine length in the Black Dogfish, 

as can be seen in Figure 4 below. 
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Figure 4:  A Scatter plot showing the length of the anal spines compared to the length of the dorsal spines (C. fabricii) 

There was a significant correlation between the length of the dorsal spines and the length of 

the anal spines. The r-value of the Pearson’s Product Moment Correlation Coefficient at 25 

degrees of freedom is 0.77. The slope of the regression was y = 0.49x + 0.26. This indicates 

that, on average, that for every centimetre the anal spine grows, the dorsal spine grows 0.49 

cm. The dorsal spine seems to grow half as fast as the anal spine. The R2 Value for the Sum 

of Least Squares Linear Regression was 0.59. The p-value was p<0.001, so p<0.05 at 5% 

significance level. The null hypothesis of zero correlation can therefore be rejected. 

3.4 Shark Total Length and Length of Anal 
Spines: The Great Lanternshark 

The Great Lanternshark (E. princeps) specimens each only yielded an anal spine, so the only 

comparison available was between shark total length and anal spine length.  

Total length increased in a linear fashion with anal spine length in the Great Lanternshark, 

as can be seen in Figure 5 below. 
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Figure 5: A Scatter plot showing the length of the anal spines compared to the total length of the sharks (E. princeps) 

There was a significant correlation between the Length of the Anal Spines and the shark 

Total Length. The r-value of the Pearson’s Product Moment Correlation Coefficient at 7 

degrees of freedom is 0.81. The slope of the regression was y = 16.9x + 3.4. This indicates 

that, on average, that for every centimetre the anal spine grows, the total length of the shark 

increases by 16.9 cm. The R2 Value for the Sum of Least Squares Linear Regression was 

0.65. The p-value was 0.009, so p<0.05 at 5% significance level. The null hypothesis of zero 

correlation can therefore be rejected. 

3.5 Vertebral section images 

As can be seen in Figure 6 below, the vertebral sections had few, if any visible growth bands. 

If bands were present, they lacked consistency in the distance between them. This indicated 

that the lines were either artefacts from the photography or photo enhancement methods 

used, or that the bands were false checks that indicated something other than growth. No 

results could be obtained from the vertebral sections that could be used in ageing. 
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Figure 6: A trans-longitudinal section of a vertebra from Shark 1, the larger black dogfish specimen. Note the lack of any 
visible banding, which should begin at the centrum and extend up the corpus calcareum. 

3.6 Fin Spine Sections 

As seen in Figure 7 below, no discernible growth bands could be seen in the inner trunk 

dentine layer of the 9 fin spine sections taken from two specimens of C. fabricii.  

 

Figure 7: Section of a fin spine from Centroscyllium fabricii specimen number 4-97-24. Note the lack of visible banding 

which should otherwise appear bordering the central pulp and radiating to the outer edges of the section. 

corpus 
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centrum 

Central pulp 

Inner Trunk 

Dentine 

Layer 
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Although there were some lighter and darker areas in the inner trunk dentine layer, they were 

not distinct enough to define as annuli. 

3.7 Fin Spine Results 

Anal spines were examined from each of the 42 specimens in the 1997-1998 fin spine 

collection. Of these, 18 were suitable for increment analysis. The results are summarised in 

Table 1 below. Age was estimated by dividing the length of the spine by the mean distance 

between the bands. Figures 8 and 9 below show how the results in Table 1 were obtained, 

by measuring distance between bands and interpolating as is described in the methodology. 

 

 

 

 

 

 

 

 

Figure 9: Zoomed in view of Figure 8 to display growth bands, labelled in red. 

As can be seen from Table 1, growth per year of the anal spines is between 0.7-1.2 

millimetres with a mean of 0.088 and a standard error of 0.0032. Ages did not always appear 

as integers but were rounded down since the Black Dogfish does not have a defined breeding 

season (Yano, 1995) and so it could not be ascertained when individuals were born.  

Figure 8: Whole Spine from Centroscyllium fabricii specimen number 1-98-26, suspended 
on modelling clay. Visible Growth bands are labelled in red. Each mark on the ruler 
represents 1 mm. 
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Table 1: Table showing the sharks that were suitable for increment interpolation. Maturity refers to the stages of sexual 
and reproductive maturity proposed by Stehmann (2002), where 1 is immature and juvenile, 2 is maturing and adolescent, 
3 is mature and adult, 4 is active and in some cases copulating. *22 is a code used by researchers at Hafrannsóknastofnun 
to differentiate between female uterine and ovarian stages and is code for advanced ovarian stage. CF stands for 
Centroscyllium fabricii and EP stands for Etmopterus princeps. 

Specimen 

number 

Number 

of 

Bands in 

Interval 

Mean 

Distance 

Between 

Bands 

(cm) 

Length 

Of 

Spine 

(cm) 

Estimated 

Age 

In 

Years 

Sex Total 

Length 

(TL) 

Of 

Specimen 

(cm) 

Maturity 

CF-1-98  6  0.10  4.7  47  F  72.0  2 

CF-1-98-26  7  0.09  2.9  32  F  40.0  1 

CF-2-98-07  5  0.10  4.0  40  M  57.0  1 

CF-3-98-18  8  0.07 4.3  61  M  70.0  3 

CF-4-97-25  15  0.08  3.0  37  F  53.0  1 

CF-4-98-07  26  0.08  5.3  65  F  67.0  1 

CF-4-98-18  11  0.09  4.8  53  F  64.0  1 

CF-5-97-24  3  0.09  5.2  57  F  79.0  1 

CF-5-97-25  5  0.08  3.1  39  F  49.0  1 

CF-5-98-18  7  0.08  4.6  56  F  52.0  1 

CF-6-97-25  4  0.07  2.9  41  F  45.0  1 

CF-7-97-24  2  0.08  3.6  44    54.0   

CF-8-97-24  9  0.10  4.8  48  F  75.0  4 

CF-11-97-37  6  0.07  4.5  64  F  62.0  1 

CF-14-97-37  5  0.10  3.4  33  M  65.0  3 

EP-3-97-07  7  0.09  3.8  42  F  68.0  22* 

EP-4-97-07  14  0.10  3.2  32  M  62.0  3 

EP-11-97-07  3  0.12  3.9  32  F  71.0  2 

 

3.8 Total Length of Sharks and Estimated Age: 
The Black Dogfish 

Figure 10 uses the estimated ages and total lengths from Table 1 above. Only female Black 

Dogfish (C. fabricii) are included. The mean total length for the sharks was 61.4 cm. 

As can be seen in Figure 10, Total Length of the sharks increased in a linear fashion with 

Estimated Age. 
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Figure 10: A scatterplot showing Shark Total Length over Age in Years, with a regression line of best fit. Includes only 
female C. fabricii. 

There was a significant correlation between the Estimated Age and the shark Total Length. 

The r-value of the Pearson’s Product Moment Correlation Coefficient at 11 degrees of 

freedom is 0.56. The slope of the regression was y = 0.66x + 28.2. This indicates that, on 

average, that for every year the shark ages, it grows by 0.66cm. 

The R2 Value for the Sum of Least Squares Linear Regression was 0.32.  The p-value was 

0.045, so p<0.05 at 5% significance level. The null hypothesis of zero correlation can 

therefore be rejected. 
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4 Discussion 

There were significant positive correlations between Total Length and the Length of the 

Dorsal and Anal Spines in the Black Dogfish. There was also a significant positive 

correlation between the Length of the Anal Spine and Total Length in the Great 

Lanternshark. This indicates that spine length increases as Total Length increases. There was 

a significant correlation between Estimated Age and Total Length in the female Black 

Dogfish. This suggests that female Black Dogfish continue to grow as they get older. Large 

female Black Dogfish are therefore likely to be older than small female Black Dogfish. As 

larger and older Black Dogfish tend to possess larger spines than smaller and younger 

Dogfish, dividing the anal spine length by the distance between annuli as was done in this 

study appears to be a suitable method to age Black Dogfish.  

There was a significant correlation between Length of Dorsal and Anal Spines. Although the 

dorsal spines were shorter than the anal spines from the same individual in all cases where 

the anal spines were intact, their growth appears to be proportional to the growth of the anal 

spines.  

If the female Black Dogfish grows an average of 0.66 cm a year, then the individuals are all 

either much older than estimated or, sometime before they reach 32 years of age (The 

youngest aged female individual in this study) their rate of growth per year markedly 

decreases. If they grew at the rate of 0.66 cm during their entire lives it would take them 93 

years to reach the mean total length of 61.4 cm, of the 13 individuals in Figure 10 above. 

Although the oldest individuals in this study are considered to be over 60 years old, it is 

likely that the Black Dogfish can grow to be older, given that the largest female in this study 

was 75 cm and Female Black Dogfish have been described as reaching more than 80 cm 

(Yano, 1995, Jakobsdóttir, 2001). If it is assumed that growth slows down as the individual 

reaches the asymptotic size for its species, then the largest individuals could be considerably 

older than individuals who are only a few centimetres shorter. A Von Bertalanffy would be 

helpful to determine life expectancy in this regard. 

Some individuals do seem to grow more slowly than others, assuming the age determination 

results are accurate. Even if they are not, some individuals do possess spines that are 

comparatively longer in proportion to their body length. Some individuals may grow more 

slowly due to environmental factors, such as varying food availability in each sampled area 

from the map in the methodology above. 

A recent study by Hedeholm et al. posits that overfishing of Greenland Halibut has led to 

overfishing of Black Dogfish as bycatch, and that there is a large degree of gear selectivity 

that has happened over the past 25 years, leading to a smaller size at maturity than has 

historically been described, due to the largest individuals being constantly removed from the 

population. Given that the spines used in this experiment have been frozen for more than 

twenty years, it would be interesting to repeat the experiment with a greater number of more 
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current spines to see if it is the case that the mean Total Length (and mean Spine Length) at 

the same age is consistently smaller than in the specimens used in this study (Hedeholm et 

al. 2019). 

A fin spine sectioning method was tested in this study based on the findings by Tovar-Ávila 

et al. 2009. In the study they used four methods to age various specimens of the Port Jackson 

shark (Heterodontus portjacksonii), one of which was performed by taking thin transverse 

sections of fin spines and counting the circular growth bands that formed in the inner 

circumference of the spine, near the pulp. 

The tip section of the Black Dogfish spines used was so bleached that nothing could be seen. 

Sectioning the fin spines did suggest that some growth bands had formed as there was a 

clearly pale and circular zone that ran along the middle of the transverse section. However, 

individual bands could not be determined, so either the specimens chosen were so old that 

there was a multitude of bands that could not be told apart, or the spine sectioning method 

is not appropriate in these species. The Port Jackson Shark (Heterodontus portjacksonii) 

displayed more defined growth bands, easily visible to the naked eye, than could be seen in 

the Black Dogfish and Great Lanternshark. The Port Jackson Shark was also noted to have 

vertebrae that calcified well (Tovar-Ávila et al. 2009). 

Given that these two species have never been aged using fin spines and vertebrae (in a 

published study, that is), the difficulty experienced when ageing the spines and vertebrae 

was not particularly unexpected. It may be that the vertebrae in these species do not calcify 

well as they do not in a sister species, E. spinax (Gennari et al. 2007), and so growth rings 

are difficult to see.  

The ages estimated by counting growth bands on the whole spines are not likely to be wholly 

accurate due to assumptions made in the methodology (using the increments involved the 

assumption that there is a consistent distance between every growth ring and that the spine 

grew at the same rate throughout the life of the shark, which is unlikely.) Furthermore, the 

majority of the sharks from the fin spine collection had a Total Length above 30cm, and 

mean length of the sharks as a whole including both species and sexes was 59.15cm, close 

to upper limit of growth observed for these species (Jakobdsóttir, 2001; Yano, 1995). This 

means that very few individuals in the sample are likely to be young juveniles; a group which 

is very important to have in ageing studies (Campana, 2001). 

The limited size range of specimens in this study may be due to gear selectivity used by 

Hafrannsóknastofnun, or it may be that individuals of a particular size aggregate in certain 

areas. The second explanation is more likely as the data used in this study also appears briefly 

in a prior study, showing that the mesh size of the trawler was a mere 40 mm for the Black 

Dogfish survey and 36mm for the Great Lanternshark Survey (Jakobsdóttir, 2001). There 

also appears to be a large degree of sex segregation given the few male specimens present 

in the sample. This may be common behaviour for the Black Dogfish, as studies have shown 

that there is sexual segregation by depth, where females considerably outnumbered males at 

greater depths (Jakobsdóttir, 2001; Yano, 1995). 

The male and unsexed individuals from the results concerning age and body length were 

omitted as it is known that they tend to be smaller than females at the same age and including 

them could skew the data. A separate correlation test for male sharks was not included as 

the sample size was small. 
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The most important factor this study lacks is the use of an age validation method. Given the 

timeframe of the study, the only possible age validation that could have been used was prior 

data from past ageing studies and a detailed life history or Marginal Increment Analysis. For 

both species, there are no prior ageing studies, and there are no published life history studies 

concerning the Great Lanternshark. Furthermore, while the existing life history studies about 

the Black Dogfish are useful in order to begin to relate size to maturity stage and to determine 

reproductive and early life history, there is still the matter of determining when the first 

annulus forms or if the growth bands do even form on a yearly basis. There would need to 

be a release of known age and marked sharks to determine this (Campana, 2001). 

The study yielded some preliminary ages and showed correlation between certain variables. 

In the future, a larger sample size for both the Black Dogfish and Great Lanternshark would 

be needed. More areas would need to be sampled in the waters around Iceland to make sure 

that individuals collected were representative of the whole Icelandic population. A greater 

number of vertebrae would need to be collected to further test their suitability for age 

assessments in these species. Age-validation techniques should also be employed, such as 

the use of Bomb Radiocarbon Dating or Release of known age sharks. Multiple experienced 

agers should be used to increase precision. With these improvements, the next ageing study 

concerning these two species may produce further results. 
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