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Summary
Age, growth and maturity were investigated in the commercial ray species from  two contrasting, and 

geographically distinct regions; nam ely the Falkland Islands’ ray fishery, which is recently established, 

carefully managed fishery, and m ainly exploits bathyrajids in a relatively deep, cold water 

environment; and the Irish ray fishery (ICES division V ila and Vllg), which is long established, 

unregulated, and exploits rays in shallower, warmer waters. In addition, for the Irish ray fishery, a 

detailed review of the data available from the fishery was carried out, and an intensive port-sampling 

program m e was initiated to attain the size and age structure o f  the commercial landings by species and 

sex, and from the results the status o f the ray species was assessed.

A wide diversity of previously developed vertebral band enhancement procedures was assessed using 

several processed forms o f centra (e.g. whole centra, sagittal sections). Crystal violet staining o f sagittal 

vertebral sections was adopted as the main vertebral band enhancement procedure, as it proved simple 

in its application and allowed stain intensity to be readily modified as required to optim ise resolution. 

Caudal thorns, which were investigated as a novel ageing tool, only proved effective for the Falkland 

Islands’ ray species, and it was suggested that the surface ridge defined band pattern evident in these 

species, formed as a result of a regular stasis in somatic growth during the winter. The structure and 

growth process o f thoms from the Falkland Islands’ species was described through histological analysis 

o f  transverse sections.

Annual vertebral band pair formation was established for each of the species in  both study groups. 

Through analysis o f the tim ing o f formation and morphology of vertebral bands it was suggested that 

an endogenous rhythm m ay control the rate o f band formation, and that exogenous cues m ay only 

influence the morphology o f the bands formed. To assess the reliability o f  band count estimates 

statistical analyses were carried out on repeated band count readings made by independent readers. It 

was noted that the band resolving abilities notably improved for the inexperienced readers with 

repeated readings, which emphasises the importance o f  ‘a training in’ period for all new readers.

Von Bertalanffy growth estimates and m aturity estimates derived for the Falkland Islands’ species 

revealed that they are among the slowest growing and latest maturing ray species studied to date (e.g. 

B. brachyurops male (vertebral centra) K= 0,05, age at maturity= lOyrs). The vulnerability o f B. 

griseocauda  to overfishing, the slowest growing and latest maturing species examined (growth rate K= 

0.03, age at maturity >20yrs), is evidenced in the fishery, w ith a drastic drop in numbers over the past 

decade. Growth and maturity estimates revealed that the Irish ray species are faster growing and mature 

at an earlier age (e.g. R- montagui male, K= 0.304, age at maturity= 4yrs). Although growth and 

maturity estimates were previously derived for some o f the Irish ray species, lim ited sample sizes and



age assessment biases confounded comparisons. Derived growth and maturity estimates strongly 

suggest that the growth rates of the smaller species (R. montagui and R. naevus) have increased and age 

at maturity have been reduced over the recent past, possibly as a result of a compensatory response to 

exploitation.

The close agreement between landings figures derived from the European Communities logbook 

proforma and those from the commercial landings data (commercial transactions data), obtained 

directly from the ports, strongly suggest that the logbook returns on ray landings are reliable for the 

non-quota ray species within the Irish ray fishery. The logbook data proved useful in characterising the 

structure of the fleet landing ray, and assessing the spatial distributions and temporal trends in landings, 

effort and yield.

An intensive port-sampling programme was carried out on the Irish ray fishery in the Irish Sea and off 

the south east coast of Ireland in each quarter of 1997 and the first quarter of 1998. In almost every port 

sampling trip the total landed catch of rays from a single vessel was measured. The quarterly sampled 

landings were raised to the official quarterly landings (Dept of the Marine and Natural Resources, 

Ireland), and subsequently combined to derive the size distributions of the total landed catch at the 

species level, by sex, for 1997 for V ila and Vllg combined. These size distributions were converted 

into age distributions using age length keys. The reconstructed age distributions revealed that each of 

the ray species have similar narrow age ranges (2-8yrs), which are suggestive of heavily exploited 

stocks. This was further corroborated, as high total instantaneous mortality coefficients were derived, 

particularly for the smaller species (e.g. R. montagui male, Z= 1.110). Replacement mortality estimates 

also reveal that each of the species are almost fully exploited, with total mortality estimates exceeding 

replacement mortality for R. montagui, and both being similar for most o f the other species examined. 

Although demographic analysis also revealed that R. montagui was over exploited, as it displayed 

negative population growth (r = -0.045), positive population growth was evident for each o f the other 

species examined. Several suggestions were put forward as to why landings and catch rates of the Irish 

ray species examined have remained relatively stable under high mortality, whereas landings of the 

more fecund teleost species have declined.

The study of the Irish ray fishery demonstrated that a wide range of valuable data is readily available 

from the fishery, which can be used in the assessments of these commercial species. In addition, it was 

suggested that the sampling program devised could be readily integrated into established national 

sampling programs in place for commercial teleost species. Given the data availability and the potential 

to gather more data from longer term sampling programmes, there is potential for these Irish ray 

species to be effectively assessed and subsequently managed.
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Chapter 1: General Introduction 
1.1 Taxonomy
Rays (Chondrichthyes, Elasmobranchii, Rajidae) are among the most diverse and widely distributed group of 

cartilaginous fish, with almost 230 described species (McEachran and Miyake 1990a).

In the Northeast Atlantic the genus Raja is generally referred to as ‘rays and skates,’ by both researchers and 

those involved in the fishing industry. The larger sized, ‘longer-nosed’ rajids (e.g. the common skate,/?, batis) 

are known as skates, whereas smaller sized species are known as rays (e.g. the spotted ray,/?, montagui) 

(Hayward and Ryland 1990). In the Northwest Atlantic, however, all rajids are called skates, with the term 

rays being confined to describing other batoids, such as dasyatids, gymnurids, and myliobatids. For the 

purpose of this study, and in keeping with the convention used in the Northeast Atlantic, the term ‘rays’ will 

collectively be used to describe the shorter nosed rajids, and the term ‘skates’ will be used to describe only the 

longer nosed rajids {Raja spp.).

1.2 Biology and habits
1.2.1 Distribution

It is probable that rays, which occupy an entirely marine habitat, evolved in the Pacific sometime in the 

Cretaceous, and later dispersed into the Atlantic (McEachran and Miyake 1990b). Rays are almost universally 

distributed along continental and insular margins, and at temperate latitudes they occur from the sublittoral 

zone to the abyssal depths, but are more restricted in tropical and subpolar regions, existing from the outer half 

o f the continental shelf to the abyssal depths (McEachran and Miyake 1990a).

In contrast with many chondrichthyans, rays have relatively small distributional ranges, with several species 

being endemic (Stehmann and Burkel 1984, McEachran and Miyake 1990b). Tagging studies suggest that they 

do not undertake extensive migrations, and it has been noted that juveniles remain virtually sedentary (Steven 

1936, Holden 1975, Templeman 1984). Sexually mature adults, however, do undertake seasonal migrations 

from offshore to inshore locations to mate (Steven 1936), and in addition, small-scale migrations in relation to 

feeding have also been observed (Steven 1932).

1.2.2 Food and feeding

Rays are nocturnal feeders, depending primarily on smell and electroreception for the detection o f food 

(Wheeler 1978, Ajayi 1982). Many studies have been carried out on the diet o f  rays (Steven 1932, Ajayi 1982, 

Ellis et al. 1996). The diet o f juvenile rays consists mainly of small crustaceans and molluscs, but with 

increasing size, a shift from a benthic to a semi-pelagic diet generally occurs, with larger specimens often 

targeting fish (e.g. gadoids) (Templeman 1982a, Daan et al. 1993). Scavenging may also be utilised by some 

ray species, as Tempieman (1982a) noted that for larger specimens o f  starry ray, Raja radiata, over 14% of 

their stomach contents consisted of fish offal from commercial vessels.
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1.2.3 G row th and reproduction

As with most elasmobranchs, rays mature at a relatively large size and at a late stage, generally at 70% of 

maximum body size and between 4 and 12 years depending on species (Holden 1975, Walker and Ellis 1998). 

Rays are among the most fecund of the elasmobranchs, and depending on the species, may produce up to 160 

quadrate shaped fertilised eggs per year (Holden et al. 1971). Males possess a pair of well-developed 

intrommitent organs, referred to as claspers, and mating involves the insertion o f  a clasper into the cloaca of the 

female. A keratin-like protective shell, commonly referred to as a ‘mermaids purse’, is produced by the 

nidamental gland and is secreted around the fertilised egg, and for most ray species, these are subsequently laid 

in inshore areas, referred to as nursery grounds (Wheeler 1978, Walker and Ellis 1998). Incubation time is 

species-specific, and also influenced by ambient water temperature, but generally ranges from 4-12 months 

(Clark 1922, DuBuit 1976, Ellis and Shackley 1995). Although gravid females have been noted at all times of 

the year, peaks in egg laying were observed during the summer months for ray species in the Irish Sea (Clark 

1922, Ryland and Ajayi 1984). During hatching, the young emerges, fully formed, through a transverse slit 

between the two large horns o f the egg case (Clark 1922).

1.3 Elasmobranch fisheries
Elasmobranchs constitute a very small proportion o f total commercial catches, as despite including an 

estimated 50% for unreported landings, they only contribute approximately 1% annually to world fishery 

landings (Bonfil 1994). Nonetheless, they are an important resource regionally, mainly as a bycatch in directed 

teleost fisheries. In certain regions, rays are an important component o f elasmobranch fisheries, particularly in 

the in the Northeast Atlantic where they contribute in excess of 40% to total reported international 

elasmobranch landings (Pawson and Vince 1999).

Although rays are among the most fecund o f the elasmobranchs, their life history traits (e.g. slow growth, late 

age/ large size at maturity) often infer they may be vulnerable to commercial exploitation. This is evidenced by 

changes in ray species compositions (Walker and Hislop 1998, Dulvye? al. 2000), or on occasion, the ‘boom 

and bust’ pattern typified by many short lived elasmobranch fisheries (Brander 1981, Agnew et al. 2000).

1.3.1 Trends in exploited ray  fisheries

Despite the fact that total international landings of rays in the Northeast Atlantic have remained relatively 

stable over the last number of decades, changes in the relative abundances o f  species have been noted, with 

sharp declines of the larger species being evident (Brander 1981, Pawson and Vince 1999). The common skate, 

R. batis, was considered to have a widespread distribution in both the Irish Sea and North Sea, but over the past 

few decades this large sized species has become commercially extinct in the Irish Sea (Brander 1981), and its 

distribution is now restricted to the northern extremes o f the North Sea (Walker and Hislop 1998). In addition, 

this species was once one of the three most important ray species landed by the French fleet, but is now rare in 

the landings (Munoz- Chapuli et al. 1993). Although the other long-nosed skates (e.g. long-nosed skaXe,Raja
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oxyrhinchus', white skate, R. alba) were never as commercially abundant as the common skate, it is suggested 

that these species have also been extirpated from the Irish Sea and Celtic Sea (Munoz- Chapulie? al. 1993, 

Dulvy et al. 2000). Examination of long-term survey data and demographic analysis revealed that in addition to 

the common skate, the thornback ray,/?, clavata, and spotted ray, R. montagui, have decreased in abundance in 

the North Sea, whereas the smaller faster growing starry ray, R. radiata, and cuckoo ray, R. naevus, have 

increased in abundance (Walker and Heessen 1996). A similar trend was also recently suggested for the Irish 

Sea ray species from analysis of long-term trawl survey data, with a decrease in the larger sized blonde ray,/?. 

brachyura, and thornback ray, R. clavata, evident, whereas an increase in both smaller species (/?. montagui 

and R. naevus) occurred (Dulvy et al. 2000).

In the Northwest Atlantic the effects o f  exploitation on two recently (1994) initiated ray fisheries were readily 

evident (Kulka and Mowbray 1998, Simon and Frank 1998). A reduction in the size range and abundance of 

the main target species, the starry ray, R. radiata, was noted in the Grand Banks directed ray fishery, and was 

partly attributed to high fishing effort in the 1980s and 1990s from the Spanish offshore trawler fleet (Kulka 

and Mowbray 1999), In the adjacent Scotian Shelf fishery a rapid decline in the average size and abundance of 

the winter ray, R. ocellata, also occurred, and as a result it was recommended that the fishery be terminated or 

continue at a much reduced level (Simon and Frank 1998). A recent study o f  long-term survey data also 

revealed that through excessive fishing mortality the largest ray species in the Northwest Atlantic, the barndoor 

skate, R. laevis has become commercially extinct on the Grand Banks of Newfoundland and southern New 

England (Casey and Myers 1998).

A directed ray fishery developed around the Falkland Islands’ in the late 1980s (Agnewef al. 1999). Within a 

decade changes were evident in the species composition within the fishery, with a rapid decline in abundance 

o f the large sized Bathyraja griseocauda, whereas an increase in smaller sized B. brachyurops and B. 

albomaculata occurred. In addition, the directed ray fishery to the south of the Islands, which is dominated by 

B. griseocauda, was closed in 1996 due to concerns over the state of the stocks (Agnew et al. 1999, 2000).

1.3.2 Management of elasmobranch fisheries

Due to the fact that elasmobranch fisheries are either very small scale (e.g. seasonal spurdog fisheries o ff the 

southwest coast of Ireland) or cover a very wide distributional range (e.g. blue shark fishery o f the Northeast 

Atlantic), their assessment and management have traditionally been relegated to a low priority (Pawson and 

Vince 1998). This is particularly evidenced in the Northeast Atlantic, where despite the fact that over the past 

number o f decades between 60000-80000t of elasmobranchs have been landed annually, there have been 

virtually no regular assessments carried out, and no management strategies in existence for this group. Major 

limitations in the assessments of elasmobranchs include the lack o f reliability of the landings data, as most 

species are non-quota, and there is no requirement to report them, and in addition, many species are aggregated 

in the landings (e.g. rays are usually landed as a mixed species assemblage by size commercial grade) (Fahy
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1989, ICES 1997). Therefore, it is more difficult to carry out effective sampling programmes or assess the 

relative contributions of the different elasmobranchs species landed compared with most teleost species 

(Pawson and Vince 1999).

More recently there have been growing concerns over the state o f  many of these vulnerable resources, and also 

the wider ecological implications for marine ecosystems as a whole if  declines o f this group occurs, given that 

most elasmobranchs are apex predators (Camhi et al. 1998). Elasmobranchs have recently become the focus o f 

increased attention on the part of national, regional and international management authorities, conventions and 

non-governmental organisations (Pawson and Vince 1999). Concerns have largely focussed on the lack o f 

adequate data for most elasmobranch species, which have prevented assessments from being carried out 

(Camhi et al. 1998). But under the FAO Code of Conduct (Article 7.5) it is now no longer acceptable to avoid 

action because of a lack of evidence. The Species Survival Commission o f  lUCN has formed a Shark 

Specialist Group (SSG), which is preparing a global Action Plan for the conservation and management o f 

elasmobranchs (Steven et al. 2000), In addition the parties to the Convention on International Trade in 

Endangered Species (CITES) adopted a resolution that has resulted in several significant international 

initiatives on the monitoring and managements of elasmobranchs (Pawson and Vince 1999). In the Northeast 

Atlantic a number of international organisations (e.g. ICES, FAO, ICCAT, lUCN) and other environmental 

non-governmental organisations have recently resolved to improve data collection, and develop initiatives to 

effectively assess and subsequently manage exploited elasmobranch species (Pawson and Vince 1999). ICES 

have indicated that within the next decade it would define relevant biological reference points and attempt to 

present stock assessments and forecasts for exploited elasmobranchs in the European Communities waters. A 

Study Group on Elasmobranch Fishes (SGEF) was set up in 1988, which generally meets annually or 

communicates by correspondence to collate biological data and information on elasmobranchs species (ICES 

1999). Although to date, it has not been possible to carry out assessments of any elasmobranch species at these 

meetings owing to a lack of sufficient data, it is hoped that with the increased interest in elasmobranch 

conservation that a reliable time series of data will be available for some of the commercially exploited species 

in the future (ICES 1999).

1.3.3 Management of ray fisheries

The increased concerns over the vulnerability of elasmobranch species have resulted in the development of 

management strategies for a small number of the more commercially important ray fisheries. Specific ray 

licence allocations. Total Allowable Catches (TACs), closed seasons and technical conservations measures 

(TCMs) in the form of minimum mesh sizes, were introduced in both the Grand Banks and Scotian Shelf ray 

fisheries. Concerns were expressed that the TACs, which were based on a time series o f  biomass estimates 

from research trawl surveys, were too high in both fisheries, as a decline in both abundance and mean sizes of 

the target species in each directed ray fishery was evident. It was also noted that a lack o f  information on 

growth, maturity and size structure of the commercial landings prevented more comprehensive assessments 

being carried out (Kulka et al. 1996, Kulka and Mowbray 1998).
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In the Falkland Islands ray fishery management controls were exerted in the form of allocation o f specific ray 

licences in 1994 in order to sustain this relatively new and potentially vulnerable fishery (Agnew et al. 1999). 

Despite the fact that management advice was based on detailed stock assessments, carried out using 

comprehensive fisheries data (e.g. daily logbook returns) and biological data (e.g. species compositions and 

size distribution data), rapid depletion of the largest sized commercial species (B. griseocauda) has occurred to 

the south o f  the Islands, resulting in the closure o f the directed ray fisheiy within this area. It was suggested that 

baseline biological information (growth and maturity) may shed light on these rapid declines, and also allow 

age structured modelling to be carried out (Agnew et al. 2000).

TACs were set for the North Sea ray fishery in 1998, which were based largely on biomass estimates and 

information on the biology (growth and maturity) o f the commercial ray species (Walker 1999).
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1.4. This study
This study focuses on two separate ray fisheries, namely the Falkland Islands’ and Irish ray fishery. A brief

description o f  their development and current status is given.

1.4.1 The Falkland Islands’ ray fishery

During the 1980s rays were of minor commercial importance in the Falkland Islands fishery, with less than 

1500t being landed annually by Spanish vessels prosecuting a mixed, groundfish fishery (Agnewe? al. 1999). 

With the entry of a Korean trawler fleet in 1989, however, ray landings rose sharply, and by 1993 over 8000t 

were landed.

The fishery has two seasons, January to June, and July to December. Ray landings are generally low during the 

first season, with only a small number o f vessels targeting ray, and the remainder being landed as a bycatch 

from vessels in the Loligo gahi, squid fishery, and in other bottom trawl fisheries. During the second season 

landings are much larger as the Korean vessels target the ray fishery also with bottom trawls. Although eleven 

species are caught in the fishery, the most commercially important are Bathyraja griseocauda, B. 

albomaculata, B. brachyurops, Raja flavirsosths and B. scaphiops.

Detailed catch data are available from the fishery, as vessels are required to communicate daily with the 

relevant regulatory authorities to report their catch. In addition, biological information (e.g. species 

compositions, size distributions, species-specific catch rates) is gathered from groundfish surveys, and from 

commercial vessels by sea going observers. As a result of the large amounts o f data available from the various 

sources, stock assessments have been carried out (Agnew et al. 2000).

Specific ray licences were introduced in 1994 owing to the concerns over the lack o f sustainability o f  the rays

stocks under the increasing fishing pressure in the early 1990s. Although these regulations were imposed, the 

effects of exploitation on the ray stocks were clearly evident. The area to the south o f the Islands’, which was 

an intensively fished ‘hot spot’, showed a dramatic decrease in catch per unit effort (CPUE) values over time 

compared with the area to the north of the Islands (Agnew e/ al. 1999). This rapid decline was attributed to the 

relatively high proportion o f the large Bathyraja griseocauda, which was assumed to be particularly vulnerable 

to exploitation, and as a result of these declines, the fishery to the south of the Islands was closed Irom 1996 

onwards. Although CPUE trends to the north of the Islands’ appeared to stabilize at annual catch levels of 

approximately 3000t, the abundance of B. griseocauda also dropped in this area. It was also noted, however, 

that this large species was being replaced by the smaller B. brachyurops and B. albomaculata.

Although detailed data are available from the Falkland Islands’ ray fishery, information on age, growth and 

maturity were lacking. It was therefore not possible in previous assessments to relate observable trends in the 

fishery to the life history characteristics o f each of the exploited species (Agnew et al. 2000).
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1.4.2 The Irish ray fishery (ICES division V ila and Vllg)

The ray fisheries of the Irish Sea (Vila) and off the southeast coast o f Ireland (Vllg) are long established, with 

rays being landed as ‘prime fish’ into U.K. fish markets since the early 1900s (Steven 1936). Although 11 

species have been noted in these waters, only the blonde ray, 7?. brachyura, the thomback ray, R. clavata, the 

spotted ray, R. montagui, and the cuckoo ray, R. naevus, are o f commercial importance (Fahy 1989). These are 

landed as a mixed species assemblage, by size grade, from both a bycatch, and seasonally directed bottom trawl 

fishery (Holden 1977, Fahy 1989). Between the 1920s and 1940s ray landings in the Irish Sea were very large, 

with annual landings averaging between 5000 and 6000t. They were a very important component o f the British 

demersal fishery during this period, as English and Welsh vessels landed over 80% o f the ray caught in the 

Irish Sea, which constituted over 20% o f their total demersal catches. A drop in ray landings was evident in the 

following decades, and by the 1980s the average annual landings were less than lOOOt (Hillis and Grainger 

1990). Ray landings, however, still constituted over 20% of the demersal catch of the English and Welsh 

trawler fleet in 1985 (Brander 1988).

Market acceptance of rays evolved much more slowly in Ireland, with the lack o f demand inhibiting fishers 

from landing large catches, and as a result, average annual landings rarely exceeded 500t up until the 1970s 

(Fahy 1989). After this period, demand for rays increased, and as a consequence landings increased, and by the 

late 1980s annual landings exceeded 2000t (Hillis and Grainger 1990).

Although concerns were expressed over the vulnerability o f the exploited ray species in the Irish Sea since the 

initiation of the fishery (Steven 1932,1936), attempts were not made to assess the state o f  these stocks until a 

much later stage. As with many former elasmobranch studies, the analyses carried out on the ray species were 

relatively limited due to a lack of reliable data, and as result, the conclusions drawn were variable. From 

analysis of catch rates and landings data it was concluded (Holden 1977, Brander 1977) that recruitment for 

each of the commercial species was significantly reduced. In subsequent studies (Ryland and Ajayi 1984, 

Brander 1988), however, it was suggested, that although heavily exploited, the ray stocks were not in danger of 

recruitment failure.

The most recent study of long-term trawl survey data from the Irish Sea revealed that a decline in abundance of 

the larger commercial ray species {R. brachyura and R. clavata) has occurred, whereas the smaller ray species 

{R. montagui and R. naevus) have increased in abundance (Dulvy et al. 2000).

Fahy (1989,1991) carried out the only studies on the Irish ray fishery, both in the Irish Sea (Vila) and off the 

southeast coast of Ireland (Vllg). Unlike previous studies (Holden 1977, Brander 1988), Fahy’s involved a 

detailed collection and analysis o f data directly from the fishery, (e.g. collection and analysis o f sampled 

landings data by species, graded landings data, and European Communities logbook proforma data). Although 

a wide range of results was presented few conclusions drawn were drawn (Fahy 1989, 1991).
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In addition to analysis of fisheries data, a number of growth and maturity studies of the commercial ray species 

have been carried out (Taylor and Holden 1964, Ryland and Ajayi 1984, Brander and Palmer 1985, Fahy 

1991). Differences in growth and maturity estimates were readily evident between studies, and it is plausible 

these differences are biological, as changes in life history parameters (e.g. growth, maturity, fecundity) 

resulting from exploitation have been noted for elasmobranchs previously (Hoeing and Gruber 1990, Walker 

and Witte in press). However, due to inaccuracies in the ageing techniques used, and limited sample sizes and 

size ranges examined, it is difficult to establish the significance of the different biological characteristics 

derived between studies.

1.4.3 Research objectives of this thesis

Age, growth, and maturity are investigated for a number of the commercially important ray species from both 

the Falkland Islands ray fishery {B. griseocauda, B. albomaculata, B. brachyurops and B. scaphiops), and the 

Irish ray fishery in ICES division Vila and Vllg {R. brachyura, R. clavata, R. montagui and 7?. naevus). In 

addition, an assessment of the Irish ray fishery in Vila and Vllg is also carried out.

1.4.4 Overview of the chapters of this thesis

Chapter 2- Age assessment of elasmobranchs usually involves the enumeration of growth bands on centra. In 

order to accentuate these band patterns a wide diversity of enhancement techniques has previously been 

developed. Several of these are reviewed for each of the species from both study groups, in order to optimise 

band resolution and increase the reliability of derived age estimates. In addition, the use of caudal thorns is 

investigated as a novel ageing tool, an assessment of the reliability of age readings is carried out, and the 

temporal nature of band formation from both skeletal structures is also evaluated. C hapter 3-Age and growth 

rate estimates derived for each of the species in both study groups are compared with previous estimates, and 

are also related to observed trends in the fishery. C hapter 4- A detailed review of the available data from the 

Irish fishery is carried out, and a sampling program is developed and executed to derive the size and age 

structure of the commercial ray landings by species and sex. The status of the ray stocks is discussed in light of 

the findings.



Chapter 2: Ageing 

2.1 Introduction
Accurate age estimation is central to the effective assessment of many commercially exploited fish stocks, with 

the derivation of age composition, age at maturity, mortality and growth rate data, all being important elements 

in their rational exploitation (Soldat 1982, Cailliet et a/. 1983, Beamish 1992, Officer et a/. 1996).

The techniques used in the age assessment of teleost fish stocks are notably more evolved than most 

elasmobranch species owing largely to their commercial importance (Weldene/ al. 1987, Anderson 1990). The 

enumeration of growth bands on otoliths, finrays, cleithraand scales are the traditional tools used to estimate 

age in teleost fish (Casselman 1983, Beamish and McFarlane 1987). The fact that elasmobranchs lack these 

structures has hindered the application of age based assessments in this group (Stevens 1975, Cailliet e? al. 

1983, Martin and Cailliet 1988). Nonetheless, a wide variety of ageing techniques has been investigated for 

many elasmobranch species.

2.2 Review of elasmobranch ageing 

2.2.1 Ageing techniques
With the preclusion of most ‘traditional’ teleost ageing techniques a diverse range of procedures have been 

investigated for elasmobranchs. Tooth replacement rates (Moss 1972), mercury accumulation rates in centra 

(Ketchen 1975), decay rates of radiometric isotopes in centra (Welden and Cailliet 1987), extrapolation of 

embryonic growth rates (Francis 1981, Natanson 1984), eye lens weight (Siezen 1989) and lipofiiscin (age 

pigment) accumulation rate in the brain (Aloj Totaro and Pisanti 1985) have all been investigated, and have met 

with limited success either due to a lack of understanding of the technique under investigation, technical 

difficulties or inconclusive results.

Elasmobranchs are commonly reared in captivity and a number of studies have assessed growth under these 

controlled conditions (Wass 1971, Casey et al. 1983, 1985, Branstetter 1987, Natanson 1993). Due to the 

difficulties in mimicking natural environmental parameters, growth rates obtained may be unrealistic, either 

due to stress induced by the inability to adapt to captive conditions, leading to lower growth rates in some 

species (Gruber 1981, Walker et al. 1995.), or exaggerated growth because of lower energy demands, increased 

temperatures, or an abundant food supply (Wass 1971, Gruber and Stout 1983). Despite the fact that captive 

growth studies are also confounded by cost and effort (Gruber and Stout 1983), they have proven valuable in 

developing an understanding of growth processes in several elasmobranch species, particularly when used in 

conjunction with other age assessment methods (Branstetter 1987, Natanson 1993).

The analysis of modes in size frequency distributions is a commonly used method to assess age and growth in a 

wide range of commercially exploited fish stocks where large sample sizes are readily available (Younger
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1975, Pratt and Casey 1983, Brander and Palmer 1985). Results from the modal analyses of size distributions 

have shown close agreement when compared with those from other ageing techniques in a wide variety of 

elasmobranch ageing studies (Pratt and Casey 1983, Brander and Palmer 1985, Casey e/ al. 1985). Although 

the methodologies used are relatively straightforward, inaccuracies and biases may affect the results (e.g. non- 

random sampling due to sampling in a specific location, or using particular sampling gear, immigration and 

emigration, poorly defined spawning periods, or shoaling by size, and sex (Younger 1975)). In addition, 

interpretational difficulties in deciphering modes increases in the larger size classes, as they tend to merge 

because o f  highly variable and reduced growth rates (Pratt and Casey 1983, Brander and Palmer 1985, Casey e? 

al. 1985). Despite these shortfalls, this is one of the most commonly used comparative techniques in 

elasmobranch age and growth studies.

Electron microprobe analysis has previously been used to assess the calcium and phosphorus content in centra 

from elasmobranchs (Jones and Geen 1977,Cailliet and Radtke 1987). Polished sagittal sections were scanned 

using a microprobe from their centre to the centrum edge to record the cyclical concentrations o f calcium and 

phosphorus in the spurdog, Squalus acanthias (Jones and Geen 1977), grey reef shark, Carcharinus 

amblyrhynchos and the common thresher shark, Alopias vulpinus respectively (Cailliet and Radtke 1987). In 

each study, peaks in both calcium and phosphorus concentrations could be resolved, and thus enumerated. 

Although this technique appeared to be effective, it has not been repeated on these or other elasmobranch 

species, possibly due to costs or analytical difficulties.

The most commonly used method of age assessment in Squalus acanthias is the enumeration o f growth 

increments of the dorsal fin spine (Kaganovaskaia 1933, Templeman 1944, Bonham 1949, Holden and 

Meadows 1962, Ketchen 1975, Beamish and McFarlane 1985, McFarlane and Beamish 1987). This technique 

is limited in its application, as only squaloid sharks possess these structures. To date, the only other structures 

shown to bear such cyclical marks in a wide range o f elasmobranchs are centra. As a result centra have become 

the main ageing tool used for the vast majority of elasmobranch species.

2.2.2 Centra
The observation that age could be derived from periodic marks found in the hard parts o f  fish is not a recent 

suggestion. In 1759 band patterns, which were assumed to be age related, were observed in the centra o f  the 

pike Esox lucius (Hederstrom 1959). Periodic marks were also detected in the dorsal fin spines from Squalus 

acanthias by Markert in 1896, (from Holden and Meadows 1962), and were associated with intermittent 

growth. Growth bands have been noted in centra from elasmobranchs since the early part o f the last century. 

Parker and Stott (1965) noted that a number of workers observed band formation in the centra of the basking 

shark Cetorhinus maximus (Jagerskiold 1915 and Ehrenbaum 1926), and assumed they were age related, whilst 

Ridewood (1921), studying calcification patterns in elasmobranchs for taxonomic purposes, noted band 

patterns in centra, and also suggested an association with age.
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The generalised vertebra o f an elasmobranch comprises a centrum, haemal arch and neural arch. The centrum 

essentially consists of two cones with their apices opposed, with supporting heavily mineralized struts referred 

to as intermedialia (Walicer et al. 1995). The basic double cone shape facilitates an increase in length and girth 

of the centra simultaneously during growth (Clement 1992). The centrum grows by addition o f material to its 

external superficial surfaces, this process being both appositional and incremental (Clement 1992). The 

perichondrium (a fibrous tissue sheath) extends the full length, surrounds the vertebral column, and covers a 

germinative layer of chondroblast cells. These cells differentiate into chondrocytes to form mature cartilage, 

which consists of a densely cellular tissue embedded in an organic matrix (Walker e/ al. 1995). The 

mineralization process occurs throughout the matrix, and zones o f  alternating mineral density are formed 

(Ferreira and Vooren 1991).

2.2.3 Resorption
The enumeration of these zones within centra is often used to assess age in elasmobranchs (Cailliete? al. 1986). 

The permanence and stability of these calcified bands, subsequent to their formation, is therefore vital for their 

use as an accurate ageing tool. In an environment low in minerals, bony skeletons have evolved to act as 

mineral stores mediated by hormonal regulation (e.g. in mammals), which are drawn upon in times of need 

(Clement 1992).

The mineral regulating physiology of elasmobranchs is still poorly understood, with debate as to whether 

resorption occurs in the centra of elasmobranchs (Clement 1992). Vascularized canals observed in the centra of 

a number of elasmobranch species were suggested to serve a nutritive role, leading to the assumption that 

centra were not static structures (Hoenig and Walsh 1982). In another elasmobranch study (Ferreira and 

Voreen 1991), canaliculi observed in centra were concluded to effect interchange between cells after 

mineralization (Ferreira and Voreen 1991). Radiometric data suggests that shark centra are not 'a closed 

system', and that calcium is resorbed when needed (Welden and Cailliet 1987), although from this study it was 

also concluded that a better understanding o f calcium physiology is required.

Calcitonin, a hormone involved in calcium regulation o f bony fish and mammals, has also been found at 

comparable levels in elasmobranchs (Dacke 1979). Despite this, there has been no evidence provided to 

suggest that the mineralized cartilage within the skeleton is able to provide a controlled supply o f calcium or 

phosphate, or that the calcitonin present plays any part in calcium regulation (Clement 1992). As 

elasmobranchs may have evolved from bony ancestors the calcium-regulating hormone is suggested to be 

vestigal (Dacke 1979, Clement 1992). Attempts made to induce resorption using implanted mineralized 

foreign bodies have proved unsuccessful, and from this it was concluded that elasmobranchs do not have the 

ability, or have lost the ability to resorb minerals when required (Glowacki et al. 1982, Clement 1986).
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Officer et al. (1995) observed resorption in a single elasmobranch specimen. This specimen had however, 

received an injury, and it was concluded that resorption was caused by an inflammatory response due to this 

injury, and was not part o f the animal’s normal physiological growth or calcium regulating process.

Examination of histological sections of centra from the Pacific angel s\\axk,Squatma californica, revealed no 

evidence o f resorption (Natanson and Cailliet 1990). The binding o f tissue labelling dyes at sites of active 

calcification, apparent in a wide variety o f long-term tag-recaptured elasmobranch species is further evidence 

that the centra are physically and chemically stable (Clement 1992, Walker et al. 1995).

In a detailed review of the current understanding of calcium regulating processes in elasmobranchs, Clement 

(1992) concluded that although there is a dearth of knowledge on the physiology o f  band formation, the 

elasmobranch vertebral centrum is a simple structure, where skeletal growth appears to occur by a one-way 

process without resorption of any previously mineralized tissue.

2.24 The Morphology of Growth Bands
The optical properties of centrum growth bands have been defined in terms o f their opacity and translucency 

for a wide variety of elasmobranch species (Cailliet e? al. 1986, Cailliet 1990). A general assumption in most of 

these studies is that the opaque bands are calcium rich and form during summer months when growth is fastest, 

whereas the translucent bands are calcium poor and form during a slow growth phase in the winter months 

(Branstetter 1987,Cailliet and Radtke 1987, Martin and Cailliet 1988, Zeiner and W olf 1993.). Corroboratory 

evidence for this assumption comes from X-radiography techniques (Cailliet and Radtke 1987, Martin and 

Cailliet 1988) and calcium specific stains (Martin 1982, Kushere? al. 1992), where opaque bands appear radio

opaque and intensely stained respectively.

Electron microprobe analysis of centra from two elasmobranch species has demonstrated that peaks in both 

calcium and phosphorus concentrations match opaque bands visible under light microscopy (Cailliet and 

Radtke 1987). In addition, ‘summer caught’ specimens had opaque bands apparent at their centrum edge, which 

showed up as peaks in calcium and phosphorus concentration under microprobe analysis (Cailliet and Radtke 

1987). In tag-recapture studies using tetracycline, which is incorporated into sites of active calcification, the 

intensity of tetracycline fiuorescence under ultra-violet was higher when tagging was concurrent with opaque 

band formation, implying a higher mineral content in opaque bands (Holden and Vince 1973, Smith 1984).

The conventional principles of growth band timing and morphology described above do not hold true for all 

elasmobranch species. Yudin and Cailliet (1990) using X-radiography and a calcium specific stain (silver 

nitrate) associated calcium rich opaque band formation in the centra from the grey smoothhound.A/ui/e/ws 

californicus with slow winter growth. For several other elasmobranch species the use of either calcium specific 

stains or X-radiography revealed that it was the translucent bands which formed during the winter months when

12



growth is slowest, that were calcium rich (Ishiyama 1951, Ferreira and Voreen 1991, Walker e/ al. 1995). 

Microprobe analysis carried out on centrum sections from the spurdog,iS'^Ma/M5 acanthias, revealed that peaks 

in calcium and phosphorus concentrations were apparent during the winter, although the optical properties of  

these bands could not be defined, as they were not visible (Jones and Geen 1977). Casselman (1974) used a 

similar technique on cleithra from a teleost species, the pike, Esox lucius, where calcium concentrations were 

observed to be uniformally higher in translucent zones associated with winter growth. From these observations 

it was concluded that calcium and total mineral content was inversely related to optical density.

The cellular growth processes o f  band formation in the centra from the gummy shark,Mustelus antarcticus and 

the school shark, Galeorhims galeus, have been investigated using X-radiography, light microscopy, electron 

microscopy and tissue marking dyes (Walker al. 1995). Results revealed that bands o f  different mineral 

densities formed depending on the ratio o f  the extracellular mafrix (which is opaque and poorly mineralized) to 

chondrocytes (cartilage cells, which are highly mineralized and translucent). The speed at which the 

chondrocytes and matrix grow determine whether or not a highly mineralized band is formed. When growth is 

slow under unfavourable conditions (e.g. during winter, stress) the ratio o f  chondrocytes to extracellular matrix 

is high, resulting in the formation in highly mineralized translucent band formation.

It is apparent that significant differences exist in the characterization and timing o f  growth band formation 

between species. Owing to the wide diversity o f elasmobranchs (Camhie? al. 1998) and the large variation in 

the patterns and level o f calcification (Ridewood 1921, Urist 1961, Clement 1992), it is probable that a wide 

variation in the physiological processes controlling growth band formation exists (Yudin and Cailliet 1990, 

Natanson 1993). Interpretational difficulties due to analytical limitations or limited resources may also play a 

part in this variability (Yudin and Cailliet 1990). Clement (1992), alluding to the understanding o f  

elasmobranch physiology in relation to ageing, concluded that 'our ignorance is considerable, even about the 

fundamental cellular mechanisms that translate episodic physiological changes into the observable permanent 

structural variations that have already been used as the basis for age validation studies’. The lack o f  

understanding o f  these physiological factors does not however preclude the use o f  these bands as indicators o f  

life history traits, as long as the temporal nature o f  bands can be established (Walker et al. 1995). 

Understanding the exogenous and endogenous factors influencing band formation may lead to a better 

understanding of the physiological processes involved.

2.2.5  Factors influencing band formation

Numerous elasmobranch studies have postulated factors influencing centrum band formation (Stevens 1975, 

Pratt and Casey 1983,Yudin and Cailliet 1990, Zeiner and Wolf 1992, Natanson 1993). Earlier in the last 

century it was proposed that bands in elasmobranch centra formed in response to the physiological demands for 

strength in the cartilaginous skeleton (Ridewood 1921). Calcium metabolism in the scales, otoliths, centra, and 

cleithra o f  teleost fish are characterized as having some o f  the properties o f  an 'open' and 'closed system' (Urist
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1964, Simkiss 1974). The open system implies a somewhat direct interaction between environmental variables 

and metabolism (e.g. temperature, food and light), whereas the closed system imphes a feedback control 

mechanism. These systems although very poorly understood in fish have a tendency to show periods of activity 

and inactivity, and it is probable that mineralised structures in fish may have such rhythmic depositions as a 

result (Simkiss 1974).

A wide diversity of behavioral and environmental influences has been associated with band formation in 

elasmobranchs. These include increasing food availability (e.g. the basking shwck,Cetorhinus maximus, (Parker 

and Stott 1965)), a change in diet (e.g. blue shark, Prionace glauca, (Steven 1975)), stress induced by 

migration (e.g. shortfin mdtko, h u m s  oxyrhincus, (Pratt and Casey 1983)), a change in diet or salinity due to 

winter migratory habits (e.g. brown smooihounA, Mustelus henlei, (Yudin and Cailliet 1990)), a calcium rich 

diet or offloading of calcium from the plasma associated with inshore migrations (e.g. grey smoothound,M 

californicus, (Yudin and Cailliet 1990)), and lunar periodicity (e.g. lemon shark, Negaprion brevirostris, 

(Brown and Gruber 1988)).

Phosphorus is vital in the production of hydroxy-apatite, the principal component o f elasmobranchs calcified 

cartilage matrix (Clement 1992, Walker et al. 1995). An increased availability o f  environmental phosphorus 

was therefore assumed to increase the capacity to produce highly mineralized bands in elasmobranchs centra 

(Jones and Geen 1977, Walker et al. 1995). Exogenous factors were also shown to influence band formation, as 

the peaks evident in calcium and phosphorus microprobe readings had a distinctly wider period where higher 

winter water temperatures were recorded (Jones and Geen 1977). Although water temperature was shown not 

to influence the rate of band deposition in captive reared little skate, Raja erinacea, the width and spacing o f 

growth bands increased with higher water temperatures (Natanson 1993). A study on the pacific angel shark, 

Squatina californica, revealed that band formation was purely related to somatic growth, rather than being 

deposited in a temporally predictable manner (Natanson and Cailliet 1990). Clement (1992) supported this 

contention, but suggested that somatic growth is not independent of environmental influences, and further 

suggested that growth bands have primarily a ‘mechanical function,’ which may in turn be influenced by 

environmental factors (e.g. diet, behaviour).

Gelsleichter et al. (1995) studying centrum calcification in the cleamose skate, Raja eglanteria, suggested that 

although environmental cues may provide a trigger for changes in centrum calcification, physiological factors 

provide the primary mechanism for these processes.

Captive reared sandbar shark, Carcharhinus plumbeus, formed bands under controlled conditions in a similar 

manner to free living specimens (Casey et al. 1985). Examination of two specimens, however, revealed 

morphological changes concurrent with the addition o f a chemical solution to the water, further signifying that 

an endogenous rhythm may influence the controls of band formation, which in addition, can also be affected by 

exogenous factors.
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A wide range o f possibilities have been suggested as factors influencing band formation in elasmobranch hard 

parts, although in the majority of studies these suggestions are no more than speculation. Further research into 

the understanding of cellular growth processes in centrum band formation is warranted for elasmobranchs, in 

conjunction with establishing the control exerted by both endogenous and exogenous factors (Cailliet 1990, 

Clement 1992).

2.2.6 Age validation
Most of the research focus on band formation has been directed at establishing its’ temporal periodicity, 

through validation studies. Studies to date on elasmobranch species suggest that the annual cycle o f band 

formation in centra consists of the deposition of a single opaque and translucent band pair (Holden and Vince 

1973, Smith 1984). This assumption, however, does not hold true for all elasmobranch species, with studies 

suggesting that two band pairs are deposited annually (e.g. the basking shark,Cetorhim s maximus, (Parket and 

Stott 1965); the short fin mako, Isurus oxyrhincus, (Pratt and Casey 1983); and the sand tiger shark, Odontaspis 

taurus, (Branstetter and Musick 1994)). Gruber and Stouts (1983) initially postulated that three band pairs were 

laid down annually in the first year, and two band pairs were laid in succeeding years in the lemon shark 

Negaprion brevirostris, whilst a subsequent study on this species (Brown and Gruber 1988) revealed a lunar 

periodicity for the fine circuli within bands. Results from a study on the angel shark,Squatina californica, 

suggested that bands were not laid down in a temporally predictable manner, but were more closely related to 

somatic growth (Natanson and Cailliet 1990).

As evidence suggests that variation in the rate of band formation exists for different elasmobranch species, the 

temporal periodicity of band formation should be determined for each species to validate the osseologically 

derived ages used in subsequent age and growth studies (Beamish and McFarlane 1987, Cailliet et al. 1986).

The most effective age validation procedure is tag-recapture in conjunction with hard-tissue labelling dyes (e.g. 

Holden and Vince 1973, Smith 1984, Kusher e? al. 1992, Cailliet 1990). Although other labelling dyes have 

been investigated (Walker et a/,1995, Gelsleichter 1997) tetracycline appears to be the most effective. 

Tetracycline is rapidly deposited in actively calcifying sites, and can be detected in hard parts as it fluoresces 

under ultra-violet light (Smith 1984). In age validation studies tetracycline is usually injected intraperitoneally 

or intramuscularly at the time of tagging, generally at a concentration o f 25mg/kg o f body weight (Smith 1984, 

McFarlane and Beamish 1987). If tetracycline has been incorporated successfully, the number o f  bands distal to 

the distinct fluorescent mark should be indicative of the rate of band formation at liberty (Holden and Vince 

1973, Smith 1984, Kusher et al. 1992).

There are drawbacks associated with tetracycline tag-recapture studies, as it is not certain what effect 

tetracycline itself has on growth of elasmobranchs (Smith 1984), and the stress and trauma of handling and 

tagging may also affect growth (Ketchen 1975, Casey e/ al. 1985, Davenport and Stevens 1988, CailHet et al. 

1990). It has also been shown that if tetracycline injection is not concurrent with time of active calcification
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then it may not be incorporated fijliy (Holden and Vince 1973, Smith 1984). This apart, analysis o f  recaptured 

tetracycline marked specimens is the most reliable age validating procedure for elasmobranchs.

A lthough tetracycline tag-recapture remains the most definitive m ethod for elucidating the temporal nature o f 

bands in elasmobranchs, financial and tim e constraints often restrict its use (Casselm an 1983, Beamish and 

M cFarlane 1987). Alternative, often less definitive m ethods have been investigated, giving an indication o f  

rates and timing o f  band formation, and are generally referred to  as age verification (Pratt and Casey 1983, 

Casey e /a /. 1985, Cailliet e /a /. 1990).

2.2.7  Age verification

Cailliet et al. (1990) defined age verification 'as the process o f  confirm ing an age estim ate by comparison with 

other indeterminate methods'. Tag-recapture, w ithout tetracycline m arking is classed as a form  o f verification, 

as the rate o f  band formation cannot be directly derived from this procedure alone. A lthough several studies 

have used this methodology for assessing growth, the non-guarantee o f  recaptures m ay present problems 

(Steven 1936, Olsen 1954, Holden 1972, Jones and Geen 1977). It has also been suggested that growth rates o f  

recaptured specimens may be atypical due to the traum a associated w ith capture and tagging (Olsen 1954, 

Ketchen 1975).

Although the results of growth studies on captive reared elasmobranchs m ay show  close agreem ent with those 

derived from conventional ageing techniques on free-living animals (B ranstetter 1987), they m ay also y ield 

unrealistic results due to unnatural growth under captive conditions (W ass 1971). Sim ilarly, and in spite o f  the 

fact that tetracycline marking o f captive reared specim ens has successfully been used as a m ethod o f  

establishing annual band pair formation in centra {e.g. Raja erinacea, N atanson 1993), the stress o f  captivity 

has been shown to affect the periodicity o f  deposition (e.g. Mustelus antarcticus, W alker et a/. 1995)

Although length frequency analyses have associated problem s (see2.2./ )  the technique has proven very useful 

in age verification (Pratt and Casey 1983, Casey et al. 1985, Brander and Palm er 1985). Cohorts w ere defined 

in the smaller size classes o f the thom back ray. Raja clavata, and successfully related to  ages derived ft-om 

band counts (Brander and Palmer 1985). Pratt and Casey (1983) deduced the tem poral nature o f  band form ation 

in the shortfin mako, Isurus oxyrhincus, by following the progression o f  cohorts in m onthly samples, and 

com paring the results with ages derived from vertebral band counts, and tag-recapture data. W ith the advent o f  

com puter programmes to aid the resolution o f  modes in length frequency analysis this technique has proven 

more effective (Pratt and Casey 1983).

Band edge analysis is a further technique used in age verification (Cailliet al. 1986). Usually the w idth and

characteristic o f  the band forming at the centrum edge is compared w ith the last fully form ed band, either by

direct m easurem ent or by categorization by degree o f  form ation (Yudin and Cailliet 1990, Ferreira and V oreen

1991, Kusher et al. 1992). This method requires regular sampling (e.g. m onthly) to  visualize the progression o f
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growth bands over time. Problems associated with interpreting the edge o f the structure have been noted in 

larger specimens; particularly slow growing species, where bands may be crowded towards the distal margins 

(Gruber and Stout 1983, Casey et al. 1985, Abdel-Aziz 1992, Kusher et al. 1992), or connective tissue may 

obscure the bands at the periphery (Holden and Vince 1973, Steven 1975, Ferreira and Voreen 1991). 

Sectioning can increase resolution somewhat, and several studies have yielded conclusive results using this 

technique (Ishiyama 1951, 1978, Kusher et al. 1992).

Growth model parameters derived from hard part age estimates can be compared with known size information 

(e.g. size at hatching, gestation/incubation period and maximum size) to give an initial indication o f the rate of 

band formation (Waring 1984, Casey et a l 1985, Cailliet et al. 1986). If there is a close association between

these measurements and the parameters derived from a given growth equation (e.g. von Bertalanffy (1938)),

then this increases the confidence that can be attached to the age estimates derived (Cailliet a l 1986). 

Confounding problems associated with this method include an incomplete size range of samples,

misinterpretation of the growth bands, particularly in older specimens, which may introduce bias and

inaccuracies in the determination of growth parameter data (Casey et al. 1985).

The previous size at age of a fish can be calculated using back calculation. This method requires the 

establishment of the relationship between the growth o f a structure and somatic growth, and in addition, that 

the structure forms temporally predictable marks (Cailliet et al. 1986). By measuring the distance between 

individual bands, the size of the fish can thus be calculated at the time o f each band formation (Smith 1983, 

Francis 1990). Although growth data derived from this method has been regularly compared with those derived 

from observed age estimates (Casey et al. 1985, Branstetter and McEachran 1986, Natanson et al. 1995), it is 

not classed as a form of verification (Smith 1983, Cailliet e/ al. 1986), and generally proves most useful in 

deriving data on missing size classes or increasing the amount of data from individual specimens (Smith 1983, 

Cailliet et al. 1986). It is to be noted, however, that although very widely used, back calculation is poorly 

understood, with many researchers using incorrect back calculation methods (Francis 1990).

Comparison of ages derived from different hard parts is commonly used in ageing studies o f teleost species 

(e.g. otoliths vs. fin rays/scales (Casselman 1983, 1985, Beamish and McFarlane 1987)). Although an 

invaluable procedure for commercial stocks this form of verification has not yet proven possible in 

elasmobranchs due to the fact that independent structures, which bear observable periodic marks, have not been 

found.

2.2.8 Enhancement techniques

It is often necessary to process the structures used in age assessment studies in order to improve the resolution 

of growth bands. Owing to the variation in the levels and patterns of calcification (Ridewood 1921, Urist 1961, 

La Marca 1966, Cailliet et al. 1983, Yudin and Cailliet 1990), the response to centrum band enhancement
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procedures, such as stain uptatce, varies significantly between species (Schwartz 1983, Gelsleichtere? al. 1998). 

This variation has resulted in a wide range of enhancement procedures being investigated and developed to 

increase band resolution for elasmobranchs (Cailliet 1983, Cailliet et a l  1986).

The use o f specific stains such as silver nitrate (Stevens 1975, Cailliet e? al. 1983, Kusher et al. 1992), alizarin 

red (Brown and Gruber 1988, Walker et al. 1995, Officer et al. 1996) and cobalt nitrate (Hoenig and Brown 

1988), to differentially stain the mineralised bands found in elasmobranch centra, are among the most 

commonly used procedures to accentuate band patterns. X-radiography is also popular as it increases resolution 

owing to the fact that highly mineralised bands are radio-opaque and therefore appear white on X radiographs 

whereas less mineralised bands appear dark (Ferreira and Voreen 1991, Officer et al. 1996).

Dehydration (Daiber 1960, Vinther 1989), alcohol immersion (Taylor and Holden 1964), ninhydrin staining, 

(Davenport and Stevens 1988), graphite powder application (Ferreira and Voreen 1991), cedarwood oil 

(Cailliet et al. 1983, Martin and Cailliet 1988), the application o f heat (Taylor and Holden 1964, Cailliet e/ al. 

1983, Martin and Cailliet 1988), decalcification (Correira and Figueiredo 1997), the use o f  various lighting 

regimes (e.g. transmitted, reflected, and polarized light) (Stevens 1975, Davenport and Stevens 1988), are some 

of the additional techniques used to increase band resolution in elasmobranch ageing studies.

As well as the modification and development of many chemical methods (e.g. staining procedures) centra are 

regularly modified physically to increase resolution. Centra may be cut transversely, thus removing one o f  the 

‘cones’ to allow the transmission of light through the back of the centra (Taylor and Holden 1964, Pratt and 

Casey 1983, Martin and Cailliet 1988). In addition, either the back of the centrum is scraped to increase the 

transmission of light (Taylor and Holden 1964), or the face of the remaining corpus calcareum is scraped, to 

increase resolution of the finer surface bands (Cailliet et al. 1983, Pratt and Casey 1983).

The most popular procedure is the production of longitudinal sections, which usually involves the grinding and 

polishing of a whole centrum to produce a half centrum with a polished face. This half centrum is embedded, 

polished face down in resin, and the upper surface is ground and polished using progressively finer grades of 

carborundum paper to produce an ‘hourglass’ section (Brown and Gruber 1988, Simpfendorfer 1993). 

Alternatively, longitudinal sections may be produced using various forms o f sawing microtomes, which cut a 

thin section from the centre of the centrum (Smith 1984, Yudin and Cailliet 1990, Ferreira and Voreen 1991, 

Zeiner and Wolf 1993, Officer et al. 1996).

Centra may also be processed histologically to produce thin sections. This procedure involves decalcifying

centra, embedding in paraffin or wax, and sectioning using a microtome (Ishiyama 1951, Caseye? al. 1985,

Natanson et al. 1992, Natanson 1993). Many studies have reported higher band counts using histological and

resin embedded longitudinal sections relative to whole centra, as resolution is generally greater, particularly

towards the distal margins of the structure where bands may be tightly spaced on slow growing species
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(Branstetter 1987, Tanaka et al. 1990, Ferreira and Voreen 1991). Table 2.1 refers to several of the 

enhancement techniques that have been developed for rays.

Table 2.1 A summary of the various centrum enhancement techniques used in ageing studies of rays.

C entrum  Enhancement Technique Species studied Study
Histology Raja fusca, R. kenojei, R. 

hollandi
Ishiyama (1951,1958)

Dehydration/clearing R. eglanteria Daiber (1960), Berry 
(1965)

Dehydration R. erinacea Richards et al. (1963)
Dehydration R.clavata Taylor and Holden 

(1964)
Alizarin red S staining R. batis, R. naevus Du Buit(1972)
X radiography
Silver nitrate staining R. erinacea Johnson (1979)
Sectioning R. erinacea Waring (1984)
Clearing using xylene, ethylene, or terpinol R.clavata, R. microocellata, R. Ryland and Ajayi

montagui (1984)
Sectioning and dehydration R. radiata V inther(1989)
Air drying R.clavata, R. montagui, R. 

brachyura,
R. batis, R. fullonica, R. naevus

Fahy (1991)

Silver nitrate staining R. miraletus Abdel-Aziz (1992)
Sectioning & calcium oxide powder/decolouring R. binoculata, R. rhina Zeiner and W olf
carbon application (1993)
Histolology R. erinacea Natanson (1993)
Sectioning
Sectioning R. ocellata Simon and Frank 

(1996)
Sectioning and dehydration R. radiata, R. clavata, R. Walker & Witte (in

montagui, R. naevus, R. batis press)
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2.2.9 Reading methodology and reliability of band counts
Inaccurate age estimates can result in serious errors in stock assessm ents and in subsequent management 

measures, which may result in reduced financial returns and adverse effects on com m ercial fish stocks (Chilton 

and Beamish 1982, Beamish and M cFarlane 1983, Beamish and M cFarlane 1987, R ichardses al. 1991). Errors 

in age readings can also lead to biased growth curves, therefore confounding com parisons between studies for a 

given species (Cailliet et al. 1990, Tanaka et al. 1990, Officer et al. 1996). T here are a num ber o f  factors, 

which increase error in age reading, including am biguous and incorrect term inology in defining bands, 

preconceived ages based on having prior knowledge o f  specim en details, and poorly defined band 

characteristics (Beamish and McFarlane 1983, Casselman 1983, Beam ish and M cFarlane 1987, Officered al. 

1996). A number o f steps to reduce bias and to standardise age reading m ethodologies between studies have 

been recommended (Casselman 1983), and are described as follows:

•  The term opaque and translucent should be used to describe the  optical nature o f bands in 

transmitted light,

• Structures should be read from the centre or 'focus' to  the edge o f  the structure,

• Clear criteria on growth band characteristics should be given,

• Problems including the limitation o f  techniques used and difficuhies encountered with band 

readings should be acknowledged. This could be achieved by utilising a num erical ranking 

system to define reader confidence,

•  For the interpretation to be unbiased information regarding size, sex and m aturity  should not be

available when reading the structure,

• Several readers should carry out multiple independent readings o f  structures, and results should be

statistically compared.

There are essentially two forms o f ageing error, error that affects accuracy, or proxim ity o f  the age estim ate to 

the true value, and error that affects the reproducibility o f  individual m easurem ents o f  a given structure i.e. 

precision (Beamish and McFarlane 1987, Campana e/ al. 1995). Ensuring accurate readings involve proving 

that the bands being read are related to age i.e. validating the rate o f  band form ation (Cailliet 1990), the m ost 

definitive method being tetracycline tag-recapture studies (Holden and Vince 1973, Smith 1984). C om paring 

band counts from independent structures has also been strongly recom m ended as a m ethod o f  increasing 

accuracy (Casselman 1983, 1985, Beamish and McFarlane 1987), how ever to  date this m ethod has not been 

possible in any elasmobranch studies.

Assessing precision usually involves the statistical analysis o f  repeated age readings, and the com parison o f  

these ‘reproducibility estimates’ between readers. Beamish and Fournier (1981) suggested the index o f  

precision, which uses the average absolute deviation from  the arithm etic m ean age per fish expressed as a 

function o f  the arithmetic mean. Chang (1982) suggested a sim ilar test, the coefficient o f  variation, w hich is the 

standard deviation described as a fraction o f  the mean and expressed as a percentage. Both tests are regularly
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used in elasmobranch ageing studies (Tanaicae^ al. 1990, Kusher et al. 1992, Simpfendorfer 1993, Officer et al.

1996). The level of bias in age readings can be assessed to ascertain the variation between repeated readings 

and between readers (e.g. paired / tests Officer et al. (1996)).

2.3 This study
This study focuses on two separate fisheries; namely the Falkland Islands and the Irish Sea (ICES division Vila 

and Vllg) ray fishery. The ray fishery in the Falkland Islands is a recent development, being in existence for 

less than two decades (Agnew et al. 1999). An ongoing intensive biological sampling program, which was 

initiated in 1991, in addition to the collection o f detailed catch data, has resulted in several stocks assessments 

(Agnew et al. 1999). Although management strategies based on these assessments have been derived for the 

exploited ray stocks, a recent study by Agnew e/ al. (1999) revealed that accurate age data would allow the use 

of age-based assessment models, potentially leading to more conclusive results. The commercial species within 

this fishery are bathyrajids, for which no ageing studies currently exist.

In contrast, the ray fishery on the east and southeast coast o f Ireland, particularly in the Irish Sea, is well 

established (Clark 1922, Holden 1974, Brander 1981, Fahy 1989, 1991), and as a consequence research into 

age assessment has been active for almost a century (Stevens, Holden 1972, Brander and Palmer 1985, Ryland 

and Ajayi 1984, Fahy 1989). Confounding growth data between studies are, however, apparent, resulting from 

a combination of ineffective age assessment techniques (Taylor and Holden 1964, Ryland and Ajayi 1984), and 

limited sample ranges and sizes (Fahy 1989, 1991). For each o f the ageing studies on the Irish ray species no 

account of the reliability of age readings was given.

The investigation of two geographically distinct groups of species affords an opportunity for an interesting 

comparative study. In addition to being geographically distinct, the bathyrajids o f the Falkland Islands are 

found at depths of up to 700m (Coggan et al. 1996), whereas the Irish ray species seldom exceed depths o f 

200m (Wheeler 1978). Age assessment of deep-water rays has not been carried out as it has for the Irish 

species. Indications are that many deep-water elasmobranch species prove difficult to age (Cailliet 1990, ICES

1997). This study sets out to derive effective ageing techniques for the commercial species at each study site, 

and to establish whether enhancement techniques are equally applicable to the ageing structures used for both 

sets of species. An integral part of age assessment should be the reduction of reader bias and quantification of 

the reliability of age readings (Campanae/ al. 1995, Officer et al. 1996). One o f the goals set out in this study 

was to devise and implement a protocol, which would achieve these objectives.

The first elasmobranch study to validate the rate of band formation was carried out on the thomback n y ,R a ja  

clavata. in the southern North Sea, using tetracycline tag-recapture data (Holden and Vince 1973). Whilst this 

study was successful in proving the annual band pair hypothesis, some uncertainties in the timing and 

morphology of band formation existed due to poor resolution. This species is re-investigated in addition to
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three other Irish species, to establish the temporal nature of band formation, and determine whether the rate and 

timing o f band formation for each species are similar. For the Falkland Islands’ species the temporal nature of 

band formation is investigated for the first time, to establish whether the annual cycle o f centrum band 

formation o f bathyrajids conforms to that observed in other ray species.

Apart from dorsal fin spines on the spurdog, Squalus acanthias, centra have been the only other ageing tool 

used in elasmobranch ageing studies. It has therefore not been possible to compare derived ages from 

independent hard parts in elasmobranchs, as has regularly been carried out for commercial teleost species to 

increase confidence in age estimates (Casseiman 1983, Beamish and McFarlane 1987). In an attempt to derive 

a novel ageing tool for rays, caudal thorns are analysed. Enhancement techniques are reviewed for these 

structures, growth processes are examined, and the temporal nature o f band formation is investigated.
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2.4 Materials & Methods

2.4.1 Collection methodology 
L Falkland Islands’ ray samples

Scientific observers employed by the Falkland Islands’ Fisheries Department carried out an onboard sampling 

programme for rays on commercial fishing vessels and scientific research cruises within the Falkland Islands’ 

Interim Conservation zone (FICZ) between 1994 and 1996 (Falkland Islands; 51.45°S, 59.30°W). The protocol 

focussed on 4 commercial ray species, nanxQly Bathyraja brachyurops, B. griseocauda, B. albomaculata and B. 

scaphiops. Rays were identified to species and weighed (± 50g) at sea using a spring balance. Total length 

(mm), disc width (mm), clasper length (mm) and thorn counts were made in accordance with the protocol 

described by Hubbs and Ishiyama (1968), and each individual was sexed and a maturity stage assignedin 

accordance with the Falkland Islands’ maturity modified after that o f Stehmann (1987) (See 3.2.4.)

A vertebral segment containing approximately 10 centra was extracted immediately posterior to the scapular 

origin o f the vertebral column and frozen. The first five caudal thorns, posterior to the first haemal arch o f the 

vertebral column, were also removed from each specimen. To effect this procedure, a slice was made from 

posterior to anterior, which bisected the caudal vertebral column horizontally, and in so doing removed a 

segment of the tail containing the required thorns. Tissue was removed from both the vertebral and thorn 

segments by immersing the segments in hot water (circa. 70-85°C). Thoms were removed from surrounding 

tissue, using forceps and cleaned gently in cold running waterprior to drying. Vertebral segments and extracted 

thorns were subsequently air-dried. Once dried, the samples were packed and labelled, with all relevant details, 

and transported to the Zoology Department, Trinity College, Dublin, for further analysis. The number o f  thorn 

and vertebral samples collected, by sex, for each of the species is detailed in Figs. 2,1 to 2.8.

iL Validation study

As part of a validation study on the age and growth of the commercial ray species examined in this study the 

Falkland Islands’ Fisheries Department initiated a tag-recapture tetracycline-marking programme. A total o f 

550 rays were captured, injected intraperitoneally with 25 mg/kg body weight o f oxytetracycline, tagged in the 

connective tissue of the centra in the tail with Floy T-bar tags, (Floy Tags Inc., U.S.A.) and released.

As o f October 2000, one tetracycline-marked specimen has been recaptured. The specimen was a species, 

which is currently being described (Bathyraja sp.), is a co-habitor, and is morphologically similar to B. 

brachyurops. The recaptured specimen was an immature male, which was at liberty for 10 months (tagged 8 

July 1994, recaptured 6 May 1995). The centra and thorns were processed in the same manner to the other 

samples described above, and sent to the Zoology Department Trinity College, Dublin, for further analysis.
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Hu H istological structure o f  caudal thorns

B. brachyurops specimens were collected for a more detailed examination o f caudal thorn structure. A total of 

20 specimens were collected, representing the main size ranges o f  this species (5 specimens between 20-40, 40- 

60, 60-80 and 80-100cm (total length)). The specimen details recorded and extraction procedure for centra and 

thorns was the same as that described in 2.14 {i). The excess surrounding tissue on extracted thorns, however, 

was only trimmed using a scalpel, and samples were placed in a formalin (10%) solution buffered in seawater 

immediately.

iv. Irish ray samples

Four commercial species were the focus o f research in the Irish Sea study, namely7?a/a brachyura, R. clavata, 

R. montagui, and R. naevus. The majority o f the samples were obtained from fish processors in the Dublin area 

between January 1997 and February 1998. Most o f these consisted o f commercially worthless 'processed' ray, 

which were gutted and their pectoral wings removed for retail. The sampling objective was to collect three 

individuals per 5cm-size class by sex. Species, sex and total length (cm) data were recorded, and in addition, 

maturity state, clasper length (cm) in males, and nidamental gland width (mm) in females, were recorded to 

ascertain size and age at maturity (Chapter 3). Frequently the nidamental glands, ovaries, and testes had been 

removed during the commercial gutting procedure, particularly in mature individuals. A maturity index 

(modified after Stehmann (1987)) was only assigned to specimens in which the reproductive organs were intact 

enough to allow a confident estimate to be made.

To complement the above samples, intact specimens were also collected by 5cm size class, by sex, from 

commercial vessels and research cruises between May 1996 and February 1997, primarily from the Irish Sea 

and off the southeast coast of Ireland (ICES division Vila and Vllg). Species, sex, total length (cm), disc width 

(cm), ungutted weight (g), gutted weight (g), clasper length (cm) and vas deferens condition was noted in 

males, nidamental gland width (mm) and cloacal length (mm) were measured in females. A maturity stage was 

also assigned and stomach and testes were removed and preserved for further analyses. Vertebral and thorn 

samples were removed and processed in the same manner to that described for to the Falkland Islands’ ray 

species (see 2.4.1 (/)). The total number o f vertebral and thorn samples collected for each o f the species, by sex, 

are presented in Figs. 2.9 to 2.16.
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Fig. 2.1 to 2.4. Length frequency distribution by 5cm size class, by species, and sex of Falkland Islands’ rays 

(Bathyraja brachyurops and B. griseocauda) from which vertebral (vert) and thorn (thorns) samples were 

collected during the present study.
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Fig. 2.5 to 2.8. Length frequency distribution by 5cm size class, by species, and sex of Falkland Islands’ rays 

{Bathyraja scaphiops and B. albomacuata) from which vertebral (vert) and thorn (thorns) samples were 

collected during the present study.
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Fig. 2.13 to 2.16. Length frequency distribution by 5cm size class, by species, and sex o f  Irish rays {Raja 

naevus and R. montagui) from which vertebral (vert) and thorn (thorns) samples were collected during the 

present study.
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2.4.2 Ageing techniques
/. Cleaning of centra and thorn samples

All vertebral and thorn samples were processed to ensure that excess tissue was removed. Although regularly 

recommended (Cailliet et al. 1983, Casey and Pratt 1985), commercial solution o f sodium hypochlorite (c. 5%) 

{Domestos Unilever®) was found to be ineffective at cleaning vertebral centra, as the connective tissue was 

only partially removed. Increasing concentration or immersion time did not improve effectiveness. The 

‘bleaching’ process was also found to be harsh on the centra, and the thorns also appeared to degrade with 

increasing concentration and immersion time. This has been observed in several other elasmobranch studies 

(Davenport and Stevens 1988). Trypsin (hog pancreatin) proved to be the most effective cleaning medium. 

Immersion in a 5% solution of trypsin at 35-40°C for 24 hours completely removed the neural and haemal 

arches, and the connective tissue from the centra fascia. Thom samples were also effectively cleaned with 

trypsin, using a similar concentration and immersion time, without any adverse effects. Centra and thorn 

samples were washed for 30 minutes in running water following treatment with trypsin.

a. Preparation of centra for band enhancement techniques

In order to comprehensively review the effectiveness o f enhancement techniques on centra a variety of 

processing procedures were carried out prior to enhancement. (Table 2.2).

Table 2.2. Processing techniques applied to the centra of rays examined in this study the prior to the application 

of band enhancement techniques.

W hole cen tra  scraped and etched 
(W CSE)

H alf cen tra  transversely cut, scraped 
and etched (HCTSE)

H alf cen tra  longitudinally cut, and 
polished (HCLP)

Sagittal sections (SS)

T hin  sections (S*)

The inner face o f  the whole centrum was scraped with a fine scalpel, follow ed by etching 
in a 5% solution o f  EDTA.

Whole centra were ground and polished transversely to produce half centra, w hich were 
then scraped and etched as for WCSE. The back o f  each centrum  was also scraped to 
remove supporting struts, and thus allow the transm ission o f  light.

Centra were ground longitudinally on an alum inium  oxide wheel, and the ground face 
finely polished with progressively finer grades o f  carborundum  paper (p600-pl200).

Centra were sectioned longitudinally with a bench grinder, and polished by hand as for 
HCLP, The polished faces o f  the centra were em bedded in epoxy resin, and the exposed, 
unprocessed part o f  each mounted centrum ground and polished to produce a thin section 
o f 60 - 90 nm. Very small, fragile, centra (<8mm centrum  diameter) were embedded 
whole in epoxy resin before grinding

Centra were cut longitudinally through their focus with an isomet low speed diamond 
saw, to produce a thin section o f  60-90(im.
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UL Enhancem ent techniques used on centra

For each species, two centra from each processing procedure (Table 2.2) were used to test the enhancement

potential of histological stains, graphite powder and X-rays on the band pattern present in these structures (e.g.

a trial representing a combination of a stain type, concentration and immersion time). Several trials were 

carried out for each enhancement technique, and are described in Appendix 1 (Table 1).

All centra were examined using a dissecting microscope (magnification x 6.7- 40), with a fibre optic light 

source, which allowed the use o f both transmitted and reflected light.

iv. Enhancem ent techniques used on caudal thorns

a) Falkland Islands’ samples

As no previous studies have investigated the use o f caudal thorns as an ageing tool, no enhancement procedures 

have been developed prior to this work. Initial investigation of thorn morphology under a variety of lighting 

regimes (transmitted, reflected, and polarised) revealed that the outer surface consisted o f a series o f concentric 

ridges.

To further accentuate the surface band morphology a variety o f etching techniques were investigated. Etching 

using EDTA (5%) for 15 minutes proved most effective for each species. Hydrochloric acid and formic acid 

both proved ineffective as an etching medium under varying concentration and immersion times.

All centrum band enhancement techniques tested (Appendix 1 (Table 1)) were also applied to caudal thorns. 

Those showing potential were investigated further, and subjected to detailed trials similar to those performed 

on centra (Appendix 1 (Table 2)).

Whole thorns for each of the species were also embedded in resin and transverse sections (90-120nm) were 

produced (Fig. 2.17a). Sections were examined under a compound microscope (x20-40) using transmitted light.

b) Irish samples

Initial investigation of thorn morphology revealed that there was no surface sculpture, as was apparent on the 

caudal thorns of Falkland Islands’ species. As no apparent surface band pattern existed, enhancement by 

immersion in ethylene diamine tetraacetic acid (EDTA), hydrochloric acid or formic acid proved ineffective. 

The staining techniques applied to Falkland Islands’ thorns were also attempted on the Irish ray species without 

success.

V . Histological analysis of caudal thorns

Excess tissue was further trimmed off the formalin preserved caudal thorns. Thoms were decalcified in De-Cal

(Raymond Alam) for between 12 and 20 hours depending on thorn size, and subsequently stored in 70%

ethanol. Decalcified thorns were embedded in Paramat wax (melting point 56-58°C). Transverse sections of
30



between 10 and 15(am were produced using a rotary microtome (Leitz), and were placed onto glass slides. 

Sections were then stained for between 20 mins and 1 hr in Harris’s heamatoxylin. Stained sections were 

subsequently examined under a compound microscope (x40) using transmitted light.

vi. Application of effective centra enhancement techniques
O f the techniques attempted (Appendix 1 Table 1) the following proved effective and were further investigated.

a) Crystal violet technique

The application of crystal violet to centrum sagittal sections proved the most effective enhancement technique 

for both the Falkland Islands’ and Irish species, and was the primary technique adopted for all species in the 

present study. A total of two centra were prepared from each of the ray samples collected, and processed using 

the following protocol:

• The two largest centra from each specimen were selected.

• Sagittal sections were prepared from each centrum.

• Sections were etched by immersion in an acid alcohol (IMS) solution (5%) for 15 minutes, and were

subsequently washed for 15 minutes in running tap water.

•  Following washing, the sections were placed in a 0.005% solution o f  crystal violet for 36 hours, and 

checked every 12 hours for stain uptake.

•  The stained sections were then washed gently in running tap water for 2 minutes. Over-stained 

sections were de-stained for 2-4 minutes in an alcohol solution (70%).

b) Silver nitrate technique

For the Falkland Islands’ species examined band resolution was improved on scraped, etched, and silver nitrate 

stained whole centra. To allow comparisons to be made with the crystal violet enhancement technique a total o f  

thirty centrum samples were randomly selected from each species from the Falkland Islands’ samples, and 

processed using the following protocol:

• Whole scraped and etched centra (WCSE) were immersed in a 1% solution o f silver nitrate for 8-15

minutes under UV light, followed by washing in running tap water for 1 minute.

• The centra were subsequently immersed in sodium thiosulphate for 5-10 minutes to terminate the 

calcium silver substitution reaction depending on centrum size.

• The centra were finally washed in running tap water for 1-2 minutes and stored in alcohol (IMS) 

(70%) prior to reading.

c) G raphite powder technique

This technique only proved effective on the Falkland Islands species B. griseocauda, enhancing the surface 

band pattern on whole centra. This technique was applied to a total o f 30 samples ofS. griseocauda, using the 

following protocol:
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• Graphite powder was brushed in a circular manner on the inner concave face of each centrum using a 

soft paintbrush.

d) C harring  technique

The technique proved effective at enhancing the surface band pattern o f whole centra from the Irish ray species 

only. A total of 30 ray samples from each o f the Irish species, by sex, were prepared using the following 

protocol:

• Centra from each of the selected samples were charred in an incinerator at 350°C for 15 minutes.

vii. Application of effective caudal thorn enhancement techniques
a) Silver nitrate technique

Silver nitrate proved the most effective enhancement technique on caudal thorns from the Falkland Islands’ 

rays. A single thorn from each sample was prepared using the following protocol:

• Thoms were etched in a 5% solution of EDTA for 5 to 10 minutes, depending on thorn size, and 

subsequently washed in running tap water for 3 minutes.

• The etched thorns were immersed in a 1% solution o f silver nitrate, and exposed to ultra violet light 

for 40 to 70 minutes. The stained thorns were subsequently washed in distilled water for 30 seconds.

• To terminate the calcium silver substitution reaction thorns were immersed in a 5% solution o f sodium 

thiosulphate for 10 minutes. Thorns were subsequently washed in distilled water for 3 minutes, air 

dried, and stored in airtight containers prior to reading.

viii. Reading methodology 

a) C entra

For age reading purposes 'a band' on a centrum sagittal section was defined as a heavily stained opaque area 

appearing at relatively regular intervals along the corpus calcareum, and separated by a translucent band (Fig. 

2.17 a-b). As the intermedialia was often over-stained or ground away the majority o f band counts were 

derived from counts of the heavily stained (opaque) bands on the corpus calcareum. The birth or hatching mark 

(age zero) was defined as the first mark after the change in the angle of the corpus calcareum. All band 

readings were made from the focus towards the distal edge on a single axis showing the greatest resolution. 

Band counts were corroborated with reading made along the remaining three axes.

Bands on whole centra were defined as darker coloured rings, occurring at relatively regular intervals, upon 

the concave faces of each centrum. Band counts on whole centra also started from the focus outwards. A 

nominal birth date of January 1*‘ was used for age assessment purposes for each ray species examined.
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b) Caudal thorns

A band on a silver nitrate stained caudal thorn was defined as a concentric dark ridge on the outer surface 

encircling the entire thorn (Fig. 2.18 b). The birth or hatching mark (age zero) on caudal thorns was defined as 

the first band appearing at the base o f 'proto' or 'embryonic' thorn. Band counts on caudal thorns were made 

from this point to the distal edge along the anterior surface o f the caudal thorn. As with centra readings a 

nominal birth date of January 1 was also used for age assessment purposes for caudal thorns.

All prepared centra and caudal thorns were viewed independently under a dissecting microscope using both 

transmitted and reflected light, without prior knowledge of species, sex, size, and maturity.

The following confidence index was used to classify the ease by which bands could be read on each of the 

structures:

1. Poor resolution, band counts difficult.

2. Moderate resolution, band counts readable, difficulties encountered

3. Good resolution, difficulty encountered in certain areas.

4. Excellent resolution, band counts were discernible along the entire structure.

c) Evaluating reader consistency

A sub-sample of centra and caudal thorns was read, and a confidence grade assigned, by a second and third 

reader. The reading process was repeated, independently, on three separate occasions. The two readers were 

trained in independently in the use of the reading protocol using a dissecting microscope with a video monitor 

attachment. Each of the two readers used the same criteria and confidence index as the primary reader to count 

bands.
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Fig. 2.17(a) Diagrammatic representation showing the plane o f  longitudinal sectioning o f  a centrum , used on 

both Falkland Islands’ ray and Irish ray specimens. Arrow indicates bow -tie longitudinal section.

Fig. 2.17(b) Diagrammatic representation o f  a longitudinal centrum  section from  both a Falkland Islands’ ray 

and Irish ray specimen. Arrow 1., Age zero band; Arrow 2., Heavily stained opaque band on corpus calcareum ; 

Arrow 3., Translucent band on corpus calcareum; Arrow 4., T ranslucent band on interm edialia.
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Fig. 2.18(a) Diagrammatic representation o f  whole caudal thorn from  a Falkland Islands’ ray specimen. Arrow 

1., base o f  proto-thom; Arrow 2., surface band.

Fig. 2.18(b) Diagrammatic representation showing the plane o f  a transverse section (indicated by arrow) o f  a 

resin em bedded caudal thorn from a Falkland Islands’ ray specim en.
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ix. Statistical analysis of band counts
The following statistical tests were carried out to assess the reliability o f  band counts from each of the three 

readers. The analyses were carried out by species and sex for the Irish ray species and on the combined sexes of 

the Falkland Islands’ species, as a smaller sample size of processed centra were read by the second and third 

readers for this group.

a) Reader consistency

Officer et al. (1996) suggested the use of a paired t test to assess within and between reader biases of repeated 

readings. However, to assess true ageing bias, the age o f the fish that is being aged has to be known. Therefore 

in the present study paired t tests were used to test consistency rather than bias o f  repeated band count readings, 

as the true ages of specimens being assessed were not known. The tests compared the differences in the mean 

and standard deviation of band counts between readings 1 and 2, and between readings 1 and 3 for each reader 

of the Falkland Islands’ (sex combined) and Irish samples, (sexes separate). The following null hypothesis (Ho) 

was tested:

Ho: (Rd/iRd,)  ̂^
(Rd/+Rdj)/2

where Rd/ and Rd, are the band counts obtained for a structure by a reader during the /th andyth reading round 

(a reading round constitutes a single occasion when a structure was read).

The differences in band counts between each of the reading rounds were adjusted by dividing by the mean 

number of the two readings (to avoid distortion caused by high band number in either reading round). The 

mean and standard deviation of the differences between rounds was also calculated to indicate positive or 

negative trends in the differences between rounds.

Between reader consistency was also explored using a paired? test to compare the mean and standard deviation 

of the differences in band counts between readers (i.e. between reader 1, 2 and 3). The third reading from each 

reader was used in the assessment of reader consistency. To avoid distortion caused by high band counts the 

differences in band numbers were divided by the mean increment count for the two readers. The following null 

hypothesis was tested:

Ho: (R,iR,} ^  Q

(R,+Ry)/2

where R, and Ry are the band counts obtained for a structure by the /th andyth reader during reading round 3.
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b) Reader confidence

A paired t test was also used to assess witiiin reader confidence, by comparing the mean and standard deviation 

o f the differences in confidence index scores between reading rounds 1 and 2, and between reading rounds 1 

and 3 for each of the readers. The following null hypothesis (Ho) was tested:

Hq: (Sc;-Scy) _  Q
(Sc,+Scy)/2

where Sc; and Scy are band count confidence scores obtained for a structure by a reader during the /th andyth 

reading round.

Between reader confidence was also investigated using a paired t test to compare the mean and standard 

deviation of the differences in reader confidence index scores between readers 1 and 2 and readers 1 and 3. 

Only scores from reading round 3 were used in this analysis. The following null hypothesis (Ho) was tested:

Hq: (Scr,-Scr,) ^  q

(Scr,+Scr,)/2

where Scr/ and Scr  ̂are band count confidence scores obtained for a structure by the /th and y'th reader during 

round 3.

c) Between structure reading consistency

A paired t test was used to assess between structure reading consistency, by comparing the mean and standard 

deviation of the differences in band counts between whole centra and sagittal centrum sections. A similar test 

was carried out to assess the differences in band counts between centra (sagittal sections only) and thorns from 

the Falkland Islands’ species. Bands counts of structures from the third reading round for reader 1 (primary 

reader) were only used in this test. The following null hypothesis (Hq) was tested:

Hq: (SjlSyl ^  Q

(S,+S;)/2

where S, and Sy are the band counts obtained by reader 1 for the rth and yth reading structure during reading 

round 3.
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d) Correlation between centra and thorn band counts

For each of the Falkland Islands’ ray species the Pearson’s product moment correlation was used to ascertain 

the relationship between centrum and thorn band counts for reader 1. The readings from the third round of 

readings were used in this analysis.

e) Reader precision

Centrum and thorn band count precision was assessed using Chang's coefficient o f  variation (V) and index of 

precision (D) (Chang 1982). The coefficient o f  variation describes the standard deviation as a fraction of the 

mean expressed as a percentage, and is described as follows;

Coefficient o f variation V =  — x 100
Y

Index o f precision D
xlOO

[̂R

Where s = standard deviation, R = Number of counts per individual. T= mean o f repeated counts

X.  Periodicity of band formation

a) Band edge analysis

Band edge analysis was carried out on a sub-sample of crystal violet stained centrum sections for both Falkland 

Islands’ and Irish samples, and silver nitrate stained caudal thorns from Falkland Islands’ samples.

The band structure evident in the distal edge zone of centra and thorns was categorised using a modification of 

the grading system described by Yudin and Cailliet (1990).

Grade 1. Centrum; Opaque band forming at the marginal edge.

Thom; Narrow ridge forming at the marginal edge.

Grade 2. Centrum; Narrow, translucent band forming at the edge.

Thorn: Broad band beginning to form at the marginal edge.

G rades. Centrum: Translucent band well formed on the marginal edge.

Thom; Broad band well formed at the marginal edge.

b) Tetracycline tagged, mark/ recaptured specimen

Four centrum sagittal sections were prepared from the recaptured specimen from the Falkland Islands’. Two of 

the sections were stained using crystal violet and silver nitrate respectively, and examined using a dissecting
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microscope under transmitted and reflected light (x40). The unstained sections were viewed under ultraviolet 

light, with the position o f  the fluorescent mark, indicative o f tetracycline incorporation being noted. The 

position of the fluorescent mark was noted and compared to the type o f  band observed on the stained sagittal 

sections.

A single caudal thorn was prepared using the silver nitrate staining technique, and was viewed under reflected 

light. A single unstained thorn was viewed under ultraviolet light, and the position o f  the fluorescent mark was 

noted. Both stained and unstained thorns were compared to ascertain the band type forming at the time of 

tetracycline incorporation in conjunction with the number of bands formed between release and recapture.

xL Structural vs somatic growth
The relationship between age reading structures and body size was investigated to ascertain the relationship 

between structural and somatic growth, and also ascertain the applicability o f the structures for back calculation 

purposes. Centrum radius (mm) was measured using a graticule and plotted with total body length (cm) for 

each o f  the species in both study groups. In addition, caudal thorn height for the Falkland Islands’ species was 

measured by drawing the outline of the thorn viewedunder a microscope using a drawing tube attachment, and 

derived measurements were plotted against total body length to assess their relationship.
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2 5  Results

2.5.1 Enhancement techniques

L Centra
A wider range of enhancement techniques proved more effective on the centra o f Irish species than on those of 

the Falkland Islands’ species (Table 2.3). A surface band morphology o f concentric bands was generally 

apparent on air-dried, cleaned and unprocessed whole centra from the Irish species examined, whereas analysis 

of these structures from the Falkland Islands’ species revealed a surface band pattern on only one o f the species 

examined; B. griseocauda.

Etching and scraping of whole centra, although enhancing the surface bands for the Falkland Islands’ species, 

proved to be destructive. Damage was particularly apparent towards the distal margins o f centra. This led to 

reduced resolution of bands, particularly towards the distal margins on centra from larger specimens, where 

bands are generally most difficult to read due to crowding.

The application of staining techniques on sagittal sections proved much more effective at increasing band 

resolution than the use of whole centra, particularly for the Falkland Islands’ species. Specific stains, such as 

silver nitrate, alizarin red and cobalt nitrate proved the most effective o f  the enhancement procedures 

investigated (Appendix 1 (Table 1). The ‘granular nature’ o f silver nitrate, however, reduced resolution by 

occluding the finer spaced bands on the distal margins in the larger sagittal sections. The alizarin red stain 

generally did not differentially stain bands sufficiently to allow effective contrast between the opaque and 

translucent bands. The cobalt nitrate technique proved particularly effective at enhancing bands, when it 

worked. Despite this, the technique was so inconsistent that it was deemed inapplicable as a practical reliable 

ageing technique. A major difficulty with each of these staining protocols was the fact that there were several 

stages in their application. Deciding which step to modify in order to optimise enhancement therefore proved 

difficult, and consequently wasteful on samples.

The application of crystal violet proved the most effective enhancement technique centrum sagittal sections. 

This technique had a number of distinct advantages over the other techniques attempted. As there was only one 

stage to the staining protocol, the effects of altering stain concentration or immersion time could be readily 

ascertained. The desired intensity of staining, or de-staining o f over-stained sections, could also be adjusted, as 

required using alcohol. Another major advantage was that a single staining protocol generally proved effective 

for almost all species in the study, the exception being for B. griseocauda. Sagittal sections from larger 

specimens of B. griseocauda appeared heavily calcified towards the distal margins. This prevented the 

transmission of light and the visualisation o f bands. Differential polishing o f the distal margins following 

staining, using a polishing mat, and a liquid polish e.g. ‘silvo’, enabled the transmission of light, and thus the 

resolution of the fine bands.
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Table 2.3. An overview o f  the effectiveness o f enhancement techniques applied to processed centra o f  

Falkland Islands’ and Irish ray species. (Codes refer to processed form o f  centra, full details o f  

which are given in table 2.2).

T echnique F alkland Islands' species Irish  species
1, Air drying Unsuccessful Successful
(Faiiy 1991) Bands apparent on W C, HCLP after 48 hrs at 

28°C.

2. Dehydration Unsuccessful U nsuccessful
(Daiber 1960) Although bands apparent on WC, WCE, WCSE, 

HCLP, resolution insufficient for age 
determ ination.

3. Dehydration Unsuccessful U nsuccessful
(Taylor and Holden 1963) Bands apparent on WCSE, HCTSE and SS after 

immersion in 70% alcohol (IMS) for 6hrs, 
Resolution insufficient for age determination.

As for Falkland Islands' species.

4. Charring Unsuccessful Successful
Taylor and Holden (1963) Bands apparent on WC -300°C for 8 mins.

5. Dehydration Unsuccessful U nsuccessful
Ryland and Ajayi (1984) Bands apparent on W CE, W CSE,W CSE, HCLP 

but resolution not sufficient for age 
determ ination.

6. Histology 
(W alker et al 1996)

Unsuccessful U nsuccessful

7. Silver nitrate Successful U nsuccessful
(Stevens 1975) Bands apparent on WCSE, Bands apparent on W C, W CSE, HCLP but 

resolution not
sufficient for age determ ination.

8. Alizarin red Unsuccessful U nsuccessful
(La Marca 1966) Bands apparent on SS* but not sufficient for age 

determination.
As for Falkland Islands' species.

9. X radiography Unsuccessful U nsuccessful
(C aillie te /a /. 1983) Bands apparent on HCTSE and S*, resolution 

insufficient for age determination.
As for Falkland Islands' species.

10. Cedanvood oil Unsuccessful U nsuccessful
(Martin and Cailliet 1988) Bands apparent on WC and HCTSE, resolution

insufficient
for age determination.

11. Cobalt nitrate Unsuccessful U nsuccessful
(Hoenig and Brown 1988) Band resolution good on SS occasionally. Too 

unreliable.
As for Falkland Islands' species.

12. Graphite powder Successful U nsuccessful
(Ferreira and Voreen 1991) Bands apparent on WC from B. griseocauda Bands apparent, resolution insufficient for age 

determ ination.
13. Ninhydrin staining Unsuccessful U nsuccessful

(Davenport and Stevens 1988)
14, Nitric acid etching 
(Correira and Figuerodo 1997)

Unsuccessful U nsuccessful

15. Crystal violet Successful Successful
(Schwartz 1983) Bands apparent on SS. As for Falkland Islands' species.
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//. Enhancem ent techniques for caudal thorns

Silver nitrate staining proved to be the only technique to effectively enhance the surface band morphology of 

the caudal thorns from the Falkland Islands’ species. This technique proved simple in its application, and 

produced consistent results. The use of silver nitrate made thorns opaque and facilitated the use of reflected 

light when viewing these structures.

2.5.2 Band morphology 

L C entra  (Figs. 2.19-2.26)

Although no direct measurements were made differences in the band morphology o f the crystal violet stained 

sagittal centrum sections were apparent between the Falkland Islands’ species. In stained sections of the centra 

from Bathyraja griseocauda of less than 90cm (maximum observed size 160cm), the band pattern comprised 

opaque and translucent band pairs of equal width along each axis in specimens up to 90cm. In larger specimens 

(>90cm), the width and spacing of the opaque and translucent bands became notably more variable. In addition, 

resolution of the centrum bands became more difficult as the distal margins were more heavily mineralised, 

necessitating modification of the enhancement technique (see 2.5.1 (/)). For5. brachyurops a moderately large 

species (maximum observed size 115cm) the width and spacing o f opaque and translucent bands was relatively 

regular in smaller specimens (<60cm). Band variability also increased in this species along the distal margins 

of larger specimens (>60cm), although not to the extent o f that observed in B. griseocauda. Band resolution 

was generally good in this species, even along the distal margins o f  larger specimens. The band patterns 

observed for the two smaller sized species B. albomaculata (maximum observed size 76cm) and B. scaphiops 

(maximum observed size 114cm) were generally more uniform, even in the larger specimens (>60cm). 

However, resolution was at times poor for these species, as bands were often tightly spaced at the distal 

margins, and on occasion stain uptake was poor.

The band patterns apparent for the Irish species examined also showed variation between species. InR.  

brachyura (maximum observed size 113cm), the largest sized species, opaque bands were much wider than 

translucent bands. Their width, however, was generally lower along the distal margins of larger specimens 

(>75cm), although not to the extent to reduce resolution. For this species opaque bands appeared to be 

composed of finer ‘circuli’. The opaque bands on sections f r o m clavata (max. obs. size 104cm), another 

relatively large sized species, were generally not as wide as those on R. brachyura. Bands occasionally 

appeared crowded along the distal margins on larger specimens (>70cm), reducing resolution somewhat. ForJ?. 

montagui (maximum observed size 77cm) and/?, naevus (maximum observed size 71cm) the two smaller sized 

species, band patterns were regular, and resolution was good even on larger specimens (>55cm).

The differences in centrum band patterns from sagittal sections between Falkland Islands’ and Irish study

groups examined were considerable. The most striking difference was in the width and spacing o f bands. As an

example, B. brachyurops and R. brachyura, both grow to a similar size, with 80cm specimens having a centrum
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radius o f approximately 8mm respectively (see fig. 2.25 and fig. 2.33). The centra section from B. brachyurops, 

however, would have an average of 12 band pairs, whereas the section fromi?. brachyura would have an 

average 5 band pairs. A similar comparison could also be made for each o f  the other species to demonstrate the 

large difference in band morphology between both study groups.

iL C audal thorns (Figs. 2.19-2.22)

Thom morphology varied between the Falkland Islands’ species examined. \nB. griseocauda, the surface band 

morphology was regular and generally very distinct in smaller specimens (<90cm). In larger specimens 

(>90cm), however, band patterns varied considerably towards the distal margins, and were often irregular in 

shape. Thoms from larger specimens of 8. griseocauda were much more flattened towards the distal margins 

than those from smaller specimens, and thom wear near the tip was also common. These features affected the 

resolution of surface bands in larger specimens.

Thoms from all size classes o f B. brachyurops were more regular in conformation than those from B. 

griseocauda. Bands were relatively regular on specimens from all size classes, although were more tightly 

spaced towards the distal margins. Larger thoms from this species also broadened towards the distal margins, 

although they did have the flattened distal ‘apron’ observed in largefi. griseocauda. Thom wear occurred near 

the tip also, but generally not to the same extent as that found in larger specimens o f B. griseocauda.

B. albomaculata, although a small sized species, had the largest and most robust thom s relative to body size o f 

all the Falkland Islands’ species examined. In larger specimens of this species (>60cm) the first 5-6 bands were 

generally broadly spaced, with bands towards the distal margins having a regular and more tightly spaced 

pattem. Thoms from this species did not broaden to the same extent distally with increasing specimen size and 

thom wear was not as apparent as with B. griseocauda and B. brachyurops.

B. scaphiops, another smaller sized species had the smallest thoms relative to body size. Surface bands were 

relatively uniform, even in larger specimens, but were not as distinct relative to the other Falkland Islands’ 

species. Thom wear was also not very apparent in this species.

2.5.3 The structure of caudal thorns (Figs. 2.27-2.28)

Histological and resin embedded transverse sections revealed that an internal ‘V shaped’ bands form under the 

proto-thom, with the base of each of these bands being externally expressed as a ridge on the thorn surface. 

Each new band is formed under the previously formed band, and therefore the innermost intemal band 

represents the most recently formed. A diagrammatic representation o f  a sectioned thom is presented in Fig. 

2.29
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Fig. 2.29 Diagrammatic representation of a transverse sectioned caudal thorn from a Falkland Islands’ ray 

specimen, showing the relationship between the internal and surface band pattern. Arrow 1., Proto-thom; 

Arrow 2., Internal band; Arrow 3., Surface band.

2.5.4 Tetracycline incorporation (Figs. 2.30a-c)

Tetracycline incorporation was readily apparent as a distinct intensely fluorescent band on the distal margins of 

both sagittal sections and caudal thorns. The crystal violet stained saggital section revealed that tetracycline 

was incorporated into an opaque band (which stains intensely using crystal violet). In addition, tetracycline 

incorporation was concurrent with ridge formation in caudal thorns.
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Fig. 2.19. Bathyraja brachyurops', photomicrograph of a centrum  axis in longitudinal section (Scale bar = 

0.42mm), etched in 5% EDTA and stained in 0.005% crystal violet (A); and a lateral profile of a caudal thorn 

(Scale bar = 0.85mm), etched in 5%  EDTA and stained in 1% silver nitrate (B) from a specimen estim ated to 

be in its 14th year. W hite bars denote the position of enum erated bands.



Fig. 2.20. Bathyraja griseocauda', photomicrograph of a centrum  axis in longitudinal section (Scale bar = 

0.74mm), etched in 5% EDTA and stained in 0.005% crystal violet (A); and a lateral profile of a caudal thorn 

(Scale bar = 1.35mm), etched in 5% EDTA and stained in 1% silver nitrate (B) from a specimen estimated to
%

be in its 15th year. W hite bars denote the position of enum erated bands.



Fig. 2.21. Bathyraja  scaphiops\ photomicrograph of a centrum  axis in longitudinal section (Scale bar = 

0.85mm), etched in 5% EDTA and stained in 0.005% crystal violet (A); and a lateral profile of a caudal thorn 

(Scale bar = 1.10mm), etched in 5% EDTA and stained in 1% silver nitrate (B) from a specimen estimated to 

be in its 13th year. W hite bars denote the position of enum erated bands.



Fig. 2.22. Batliyraja albomaculata\ photomicrograph of a centrum axis in longitudinal section (Scale bar = 

0.85mm), etched in 5% EDTA and stained in 0.005% crystal violet (A); and a lateral profile o f a caudal thorn 

(Scale = 0.93mm), etched in 5% EDTA and stained in 1% silver nitrate (B) from a specimen estimated to be 

in its 17th year. W hite bars denote the position of enumerated bands.



Fig. 2.23. Raja brachyura', photomicrograph of a centrum in longitudinal section, etched in 5% EDTA and 

stained in 0.005% crystal violet ; from a specimen estimated to be in its 4*'' year. White bars denote the 

position of enumerated bands. Scale bar = 0.95mm

Fig. 2.24. Raja clavata\ photomicrograph o f a centrum in longitudinal section, etched in 5% EDTA and 

stained in 0.005% crystal v io let; from a specimen estimated to be in its 4* year. White bars denote the 

position of enumerated bands. Scale bar = 0.85mm



Fig. 2.25. Raja montaguv, photomicrograph of a centrum in longitudinal section, etched in 5% EDTA and 

stained in 0.005% crystal violet; from a specimen estimated to be in its 4"’ year. White bars denote the 

position of enumerated bands. Scale bar = 0.54mm.

Fig. 2.26. Raja naevus\ photomicrograph of a centrum in longitudinal section, etched in 5% EDTA and 

stained in 0.005% crystal violet; from a specimen estimated to be in its 5* year. White bars denote the 

position of enumerated bands. Scale bar = 0.65mm



Fig. 2.27. Bathyraja brachyurops', photomicrograph of the apex of a decalcified caudal thorn in longitudinal 

section, stained in haematoxylin and eosin. White bars denote internal band pattern. Scale bar = 0.35mm.

Fig. 2.28. Bathyraja brachyurops-, photomicrograph of the apex o f a resin embedded caudal thorn in 

longitudinal section. White bars denote internal band pattern. Scale bar = 0.42mm.



Fig. 2.30 (a) B athyraja  sp.\ piiotomicrograph of unstained centrum axis in longitudinal sec t ion  (Scale bar = 

0 .4 3 m m ),  from  a tetrcacycline tag -recap tu red  spec im en .  W h ite  a r ro w  d e n o te s  a rea  o f  te t racy c l in e

incorporation

Fig. 2.30 (b). B athyraja  sp.\ photomicrograph of a centrum axis in longitudinal section (Scale ba r  = 0 .03m m )

etched in 5%  E D T A  and stained in 0 .005% crystal violet; from  a tetrcacycline tag-recaptured specimen. 

W hite  arrow denotes area of tetracycline incorporation.



Fig. 2.30 (c). Bathyraja  sp.\ photomicrograph o f  a w hole  unstained caudal thorn from a te tracycl ine  tag- 

recaptured specimen (Scale bar = 0.94mm). White arrow denotes area o f  te tracycline incorporation.



2.5.5 Band edge analysis

/. Falkland Islands’ species (Figs. 2.31-2.38)

Analysis o f both centrum sagittal sections and caudal thorns from Falkland Islands’ species allowed an 

appraisal o f  the timing and characterisation of band formation in an annual cycle. The most complete set of 

time series data available was for B. brachyurops, with 5 contiguous months o f  centrum samples available in 

total. The commencement of opaque band (Grade 1) formation in centrum sections was apparent at the onset of 

the Austral winter, being evident in the June samples (25%). By August the proportion o f  opaque band 

formation had increased (67%), and this increased further by October (86%). Ridge formation in caudal thorns 

(grade 1) was concurrent with this period, rising in prevalence from June (10%) to October (100%).

It is evident that translucent band formation (Grade 2) developed in centrum samples from spring through 

summer, with an increasing proportion evident in the samples examined in October (14%), November (54%), 

and January (82%). A high proportion (75%) of sagittal samples had well-developed translucent bands (Grade 

3) in June, indicating that further development of translucent bands occurs through summer and autumn. The 

formation o f  broad bands (Grade 2) on the surface of caudal thorns is temporally analogous to the formation of 

translucent bands in centra of this species, as a high proportion (70%) o f samples had a broad band developing 

on their marginal edge in November, with this figure increasing further in January (77%). The further 

development of broad bands (Grade 3) in caudal thorns continued through the summer and autumn, being 

evident in samples examined in June (87%).

An annual cycle of translucent and opaque bands in the centra, and a ridge defined growth cycle in thorns are 

supported by these observations. Each of the remaining Falkland Islands’ species examined generally followed 

a similar pattern to that of B. brachyurops, in both the timing and morphology o f band formation, on both 

structures.

H. Irish species (Figs. 2.39-2.42)

For each o f the Irish species opaque band formation generally was associated with the mid-summer autumn 

growth phase (June, July, August, September, October). In/?, montagui opaque band formation (Grade 1) was 

discernible in July (14%), and became more apparent in September (97%) and October (100%). A similar trend 

was apparent for R. naevus (13% in July, 67% in August and 80% in September). Opaque band formation may 

be complete at an earlier stage in R. naevus than R. montagui, as all R. montagui examined were forming an 

opaque band in October, whereas the formation of translucent bands (Grade 2) had commenced in/?, naevus 

(43%). In R. brachyura, opaque band formation (Grade 1) was also dominant in summer-autumn (100% in 

July, August and September respectively). In/?, clavata opaque band formation (Grade 1) also developed 

during the summer-autumn growth cycle, being apparent in June (10%), and dominant in July (54%) and 

August (70%). A discontinuity in the cycle of band formation was evident in/?, clavata, with the initiation of
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translucent band formation (Grade 2) being dominant in September (67%), and opaque band formation (Grade

1) again being dominant in November (78%). It is probable that this discontinuity was due to a combination of 

small sample size in September, and interpretational difficulties at the distal margins.

The autumn-winter transition (October-November) generally marked the changeover from opaque to 

translucent band formation for the Irish species. This is particularly apparent for the two smaller sized species, 

R. naevus and R. montagui, with opaque band formation (Grade 1) dominating (57% and 100% respectively) in 

October, and translucent band formation (Grade 2) dominating in R. naevus in November (73%), and in R. 

montagui appearing in equal proportions with fully formed translucent bands (Grade 3) (38%). Ini?, montagui 

fully formed translucent bands (Grade 3) appeared in equal abundance with forming, translucent bands (Grade

2). In the following month, however, samples with translucent bands forming (Grade 2) dominated again. This 

can largely be attributed to the close similarities between both grades (Grade 2 and 3), as the forming, 

translucent bands predominated (Grade 2) again in January and February.

Fully developed translucent bands (Grade 3) generally became apparent towards the end o f Spring and entering 

Summer for each of the Irish species, being dominant in the May-June samples o f  bothi?. naevus (May 93%, 

June 85%) and R. montagui (May 50% June 80%). Although fully formed translucent bands were apparent, the 

fact (Grade 3) that they never dominated the monthly samples of/?, clavata or R. brachyura is probably due to 

the difficulties of distinguishing between forming (Grade 2) and fully formed translucent bands (Grade 3), 

particularly in larger specimens.
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Fig.2.31 to 2.34. Temporal characteristics in the structure of the sized edge o f centrum sagittal sections and 

thorns from B. brachyurops and B. griseocauda, using a modification o f the grading system defined by Yudir 

and Cailliet (1990). Columns indicate percent frequency of each grade, with associated numbers denoting 

monthly totals examined.
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Fig,2.35 to 2.38. Temporal characteristics in the structure of the sized edge o f edge on centrum sagittal 

sections and thorns from Bathyraja scaphiops and B. albomaculata, using a modification o f the grading system 

defined by Yudin and Cailliet (1990). Columns indicate percent frequency o f each grade, with associated 

numbers denoting monthly totals examined.
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Fig.2.39 to 2.42. Temporal characteristics in the structure of the sized edge on centrum sagittal sections from^. 

brachyura, R. clavata, R. montagui, R. naevus, using a modification o f the grading system defined by Yudin 

and Cailliet (1990). Columns indicate percent frequency of each grade, with associated numbers denoting 

monthly totals examined.
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2.5.6 Structural vs somatic growth 

L Falkland Islands’ species (Figs. 2.43-2.50, Table 2.4)

A highly correlated (r  ̂> 0.90) linear relationship between centra radius, measured from sagittal sections, and 

total body length was apparent for all Falkland Islands’ species examined. In addition, both sexes generally 

followed a similar trend in relation to total length, this being particularly evident for B. griseocauda.

A logarithmic relationship between thorn size and total length was apparent for caudal thorns for each species. 

The correlation coefficients were generally lower compared with those o f sagittal sections, the lowest being for 

B. albomaculata (r  ̂=0.73). In addition the correlation coefficients for males were consistently lower compared 

with those for females.

iu Irish species (Figs. 2.51-2.54, Table 2.5)

As with the centrum sagittal sections from the Falkland Islands’ species, a linear relationship was also apparent 

between centra radius and total body length in all Irish species examined. Correlation coefficients were 

generally lower than the Falkland Islands’ species, particularly for/?, montagui (r^ =0 .75) and R. naevus (r^ = 

0.76).
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Fig. 2.43 to 2.46. Relationship between total length (cm) and centrum sagittal section radius (mm), total length 

(cm) and thorn height (mm), for Bathyraja brachyurops and B. griseocauda.
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Fig. 2.47 to 2.50. Relationship between total length (cm) and centrum sagittal section radius (mm), and total 

length (cm) and thorn height (mm) for Bathyraja scaphiops and B. albomaculata.
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Table 2.4. The relationships between total length (cm), centrum radius (mm) and thorn height (mm) inS. 

brachyurops, B. griseocauda, B. scaphiops, B. albomaculata, by sex. (N= numbers examined, R^= correlation 

coefficient, M= male and F= female).

Species Sex Structure N= R elationship

B. brachyurops M Centra 101 0.955 Y= 0.103X-0.753

F 98 0.963 Y=0.117x-0.613

M Thoms 54 0.810 Y=3.778Ln(x)-7.230

F 56 0.853 Y=3.733Ln(x)-7.599

B. griseocauda M Centra 70 0.950 Y=0.085x-0.406

F 73 0.873 Y=0.053x-0.509

M Thorns 70 0.870 Y=3.546Ln(x)-7.163

F 73 0.931 Y=3.788Ln(x)-8.455

B. albomaculata M Centra 26 0.931 Y=0.157x-2.794

F 26 0.943 Y=0.121x-0.982

M Thorns 26 0.731 Y=6.568Ln(x)-15.771

F 26 0.881 Y=6.375Ln(x)-15.131

B. scaphiops M Centra 21 0.968 Y=0.114x-0.979

F 26 0.969 Y=0.104x-0.768

M Thoms 20 0.952 Y=3.568Ln(x)-8.083

F 23 0.930 Y=2,682Ln(x)-4.927
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Table 2.5. The relationships between total length (cm) and centrum radius (mm) of R. brachyura, R. clavata, R. 

montagui and R. naevus, by sex. (N= numbers examined, R^= correlation coefficient, M= male and F= female).

Species Sex N= E quation o f tlie line

R. brachyura M 57 0.914 Y= 1.184X-16.303

F 51 0.927 Y= 1.173X-17.252

R. clavata IVI 65 0.747 Y= 0.948X-2.531

F 95 0.863 Y =1.086x-10.022

R. montagui M 75 0.747 Y= 1.205X-13.528

F 128 0.820 Y=1.465X-27.049

R. naevus M 127 0.777 Y=1.237x-11.801

F 122 0.758 Y=1.295x-14.757
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2.5.7 Assessment of band count readings 

i. Reader consistency
a) Falkland Islands’ species

For replicate within reader centrum sagittal section band counts the majority o f mean differences between 

reading rounds were negative (reading round 1- 2 and reading round 1-3) (19 of 24) (Table 2.6). These negative 

differences were, however, only significant for reader 3 (reading centrum sagittal sections from B. 

albomaculata, P<0.01). These results indicate that although each of the readers of centrum sagittal sections was 

consistently able resolve bands between rounds there was tendency to resolve more bands after repeated 

readings. Between reader consistency results (Table 2.10) suggest that by the third reading round all readers 

were equally able to resolve bands as there no significant differences evident between readers (P>0.05).

For whole centra, read solely by reader 1, there was no consistent trend between replicate readings, as half of 

the mean differences were positive and half were negative (reading round 1-2 and reading round 1-3) (Table 

2.6). Only whole centra readings ofB. scaphiops were significantly different (P<0.05). These mean differences 

were positive for this species indicating that fewer bands were resolved after repeated readings. This may be 

possibly attributed to the fact that bands on whole centra from this species are fine and tightly spaced making 

band count readings difficult. When whole centra readings from reading round 3 were subtracted from centrum 

sagittal sections from reading round 3 all mean were positive indicating that a lower number of bands were 

resolved on whole centra (Table 2.10). However, only two of these differences were significant.

Readings of caudal thorns were consistent after repeated readings as there were an almost equal proportion of 

positive and negative mean differences between reading rounds for each of the readers (reading round 1 -2 and 

reading round 1-3), and none were significant (P<0.05) (Table 2.6). By reading round 3 the majority of mean 

differences between reader 1 and 2 and reader I and 3 were non significant (P<0.05), indicating that each of the 

readers were equally able to resolve bands on thorns (Table 2.10). Band resolution was also generally higher 

on caudal thorns than on sagittal centrum sections for reader I as the majority of mean differences between 

centrum sagittal sections and caudal thorns were negative (reading round 3-3) (7 of8) (Table 2.14). In addition, 

for B. brachyurops and B. albomaculata, two species with large well-defined thorns these negative differences 

were significant (P<0.05). However, B. griseocauda female was the only species for which the mean difference 

was positive. In addition to thorn wear, irregular band morphology on the distal margins of large specimens of 

this species probably led to reduced band resolution relative to centrum sagittal sections.

b) Irish species
For the Irish species a distinct difference was evident between the mean differences of within reader repeated 

readings of centrum sagittal sections between the more experienced reader 1 and reader 2 and 3 (reading round 

1-2 and reading round 1-3) (Table 2.7). For reader 1 although the majority of mean differences were negative 

(10 of 16), they were only significant for male/?, montagui (P<0.05). For reader 2 and 3, however, almost all

56



(15 of 16 and 16 of 16 respectively) were negative and significant (13 o f  16, P<0.05 both readers). These 

results indicate that the more experienced reader 1 was consistently able to resolve bands in each reading 

round, whereas the less experienced reader (2 and 3) improved in their ability at resolving bands. By reading 

round three all three readers had similar resolving abilities (Table 2.11). In fact the majority of mean 

differences between reader 1 and reader 2 and 3 were negative (13 o f  16) and over half of these were 

significant (7 o f 13 P<0.05). This indicated that the more experienced reader (1) was making more conservative 

band count estimates. For reader 1 the ability to resolve bands on whole centra was similar to that for centrum 

sagittal sections. In fact the majority o f mean differences between centrum sagittal sections and whole centra 

were negative (6 of 8) and of these half were significant (P<0.05).

For reader 1 reading whole vertebral centra, the majority o f mean differences were negative (reading round 1-2 

and reading round 1-3) (15 of 16) and significant (10 o f 16 P<0.05), suggesting possibly animproved ability to 

resolve bands on these structures after repeated readings. By reading round three bands were equally resolved 

on whole centra relative to centrum sagittal sections for reader 1 (Table 2.11).

a. Confidence scores 
a) Falkland Islands’ species

Although all mean differences in confidence scores o f centrum sagittal sections for reader 1 were negative none 

were significant (P>0.05) indicating that confidence did not alter significantly with repeated readings (reading 

round 1-2 and round 1-3) (Table 2.8). A progression in confidence scores o f centrum sagittal sections after 

repeated readings was more evident for reader 2 and 3 as all mean differences were negative and the majority 

were significant (reader 2, 6 of 8; reader 3, 7 of 8; P<0.05). It is possible that for reader 3 the positive and non

significant (P>0.05) confidence scores for centrum sagittal sections fromfi. scaphiops may be attributed to the 

closely spaced and poorly defined band patterns in these structures from this species. By reading round three 

the majority (7 of 8) of mean differences in confidence scores between reader 1 and 2 and reader 1 and 3 were 

non significant (P>0.05), which indicates that no significant differences were being attributed to confidence in 

readings after repeated readings by each of the readers (Table 2.12).

For reader 1 reading whole centra the majority (8 of 10) o f mean differences in confidence scores were positive 

and none were significant (P>0.05) which may possibly be due to a lack o f progression in confidence in 

reading these structures (reading round 1-2 and round 1-3). This is further suggested as differences in mean 

confidence scores between centrum sagittal sections and whole centra were all positive and significant (P<0.05) 

by reading round 3 (Table 2.12).

The majority (6 o f 8) of mean differences in confidence scores for reader 1 reading caudal thorns were negative 

but none were significant (P>0.05), which may suggest a high degree of confidence even in initial readings 

(Table 2.8). A progression in reader confidence was more obvious for reader 2 and 3 as all o f the mean
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differences were negative and the majority were significant (reader 2, 6 o f  8; reader 3, 7 o f 8; P<0.05). By the 

third reading round there was no significant difference in confidence scores between reader 1 and 2 and reader 

1 and 3 (P>0.05), although the majority o f differences were negative (5 o f 8) (Table 2.12).

b) Irish species

An obvious progression in reader confidence is evident for all o f the readers reading centrum sagittal sections 

(reading round 1-2 and round 1-3) (Table 2.13). The vast majority o f  mean differences were negative (30 of 32 

for reader 1, and all for reader 2 and 3). Of these negative differences, over a third were significant for reader 1 

(P<0.05 11 of 30), and most were significant for both other readers (P<0.05 13 o f 16 for reader 2, and 11 o f 16 

for reader 3). Broad band morphology clearly assisted in the development o f  reader confidence The only 

positive mean differences, though not significant (P>0.05), were for reader 1 reading sections from R. 

brachyura male. Generally the bands on sections from this species are particularly broad, and readily resolved. 

In addition, there was no significant increase (P>0.05) in band counts for this species after repeated readings 

for reader 1 (Table 2.6), which would also indicate that band readings were consistent during each round. By 

reading round 3 there was no significant difference in confidence scores assigned by each o f the readers 

(P>0.05) (Table 2.13).

Reader 1 was generally more confident at reading vertebral sagittal sections than whole centra, as the majority 

o f mean differences between centrum sagittal sections and whole centra were positive (5 o f 8). These 

differences were, however, only significant on two occasions (P<0.05).

Hi. Differences in band counts between structures

Frequency distributions reveal vertebral sagittal sections and thorn band counts agreed exactly in 129 (39%) of 

328 readings made by reader 1 (Fig. 2.55 (a-c)). Sagittal section counts were greater than thorn counts in 18% 

(58) of cases and less than thorn counts in 26% (85) o f cases. In all species except brachyurops female, the 

distribution of count difference was skewed, with sagittal section counts being lower than thorn counts. Malefi. 

griseocauda and B. brachyurops both showed the greatest difference in this regard.

iv. Correlation coefficients
Correlation coefficients (r^) indicate a strong linear relationship between thorns and centrum sagittal section 

band counts, for each of the Falkland Islands’ species, this proving highest for B. griseocauda (0.97) and 

lowest for B. brachyurops (0.894) (Table 2.15).

V. Reader precision 

a) Falkland Islands’ species

With the exception offi. scaphiops, readings of sagittal sections by reader 1 had higher precision than those o f 

both other readers (Table 2.16). A somewhat similar pattern was evident for caudal precision estimates, with
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higher precision recorded for the more experienced reader 1 in all cases except for B. scaphiops, for which 

reader 2 had higher precision (reader 1 V=0.092, reader 2 V=0.086). Thom precision was higher than centrum 

sagittal section precision for reader 1, for the two species with well-defined thorns, namely 5. brachyurops 

(thorns V=0.041, sections V=0.055) and B. albomaculata (thorns V=0.056, sections V=0.069). However, for B. 

scaphiops, a species with relatively small, poorly defined thorns, andS. griseocauda, a species with thorn wear 

and irregular band patterns apparent distally in large specimens, thorn precision was lower than centra section 

precision {B. scaphiops thorns V=0.092, sections V=0.088 and B. griseocauda thorns V=0.067, sections 

V=0.049). For readers 2 and 3, precision was higher in thorns than centrum sagittal sections in all species 

except for B. scaphiops (thorns V=0.106, sections V=0.088). In all cases precision estimates were lower for 

whole centrum band counts than for either thorns or centrum sagittal section band counts, the lowest being for 

B. scaphiops (V=0.200).

b) Irish species

For the Irish species the trends in precision between readers and structures (i.e. centrum sagittal sections and 

whole centra) were not as clear-cut (Table 2.16). Reader precision for centrum sagittal sections was higher for 

reader 1 than reader 2 and 3 for R. clavata male (V=0.055) and female (V=0.0.59), whereas for each o f the 

other species either reader 2 or 3 had higher precision estimates.

Lower precision was apparent for reader I ’s estimates of whole centrum band counts relative to centrum 

sagittal section band counts in the larger sized species viz. R. brachyura (e.g. male whole centra V=0.083, 

sections V=0.079) and R. clavata (e.g. male whole centra V=0.055, sections V=0.084). This trend was not 

apparent for the other two smaller sized species.
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Table 2.6. Within reader variability for centra and thorn band counts for the combined sexes o f the Falkland 

Islands ray species (B. albomaculata, B. brachyurops, B. griseocauda and B.scaphiops),. Stdev=Standard 

deviation; df=degrees of freedom, pvalue= probability value; Null hyp =acceptance or rejection of the null 

hypothesis ( ~ centra are sagittal sections unless denoted by WC (whole centra); WCgr

(whole centra with graphite powder).

species structure reader reading mean stdev t sta tistic pvalue n u ll hyp
H. albomaculata 1 horns rl rdl-rd2 0.018 0.114 0,804 0.429 y

rdi-rd3 -0.002 0.092 -0,085 25 0.933 y
r2 rdl-rd2 -0.013 0,125 -0.526 25 0.603 y

rdl-rd3 -0.004 0.129 -0,118 25 0.907 y
r3 rdl-rd2 0.008 0.154 0.258 25 0.799 y

rd 1 -rd3 -0.001 0.144 -0,048 25 0,962 y
Centra rl rd 1 -rd2 0.018 0,098 0.894 24 0,380 y

rdl-rd3 -0,001 0.152 -0,027 24 0.978 y
r2 rdl-rd2 -0.059 0,211 1.390 24 0,177 y

rdl-rd3 0.011 0,150 0.364 24 0.719 y
r3 rdl-rd2 -0.127 0,189 -3,348 24 0,003 n

rdl-rd3 -0.076 0.166 -2.291 24 0.030 n
rl (WC) rdl-rd2 0.057 0,193 1,483 24 0.151 y

rdl-rd3 -0.002 0.200 -0.057 24 0.955 y
H. hrackyurops Thorns rl rdl-rd2 -0.013 0.074 -1,008 31 0.321 y

rdl-rd3 -0.023 0,075 -1,752 31 0,090 y
r2 rdl-rd2 -0.017 0,150 -0.643 31 0.525 y

rdl-rd3 0,004 0.118 0,197 31 0.845 y
r3 rdl-rd2 0,027 0,125 -1,231 31 0.228 y

rdl-rd3 0,005 0,150 0.190 31 0.851 y
Centra rl rdl-rd2 -6.6 iii 0.110 -0,727 36 6.475 y

rdl-rd3 -0,012 0,100 -0.712 36 0.481 y
r2 rdl-rd2 0.042 0.168 1,514 36 0,139 y

rdl-rd3 0.006 0,159 0,227 36 0,821 y
r3 rdl-rd2 -0,001 0,103 0,049 36 0.961 y

rdl-rd3 -0,043 0,146 -1,800 36 0.081 y
rl (WC) rdl-rd2 0.003 0.193 0,107 36 0.916 y

rdl-rd3 -0,040 0,172 -1,320 36 0,195 y
B. griseocauda Thorns rl rdl-rd2 -0.030 0,099 -1.807 U 6,6^6 y

rdl-rd3 -0,016 0,169 0.551 34 0,585 y
r2 rdl-rd2 -0.063 0,217 -1.726 34 0,093 y

rdi-rd3 -0.016 0,243 -0,380 34 0.706 y
r3 rdl-rd2 0.000 0,228 0.008 34 0.993 y

rd!-rd3 -0,021 0,169 -0,721 34 0,476 y
C entra rl rdl-rd2 -0.019 0,107 -1.007 31 0,322 y

rdl-rd3 -0.013 0,120 -0,633 31 0,531 y
r2 rdl-rd2 -0.060 0,208 -1.556 29 0.131 y

rdl-rd3 -0.018 0.273 -0,350 28 0,729 y
r3 rdl-rd2 -0.053 0.219 -1,211 24 0,238 y

rdl-rd3 0.051 0,206 0,124 24 0.903 y
rl (WC) rdl-rd2 -0,008 0,201 -0,214 31 0.832 y

rdl-rd3 -0.017 0,214 -0,443 31 0.661 y
rl (WCgr) rdi-rd2 0.007 0.232 0,181 31 0.857 y

rdl-rd3 -0,011 0,284 -0,222 31 0.826 y
scaphiops T horns rl rdl-rd2 -0.031 0,139 -1.776 23 0.293 y

rdl-rd3 0.026 0,166 0.773 23 0.447 y
r2 rdl-rd2 0.033 0.163 0,974 23 0.340 y

rdl-rd3 0.009 0.183 0,250 23 0.805 y
r3 rdl-rd2 -0.018 0,162 -0.556 23 0.584 y

rdl-rd3 -0.037 -1,270 0,144 23 0,217 y

C entra rl rdl-rd2 ♦0.025 0,136 -0,951 26 0.350 y
rdl-rd3 -0,029 0.144 -1,053 26 0,303 y

r2 rdl-rd2 -0,036 0.116 -1.558 26 0,132 y
rdl-rd3 -0,773 0,202 -1,914 24 0,068 y

r3 rdl-rd2 -0,024 0,157 -0.178 25 0,444 y
rdl-rd3 -0,017 0.163 -0.534 25 0.598 y

rl (WC) rdl-rd2 0.159 0,240 3,450 26 0,002 n
rdl-rd3 0.249 0.329 3.931 26 0,001 n
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Table 2.7. Results o f within reader variability for centrum band counts from the Irish ray species (R. brachyura, 

R. montagui, R. naevus and R. clavata, ,), by sex. Stdev=Standard deviation; df=degrees o f  freedom, pvalue= 

probability value; Null hyp =acceptance or rejection o f  the null hypothesis 

( )= 0. All centra are sagittal sections unless denoted by WC (whole centra).

species sex reader reading mean stdev t statistic d f (n - l) pvalue null hyp
R. brachyura  M rl rdl-rd2 0,012 0.149 0.459 29 0,664 y

rdl-rd3 0,008 0.222 0.205 29 0,839 y
r2 rdl-rd2 -0.088 0,145 -3,334 29 0,024 n

rdl-rd3 -0,125 0,199 -3.456 29 0.002 n
r3 rdi-rd2 -0.070 0,157 ■2,580 29 0,015 n

rdl-rd3 -0,127 0.170 -4.072 29 0.000 n
rl(WC) rdl-rd2 -0.049 0.119 ■2.280 29 0,030 n

rdl-rd3 -0,124 0,236 -2.870 29 0.008 n
F rl rdl-rd2 0,656 0,202 1,365 29 0.183 y

rdl-rd3 0,014 0.239 0,325 29 0.748 y
r2 rdl-rd2 0,054 0.170 ■1,756 29 0.090 y

rdl-rd3 -0.144 0.216 -3,600 29 0.001 n
r3 rdl-rd2 -0.072 0.171 ■2.293 29 0.029 n

rdl-rd3 -0.144 0.202 -3.908 29 0.005 n
rl(WC) rdl-rd2 -0,068 0,176 -2,130 29 0.048 n

rdl-rd3 -0,161 0.258 -3,490 29 0.002 n
K. montagui M rl rdl-rd2 -0,079 0.203 -2,137 29 0,041 n

rdl-rd3 -0,183 0.193 -5,209 29 <0,0001 n
a rdl-rd2 -0,086 0.193 -2,458 29 0,020 n

rdl-rd3 -0,168 0.203 -4.524 29 <0,0001 n
r3 rdl-rd2 -0,051 0.120 -2.315 29 0.028 n

rdl-rd3 -0,111 0,187 -3.243 29 0.003 n
rl(WC) rdl-rd2 -0,045 0.122 -2.027 29 0,052 y

rdl-rd3 -0.793 0,153 -2,846 29 0,008 n
F rl rdl-rd2 6 .6 0 0 0.149 -0,010 29 y

rdl-rd3 -0.064 0,225 1.361 29 0,184 y
r2 rdl-rd2 -0,067 0,156 -2.366 29 0.025 n

rdl-rd3 -0.098 0,185 -2.907 29 0.007 y
r3 rdl-rd2 -0.049 0,137 -1.971 29 0.058 y

rdl-rd3 -0.088 0,151 -3.203 29 0.002 n
rl(WC) rdl-rd2 -0.040 0,157 -1.460 29 0.154 y

rdl-rd3 -0.085 0,185 -2.499 29 0,018 n
R. naevus M rl rdl-rd2 -0.026 0,129 -1.138 29 0,265 y

rdl-rd3 -0,023 0,183 -0.684 29 0,499 y
r2 rdl-rd2 -0,121 0,208 -3.192 29 0,003 n

rdl-rd3 -0,223 0,225 -5.427 29 <0,0001 n
r3 rdl-rd2 -0,126 0,207 -3.329 29 0,002 n

rdl-rd3 -0.170 0.232 -4.037 29 0,000 n
rl(WC) rdl-rd2 0,005 0.170 0.173 29 0,864 y

rdl-rd3 -0,013 0,201 -0.368 29 0,715 y
F rl rdl-rd2 ■0,143 0,408 -1,929 29 0,063 y

rdl-rd3 ■0.127 0,403 -1,751 29 0.090 y
r2 rdl-rd2 ■0,132 0,187 -3,706 29 0,009 n

rdl-rd3 ■0,185 0,155 -6.317 29 <0,0001 n
r3 rdl-rd2 ■0,043 0,548 0.549 29 0,588 y

rdl-rd3 -0.074 0,451 0,917 29 0,266 y
rl(WC) rdl-rd2 -0,057 0,181 -1,760 29 0,089 y

rdl-rd3 -0,078 0,238 -1,769 29 0,087 y
k. clavata M rl rdl-rd2 0,018 6 . 116 0.858 0.398 y

rdl-rd3 -0.008 0.145 -0,318 29 0,753 y
r2 rdl-rd2 ■0.100 0,206 -2,646 29 0,013 n

rdl-rd3 -0.151 0,183 -4,523 29 <0,0001 n

r3 rdl-rd2 -0.132 0,203 -3,553 29 0,001 n
rdl-rd3 -0.240 0,200 -6.556 29 <0,0001 n

rl(WC) rdl-rd2 -0,061 0.135 ■2.494 29 0,019 n
rdl-rd3 -0,125 0,146 -4,715 29 <0,0001 n

P rl rdl-rd2 ■0,034 0,148 -i.i6 6 0,218 y
rdl-rd3 -0.021 0.153 -0,718 29 0,478 y

r2 rdl-rd2 -0,058 0,143 -2,240 29 0,032 n
rdl-rd3 -0,067 0,225 -1.615 29 0,117 y

r3 rdl-rd2 -0,053 0.132 -2,197 29 0,036 n
rdl-rd3 -0.102 0,168 -3,350 29 0.002 n

rl(WC) rdl-rd2 -0,055 0,135 -2.229 29 0.034 n
rdl-rd3 -0.095 0,139 -0,095 29 0.001 a
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Table 2.8. Within reader variability for centra and thorn band count confidence scores from the combined sexes 

o f the Falkland Islands’ ray species {B. brachyurops, B. griseocauda, B.scaphiops and B. albomaculata). 

Stdev=Standard deviation; df=degrees o f  freedom, pvalue= probability value; Null hyp =acceptance or 

rejection o f  the null hypothesis ( =0).. All centra are sagittal sections unless denoted by WC (whole
(Sc/+Sc,)/2

centra); WCgr whole centra with graphite powder.
species structure reader score mean stdev t statistic pvalue null hyp
B. albomaculata 1 horns rl scl-sc2 -0.077 0,484 -0.811 25 0.425 y

scl-sc3 ■0,231 0,587 -2,004 25 0.056 y
i2 scl-sc2 -0.154 0,464 -1.690 25 0.1034 y

scl-sc3 -0.269 0,452 -3,030 25 0,0056 n
r3 scl-sc2 -0,231 0,514 -2.290 25 0.031 n

scl-sc3 -0,346 0,715 -2.370 25 0,026 n
Centra rl scl'sc2 -0.080 0.572 -0,699 0.491 y

scl-sc3 -0,040 0.789 -0.253 24 0.8023 y
r2 scl'sc2 -0.200 0.645 -1,550 24 0,1344 y

scl-sc3 -0,360 0,700 -2,570 24 0.0167 n
r3 scl-sc2 -0.200 0.577 -1.732 24 0.096 y

scl-sc3 -0,120 0,526 -0.601 24 0.5534 y
rl (WC) scl'sc2 0.080 0,759 0.527 24 0.603 y

scl'Sc3 0,040 0.889 0,225 24 0.824 y
B. brachyurops Thorns rl scl'sc2 -0.090 0.689 -2,700 31 0,4473 y

scl'S c3 -0.156 0,723 -1.220 31 0,2309 y
r2 sc\'Sc2 -0.406 0,560 -4,104 31 0.0003 n

scl'Sc3 -0,531 0,761 -3,947 31 0.0004 n
r3 s c l 's c 2 -0.250 0.440 -3,211 31 0,003 n

scl'sc3 -0.469 0.621 -4.267 31 0,0002 n
Centra rl scl-sc2 -0,054 0.468 -0.700 36 0.487 y

scl-sc3 -0.108 0.658 -1.000 36 0.324 y
r2 scl-sc2 -0.352 0,538 -3,970 36 0.0003 n

scl*sc3 -0.405 0,762 -3.235 36 0.0026 n
r3 scl-sc2 -0,351 0,484 -4.416 36 <0.0001 n

scl'sc3 -0,568 0,728 -4.742 36 <0.0001 n
rt (WC) scl-sc2 -0.027 0,726 -0,227 36 0.822 y

scl-sc3 0.108 0,906 0.726 36 0.4723 y
h  griseocauda Thorns rl sc l-sc2 -0.086 0,612 -0.828 34 6 .4 ii: i y

scl-sc3 -0.114 0,676 -1.000 34 0,3244 y
r2 scl-sc2 -0.257 0,701 -2,172 34 0,037 n

scl-sc3 -0.428 0.698 -3.630 34 0.0009 n
r3 scl-sc2 -0.314 0.529 -3,510 34 0.0013 n

scl-sc3 -0.514 0.612 -4,970 34 <0.0001 n
Centra rl scl-sc2 -o.o^i 0.435 -0,812 31 0.4229 y

scl-sc3 -0.125 0.553 -1,277 31 0.211 y
r2 scl'Sc2 -0.200 0.610 -1,795 29 0.0831 y

scl'Sc3 -0.345 0.613 -3,025 28 0,0052 n

r3 scl-sc2 -0.296 0.542 -2,842 26 0,0086 n
scl'Sc3 -0,480 0.714 -3,361 24 0,0026 n

rl (WC) scl'Sc2 0.125 0.710 1.000 31 0.325 y
scl'Sc3 0.000 0.880 0.000 31 1 y

rl (WCgr) scl'Sc2 0.250 0,842 1.679 31 0.1033 y
scl'Sc3 0.280 0,170 1.359 31 0,184 y

o. scaphiops Thorns rl scl'Sc2 0.000 0,555 0.000 26 I y
scl'Sc3 0,000 0,620 0.000 26 1 y

r2 scl'Sc2 -0,040 0,550 -0.370 23 0.714 y
scl-sc3 -0,125 0,613 -1,000 23 0,328 y

r3 scl-sc2 -0.167 0.482 -1.700 23 0,05 y
scl-sc3 -0.332 0.564 -2,890 23 0,0082 n

Centra rl scl-sci -0,037 0.437 -0,440 26 0.6632 y
scl-sc3 -0.074 0.675 -0.570 26 0,573 y

r2 scl-sc2 -0.259 0.594 -2,270 26 0.032 n

scl'Sc3 -0.220 0,578 -2,000 26 0,056 y
r3 scl-sc2 0.037 0.517 0.371 26 0,713 y

scl-sc3 0.111 0,577 1,000 26 0.326 y
rl (WC) scl-sc2 0.037 0,706 0,273 26 0.787 y

scl-sc3 -0,148 0.864 -0,891 26 0,3811 y
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Table 2.9. Within reader variability for centrum band count confidence scores from the Irish ray species (R. 

brachyura, R. montagui, R. naevus and R. clavata,), by sex. Stdev=Standard deviation; df=degrees o f  freedom, 

pvalue= probability value; Null hyp=acceptance or rejection o f  the null hypothesis ( =o) All centra
(Sc,+Sc;)/2

are sagittal sections unless denoted by WC (whole centra).

spectes sex reader score mean stdev t statistic d f(n -1) pvalue null hyp
R. brachyura M rl scl-sc2 0,033 0.490 0.372 l9 0,712 y

scl-sc3 0.033 0,669 0.273 29 0,787 y
r2 scl-sc2 -0.233 0,504 -0,254 29 0,017 n

scl-sc3 -0.300 0,702 -2,340 29 0,026 n
r3 scl-sc2 -0.160 0.460 -1,980 29 0.057 n

scl-sc3 -0.337 0,607 -3,010 29 0.005 n
rl (WC) scl-sc2 -0.133 0,434 -1.682 29 0.103 y

scl-sc3 -0,132 0.507 -1,439 29 0.161 y
F rl scl-sc2 -0.100 0,548 -1.006 29 0.326 y

scl-sc3 -0.267 0.690 -2,112 29 0.043 n
r2 scl-sc2 -0.167 0,460 -1,980 29 0.057 y

scl-sc3 -0.300 0,596 -2,760 29 0.010 n
r3 scl-sc2 -0.300 0.595 -2,750 29 0,010 n

scl-sc3 -0,433 0,770 -3,067 29 0,005 n
rl (WC) scl-sc2 -0.100 0.607 -0.901 29 0.375 y

scl-sc3 -0,200 0,714 -1.533 29 0,136 y
R. montagui M rl scl-sc2 -0,433 0,626 -3.791 29 6.661 n

scl-sc3 -0,600 0,724 -4.539 29 <0.0001 n
r2 scl-sc2 -0,200 0,484 -2,260 29 0,034 n

scl-sc3 -0,167 0,530 -1,720 29 0.096 y
r3 scl-sc2 -0,167 0.379 -2,408 29 0,023 n

scl-sc3 -0,200 0.610 -1,790 29 0.083 y
rl (WC) scl-sc2 -0.200 0.484 -2.260 29 0.031 n

scl-sc3 -0.367 0.610 -3.266 29 0,003 n
F rl scl-sc2 -0.138 0.507 -1.43^ 29 0,161 y

scl-sc3 -0,100 0,712 -0.770 29 0,447 y
r2 scl-sc2 -0,167 0,648 -1.409 29 0.169 y

scl-sc3 -0,333 0,711 -2.567 29 0.016 n
r3 scl-sc2 -0,167 0.531 -1.720 29 0,096 y

scl-sc3 -0,167 0.592 -1.540 29 0,134 y
rl (WC) scl-sc2 -0,100 0.548 -1.000 29 0,326 y

scl-sc3 -0,230 0.626 -2.041 29 0,050 y
R. naevus M rl scl-sc2 -0,100 0.845 -0.648 0.522 y

sel-sc3 - 0,\00 0.845 -0.648 29 0.522 y
r2 scl-sc2 -0.670 0.661 -5.520 29 <0,0001 n

scl-sc3 -0.600 0,814 -4.039 29 0.000 n
r3 scl-sc2 -0.467 0,628 -4.068 29 0,000 n

scl-sc3 -0,467 0,628 -4.068 29 0.000 n

rl (WC) scl-sc2 -0.067 0.583 -0.626 29 0,536 y
scl-sc3 0,100 0.800 0.682 29 0.501 y

R. naevus rl scl-sc2 -6,joo 0.660 -1.523 6,017 n
scl-sc3 -0,367 0.768 -2.626 29 0,014 n

r2 scl-sc2 -0,430 0.632 -3,791 29 0,001 n
scl-sc3 -0,500 0,687 -4.014 29 0,000 n

r3 scl-sc2 -0,200 0,675 -1.649 29 0,110 y
scl-sc3 -0,300 0,806 -2.068 29 0,048 n

rl (WC) scl-sc2 -0,033 0,778 -0.238 29 0,831 y
scl-sc3 -0,330 0,766 -2.480 29 0.023 n

R. clavata M rl scl-sc2 -6,66?" -0.639 -0.570 y
scl-sc3 -0,200 0.886 -1,235 29 0,227 y

r2 scl-sc2 -0,433 0,626 -3,791 29 0,001 n
scl-sc3 -0,533 0.681 -4,287 29 0.000 n

r3 scl-sc2 -0,467 0.681 -3.751 29 0.001 n
scl-sc3 -0,833 0.699 -6.530 29 <0.0001 n

rl (WC) scl-sc2 -0,267 0.640 -2.283 29 0.030 n
scl-sc3 -0.467 0.730 -3,500 29 0.002 n

P rl scl-sc2 -0,100 0.712 0.769 29 0.448 y
scl-sc3 -0,200 0.886 -1,235 29 0,226 y

r2 scl-sc2 -0,330 0.546 -3,340 29 0,002 n

scl-sc3 -0,433 0.679 -3,4% 29 0.001 n

r3 scl-sc2 -0.167 0,592 -1.540 29 0,134 y
scl-sc3 -0,433 0.678 -3.496 29 0,002 n

rl (WC) scl-sc2 -0,167 0,461 -1,980 29 0,057 y
scl-sc3 -0,267 0.583 -2.500 29 0,018 n
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Table 2.10. Between reader variability for centra and thorn band counts in the combined sexes o f the Falkland 

Islands ray species (S. albomaculata, B. brachyurops, B. griseocauda and B. scaphiops). Stdev=Standard 

deviation; df-degrees of freedom, Pvalue= probability value; Null hyp =acceptance or rejection of the null 

hypothesis ( (r,+rj/2 ~0 ). All centra are sagittal sections unless denoted by WC (whole centra); WCgr (whole 

centra with graphite powder).
species structure reader reading mean std ev  t statistic 6 t ( n - l ) pvalue null hyp
B. albom acu la ta I horns rl-r2 rd3 -0.015 0,103 -6 M is 0,4664 y

rl-r3 rd3 -0,027 0,100 -0,870 25 0.3930 y
Centra ri-r2 rd3 -0.054 0,132 - l0 4 1 U 0.0520 y

rl-r3 rd3 -0,031 0,255 -0,601 24 0.5534 y
r l- r lW C rd3 0.110 0.320 1.720 24 0.0980 y

B  brachyurops (horns rl-r2 rd3 0.006 0.119 0,283 31 0.7790 y
rl-r3 rd3 -0.017 0.133 -0.732 31 0.4700 y

Centra rl-r2 rd3 0.000 0.194 0.009 36 6 .^ 3 2 y
rl-r3 rd3 -0.040 0.178 -1.361 36 0.1819 y

r l-r lW C rd3 0.067 0.179 2.257 36 0.0300 y
B. griseocau tia I horns rl-r2 rd3 -0.050 0,217 -1,385 34 6 .m 2 y

rl-r3 rd3 ■0,069 0,239 -1.720 34 0.0950 y
Centra rl-r2 rd3 -0,072 0.283 -1,376 28 0,1797 y

rl-r3 rd3 -0,059 0.179 -1,640 24 0,1141 y
r l-r lW C rd3 0,140 0,174 4.535 31 < 00001 n

rl-r lW C g r rd3 0.101 0,407 1,409 31 0,1689 y
B. scaph iops Thorns rl-r2 rd:i -0,082 0,174 22 0.0340 n

rl-r3 rd3 -0,100 0,181 -2,641 22 0.0149 n
Centra rl-r2 rd3 -0,038 0,190 -1,003 24 y

rl-r3 rd3 -0.070 0,170 -2,066 25 0.0490 n
rl-r lW C rd3 0.329 0,417 4.101 26 0,0004 n

Table 2.11. Between reader variability for centrum band counts from the Irish ray species(^. brachyura, R. 

clavata, R. montagui, R. naevus), by sex. Stdev=Standard deviation; df=degrees o f freedom, pvalue= 

probability value; Null hyp =acceptance or rejection of the null hypothesis ( ) =0). All centra
(R,+Ry)/2

are sagittal sections unless denoted by WC (whole centra).

species sex re a d e r read ing m ean stdev t s ta tis tic p v a lu e n u ll h yp

A. hrachyura M rl-r2 rd3-3 -0.171 0228 -4.114 29 0,000 n

rl-r3 rd3-3 -0,118 0.212 -3.063 29 0.005 n

r l-r lw c rd3-3 ■0,146 0,272 -2.940 29 0.006 n
p,„

rl-r2 rd3-3 -0.202 0,318 -3,480 29 0.002 n

rl-r3 rd3-3 -0,189 0.344 -3,001 29 0.006 n

r l- r lw c rd3-3 -0,226 0,346 -3.579 29 0.001 n

k. m on tagu i M r1-r2 rd3-3 -0.015 0.218 -0.377 29 0,709 y
rl-r3 rd3-3 0,050 0,280 0.970 29 0.340 y

r l-r lw c rd3-3 0090 0,225 2.243 29 0.022 y
P rl-r2 rd5-3 -0126 0.244 -2.841 29 0.608 n

rl-r3 rd3-3 -0100 0.244 -2.248 29 0,022 n

r l-r lw c rd3-3 -0.126 0.269 -2.578 29 0.015 n

k . naevus — ■ ■ rl-r2 rd3-3 ■0084 0.221 -2,076 29 6,047 n

rl-r3 rd3-3 -0,076 0.219 -1.889 29 0,069 y
r l- r lw c rd3-3 0.024 0.243 0.536 29 0,596 y

P rl-r2 rd3-3 -6,oiS 0432 ♦0.487 29 0,630 y
rl-r3 rd3-3 0008 0.433 0.105 29 0.916 y

rl-r lw c rd3-3 -0,031 0.248 0.695 29 0,489 y
clavata ■ M rl-r2 rd3-3 -6,041 0.250 29 0,377 y

rl-r3 rd3-3 -0,064 0.151 -2.335 29 0.027 n

rl-r lw c rd3-3 -0,063 0.194 -1,788 29 0.084 y
P rl-r2 rd3-3 6,04^ 0,266 29 0,316 y

rl-r3 rd3-3 -0,081 0,252 -1.768 29 0.088 y
rl-r lw c rd3-3 -0,033 0,189 -0,960 29 0.345 y
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Table 2.12. Results of between reader variability for centra and thorn band count confidence scores; 

from the combined sexes o f  the Falkland Islands’ ray species(5. albomaculata, B. brachyurops, B. 

griseocauda  and B. scaphiops). Stdev=Standard deviation; df=degrees o f  freedom, pvalue= probability value; 

Null hyp -acceptance or rejection o f  the null hypothesis i |scr+scr)/2 ^ centra are sagittal sections unless

denoted by WC (whole centra);WCgr ( whole centra with graphite).

species structure reader score mean stdev t sta tistic d f M ) pvalue null hyp
B. albomaculata 1 horns rl-r2 sc3 0.154 0,540 1.443 25 0.161 y

rl-r3 sc3 0,192 0,749 1,309 25 0.203 y
Centra r l-r2 sc3 -0.080 0,710 -0.569 24 0.574 y

rl-r3 sc3 0,160 0,688 1.163 24 0.256 y
rl-rl(W C) sc3 0.480 0.770 3.116 24 0.005 n

B. brachyurops 1 horns r 1-r2 sc3 -0,125 0.707 -1,000 31 y
rl-r3 sc3 0,000 0,672 0,000 31 1,000 y

Centra rl- r i sc3 0,000 0,745 0,000 36 i,o 6 d y
rl-r3 sc3 -0.054 0,848 -0,388 36 0.701 y

rl-rl(W C) sc3 1,780 0.854 12.700 36 <0001 n
B. griseocauda 1 horns rl-r2 sc3 -0.114 0.7^5 -0,849 U 0,402 y

rl-r3 sc3 -0,143 0.601 -1.410 34 0.169 y
Centra rl-r2 sc3 0,000 0,871 0,000 29 1.666 y

rl-r3 sc3 -0,038 0,824 -0,238 25 0,814 y
rl-rl(WC) sc3 1,500 0,762 11,400 31 <.0001 n

rl-rl(WCgr) sc3 1,530 1,050 8.275 31 <,0001 n
B. scaphiops Thorns rl-r2 sc3 0,042 0,810 0,253 23 6.601 y

rl-r3 sc3 0,042 0,810 0.253 23 0.802 y
Centra rl-r2 sc3 0,120 0,881 6,681 24 6.565 y

rl-r3 sc3 0,407 0,694 3.051 26 0,005 n
rl-rl(WC) sc3 0,704 0.823 4.441 26 <0001 n

Table 2.13. Between reader variability for centrum band count confidence scores

from the Irish ray species {R. brachyura, R. montagui, R. naevus and R. clavata), by sex. Stdev =Standard 

deviation; df=degrees o f  freedom, Pvalue= probability value; Null hyp =acceptance or rejection o f  the null 

hypothesis ( = 0 ) .  All centra are sagittal sections unless denoted by WC (whole centra).

species sex reader score mean stdev t statistic pvalue null hyp

hrachyura M rl-r2 sc3 -6,160 0,712 -0.769 29 0.448 y
rl-r3 sc3 -0.135 0,776 -0,941 29 0,354 y

rl-rl(W C) sc3 0,167 0,747 1,233 29 0.231 y

F rl-r2 sc3 0.000 0,787 0,000 29 1,000 y
rl-r3 sc3 -0.233 0.728 -1,756 29 0.089 y

rl-rl(W C) sc3 0.267 0691 2,112 29 0,043 n

k . montagui M rl-ri sc3 0,233 0,898 1,424 29 0.165 y
rl-r3 sc3 0,200 1,031 1,063 29 0,297 y

rl-rl(W C) sc3 0,667 0,692 0.528 29 0.602 y

F r t- ri sc3 -0,167 0,875 -1.044 29 0.305 y
rl-r3 sc3 -0,267 0,868 -1,682 29 0,103 y

rl-rl{W C) sc3 0,067 0,944 0,387 29 0.702 y
/f. nae\>us M rl-ri sc3 -0.100 0,662 -0.827 2^ 6,4l5 y

rl-r3 sc3 0,000 0,909 0.000 29 1.000 y
rl-rl(W C) sc3 0,435 0.935 2.538 29 0,016 n

V r l-ri sc3 0.033 0.655 0.273 29 0,787 y

rl-r3 sc3 -0.133 0.833 -0,891 29 0,380 y

rl-rl(W C) sc3 -0,061 0,859 -0.420 29 0,677 y

H  clavata M rl- r i sc3 -0,100 -0.551 29 0,586 y

rl-r3 sc3 -0.267 0,868 -1,682 29 0,103 y

rl-rl(W C) sc3 -0,233 0,727 -1,756 29 0.090 y
~ p ........ r l- r i scJ 0,033 0,964 0,18^1 29 6,^51 y

rl-r3 sc3 -0,233 0,858 -1,489 29 0,147 y
rl-rl(W C) sc3 -0.267 0,907 -1.610 29 0,118 y



Table 2.14. Variability between centra (sagittal sections) and thom band counts for reader 1 from the combined 

sexes of the Falkland Islands’ species {B. brachyurops, B. griseocauda, B. albomaculata and B.scaphiops). 

Stdev=Standard deviation; df=degrees o f freedom Pvalue= probability value; Null hyp =acceptance or rejection 

of the null hypothesis ( =0 )
(S,+S;)/2

species sex reader reading structure mean stdev (sta tis tic A('(n-i) pvalue null hyp
H. brachyurops M rl rcI3 centra-th -0.052 0,147 -2.589 52 0.012 n

F rl rd3 centra-th -O.QIO 0.148 -0.490 53 0.626 n
H. griseocauda M rl rd3 centra-th -0.019 0.138 - l . l5 l 69 0.253 y

F rl rd3 centra-th 0,001 0.140 -0.757 70 0.940 y
li. albomaculata M rl rd3 centra-th -0.075 0.150 -2.559 25 0.018 n

F r l rd3 centra-th -0.060 0.118 -2.480 23 0.021 n
B. scaphiops M r l r d i centra-th -0,008 0.126 -0.283 18 0.781 y

F rl rd3 centra-th -0.003 0.119 0.121 21 0.905 y

Table 2.15. Correlation coefficients (R^) describing the linear relationship between centra (sagittal section) and 

thom band counts for each of the Falkland Islands’ ray species (B. albomaculata, B. brachyurops, B. 

griseocauda and B. scaphiops and B. albomaculata), by sex. N= sample number.

Species Sex — R '
B. albomaculata m 0,909

f 0,950
B. brachyurops m 0,894

f 0,927
B. griseocauda m 0,950

f 0,970
B. scaphiops m 0,920

f 0,970
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Figure 2.55 (a-c). The percentage frequency of agreement between centra and thorn band counts forB. 

brachyurops and B. griseocauda, by sex; and for the combined sexes of B. scaphiops and B. albomaculata. 

Column totals indicate number o f individuals. Difference between counts expressed as centra less thorn band 

counts.
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Table 2.16. Chang’s (1982) coefficient o f variation (V) and mean reader precision (D) for band counts made by 

three readers on centra and thorn band counts for Falkland Islands’ species(B. brachyurops, B. griseocauda, B. 

scaphiops and B. albomaculata), sexes combined, and for centrum band counts for Irish species (/?. brachyura, 

R. clavata, R. montagui, R. naevus), by sex. All centra are sagittal sections unless denoted by WC (whole 

centra). N= sample number.

Species Structure
N

Reader 1
V D

k ead er 2
V D

R eader 3 
V D

B. brachyurops Centra (1.655 " T O 7  ■■ 6.167 ~ m r
WC 37 0,118 0.068

Thorns 32 0.041 0.024 0.084 0.049 0.088 0.051
B. griseocauda Centra 33 0.049 0.029 0.119 0,069 0.155 0.090

WC 30 0.115 0.067
WC(gr) 30 0.161 0.093
Thoms 35 0.067 0.039 0.099 0.057 0,121 0.070

B. albomaculata Centra 26 0.069 0.040 0.110 0.064 0,113 0.065
WC 23 0.123 0.071

Thorns 24 0.056 0.032 0.093 0.054 0.086 0.050
B. scapkiops Centra 26 0.088 0.051 0.097 0.056 0.088 0.051

WC 24 0.200 0.115
Thorns 26 0.092 0.053 0.086 0.049 0.106 0.061

R.bracbyura Male 30 0.079 0.045 0.087 0.050 0.072 0.042
Male WC 30 0.083 0.048

Female 30 0.096 0.055 0.096 0.055 0.072 0.042
Female WC 30 0.108 0.062

H. clavata Male 30 0,055 0.032 0.112 0.065 0.154 0.089
Male WC 30 0,084 0,048

Female 30 0,059 0,034 0.087 0.050 0.081 0.047
Female WC 30 0.059 0,340

K. montagui Male 30 0.117 0,068 0.099 0.057 0.068 0.039
Male WC 30 0.068 0,039

Female 30 0.088 0.051 0.094 0.054 0.073 0.042
Female WC 30 0,080 0.046

K. naevus Male 30 0,083 0.048 0.143 0.083 0.145 0.083
Male WC 30 0,081 0,047

Female 30 0,116 0,067 0.118 0.068 0,103 0.060
Female WC 30 0,129 0,075
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2.6 Discussion

One o f the vital elements o f  age assessment is to ensure that when periodic bands or marks are being used to 

derive age estimates, they are readily visible, this usually being achieved by some form o f enhancement. Given 

the large variation in the levels and patterns of calcification between elasmobranch species (Ridewood 1921, 

Urist 1961, Clement 1992), a wide range of band enhancement procedures should be reviewed, and the 

protocol for each procedure optimised (e.g. altering stain concentrations and immersion times), to suit the 

species under investigation (Schwartz 1983, Cailliet e/ al. 1983). In the vast majority o f elasmobranch age 

assessment studies, however, no more than two or three enhancement procedures are generally reviewed before 

settling on a suitable procedure (Martin and Cailliet 1988, Ferreira and Voreen 1991). Given the importance of 

optimising band resolution to ensure reliable age estimates, as many enhancement procedures as possible 

should be reviewed in a comprehensive manner.

In the present study the protocol devised to investigate previously developed enhancement techniques allowed 

a full appraisal o f their effectiveness. In addition to the wide range o f  stain concentrations and immersion times 

reviewed, a comprehensive range of processed centra (e.g. sagittal section, whole etched and scraped) 

optimised the probability of a given enhancement procedure proving effective. Without the use o f  the various 

processed centra a number of enhancement techniques would have been precluded, e.g. the silver nitrate 

technique only worked on whole-etched centra, and the crystal violet technique only worked on sagittal 

sections.

The crystal violet staining method proved most effective, and was adopted as the main centrum band 

enhancement technique for all species. The concentration o f the stain previously used (Schwartz 1983) was 

halved, from 0.01% to 0.005%, and the immersion time increased from 10 to 15 minutes to 24-48 hours to 

optimise band resolution. Whereas whole centra had been used previously with this staining method (Schwartz 

1983), band enhancement only proved effective on sagittal sections for the species in the present study. The 

main advantage o f this staining procedure was its simplicity, essentially involving a single staining step, 

followed by a wash, and if required a de-staining period in alcohol. During trials, therefore, its efficacy as a 

staining procedure could be readily ascertained, and the results o f modifying the protocol (e.g. reducing stain 

concentration or increasing immersion time) could be readily deduced. The applicability o f this enhancement 

technique on centra shows great promise. As well as proving effective on all species in the present study, band 

patterns were readily apparent when the enhancement technique was applied to several other elasmobranch 

species (Appendix 2, Table 1).

In age assessment studies a structure should ideally be compared using a variety o f enhancement procedures to 

establish the level o f consistency in band resolution between techniques, and thus increase confidence in the 

band estimates o f the chosen procedure (Brothers 1983). By comparing the results between the various 

enhancement procedures applied, lower resolution and confidence was evident for whole centrum band counts
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relative to centrum sagittal sections for the Falkland Islands’ ray species. For each o f the Falkland Islands’ 

species fine, tightly spaced bands were evident on centra, with band counts in excess of 30 for the larger sized 

B. griseocauda. Problems in resolving bands on whole centra, particularly in slow growing elasmobranch 

species have been noted previously (Gruber and Stout 1983, Casey et al. 1985), and it is generally 

recommended that sectioning should be utilised to effectively resolve the finer bands on the distal margins of 

centra for such species (Cailliet et al. 1986, Branstetter 1987). It is probable that the enhancement procedure 

applied to whole centra from the Falkland Islands’ species also attributed to the reduced band resolution. Silver 

nitrate, whilst being one of the most popular enhancement stains in elasmobranch ageing studies (Stevens 1975, 

Cailliet et al. 1983, Kusher et al. 1992), problems are exhibited in its application. The granular nature of the 

silver nitrate stain can reduce the resolution of finer bands (Cailliete/ al. 1983, Brown and Gruber 1988), and it 

has previously been noted that the use of sodium thiosulphate in the staining procedure may also eliminate fine 

bands (Cailliet et al. 1985). The scraping o f centra prior to staining, although improving band resolution, often 

resulted in damage to the distal margins o f centra, which could potentially reduce band counts. The application 

of graphite powder also appeared unsuccessful at enhancing the finer band detail on whole centra fi'omB. 

griseocauda, as lower band counts and reduced confidence was apparent relative to counts made from sagittal 

sections.

Due to the broader band morphologies exhibited on the centra of the Irish species studied, the use o f less 

sensitive and more easily applied enhancement techniques proved equally effective. Charring, which has been 

used in previous elasmobranch studies (Taylor and Holden 1964, Cailliet et al. 1983), increased band resolution 

on whole centra o f Irish Sea species. The technique itself, essentially involving the placing whole centra in an 

incinerator, proved very simple in its’ application, with band counts indicating that resolution and reader 

confidence was on a par with the reading of sagittal sections. However, the charring technique resulted in 

centra being very dry, and as a result friable, with handling resuHing in damage. Difficulties may therefore 

arise, resulting in possible band count inaccuracies if these structures are handled regularly. In addition, 

problems in resolving bands from whole centra have been noted for Irish Sea species previously (Taylor and 

Holden 1964), resulting in inaccurate age and growth data (Brander and Palmer 1985). Nonetheless, results 

indicate that this technique is quite as reliable as the crystal violet technique.

Although the importance of increasing precision and consistency has been acknowledged previously

(Casselman 1983, Beamish and McFarlane 1987), several studies evaluating the effects o f ageing errors on

assessment models have pointed out that many of the problems stem from inadequate sample sizes (Powers

1983, Richards et a l  1992, Worthington et al. 1995). Emphasis should therefore be placed on developing a

technique with reasonable accuracy and precision, that is also efficient enough to easily generate a large sample

of age data (Powers 1983, Worthington et al. 1995). The main enhancement procedure adopted in the present

study involved the use of sagittal sections. Whilst the production o f sagittal sections was more involved than

processing whole centra, the technique used to develop sections in the present study allowed large samples o f

centra to be processed rapidly. Although whole charred centra proved equally effective as an ageing technique
70



for the Irish species, crystal violet staining o f sagittal sections was adopted as the main enhancement technique. 

This was largely due to the fact that centrum edge analysis was also being carriedout in the present study, and 

it is generally recommended that sagittal sections should be used in this procedure to enable the band type 

forming at the distal margins to be characterised more effectively (Cailliet et al. 1986).

Analysis o f reader consistency for each of the structures in both study groups indicated a progressive 

development in reader ability and confidence in relation to band resolution with experience. Resolving ability 

and reader confidence was more consistent for the experienced reader, reading each o f  the structures from both 

study groups, and reader precision was also higher. For both inexperienced readers, resolving ability and reader 

confidence developed with each reading round and by the third reading round all readers derived similar band 

counts and confidence scores. A similar trend was also apparent between readers reading centra from the 

gummy shark, Mustelus antarcticus and school shark Galeorhinus galeus (Officer et al. 1996). This 

demonstrates the importance of a ‘training in’ period where inexperienced readers familiarize themselves with 

the reading structures, and that readings are ‘calibrated’ with those o f more experienced readers, where it has 

been established that their age readings are reliable. There were some limitations in the assessment o f reader 

reliability in the present study. True reader bias could not be established, as specimens o f  known age were not 

available. In addition, although all readings were carried out independently, reader 1 trained both other readers, 

therefore introducing certain bias.

In certain cases higher band counts do not necessarily mean that the procedure is more effective (Casselman 

1983). Officer et al. (1996) noted that the broader bands on whole centra from the gummy %hsxk,Mustelus 

antarcticus were more representative of age, whereas counting the finer band structure on sagittal sections lead 

to excessively high ages. In contrast, McFarlane and Beamish (1985), after validating annual band formation on 

the second dorsal fine spine of Squalus acanthias noted that previous researchers were mistakenly grouping 

finer tightly spaced bands as annuli, instead of counting each band as an individual annulus. This highlights the 

importance o f  deducing which bands represent true annuli, as was deduced in this study for each species in 

both study groups using increment edge analysis.

Holden and Vince’s (1973) tetracycline tag-recapture study onRaja clavata in the southern North Sea was the

first to definitively prove annual band pair formation for an elasmobranch species. Although it was also

suggested from this study, that opaque bands formed from July to November, and that November marked the

changeover period from opaque to translucent band formation, there were uncertainties about this assumption

(Holden and Vince 1973). This was largely due to the fact that the seasonal nature of the fishery meant

recaptured specimens were not available for the full year, and in addition, connective tissue on the distal

margins of centra examined obscured the bands forming at the edge, leading to interpretational difficulties

(Holden and Vince 1973). In the present study a temporally more complete sample, in conjunction with the

removal o f all connective tissue, using trypsin, allowed a comprehensive appraisal of the rate and timing of

band formation for R. clavata. Annual band pair formation was established, and Holden and Vince’s (1973)
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assumption on the timing o f opaque band formation was verified. In addition, the rate and timing of band 

formation for R. montagui, R. brachyura and R. naevus, which was not previously investigated, was found also 

found to be similar to that displayed by R. clavata. An opaque and translucent band pair also formed annually 

in the centra for each of the Falkland Islands’ species examined. Furthermore, the timing o f opaque band 

formation was similar to that observed for the Irish species viz. June to November.

From a number of studies it has been postulated that, exogenous factors such as changes in feeding habits 

(Stevens 1975), stress (Pratt and Casey 1983) or increased water temperature (Cailliet and Radtke 1987) may 

influence centrum band formation in elasmobranchs. However relating the timing o f centrum band formation to 

exogenous factors for both the Falkland Islands’ and Irish species examined yields contrasting results. For the 

Irish species opaque band formation occurred during the summer-autumn period when water temperatures are 

at their highest (Anon. 1999), and the growth of rays is fastest (Brander and Palmer 1985, Fahy 1989). In 

contrast, for the Falkland Islands species, opaque band formation occurred during the Austral winter, when 

water temperatures are at their lowest (Agnewe/ al. 1999). In addition, a ‘stasis’ in growth is suggested by the 

formation o f surface ridges on caudal thorns for these species during this period. Opaque winter (Austral) 

centrum band and thom ridge formation was further substantiated for the Falkland Islands’ ray species by 

analysis o f the tetracycline marked-recaptured specimen {Bathyraja sp.). Tetracycline, which was injected 

during the winter, was incorporated into an opaque centrum band and into a ridge on the caudal thorns.

Examination o f the width and spacing of the centrum band patterns may contribute to an understanding as to 

why a similar band type, viz. opaque bands, formed under contrasting growth conditions. In a number o f 

elasmobranch studies the width and spacing of bands were related to the rate o f  somatic growth, with faster 

growth resulting in broader centrum bands (Ketchen 1975, Kushere; al. 1992, Natanson 1993). This pattern 

was readily evident for both study groups in the present study. For each of the Irish species, opaque bands, 

which formed during the summer when growth was more rapid (Brander and Palmer 1985, Fahy 1989), were 

found to be distinctly broader than the winter forming translucent bands. For the Falkland Islands’ species, 

however, the opaque centrum bands, which formed during the winter (Austral), were narrower than the summer 

(Austral) translucent bands. Natanson (1992), investigating the affect o f temperature on centrum band 

formation in the little sksX^Raja erinacea, revealed that although the temperature did not affect the rate o f  band 

formation, it did influence their width and spacing. Therefore the results in the present study suggests that 

rather than trying to ascertain possible exogenous factors for band formation, which only appear to influence 

their morphology, more emphasis should be placed on studying endogenous rhythms that possibly control the 

rate o f  band formation. To date, this area of study in elasmobranchs has been poorly researched (Clement 

1992, Walker et al. 1995), with a general lack of understanding of the physiological processes involved. It is 

therefore readily evident that further work in this area is warranted.

Caudal thorns used in the present study are the first novel ageing tool to be described for elasmobranchs since

the application o f centra (Ishiyama 1951) and dorsal fin spines (Kaganovaskaia 1933). As significant, perhaps,
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the present study is the first to demonstrate visible bands on two independent structures in elasmobranchs, both 

of which deposit bands in a temporally predictable manner. In the majority of ray species caudal thorns are 

found securely embedded in the caudal tissue overlying the spinal column. It is probable that they have a 

defensive function, and may also assist in the emergence from the egg case. Caudal thorns are placoid scale in 

origin, and are formed from minerals deposited by epidermal and dermal cells. Examination of resin embedded 

and decalcified histological sections suggests that the outer portion of caudal thorns is formed of dentine, and 

that the inner dentine layer is formed of a series of concentric cones, laid down by odontoblasts which forms a 

lining layer to the pulp cavity. In longitudinal section the tips of successively formed cones are apparent under 

the proto-thom as ‘V’ shaped bands, with the inner most band representing the most recently formed, and the 

surface ridges on the caudal thorns are external expressions of each cone base. This growth and band formation 

process is somewhat analogous to that of dorsal fin spines on the spurdog, acanthias, which is also

placoid scale in origin (Holden and meadows 1962, McFarlane and Beamish 1985, Beamish and McFarlane 
1987).

It is probable that the ridges on the caudal thorn surface represent a near stasis in somatic growth, whereas the

broader bands represent periods of more rapid growth. An important part in age and growth studies is to ensure

that the structure being used to derive age presents a continuous record of growth (Casselman 1983, Beamish

and McFarlane 1987). For each of the species in both study groups a linear relationship exists between centrum

radius and somatic growth. Analysis of the relationship between caudal thorn and somatic growth, however,

reveals a logarithmic relationship, which suggests that thorn growth slows relative to increased body length.

Casselman (1987, 1990) suggested that in very large specimens of slow growing species, structures that are

involved in supporting mass, such as centra, may give a better record of body growth than those that cover the

body, such as scales. This can largely be attributed to the fact that although a species may reach its asymptotic

length, their mass continues to increase, therefore centra will continue to grow to support this extra mass,

whereas scales growth will virtually cease (Casselman 1987, 1990). This near cessation in growth of scales in

older fish has lead to gross inaccuracies in age assessment studies where they have been used exclusively as the

primary ageing sfructure in slow growing teleost species (Beamish and McFarlane 1987). There were initial

concerns that caudal thorns, as they form on the body surface, and grow more slowly with increasing body size,

may not accurately reflect the age of larger specimens. Results, however, revealed that even in larger

specimens, band resolution was higher on thorns than on centra for the majority species. An exception was

evident for larger specimens of female B. griseocauda, where resolution of bands on thorns relative to centra

was generally lower. It is probable that growth in this large species slows dramatically, particularly in larger

female specimens. Therefore the distances between the surface bands and ridges become less apparent on the

distal margins of caudal thorns, leading to reduced resolution. Wear on the thorn tip was also readily evident

for these large specimens, and this probably occluded the resolution of bands within this region. Similar wear

on the dorsal fin spine from larger specimens of the spurdog, Squalus acanthias has regularly been

encountered, and has also led to reduced band counts (Ketchen 1975, Soldat 1982). This problem was

overcome somewhat in ageing studies of the spurdog, by measuring the diameter of the spine below the worn
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area, and estimating the number of bands in the worn area from a smaller specimen where spine wear was not 

evident (Soldat 1982). This procedure could also be developed for caudal thorns from larger specimens of slow 

growing species (e.g. B. griseocaudd). Longitudinal sectioning, which is commonly used on the dorsal fin 

spines of the spurdog to increase resolution of bands for ageing purposes (Beamish and McFarlane 1987), 

could also be carried out on caudal thorns for these larger specimens.

Caudal thorns proved unsuccessful as an ageing tool for the four Irish species investigated. Although a faint 

band pattern was discernible on distal margins of thorns from Raja clavata, their resolution tended to be 

variable, and it could not be established if they were formed in a temporally predictable manner. For the other 

three species no band pattern could be resolved. It is unlikely that the thorn growth processes for the Irish 

species are any different to those of the Falkland Islands species. The lack of surface bands, however, may be 

due to the fact that the cessation in somatic growth, which most likely causes the ridge-defined band pattern on 

caudal thorns from the Falkland Islands species, is not sufficiently abrupt to cause surface ridges formation in 

the Irish species. Further research into this is warranted, with particular attention being to the cellular structure 

in relation to growth.

Where appropriate, there are several distinct advantages of using thorns rather than centra. Thoms can be 

removed unobtrusively; this being of particular benefit to the commercial fishery, as it will not detract from 

their catch value. The importance of having a large, statistically reliable sample size for age assessment 

purposes has previously been stressed (Powers 1983, Worthington e/ al. 1995). The ease of removal and rapid 

processing for age assessment purposes also means that a large sample of caudal thorns may be readily 

realized. The removal of structures (e.g. scales, fin-spines) from teleost fish at the time of tagging, to enable 

comparison with structures upon recapture is a common procedure that allows the temporal rate of band 

formation to be deduced (Casselman 1983,1990, Beamish and McFarlane 1987). This procedure could also be 

adopted if tagging studies were being investigated for ray species with suitable caudal thorns, as it is highly 

probable that thorns could be readily removed from a specimen at the time of tagging without significant 

detriment to the animal.

Band count comparisons from independent structures have been strongly advocated as a method of increasing 

confidence in derived age estimates in many studies (Casselman 1983, 1990, Beamish and McFarlane 1987). 

Despite the fact that this comparative procedure is regularly utilized in teleost studies, poor agreement between 

structures (e.g. between otoliths and scales) is a regular phenomenon, especially in larger specimens of slow 

growing species (Casselman 1983, 1990, Beamish and McFarlane 1987). Although this is the first 

elasmobranch study to compare independent structures, the high level of agreement between both structures for 

the Falkland Islands’ species was readily apparent.

The practical application of caudal thorns in ageing studies shows great potential for ray species suiting this

procedure. Preliminary investigations on a number of other Falkland Islands’, Sub-Antarctic and Antarctic
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species reveal that a surface band morphology is apparent on their caudal thorns. Furthermore, examination of 

bathyrajids and rajids from the northeast Atlantic revealed that a number o f  species also have this surface 

sculpture on their caudal thorn (pers obs.). A list o f species for which a surface band pattern was apparent is 

given in Appendix 2 (Table 2). The use of caudal thorns as an ageing tool has already been adopted in the 

southwest Atlantic, with further samples of the Falkland Islands’ ray species from this study being examined, 

and in addition, other commercial species are being collected for an ongoing ageing programme. Ray samples 

are also being collected from sub-Antarctic and Antarctic waters for age and growth estimation using this 

method.

A deepwater fishery off the south, west and north coasts o f Ireland has developed over the past decade, with 

French, Norwegian, and Faeroese vessels being the main prosecutors (Kelly e? a/. 1996). Over the past year, 

however, almost 30 new vessels under ‘The Renewal o f the Whitefish Fleet’ have been added to the Irish fleet 

(Anon. 1998). A requirement under the licencing agreements for a number o f  these new vessels is that a 

proportion o f the catch has to be non-quota, and consequently several are currently targeting deepwater species, 

and it is likely that this fishery will develop substantially over the coming years. In certain areas between 10- 

20% o f the catch may consist o f rays, both rajids and bathyrajids (Kelly e/ a/. 1997). Given the particular 

vulnerability o f many deep-water elasmobranchs to overexploitation (ICES 1997), it is a matter o f  urgency that 

baseline biological information be collected, and caudal thorns could thus prove invaluable as a rapid and 

effective method for deriving age and growth data for these species.
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Chapter 3: Growth and maturity
3.1 Introduction

Elasmobranchs are often characterised as K-strategists, generally exhibiting low natural mortality, slow growth 

and low fecundity (Hoenig and Gruber 1990, Anderson 1990, Agnews/ a/. 1999). They are, nonetheless, a 

diverse group (Compagno 1984, Camhie/ a/. 1998), and in consequence a large variability in life history traits 

is exhibited between species (e.g. the spurdog {Squalus acanthias) displays very slow growth (K =0.048), and 

does not reach maturity until 20 years of age (Ketchen 1975), whereas the sharpnose shark (Rhizoprionodon 

taylori), is very fast sized (K= 1.337), and matures at 1 year old (Simpfendorfer 1993)).

The collection of biological information on growth and maturity is a basic requirement in understanding the 

dynamics of a given fish stock. This gives an indication of the potential sustainability of exploited stocks 

(Younger 1975, Hoeing and Gruber 1990). As rays are commercially exploited in many demersal fisheries (Du 

Buit 1972, Fahy 1989, Teshima and Wilderbuer 1990, Walker and Hislop 1998, Agnewef a/. 1999), research 

effort has focused on ascertaining baseline information on their growth and reproduction.

3.1.1 Growth
The derivation of growth rate parameters allows the growth characteristics of a given stock to be summarized, 

and enables comparisons to be made within and between stocks, both temporally and spatially (Cailliete/ 

a/. 1990, Yudin and Cailliet 1990). Growth increments obtained from tagging data (Steven 1936, Holden 

1972), or more commonly, age length data derived from cantra band counts (Ryland and Ajayi 1984, Fahy 

1991) have been used in the assessment of growth rates in rays. These data are generally used in the von 

Bertalanffy growth equation, a model frequently used to describe growth in elasmobranchs (Cailliet et al. 

1986). The von Bertalanffy equation is given by;

L,

Where I ,  = length at time t, = theoretical maximum length, A:= Brody growth coefficient, Mheoretical age at

which length is zero.

Several studies have described the growth rate of rays stocks from the northeast Atlantic (Table 3.1, adapted 

from Walker and Ellis (1998), and Fahy (1991)). From these data it is readily apparent that a wide range of 

growth rates exists between the various ray species e.g. the common skate, 7?. batis (both sexes), one of the 

largest sized species in the northeast Atlantic, exhibits a very slow growth rate (K= 0.058) and a large estimated 

maximum size {L^= 253.7cm) (Du Buit 1972), whereas the smaller cuckoo ray, 7?. naevus (male) displays a 

considerably higher growth rate (K =0.33) and attains a much smaller estimated maximum size (X^= 69.9cm) 

(Fahy 1991).
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The more commercially important ray species have been studied on several occasions (Fahy 1989, Walker and 

Ellis 1998), and it is readily apparent that a wide variability in intra-specific growth rate estimates exists. There 

are a number of possible reasons as to why growth rates may vary for a given species. A number of 

elasmobranch studies have revealed that variation in growth between separate stocks of a given species can 

occur, as differing environmental influences (e.g. water temperature) and exploitation rates will influence 

growth (Ketchen 1975, Tanaka et a/. 1990). In addition, growth rates may alter temporally in response to 

exploitation, as analysis of long term growth data that of the thomback ray, R. clavata, in the North Sea, 

revealed that growth rates have increased over the past 30 years, this being attributed to a reduction in densities 

and removal of larger specimens from the fishery (Walker and Witte in press)).

Owing to the tradition of low research effort being directed at elasmobranchs, many studies o f age and growth 

within this group have been limited (Anderson 1990, Camhie? «/. 1998), and as a result a major source of 

variability stems from limitations in the methodologies used (e.g. biased ageing techniques, inadequate sample 

sizes/ ranges). Therefore it often proves difficult establishing if differences between derived growth estimates 

of a given species is biological or methodological. Two separate elasmobranch studies attempted to establish 

the significance of differences in growth between two populations of blue ^harkPrionace glauca (Tanaka and 

Cailliet 1990) and smoothound Mwi/e/wi manazo (Cailliet et a/. 1990). Both studies concluded that differences 

in sample size and range, in conjunction with differing ageing techniques prevented them establishing whether 

differences in growth between the separate populations of each species examined was biological or 

methodological.

These limitations are readily apparent for the previous growth rate estimates of rays in the Irish Sea. From a 

growth study of clavata in the Irish Sea it was acknowledged that growth rates were atypical, due to a 

combination of a lack of samples in the smaller size classes, and difficulties in interpreting growth bands on 

whole centra (Taylor and Holden 1964). Bias was also evident in a subsequent tagging study that derived 

growth rates for the blonde ray, R. brachyura, the thomback ray, R. clavata, and the spotted ray, R. montagui, 

as the asymptotic lengths were subjectively readjusted, resulting in higher growth rates, and growth data for the 

smaller size classes (<30cm (tl)) were derived from a previous study (Clark 1922) of captive reared specimens 

(Holden 1972). Inaccuracies in growth estimates derived for7?. clavata, R. montagui and the small eyed ray,/?. 

microocellata in Carmarthen Bay, off the South Wales coast (Ryland and Ajayi 1984), have previously been 

highlighted, with Brander and Palmer (1984) noting that the mean length at age data were overestimated for the 

smaller size classes. This was attributed to difficulties in resolving bands in whole centra from smaller 

specimens (Brander and Palmer 1985). Brander and Palmer (1985) further suggested growth estimates for/?. 

clavata, using a combination of length frequency data for the smaller age classes (0-4yrs), and Ryland and 

Ajayi’s (1984) length at age data for the larger age classes. Brander and Palmer (1985), however, fitted modes 

to the length frequency distributions by eye, and also fitted the growth curves to the length at age data by eye, 

therefore deducing the reliability of these derived growth estimates also proves difficult.
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Fahy (1991) derived the most recent growth estimates for the commercial ray species in the Irish Sea., and for 

R. montagui growth estimates were considerably higher than previous estimates within this area (Table 3.1). 

But it was acknowledged that, as samples were only obtained from the commercial fishery, growth curves 

might be biased, due to the limited sample ranges (Fahy 1989).

3.1.2 Maturity
Changes in size, hardness, and morphological development o f  the paired intrommitent organs or ‘claspers’, are 

the most frequently used criteria for assessing maturity in male rays (Steven 1934, Ryland and Ajayi 1984). In 

juvenile males, the claspers are small and inconspicuous, generally being shorter than the pelvic fin. With 

adolescence, the claspers grow in length, but remain flexible, and upon maturity, become stiff hardened 

structures (Steven 1934, Phillipson 1955).

External characteristics, which denote the onset of maturity of female rays, are less striking compared with 

those o f males. Steven (1934) investigating the relationship between total length and cloacal length in/?. 

clavata, noted an abrupt increase in cloacal length relative to total length during maturation, and thus concluded 

that this method is a useful indicator of maturity, even in live fish.

A number o f ray maturity indices have been developed which allow categorization on the basis o f  reproductive 

condition, clasper development in males, and size and shape of the nidamental or ‘shell producing’ gland in 

females (Stehmann 1987, Nolan C.P. pers comm.), whilst others indices, in addition, utilise a gonadosomatic 

and hepatosomatic ratio, and related condition indices (Ryland and Ajayi 1984).

As with growth studies, size and age at maturity have been investigated regularly for the commercial ray 

species o f the northeast Atlantic (Table 3.2). In common with growth rate estimates, a large variation in size 

and age at maturity is evident between species, with the large sized/?, batis maturing at an advanced age and 

large size (1 lyrs (Du Buit 1972) and 180 cm total length (tl) (Wheeler 1969) respectively), whereas the smaller 

sized R. radiata matures much earlier and at a considerably smaller size (4-5 yrs, and at 40 and 43cm (tl) for 

males and females (Vinther 1989) respectively).
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Table 3.1 von Bertalanffy growth parameters for ray species studied in the North Atlantic {L„=  theoretical 

maximum length, K  = Brody growth coefficient and to = theoretical age at which length is zero). *Denotes 

range o f growth rate parameters derived by Fahy (1991).

Species Sex K »» study area References
R. batis both 253.7 0.06 -1.63 Celtic Sea Du Buit(1976)
R. brachyura F 118.4 0.19 -0.8 Irish Sea Holden (1972)
R. brachyura* F 120.0- 0.19 -0.5- Irish Sea Fahy (1991)

144.3 0.29 0.5
R. brachyura M 115 0.19 -0.18 Irish Sea Holden (1972)
R. brachyura* M 116.7- 0.24- -0.31- Irish Sea Fahy (1991)

119.4 0.26 +0.15

R. clavata both 139.2 0.09 -2.63 Irish Sea Ryland & Ajayi (1984)
R. clavata both 105.0 0.22 +0.45 Irish Sea Brander & Palmer (1985)
R. clavata F 127.3 0.10 -2.5 Irish Sea Taylor & Holden (1964)
R. clavata F 107.0 0.13 -0.6 Irish Sea Holden (1972)
R. clavata* F 107.8- 0.15- -1.01- Irish Sea Fahy (1991)

120.0 0.26 +0.05

R. clavata F 118.0 0.14 -0.88 North Sea Walker & Witte (submitted)
R. clavata M 88.3 0.22 -1.3 Irish Sea Taylor & Holden (1964)

R. clavata M 85.6 0.21 -0.6 Irish Sea Holden (1972)

R. clavata* M 96.8- 0.19- -1.36- Irish Sea Fahy (I99I)

104.3 0.24 0.32

R. clavata M 98.0 0.17 -0.43 North Sea Walker & Witte (in press)

R. montagui both 97.8 0.15 -1.72 Irish Sea Ryland & Ajayi (1984)

R. montagui F 72.8 0.18 -0.37 Irish Sea Holden (1972)

R. montagui F 74.0 0.24 -2.72 Irish Sea Fahy (1991)

R. montagui F 79.2 0.21 -1.11 North Sea Walker & Witte (in press)

R. montagui M 68.7 0.19 0.56 British west coast Holden (1972)

R. montagui M 68.2 0.33 -1.87 Irish Sea Fahy (1991)

R. montagui M 75.1 0.19 -1.92 North Sea Walker & Witte (in press)

R. naevus both 91.6 0.11 -0.05 Celtic Sea Du Buit(1976)

R  naevus F 73.1 0.23 -2.47 Irish Sea Fahy (1991)

R. naevus F 75.2 0.16 -0.95 North Sea Walker & Witte (in press)

R. naevus M 69.9 0.33 -1.12 Irish Sea Fahy (1991)

R. naevus M 67.5 0.31 0.90 North Sea Walker & Witte (in press)

R. radiata both 66.0 0.23 -1.06 North Sea Vinther (1989)

R. radiata F 67.4 0.22 -1.05 North Sea Vinther (1989)

R. radiata F 70.9 0.10 -1.64 North Sea Walker & Witte (in press)

R. radiata M 64.1 0.24 -1.07 North Sea Vinther (1989)

R- radiata M 66.5 0.15 -1.13 North Sea Walker & Witte (in press)

R- microocellata both 137.0 0.07 -3.01 Irish Sea Ryland & Ajayi (1984)

R- erinacea both 52.7 0.35 -0.45 Georges Bank Waring (1980)
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Intra-specific differences in size and age at maturity have also been noted for ray species. In the Grand Banks, 

starry ray fishery (/?. radiatd), specimens examined at the northern end of the fishery were found to mature at a 

smaller size and later age than those at the southern end of the fishery ((Templeman 1987, Atkinson 1995). 

Tagging studies within the Grand Banks region revealed that this species is relatively sedentary; with little inter 

mixing of the sub-populations to the north and south being evident (Templeman 1987), and it was suggested 

that the differing environmental influences (e.g. temperature) exerted on these relatively distinct sub

populations resulted in the observed differences in maturity (Templeman 1987, Atkinson 1995).

From a number of studies it has been suggested that, as with growth rates, temporal changes in age and size at 

maturity may also occur in elasmobranchs, largely resulting from changes in population structure and density 

due to exploitation (Hoeing and Gruber 1990, Anderson 1990). Reductions in both size (Nottage and Perkins 

1983, Ryland and Ajayi 1984) and age at maturity (Ryland and Ajayi 1984, Walker and Witte in press) have 

been observed for the commercially exploited R. clavata stocks in the North Sea and Irish Sea, and it was it 

was suggested that these changes resulted from exploitation. As with growth studies, however, the inherent 

limitations resulting from limited samples sizes examined confounds establishing the significance of these 

differences.
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Table 3.2 Size (total length (cm)) and age at maturity (yr) estimates from studies o f  commercial ray species 

from the North Atlantic. * Denotes total length estimates based on conversion o f  disc-width, using conversion 

factors from the present study (Table 3.4).

Species Sex Length at 
maturity (cm)

Age at 
m aturity 

(yr)

Area Study

R.batis both 11 Celtic sea Du Buit(1976)

R.clavata both 60 5 Carmarthen Bay Ryland and Ajayi (1984)
R.clavala F 90-97* 9 Plymouth coast Steven (1936)
Rxlavata F IX* Solway Firth Williams et a /.(l965)
R.clavata F 69* Adriatic Sea Jardas (1973)
R.clavata F 63* Irish west coast Fitzmaurice (1974)
R.clavata F 65 Solway Firth Nottage and Perkins (1983)
R.clavata F 77.13 8.78 North Sea Walker and Witte (in press)
R.clavata M 72* 7 Plymouth coast Steven (1936)
R.clavata M 52* Adriatic Sea Jardas (1973)
R.clavata M 62* Solway Firth Williams et a/.(1965)
R.clavata M 54* Irish west coast Fitzmaurice (1974)
R.clavata M 60 Solway Firth Nottage and Perkins (1983)

R.clavata M 67.85 7.08 North Sea Walker and Witte (in press)

R. montagui both 60 5 Carmarthen Bay Ryland and Ajayi (1984)

R. montagui F 62.15 7.02 North Sea Walker and Witte (in press)

R. montagui M 56.66 6 North Sea Walker and Witte (in press)

Rnaevus both 59 9 Celtic sea Du Buit(1976)

R. naevus F 55.03 7.43 North Sea Walker and Witte (in press)

R. naevus M 54.95 6.79 North Sea Walker and Witte (in press)

R. radiata both 55-60 Grand Banks Templeman (1987)

R. radiata both 65-70 6-7 Scotian Shelf Simon & Frank (1996)

R. radiata F 43 4-5 North Sea Vinther (1989)

R. radiata F 39.5 5.6 North Sea Walker & Witte (in press)

R. radiata F 64-73 Newfoundland
waters

Atkinson (1995)
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3.1.3 This study
a) Falkland Islands’ ray fishery

The directed ray fishery in the Fallcland Islands’ waters is a recently developed and carefully managed fishery 

(Agnew et a/. 1999). Despite this, within the space o f a decade, the effects o f  exploitation are readily evident, 

where the relative abundance o f  larger sized B. griseocauda has dropped rapidly, and the abundance of the 

smaller sized B. brachyurops and B. albomaculata has increased. The depletion o f the stocks to the south of the 

Falkland Islands’, which is predominated by B. griseocauda, happened so rapidly that it necessitated the 

closure of the directed ray fishery within this region from 1996 (Agnew et a/.2000)

b) Irish ray fishery

Unlike many o f the commercial teleost species in the Irish Sea, which have shown rapid declines in abundance 

(ICES 1998, Anon. 1999b), aggregated landing statistics and catch rate data for the commercial ray species 

complex exhibit relative stability (Brander 1988, Fahy 1989, Dulvye^ a/.2000). From a recent study o f long

term species specific trawl survey data for rays in the Irish Sea, it was noted that, although the aggregated 

landings are relatively stable, changes in the species composition have occurred, with the larger sized 

brachyura and R. clavata showing decline, whereas the smaller sized R. montagui and R. naevus have 

increased in abundance. Similar changes in the ray species complex in the North Sea fishery were also 

observed (Walker and Hislop 1998). By analysis o f growth and maturity data. Walker and Hislop (1998) 

suggested that the smaller species in the North Sea had a selective advantage, as they displayed faster growth, 

and matured at a smaller size, and earlier age than the larger ray species. It was further suggested that each o f 

the commercial ray species display ‘plasticity’, whereby changes in life history parameters (e.g. increases in 

growth and lower age at maturity) occur in response optimize survival in response to fisheries exploitation, and 

species, which are able to adapt, increase in abundance (Walker and Hislop 1998).

Although previous growth and maturity data exist for some o f the commercial ray species in the Irish Sea (see 

Table 3.1 and Table 3.2), limitations in techniques used and bias are readily evident in the derived estimates, 

and therefore relating these factors to observable trends in the fisheries proves difficult.

Objectives
Baseline biological information on growth and maturity are derived for each o f the Falkland Islands’ ray 

species, and is related to the observed trends in the fishery. Growth and maturity estimates are also derived for 

each o f  the Irish ray species, and are compared with previous estimates and observed trends in the fishery.
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3.2 Materials and Methods
3.2.1 Disc width and total length relationship

To assess the relationship between disc width (cm) and total length (cm) both were plotted together for each 

species by sex. Length (cm) and weight (g) were also plotted together and correlations of the relationships were 
derived for each species, by sex.

3.22 Length at age data

Length and age data were logged in order to linearize them, and analyses of covariance (ANCOVA) were 

carried out on DatadeskT^ to establish if there were significant differences between length at age estimates 

derived from thorn and centrum band counts for each of the Falkland Islands’ species. As initial tests, assuming 

interactions between length at age data from both structures, revealed no significant differences between band 

counts (p>0.05), these tests were therefore re-run assuming no interaction between length at age for both 

structures.

ANCOVAs were also carried out to establish if there were significant differences between the sexes in length at 

age data for both centrum band counts and thorn band counts for the Falkland Islands’ species, and for centrum 

band counts for the Irish species. Initial tests, assuming interactions between the sexes, showed no significant 

difference between the sexes in almost all species, (except for5. scaphiops P<0.01), therefore the tests were re

run assuming no interaction between length at age data from both sexes.

3.2.3 Estimation of Growth

The von Bertalanffy growth model was fitted using nonlinear regression.F^/jpar/w (Prager et al. 1987), which 

implements Marquardt's algorithm for nonlinear, least squares, parameter estimation (Marquardt 1963) was 

chosen to fit the growth curves to the data sets, and standard error and goodness of fit (R^) values were also 

derived. Age estimates were derived from centrum band analysis of the Irish species, and from centrum and 

thorn band analysis of the Falkland Islands’ species.
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3.2.4 Estimation of Maturity

The maturity index used at each study site (Table 3.3.) was based on a modification of Stehmann’s scale 

(1987).

Table 3.3. Maturity indices (modification o f Stehmann’s scale 1987) used in the assessment o f maturity of 

both Falkland Islands’ {Bathyraja brachyurops, B. griseocauda, B. scaphiops, B. albomaculata) and Irish 

species (Raja brachyura, R. clavata, R. montagui, R. naevus) in the present study.

M ale F em ale

1. Juvenile
C laspers less than the length o f  the pelvic fins. Testis undeveloped, thread or leaf-like. 

Sperm atophoric area present as ieaf-like zone w ithin the testis. Sperm duct 

undeveloped. K idneys evident.

2 . Adolescent, Maturing
Claspers longer than tips o f  pelvic fins. Clasper tips (glans) already structured but 

skeleton still flexible. T estis  swollen with developing spermatophoric spheres. Sperm 

ducts w ith  obvious structure and uniform size throughout. Kidneys slightly obscured 

by developing  sperm duct.

3. Adult, Mature
Claspers rigid and m uch longer than pelvic fins, glans structure fully  form ed Testis 

swollen w ith  developing sperm atophoric spheres. Sperm ducts with obvious structure, 

separated in to  tw o distinct sections and filled with flowing sperm. Sperm duct 

obscuring at least h a lf o f  kidneys.

4. Adult, Running
Glans c lasper often dilated, its  structure reddened and swollen. Sperm  flowing on 

pressure from  cloaca and/or present in clasper groove or glans. Testis swollen with 

developing sperm atophoric spheres. Sperm duct with obvious structure, separated into 

two distinct regions. Sperm  duct obscuring majority o f kidneys.

1. Juvenile
Ovaries leaf-like, thin. N o  obvious eggs present in opaque zo n e  w ithin ovary with 

gelatinous or g ranular appearance . N idam enta l g lands undeveloped, present as opaque 

bulge in oviduct. O viduct sm all and thread-like.

2 . Adolescent, Maturing
O varies conta in ing  small eggs. N idam ental g land  sm all and developing , cream  in 

colour w ith obvious w hite ends. O viducts sm all and  thread-like.

3. Adult, Developing
O varies containing developing  eggs som e o f  w hich  are  very  large. N idam ental gland 

fully developed, uniform ly w h ite . O vary w alls thickened-

4. Adult, Mature
O varies containing large eggs. Large eggs p resen t in  fa llop ian  tubes, o r  already passing 

through to  nidam ental gland. N idam ental gland  fu lly  developed. E g g  cases if  present, 

only partially  extruded. O viducts developed , w alls th ick  and venous.

5. Adult, Laying
O varies containing large eggs. N idam ental g lands fully  developed , un iform ly  w hite. 

Fully form ed eggs present. O viducts developed , wall th ick  and venous or m ay appear 

stretched (follow ing extrusion).

6. Adult, Resting
O varies conta in ing  a variety  o f  eggs in  d iffe ren t stages o f  developm ent- N o extrem ely 

large eggs present. N idam ental g lands fu lly  developed . N o eggs present in fallopian 

tubes or oviducts. O viducts venous and stretched.

3.2.5 Length and age at first maturity

The logistic model (Fishparm (Prager 1987)) was used to determine the length and age at which 50% o f the 

Irish and Falkland Islands’ rays examined attained maturity. Males and females assessed as stage 3 and 4 

respectively in the maturity index were deemed mature for the analysis.

3.2.6 Clasper length and nidamental gland width versus total length

Clasper length (cm) and total length (cm) were plotted for all male rays for each study group to establish if  a 

relationship existed. Nidamental gland width was also plotted against total length for female rays for the Irish 

ray species.
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3.3 Results

3.3.1 Disc w idth to total length and length to weight relationships

A very obvious linear relationship was apparent between disc width and total length, with a maximum value

of 0.973 for B. albomaculata male, and a minimum value o f  0.945 for R. montagui male (Table 3.4.)

A power relationship clearly describes the total length (cm) to weight (g) relationship in the species examined, 

with a maximum R  ̂ value of 0.937 fo r5. scaphiops female and minimum value o f  0.892 fo r^ . montagui 

male (Table 3.4).

Table 3.4 The relationships between disc-width (cm) and total length (cm), and total length (cm) and total 

weight (g) for the Falkland Islands’ (6. brachyura, B. griseocauda, B. albomaculata, B. scaphiops) and Irish 

ray species {R. brachyura, R. clavata, R. montagui, R. naevus), by sex. R^ =Correlation coefficients and N=

sample size.

Species Sex N Total length vs. disc width R* Total length vs. weight S}

B. brachyurops M 101 y=1.330x+27.795 0.986 y=2E-05x^-‘*'' 0.972
F 97 y=1.366x+17.094 0.989 y=7E-06x’ ” “ 0.976

B. griseocauda M 70 y=1.350x+18.070 0.995 y=3E-06x^‘“ 0.995
F 70 y=1.345x+17.467 0.994 y=2E-06x^'^“ 0.997

B. albomaculata M 26 y=1.388x+2.8,658 0.973 y=0.001x” " 0.982
F 26 y=1.404x+l 5.374 0.996 y=0.001x“ ’“ 0.967

B. scaphiops M 21 y=1.362x+24.339 0.989 y=8E-06x'” ‘ 0.994
F 26 y=1.393x+23.830 0.997 y=0.001x^^“ 0.937

R. brachyura M 26 y=1.456x-2.224 0.984 y=0.0001x"*“ 0.968
F 25 y=1.434x-1.891 0.995 y=0.001x^*'’* 0.939

R. clavata M 51 y=1.440x+0.311 0.983 y=0.001x^*'*'' 0.948
F 48 y=1.344x+2.780 0.968 y=0,008x^‘'‘''' 0.929

R. montagui M 108 y=1.631x-2.608 0.941 y=0.005x^''“ 0.892
F 79 y=1.466x+0.7306 0.962 y=0.0004x^‘“ 0.973

R. naevus M 161 y=1.724x+1.261 0.968 y=0.0007x ^ 0.979
F 147 v=1.730x+1.106 0.979 y=0.0007x 0.970
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3.3.2 Growth
/. Falkland Islands’ species

The derived von Bertalanffy growth parameters revealed that the Falkland Islands’ species are slow growing. 

For Bathyraja brachyurops, the growth coefficients were veiy similar between sexes using each ageing 

structure, with a minimum value for females, using thorns (K=0.053) and a maximum for males, using thorns 

(K-0.060). Analysis of covariance (Table 3.6) revealed a significant difference in length at age between the 

sexes using centra (P<0.05), but this was not apparent in the thorn length at age data (P=0.206). For each sex 

there were no significant differences in length at age data between structures (P=0.104 (centra), P=0.1121 

(thorns) (Table 3.5). Examination o f the predicted curves plotted together does show a consistently higher 

length at age for centrum band counts relative to thorn band counts for females, however this difference lessens 

with increasing size. (Fig. 3.1 e). The asymptotic lengths were slightly larger than maximum reported sizes for 

this species, but these differences were small (males: max. obs. size =100cm(tl) L„,= 122.200cm(tl) (thorns); 

females: max. obs. size =115cm(tl) L«,= 130.010cm(tl) (centra)). The toranged betw een-1.980 (male: thorns) 

and -2 .244 (female: thorns). Sample sizes and ranges were good for this species, and the low standard errors 

derived for each o f the Von Bertalanffy growth parameters reveal that each o f  the growth curves fitted the 

observed data well (e.g. female thorns K=0.053, S.E.=0.015) (Table 3.7).

For the larger sized B. griseocauda the growth coefficients derived were considerably lower than for B. 

brachyurops (Fig. 3.2 a-e. Table 3.7; minimum K=0.011 female (thorns), maximum K=0.033 male (centra)). It 

is apparent, however, that these growth parameters were underestimated as the asymptotic lengths (minimum 

L„=219.700cm(tl) male (centra) and maximum L„=565.100cm(tl) female (thorns)) showed poor agreement 

with the maximum observed sizes (146cm(tl) males, 161cm(tl) females). Examination o f growth curves(Fig.

3.2 a-e) revealed that although the curves on each plot generally fitted the observed data up to 100cm, length at 

age data were more variable above this. The length at age data appeared quite linear, particularly for females, 

and thus the fitted growth curves were almost linear (Fig. 3.2 b, d). The high standard error value apparent for 

each o f the parameters also confirms the poor fit of the calculated growth curves to the observed data (Table 

3.7; e.g. 565.100cm (tl) standard error =333.910cm(tl)). The von Bertalanffy growth parameters derived for 

males using centra (K=0.033, Lo„=219.700cm(tl), to-2.196(yr)) were probably the most realistic values for this 

species, although it is likely that growth remains slightly underestimated. No significant differences were noted 

between the thorn and centrum band counts for each sex (P=0.607 (males) P=0.984 (females)) (Table 3.5), and 

no differences in length at age data between the sexes for either centra (P=0.810) or thorn band counts 

(P=0,583) (Table 3.6) were recorded.

The growth coefficients derived forB. scaphiops (Table 3.7, Fig 3.3 a-e) were much higher for males (K=0.138 

male (centra), and K=0.129 male (thorns)) than for females (K=0.063 female (centra), and K=0.063 (thorns)). 

As the maximum observed size for males (93cm (tl)) was larger than the derived asymptotic lengths (L„ 

=81.290cm(tl) (centra), U  =83.230cm(tl) (thorns)) this indicates that growth rates may have been
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overestimated. The growth rate coefficients for females were probably more realistic, as the asymptotic lengths 

(U  =119.600cm(tl) (centra), L„=127.900cm(tl) (thorns)) were in closer agreement with the maximum 

observed lengths (114cm(tl)). The to values showed wide variation between sexes (males-0.478(yrs) (centra), - 

0.591(yrs)(thoms); females-1.861 (yrs) (centra), -2.262 (yrs)(thoms)), which can largely be attributed to low 

sample sizes (n<27). Although the sample sizes were low the standard error values were also low indicating 

that the growth curves matched the observed data well. No significant differences were noted in length at age 

data between structures (P=0,927 (males) P=0.563 (females)) (Table 3.5) and sexes (P=0.163 (centra), 
P=0.060(thoms)) (Table 3.6).

For B. albomaculata (Table 3.7, Fig. 3.4 a-e), the smallest sized species, growth coefficients derived for males 

(K=0.070 (centra), K=0.068 (thorns)) were higher than those derived for females (K=0.048 (centra), K=0.038 

(thorns)). It is probable that the growth coefficients for females were underestimated, as the asymptotic lengths 

(L„ =111.200cm (tl) (centra), L„ =129.300cm(tl) (thorns)) were greater than the maximum observed sizes 

(76cm (tl)). The to values were lower than those derived for S. griseocauda and B. brachyurops (minimum -  

4.480(yr) female (thorns), maximum-2.740(yr) male (thorns)). This can largely be attributed to the low sample 

sizes and poor ranges, particularly in the smaller size classes. No significant differences were noted in length at 

age data between structures (P=0.109 (males) P=0.308 (females)) (Table 3.5), and sexes (P=0.502 (centra), 

P=0.335(thoms)) (Table 3.6).

a Irish species

The Irish species exhibited considerably higher growth rates than the Falkland Islands’ species. Yor Raja 

brachyura (Table 3.7, Fig. 3.5 a-c), the largest sized species, the growth coefficient for females was lower and 

asymptotic length was higher than for males (K=0.129, L«, =154.700cm(tl) (females); and K=0.145, 

145.800cm(tl) (males)). Asymptotic lengths appeared to be over estimated relative to the maximum observed 

sizes (109cm (tl) (males), 108cm (tl) (females)). The curves appeared to fit the observed data well as standard 

error values were low. Examination of predicted curves for each sex plotted together revealed that both sexes 

have a similar growth pattern, although a consistent lower length at age is apparent for females. ANCOVA 

results (Table 3.6) of length at age revealed that females had a significantly lower length at age than males 

(P=0.059).

A large difference in the growth rates was evident between the sexes ofR. clavata (K=0.135 (males), K=0.093 

(females)) (Fig. 3.6 a-c). The asymptotic lengths (106.500cm (tl) (males) and 139.500cm (tl) (females)) were 

greater than maximum observed sizes (90cm (tl) (males)) and 104cm(tl)). Although the predicted growth 

curves showed divergence between the sexes, with larger length at age for females above 50cm(tl), the 

differences in length at age between the sexes were not significant (P—0.302) (Table 3.6).
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The smaller sized R. montagui (Fig. 3.7 a-c, Table 3.7) displayed the fastest growth rate of all species in the 

study (K=0.304 (males), K=0.256(females)), and also showed closest agreement between asymptotic lengths 

(L„ =72.40cm (tl) (males) and Loo=78.430cm (tl) (females)) and maximum observed sizes (75cm (tl) (males) 

and 77cm(tl) (females)). The standard errors derived for each o f the von Bertalanffy parameters were also very 

low, demonstrating that the observed data fitted the predicted curve well. Both sexes displayed a very similar 

growth pattern (Fig. 3.7(c)), with no significant difference between lengths at age (P=0.152) (Table 3.6).

R. naevus (Fig. 3.8 a-c, Table 3.7) had a similar growth pattern to that o f^ . montagui, with males displaying 

faster growth (K=0.294) than females (K=0.197). Asymptotic length showed good agreement with maximum 

observed size for males (L„ =75.57cm (tl), maximum observed size =71cm(tl)), but for females it was slightly 

overestimated (L„=83.920cm (tl), maximum observed size =70cm(tl)). Standard error values were also low for 

this species (Table 3.6). Examination of predicted plots (Fig. 3.7 (c)) revealed males attained a larger size more 

rapidly than females, though the differences between mean lengths at age between the sexes were not 

significant (P=0.112) (Table 3.6).

Table 3.5. Analysis o f covariance, testing for the difference in length at age between centra and thorn band 

counts for the Falkland Islands’ species Bathyraja brachyurops, B. griseocauda, B. scaphiops and B. 

albomaculata). N= sample size, M= male, F= female.

Species Sex N F-ratio P value

B. brachyurops M 55 2.67 0.104
F 56 2.556 0.112

B. griseocauda M 10 0.265 0.607
F 71 <0.001 0.984

B.
albomaculata M 26 <0.001 0.927

F 26 0.339 0.563

B. scaphiops M 19 2.779 0.102
F 23 1.064 0.308



Table 3.6. Analysis of covariance, testing for difference in length at age between the sexes, based on centra and 

thorn band counts for the Falkland Islands species Bathyraja brachyurops, B. griseocauda, B. scaphiops and B. 

albomaculatd) and centrum band counts between the Irish ray species, brachyura, R. clavata, R. montagui 

and R. naevus. N= sample size.

N F  ratio P  value
B. brachyurops Centra 97 8.335 0.004

Thoms 55 1.619 0.206
B .griseocauda Centra 70 0.508 0.81

Thoms 70 0.302 0.583
B . albomaculata Centra 26 0.457 0.502

Thoms 26 0.948 0.335
B. scaphiops Centra 21 2.013 0.163

Thorns 19 3.766 0.06
R. brachyura Centra 127 7.704 0.006
R .clavata Centra 93 1.072 0.302
R. montagui Centra 194 2.057 0.152
R .naevus Centra 209 2.537 0.112
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Fig. 3.1 (a-d) Observed length at age data for Bathyraja brachyurops, by sex, based on centra and thorn band 

counts, with predicted von Bertalanfiy growth curves fitted using Fishparm (Prager et al. 1987).
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Fig. 3.1 (e) Predicted growth curves (Fishparm (Pragerei al. 1987) for Bathyraja brachyurops by sex, based on 
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Fig. 3.2 (a-d) Observed length at age data for Bathyraja griseocauda, by sex, based on centra and thorn band 

counts, with predicted von Bertalanffy growth curves fitted using Fishparm (Prager et al. 1987).
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Fig. 3.3 (a-d) Observed length at age data for Bathyraja scaphiops, by sex, based on centra and thorn band 

counts, with predicted von Bertalanffy growth curves fitted using Fishparm (Prager et al. 1987).
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Fig, 3.4 (a-d) Observed length at age data for Bathyraja albomaculata, by sex, based on centra and thorn band 

counts, with predicted von Bertalanffy growth curves fitted using Fishparm (Prager et al. 1987).
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Table 3.7 von Bertalanffy growth parameters o f L„=theoretical maximum length (cm (tl)), K= Brody growth 

coefficient, to= theoretical age at which length is zero, based on centra and thorn band counts, with standard 

error o f  each parameter given in parentheses and maximum observed sizes (max. obs. size) (cm (tl)) from field 

observations for Falkland Islands’ (Bathymja brachyurops, B. griseocauda, B. scaphiops andB. albomaculatd) 

and Irish ray species {Raja brachyura, R. clavata, R. montagui and R. naevus).

Species Sex Structure N Max. obs. Size (cm) Loo K to
Falkland Island species
B. brachyurops M Centra 101 100 129.600(12.840) 0.058(0.011) -2.146 (0.387) 0.949

Thoms 55 122.200 (d=19.010) 0.063(0.020) -1.980 (0.808) 0.882
F Centra 97 115 130.010 (12.070) 0.060 (0.011) -2.194(0.387) 0.958

Thoms 56 138.800 (22.340) -0.053 (0.015) -2.244 (0.692) 0.908
B. griseocauda M Centra 70 146 219.700 (31.450) 0.033 (0.008) -2.196(0.529) 0.961

Thoms 70 306.100(101.800) 0.021 (0.010) -2.734 (0.769) 0.944
F Centra 71 161 311.000(157.020) 0.020 (0.014) -3.033 (1.510) 0.858

Thorns 71 565.100(333.910) 0.011 (0.007) -2.980 (0.803) 0.960
B. albomaculata M Centra 26 72 89.120 (31.460) 0.070 (0.061) -3.200 (3.413) 0.844

Thorns 26 89.750 (30.353) 0.068 (0.058) -2.740(3.318) 0.839
F Centra 26 76 111.200 (30.560) 0.048 (0.023) -3.896(1.234) 0.918

Thoms 26 129.300 (59.860) 0.036 (0.026) -4.480(1.630) 0.905
B .scaphiops M Centra 21 93 81.290 (8.032) 0.138 (0.038) -0.478 (0.598) 0.929

Thoms 19 83.230(11.070) 0.129 (0.045) -0.591 (0.735) 0.910

F Centra 26 114 119.600 (17.750) 0.063 (0.017) -1.861 (0.56) 0.968

Thorns 23 127,900 (0.022) 0.055 (0.022) -2.262(0.716) 0.961

Irish species

R. brachyura M Centra 127 109 145.800 (31.820) 0.145 (0.065) -0.926 (0.602) 0.757

F 141 108 154.700(29.820) 0.129 (0.045) -0.840 (0.406) 0.788

R. clavata M Centra 165 90 106.500(14.380) 0.135 (0.040) -1.740 (0.470) 0.745

F 93 104 139.500 (32,530) 0.093 (0.037) -1.841 (0.049) 0.822

R. montagui M Centra 274 75 72.400 (2,812) 0,304 (0,035) -0.924 (0,155) 0,773

F 194 77 78,430 (4.750) 0.256 (0.043) -0,968 (0.242) 0.748

R. naevus M Centra 351 71 74.570(2.177) 0.294 (0.025) -0.997 (0.125) 0.795

F 209 70 83.920 (6.152) 0.197 (0.033) -0,151 (0,206) 0.830
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Fig. 3.7 (a-b) Observed length at age data for Raja montagui, by sex, based on centrum band counts, with 

predicted von Bertalanffy growth curves fitted using Fishparm (Prager et a l  1987).
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centrum band counts.

101



80
70

? 6 0

cs 4 0

“ 30

| 2 0

10

0
0 2 4 6 8

Vertebral band counts

Fig 3.8 (a) Raja naevus (male)

30

20

8 1060 2 4

V ertebral band counts

Fig 3.8 (b) Raja naevus (female)

Fig, 3.8 (a-b) Observed length at age data for Raja naevus, by sex, based on centrum band counts, with 

predicted von Bertalanffy growth curves fitted using Fishparm (Prager et al. 1987),
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3.33 Maturity

I  Falkland Islands’ species (Table 3.8, Fig. 3.9(a-h))

In addition to exhibiting slow growth the Falkland Islands’ species also matured at a greater age. For each 

species, females attained maturity (50%) at a greater age and larger size than males. B. scaphiops males 

attained maturity at the earliest age (8.50yrs), whereas the estimated age at maturity forS. griseocauda females 

was much greater (24.78yrs). The smallest sized species, B. albomaculata attained maturity at the smallest 

size (56.990cm(tl) male), whilst 5. griseocauda matured at the largest size (120.70cm(tl)). Size at maturity had 

to be estimated for combined sexes of B. griseocauda, due to a combination of the low sample size relative to 

the number of size classes, and the variable size at maturity estimates recorded for the specimens examined. It 

is probable that due to a low sample size (n=26), size at maturity was overestimated for B. albomaculata female 

(68.460cm (tl)), as the derived value was relatively close to the maximum observed size (76cm (tl)).

iU Irish species (Table 3.8, Fig. 3.10 (a-h))

For each of the Irish species, maturity (50%) was attained at a much lower age than the Falkland Islands’ 

species. Females matured at a larger size than males, with the exception of^. naevus (females= 56.16cm (tl)), 

males= (56.87cm(tl)). In addition, all females matured at a greater age than males, with the exception ofR. 

clavata, for which both sexes attained maturity at the same age (6.13yrs)./?. montagui males matured at the 

greatest age (3.41(yrs) males) and at the smallest size (53.65cm (tl)). R. clavata matured at the latest age 

(6.13(yrs)both sexes), whereas R. brachyura matured at the largest size (83.56cm(tl) females).

iiu Clasper length/nidamental gland width

An abrupt increase in clasper length (cm) relative to total length (cm) was apparent at the onset o f maturity for 

each of the Falkland Islands’ species (Fig. 3.12 (a-d)) and Irish species. In addition, nidamental gland width 

(mm) also showed a marked increase in size relative to total length at the onset of maturity (Fig. 3.12 e-h).
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Fig. 3.9 (a-d) Ogives of age (years) and size (total length (cm)) at maturity forBathyraja brachyurops and B. 

griseocauda. (Note: ogives presented for sexes combined for size at maturity estimates forB. griseocauda). 

Ages based on centrum band counts.
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Table 3.8 Total length (cm) and age (yrs) at maturity (50%) for each o f the Falkland Islands’ and Irish ray 

species, by sex, based on the logistic model (Fishparm Prager et al. 1987). Figures in parentheses denote 

standard error values for maturity estunate. Ages based on centrum band counts. Note size at maturity estimate 

for B. griseocauda is for sexes combined.

Species
Sex N Total length a t 

maturity (50%) (cm) R*
Age a t 50% 
m aturity  (yrs)

B. brachyurops M 98 68.17 (0.675) 0,915 9,96 (2,328) 0.518
F 97 72.95 (0.979) 0,903 11,165 (0,353) 0.911

B. griseocauda M 70 17,55(1,010) 0.945
F 73 24.78 (0.460) 0.81

Both 143 120.7 (2.539) 0,654
B. albomaculata M 26 56.99 (0,022) 1 12.5 (0.330) 0.99

F 22 68.46(1,44) 0,476 15.06 (0.513) 0.697

B. scaphiops M 26 59,5 (0,025) 0,99 8.50(1.875) 0.856

F 22 76,00 (0) 1 13.5 (0.028) 0.99

R. brachyura M 123 81,92(1,063) 0,769 4.63 (0.155) 0.963

F 61 83,56(0,154) 0,992 5.504 (1.155) 0.967

R .clavata M 165 65,7(0,218) 0,961 6.13(0.076) 0.988

F 90 71,809 (0,107) 0,972 6.13(0.039) 0.997

R. montagui M 274 53,65 (0,185) 0,984 3.41 (0.095) 0.982

F 175 57,44 (0,189) 0,978 4,135 (0.172) 0.95

R. naevus M 353 56,87(0,132) 0,989 4.17(0.006) 1

F 191 56,16(0,266) 0.97 4.25 (0.076) 0.989
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3.4 Discussion

The Falkland Islands’ ray species examined in the present study possess the slowest growth o f almost all ray 

species studied to date, with only the very large sized north Atlantic common skate,7?aya batis, sharing similar 

growth coefficients (K=0.06) (Du Buit 1976). The von Bertalanffy growth parameters derived for B. 

brachyurops are probably the most robust o f those derived for the Falkland Islands’ species, largely due to a 

relatively good size and range in the samples. Furthermore, the fact the growth coefficients showed close 

agreement between both centra and thorn ageing structures also lends credence to the derived estimates. As 

larger sized ray species in a stock tend to display slower growth (Du Buit 1976, Fahy 1989, 1991, Walker and 

Witte in press), the lower growth coefficients derived forB. griseocauda are to be expected (Du Buit 1976, 

Fahy 1989, 1991, Walker and Witte in press). It is nevertheless probable that, as the asymptotic lengths were 

unrealistically high relative to maximum observed sizes, growth was underestimated for this species. This can 

be attributed to the poor resolution o f growth bands on both centra and thorns from larger specimens. The 

associated problems of deriving reliable age estimates from larger specimens o f slow growing species have 

regularly been acknowledged (Branstetter 1987, Martin and Cailliet 1988, N atansone/ a/. 1995). Due to these 

difficulties, more emphasis should be placed on increasing the resolution o f  the structure used to derive age in 

larger specimens, and also ensuring that an adequate sample size o f larger specimens are available for ageing 

purposes. For the larger sized B. griseocauda, the growth coefficient derived for males using centra (K= 

0.033) gives the most realistic preliminary estimate of growth for this species.

Although it is probable that differences in growth exists between the sexes o f  B. albomaculata, these 

differences have probably been overestimated in the present study. The von Bertalanffy parameters appear 

more realistic for males, as there was closer agreement between asymptotic length and maximum observed 

size. The growth coefficients for males were slightly higher than those derived forB. brachyurops, which may 

be expected, as B. albomaculata is smaller, and as alluded to above the smaller ray species within similar 

geographical areas tend to exhibit faster growth (Fahy 1989, Walker and Witte in press).

Growth coefficients for B. scaphiops females appeared more realistic than those derived for males of this 

species, as the asymptotic lengths showed close agreement with maximum observed sizes for females. In 

addition, the growth coefficient derived for females was very similar to that ofB. brachyurops female, a 

species that attains a similar maximum size.

While growth rates varied, to values were relatively consistent, at approximately -2yrs for the majority of 

species. The to parameter is generally defined as the theoretical age at which an animal is zero size, and 

therefore, is often associated with gestation, or in the case o f rays’, the incubation period of the eggs (Brander 

and Palmer 1985). Captive rearing studies o f rays has shown that the incubation period generally approximates 

to a year (Holden et a/. 1971, Ellis and Shackley 1995), the duration o f which is largely mediated by 

temperature, with increased temperatures reducing this incubation period (Clark 1922,Ryland and Ajayi 1984,
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Ellis and Shackley 1995). The effect o f low temperature on incubation duration was investigated for the starry 

ray, R. radiata in the cold waters o f  the Barents Sea by Berestovskii (1994). This study revealed that low 

temperatures o f (<3°C) resulted in protracted incubation periods in excess o f  two years. Most ray species 

studied to date have been shown to deposit their eggs in shallow inshore waters (Steven 1936,Wheeler 1969, 

Holden 1974, Nottage and Perkins 1983). However, as with the deepwater Aleutian skate Bathyraja aleutica, 

which deposits egg capsules at depths of between 250 and 500m (Teshima and Tomonaga 1986), the egg 

capsules o f the Falkland Islands’ species in this study are regularly trawled up at depth o f  between 150 and 

300m by commercial vessels operating in the fishery (Nolan, C. pers comm), where the average annual bottom 

temperature is relatively low, at 5°C (Agnew e/ al. 1999). Therefore the to values o f  -2yrs derived for the 

Falkland Islands’ species may indeed be indicative of the duration o f incubation o f  the egg capsules.

This is the first study to derive growth rate parameters for bathyrajids. Despite acknowledging both over and 

underestimation o f growth for some of the Falkland islands’ species, and although the growth coefficients 

derived were considerably lower than those derived for the majority o f ray species (Table 3.1, Introduction) a 

relatively high degree of confidence can be assigned to these estimates. This is primarily justified by the close 

agreement between derived parameters from independent structures viz. caudal thorns and centra, and which 

supports the applicability of caudal thorns in deriving accurate age estimates. In addition, the temporal rate of 

band formation was verified for both structures for each of the species, therefore the bands enumerated in both 

ageing structures can be validly used to derive age.

As well as slow growth, each of the Falkland Islands’ species attained maturity at a late age (> 8yrs) and a 

relatively large size (>57cm). Females were found to mature at a later age and larger size than males, which is 

the usual pattern observed for elasmobranchs (Steven 1936, Walker and Witte in press). For the largest sized 

species, B. griseocauda, maturity occurred at 17yrs for males and almost 25 yrs for females. It is possible that, 

as the sample sizes were low in each of the larger age classes, maturity was slightly overestimated for females. 

Despite this possibility, even if a more conservative age o f 20yrs was allocated, this indicates that B. 

griseocauda is the latest maturing ray species studied to date. Casey and Myers (1998) suggested that the 

barndoor skate R. laevis, has a similar age at maturity to the common skate 7?. batis, which matures at 11 yrs 

(Du Buit 1976). They further suggested, however, that an age at maturity in excess o f 20yrs is probable for/?. 

laevis stocks that inhabit deeper colder waters. B. griseocauda occurs at a greater depth than the other species 

in the present study (Coggan et al. 1996, Agnew et a/,2000), which supports the findings o f late age at maturity 

for this species.

B. brachyurops matured at an earlier age (lOyrs males, 11 yrs females) and smaller size (68cm males, 73cm 

females) than B. griseocauda. It is highly probable that these estimates are robust, as sample sizes and ranges 

were relatively comprehensive for this species. Size and age at maturity estimates were more variable forB. 

albomaculata, due to a smaller sample size. Females o f this species were found to attain maturity at a larger 

size (maximum observed size; 72 males, 76cm females), however, it is probable that the size at maturity



estimate for males (57cm) was more representative than the higher size at maturity estimate (68cm derived) for 

females, which was close to the maximum observed size (76cm). The ages at maturity (13yrs and 15yrs) 

derived for males and females, respectively, were higher than those observed forB. brachyurops, but require a 

larger sample size to confirm their accuracy. For5. scaphiops, it is plausible that the differences in size and 

age at maturity evident between the sexes can be associated with the large sexual dimorphism in relation to 

maximum observed sizes. For ray species displaying such dimorphism with respect to the maximum size 

attained, the larger sized females generally exhibit slower growth and attain maturity at a later age and larger 

size (Steven 1936, Du Buit 1976, Walker and Witte in press). A more comprehensive sample size would 

confirm these preliminary findings for B. scaphiops.

Given that the Falklands’ Islands ray fishery is exploited as a mixed species assemblage (Agnewe? a/. 1999), 

the effects o f differential sensitivities of each of the ray species to exploitation, due to the various life history 

traits is apparent (Walker and Hislop 1998, Dulvy et a/.2000). The high proportion o f  the slow growing, late 

maturing B. griseocauda in the fishery to the south of the Islands’ contributed to the rapid decline in CPUE, 

and the resultant closure of the directed ray fishery in 1996 (Agnewe? al. 1999). Furthermore, the proportion of 

B. griseocauda in the fishery to the north of the Islands dropped between 1996-1999, whilst an increase in the 

occurrence of the faster growing, earlier maturing S. brachyurops and B. albomaculata was apparent. (Agnew 

et al. 1999.) Similar changes in relative abundances due to exploitation have been observed previously. Walker 

and Hislop (1998), assessing the ray fishery in the North Sea, noted a decline in the slower growing and late 

maturing R. batis and R. clavata species, whereas an increase in abundance o f  the relatively faster growing^?. 

radiata was observed. R. batis, a slow growing late maturing species (Du Buit 1976), has virtually disappeared 

in the Irish Sea (Brander 1981, Dulvy et a/.2000), whereas the faster growing/?, naevus and R. montagui have 

increased in abundance (Fahy 1989, Dulvy et a/. 2000). Casey and Myers (1998) also noted a decline in the 

barndoor skate R. laevis in the Grand Banks’ fishery, whereas an increase in the smaller, faster growing species 

was noted (Murawski and Iodine 1992).

Despite the difficulties of comparing between studies, growth rates derived for the Irish species in the present 

study showed closest agreement with those o f Fahy’s (1991). This lends credence to the derived estimates in 

the present study, as Fahy’s (1991) study is the most recent, and, as with the present study, samples were also 

obtained from the Irish ray fishery. The growth rates derived forR. brachyura in the present study (males, K= 

0.145 females K= 0.129) may have been slightly underestimated, asZ.„, estimates were larger than maximum 

observed sizes (males = 109cm, females= 108cm). It is probable that the paucity o f  larger specimens (>90cm) 

aged may have resulted in length at age being overestimated in the larger size classes. Larger specimens of??. 

brachyura were difficult to obtain, as, unlike the other commercial ray species, the flesh around the vertebral 

column o f this species, after the pectoral wings are removed is readily marketable. In addition, the high cost o f 

large, whole specimens of this species also inhibited the collection of an adequate number of larger specimens. 

Fahy (1991) presented higher growth rate estimates for this species (range male, K= 0.24-0.26; female, K= 

0.19-0.29) and lower estimates which were in closer agreement to maximum observed sizes (range male,



117-119cm; fem ale ,!^  = 120-144cm). However, examination of Fahy’s (1989, 1991) length at age data, 

reveals a lack o f  specimens below 30cm, and in addition, an overestimation o f length at age for the smaller size 

classes represented (35-50cm) is evident. Fahy’s (1989, 1991) ageing method involved viewing air-dried 

untreated whole vertebral centra under a microscope. This may have lead to the poor visualisation of bands 

towards the nucleus of centra, and thus an overestimation o f length at age. H olden’s (1972) growth rate 

estimates for R. brachyura in the Irish Sea (male= K= 0.19, female K= 0.19), based on tagging data, are also 

higher than those in the present study. But interpreting the significance o f  these growth rates is difficult as the 

Leo estimates were subjectively re-adjusted, and growth data for the smaller size classes were derived from a 

previous captive rearing study (Clark 1922).

For R. clavata a large difference in terms o f grow th,/,^ and maximum observed size was evident between the 

sexes in the present study. This marked sexual dimorphism in terms o f  growth has previously been alluded to 

for R. clavata (Steven 1936, Walker and Witte in press), with females exhibiting much slower growth and 

attaining a larger size than males. The derived growth rate estimates for/?, clavata  in the present study may 

have also been slightly underestimated (males, K= 0.135; females, K= 0.093), as maximum observed sizes 

were smaller than the predicted estimates. It is likely that, as with R. brachyura, a lack o f larger specimens 

(>80cm) o f this species contributed to the overestimation o f length at age in the larger size classes, resulting in 

low growth rate estimates. Fahy (1991) also derived higher growth rate estimates (range males, K= 0.19-0.24; 

females, K= 0.15-0.26) and lower ia ,  estimates for this species (range males, =96.8-104.3cm, females, L̂ o, 

=107.8-120). But, as was apparent for/?, brachyura, a limited sample range, and an overestimation o f  length at 

age in the smaller size classes confound the estimates in Fahy’s (1989, 1991) study.

The growth rate estimates for R. montagui (males, K= 0.304; females, K= 0.256) and R. naevus (males, K= 

0.294; females, K= 0.197) derived in the present study revealed that they are among the fastest sized ray 

species studied to date (Table 3.1 Introduction). It is probable that these growth rate estimates are reliable, as a 

comprehensive sample was examined for both species in the present study. In addition, the close agreement 

between L„ and maximum observed sizes further indicates that the growth rate estimates are reliable. 

Furthermore, comparisons with Fahy’s growth rate estimates for both species shows close agreement (/?. 

montagui male, K= 0.33; female, K= 0.24 R. naevus male, K= 0.33; female, K= 0.23). Although no other 

growth studies of/?, naevus have been carried out in the Irish Sea, a previous study on/?, naevus in the Celtic 

Sea suggest much lower growth rates (both sexes, K= 0.11) (Du Buit 1976). The growth rate estimates derived 

for R. montagui in both the present study and Fahy’s (1991) are almost twice those o f  previous estimates for 

this species in the Irish Sea (see Table 3.1).

Maturity estimates in the present study reveal that the larger and slower growing/?, brachyura and /?. clavata 

matured at a later age and larger size than the two smaller, faster growing species viz./?. montagui and /?. 

naevus. A s  with growth rate estimates, difficulties arise when comparisons are made with other studies, as
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many of these previous estimates are based on limited sample sizes and different maturity indexes. In addition, 

it is unclear in many of these studies whether first maturity or mean minimum maturity is quoted (Steven 1936, 

Nottage and Perkins 1983). No previous estimates of age or size at maturity have been derived for the/?. 

brachyura in the Irish Sea. From an early study of/?, clavata in the Irish Sea (Steven 1936), it was suggested 

that maturity was attained at a larger size and later age than was found in the present study. Although more 

recent estimates of size at maturity for/?, clavata vary (Table 3.1 Introduction), they all suggested a much 

smaller size at maturity than those of Steven (1936). Ryland and Ajayi’s (1984) more recent study of three 

commercial ray species (/?. clavata, R. montagui and R. microocellata) off the south Wales coast, in 

Carmarthen Bay, is more comparable with the present study than earlier studies, as the maturity indices used 

are similar. From Ryland and Ajayi’s (1984) study it was suggested, however, that maturity of??, clavata was 

attained at a smaller size and earlier age than was found in the present study. This is to be expected, to some 

extent, as Ryland and Ajayi (1984) estimated size and age at first maturity, whereas mean minimum size and 

age size at maturity was quoted in the present study.

It is interesting to note, that, although Ryland and Ajayi (1984) were quoting size at first maturity, estimates of 

both size and age at maturity for R. montagui were lower than those derived in the present study. This may 

suggest that, in addition to an increase in growth, maturity is now being attained at a smaller size and earlier 

age for this species in the Irish Sea. Although no previous maturity estimates have been derived for/?, naevus 

in the Irish Sea, a study of /?. naevus in the southern Celtic Sea estimated age at maturity o f 9yrs (Du Buit 

1976). It is probable that owing to the sedentary behaviour of rays (Steven 1936, Templeman 1984), that the 

stocks in the Irish Sea are not directly comparable with those in the Celtic Sea. Nonetheless, it is readily 

evident that maturity of /?. naevus is occurring at a very early age in the Irish Sea.

As with many ray fisheries (Walker and Ellis 1998, Kulka and Mowbray 1998), the effects of exploitation on

the species composition are readily apparent. It is evident that mortality levels were too high in the Irish Sea for

the slow growing (K= 0.060) and late maturing (1 lyrs) R. batis, as it became commercially extinct in the 1970s

(Brander 1981). In addition, although aggregated landings and catch statistics suggested relative stability in the

ray fishery in the Irish Sea, long term trawl survey data revealed that theslower growing and later maturing/?.

brachyura and R. clavata have dropped in abundance, whilst the faster growing and earlier maturing/?.

montagui and R. naevus have increased in abundance (Dulvy et a/. 2000). Dulvy et a l (2000) suggested that the

increase in the two smaller sized species resulted from additional resource availability due to the decline of the

larger sized species. It is more likely, however, that this increase for these two species can be attributed to a

change in growth rates and reduction in age at maturity. Changes in stocks structure and density, resulting from

exploitation, effect compensatory mechanisms in elasmobranch species that increase the chances of their

survival (e.g. increased growth rates, changes in fecundity, reduction in age at maturity) (Holden 1973, Wood

et a/. 1979, Hoenig and Gruber 1990, Walker and Witte in press). A reduction in density and removal of larger

specimens of R. clavata in the North Sea resulted in increased growth rates and reduction in age at maturityfor

this species (Walker and Witte in press). The stock structure of R. clavata has also altered in the Irish Sea, as
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large specimens (> 100cm), which were common (Steven 1936), are now rare, and in addition the density of the 

stociis have declined (Dulvy et a/. 2000). These changes in the stock structure have probably resulted in the 

reduction in the size and age at maturity of R. clavata in the Irish Sea. It is obvious, however, that these 

changes in life history traits have not been sufficient for/f. clavata in the Irish Sea to prevent a decline in 

numbers, where in contrast, the rapid growth and early maturity has resulted in increased population growth for 

both R. montagui and R. naevus. The competitive advantage of the more r- selected traits (fast growth and 

early age at maturity) exhibited by both smaller sized species, would explain their increase in abundance 

relative to the two larger commercial species.

It has been suggested that both size and age at maturity are equally important factors in determining the 

resilience of ray species (Walker and Witte in press, Dulvy et a/.2000). It is more probable, however, that age 

alone determines resilience, as the shape of rays dictates that they are susceptible to most gear types from a 

very young age (Kulka and Mowbray 1998, Walker and Ellis 1998), and therefore reducing size at maturity has 

no selective advantage. Furthermore, a reduction in size at maturity may impair fecundity, as there will be a 

reduced capacity to carry eggs (Walker and Ellis 1998), and smaller specimens produce smaller egg capsules 

that have lower survival potential (Templeman 1982b). The selective advantage of lower age at maturity is 

clear, as the cumulative probability of being caught before reproducing is reduced.

The examination of life history traits of species from the two contrasting fisheries yielded interesting results in 

the present study. The long established, essentially unregulated, Irish Sea ray fishery has witnessed changes in 

species composition. The susceptible R. batis was depleted at a relatively early stage in the fishery (Brander 

1981), and a reduction in density of the slower growing late maturing 7?. brachyura and R. clavata has also 

been suggested (Dulvy et al 2000). In contrast, compensatory mechanisms have been sufficient to increase 

population growth in the two smaller sized species, resulting in increased biomass for these two species (Dulvy 

et al. 2000). It has previously been suggested that competitive influences are also in operation in a heavily 

exploited mixed fisheiy, with species exhibiting r-selected traits (e.g. fast growth, early age at maturity), having 

a selective advantage over species with k-selected strategies (e.g. slower growth, late age at maturity). For the 

much more recently developed Falkland Islands’ ray fishery, rapid changes in the population structure has 

occurred over a decade, with the number of the slow growing late maturingS. griseocauda dropping, and being 

replaced by the smaller faster growing, earlier maturing B. brachyurops and B. albomaculata (Agnew et al 

2000). It is unlikely that the ray stocks of the Falkland Islands’ fishery would be sustainable without the current 

strict management policies that are currently in place, as the very much k-selected traits exhibited by these 

commercial species results in their susceptibility to exploitation.
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Chapter 4: Fisheries

4.1 Assessment and management of ray fisheries
Assessments have been carried out on a number of ray fisheries with a view to understanding their response to 

commercial exploitation, and to develop sustainable resources.

The Grand Banks and Scotian Shelf ray fisheries, developed in the mid 1990s as a result o f initiatives to 

develop alternative fisheries after the collapse of the main groundfish commercial stocks (Atkinson 1995, 

Simon and Frank 1996). Recognising the characteristic vulnerability o f many elasmobranch fisheries, 

management measures were put in place from the outset, in the form o f  Total Allowable Catches (TACs), 

licence allocation, closed seasons and gear restrictions. Both fisheries, which are managed separately, set 

TACs based largely on biomass estimates from research surveys data. There were uncertainties regarding the 

reliability o f  the assessments, as there were little supporting data on growth and maturity, and in addition, 

sampling o f  the commercial landings proved very difficult as only ray wings were being landed (Simon and 

Frank 1998, Kulka and Mowbray 1998). The TACs set by both fisheries were deemed to be too high, as there 

was evidence of a reduction in both mean size and distribution o f the commercial species in both fisheries. The 

Scotian Shelf fishery, in particular, which only targets winter ray,Raja ocellata, showed a dramatic decline m 

the number of mature females being landed and a doubling of mortality between 1995 and 1997. From these 

results it was recommended that this fishery be terminated or continues at a much reduced level (Simon and 

Frank 1998).

The Falkland Islands directed ray fishery is also a recent development, resulting largely from increased fishing 

effort on the stocks by a Korean fleet of demersal trawlers in the 1990s (Agnewe/ al. 1999). In order to sustain 

this relatively new and potentially vulnerable fishery, management controls were exerted in the form of 

allocation o f specific ray licences in 1994. Licence controlled areas to the north and south of the Islands have 

been managed as two separate units, as these areas are recognised as two distinct stock units (A gnew e; 

a/. 1999). In terms of assessments for management purposes, the analysis o f CPUE trends based on daily 

logbook returns from the commercial fleet have been carried out since 1995 (Agnewef a/. 1998). Observers 

placed on commercial vessels also collect biological information (e.g. species composition, length frequency 

distributions, maturity), and Agnewe? al. (1999) have carried out a detailed analysis on the Falkland Islands 

ray stocks using these research cruise data and logbook return data. Although comprehensive biological 

sampling has been carried out no data on growth and age at maturity were available, in particular to shed light 

on the dramatic decrease in catch per unit effort (CPUE) values over time in the intensively fished ‘hot spot’ to 

the south o f  the Islands, which was dominated by the large sized Bathyraja griseocauda. The present study on 

age, growth and maturity of Falkland Islands’ ray species has addressed this deficit, potentially enabling age- 

structured analyses to be carried out in the future, and allowing the relationship between differing life history 

traits o f each species and trends in exploitation to be explored in further detail.
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The North Sea ray fishery is relatively long established, with reports o f  rays commonly being sold in adjoining 

fish markets since the early 1900s (Walker and Ellis 1998). Rays are landed as a commercial by-catch; mainly 

from the beam trawl fleets. Ray landings dropped from 12000t to 5000t between 1950 and 1970, and stabilised 

subsequently. This stability in landings was, however, attributed to an increase in effort (Walker and Ellis 

1998). The main assessments traditionally carried on the ray stocks out have been biomass estimates from 

English groundflsh surveys (Yang 1982, D aane/ a/. 1990, Sparholt 1990, Sparholt and Vinther 1991). These 

estimates were very variable, and Sparholt and Vinther (1991) suggested that to have a more comprehensive 

understanding o f the population structures of the ray stocks direct measurement the catch and by-catch from the 

commercial fishery should be carried out. Walker (1999) recently completed a detailed study o f  the North Sea 

ray stocks. Analysis of long-term catch data o f rays from a variety o f  groundflsh surveys was carried out; tag- 

recapture data was examined, and in addition, growth and maturity were also assessed. Demographic analysis, 

which has been widely advocated as an effective assessment method for elasmobranchs (Jones and Gene 1977, 

Wood et al. 1979, Anderson 1990, Cailliet 1992, ICES 1997, 1999), was also carried out on the commercial ray 

stocks in the North Sea by Walker (1999). The results from W alker’s (1999) study indicated that the more 

vulnerable species such as the common skate, R. batis, and the thomback ray, R. clavata, have decreased in 

abundance and their mean sizes have been reduced, whereas the more resilient (faster growing and earlier 

maturing) starry ray, R. radiata has increased in abundance. Based largely on the findings from W alker’s study 

(Walker 1999) total allowable catches of 6060t were set for the first time for North Sea rays in 1998 and 1999.

The Irish Sea ray fishery is one of the longest established and commercially important ray fisheries in the 

Northeast Atlantic (Brander 1988, Fahy 1989). Although concerns over its sustainability have been expressed 

since the early stages of its development (Steven 1932), few detailed studies have been carried to assess the 

effects o f exploitation on this resource, and as a consequence the conclusions drawn have been variable.

Holden (1977) compared the commercial landings at Milford Haven in 1965 and 1971, assessed annual catch

rates from the commercial fishery, and calculated replacement mortality levels based on fecundity and maturity

estimates. From the results it was concluded that the commercially exploited ray stocks were in imminent

danger o f recruitment failure (Holden 1977), which was further suggested by the commercial extinction o f the

common skate. Raja batis, from the Irish Sea in the 1970s (Brander 1981). In a subsequent study Brander

(1988) also assessed annual catch rates and calculated replacement mortality levels for the ray stocks in the

Irish Sea, but in contrast to Holden’s (1977) findings, concluded that the ray stocks, although under pressure,

were not in immediate danger of collapse. Ryland and Ajayi (1984)assessed growth, maturity, and replacement

mortality, and in addition, carried out sampling o f ray landings from commercial and research vessels from the

northern side o f Bristol Channel (eastern Irish Sea). Although it was acknowledged that stock depletion had

occurred largely due to the fact that rays are slow growing, they suggested that owing to the low mortality

levels there was no immediate danger o f recruitment failure (Ryland and Ajayi 1984). A more recent study

suggested that although aggregated ray landings in the Irish Sea have stabilised somewhat, species specific

analysis o f  long term trawl survey data revealed that the larger species have declined in abundance whereas the
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smaller species have increased in abundance (Dulvy et al. 2000). It was, however, acknowledged that the data 

examined were limited (Dulvy et al. 2000).

Each o f the above studies have focussed on the ray fishery on the eastern side o f  the Irish Sea, despite the fact 

that the largest ray landings have traditionally been taken from the western Irish Sea (Fahy 1989) (see Fig. 4.1). 

Furthermore, Irish ray landings from the Irish Sea have increased substantially over the past few decades, and 

have generally been larger than those o f the U.K. since the 1980s (Hillis and Grainger 1990). Despite this only 

one study has focussed on the ray fishery in the Irish Sea (Fahy 1989). As no data were available from research 

surveys this study focussed on data from the commercial fishery (Fahy 1989, 1991). Fahy (1989) carried out a 

sampling programme at the main commercial ports along the east coast o f Ireland to assess the species 

composition and size distributions o f  the main commercial species. In addition, graded landings data obtained 

at the markets and European Communities logbook proforma data were analysed. The ray fishery off the 

southeast coast of Ireland has also been of commercial importance, frequently contributing up to 30% o f the 

total annual Irish ray landings (Fahy 1991). Fahy (1991) also instigated a study on this fishery, similar to that 

carried out in the Irish Sea (Fahy 1989). Although a wide range o f data was examined and a large volume of 

results presented in both studies, few conclusions were drawn regarding the status o f  the fisheiy within these 

regions.
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Fig. 4.1 International ray landings by ICES statistical rectangle in the Irish Sea in 1988 (after Hillis and 

Grainger 1990).
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4.1.2 This study

Owing to the tradition of limited resources being afforded to elasmobranch research (Bonfll 1994, Pawson and 

Vince 1999) the majority of studies carried out to date on the ray fishery in the Irish Sea and off the southeast 

coast o f Ireland have been relatively small-scale, and thus the conclusions drawn have been tentative. 

Assessing these stocks is further complicated by the fact that rays are landed on a mixed species basis, which 

confounds effective sampling (Holden 1977, Fahy 1989).

This study focused on the Irish commercial ray fishery on the western side o f  the Irish Sea and offthe southeast 

coast o f Ireland. Its main objectives were to develop a suitable sampling program to enable the population 

structure o f  each commercial species to be defined, and in addition, to review the available data from these 

fisheries to ascertain its usefulness at developing the knowledge base o f  the fishery. The following aspects o f 

the fishery were investigated:

•  European Communities logbook proforma data were examined to ascertain temporal trends in 

landings, effort, and catch rates, and also to characterise the fleet structure from the main ports.

•  Commercial graded landings data from each o f the main fishing ports were also assessed to 

ascertain temporal trends in the relative proportions o f  each commercial grade.

•  A detailed port-sampling programme was carried out to derive the population structure of each 

commercial species. The species compositions and size distributions o f  each commercial grade at 

the main commercial ports were also compared for the main ports.

•  Total mortality (Z), replacement mortality (Z*) estimates were derived, and demographic analyses 

were carried out for the commercial ray species to assess the current status o f the exploited stocks.

121



4.2 Materials and methods

4 .2.1 Sam pling o f  landings

Due to limited funding it was not possible in the present study to charter vessels to survey the ray fishery. A 

number o f sea trips were carried out, and although useful information was gleaned (e.g. catch rates, species 

composition o f the catches, discard practices, sorting and handling methods), only a small amount of size 

distribution data was collected. As these were commercial sea trips there was limited opportunity to measure 

without impeding the day to day sorting and processing o f the catch, particularly as the crew generally wanted 

to process and dispose of the catch as quickly as possible. It was therefore decided that, as one o f  the main 

objectives o f the study was to derive the size structure o f commercial rays at species level and analyse the 

commercial grading system, the majority of sampling would be carried out at ports. Howth was chosen as one 

o f the main sampling locations, as the majority of landings from V ila are sold at two market locations at 

Howth. Fahy (1989) identified Arklow as another major port for ray landings from Vila. The Dublin Fish 

Market proved a useftil centre for sampling rays landed at Arklow, as all ray landings from Arklow are sold 

through this market. Kilmore Quay (Kilmore Quay Co-op) was also chosen, as it is the main port representing 

vessels in the fishery to the south of the Irish Sea (Vila), in addition to being the port where the majority of ray 

from V llg are landed (Fig. 4.2).

The sampling program was initiated in the 1®‘quarter o f 1997. At each port the landed catch were laid out by 

vessels and by species, which facilitated rapid sampling. During each sampling, and prior to the measurement 

of the catch, the name of the vessel, gear type, the date o f sampling, other species caught, and the area fished 

were noted (ICES division and statistical rectangle).

Each ray species was identified to species and sex, and the total length was recorded to the nearest centimetre 

below. Each box of fish was graded in accordance with the commercial grading system at each sampling 

location, with the port handlers verifying the grade assigned when required. During sampling at Kilmore Quay 

Co-op the standard (small, medium and large) commercial grades were assigned to each box sampled in 

addition to the more intricate grades utilised at the port (Fahy 1991). In the l"  and 2"'’ quarter o f 1997 all 

measurements o f the total sampled catch were recorded by species and sex on a single data sheet, along with 

the number o f boxes o f rays and associated commercial size grades o f each fix box sampled. In the 3 '‘* and 4* 

quarter o f  1997, and the 1®‘ quarter o f 1998 the contents o f each box o f  ray were recorded separately along with 

their associated commercial size grade in order to establish the species composition and size ranges of the 

commercial grades.

The gutted weights o f  sampled specimens were also recorded on three separate sampling occasions in order to 

derive length weight regressions. On some sampling trips, port-handling dockets were available from the 

sampled fish boxes, detailing the net weight o f its contents and the associated commercial grade. Apart from
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one occasion, the total landed catch from a single vessel was measured during a sampling trip (Table 4.1). In 

total 17,450 fish were sampled during the port sampling programme (Table 4.2).
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Fig. 4.2. Map o f ICES division Vila and Vllg, with ICES statistical rectangles, and port sampling locations 

included.
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Table 4.1 Sampling dates, locations, number o f fish boxes o f ray landed by the vessel being sampled, and the 

total number o f boxes measured during each sampling trip.

Pate Sampling location_____________________ No. o f  boxes o f ray landed_________ No. o f  boxes o f  ray measured
21-08-96 Kilmore Quay Co-operative 6 6
21-01-97 Howth Fish Sales Ltd. 9 9

23-01-97 Howtli Fisii Sales Ltd. 9 9

28-01-97 Howth Fish Sales Ltd. 6 6
06-02-97 Howth Fish Sales Ltd. 17 17

05-03-97 Howth Fish Sales Ltd. 32 32

15-04-97 Howth Fish Sales Ltd. 6 6

15-04-97 Howth Fish Sales Ltd. 20 20

15-04-97 Lett Doran & Co. Ltd. 10 10

16-04-97 East Coast Inshore Fish Company 12 12

18-04-97 Kilmore Quay Co-operative 9 9

18-04-97 Kilmore Quay Co-operative 9 9

18-04-97 Kilmore Quay Co-operative 20 20

18-04-97 Lett Doran &. Co. Ltd. 4 4

15-05-97 Howth Fish Sales Ltd. 9 9

16-05-97 Kilmore Quay Co-operative 13 13

22-05-97 East Coast Inshore Fish Company 11 11

22-05-97 Lett Doran & Co. Ltd. 7 7

18-07-97 East Coast Inshore Fish Company 16 16

25-07-97 Kilmore Quay Co-operative 22 22

26-07-97 East Coast Inshore Fish Company 2 2

29-07-97 Howth Fish Sales Ltd. 30 30

29-07-97 Howth Fish Sales Ltd. 10 10

30-07-97 East Coast Inshore Fish Company 18 18

01 -08-97 East Coast Inshore Fish Company 24 24

08-08-97 Lett Doran & Co. 14 6

08-08-97 East Coast Inshore Fish Company 5 5

22-08-97 Kilmore Quay Co-operative 23 23

26-08-97 Howth Fish Sales Ltd. 36 36

02-09-97 East Coast Inshore Fish Company 10 10

02-09-97 Howth Fish Sales Ltd. 57 57

09-09-97 Howth Fish Sales Ltd. 49 49

17-10-97 Kilmore Quay Co-operative 43 43

28-10-97 Howth Fish Sales Ltd. 32 32

01-11-97 East Coast Inshore Fish Company 31 31

11-11-97 Howth Fish Sales Ltd. 24 24

11-11-97 East Coast Inshore Fish Company 37 37

01-12-97 Howth Fish Sales Ltd. 24 24

01 -12-97 Lett Doran & Co. Ltd. 33 33

27-01-98 Howth Fish Sales Ltd. 10 10

? s .n i .QS TncViorft Fish Company 7 7
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Table 4.2 Total number o f ray samples measured for each port sampling location in the 1“ 2"‘*, 3'“*, and 4* 
quarter o f 1997 and the 1"' quarter o f  1998. (Note: in the and 4* quarter o f 1997, and the 1*' quarter of 1998, 
number measured by commercial grade are presented). (Note: RB m, RB brachyura male and female; RC 
m, RC f -  R. clavata male and female; RM m, RM f= R. montagui male and female; RN m, RN f= R  naevus 
male and female; RMO m, RMO f= R. microocellata male and female; RBA male, RBA f= R. batis male and 
female, q l, q2, q3, q4 1997 1®‘ , 2"**, 3̂  ̂ and 4* quarter of 1997. ECIF= East Coast Inshore Fishing Company 
Ltd; HFS= Howth Fish Sales Ltd; KQ= Kilmore Quay Co-operative. LR, MR, MXR, SR, MXR= Large, 
medium, mixed, and small ray commercial grades.

q l  1997 q2 1997 q3  1997 q4 1997 q !  1998
Sam pL  Loc. HFS HFS EC IF KO HFS ECIF KQ HFS E C IF K Q HFS EC IF

RB m
LR 515 84 46 231 107 63
M R 309 64 9 106 60 92
M XR 11 10

99 142 18 58 477 13 20
total 165 70 323 923 301 ------ ^ -----------w ----------- S3T "  iA H i o
RB f
LR 236 78 25 85 i38 33
MR 259 65 9 47 52 76
MXR 5 9
SR 84 166 30 38 416 9 1 15
total i^i 81 332 397 Mi 314 ^4 -------- m l l i i 15
RC m
LR 1 1 7 8
MR 1 21 22 7 1
M XR 7 20 1 32
SR 11 73 3 35 15 1 5
total ill 15 183 36 19 94 64 --------- 1
R C f
LR 1 2 6 6 15
MR 2 6 22 4 2
MXR 8 17 4 29
SR 2 22 55 2 22 13 4 4
total i u 19 180 44 i 31 U 50 6i 6 4 605
RN m
LR
MR 1 7 45
M XR 16 7 6
SR 3X6 453 162 123 514 17 no 61
total io5 î O 283 370 387 469 i U i^9 61 3594
RN f
LR
MR 5 6
MXR 14 3 5 25
SR 182 261 123 64 385 13 109 47
total 164 j^i 275 126 74 5§i 38 109 47 2453
RM m
LR
MR 3 4 8 2 4 1
MXR 9
SR 47 160 160 101 301 51 19 70
total 3s5 T5 i^o 46 47 163 173 ib'̂ ioi 55 20 70 1687
RM f
LR 1
MR 6 5 8 20 17 24
MXR 2 8 14 3
SR 84 130 185 60 259 29 19 15

total 457 104 ^6 i 6 i hii 273 43 15 1760

RMO m
LR 2
MR 9 12 5
MXR 3 1 4
SR 4 11 6

total 7 96 16 i4 i i 4 160

RMO f
LR 5 3
MR 12 15 2 6
MXR 2

SR 4 4 5

total "5' 79 i i 134

RBA m .
LR 7
MR
MXR
SR
total
RBA f
LR 7

MR
MXR
SR
total 6 | 13

^ r a n d  totol



4.2.2 Sampling at Sea

A number of trips were carried out on commercial and research vessels operating in V ila and V llg wherethe 

catch composition of rays, associated commercial species, and discard rates were recorded (Table 4.3). Date, 

station, position shot and hauled, and depth shot and hauled, bulk catch, and commercial catch by species and 

size grade were recorded from the wheelhouse.

Table 4.3 Details o f commercial and research cruises where data and samples were collected for the Irish ray 

species in the present study.

Date Cruise Type Vessel Area
29-08-95 Research RV Lough Beltra Irish Sea Young Fish Survey
29-08-96 Research RV Lough Beltra Irish Sea Young Fish Survey
22-01-97 Commercial MFV Oilean Baoi Irish Sea- Discard Survey
25-02-97 Commercial MFV Muriel Grace Irish Sea -Discard Survey
23-04-97 Commercial MFV John martin Irish Sea- Discard Survey
27-05-97 Commercial MFV Fleetwood Lady Irish Sea
15-07-97 Commercial MFV Fleetwood Lady Irish Sea- Discard Survey
23-07-97 Commercial MFV Caledonia Irish Sea- Discard Survey
26-09-97 Research RV Celtic Voyager Irish Sea / Celtic Voyager -Young Fish Survey
07-11-97 Commercial MFV Bridget Carmel Irish Sea
25-11-97 Research MFV Sionnainn West Coast Groundfish Survey
17-03-98 Commercial MFV Muriel Grace Irish Sea- Discard Survey

4.2.3 Data acquisition
Records o f  daily commercial transactions data were acquired from each o f the ports. These data consisted of 

the weight of each fish box sold, its associated commercial grade and unit value. Two years o f  data were 

acquired from Howth Fish Sales Ltd (1996,1997), four years from Lett-Doran & Co. Ltd. (1994-1997), one 

year from East Coast Inshore Fishing Company Ltd. (1997), and 4 years from Kilmore Quay Co-op (1994- 

1997).

Proforma submissions in the European Communities (EC) logbook for all Irish vessels recording ray landings 

in ICES division Vila and Vllg were obtained from the Department o f the Marine and Natural Resources, 

Ireland, for 1995, 1996 and 1997. These daily records included date, gear type, statistical rectangle fished, 

effort, number o f 45kg fish boxes of rays landed and port landing location. For the purposes of confidentiality, 

the vessel name was omitted from the records. Data on the size (gross registered tonnage) and power o f  vessels 

(kilowatts (KW)) were only obtained for vessels in 1997.
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International annual ray landings data from 1973 to 1997 were also obtained for each EC nation landing rays in 

ICES division Vila and Vllg from the International Council for the Exploration o f Seas database (ICES 
STATLANT 27A).

4.2.4 Data analysis

A detailed analysis of the data collected was carried out. An outline o f how the data were examined is 

presented in Table 4.4.

Table 4.4 Outline o f analyses carried out on data collected during the present ray study.

A nalysis Purpose S ource

1. Plot annual ray landings by EC nation 
in V ila  and V llg.

To assess relative importance o f  each EC nation 
in the ray fishery in V ila and V llg.

ICES STATLANT 27A

2. Plot the percent annual Irish ray 
landings from V ila  and V llg  at each port 
sam pling location.

To assess the relative importance o f each port 
sampling in term s o f  ray landings from V ila  and 
Vllg.

D ept o f  the M arine and 
N atural Resources.

3. Plot monthly Irish ray landings for Vila 
and Vllg,

To assess temporal trends in ray landings in V ila and V llg. Dept o f  the M arine and 
N atural Resources.

4. Plot monthly Irish ray landings for each 
port sampling location and percent weight 
contribution from V ila and Vllg.

To assess temporal trends in the relative importance 
o f  each port sampling location in term s o f  ray 
landings from V ila and Vllg,

Dept o f  the M arine and 
Natural Resources.

5. Plot annual Irish ray landing for otter and 
beam trawlers for V ila and Vllg.

To assess relative importance o f both gear types in 
tenns o f ray landings from V ila and Vllg.

D ept o f  the M arine and 
Matural Resources.

6. Plot monthly Irish ray landings for otter 
and beam trawlers for each port sampling 
location and the percent weight contribution 
from both gear types.

To assess temporal trends in the relative im portance o f  both 
gear types at each port sampling location in terms o f  ray 
landings from V ila and Vllg,

D ep t o f  the M arine and 
Natural Resources.

7. Plot reported monthly Irish ray landings 
from V ila and V llg  landed at each port 
location with com mercial transactions data 
from each port sam pling location.

8. Plot annual ray landings from each port 
sampling location by commercial size grade.

To assess the relative accuracy o f  EC logbook proform a 
from the Irish fleet landings ray from V ila  and V llg.

To assess relative importance o f  each com m ercial size grade 
at each port sampling location.

D ept o f  the M arine and 
N atural Resources.

Comm ercial transactions 
data.

Com m ercial transactions 
data.

9. Plot monthly ray landings and percent weight 
contribution o f  each commercial size grade at 
each port sam pling location.

To assess temporal trends in the relative im portance o f  each 
commercial size grade at each port sam pling location.

Com m ercial transactions 
data.

10. Plot the size stm cture (kW ) o f  the Irish otter 
and beam trawl fleet landing ray from 
V ila and Vllg.

To derive the size structure o f  the Irish otter and beam 
trawler landing ray from V ila and V llg,

D ept o f  the M arine and 
Natural Resources.

11 ■ Plot the size structure (kW ) o f the Irish otter 
and beam trawl fleet landing ray from Vila 
and V llg  and landing at each port sampling 
location.

To derive the size stmcture o f  the Irish otter and beam 
trawler landing ray from V ila and V llg  and landing 
at each port sampling.

D ept o f  the M arine and 
Natural Resources.

12. Plot total annual effort (hrs) o f  otter and 
beam trawlers landings ray from V ila and

To assess the relative importance in term s o f  effort for 
otter and beam trawlers landing ray from V ila and V llg.

D ept o f  the M arine and 
Natural Resources.
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Vllg.

13, Plot percent annual effort (hrs) of otter and 
beam trawlers landings ray from V ila and 
V llg and landings at each port sampling 
location.

To assess the relative importance in term s o f  effort for 
otter and beam trawlers landing ray from V ila and Vllg. 

and landing at each port sampling

Dept o f  the M arine and 
N atural Resources.

14. Plot percent annual effort (hrs) by statistical 
rectangle o f  otter and beam trawlers landings 
ray from V ila  and V llg  and landings at each 
port sam pling location.

To assess the relative importance in term s o f  effort for 
otter and beam trawlers landing ray by statistical 

rectangle from V ila  and V llg  and landing at each port 
sampling location.

D ept o f  the M arine and 
N atural Resources.

15. Plot Irish annual ray landings by statistical 
rectangle for otter trawlers landing ray from 
V ila and V llg.

A ssess the relative importance o f  otter and beam trawlers 
in tenns of ray landings by statistical rectangle from V ila  
and Vllg.

D ept o f  the M arine and 
Natural Resources.

16. Plot monthly standardized effort (kWh) and 
non standardised effort for otter and beam 
trawlers in V ila  and Vllg.

Com pare both standardised and non-standardised effort 
for otter trawlers in V ila and Vllg landing ray.

Dept o f  the M arine and 
N atural Resources,

17. Plot monthly landings, effort and LPUE for otter 
and beam trawlers landings ray from Vila and 
V llg, and also the rectangles yielding largest ray 
landings.

To assess temporal trends in landings, effort and LPUE for 
V ila and Vllg and the rectangles yielding largest ray 
andings.

Dept o f  the M arine and 
N atural Resources,

18. Plot LPUE by statistical rectangle for 
each com mercial ray species in Vila.

To assess catch rates by statistical rectangle for each ray 
species landed.

D ept o f  the M arine and 
'Natural Resources, 1997

20. Plot w eights from length weight conversions 
port handling dockets and weights from 
logbook profom ia data.

To assess the accuracy o f length weights conversions. Dept o f  the M arine and 
N atural Resources. 1997 
Sam pling data. 1997 
Port handling dockets

21. Plot percent weight contribution by species and 
sex for the 2"“̂ , 3̂ **, and 4'*' quarter ofl997 and 
the 1st quarter o f  1998 at each port sampling 
location.

To assess temporal trends in relative im portance o f each 
species and sex at each port sampling location.

Port sam pling locations.

22. Plot percent w eight contribution by species and 
sex for each com mercial grade in each quarter 
in 1997 and the 1st quarter o f  1998 and at each port 
sampling location.

To assess temporal trends in relative im portance o f  each 
species and sex in the commercial grades at each port 
sampling location.

Port sam pling locations.

23, Plot length frequency distribution by species and 
sex for the 3'̂ ‘*, and 4‘'' quarter o f 1997 and 

the 1®* quarter o f  1998 
at each port sam pling location.

To assess temporal trends in size distributions o f  each 
species and sex at each port sam pling location.

Port sampling locations.

24. Plot length frequency distribution by species and 

sex for each com mercial grade in the 1®‘ 
quarter,2,3,4
1997 and the quarter 1998 and at each port 

sampling location.

To assess temporal trends in size distributions o f  each 
species and sex in the commercial grades at each port

sampling location.

Port sampling locations.
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4.2.4.1 Size and age structure of the commercial ray species

The length frequency distributions o f  the sampled landings in the 1*‘ and 2”** quarters o f 1997 were not recorded 

by commercial size grade. The sampled landings during this period were raised directly to the official ray 

landings (for ICES Vila and Vllg combined) for both quarters by converting the length frequency distributions, 

by sex, to total weight and dividing the derived value into the official ray landings to obtain a raising factor. As 

the length frequency distributions o f  the sampled landings were recorded by commercial grade in the 3'̂ '* and 4’*' 

quarter o f 1997, the length frequency distributions within each grade were raised to the commercial 

transactions data prior to being raised further to the official landings for each quarter. This ensured that the 

relative proportions of each of the commercial grades sampled were representative o f  the proportions of the 

commercial grades in the landing.

The raised size distributions by quarter were combined to attain the total raised size distribution for 1997 for 

each species by sex. These were then converted to age distributions using age length keys derived from length 

at age data (Chapter 3).

4.2.4.2 Mortality and demography

Total instantaneous mortality coefficients (Z) were derived for each species, by sex, by logging the catch 

numbers at age numbers fl-om the raised age distributions and fitting a regression line to the descending limb of 

the distribution. Natural mortality estimates for each species were derived using Pauly’s equation (Pauly 

1980), which is given by:

In (M) = -0.0152 -  0.279 In(i^) + 0.6543 In {K) + 0.463 In (T)

where ln= natural logarithms; von Bertalanffy growth parameters (L„) = maximum theoretical size attained;

= rate at which maximum theoretical size is attained); T= annual mean surface seawater temperature. Growth 

parameters were obtained from Chapter 3, and seawater temperature data were obtained from the Zoology 

Department, Trinity College Dublin.

Replacement mortality estimates were derived for each species using Holden’s (1974) equation Z’= xe

where x = the average number of female young produced per year, tm = age at 50% maturity, Z=total 

instantaneous mortality coefficient, Z ’ = replacement mortality coefficient. Annual fecundity estimates were 

derived from Walker and Hislop’s (1998) study {R. brachyura 6 5 ,R. clavata  50, R. montagui 42 and R. naevus 

45 eggs laid per year). Ages at maturity estimates were derived from Chapter 3. Total instantaneous mortality 

coefficients (Z) were derived from the logged catch number at age for 1997.

Life Tables were used to derive instantaneous growth rates {r), generation time (G, years), and multiplication

rate per generation {Ro) for each species. Total instantaneous mortality (Z) and age at maturity derived from the
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4.3 Results
4.3.1 Landings data

L Annual landings by fishing nation

International annual ray landings from Vila (Figure 4.3a) reveals that France featured prominently in the ray 

fishery in the Irish Sea in the 1970s and ‘80s, with landings fluctuating considerably from 1973, and peaking in 

1981, at over 2000t. Landings from French vessels fell dramatically from the mid-eighties, with consistently 

less than 500t being landed from 1988 onwards. It is uncertain to what extent the sharp drop in French landings 

is due to reduced effort or inaccurate landings data, as the French landings have not been reported for the 

purpose o f input to the ICES database, and the annual landings presented in the ICES database were based on 

estimates o f landings from ICES working groups (ICES STATLANT 27A).

Annual ray landings from the Irish fleet from the 1970s to the early 1980s were consistently between 700 and 

900t. From the early 1980s annual landings steadily increased, peaking in the late 1980s with over 1500t being 

recorded. A decline in landings from the Irish fleet was evident from the early 1990s, with only 514t landed in 

1994. A slight increase was, however, apparent from 1994 onwards. Annual landings from England, Wales and 

Northern Ireland (EWN) combined were similar to Ireland’s. However, they were consistently higher up to the 

early 1980s and lower in the late 1980s and early 1990s. From 1988 onwards Ireland and the combined 

landings from England, Wales and Northern Ireland made up the majority o f landings within this division. 

Annual landings from the Belgian fleet were relatively consistent at 200t. A slight increase was discernible in 

the mid 1980s with over 500t landed in 1987. Following this peak, landings fell again to approximately200t 

annually. Annual landings from other fishing nations were much lower.

France clearly dominated the ray fishery in V llg (Fig. 4.3b). A drop in French ray landings was apparent in the 

late 1970s, with annual landings falling to below lOOOt. Ray landings, however, rapidly increased in 

subsequent years, peaking at over 4500t in 1987. Following this peak another sharp decline in French ray 

landings occurred, falling to 2000t in 1985, and remaining at this level for the following three years. Another 

drop also occurred in 1988, where annual landings fell to approximately 500t, and subsequently remained at 

this level. As with Vila, reported French landings within this division are likely to be inaccurate from 1988, as 

they were not submitted to the ICES database, landings instead were estimated at ICES working groups.

Annual landings from the Irish fleet in Vllg were generally between 100 and 200t in the 1970s. Following a 

sharp peak o f 400t in 1980, annual landings declined, and by 1987 were below 30t. Over the past decade they 

have subsequently remained at between 50 and lOOt. Landings from EWN combined were generally lower than 

Irish landings until the mid eighties. In 1987 a large peak o f over 400t was apparent for the EWN fleet, and 

although landings subsequently dropped, they were consistently higher than those of the Irish fleet in the 1990s, 

with between 100 and 200t being landed. Apart from a large peak o f  500t in 1976 landings from the Belgian 

fleet were similar to those of EWN, particularly over the past decade.
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Fig. 4.3 (a-b) Annual ray landings from 1973 to 1997 for ICES division VIIA (Fig.4.3 (a)) and V llg (Fig.4.3 

(a)) by fishing nation (note: French landings on secondary X-axis in Fig. 4.3 (b)). Source (ICES STATLANT 

27A database). Note :IRL= Ireland, EWN= Englnad, Wales and Northern Ireland combined, BEL= Belgium, 

FRA= France, Sco= Scotland, IOM= Isle of Man, NED= Netherlands, NOR= Norway, POL= Poland, SPA= 

Spain.

a. Irish  R a y  L and ings by po rt

Considerably more rays were taken from ICES division V ila than V llg in 1995, 1996 and 1997 (Fig. 4.4). 

Almost 400t were landed from Vila in 1995 and 1996, with a slight increase to 439t reported in 1997. Less 

than 70t o f ray landings were recorded from V llg in 1995, although this rose to over 150t in 1996 and 1997.

Annual ray landings from each port, expressed as a percentage o f  the total ray landings, from V ila and V llg for 

1995, 1996 and 1997 (Fig. 4.5) indicate that over 50% o f total ray landings from Vila in 1995 were landed at 

Howth, with this value increasing to 60 and 70% for 1996 and 1997 respectively. Less than 10% o f annual ray 

landings from V llg were landed at Howth annually.
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No ray landings data were available for Kilmore Quay for 1995 (Fig. 4.5). In 1996 and 1997 Kilmore Quay ray 

landings from V ila accounted for approximately 20% of ray landings from Vila. A relatively large proportion 

o f Irish ray landings from Vllg were landed into Kilmore Quay, accounting for over 50% o f total ray landings 

from V llg in 1996 and 1997.

Ray landings at Arklow were smaller, accounting for less than less than 7% o f total landings from Vila in 1995 

and 3% in 1996 (Fig. 4.5). A relatively large increase is discernible in 1997, with over 14% o f total landings 

from V ila being landed at Arklow. Less than 1% of total annual landings from V llg were landed at Arklow for 

each o f the three years.

VBA vno
ICES divsion

Fig. 4.4. Irish annual ray landings from 1995 to 1997, for ICES divisions V ila and V llg. Source; (Dept, of 

Marine and Natural Resources, Ireland).

133



V M H o w  VDGHow VIIA KQ VUG KQ VDA Ark VUG Ark 
P  0 r t  s a m p lin g  lo c a t i o  n  b y  IC E S  d iv is  io  n

Fig. 4.5. Percentage (weight) of total Irish annual ray landings from ICES division V ila  and V llg  landed at 

each port sampling location in 1995, 1996 and 1997. Source; (Dept, o f  Marine and Natural Resources, Ireland). 

Note; VIIA How, VIIA KQ, VIIA Ark = percent weight of total ray landings from V ila landed at Howth, 

Kilmore Quay and Arklow respectively. VIIG How, VIIG KQ, VUG Ark = percent weight o f total ray landings 

from V llg landed at Howth, Kilmore Quay and Arklow respectively.

Hi. M onthly ray landings from ICES division V ila  and V llg  by the Irish fleet

Monthly ray landings were generally larger in ICES division V ila than V llg in 1995, 1996 and 1997, and were 

largest for both divisions during the earlier and latter stages o f  each year (Fig. 4.6). From July onwards, 

monthly landings in excess of 30t were apparent in Vila each year, and a large peak o f almost 90t occurred in 

September 1997.

Landings in V llg rarely exceeded 30t, except for a peak o f 35t apparent in January 1997. A similar monthly 

trend is apparent for Vila and Vllg in 1997, particularly in the latter half o f  the year, where a peak in landings 

o f 88t and 22t occurred in September for Vila and Vllg.

1 9 9 6  1 9 9 7

Fig. 4.6 Trends in monthly Irish ray landings from 1995 to 1997 for ICES divisions Vila and V llg  Source: 

(Dept, o f Marine and Natural Resources, Ireland).
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/V . Monthly ray landings by port

Monthly trends in overall ray landings at each port are presented in conjunction with the contribution of ray 

landings by weight from Vila and V llg to the total landings (Fig. 4.7 a-d).

Landings were highest in the latter part of each year at Howth, with the largest landings o f 48t occurring in 

January 1997 (Fig. 4.7 a). Generally over 90% of ray landings at Howth were from Vila. Landings from Vllg 

accounted for a maximum of 12% in both June 1996 and March 1997, when total landings o f rays were 

relatively low.

For the two years of data available for Kilmore Quay a similar trend in monthly landings at Howth is apparent, 

with larger landings taken during the autumn-winter period (Fig. 4.7 b). The percent weight contributions from 

Vila and V llg were, however, different to Howth, with Vllg contributing considerably more to the Kilmore 

Quay ray landings. Although a slightly larger proportion o f the landings came from V ila for 14 o f the 24 

months presented, landings from Vllg dominated from November 1996 to March 1997, and accounted for over 

70% of total monthly ray landings over this period.

Landings at Arklow were much smaller than either Howth or Kilmore Quay, with a maximum o f 12t being 

landed in March 1997 (Fig. 4.7 c). Ray landings in 1996 were very small, with only four months when landings 

were recorded. For 20 of the 25 months, ray landings were solely from Vila.

v i ia  % w e ig h i  
■ ■ i  v i ig  % w e ig h t  
- A —  t o t a l w e  ig h t

| 4 0 %

Fig. 4.7 (a) Howth
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v i ia  % w e ig h t  

v i ig  % w e ig h t  

t o t a l w e i g h t

W6 0 %

Fig. 4.7 (b) Kilmore Quay

V ila % w e ig h t  

v i ig  % w e ig h t  
t o t a l  w e i g h t

^ 0 %

Fig. 4.7 (c)

Fig. 4.7 (a-c) Percent weight contribution and total weights o f monthly Irish ray landings landed (a) Howth 

(1995-1997), (b) Kilmore Quay (1996-1997), and (c) Arklow (1995-1997) from ICES divisions V ila  and Vllg. 

Source: (Dept, of Marine and Natural Resources), viia % weight = percent weight contribution from Vila, viig 

% weight = percent weight contribution from Vila, total weight = total ray landings from V ila  and V llg 

combined.
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V . Landings from otter and beam trawlers

From the annual landings presented by gear type for 1995, 1996 and 1997 it is readily apparent that otter 

trawlers made the majority o f  ray landings from Vila (Fig. 4.8). Nonetheless, an increase occurred in the 

proportion taken by beam trawlers in 1997 from Vila, with 88t being landed compared with 35 It from otter 
trawlers.

Otter trawlers also landed a larger proportion of ray in V llg in 1995 and 1996, but the disparity in landings 

between both gear types was not as large as that in Vila. In common with Vila, the contribution from beam 

trawlers increased in 1997 in Vllg, accounting for almost 50% o f total ray landings.

v i ia 9 5  v i ig 9 5  v iia 9 6  v i ig 9 6  v i ia 9 7  v i ig 9 7

Fig. 4.8 Annual ray landings of the Irish fleet, by gear type, from ICES divisions V ila and V llg from 1995 to 

1997. (Note; otb = otter trawler; tbb = beam frawler; viia95, viia96, viia97= ICES division V ila in 1995, 1996, 

and 1997; viig95, viig96, viig97= ICES division Vllg in 1995, 1996, and 1997) Source: (Dept, o f Marine and 

Natural Resources, Ireland).

For each port the percent weight contribution, by month, by ICES division, for otter and beam frawlers are 

presented in conjunction with total monthly ray landings in 1995, 1996 and 1997 (Fig. 4.9 a-d).

For 29 o f  the 36 months otter trawlers landed over 90% of ray landings at Howth (Fig. 4.9 a). A slight increase 

in the contribution made by beam frawlers is apparent at the start and end o f each o f the years, generally 

occurring when overall landings were low, with a maximum o f 67% o f 19t taken in February 1997.

Landings at Howth from Vllg (Fig. 4.9 b) were much smaller than those from Vila. O f the 36 months o f ray 

landings presented for Howth, only 14 had ray landings from this division, with a maximum of 1.4t evident in 

February 1995.
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Fig. 4.9(a)
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Fig. 4.9(b)

Fig. 4.9(a-b) Percent weight contribution and total weights o f monthly Irish ray landings from ICES division 

Vila (Fig. 4.9 a) and Vllg (Fig. 4.9 b) from otter and beam trawlers landing at Howth in 1995, 1996 and 1997. 

Source: (Dept, o f Marine and Natural Resources, Ireland). (Note : otter trawlers, tbb = beam trawlers.

For 11 o f  the 12 months in 1996 over 80% o f the ray landings at Kilmore Quay from V ila were made by otter 

trawlers (Fig. 4.9 c). This changed somewhat in 1997, with landings from beam trawlers dominating for 4 of 

the 12 months, and a general increase evident in the contribution from beam trawlers for the other months.

Although rays landings from otter trawlers dominated in V llg  in 1996, beam trawlers within this division 

landed a larger proportion of the ray landings at Kilmore Quay than beam frawlers from Vila. Furthermore, in 

1997 ray landings from beam trawlers predominated, contributing more than 80% to the monthly ray landings 

for 7 months (Fig. 4.9 (d)).
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No figures are presented for ray landings by gear type at Arklow, as otter trawlers were the only vessels landing 

ray from Vila and Vllg for each o f  the three years presented.

1 0 0 %
o ib  %weight 

wmm tbb  %weight 
'A — to ta lw e ig h t

^-60 %

Fig. 4.9(c)

1 0 0 %
o tb  %weight 
tbb  %weight 
;o ia lw e ig h i

^ 0 %

Fig. 4.9(d)

Fig. 4.9 (c-d) Percent weight contribution and total weights o f  monthly Irish ray landings from ICES division 

V ila (Fig. 4.9 a) and Vllg (Fig. 4.9 b) from otter and beam trawlers landing at Kilmore Quay in 1996 and 1997. 

Source; (Dept, of Marine and Natural Resources, Ireland), (Note: otter trawlers, tbb = beam trawlers.
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v'u Annual Landings by Statistical Rectangle

To assess the spatial distribution o f  ray landings annual ray landings from otter and beam trawlers (logbook 

data) are presented by statistical rectangle for V ila and V llg for 1995, 1996 and 1997 (Fig. 4.10(a-d)).

The majority o f ray landings for otter trawlers in Vila were limited to statistical rectangles 33E3, 34E4, 35E4 

and 36E4 (Fig. 4.10 a). Statistical rectangle 35 E 4 consistently had the highest landings, in excess o f 150000kg 

annually. An increase in landings in 1996, followed by a reduction in 1997 occurred for both statistical 

rectangles 33E3 and 35E4. A reduction in landings in 1996, followed by an increase in 1997 also occurred for 

statistical rectangles 34E4 and 36E4.

Annual landings from beam trawlers were much less than those o f otter frawlers within Vila, never exceeding 

25000 kg in any rectangle (Fig. 4.10 b). In 1997 a relatively large increase in landings occurred in statistical 

rectangles 33E3, 33E4, 34E4 and 35E4, three of which consistently yielded the largest ray landings for otter 

trawler fleet within this division.

Otter trawlers operating in Vllg recorded the majority of annual ray landings from four rectangles; the largest 

from 32E3 (Fig. 4.10 c). Landings dropped from 60000kg to 40000kg from 1996 to 1997 in statistical 

rectangles 32E3. Landings from other statistical rectangles were generally much lower and did not fluctuate 

significantly for each of the years examined.

Ray landings from beam trawlers fishing in Vllg were o f a similar magnitude to those recorded by otter 

trawlers, and in addition, covered a similar range to otter trawlers within this division (Fig. 4.10 d). In 1997 a 

large increase in landings occurred in statistical rectangle 32E3 in 1997. This rectangle was also yielded the 

largest annual landings for otter trawlers within this division.
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Fig.4.10 (a) Otter trawlers
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Fig.4.10 (b) Beam trawlers

Fig.4.10 (a-b) Total ray landings by statistical rectangle for the Irish otter and beam trawler fleet recording ray 

landings in ICES division Vila. Source: (Dept, o f Marine and Natural Resources, Ireland). (Note: viiaotb 95, 

viiaotb 96, viiaotb 97= otter trawler ray landings from V ila in 1995, 1996, and 1997 respectively; viiatbb 95, 

viiatbb 96, viiatbb 97= beam trawler ray landings from V ila in 1995, 1996, and 1997 respectively.
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Fig.4.10 (c) Otter trawlers
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Fig.4.10 (d) Beam trawlers

Fig.4.10 (c-d) Total ray landings by statistical rectangle for the Irish otter and beam trawler fleet recording ray 

landings in ICES division Vllg. Source: (Dept, o f Marine and Natural Resources, Ireland). (Note: viigotb 95, 

viigotb 96, viigotb 97= otter trawler ray landings from V llg in 1995, 1996, and 1997 respectively; viigtbb 95, 

viigtbb 96, viigtbb 97= beam trawler ray landings from V llg in 1995, 1996, and 1997 respectively.

vii. A ccuracy o f  official ray landings

Plots o f  monthly ray landings from submissions to the European Communities’ proforma logbook versus 

commercial transactions are presented for comparative purposes for each port.

Monthly ray landings at Howth based on official logbook returns generally followed a similar trend to the

monthly landings from the commercial transactions data, for each year presented (Fig.4.11 a). It is evident,

however, that a larger proportion of landings were recorded from the logbook data from September 1996 to

January 1997. From March 1997 onwards weights recorded from both data sources were very similar.
142



V
ei

gh
t 

(k
gs

) 
V

ei
gh

t 
(k

gs
)

Monthly ray landings at Kilmore Quay from both data sources were very similar for 1996 and 1997, with the 

largest disparity between both data sources being in March and April 1997(Fig. 4.11 b).

Monthly ray landings at Arklow from both data sources were generally dissimilar, with commercial 

transactions data generally being larger than was reported in logbook the returns for this port (Fig. 4.11 c). The 

largest disparity between both data sources was apparent in May, June and July, whereas landings data for 

October and November 1997 were most similar.
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Fig. 4 .1 1(a)
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Fig. 4 .1 1(b)

Fig, 4.1 l(a-b) Monthly ray landings from ICES divisions V ila  and V llg for Irish vessels landing at (a) Howth 

and (b) Kilmore Quay (logbook data), plotted with commercial transactions data for the port. Source of 

logbook data: Dept, of Marine and Natural Resources, Source of commercial transactions data; Howth Fish 

Sales Ltd. & Lett-Doran & Co. Ltd. LB VIIAG How = logbook landings from VIIA and VIIG at Howth, LB 

VIIAG KQ = logbook landings from Vila and Vllg at Kilmore Quay, CT How = commercial transactions data 

from Howth, CT KQ = commercial transactions data from Kilmore Quay.
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Fig. 4.11(c) Monthly ray landings from ICES divisions V ila and V llg for Irish vessels landing at Arklow 

(logbook data), plotted with commercial transactions data for the port. Source o f  logbook data ;Dept. o f Marine 

and Natural Resources, Source of commercial transactions data; East Coast Inshore Fishing Company Ltd.. LB 

VIIAG Ark = logbook landings from Vila and Vllg at Arklow. CT Ark = commercial transactions data from 

Arklow.

via. Commercial transactions data

Annual graded landings derived from commercial transactions data are presented for each port sampling 

location (Fig. 4.12 a-d).

For the four years of data presented for Kilmore Quay (Fig. 4.12 a), the small ray grade dominated, with over 

55000kg landed each year, and peaking at 75000kg in 1996. The landings o f  the large ray grade were 

comparatively smaller, never exceeding 45000kg for any given year, with the largest landings occurring in 

1996. The landings o f the medium ray grade were similar to the large ray grade landings in 1994 and 1995, but 

were less in 1996 and 1997.The mixed ray grade contributions were minimal each year, with a maximum of 

5700kg in 1996.

For both years o f data presented for Howth Fish Sales Ltd., annual landings from the small and large ray grade 

were very similar at 244040 and 232870kg in 1996 and 521558 and 505924kg in 1997 respectively, whereas 

the medium ray grade landings were less than half of either the large or small ray grade landings for each year 

(Fig. 4.12 b). For the large, medium and small ray grade, total annual landings doubled in 1997 compared with 

1996. The mixed ray grade landings remained consistent for both years at just over 10000kg annually.

Only three grades were used at Lett-Doran and Co. Ltd., Howth, the large, medium and small, compared with 

the four grades used at the other port sampling locations (Fig. 4.12 c). With the exception of 1996, the large ray 

grade predominated the ray landings for all years, with a maximum o f 37252kg apparent 1997. The small ray 

grade dominated in 1996, at 20298kg, although the largest landings o f this grade as with all other grades were 

in 1997. The medium ray grade landings were smaller than the large and small ray grade landings each year.
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In 1997 the small ray grade was dominant at 40000kg, at East Coast Inshore Fishing Company Ltd., Dublin 

Fish Market (Fig. 4.12 d). The large and medium ray grade landings were almost equal, at 24679 and 20342kg 

respectively, with only a minor contribution from the mixed ray grade.
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Fig 4.12 (a) Kilmore Quay Co-op Fig 4.12 (b) Howth Fish Sales Ltd.
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Fig 4.12 (c) Lett-Doran and Co. Ltd. Fig 4.12(d) East Coast Inshore Fishing Company Ltd.

Fig 4.12 (a-d) Annual ray landings by size grade based on commercial transactions data from (a) Kilmore Quay 

Co-operative, (b) Howth Fish Sales Ltd., (c) Lett-Doran & Co. Ltd, and (d) East Coast Inshore Fishing 

Company Ltd.. LR= large ray grade, MR= medium ray grade, SR= small ray grade, MXR= mixed ray grade.

ix. M onthly commercial transactions data

The monthly percent weight contribution of the size grades in the commercial transactions data are presented in 

conjunction with overall landings from the commercial transactions data at each port (Fig. 4.13 a-j).

At Kilmore Quay Co-op the small ray grade dominated in all but one month o f  the four years data presented, 

accounting for a maximum of 80% in May 1997, but generally averaging between 50 and 60% of total monthly 

landings (Fig. 4.13 a-d). The proportion of the small ray grade was notably higher when overall landings were 

low (e.g. when overall monthly landings were below 9000kg from March to August 1997 the small ray grade 

accounted for over 70% of the landings). The landings o f the medium and large ray grades were similar in 

1994, each accounting for an average of 20% o f total monthly landings. The large ray grade, however,

145



dominated the medium ray grade for most months in the subsequent years, this being particularly apparent in 

1996 and 1997. The proportion o f  the large ray grade notably increased, when overall landings were high, this 

being particularly apparent in 1997 when the large ray grade accounted for 35 and 40% o f total landings when 

landings exceeded 2000kg in September and October 1997 respectively.

At Lett-Doran’s and Co. Ltd., Howth, a marked increase in landings towards the latter half o f  each year 

coincided with a predominance in the large ray grade, generally accounting for over 50% o f  the monthly 

landings during this period (with the exception of 1996, when no rays were landed from September onwards 

(Fig. 4.13 e-h). The small ray grade generally predominated the landings in the first six months o f the year 

when overall landings were low (<5000kg). This is particularly apparent from March to June 1994, when the 

small ray grade accounted for an average o f 70% of the monthly landings, when overall landings were below 

2000kg. The medium ray grade rarely prevailed, and generally accounted for between 10 and 20% o f monthly 

landings.

The small ray grade generally dominated at Howth Fish Sales Ltd., for the first 6 months, when landings were 

generally low, accounting for up to 60% o f the monthly landings during these periods in 1996 and 1997 (Fig. 

4.13 i-j). However, an increase in both the overall landings and the proportion o f the large ray grade is apparent 

in the latter half of the year, constituting over 40% of the landings for all o f the second half o f the year in 1996 

and for five months in 1997. The medium ray grade generally fluctuated without trend, at between 10 and 20% 

o f the monthly ray landings. The mixed ray grade was more apparent in the 1996 landings, during periods when 

landings were low, accounting for over 70% o f the landings in March when landings were just over 1700kg.

The landings from the commercial transactions data from East Coast Inshore Fishing Company Ltd. (Dublin 

Fish Market) did not show a seasonal trend (Fig. 4.13 k). The small ray grade dominated for 6 o f the 9 months 

in 1997, accounting for a maximum of 78% of total landings in November. The proportion o f  the large ray 

grade was generally higher when overall landings were higher, however it only dominated in October (48%). 

The medium ray grade was better represented in the landings compared with other port sampling locations, 

dominating in September and December, at 43 and 73% respectively.

146



30000 30000

25000 23000

20000 20000

1 3000 I 3000 ^

I 0000

Fig.4.13 (a) Fig.4.13 (b)

0 0 %

9 0 %

8 0 %

7 0 %

6 0 %
5 0 %

4 0 %

3 0 %

2 0 %

c OuTP

■ LRHM
■ MRHM
■ MXRHM 
=>SRHM

Tawt— '

n  60%i
Fig.4.13 (c) Fig.4.13 (d)

Fig.4.13 (a-d) Total monthly weight and contribution by weight (%) o f the each commercial size grade based 

on commercial transactions data from Kilmore Quay Co-op from 1994 (a), 1995 (b), 1996 (c), and 1997(d). 

LR%wt, MR%wt, MXR%wt, SR%wt = percent weight contribution o f large, medium, mixed and small ray 

grade respectively.
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Fig.4.13 (e-h) Total monthly weight and contribution by weight (%) of the each commercial size grade based 

on commercial transactions data from Lett-Doran & Co. Ltd. (Howth) from 1994 (e), 1995 (f), 1996 (g), and 

1997(h). LR%wt, MR%wt, SR%wt = percent weight contribution o f large, medium and small ray grade 

respectively.
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Fig;4.13 (i-j) Total monthly weight and contribution by weight (%) o f the each commercial size grade based on 

commercial transactions data from Howth Fish Sales Ltd. (Howth) in 1996 (i) and 1997 (j). LR%wt, MR%wt, 

MXR%wt, SR%wt = percent weight contribution of large, medium, mixed and small ray grade respectively.
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Fig.4.13 (k) Total monthly weight and contribution by weight (%) o f the each commercial size grade based on 

commercial transactions data from East Coast Inshore Fishing Company Ltd. (Dublin Fish Market) in 1997. 

LR%wt, MR%wt, MXR%wt, SR%wt = percent weight contribution o f  large, medium, mixed and small ray 

grade respectively.



4.3.2 The Fishery 

L Characterisation of the demersal fleet.

Using kilowatts (output power o f  the engine) as an index o f  size, the size structure o f  Irish vessels fishing in 

V ila and Vllg, and recording ray landings in the EC logbook proforma in 1997 are presented (Fig. 4.14 a-b). It 

was not possible to distinguish between vessels targeting ray and landing ray as a by catch as only ray landings 

details were obtained for the fleet.

In ICES division Vila, 52 otter trawlers and Ilbeam  trawlers (total 63) landed ray in 1997 (Fig.4.I4 a). Most 

of the otter trawlers were between 100 and 500kW. O f the 11 beam trawlers present, three were the largest 

vessels in the fleet, with the largest in excess o f 1400kW.

In ICES division Vllg 46 otter trawlers and 17 beam trawlers (total 63) reported ray landings(Fig. 4.14 b). The 

size range of the otter trawlers differed to that o f Vila, with fewer vessels between 400-500kW. The 17 beam 

trawlers represented had the same general size range as beam trawlers in Vila.

§ i i i

Fig.4.14(a) V ila Fig.4.14(b) Vllg

Fig. 4.14 (a-b) Size structure of the Irish otter and beam trawler fleet by engine power (kW) recording ray 

landings in ICES division Vila and Vllg in 1997. (Source: Dept o f the Marine and Natural Resources).

ii. Fleet structure by port
The vessels landing ray at Howth were representative o f the total Irish fleet landing ray in VIIa(Fig. 4.14c). A 

total o f  35 o f the 52 otter trawlers operating in V ila landed at Howth, along with two beam trawlers, one of 

which was the largest vessel of all types in the fleet. A total o f 8 otter trawlers reporting ray landings in V llg 

landed at Howth, representing the larger of the otter trawlers in V llg (Fig. 4.14 d), and in addition, the largest 

beam trawlers landing ray in Vllg also landed at Howth.

150



Compared with Howth, a smaller proportion of otter trawlers recording ray landings from V ila landed at 

Kilmore Quay (4 of 52), all o f  which were small (<300kW) (Fig. 4.14 e). An almost similar proportion of 

beam trawlers as was evident at Howth (7 of 11), landed at Kilmore Quay, having a similar size range as the 

total beam trawl fleet recording ray landings in Vila

As with vessels landing at Kilmore Quay from Vila, a small proportion o f  the total otter trawler fleet reporting 

ray landings in Vllg (5 of 46), landed at Kilmore Quay (Fig. 4.14 f). The importance o f beam trawlers at 

Kilmore Quay, within this division is readily evident as 12 o f  the 17 beam trawlers fishing within this division 

landed at this port.

Three small otter trawlers (300kW) reporting ray landings in Vila, (Fig. 4.14g), and a single otter trawler 

(<200kW) from Vllg landed at Arklow (Fig. 4.14 h).

Fig. 4.14 (c) Howth- Vila 4.14 (d) Howth- V llg

■  tbb

Fig. 4.14 (e) Kilmore Quay- Vila 4.14 (f) Kilmore Quay- V llg

Fig; 4.14 (c-f) Size structure of the Irish otter and beam frawler fleet by engine power (kW), recording ray 

landings in ICES division Vila and Vllg in 1997, and landing at (c-d) Howth, (e-f) Kilmore Quay. (Source: 

Dept, o f  the Marine and Natural Resources, Ireland).
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Fig. 4.14 (g) Arklow- Vila Fig. 4.14 (h) Arklow- V ila

Fig. 4.14 (g-h) Size structure of the Irish otter and beam trawler fleet by engine power (kW), recording ray 

landings in ICES division Vila and Vllg in 1997, and landing at Arklow. (Source: Dept, of the Marine and 

Natural Resources, Ireland).

UL Effort of the demersal fleet landing ray

As data on the engine power (kW) of the vessels within the fleet was only available for 1997 non-standardised 

effort (hrs) was used to compare between the three years o f data obtained.

Plots o f  total fishing (hrs) and standardised total hours (kWh) by month for otter and beam trawlers landing 

rays from Vila and Vllg in 1997 (Fig. 4.15 a-d) show little difference in the monthly pattern between non- 

standardised and standardised effort for both gear types in each ICES division represented.
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Fig. 4.15 (a) Total hours (hrs) plotted with total kilowatt hours (kWhr) o f the Irish otter trawler fleet recording 

ray landings in ICES division Vila in 1997. Note: hrs= effort in hours, kwhr= effort in kilowatt hours.
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Fig. 4.15 (b) Total hours (hrs) plotted with total kilowatt hours (kWhr) o f  the Irish beam trawler fleet recording 

ray landings in ICES division Vila in 1997. Note: hrs= effort in hours, kwh= effort in kilowatt hours.

1400 3oaoor hrs

kw hrs1200  ̂ 2 5 0 0 d

1000
• 2 0 0 0 0 0  5

800
V 150000

600

f  100000
4 0 0

f  5 0 0 0 0200

c
f t
—i

>o V
V

O
S i 17s

9
“i o

Month

Fig. 4.15 (c) Total hours (hrs) plotted with total kilowatt-hours (kWhr) o f the Irish otter trawler fleet recording 

ray landings in ICES division Vllg in 1997. Note: hrs= effort in hours, kwh= effort in kilowatt hours.

30ooor1400 hrs

kw hrs1200 2500(1

1000 200000 i

800
150000

600
100000

40 0

5 0 0 0 0200

Month

Fig. 4,15 (d) Total hours (hrs) plotted with total kilowatt-hours (kWhr) o f the Irish beam trawler fleet recording 

ray landings in ICES division Vllg in 1997. Note: hrs= effort in hours, kwh= effort in kilowatt hours.
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Otter trawlers in Vila dominated total effort over the three-year period (1995-1997), averaging 20000 hours 

annually (Fig. 4.16). The total annual effort for beam trawlers was much lower than that o f otter trawlers within 

V ila (25%, 21% and 36% that of otter trawler effort in 1995, 1996 and 1997 respectively).

Effort was much lower in Vllg, with otter and beam trawlers accounting for similar proportions o f effort each 
year.

25000
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©10000

V U A o t b  V n A t b b  V U G o t b  V U G t b b

ICES  d i v i s i o u

Fig. 4.16 Total annual effort of the Irish otter and beam trawler fleet recording ray landings from ICES division 

Vila and Vllg.

iv. E ffo rt by po rt sampling location

The relative percentage of the total annual effort o f Irish otter and beam trawlers landing into each port for V ila 

and V llg are presented (Fig. 4.17 a -b).

Otter trawlers landing ray at Howth contributed increasingly to total effort in V ila between 1995 and 1997, 

accounting for over 60% in 1995, and rising to 70% by 1997 (Fig.4.17 a). A relatively large increase in the 

annual contribution made by beam trawlers landing at Howth occurred between 1995 and 1997, and by 1997 

these vessels accounted for 32% of total beam trawlers effort in Vila.

No data were available for vessels landing into Kilmore Quay in 1995. In 1996 otter trawlers landing at 

Kilmore Quay accounted for 20 % of total effort of otter trawlers within V ila, but this dropped to 11% in 1997. 

Beam trawlers landing at Kilmore Quay accounted for 25% o f total effort o f beam trawlers in 1996 within this 

division, and this increased to 42% in 1997. Vessels landing at Arklow accounted for approximately 10%> o f the 

total effort of the otter tt-awler fleet in Vila in 1995 and 1997, and less than 5% in 1996.

Otter trawlers reporting ray landings in Vllg and landing at Howth accounted for less than 10%> o f total otter 

trawler effort within this division (Fig.4.17 b). Beam trawlers landing at Howth accounted for less than 3% of 

the total effort for each year. Otter trawlers landing at Kilmore Quay accounted for 22% and 17% of the total
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otter trawler effort in Vllg in 1996 and 1997 respectively. The percentage contribution of beam trawlers 

landing at Kilmore Quay increased from 42% in 1996 to 53% in 1997. Otter trawlers landing at Arklow 

accounted for less than 2% o f total otter trawler effort within this division for the three years data presented 
(1995-1997).

I C E S  d i v i s i o n

Fig. 4.17 (a) V ila Fig. 4.17 (a) Vllg

Fig. 4.17 (a-b) Percent of the total annual effort of the Irish otter and beam trawlers fleet recording ray landings 

from ICES division Vila and Vllg, and landing at each port sampling location. Note VIIA= V ila, VIIG= Vllg, 

How= Howth, Ark= Arklow, KQ= Kilmore Quay, otb= otter trawler, tbb= beam trawler.

V. Effort b y  statistical rectangle

The spatial distribution of the effort from vessels landing ray at each port sampling location are presented for 

the statistical rectangles yielding the highest annual ray landings in both V ila and V llg in 1995, 1996, and 1997 

(Fig. 4.10 a-d). The effort o f vessels landing at each port sampling location is expressed as a percentage o f total 

annual effort o f all Irish vessels within each statistical rectangle (Table 4.5 a-d).

Due to the close proximity of Howth to the two statistical rectangles yielding the highest annual ray landings 

(i.e. 35E4 and 36E4), vessels landing at Howth accounted for almost 90% of fishing effort in 1996 and 1997 

(Table 4.5 a). Although vessels landing at Howth dominated fishing effort instatistical rectangle 34E4, vessels 

from Arklow accounted for a maximum o f 33% of the annual effort within this rectangle in 1997. Vessels 

landing at Howth did not account for any o f the effort of statistical rectangle 33E3, which is off the south east 

o f Co. Wexford, whereas Kilmore Quay, which is in close proximity, accounted for almost 90% o f total effort 

in 1996 and 1997.

The beam trawlers landing ray in Vila, which are generally larger than otter trawlers, do not have such a

restricted range. The beam trawlers targeting sole in Morecambe Bay and south of the Isle o f  Man (36E5,

36E6) occasionally landed into Howth, but also regularly land into ports in the U.K. due to its’ close proximity

to the fishing grounds. The large increase in landings apparent for beam trawlers landing at Howth accounted
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for 48% of effort for statistical rectangle 35E4 in 1997, where a large increase in landings was evident (Fig. 

4.10 b). Beam trawlers landing at Kilmore Quay also featured within this rectangle, accounting for20% of the 

effort in 1997. A large increase in landings occurred in statistical rectangle 34E4 (fig. 4.10 b) and vessels from 

Kilmore Quay accounted for 60% o f  the effort within this rectangle.

Otter trawler effort from vessels landing at Howth did not feature in many statistical rectangles in Vllg (Table 

4.5 c). They did, however, account for a maximum o f 31% effort in statistical rectangle 31E3, which 

consistently yielded the second largest landings within this division (Fig. 4.10 c). No data were available for 

Kilmore Quay in 1995. In 1996 otter trawler effort fi-om vessels landing at this port only featured in three 

rectangles yielding ray landings (31E1 1%, 31E3 12%, 32E2 19%). In 1997, however, effort from these 

vessels was evident in more rectangles, and accounted for 48% of total effort in 32E3, which yielded the largest 

landings within this division for each of the three years. Effort from otter trawler vessels landing at Arklow 

featured in very few of the rectangles within his division. Nonetheless, they did account for 52% o f total effort 

for statistical rectangle 32E3 in 1996, which yielded the largest landings within this division for all years 

examined (Fig. 4.10 c).

Beam trawlers landing at Howth accounted for virtually none of the effort in V llg  (Table 4.5 d). In 1996 and 

1997 beam trawlers landing at Kilmore Quay, however, featured strongly in all rectangles examined, and 

accounted for the majority of effort in 32E3 (69% 1996, 80% 1997), which yielded the largest landings within 

this division for this gear type for each of the years examined (Fig. 4.10 d).

Table 4.5 (a) Total annual effort (hrs) of Irish otter trawlers fishing in V ila and landing at each port sampling 

location expressed as a percentage of total annual effort in ICES division V ila (hrs). Note: No data were 

available for Kilmore Quay 1995.

33E3 34E4 35E4 36E4
Howth 1995 0 54 83 0
Kilmore Quay 1995
Arklow 1995 3 26 0 2
Howth 1996 0 77 94 89
Kilmore Quay 1996 87 0 0 0
Arklow 1996 0 15 0 0
Howth 1997 0 58 94 88
Kilmore Quay 1997 89 2 2 0
Arklow 1997 0 33 1 0
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Table 4.5 (b) Total annual effort (hrs) of the Irish beam trawler fleet fishing in V ila and landing at each port 

sampling location expressed as a percentage of total annual effort in ICES division V ila (hrs). Note: No data 

were available for Kilmore Quay 1995,

33E3 33E4 34E4 35E4 36E4 36E5 36E6
Howth 1995 0 0 0 85 54 11 17
Kilmore Quay 1995
Arklow 1995 0 0 0 0 0 0 0
Howth 1996 0 0 0 0 65 48 17
Kilmore Quay 1996 88 0 0 22 0 0 0
Arklow 1996 0 0 0 0 0 0 0
Howth 1997 0 0 0 48 62 60 34
Kilmore Quay 1997 99 0 60 20 0 0 0
Arklow 1997 0 0 0 0 0 0 0

Table 4.5 (c) Total annual effort (hrs) o f Irish otter trawler fleet fishing in V llg  and landing at each port 

sampling location expressed as a percentage o f total annual effort in ICES division V llg (hrs). Note: No data 

were available for Kilmore Quay 1995.

31E1 31E2 31E3 32E2 32E3
Howth 1995 5 0 33 0 1
Kilmore Quay 1995
Arklow 1995 0 0 0 0 0
Howth 1996 0 0 15 0 0
Kilmore Quay 1996 1 0 12 19 0
Arklow 1996 0 0 3 0 52
Howth 1997 0 0 31 0 5
Kilmore Quay 1997 2 10 20 15 48
Arklow 1997 0 0 4 0 0
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Table 4.5 (d) Total annual effort (hrs) of Irish beam trawler fleet fishing in Vllg and landing at each port 

samplmg location expressed as a percentage of total annual effort in ICES division V llg (hrs). Note: No data 

were available for Kilmore Quay 1995.

31E1 31E2 31E3 32E2 32E3
Howth 1995 0 0 0 0 2
Kilmore Quay 1995
Arklow 1995 0 0 0 0 0
Howth 1996 0 0 0 0 0
Kilmore Quay 1996 39 36 20 54 69
Arklow 1996 0 0 0 0 0
Howth 1997 0 0 0 5 0
Kilmore Quay 1997 50 33 44 58 80
Arklow 1997 0 0 0 0 0

vu Catch and Effort Data

Trends in monthly landings (t), effort (hrs) and landings per unit effort (LPUE-kg/hr) are presented for 

divisions V ila and Vllg, and in addition, for the statistical rectangles yielding the largest annual ray landings 

(Fig. 4.10 a-d).

a) Otter trawlers -ICES division Vila

A clear trend was observed each year in monthly landings, effort, and LPUE with reduced levels evident in 

each year until mid summer, followed by an increase in the summer-autumn period(Fig. 4.18 a). LPUE values 

averaged between 10 and 15 kg/hr for the first six months, but by the end o f summer and into autumn the 

average monthly values had risen to between 20 and 30kg/hr. Large peaks in effort were closely matched by 

peaks in landings and to some extent LPUE, with largest landings occurring in September 1997 (71000kg), 

corresponding to high effort (2630hrs) and high LPUE (27kg/hr). Species LPUE values from direct observer 

coverage on vessels, plotted for three months in 1997 followed similar trends to the overall LPUE within the 

division.

For statistical rectangle 35E4, which yielded the largest annual ray landings within Vila, the seasonality in

landings, effort and LPUE was very apparent. LPUE values (25 -30kg/hr) in the latter half of each year were

higher than those recorded for the overall division (Fig. 4.18 b). The monthly pattern in landings withinthis

rectangle followed the LPUE trends more closely than effort. A similar pattern o f seasonality was also evident

in statistical rectangle 33E3 (Fig. 4.18 c), but was not as apparent in the other rectangles (Fig. 4.18 e-f), where

landings effort and LPUE values showed greater monthly variability.
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b) Beam trawlers ICES division V ila

An increase in fishing activity for beam trawlers in VIIA at the start and end o f each year was generally 

matched by increases in LPUE and landings (Fig. 4.18 f). Overall, monthly LPUE values were much lower 

than those for otter trawlers within this division, with values rarely exceeding 20kg/hr. Although effort and 

LPUE was low, the largest landings of 17000kg occurred in September 1997, and although mean LPUE was 

low (3 kg/hr), the large standard errors on the LPUE value suggest that LPUE varied widely within the month.

Although virtually no beam trawlers reported ray landings from statistical rectangle 35E4 in 1995 and 1996, it 

yielded the largest landings in 1997 (Fig. 4.18 g). Furthermore, virtually all landings in 1997 occurred within 

three months (September, October and November) resulting from relatively high monthly effort (>250hrs) in 

October and November, and high LPUE values (>40kg/hr) in September and October. Increased fishing 

activity was also apparent in statistical rectangle 33E3 in 1997(Fig. 4.18 h), with the majority o f  ray landed in 

April (10000kg), this was largely due to high effort (706hrs) as LPUE was low (15kg/hr). The large peak in 

landings of 9t in statistical rectangle 34E4 (Fig.4.18 i) in September 1997 resulted largely from very high 

LPUE (74kg/hr). For each of the other rectangles presented most o f the beam trawl fishing activity occurred in 

the 1 and 4* quarter each year (Fig. 4.18 j-k).

c) Otter trawlers ICES division Vllg

For otter trawlers landing ray in Vllg fishing effort was higher in the spring and towards the ends o f  autumn for 

each o f  the three years (Fig. 4.18 1). Monthly LPUE was lower than was evident in Vila, generally ranging 

between 2 and 5kg/hr. The largest landings o f 29000kg were made in January 1997when both highest effort 

(1300hrs) and LPUE (20kg/hr) were recorded.

The seasonal pattern in fishing activity evident within this division was also readily apparent in statistical 

rectangle 32E3 (Fig. 4.18 m). LPUE values were higher than those of the whole division, with 13 of the 36 

months having an LPUE of over 20 kg/hr. For each of the other rectangles presented (Fig. 4.18 n-p) effort 

generally fluctuated without trend, with monthly LPUE being much lower than was evident for the overall 

division.

d) Beam trawlers ICES division V llg

For the Irish beam trawl fleet within Vllg fishing activity was generally highest at the start and end of each year 

(Fig 4 18 q) In 1995 and 1996 LPUE was generally lower than those o f  otter trawlers within this division (2- 

8kg/hr) In 1997 however, LPUE increased, and was over lOkg/hr for 6 months. For statistical rectangle 32E3 

(Fig. 4 18 r) which consistently yielded the largest ray landings within the division, LPUE values were higher 

than those o f the overall division; exceeding lOkg/hr for 17 o f the 36 months presented. LPUE was lower in 

each o f  the other rectangles presented (Fig. 4.8 s-u).
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e) M onthly effort vs. ray landings

Monthly effort from statistical rectangle 35E4 expressed as a percentage o f  total effort within ICES division 

V ila is plotted with monthly landings of the large ray grade expressed as a percentage of all monthly ray 

landings at Howth (Fig. 4.18 v). It is readily evident that as the proportion o f effort is increased within 35E4 the 

proportion o f  the large ray grade landed also increased at Howth.

f) Species specific landings per unit effort

Weight converted port sampling data from otter trawlers, and logbook data provided by skippers, from whose 

vessels (otter trawler) the landings were sampled, were used to derive annual species specific (by sex) landings 

per unit effort (LPUE) by statistical rectangle in ICES division V ila  in 1997 (Fig. 4.19 a-d). Statistical 

rectangle 35E4 and 36E4 yielded the highest LPUE for each of the four main commercial species. LPUE was 

highest for R. brachywa (max 0.15 kg/kWhr for^?. brachyura male in 36E4). Furthermore, LPUE was higher 

for males than females for both R. brachyura and R. naevus. For the less abundant small-eyed ray, R. 

microocellata, LPUE values were restricted to one statistical rectangle (33E3).
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Fig. 4.19 (a-b) Species specific (by sex) landings per unit effort (LPUE), by statistical rectangle for otter 

trawlers in ICES division Vila in 1997 for (a) R. brachyura, (b) R. clavata. (Note: RB M, RB F, = male and 

female R. brachyura', RC M, RC F= male and female R. clavata, RC M, RC F; kg/kWhr = kilograms per 

kilowatt hour. Data Source: Species weight from weight-converted port sampling data,effort and position data 

provided by skippers.
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and female R. microocellata-, kg/kWhr = kilograms per kilowatt hour. Data Source: Species weight from 

weight-converted port sampling data, effort and position data provided by skippers).
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4.3.3 Size and age structure by species

L Comparison of landed weights

Ray landings derived from three different sources were compared to assess their relative accuracy (Fig 4.20 a- 

c). The logbook data weights represent the weights recorded by fishers in their logbooks, the port weights 

represent the weights recorded by port handlers after weighing the boxes at the market locations, and length 

weight conversions represent the weights derived from length weight data recorded during sampling and from 

analysis o f  ray specimens in the laboratory. Each data point on the figures represents the total weights of ray 

landings from a single vessel. A strong relationship was evident between plots o f  ray landings (kg) derived 

from logbook data plotted against length weight conversions (R^ = 0.869) (Fig 4.20 a), port handling dockets 

and length weights conversions (R^= 0.96) (Fig. 4.20 b), and port handling dockets and logbook data (R^ = 

0.897) (Fig. 4.20 c).
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Fig 4 20 (a-c) Relationship between estimates of ray landings from different sources, (a) Weight converted 

sampling data vs. logbook data, (b) Port handling dockets vs. logbook data, (c) Port handling dockets vs. 

weight converted sampling data. (Note: Each point on scatterplot represents a single sampling occasion).
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iL Species composition of the sampled ray landings

The species and sex composition by weight (%) of the commercial ray species in the sampled landings are 

presented for each quarter in 1997 and the T‘ quarter of 1998 (Fig. 4.21 a-e).

For the 1 quarter of 1997 port sampling was only carried out at Howth Fish Sales Ltd. (Fig. 4.21 a). The small 

sized R. naevus dominated, with females of this species accounting for a larger proportion (28%) than males 

(20%). Both R. montagui and R. brachyura male and female constituted approximately 10%, and/?, clavata 

was of minor importance (3% males and 3% females) within this quarter

A change in the species composition occurred in the 2"** quarter, with/?, brachyura consistently dominating 

(between 20 and 30%, each sex) at each port sampling location (Fig. 4.21 b). The abundance of/?, naevus was 

generally half that of the 1®* quarter (10%, each sex), and in addition, at Kilmore Quay Co-op a large disparity 

between the sexes of this species was evident (12% males, 3% females). By weight (kg),/?, montagui was of 

minor importance at each of the port sampling locations (<7%, each sex). R. clavata was most obvious in the 

sampled landings at East Coast Inshore Fishing Company Ltd. (13%, each sex). R. microocellata only featured 

in the Kilmore Quay Co-op sampled landings within this quarter (12% males, 10% females).

R. brachyura constituted virtually all of the sampled ray landings (87%) at Howth Fish Sales Ltd. during the 3'^ 

quarter of 1997 (Fig. 4.21 c). This dominance was explained by a large increase in the proportion of male/?. 

brachyura in the landings (58%), as the proportion of females remained unchanged relative to the previous 

quarter (29%). The proportion of male R. brachyura (32%) also increased more so than females (24%) at East 

Coast Inshore Fishing Company Ltd.. Although the relative proportion of/?, brachyura in the sampled landings 

dropped at Kilmore Quay Co-op, males also predominated at this sampling location (13% males, 8% females). 

R. naevus male also increased in abundance during the 3'“’ quarter of 1997 at each sampling location (17%), 

being double that of females (7%). In contrast with the previous quarter/?, montagui dominated the landings at 

Kilmore Quay Co-op, with an almost equal sex ratio evident (17% males, 19% females).

During the last quarter of 1997 the relative proportion of male/?, brachyura remained unchanged (58%) in the 

sampled landings at Howth Fish Sales Ltd., whilst the proportion of females dropped further (23%)(Fig. 4.21 

d). Unlike the previous quarter R. brachyura predominated the landings at Kilmore Quay Co-op, and as with 

Howth Fish Sales Ltd., males clearly predominated (47% males, 27% females). Although R. brachyura 

remained the most abundant sampled species at East Coast Inshore Fishing Company Ltd., their proportions 

dropped, with no differences evident between the sexes (21% males, 22% females). It appears that this decrease 

in abundance of /?. brachyura was matched by an increase in the proportion of /?. naevus (22% males, 15% 

females). /?. clavata and R. montagui were of minor importance, each accounted for less than 10%, by sex, of 

the sampled landings at each of the port sampling locations within this quarter.
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As with the 1 ‘ quarter o f 1997, R. m evus  also predominated the landings at Howth Fish Sales Ltd. in the 1*’ 

quarter o f 1998, and in addition, males were also more prevalent (38% males, 33% females) (Fig. 4.21 q).R. 

naevus was also most abundant at East Coast Inshore Fishing Company Ltd., with males also being more 

plentiful (30% males, 19% females). R. montagui was the next most abundant sampled species at Howth Fish 

Sales Ltd., as was also evident in the quarter of 1997 , however females were more abundant (7% males, 

18% females). R. montagui was also the next most abundant species at East Coast Inshore Fishing Company 

Ltd., but males predominated (27% males, 6% females). R. brachyura was o f  minor importance, as was the 

case in the T‘ quarter of 1997, (8% males, females 6%).

Fig. 4.21 (a) 1®' quarter of 1997 Fig. 4.21 (b) 2"‘‘quarter o f  1997

Fig. 4.21 (c) 3'̂ '* quarter of 1997 Fig. 4.21 (d) 4* quarter o f  1997

Fig. 4.21 (a-d) Percent weight contribution by species, and sex o f  the sampled ray landings at each port 

sampling location in each quarter of 1997. av % wt= average percent weight, KQ= Kilmore Quay, ARK= 

Arklow, HOW= Howth. (Note: RB M, RB F, = male and female R. brachyura-, RC M, RC F= male and female 

R clavata RC M, RC F; RM M, RM F= male and female R. montagui-, RN M, RN F= male and female R. 

naevus-, RMO M, RMO F= male and female R. microocellata.
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Species

Fig. 4.21 (e) Percent weight contribution by species, and sex of the sampled ray landings from Howth and 

Arklow in the 1®‘ quarter of 1998. av % wt= average percent weight, ARK= Arklow, HOW= Howth.

Hi. Species composition of the commercial grades

The species composition, by weight, of each o f the commercial grades is presented for the 3"'’ and 4* quarters 

o f 1997, and the 1®‘ quarter 1998 (Fig. 4.21 f-o).

a) L arge ray  grade

In the 3 '‘' quarter o f 1997 R. brachyura accounted for the entire large ray grade at Howth Fish Sales Ltd., with 

males clearly predominating the sampled landings (70% males, 30% females) (Fig. 4.21 f). Virtually all the 

sampled landings of the large ray grade at Kilmore Quay Co-op (99%) and East Coast Inshore Fishing 

Company Ltd. (98%) comprised R. brachyura, and as with Howth Fish Sales Ltd. males clearly predominated.

R. brachyura continued to prevail in the sampled landings during the 4* quarter of 1997 at Howth Fish Sales 

Ltd. (99%), with the disparity between the sexes still evident (Fig. 4.21 g). The species composition of this 

grade changed, however, at both other sampling locations. At Kilmore Quay Co-op the predominance of/?. 

brachyura lessened (60%), and in addition, there was little difference evident between the sexes. Furthermore, 

an increase in abundance for/?, clavata (15% males, 22% females) was evident at Kilmore Quay Co-op./?. 

brachyura no longer predominated at East Coast Inshore Fishing Company Ltd. (49%), whereas/?, clavata 

became the most prevalent species (51%) of this grade.
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Fig. 4.21 (f) 3'̂ '' quarter of 1997 Fig. 4.21 (g) 4“'’ quarter o f  1997

Fig. 4.21 (f-g) Percent weight contribution by species, and sex o f the large ray grade in the sampled ray 

landings at each port sampling location in the and 4* quarters o f 1997. av % wt= average percent weight, 

KQ= Kilmore Quay, ARK= Arklow, HOW= Howth.

b) Medium ray grade

As with the large ray grade within this quarter R. brachyura accounted for virtually all o f the medium ray grade 

(99%) in the 3'̂ '' quarter 1997 at Howth Fish Sales Ltd., however the predominance o f  males o f this species was 

not as evident as was in the large grade for this quarter Fig. 4.21 (h). At East Coast inshore Fishing Company 

Ltd. R. brachyura also predominated, but in contrast females (48%) were more prevalent than males {2>9%).R. 

microocellata comprised the majority of the remaining sampled landings within this grade, (4 % males,6% 

females). The species composition of medium ray grade was more heterogeneous in Kilmore Quay Co-op (e.g. 

R. brachyura 21% males, 17% females; R. microocellata 19% males, 25% females; R. montagui males 4%, 

females 6%).

In the final quarter 1997 R. brachyura did not predominate to the same extent at Howth Fish Sales Ltd., as was 

evident in the previous quarter, and in addition, males were more predominant (57% males, 22% females)./?. 

clavata (9% males 3% females) and R. montagui female (5%) constituted the remainder of the medium ray 

grade at Howth Fish Sales Ltd. Fig. 4.21 (i). Unlike the previous quarter at Kilmore Quay Co-op,/?, brachyura 

predominated, with males being more prevalent (51% males, 36% females). Both/?, montagui female (3%)and 

R. clavata (3% by sex) comprised the remainder at Kilmore Quay Co-op../?, clavata (18% males, 24% 

females), predominated over R. brachyura at East Coast Inshore Fishing Company Ltd., (24% male, 22% 

female)

For the 1®‘ quarter o f 1998, R. montagui female constituted 80% o f the species composition o f  this grade, 

whereas males only accounted for 3% Fig. 4.21 (j). R. clavata accounted for the remainder, at 8 and 10% for 

males and females respectively.
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Fig. 4.21 (h-j) Percent weight contribution by species, and sex of the medium ray grade in the sampled ray 

landings at each port sampling location in the 3'^ and 4* quarters of 1997 and the 1®' quarter of 1998. av % wt= 

average percent weight, KQ= Kilmore Quay, ARK= Arklow, HOW= Howth.

c) Small ray grade

For the 3’'*’ quarter of 1997 the species composition of the small grade was generally more diverse than either 

the medium or large ray grade within this quarter Fig. 4.21 (k). At all three sampling locations^?, naevus 

predominated, with males being most prevalent (Howth Fish Sales Ltd. 45% males, 21% females; East Coast 

Inshore fishing Company Ltd. 41% males 19% females, Kilmore Quay Co-op. 17% males, 14% females)).^?. 

brachyura and R. montagui comprised the remainder of the small ray grade at both Howth Fish Sales Ltd. and 

East Coast Inshore Fishing Company Ltd., whereas/?, montagui (17% males, 14% females) and R. clavata 

(13% males, 10%> females) were readily evident in the sampled landings within this grade at Kilmore Quay Co

op.

At each sampling location species composition of the small ray grade was more varied in the 4* quarter of

1997 than in the previous quarter Fig. 4.21 (1). R. naevus remained most prevalent, with males predominating at

both Howth Fish Sales Ltd. (29% males 17%> females) and East Coast Inshore Fishing Company (25%> males,
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17% females). R. brachyura, R. montagui and R. clavata constituted the remainder of the sampled landings in 

almost equal abundance at both sampling locations. At Kilmore Quay/?, montagui was most abundant (28% 

males, 18% females), with R. brachyura, R. naevus and R. clavata comprising the remainder in almost equal 
abundance.

As for the small grade in the l “ quarter 1997, femalei?. montagui was most prevalent in the sampled landings 

of small ray grade in the 1®* quarter of 1998, accounting for 80% of the landings at HowthFish Sales Ltd. Fig. 

4.21 (m). At East Coast Inshore Fishing Company Ltd. R. naevus was most abundant, with males 

predominating (30% males, 19% females). Male/?, montagui accounted for the majority of the remainder of 

the sampled landings (27%).

For the mixed ray grade in the 3'̂ '' and 4* quarter of 1997 the species composition was very varied with no 

trends evident Fig. 4.21 (n-o).
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Fig 4 21 (k-m) Percent weight contribution by species, and sex of the small ray grade in the sampled ray 

landings at each port sampling location in the 3'‘‘ and 4* quarters of 1997 and the 1"' quarter of 1998. av % wt= 

average percent weight, KQ= Kilmore Quay, ARK= Arklow, HOW= Howth.
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Fig. 4.21 (n) 3'‘‘ quarter of 1997 Fig. 4.21 (o) 4"' quarter of 1997

Fig. 4.21 (n-o) Percent weight contribution by species, and sex of the mixed ray grade in the sampled ray 

landings at each port sampling location in the 3'̂ '* and 4* quarters of 1997. av % wt= average percent weight, 

KQ= Kilmore Quay, ARK= Arklow, HOW= Howth.

iv. Length frequency distributions

The overall length frequencies of sampled landings are presented for each species, by sex for eachquarter of 

1997 and the 1®‘ quarter if 1998 (The length frequency distributions from each port, by quarter for 1997are 

presented in Appendix 3, Fig. 1-4).

a) R. brachyura (Fig 4.22a-f)

For R. brachyura both sexes covered an almost identical range in total length (37 to 109cm). The shape of their 

distributions were also very similar, with a sharp rise in numbers evident from 40cm onwards, and reaching a 

maximum between 50 and 60cm. After this, a gradual decline was apparent in the numbers of females until the 

end of their distribution, and males followed a similar trend up to 90cm. Above this, however, a distinct mode 

was evident between 90 and 100cm for males.

Distinct modes in the smaller (50 -65cm) and larger (90 -100cm) size ranges were apparent for both sexes in 

the r ‘ quarter of 1997. In the 2"‘* quarter, two large peaks were apparent for both sexes also in the smaller size 

classes (at 42cm and 58cm), but there were no modes evident in the larger size classes. By the third quarter the 

peaks in the smaller size classes for both sexes appeared to progress (at 47cm and 65cm), and in the larger size 

classes (>80cm) a much higher proportion of males than females were evident. By the 4* quarter a large peak 

occurred at 48cm for both sexes, but the predominance of large males was less than that of the previous quarter, 

although they continued to outnumber females in the larger size classes.
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b) R. clavata (Fig 4.23 a-e)

For R. clavata both sexes showed similar distributions for overall sampled landings, rising sharply from 40cm 

to 50cm, and remaining relatively constant until 65cm. A gradual decline in numbers is apparent above this for 

both sexes, but from 80cm females were in higher abundance and had a higher upper range (104cm) than males 
(90cm).

A higher proportion of larger specimens are apparent in the 2"'* quarter compared with the 1®' quarter of 1997. 

The size distributions were more restricted (40-80cm) for both sexes in the 3’̂'* quarter, but by the 4* quarter a 

greater number of larger specimens (>80cm) is apparent.

c) R. naevus (Fig 4.24 a-f)

For R. naevus both sexes covered very similar size ranges (40 -70cm), although from 50cm onwards, a larger 

increase in males than females is readily apparent. Although the ranges were almost identical in each quarter, 

the proportion of larger specimens increased, particularly between the T* and 3'̂ '’ quarter, which may be 

interpreted as a progression in growth through each quarter.

d) R. montagui (Fig 4.25 a-f)

The overall size distributions of sampled landings for R. montagui in 1997 were very similar between sexes 

(40-70cm). A distinct mode is evident for males at 56cm, and a less defined mode between 55 and 60cm is 

evident for females. As with R. brachyura and R. naevus, males were slightly more abundant, but unlike these 

two species, females dominated in the larger size classes, from 58cm onwards. The shape o f the distributions 

remained relatively constant between quarters, with females tending to have a wider distribution than males. 

Distinct modes were apparent for males at 55cm in the T' and 4* quarter o f  1997 respectively.

d) R. microocellata (Fig 4.26)
Overall sampled landings of R. microocellata reveal a relatively low abundance of both sexes up to 65cm, this 

is followed by a very distinct mode for males (70-80cm) and females (75 and 85cm). The size distributions of 

this species are not presented by quarter due to their low numbers in the sampled landings.
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Fig, 4.22 (b-e) Total length frequency distribution oiRaja brachyura male and female from all port sampling 

locations in (b) 1'* quarter of 1997, (c) 2"** quarter o f 1997, (d) 3̂ ‘‘ quarter o f 1997, (e) 4* quarter o f  1997.
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Fig. 4.23 (b-e) Total length frequency distribution o f Raja clavata male and female from all port sampling 

locations in (b) l “ quarter of 1997, (c) 2”‘' quarter of 1997, (d) 3''  ̂quarter o f 1997, (e) 4* quarter o f  1997.
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Fig. 4.24 (b-e) Total length frequency distribution o f Raja naevus male and female from all port sampling 
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Fig 4 25 (a) Total length frequency distribution oiRaja montagui male and female from all port sampling trips 

in 1997.
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25
RNM ql  I 998

20

S l5
S
zio

5

0
20 40 60 80

Total leng th  (cm)

Fig 4 25 (f) Total length frequency distribution of Raja montagui male and female from all port sampling 
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Fig. 4.26 Total length frequency distribution o f Raja microocellata male and female from all port sampling 

trips in 1997.

V. Length frequency distributions by commercial size grade (Fig. 4.27 a-o)

Although the total number of boxes of fish sampled and their associated commercial grades were recorded for 

all quarters during each port-sampling trip, the size distributions o f each box o f  fish sampled were only 

recorded separately by grade in the 3’̂  and 4* quarter o f 1997 and the T ' quarter o f 1998. Therefore an 

examination o f  size distributions of the commercial grades could only be carried out for 3"‘‘ and 4* quarter o f 

1997 and the r '  quarter of 1998.

For male and female R. brachyura the distributions of each o f the commercial size grades were very distinct, 

(small ray grade 45-60cm, medium ray grade 60-80cm, large ray grade 80-100cm). Comparisons o f size 

distributions o f R. brachyura within each o f the commercial size grades between quarters, and between port 

sampling locations revealed that for both males and females there are no differences in the size ranges between 

quarters and between port sampling locations.

Sample sizes were too low for R. clavata to examine the commercial size grades by quarter. The ranges 

between grades for both sexes were much less distinct than was evident for/?, brachyura, (smaller ray grade 

45-70cm, medium ray 55-90cm, large ray grade 60-100cm). For females the size distributions o f the medium 

(86cm males, 90cm females) and large ray grade (90cm males, 104cm females) had higher upper limits than 

that recorded for males.

No plots o f the. smaller sized naevus and R. montagui are presented as they were rarely allocated to the large 

or medium ray grade (see Table 4.2).
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Fig. 4.27 (b-c) Total length frequency distribution o f Raj a brachyura male in the small ray grade in the 3'̂ '’ and 

4* quarter of 1997(b) and by port sampling location for the 3'̂ '* and 4* quarter combined in 1997 (c).
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Fig 4 27 (c-d) Total length frequency distribution o f Raja brachyura male in the medium ray grade in the 

and 4* quarter o f 1997 (c) and by port sampling location for the 3"‘‘ and 4* quarter combined in 1997 (d).
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Fig. 4.27 (j-k) Total length frequency distribution o f Raja brachyura female in the medium commercial size 

grade in the 3'^ and 4* quarter of 1997 (j) and by port sampling location for the 3'̂ '' and 4* quarter combined in 

1997 (k).

0 60 8 
Total length  (cm)

Fig. 4.27 (1) Fig- 4.27 (m)

Fig. 4.27 (1-m) Total length frequency distribution of Raja brachyura female in the medium ray grade 

commercial size grade in the 3'“̂ and 4* quarter of 1997 (1) and by port sampling location for the 3'̂ ‘‘ and 4* 

quarter combined in 1997 (m).
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Fig. 4.27 (n-o) Total length frequency distribution ofRaja clavata male (n) and female (o) by commercial size 

grade in the 3'̂ '' and 4* quarter 1997 combined for all sampling locations.

vi. Raised age distributions of the commercial ray landings, by species and sex

The raised size distributions for each of the commercial species are presented in Appendix 5 (Fig. l(a-d)). The 

raised age distributions for each species by sex in 1997are presented in Fig. 4.28 (a-d). Apart from a smaller 

peak evident between 7 and 9yrs for the larger sized/?, brachyura and R. clavata, all four species had generally 

similarly shaped distributions, with a maximum number at age between 3 and 4yrs. The exception was for 

female R. clavata, where the maximum number at age occurred at 5yrs. Recruitment to the fishery, which is 

indicated by the rapid rise in numbers at age, occurred from two years for all species except male/?, brachyura, 

for which a rapid rise in numbers is apparent from 1 yr.

Male R. naevus and R. brachyura were the most abundant species, with an estimated total o f 156,592 and 

127,825 specimens landed respectively from V ila and V llg in 1997. Apart from R. montagui, males were more 

abundant than females for each species. R. clavata was the least abundant o f the four main commercial species 

sampled, with just over 18,000 landed, by sex.
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official landings (Dept, of the Marine and Natural Resources, Ireland) from ICES division V ila  and Vllg 

combined in 1997.
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Fig. 4.29 (a-h) Regression lines fitted to the descending limb o f the logged (LN) catch numbers at age to 

estimate total instantaneous mortality coefficients (Z) for the commercial ray species in ICES division VIIA 

and V llg in 1997 (logged catch number at age from the raised commercial ray landings in ICES division V ila 

and V llg combined for 1997). (a) R. brachyura male (RB m) (b) female (RB f), (c) R. clavata male (RC m) (d) 

female (RC f), (e) R. montagui male (RM m) (f) female (RM f), (g) R. naevus male (RN m) (h) female (RN f).

Table 4.6 Estimates of total numbers of rays in commercial landings, % immature, total instantaneous mortality 

coefficient (Z), natural mortality (M), and fishing mortality, by species, and sex from 1997

Total no. % immature Z M F =(Z-M ) z ‘
R B m 127825 74.770 0.762(ages 3-7yrs) 0.219 0.543

R B f 102519 78.520 0.456(ages 4-8yrs) 0.199 0.257 0.805

RC m 18302 79.070 0.713(ages 4-7yrs) 0.228 0.485

R C f 18250 77.570 0.633(ages 4-7yrs) 0.166 0.467 0.710

RM m 72434 25.550 1.110 (ages 4-8yrs) 0.433 0.677

R M f 75981 54.210 0.938 (ages 4-6yrs) 0.378 0.560 0.813

RN m 156592 56.600 0.899 (ages 4-6yrs) 0.420 0.479

R N f 104526 58.810 0.795(ages 3-6yrs) 0.313 0.482 0.961
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Table 4.7 Estimates of net reproductive rate (Rg), generation time (G), and instantaneous rate of increase (r) for 

R. brachyura, R. clavata, R. montagui, and R. naevus, based on demographic analyses.

Ro G r
R. brachyura 5.665 7.731 0.224
R. clavata 2.441 7.139 0.125
R. montagui 0.809 4.643 -0.045
R. naevus 3.412 4.823 0.255

vii. M ortality  and demography

Total mortality estimates (Z), which were derived by logging (natural logarithm) the raised catch numbers at 

age, and fitting a regression line to the descending limb of the distribution (Fig. 4.29a-h), reveal that the smaller 

sized species had the highest mortality levels (maximum, male R. montagui Z -  1.11) (Table 4.6), whereas 

lower mortalities were evident for the larger sized species (minimum, female R. brachyura Z= 0.456). In 

addition, higher and lower mortality estimates (Pauly’s equation (Pauly 1980)) were also evident for the 

smaller (maximum, m ale7?. montagui M= 0.433) and larger sized species (minimum, female/?, clavata M= 

0.166) respectively. Fishing mortality estimates (Z-M) revealed that most o f  the ray species assessed 

experienced similar fishing mortalities (M= 0.4-0.6), with the exception of male R. montagui, which exhibited a 

higher fishing mortality (F= 0.677).

Replacement mortality (Z’) estimates, in which parameters o f age at maturity and fecundity are used inits 

determination, revealed that replacement mortality estimates for male R. montagui (Z ’= 0.813) were lower than 

the total instantaneous mortality coefficients. (Z= 0.983). For all other species, however, replacement mortality 

estimates (Z’) were higher than total instantaneous mortality estimates (Z).

On average, just over 50% (by number) of the commercial landings of the smaller sized species were immature 

from the combined landings in Vila and V llg 1997,with the exception male/?, montagui, for which only 26% 

o f the commercial landings were immature. For the two larger sized species, R. brachyura and R. clavata a 

higher proportion of the landings consisted o f mature fish (> 75%).

Demographic analysis revealed that the most abundant species in the sampled landings,/?, naevus yielded the 

highest population growth coefficient (r = 0.255) (Table 4.7). The most commercially important species, /?. 

brachyura also exhibited a positive population growth coefficient (r = 0.224). The population growth 

coefficient derived, along with net reproductive rate per generation estimate (/?<, = 5.665) and generation length 

(G = 7 731) indicates that the /?. brachyura population is increasing by about 25% per year and would double

in about 2.73yrs.
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Although R. montagui displayed the lowest generation length (G = 4.463yrs), it was the only species assessed 

to exhibit negative population growth {r = -0.045). This may be explained by the fact that it also exhibited the 

lowest net reproductive rate per generation (0.809). For R  clavata, the least abundant of the commercial 

species in the sampled landings, exhibited the lowest positive population growth (r = 0.125). The life table 

calculations for each species are presented in Appendix 4 (Table 1-4).
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4.4 Discussion

Analysis o f international ray landings data revealed that England, Wales and Northern Ireland combined, 

France and Ireland dominated the landings of ray in Vila. Although the interpretation o f the temporal trends in 

ray landings proves difficult without the associated knowledge o f fishing effort and market value of fish, 

several factors have contributed to the trends observed in the landings within this division. In the 1920s and 

1930s England and Wales accounted for 75% of international ray landings (Holden 1977). This dropped in 

subsequent years, and with the demise of the major whitefish ports o f  Fleetwood in the 1960s (Brander 1988) 

and Milfordhaven in the 1980s (Corlett 1990) the relative abundance o f  their ray landings dropped, and by the 

1970s they accounted for less than 40% of international ray landings.

Due to a poor home market demand for rays, Irish fishers were historically discouraged from landing rays, and 

as a result landings up to the 1960s were below 500t annually (Fahy 1989). With increasing market demands 

landings improved, and between the late 1980s and early 1990s Ireland dominated the fishery within Vila, with 

large Irish annual landings of over 1500t, which were attributed to increased fishing effort off the south east 

coast o f  Ireland (Hillis and Grainger 1990). From the data presented in the present study a distinct trend of 

decreased landings for England, Wales and Northern Ireland combined and Ireland was evident irom the mid 

1990s onwards, which can largely be attributed to a reduction of fishing effort within the Irish Sea. Due to the 

depletion of many o f the main commercial demersal species, such as cod, haddock, and sole Total Allowable 

Catches (TACs) of these species have been reduced significantly over the past decade within ICES division 

V ila (ICES 1998). In addition, the problems of EU over fishing capacity are being addressed under a series of 

Multi Annual Guidance Programmes (MAGPs) (Anon 1999b). The more recent MAGPs have called for a 

reduction o f 20% on the effort for groundfish trawl fisheries and 15%> for flatfish fisheries by the end o f 1996, 

which Ireland has met (Anon 1999b). By 1994 a 40% drop in English and Welsh fishing effort compared with 

1980s levels was also apparent (ICES 1998).

Effort from the French demersal fleet fishing in V ila and V llg has also dropped in the past decade (ICES 

1998) France, however, have not submitted landings since 1988 to the database (ICES STATLANT 27A 

database) from which the international landings data were extracted. It is therefore considered that the data 

since 1988, which have been estimated from ICES Working Groups, are underestimated (ICES 1998). In 

1970s and ‘80s Ireland’s landings from Vllg averaged 200t annually, with large landings off the south east o f 

Ireland (Fahy 1991). With a reduction in fishing effort by the demersal fleet, landings dropped rapidly to under 

loot in 1989 and have subsequently remained at this level. Landings from England, Wales and Northern 

Ireland combined, and Belgium have averaged 200t annually since the 1970s and have remained at this level 

due largely to sustained effort from their beam trawl fleet targeting sole and plaice, which land rays as a by- 

catch o ff the southeast coast of Ireland (ICES 1998).
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The reliabihty of official logbook data is often questionable due to misreporting, particularly for species with 

restrictive quotas, and as a consequence catch and effort data, are seldom used in the assessments of the 

commercial species from the Irish Sea fishery (ICES 1998, ICES 1998). However, in this study the close 

association evident between the landings derived from logbook returns and those from commercial transactions 

data from vessels landing at the two main ray ports of Howth and Kilmore Quay demonstrated that logbook 

data of ray landings are reliable. The reliability of the data from the logbook returns can be attributed to the fact 

that rays are currently non-quota within Vila and Vllg, and thus there is nothing to be gained in falsifying 

returns. Another problem which often confounds the use of data from logbook returns is the quality of the 

effort data, which may often be inclusive of search, steam and preparation time (Du Buit 1973, Kulka and 

Mowbray 1998). The effort data examined in the present study from the official logbook returns appears 

reliable, as there is good agreement when the LPUE data is compared with LPUE data derived from direct 

observer coverage. As the official logbook data appears robust this increased confidence in using it to assess 

landings, effort, LPUE, and fleet structure of the Irish fleet landing ray.

In terms of Irish ray landings, Vila has traditionally been more important than Vllg (Fahy 1989, 1991), and in 

the present study this was also apparent, with the logbook data revealing three times higher landings in Vila 

between 1995 and 1997. Examination of the landings by statistical rectangle revealed that the ray fishery within 

Vila is localised, with the majority of ray landings taken along the south east coast (statistical rectangles 33E3, 

34E4, 35E4 and 36E4). Fahy (1989) identified the inshore ray grounds within these rectangles as a series of 

banks running parallel to the shore, from an area south of Howth to the south east coast of Wexford. The main 

ray grounds identified in the present study on which large blonde ray,/?, brachyura, are targeted seasonally are 

further offshore, and are locally referred to as the ‘Peaks’, and it is within this general area (statistical rectangle 

35E4) that the highest landings occurred for each of the three years data examined. In addition, this rectangle 

(35E4) has also traditionally yielded the highest international landings of ray within Vila (Hillis and Grainger 

1990).

Otter and beam trawlers are the two main gear fypes in operation in the Irish ray fishery, of which otter trawlers 

dominated in Vila, accounting for over 80% of annual ray landings for each of the years examined (1995- 

1997) The otter trawlers landing ray within this division are typical of the inshore multipurpose vessels, 

ranging between 15 and 20m in overall length, and generally averaging between 30 and 40yrs of age (Anon. 

1999b) Owing to the size and age of these vessels, fishing trips are restricted to between 3 and 5 days. 

Although a total of 63 vessels (52 otter trawlers and 11 beam trawlers) reported ray landings in their logbook 

returns within Vila, the number regularly landing and seasonally targeting rays are much lower. Fahy (1989) 

noted that 12 otter trawlers from Howth regularly recorded ray landings in their logbook returns. With the 

reduction in effort over the past decade (ICES 1998), the number has dropped to between 6 and 8 otter trawlers 

regularly landing ray into Howth. In addition, Fahy (1989) noted that six vessels landing at Arklow regularly 

recorded ray landings. This number has since been reduced to three, and analysis of the logbook returns

revealed that of the remainder the frequency of the landings during 1997 was low.
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Although otter trawler effort has fallen over the past decade, the relative distribution o f the vessels from each of 

the ports within this division has remained largely the same as that noted by Fahy (1989). Analysis of the 

distribution o f effort by port reveals that otter trawlers landing ray at each o f  the main ports have distinct 

distributions. Howth is the largest centre for ray landings within ICES division Vila, largely due to its close 

proximity to the main grounds. Vessels landing at Howth accounted for over 90% o f the effort from the 

adjacent statistical rectangles yielding the largest ray landings (35E4, 36E4). Fishing effort off the Wicklow 

coast (34E4) was also dominated by vessels landing at Howth, but to a lesser extent, as the smaller vessels 

landing ray at the nearby port o f Arklow also concentrated most o f  their effort within this rectangle. Ray 

landings off the southeast coast (33E3) were almost exclusively from vessels landing at the nearby port of 

Kilmore Quay. The larger beam trawlers within ICES division Vila, which mainly targets sole in Morecambe 

Bay and south of the Isle of Man (36E5, 36E6), had a longer range than otter trawlers (ICES 1998). They 

occasionally landed into Howth, but also regularly land into ports in the U.K. due to their close proximity to the 

fishing grounds. The smaller beamers, however, targeting the mixed whitefish fishery off the south east coast 

(33E3) almost exclusively landed at Kilmore Quay.

As with V ila a small number of statistical rectangles within V llg consistently yielded most o f  ray landings 

(31 E l, 31E2, 31E3, 32E2, 32E3), the majority o f which were inshore locations. Unlike V ila, otter trawlers only 

slightly dominated beam trawlers in 1995 and 1996 in terms o f ray landings, and landings from both gear types 

were almost equal in 1997. Kilmore Quay accounted for a maximum of 60% o f all ray landings within this 

division in 1997, largely due to its close proximity to the area consistently yielding the largest landings within 

the division (32E3). Beam trawlers are an important component of the fleet at Kilmore Quay; with vessels from 

this port accounting for a maximum of 80% o f beam trawl effort in 1997 within statistical rectangle 32E3. As 

Fahy (1991) noted, Dunmore East is also a relatively important port for ray landings, more so for otter trawlers, 

and in the present study it was evident that otter trawlers landing at this port accounted for a similar amount o f 

effort within statistical rectangle 32E3 as otter trawlers landing at Kilmore Quay. Vessels landing at Dunmore 

East accounted for a larger proportion o f the otter and beam trawler effort from the westerly-distributed 

rectangles (31 E l, 31E2) than Kilmore Quay. Overall landings, however, from these rectangles were small, 

generally averaging less than lOt annually.

A regular seasonal pattern in the ray fishery in V ila was readily apparent in the four years of commercial

transactions data examined from Howth (1994-1997). From January to July the overall landings remained

relatively low, and the small ray grade tended to dominate. However, from August onwards a rapid rise in

overall landings was evident and the large ray grade generally dominated. Fahy (1989) noted a similar pattern

in the commercial transactions data from both Howth and Arklow. The seasonal pattern in the fishery was not

apparent in the Arklow data in the present study, largely due to the fact that fishing effort was much lower

compared with a decade ago (Fahy 1989), with only three vessels fishing occasionally from this port. Analysis

o f  monthly landings, effort and LPUE by statistical rectangle allowed the seasonal pattern in the landings to be

related to fishing activity. For the main statistical rectangles within this division, effort, landings and LPUE
192



increased in tlie latter half o f the year for the otter trawler fleet. These increases were most evident in the area 

where large blonde ray can be targeted, and which consistently yielded the largest annual ray landings 

(statistical rectangle 35E4). In the present study the close association between monthly percentage of the large 

ray grade landed at Howth (which almost exclusively comprisedTf. brachyurd) and the otter trawler effort in 

statistical rectangle 35E4, expressed as a percentage of total otter trawler effort o f  Vila, clearly demonstrated 

that the blonde ray landed at Howth were landed from this rectangle.

Fleet behaviour is a major factor in increasing LPUE of rays during the summer-autumn period in otter trawler 

fishery in Vila, as vessels switch from landing ray as a by-catch, to targeting rays on specific grounds. Ideally 

vessels targeting rays seasonally should have been distinguished from those landing ray as a bycatch in the 

analysis o f the logbook data. This was not possible, however, as only ray landings data were obtained, and 

therefore it was not possible to ascertain what proportion of the total catch was made up of rays. Agnewe/ al. 

(2000) suggested that if rays comprised over 15% o f the total catch then the vessel was targeting rays. If 

logbook data are being analysed in the future the total catch records o f all commercial species should therefore 

be made available to ascertain whether or not the vessels are targeting rays or not. There are, however, a 

number o f  other factors that contribute to the increased LPUE during this period. In the present study there was 

a notable lack o f large blonde ray in the sampled landings, in addition to a low proportion o f the large ray grade 

in the commercial landings data (which is composed mostly o f the blonde ray) during the I®* and 2"** quarters o f 

1997. It is probable that this, in part, can be attributed to the behaviour o f the ray stocks. Although rays do not 

undertake large-scale migrations (Stevens 1936, Templeman 1984, Walker e/ a/. 1997), they have been shown 

to make small inshore seasonal migrations. Kulka and Mowbray (1998) noted that the biomass o f the starry ray, 

R. radiata, on the Grand Banks off Canada dropped during the spring, and attributed this to the migration o f the 

species out o f the fishing area. Tagging studies have shown that mature^?, clavata undergo inshore migrations 

to mate during the spring and early summer months in the Irish Sea (Steven 1932, 1936). Ryland and Ajayi 

(1984) also suggested that R. montagui, R. clavata and R. microocellata in Carmarthen Bay in the northern 

Bristol Channel undergo inshore migrations to mate during the spring-summer period. It has also been 

suggested that most ray species in European waters exhibit similar migratory patterns in relation to mating 

(Walker and Ellis 1998). It is therefore probable that the low number o f both sexes o f large mature blonde ray 

in the r ‘ and 2"** quarters of 1997 is related to a migration associated with mating. This is further suggested by 

the lack o f large mattire female blonde ray in the 3'*̂  and 4* quarter o f  1997, as previous tagging sttidies o f  rays 

have noted that after mating a proportion o f mature females ray remain inshore (Holden 1974, Walkere? al.

1997).

As well as fleet behaviour and migration influencing yield (LPUE) it is also probable that the growth cycle of 

rays also contributes, as the sumraer-auttimn period has been noted as the period o f  most rapid growth for rays 

in V ila (Steven 1936, Brander and Palmer 1985, Fahy 1989), which coincided with increased yields in the ray

fishery.
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The seasonal trends in landings, effort and LPUE for beam trawlers within V ila were notably different 

compared with otter trawlers. The sole fishery, which is closed in the 2"‘* and 3'̂ '' quarters, generally dictates the 

seasonal trends apparent for the larger beamers. During the closed quarters these vessels generally prosecute a 

mixed whitefish fishery off the southeast coast of Ireland (ICES 1998). For the smaller beam trawlers from 

Kilmore Quay targeting a general mixed whitefish fishery off the south east coast (33E3) in Vila, a small 

seasonal increase in LPUE is apparent for rays. This can be largely attributed to either behaviour of rays in 

relation to migration, or the growth cycle of rays, as vessels do not seasonally direct at rays in this area. The 

lack o f  a directed ray fishery off the south east coast is evidenced in the four years o f  commercial transactions 

data presented from the ray landing port in the southeast, Kilmore Quay (1994-1997), where the small ray 

grade consistently dominated, with no seasonality in the relative confribution from the large ray grade. There is 

also evidence o f a slight increase in yield (LPUE) during the summer autumn period for both otter and beam 

trawlers fishing in statistical rectangle 32E3, which is the most important rectangle in terms o f  ray landings in 

Vllg. However, as with the adjacent rectangle in Vila (33E3) the increase in yield is probably largely due to 

migration or to the growth cycle rather than vessels targeting ray within this rectangle.

Although logbook data proved useful for assessing fleet behaviour (e.g. effort, catch rates, disfribution), the 

information is relatively limited, as rays are not differentiated to species level in logbook returns. It is 

nonetheless possible to derive preliminary estimates of the spatial distribution o f catch rates at the species level. 

For virtually all port-sampling trips the total landed catch was measured, and several skippers provided 

additional information on effort and area fished for these sampled landings. It was therefore possible to derive 

information on the distribution of catch rates at the species level. Catch rates were higher for all commercial 

ray species, particularly for the blonde ray, R. brachyura, in the statistical rectangles yielding the largest 

landings within Vila (35E4 and 36E4). Holden (1977) cautioned that the species composition from commercial 

catches may be biased towards the more marketable species. All ray species o f marketable size, however, are 

retained in the Irish fishery, although it may be possible that the abundance o f R. brachyura may be 

overestimated because they are targeted seasonally. Nonetheless, this method o f deriving catch rates at the 

species level from the commercial fishery could prove very useful, particularly if  it could be verified with 

research survey data.

Catch rates were generally higher for otter trawlers than beam trawlers in the present study. Fahy (1989) also 

noted this, and suggested that although rays may be more susceptible to otter trawls, it is more likely that ray 

grounds are either not accessible or profitable to beam trawl. A number o f studies have suggested that the 

catchability o f rays in bottom trawls is low, as they are able to escape capture by staying close to the 

substratum (Edwards 1968, Templeman 1984, Walsh 1992). In addition, higher catch rates have been derived 

for ray species at night (Casey and Myers 1998, Du Buit 1973), whereas others studies have yielded higher 

catch rates during the day (Vinther 1989). Determining the catchability of rays in trawls is important to ensure 

that biomass indices from trawl surveys are accurate, and therefore should be the focus o f ftirther research.
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The importance of regular sampling during the course o f  the present study was readily evident, as the species 

composition and size distributions changed by quarter. R. naevus, a small sized species, dominated the sampled 

landings at Howth in the T‘ quarter of 1997, which is corroborated by the fact the small ray grade also 

dominated the commercial landings within this quarter. Although the/?, brachyura predominated at each of the 

port sampling locations in the 2"** quarter of 1997, the small ray grade continued to prevail in the commercial 

landings at each port sampling location. When the length frequency distributions were examined for the 2“‘* 

quarter it was evident that/?, brachyura comprised largely o f smaller specimens. In the S'"* quarter of 1997 R. 

brachyura dominated the sampled landings also, this being particularly evident at Howth. In addition, length 

frequency distributions revealed that a much higher proportion o f large/?, brachyura were in the sampled 

landings, which was also reflected in the commercial landings, with the large ray grade dominating at Howth. 

/?. brachyura continued to dominate at Howth in the 4* quarter of 1997, and although dominant at each of the 

other port sampling locations the species composition of the sampled landing was more heterogeneous.

The grading o f rays has been in operation since the early part o f the last century (Steven 1932), its purpose 

being to optimise the value of the landed catch. As Fahy (1989) noted, three main grades were commonly used 

at Howth and the Dublin Fish Market (large, medium and small). Occasionally the mixed ray grade was used 

when there was insufficient ray landed from a vessel to allow the landed catch to be segregated by grade. The 

large ray grade when composed of/?, brachyura regularly attained prices in excess o f £2.00 per kg (1997), 

which is comparable with high value species such as, cod, plaice and monkfish (pers obs.). Due to the high 

yield o f  flesh on /?. brachyura a large proportion of the ray is utilised. The pectoral fins are removed, and in 

addition, the lateral jaw muscles, referred to as ‘jowls’ are removed, which Clark (1922) also noted at the fish 

markets in the U.K.. In certain processing plants in Dublin the backbone is also cut into segments and 

marketed. The medium and small ray grade are of lesser value and generally attained a price o f £1.50 and £0.80 

per kg respectively. As was observed by Fahy (1991), a much more intricate grading system was in practice at 

Kilmore Quay Co-op. Although a total of 50 grades were noted in the present study from examinations o f the 

commercial transactions data, approximately 20 were used on a regular basis. A similar grading procedure is 

also in operation in a number of ray landing ports in France (IFREMER 1984), allowing the French to declare a 

proportion of their landings by species (Anon. 1997). The port handlers at the co-operative at Kilmore Quay 

regularly re-graded the landed catch from a vessel prior to sale, as they had access to the total catch, whereas at 

sea the crew essentially only have access to the catch, haul by haul, and as Fahy (1991) suggested the more 

complex grading system would be poorly understood by the crew. Although the primary factor in grading is 

size other considerations are given. Where possible R. clavata and /?. brachyura o f equal size are separated in 

the large ray grade, as there is a higher yield of flesh from/?, brachyura, and in addition /?. clavata is harder to 

handle and skin because of its profuse spinulation (Holden 1977,Fahy 1991). As/?. «aevMs has narrow pectoral 

wings, its yield o f flesh is low, and where possible is segregated from other species. In addition, due to the 

close superficial resemblance of similar sized R. brachyura and /?. montagui they are generally graded together.
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Examination o f the length frequency distributions ofR. brachyura within the small, medium and large grades 

revealed that the mode for each grade was distinct and covered a similar range by sex, for each quarter and port 

examined. Comparisons with Fahy’s (1989,1991) study revealed that the size ranges of the commercial grades 

have remained the same. The fact that the majority o f the ray species from each o f  the ports are destined for 

the markets at Dublin would ensure the size ranges of each the commercial grades would be fairly standard. As 

Fahy (1991) observed, the size distributions ofR.  clavata within each o f  the commercial grades are not as 

distinct, with each of the modes having a wider distribution. This is largely due to the fact that/?, clavata is a 

lower value species and consequently larger specimens may be allocated to the small and medium ray grades to 

compensate.

Fahy (1991) suggested that the species composition of the commercial grades remained constant throughout 

the year, however, analysis o f the species composition by weight in the present study revealed that it differed 

between quarters. Although the large ray grade consisted entirely of/?, brachyura at all port sampling locations 

in the S'** quarter of 1997, its’ composition changed in the 4‘*' quarter at Arklow and Kilmore Quay, comprising 

o f  /?. brachyura and /?. clavata in almost equal proportions. A similar pattern was also evident for the medium 

ray grade at Arklow, comprising almost exclusively of/?, brachyura in the 3’̂  quarter, with /?. clavata being in 

equal abundance with R. brachyura in the 4”' quarter. The composition o f the small ray grade was more 

heterogeneous, but/?, naevus dominated in both quarters examined. Fahy (1989,1991) noted that the large ray 

grade comprised R. brachyura and R. clavata in almost equal proportions at both Howth and Arklow combined 

and Kilmore Quay. There are a number o f reasons for the higher abundance of/?, clavata in the combined 

Howth and Arklow sampled landings in Fahy’s (1989) study. Unlike the present study in which all ray were 

measured, Fahy (1989) counted the number of species and used mean weight by grade to derive relative 

proportions by weight, which may have led to biased results. In addition, a high proportion o f  the sampled 

landings may have been from Arklow, resulting in high abundance estimates for this species, as/?, clavata was 

common in the sampled landings from this port in the present study. However, the fact that/?, clavata was 

also the most abundant species in the sampled landings in Fahy’s (1989) study, whereas it was the least 

abundant species in the present study suggests a drop in numbers. In addition, in the present study/?, montagui 

or /?. naevus were rarely included in the medium ray grade, whereas Fahy’s (1989) noted that the majority of 

sampled /?. montagui and almost half of /?. naevus were included in this grade. The size ranges o f the 

commercial grades have not altered, however, re-plotting Fahy’s (1989) size disfribution data with those in the 

present study revealed that a contraction in the size ranges may have occurred (Appendix 4, Fig. 2). It is 

possible that the high effort in the late 1980s and early 1990s has resulted in a reduction in abundance of/?. 

clavata (which is the most vulnerable of the commercial species due to its slow growth and late age at maturity 

(chapter 3)), and a contraction in the size disfribution of both/?, montagui and /?. naevus. Similar observations 

have recently been made for/?, radiata in the Grand Banks fishery (Kulka and Mowbray 1998), where a 

reduction in both abundance and in the average size has occurred, which has been atfributed to high effort. In 

the North Sea the numbers of/?, clavata have dropped and their size disfribution have also confracted due to 

high exploitation (Walker and Hislop 1998).



The population structure o f the commercial landings for each o f the ray species was reconstructed using a 

somewhat similar methodology to that used on the commercial teleost species in EC waters (ICES 1998). The 

method essentially involves raising the sampled landings by quarter to the official quarterly landings using 

length weight conversions. The process is complicated for rays as they are landed as a mixed species 

assemblage in the commercial landings. Sampling within commercial grades at the port, however, and raising 

each sampled grade up to the graded landings derived at the port sampling locations, ensures that each of the 

grades are not over represented in the raised landings. Although this methodology was used in the 3'** and 4* 

quarter o f 1997, it was not possible to raise the sampled landings up to the commercial landings data in the T' 

and 2 quarters as the sampled landings were not recorded by grade during this period. Despite this, sampling 

bias should not have been a problem in the 1*‘ and 2"‘' quarters of 1997, as the proportion o f the commercial 

grades sampled (no. of fish boxes) were similar to the proportion o f the grades in the commercial landings 

(Appendix 5, Table 1). In addition, as the total landed catch of rays were measured in all sampling trips, bar 

one, potential bias from sub-sampling was alleviated. The accuracy o f the length weight conversions for each 

ray species was verified by comparing the weight of length-converted landings to the weights o f landings 

weighed directly at the port prior to sale (recorded in port handing dockets). Ideally the sampled landings 

should have been raised for both gear types separately (otter and beam trawlers), and within each ICES division 

separately (V ila and Vllg). Although a large number of ray were sampled, splitting the sampled landings in 

each quarter, by gear and ICES division would potentially lead to inaccuracies, as sample sizes would have 

been small. Furthermore, preliminary analysis of some species revealed that the size distributions were similar 

between both ICES divisions (Appendix 5, Fig. 3), and both gear types (Appendix 5, Fig. 4). Age length keys 

derived from the length at age data (Chapter 3) were used to convert the raised size distributions to age 

distributions for each of the commercial ray species.

The raised age distributions revealed that the larger sized species, R. brachyura and R. clavata, had slightly 

wider age ranges (2-lOyrs), than the smaller sized species (2-8yrs). The shapes of the age distributions, 

however, were very similar for all species examined, with the main mode in the age distributions generally 

between the and 4“' yr. Although Fahy (1989) noted a similar age range for each o f the species, the relative 

shape o f  the age distributions differed, with a much higher proportion o f commercial landings between 0-2yrs 

(50% R. brachyura, 50% R. clavata, 22% R. naevus and 34% R. montagui) than was evident in the present 

study (ranging from 2.2% R. naevus female to 18.9% R. brachyura male). The larger proportion evident in 

Fahy’s (1989) study can probably be attributed to inaccuracies in the ageing methodology used, which led to 

overestimates o f length at age in the smaller size classes (Chapter 3). Despite the fact that there was a lower 

number o f specimens attributed to the smaller size classes than in Fahy’s (1989) study, a large proportion o f the 

landings of each species comprised immature specimens in the present study, particularly the larger sized 

species (range from 26% R. montagui male to 80% R. clavata male). The narrow age distribution for each 

species is suggestive of heavily exploited species, with Armstrong and Briggs (1993) noting that as a result of 

intense exploitation most of the commercial teleost species in the Irish Seaalso have very restricted age ranges.

197



The age distributions evident for each of the ray species in the present study are similar to those of the heavily 

exploited teleost species (e.g. 60% o f cod 2-5yrs 67% of whiting 2-4yrs (Anon 1999b)

The high total instantaneous mortality coefficients (Z) derived for the ray species in the present study further 

suggest heavy exploitation (range R. brachyura female 0.456, R. montagui male 1.110). Mortality varied 

between species and sex, with each of the smaller sized species experiencing higher mortality than the larger 

sized species, and in addition, the males of each species also experienced higher mortality than females. Fahy’s 

(1989) mortality estimates for the combined sexes of these commercial ray species were lower (ranged?. 

clavata 0.48, R. montagui 0.74), but followed a similar trend to those of the present study, with the smaller 

sized species exhibiting higher mortality levels. It is unlikely that mortality levels would have been lower for 

the ray species during Fahy’s (1989) study, as fishing effort of the demersal fleet was higher during this period. 

The lower mortality coefficients derived by Fahy (1989) may be attributed to inaccurate age assessment of the 

smaller size classes (Chapter 3). The mortality coefficients derived by Ryland and Ajayi (1984) for/?, clavata 

(male 0.56, female 0.27) and R. montagui (male 0.72, female 0.48) in Carmarthen Bay, off the North Wales 

coast, were lower than those of the present study, however, a similar pattern emerged in that males had higher 

mortality coefficients. It is possible that owing to the sedentary nature of rays (Steven 1936,Templeman 1984), 

that sub-populations of these species experience different mortalities due to differences in localised fishing 

effort. It is probable, however, that, as with Fahy’s (1989) study, inaccurate age assessment also confounds the 

estimates in Ryland and Ajayi’s (1984) study, which has been alluded to previously (Brander and Palmer 

1985).

The higher total mortality levels experienced by the smaller sized species may in part be explained by the fact 

that they also experience higher natural mortality, as using Pauly’s equation (Pauly 1980), the natural 

mortalities derived for the smaller sized species were double those of the larger sized species (e.g. R. brachyura 

female 0.199, R. montagui male 0.433). Fishing mortality levels, derived by subtracting natural mortality 

estimates from those of total mortality (Z-M=F), were similar for the majority of species (0.4-0.6). These 

fishing mortality levels are similar to those experienced by commercial teleost flatfish in the Irish Sea (e.g. 

Plaice F=0.4-0.7 (1990-1998), Sole F= 0.4-0.50 (1990-1998)) (ICES 1998).

Both the demographic analysis and replacement mortality estimates also indicate strongly that the commercial 

ray species in the Irish Sea are heavily exploited. Apart from/?, brachyura female (Z= 0.456, Z’= 0.805), total 

mortalities were very similar to replacement mortality estimates. For/?, montagui, total mortality exceeded 

replacement mortality (Z= 1.110 Z’= 0.813), and in addition, demographic analysis also revealed that the very 

high mortality levels experienced by R. montagui has resulted in negative population growth {r= -0.045). For 

the other species a link between population growth and their relative abundance in the commercial landings can 

be inferred, as the two most abundant species R. naevus and R. brachyura both exhibited the highest population 

growth, whereas R. clavata, with the lowest positive population growth {r = 0.125) was the least abundant 

species.
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A recent study o f long term trawl survey data (1959 to 1965 and 1993 to 1997) in the Irish Sea revealed similar 

trends to those evident in the present study, with an increase in the relative abundance and biomass ofR. 

naevus, and a decline in the relative abundance of/?, clavata evident (Dulvy et al.2000). There were, however 

differences evident between studies, as although the long-term survey data revealed a reduction in the relative 

abundance of/?, montagui, analysis o f  more recent short-term data (1993 to 1997) in the same study revealed 

an increase in absolute abundance o f this species (Dulvy e/ a/.2000). There are a number o f possible reasons for 

this. Dulvy et al. (2000) acknowledged limitations in the trawls survey data, including the limited time series of 

the short-term survey data. In addition, it is uncertain where most effort was concentrated, as the high 

proportion o f R. clavata in the catches suggested that the surveys focussed to the east o f  the Irish Sea, where/?. 

clavata is most prevalent (Holden 1977). Therefore direct comparisons may not be valid, as the majority of the 

sampled landings in the present study were taken from the western Irish Sea. Another possible reason for the 

negative population growth derived for R. montagui in the present study is the low fecundity estimates used in 

the demographic analysis. Other studies have suggested higher fecundity estimates for/?, montagui (Ryland 

and Ajayi 1984), and indeed, if  these are used as input parameters in the demographic analysis, population 

growth o f this species is positive. This highlights the importance of deriving accurate fecundity estimates for 

each o f the ray species.

Despite the fact that the total mortality levels experienced by the commercial ray stocks in the North Sea are 

lower than those o f the ray species in the Irish ray fishery, demographic analysis revealed lower population 

growth for the North Sea species (e.g. /?. montagui r= -0.13 , /?. naevus r=  0.002 and /?. clavata r= -0.035). As 

the same fecundity estimates were used in both studies, the differences in population growth can be attributed 

to the higher age at maturity values used for the North Sea species (e.g. R. naevus = 7yrs) (Walker 1999). This 

also suggests that due to the life history parameters o f lower age at maturity, the reproductive potential in the 

Irish Sea species are more robust.

There is little doubt that the commercial ray species in the Irish Sea have been adversely affected by intense 

exploitation, with a drop in relative abundance o f /?. clavata, and a restriction in the size distributions of /?. 

montagui and /?. naevus evident. In addition, reduced size and age at maturity, and increased growth rates 

evident for these species are also signs of density dependent changes in life history parameters due to 

exploitation (Hoenig and Gruber 1990). This aside, these ray species have not shown the characteristic ‘boom 

and bust’ pattern evident for many exploited elasmobranch fisheries (Anderson 1990), and in addition, have not 

shown the dramatic decline apparent for many o f the demersal teleost species in the Irish Sea experiencing high 

fishing mortality (ICES 1998). There are a number o f factors that may have contributed to their relative 

resilience in this heavily exploited environment. The increased growth and reduced age at maturity (Chapter 3) 

evident, particularly for the smaller sized species, contributes to their resilience (Hoenig and Gruber 1990).

Additionally, although elasmobranchs characteristically are of low fecundity (Camhi et al. 1998), it has been

suggested that rays, which are among the most fecund of this group (Holden 1975), may have a more
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predictable, and at times, a higher yield per recruit than teleosts (Kulka and Mowbray 1998). Owing to the 

close stock recruitment relationship evident for elasmobranchs it is vitally important that a sufficient proportion 

o f mature females can reproduce (Hoenig and Gruber 1990). For the most abundant o f the rays in the present 

study {R. brachyura and R. naevus) the lack of females in the sampled landings at certain times o f the year 

suggests that, as they remain inshore after mating they are less vulnerable to exploitation. This is further 

evidenced in the lower total mortality coefficients derived for females than for males. It has also been 

suggested that the depletion o f many o f the demersal teleost species has resulted in an increasing number of 

niches becoming available, and as rays are opportunistic feeders they will readily occupy these vacant niches 

(Walker and Ellis 1998, Dulvy et al. 2000). Furthermore, scavenging behaviour has previously been observed 

for rays (Templeman 1982a), with a high proportion o f  their diet consisting o f  fish offal. It has been suggested 

that up to 20%, by weight, of offal is discarded from a mature teleost fish (Anon. 1999b), and therefore it offers 

a readily available food resource for rays in the Irish Sea. A flirther factor that may also enhance survivability 

o f  rays, is the suggestion that a proportion o f the ray population occupies areas inaccessible to fishing, and that 

these ‘refuges’ provide a source of replenishment for the more heavily exploited areas (Casey and Myers 

1998,Walker et al. 1997 Armstrong and Briggs 1993). Fahy’s (1990) analysis o f  the spatial distribution of 

‘specimen’ rays in Irish fishery, revealed a high proportion o f specimen fish in certain parts o f the Irish Sea, 

and from this it was suggested that these areas are refuges.

Given that the ray stocks are an important component of the demersal fishery in the Irish Sea (Brander 1988, 

Fahy 1989), it is vitally important that in order to conserve this resource, management strategies should be 

implemented. Although fishing effort has declined over the past decade in the Irish Sea (ICES 1998), the rapid 

depletion and heavy quota restrictions imposed on the main demersal teleost species may result in more vessels 

targeting rays, as has been observed in other fisheries (Atkinson 1995, Kulka and Mowbray 1999). This has 

already initiated to some extent, as a number of larger beam trawlers have in the recent past (1998) modified 

their gear to work in the rough grounds of the peaks to enable them target the large blonde rays. In addition, 30 

new whitefish vessels have recently joined the Irish fleet (Anon. 1998), and for several o f  these, their licencing 

agreement stipulates that 30% of their catch has to comprise non-quota species. Therefore it is envisaged that a 

number o f  these vessels could target the ray species in the Irish Sea.

TACs, which are set for most o f the commercially important teleost species in EC waters, are probably the

most realistic way o f regulating the catches o f rays in the Irish Sea. TACs have been set for a number o f  ray

fisheries (Atkinson 1995, Kulka and Mowbray 1999, Pawson and Vince 1999),and owing to the fact that rays

are usually taken as a mixed species assemblage; these TACs are for the species complex. More analysis needs

to be carried out in deciding the appropriate TACs for the Irish Sea ray species. It is, however, apparent that the

international landings reported in the late 1980s and early 1990s (4000-5000t) were inappropriately high. A

more realistic TAC o f between 2000-3000t, which is the average annual international landings between 1990

and 1997, may be more appropriate. The ray fishery provides a valuable resource for a small number o f  vessels

that target ray seasonally, both in Ireland and the U.K as has been observed previously (Fahy 1989, Pawson and
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Vince 1998), and in the present study. It may therefore be prudent to issue specific ray licences to vessels with 

a track record in exploiting the resource. Technical conservation measures in the form of minimum landing 

sizes (MLs), which have already been set for rays at regional levels in some of the ports in the U.K. (Pawson 

and Vince 1998), should also be implemented for all nations landing ray in the Irish Sea. Rays are particularly 

susceptible to most demersal trawl gears owing to their shape (Walker and Ellis 1998). However, gear 

restrictions in the form of minimum mesh sizes have been effectively implemented in the Grand banks and 

Scotian Shelf ray fisheries (Simon and frank 1996, Kulka and Mowbray 1998), where it has been noted that 

only larger specimens are retained using mesh sizes of between 255-320mm. It may be possible, if a specific 

ray licencing system was adopted, that gear restrictions could also be implemented. In addition it has 

previously been suggested that the survivability of rays returned from commercial trawls may be high (Steven 

1936, Walker 1999), therefore it would also prove practical to return unmarketable juveniles to the sea as 

quickly as possible, and, in addition, to minimize tow duration to further enhance survivability.

ICES have recently been given the task within the next decade of identifyingbiological reference points for the 

commercially exploited elasmobranchs in EC waters (Pawson and Vince 1999). They have also indicated that 

they would attempt to provide the necessary information to enable the establishment of these targets and limit 

reference points, and present stock assessments and forecasts for elasmobranchs (Pawson and Vince 1998). 

Owing to the deterministic relationship between stock and recruitment for elasmobranchs, and relatively 

uniform survival evident of juveniles and adults (Holden 1974, Anderson 1990, Hoenig and Gruber 1990), 

defining these biological reference points (e.g. replacement mortalities) using base-line biological information 

(e.g. age at maturity, fecundity) is more straightforward than for teleost fish.

The tradition of poor quality and limited data availability for rays, as for most elasmobranch species in the

Northeast Atlantic, has been a major impedance in their regular assessment (Fahy 1989, Camhie/ al. 1998). In

the present study several data sources have been analysed and provided a valuable understanding of the ray

fishery. Official logbook data, although not traditionally used in assessment of teleost fisheries due its lack of

reliability, proved robust, and in addition provided useful information on fleet structure, effort, landings and

yield. Although only three years of data were analysed in the present study, its accessibility provides the

potential of examining a longer time series. Unfortunately for the logbook data analysed in the present study it

was not possible to distinguish between vessels targeting rays and vessels landing ray as a bycatch as only ray

landings were provided for each vessel. Ideally the total landings o f all species should be provided for each

vessel and from these data it could be deduced whether a vessel was targeting rays or not. Commercial

transactions data collected from the main port sampling locations, provided a useful information on the relative

proportions of size grades landed, and revealed the seasonality in the fishery i.e. when vessels switched to

targeting ray. These commercial transactions data are invaluable when the size distributions and species

compositions of their grades are characterised. Sampling of ray landings has regularly been defined as complex

(Brander 1988, Walker and Ellis 1998, Pawson 1999). The sampling methodology utilised in the present study,

however, allowed the landed population structure to be reconstructed at the species level, by sex. This sampling
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protocol devised in the present study is straightforward and could be readily integrated into the regular port 

sampling programmes currently in place for the main commercial teleost species. In future, sampling 

programmes o f  rays from vessels targeting ray and landing ray as a bycatch should berecorded and analysed 

separately. In addition, if possible, a number of vessels should be sampled on the same occasion to ascertain 

how representative the landings from a single vessel are for the remainder o f the fleet. As with most 

commercial teleost species regular age assessment could be carried out for rays (ICES 1999), as ageing of the 

ray species in the Irish Sea is relatively straightforward (Chapter 2). M ore recently, increasing observer 

coverage on many of the commercial vessels in the Irish Sea is evident, with a wide range o f gear trials and 

technical conservation measures (TCMs) being researched (Anon. 2000). From these surveys ancillary data on 

the graded catch of rays would provide invaluable data in verifying the reliability o f  official logbook data. 

Further biological studies are also warranted. Although tagging studies have been carried out previously, most 

o f these have concentrated on the commercial ray species on the eastern side o f the Irish Sea, whereas the 

highest proportion o f ray landings are derived from the western side of the Irish Sea (Fahy 1989, Hillis and 

Grainger 1990). Tagging could yield direct evidence on the seasonal movements o f  the various ray species, and 

in particular possibly provide an insight into the location o f mature females during summer-autumn periods. 

Nursery grounds need to be identified, and in addition, ensure that they are preserved. Although previous 

fecundity studies have been carried out on certain ray species in the Irish Sea further work is warrantedas a 

wide variation in fecundity estimates is apparent, and reliable estimates are required as input parameters for 

several assessment models.

Given the data availability and the possibility of initiating longer-term sampling and research programmes, 

there is potential for this resource, which has provided consistent yields for almost a centuiy, to be managed in 

a sustainable manner.
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Chapter 5: Synthesis of results and future research recommendations
This study focussed on the commercial ray species from two contrasting, and geographically distinct regions; 

namely the Falkland Islands’ ray fishery, which is recently established, carefully managed fishery, and exploits 

bathyrajids in a relatively deep, cold water environment; and the Irish ray fishery (ICES division V ila and 

Vllg), which is long established, unregulated, and exploits rays in shallower, warmer waters. Age, growth and 

maturity were assessed for each o f  the species in both study groups to derive baseline biological information, 

and to relate observable trends in the fisheiy to the derived life history traits. In addition, for the Irish ray 

fishery, a detailed assessment o f the data collected from the fishery was carried out, and an intensive port- 

sampling programme was initiated to attain the size and age structure o f  the commercial landings by species 

and sex, and from these results the status o f  the ray species was assessed.

Ageing (Chapter 2)

Accurate age assessment is a vital pre-requisite for the derivation o f reliable estimates o f  growth and age at 

maturity, which in turn, provide valuable input data for assessments, and also give an indication o f the 

vulnerability o f  given species to exploitation (Hoenig and Gruber 1990). A comprehensive assessment o f  a 

wide range o f  previously developed centrum band enhancement techniques was carried out to establish the 

optimum enhancement method for each o f the species in both study groups. The variety o f  processed centra 

(e.g. sagittal sections, whole centra) used in the assessments allowed a full appraisal o f  each technique 

investigated. A larger number of enhancement techniques proved effective on each of the Irish ray species, and 

this was attributed to their wider centrum band morphologies relative to the Falkland Islands’ species. Crystal 

violet staining o f sagittal centrum sections was adopted as the main enhancement procedure for each o f the 

species in both study groups, as it proved simple in its application, and stain intensity could readily be adjusted 

to optimise band resolution.

The procedure adopted to assess the effectiveness o f previously derived enhancement techniques should be 

considered by other researchers investigating ageing techniques for elasmobranchs. In addition, preliminary 

trials o f  the crystal violet staining procedure shows real potential, as it readily enhanced the centrum bands in a 

wide range o f  elasmobranchs.

Caudal thorns were also investigated as a novel ageing tool. Following a review o f  various enhancement 

procedures it was established that the caudal thorns from the Falkland Islands’ ray species had a surface band 

sculpture that could be readily resolved. A statistical comparison o f  the band counts derived from both caudal 

thorns and centra, revealed that caudal thorns prove to be an effective ageing tool for this group. In contrast, for 

the Irish species examined, the use o f caudal thorns proved ineffective, owing to a lack o f  a surface band 

sculpture. It is probable that the surface band pattern evident on caudal thorns for each o f the Falkland Islands’ 

species, which consisted o f surface ridges and broad bands, were due to a regular stasis in somatic growth 

during the winter (Austral). It was suggested that the lack o f a ridge defined surface band pattern on thorns
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from the Irish species was due to a less clearly defined stasis in somatic growth. The structure and growth 

process o f thorns from the Falkland Islands’ species were investigated through histological analysis of 

transversely sectioned thorns. These sections enabled the underlying band morphology to be related to the 

surface band pattern, and also revealed that thorn growth occurred by the addition o f underlying layers to the 

innermost surface. Further research is warranted, particularly at the cellular level, to establish why there is a 

lack o f  surface bands on caudal thorns from the Irish species. Caudal thorns shows great promise as an ageing 

tool for ray species suiting this procedure, as thorns can be more easily removed and prepared than centra, and 

importantly, their removal does not detract from the commercial value o f  the fish.

Without an understanding of the temporal nature o f band formation on ageing structures, derived age readings 

are meaningless (Beamish and McFarlane 1983). For each of the species fi'om both study groups, annual 

centrum band pair formation was established, which conforms to the findings o f  most elasmobranch species 

previously investigated (Cailliet et al. 1986). Although centrum opaque band formation occurred at the same 

time o f the year for each of the species in both study groups, they occurred under contrasting environmental 

and growth conditions (viz. The Falkland Islands species: winter (Austral), slow growth period; Irish species: 

summer-autumn, fastest growth period). Analysis o f  the band morphologies revealed that the opaque bands 

were broader than the translucent bands in the Irish species, whereas the opaque bands were narrower than the 

translucent bands for the Falkland Islands species. Although it has previously been suggested that exogenous 

factors (e.g. food, temperature) are the main cues for band formation in elasmobranchs, the findings in the 

present study suggest that an endogenous rhythm may control the rate of band formation, and that exogenous 

cues may only influence the morphology o f the bands formed. The physiology o f band formation is poorly 

understood in elasmobranchs and further research is also warranted in this area.

To increase the reliability of age readings and reduce bias, all reading structures were read without the 

associated specimen details. In addition, three separate readers carried out repeated readings on three 

independent occasions on a sub-sample o f  the structures. It was noted that the band resolving abilities notably 

improved for the inexperienced readers with repeated readings. This emphasises the importance o f ‘a training 

in’ period for all new readers.

Growth and Maturity (Chapter 3)

Von Bertalanffy growth estimates and maturity estimates derived for the Falkland Islands’ species revealed 

they are among the slowest growing and latest maturing ray species studied to date (e.g.B. brachyurops male 

(centra), K= 0.058, age at maturity= lOyrs). The vulnerability imposed by these life history traits is readily 

evident from the fishery, particularly by the response o f the large sizedfi. griseocauda  to exploitation. Within a 

decade this species, which is the slowest sized and latest maturing species examined (e.g. growth rate males, 

K= 0.03, age at maturity >20yrs), has dropped drastically in numbers to the north o f the Falkland Islands, and 

in addition, the fishery to the south o f the Islands, which is predominated byfi. griseocauda was closed in 1996
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as a drastic decline in CPUE trends occurred (Agnew et al. 1999). A more comprehensive sample size of 6. 

albomaculata and B. scaphiops needs to be examined to verify the growth and maturity estimates derived.

Growth and maturity estimates revealed that the Irish ray species are faster growing and mature at an earlier 

age than the Falkland Islands’ ray species (e.g./?. montagui male, K= 0.304, age at maturity= 4yrs). Although 

growth and maturity estimates were previously derived for some o f  the Irish ray species, limited sample sizes 

and biases from previous estimates confounded comparisons. Despite this, growth estimates in the present 

study showed closest agreement with those of Fahy’s (1989,1991), which were most recent, and in addition, 

samples were also obtained from the Irish ray fishery. Both Fahy’s (1989, 1991) estimates and those of the 

present study strongly suggested that the growth rates of the smaller sized species (R. montagui and/?, naevus) 

have increased over the recent past, possibly as a compensatory response to density dependent changes in 

population structure caused by exploitation. In addition, the reduced age and size at maturity estimates 

compared with previous estimates (Du Buit 1976, Ryland and Ajayi 1984) fiirther suggested a compensatory 

response has occurred for these two smaller sized species.

As rays are sedentary (Steven 1936, Templeman 1984) it is plausible that differences in growth and maturity 

may occur for sub-populations, which experience different levels o f exploitation, within the Irish Sea. To assess 

this hypothesis a more detailed growth and maturity study would need to be carried out on each o f  these species 

within different regions of Irish Sea, ensuring that comprehensive sample sizes and the same ageing techniques 

and maturity indices are used to reduce methodological biases.

The Irish  ray  fishery in ICES divisions V ila  and V llg  (C hapter 4)

The ray fisheries in the Irish Sea (Vila) and off the southeast coast o f  Ireland (Vllg), although long established, 

are to date unmanaged. The lack of reliable data and the difficulties in sampling the mixed species landings are 

the major confounding factors preventing their assessment and subsequent management (Brander 1988, Fahy 

1989, Pawson and Vince 1998). The present study set out to comprehensively assess the various data collected 

from the fishery, in order to ascertain their usefulness in the assessment o f  these commercial ray species. 

Another objective of the present study was to devise an effective sampling program to allow the reconstruction 

o f  the population of ray landings at the species level from the mixed species landings.

The close agreement between landings figures derived from the European Communities logbook proforma and

those from the commercial landings data (commercial transactions data), obtained directly from the ports,

strongly suggested that the logbook returns on ray landings are reliable for the non-quota ray species within the

fishery. The logbook data proved useful in characterising the structure o f the fleet landing ray, and assessing

the spatial disfributions and temporal trends in landings, effort and yield. From these data the seasonality in the

ray fishery in the Irish Sea was readily apparent with increased landings, effort, and LPUE in the summer-

autumn period when a number of otter trawlers switch from landing ray as a by catch to targeting them. The

seasonality in the ray fishery in the Irish Sea was also readily evident in the commercial transactions data
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collected from the port sampling locations, with increased landings and an increasing proportion of the large 

ray grade been landed in the latter half o f  the year as vessels switch to targeting rays. This seasonality was not 

readily evident in the commercial transactions data from the more southerly located port o f Kilmore Quay, as 

vessels landing at this port tend to have a more restricted southerly range and therefore do not target large 

blonde rays, R. brachyura, located on grounds further north in the Irish Sea.

An intensive port-sampling programme was carried out in each quarter o f  1997 and the first quarter of 1998. In 

almost every port sampling trip the total landed catch o f rays from a single vessel was measured. The sampled 

landings o f each species measured within the commercial grades were raised to the commercial transactions 

data by quarter using length weight correlations. These quarterly raised landings werethen combined to derive 

the size distributions of the total landed catch at the species level by sex for 1997 for V ila and V llg combined. 

These size distributions were converted into age distributions using age length keys. The reconstructed age 

distributions revealed that each o f the ray species have similar narrow age ranges (2-8yrs), which are 

suggestive o f heavily exploited stocks. This was corroborated, as high total instantaneous mortality coefficients 

were derived, particularly for the smaller sized species {R. montagui male, Z= 1.110). Replacement mortality 

estimates, calculated using input parameters o f age at maturity and fecundity, also revealed that each o f  the 

species are almost fully exploited, with total mortality estimates exceeding replacement mortality for 7?. 

montagui, and both being similar for most o f the other species examined. Although demographic analysis also 

revealed that R. montagui was over exploited, as it displayed negative population growth, positive population 

growth was evident for each of the other species examined. Several suggestions were put forward as to why 

landings and catch rates of the Irish ray species examined have remained relatively stable under high mortality, 

whereas landings of the more fecund teleost species have declined.

The study o f the Irish ray fishery demonstrated that a wide range o f  useful data is readily available from the 

fishery, which can be used in the assessments of these commercial species. In addition, it was suggested that 

the sampling program devised could be readily integrated into established national sampling programs in place 

for commercial teleost species. Given the data availability and the potential to  gather more data from longer 

term sampling programmes, there is potential for these Irish ray species to be effectively assessed and 

subsequently managed.
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Appendix 1, Table 1. Summaiy o f centrum band enhancement techniques reviewed for rays species in the 
present study (WC, whole centra; WCE, whole centra etched; WCSE, whole centra scraped and etched; 
HCTSE, half centra, transversely cut, scraped and etched; HCLP, half centra longitudinally cut, and polished; 
SS, sagittal sections; S* thin sections.

T echnique T rea tm en t T im e C e n tra  used
A ir  d ry ing
Fahiy (1990) T em p (C) 28 12,24,48,72 (hrs) WC, W CE,W CSE,HCTSE,HCLP,SS
C h a rr in g
Taylor and Holden (1964) T e m p (C ) 150,200,250 

300
2,4 (mins) 

8 (mins)
W C,W CE,W CSE,HCTSE,HCLPSS
W C(RB),(RC),(RM ),(RN)

C lea rin g
R yland and Ajayi (1984) T rea t. 1 Acetone-

Ethylene glycol
T rea t. 2 Polyethylene glycol
Terpinol

2 (mins)
3.5.10 (hrs) 
2 (mins)
5.10 (hrs)

W C,W CE,W CSE,HCTSE,HCLP

W C,W CE,W CSE,HCTSE,HCLP

D ehydration
Taylor and Holden (1964) T rea t. 1 Alcohol 70% 

T rea t. 1 Alcohol 100%
2,4,6(mins)
2,4,6(mins)

W C,W CE,W CSE,HCTSE,HCLP,SS
W C,W CE,W CSE,HCTSE,HCLP,SS

D ecaleirication
Casey etal.  (1985) Decalc. Calex.

E m bedding Paraffin 
Section thickness 12,15,30,45,6 
Stain 1. Harris haematoxylin 
Stain 2. Gills haematoxylin

24,34,48 (hrs) 
24 (hrs)
)
15.20.45 (mins)
15.20.45 (mins)

WC

S ilver n itra te
Stevens (1975) Silver nitrate 1,1.5,2(%) 

Sodium thiosulphate 3,5 (%)
2.4.8.10 (mins)

3.5.10 (mins)
W C,W CE,W CSE,HCTSE,HCLP,SS

A lizarin  red
LaM arca (1966) Alizarin red (aliz. red in 

0 .1% N aO H (l:9)) 
DifTcrentiation H202 soln. 3%

12,24,48 (hrs) 

10,15,30 (mins)

W C,W CE,W CSE,HCTSE,HCLP,SS

X ra d io g rap h y
C aillie te^a /. (1983) Faxitron Series X-ray system 

model no.43805N 
Hewlett- Packard Co. USA 
Distance 40cm from focus o f  ins 
Exposure 20kV and 2mA 
Exposure time

trument

1 ,3 ,5  (mins)

W C,W CE,W CSE,HCTSE,S*

C edarw ood  oil
M artin and Cailliet (1988) Cedarwood oil application W C, W CE, W CSE,HCTSE,HCLP,SS
C o b a lt n itra te
H oenig and Brown (1988) Cobalt nitrate 3,5 (10%) 

Acid alc.soln.(10%HCL in 
alc.ratio 70% 1:10)
Amm. sulfide(3,5,10%) 
Acid ale. soln.

5,10,15,20,25 (mins)
3.4.5.8.10 (mins)

5.10 (mins)

W C,W CE,W CSE,HCTSE,SS

G ra p h ite  pow der
Ferreira and Vooren (1991) Graph.ite powder application

W C ,W CE,W CSE,H CTSE,SS

C ry sta l violet
Schwartz (1983) E tching Acid alcohol ( 5%) 

C rysta l violet 1. 0.002, 
0.005,0.008,0.0, 0.02,
0.005 (%)

D estaining alcohol (70%)

10,15,20 (mins).
1 0 ,1 5 ,2 0 ,3 0 , 50 (mins)

12, 2 4 ,3 6 ,48hrs 
2,3,5 (mins)

W C,W CE,W CSE,HCTSE,HCLP,SS

N inh y d rin
D avenport and Stevens (1988) Ninhydrin (1 % ) (in ethanol 

(98%) solution)
2,4,6,8 hrs W C,W CE,W CSE,HCTSE,SS

N itr ic  acid
C orreira and Figueredo (1997) Nitric acid 2,3,5(%) 3,5,8,10,15,20 (min) W C,W CE,W CSE,HCTSE, HCLP,SS

C lea rin g
D aiber(1960) Formalin 10(%) 

Ale. 95(%) 
A lc.l00(% ) 
Xylene 
Paraffin

18,24,32(mins) 
3,4,5(mins) 
24,32,48(mins) 
18,24,36 (mins) 
24 (hrs)

WC, WCE, W CSE,HCLP

1
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Appendix 1, Table 2. Summary o f thorn band enhancement techniques reviewed for rays species in the present 
study.

Technique Treatment Time
S ilver n itra te
Stevens (1975) S ilver n itra te  sta in: 1,2,3 (%) 

Sodium  thiosulphate:3,5 (%)
1,5,10.15,20,30,40,50,60,70,80 (mins) 
lO(mins)

A lizarin  red
LaM arca (1966) A lizarin  red  sta in  in 0,l% N aO H (l:9): 

H 2 0 2  (3%)
12,24,48(hrs) 
10:15,30 (mins)

X rad io g rap h y
C a illie te /a /. (1983) Faxitron Series X-ray system 

model no.43805N 
40cm from focus o f  instrument 
lOkVand 2mA 
Exposure 1,3,5 (mins)

C eedarw ood  oil
M artin and Cailliet (1988) Cedarwood oil application

C o b a lt n itra te
H oenig and Brown (1988) Cobalt nitrate 3,5,10 (%)

Acid alcohol (10%HCL in alc.70%, 
ratio l:10)
Ammonium sulfide 3,5,10% :2,3,5 (mins) 
Acid alcohol HCL((10%) in alcohol 
(70%),1:10):

5,10,20,30(mins) 
2,4,8 (mins)

5,8,10 (mins)

G ra p h ite  pow der
Ferreira and Vooren (1991) Graph powder application
C ry sta l violet
Schwartz (1983) Crystal Violet: 0.002,0.005,0.01,0.05 (%): 12,24,48 (hrs)
P e rm a n e n t ink

Permanent ink application
A ceta te  peel technique

Immersion o f  acetate sheet in acetone: 
Cover thorn with sheet

3,5,10 (mins) 
5,10,15 (mins)
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Appendix 2, Table 1. Elasmobranch species for which the crystal violet staining technique proved successful at 

enhancing centrum bands.

Common skate Raja batis
Shagreen ray R. fullonica
Arctic skate R. hyperborea
Small eyed ray R. microocellata
Longnosed skate R. oxyrhincus
Norwegian skate R. nidarosiensis
Richardson's ray Bathyraja richardsoni
Blue shark Prionace glauca
Lesser spotted dogfish Scyliorhinus canicula
Greater spotted dogfish S. stellaris
Blackmouth catshark Galeus melastomus

Appendix 2, Table 2. Ray species for which surfaces band patterns were apparent on caudal thorns.

Arctic skate R. hyperborea
Richardson's ray Bathyraja richardsoni
Starry Ray R. radiata
Deep-water ray R. bathyphila
R. georgiana
R. taaf
R. jlavirostris
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Appendix 4, Table 1. Life table for R. brachyura. Symbols for columns: x, age interval; 4, survivorship for 

which total instantaneous mortality (Z) was estimated as 0.456; nix, number o f offspring; age-specific 

reproductive rate. Symbols for life history parameters; net reproductive rate per generation; G, generation 

time (years); r, intrinsic rate o f increase o f population.

X Ix mx Ix’ mx X*lx*mx rO G r
0
1

1

0.633813837
5.665240429 7.730851357 0.224341312

2 0.40171998
3 0.254615682
4 0.161378942
5 0.102284207
6 0.064829146 32 2.074532657 12.44719594
7 0.041089609 32 1.314867504 9.204072525
8 0.026043163 32 0.833381218 6.667049742
9 0.016506517 32 0.528208547 4.753876926

10 0.010462059 32 0.334785886 3.347858862
11 0.006630998 32 0.212191927 2.334111198
12 0.004202818 32 0.13449018 1.613882154
13 0.002663804 32 0.085241737 1.108142578
14 0.001688356 32 0.054027392 0.756383491
15 0.001070103 32 0.034243309 0.513649632
16 0.000678246 32 0.021703883 0.347262127
17 0.000429882 32 0.013756221 0.233855763
18 0.000272465 32 0.008718883 0.156939902
19 0.000172692 32 0.005526149 0.10499683
20 0.000109455 32 0.00350255 0.070050993
21 6.93739E-05 32 0.002219964 0.046619253
22 4.39701E-05 32 0.001407044 0.030954972
23 2.78689E-05 32 0.000891804 0.020511494
24 1.76637E-05 32 0.000565238 0.013565706
25 1.11955E-05 32 0.000358256 0.008956388
26 7.09585E-06 32 0.000227067 0.00590375
27 4.49745E-06 32 0.000143918 0.003885797

28 2.85055E-06 32 9.12175E-05 0.002554089
29 1.80672E-06 32 5.78149E-05 0.001676632

30 1.14512E-06 32 3.66439E-05 0.001099316

31 7.25794E-07 32 2.32254E-05 0.000719987

32 4.60018E-07 32 1.47206E-05 0.000471059

33 2.91566E-07 32 9.3301 lE-06 0.000307894

34 1.84798E-07 32 5.91355E-06 0.000201061

35 1.17128E-07 32 3.74809E-06 0.000131183

36 7.42372E-08 32 2.37559E-06 8.55213E-05

37 4.70526E-08 32 1.50568E-06 5.57103E-05

38 2.98226E-08 32 9.54323E-07 3.62643E-05

39 1.8902E-08 32 6.04863E-07 2.35897E-05

40 1.19803E-08 32 3.8337E-07 1.53348E-05

41 7.5933E-09 32 2.42985E-07 9.96241E-06

42 4.81274E-09 32 1.54008E-07 6.46832E-06

43 3.05038E-09 32 9.76121E-08 4.19732E-06

44 1.93337E-09 32 6.18679E-08 2.72219E-06

45 1.2254E-09 32 3.92127E-08 1.76457E-06

46 7.76674E-10 32 2.48536E-08 1.14326E-06

47 4.92267E-10 32 1.57525E-08 7.40369E-07

48 3.12006E-10 32 9.98418E-09 4.79241E-07

49 1.97753E-10 32 6.3281 lE-09 3.10077E-07

50 1.25339E-10 32 4.01084E-09 2.00542E-07
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Appendix 4, Table 2. Life table for R. clavata. Symbols for columns: x, age interval; survivorship for whih 

total instantaneous mortality (Z) was estimated as 0.633; number o f offspring; lx*ttix, age-specific 

reproductive rate. Symbols for life history parameters; Ro net reproductive rate per generation; G, generation

time (years); r, intrinsic rate o f increase o f population.
X Ix mx lx*mx X*lx*mx rO G r

0
1

1
0.532591801

2.441408973 7.139457549 0.125020047

2 0.283654026
3 0.151071809
4 0.080459607
5 0.042852127
6 0.022822691 50 1.141134571 6.846807428
7 0.012155178 50 0.607758916 4.254312415
8 0.006473748 50 0.323687416 2.589499327
9 0.003447865 50 0.172393264 1.551539374

10 0.001836305 50 0.091815239 0.918152389
11 0.000978001 50 0.048900043 0.537900478
12 0.000520875 50 0.026043762 0.312525146
13 0.000277414 50 0.013870694 0.180319025
14 0.000147748 50 0.007387418 0.103423852
15 7.86896E-05 50 0.003934478 0.059017174
16 4.19094E-05 50 0.002095471 0.033527534
17 2.23206E-05 50 0.001116031 0.01897252
18 1.18878E-05 50 0.000594389 0.010698997
19 6.33133E-06 50 0.000316567 0,006014765
20 3.37202E-06 50 0.000168601 0.003372015
21 1.79591E-06 50 8.97954E-05 0.001885703
22 9.56486E-07 50 4.78243E-05 0.001052134
23 5.09416E-07 50 2.54708E-05 0.000585829
24 2.7131 lE-07 50 1.35656E-05 0.000325573
25 1.44498E-07 50 7.2249E-06 0.000180623
26 7.69585E-08 50 3.84792E-06 0.000100046
27 4.09874E-08 50 2.04937E-06 5.53331E-05
28 2.18296E-08 50 1.09148E-06 3.05614E-05
29 1.16263E-08 50 5.81313E-07 1.68581E-05
30 6.19205E-09 50 3.09602E-07 9.28807E-06
31 3.29783E-09 50 1.64892E-07 5.11164E-06

32 1.7564E-09 50 8.782E-08 2.81024E-06

33 9.35444E-10 50 4.67722E-08 1.54348E-06
34 4.9821E-10 50 2.49105E-08 8.46957E-07

35 2.65342E-10 50 1.32671E-08 4.64349E-07

36 1.41319E-10 50 7.06596E-09 2.54375E-07
37 7.52654E-11 50 3.76327E-09 1.39241E-07

38 4.00858E-11 50 2.00429E-09 7.61629E-08

39 2.13493E-11 50 1.06747E-09 4.16312E-08

40 1.13705E-1I 50 5.68524E-10 2.2741E-08

41 6.05583E-12 50 3.0279 lE-10 1.24144E-08

42 3.22528E-12 50 1.61264E-10 6.773 lE-09

43 1.71776E-12 50 8.5888E-11 3.69318E-09

44 9.I4865E-13 50 4.57432E-11 2.0127E-09

45 4.8725E-13 50 2.43625E-11 1.09631E-09

46 2.59505E-13 50 1.29753E-11 5.96862E-10

47 1.3821E-13 50 6.91051E-12 3.24794E-10

48 7.36097E-14 ■ 50 3.68048E-12 1.76663E-10

49 3.92039E-14 50 1.9602E-12 9.60496E-11

50 2.08797E-14 50 1.04398E-12 5.21992E-11
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Appendix 4, Table 3. Life table for R. montagui. Symbols for columns: x, age interval; 4, survivorship for 

which total instantaneous mortality (Z) was estimated as 0 . 9 3 8 ; number o f offspring; lx*m ,̂ age-specific 

reproductive rate. Symbols for life history parameters; Ro net reproductive rate per generation; G, generation 

time (years); r, intrinsic rate o f increase o f population.

X Ix mx lx*mx X*lx*mx rO G r
0
1

1
0,391409873

0.809881532 4.643142002 -0.045414786

2 0.153201689
3 0.059964653
4 0.023470757 21 0.492885905 1.971543619
5 0.009186686 21 0.192920409 0,964602046
6 0.00359576 21 0.075510953 0.453065717
7 0.001407416 21 0.029555732 0.206890127
g 0.000550876 21 0.011568405 0.092547244
9 0.000215618 21 0.004527988 0.040751893

10 8.43952E-05 21 0.001772299 0.017722993
11 3.30331E-05 21 0.000693695 0.00763065
12 1.29295E-05 21 0.000271519 0.003258231
13 5.06073E-06 21 0.000106275 0.001381579
14 1.98082E-06 21 4.15972E-05 0.000582361
15 7.75312E-07 21 1.62816E-05 0.000244223
16 3.03465E-07 21 6.37276E-06 0.000101964
17 1.18779E-07 21 2.49436E-06 4.24042E-05
18 4.64913E-08 21 9,76318E-07 1.75737E-05
19 1.81972E-08 21 3.8214E-07 7.26067E-06
20 7.12255E-09 21 1.49574E-07 2.99147E-06
21 2.78784E-09 21 5.85446E-08 1.22944E-06
22 1.09119E-09 21 2.29149E-08 5.04128E-07
23 4.27101E-10 21 8.96913E-09 2.0629E-07
24 1.67172E-10 21 3.5106E-09 8.42545E-08
25 6.54326E-11 21 1.37409E-09 3.43521E-08
26 2.561 lE-11 21 5.37831E-10 1.39836E-08
27 1.00244E-11 21 2.10512E-10 5.68383E-09
28 3.92365E-12 21 8.23965E-11 2.3071E-09
29 1.53575E-12 21 3.22508E-11 9.35274E-10
30 6.01109E-13 21 1.26233E-11 3.78699E-10
31 2.3528E-13 21 4.94088E-12 1.53167E-I0

32 9.20909E-14 21 I.93391E-12 6.18851E-11
33 3.60453E-14 21 7.56951E-13 2,49794E-11

34 1.41085E-14 21 2.96278E-13 1.00735E-11

35 5.5222E-15 21 1.15966E-13 4.05882E-12

36 2.16144E-15 21 4.53903E-14 1.63405E-12

37 8.4601E-16 21 1.77662B-14 6.5735E-13

38 3.31137E-16 21 6.95387E-15 2.64247E-13

39 1.296 IE -16 21 2.72181E-15 1.06151E-13

40 5.07307E-17 21 1.06535E-15 4.26138E-14

41 1.98565E-17 21 4.16987E-16 1.70965E-14

42 7.77203E-18 21 1.63213E-16 6.85493E-15

43 3.04205E-18 21 6.38831E-17 2.74697E-15

44 1.19069E-18 21 2.50045E-17 1.1002E-15

45 4.66047E-19 21 9.78699E-18 4.40415E-16

46 1.82415E-19 21 3.83073E-18 1.76213E-16

47 7.13992E-20 21 1.49938E-18 7.0471E-17

48 2.79464E-20 21 5.86874E-19 2.81699E-17

49 1.09385E-20 21 2.29708E-19 1.12557E-17

50 4.28143E-21 21 8.991E-20 4.4955E-18
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Appendix 4, Table 4. Life table for/?, naevus. Symbols for columns; x, age interval;4, survivorship for which 

total instantaneous mortality (Z) was estimated as 0.795; ntx, number o f offspring; lx*rrix, age-specific 

reproductive rate. Symbols for life history parameters; Rq net reproductive rate per generation; G, generation 

time (years); r, intrinsic rate o f increase o f population.

X Ix mx lx*mx X*lx*mx
0
1

1
0.45158123

2 0.20392561
3 0.09208898
4 0.04158566 45 1.87135448 7.4854179
5 0.0187793 45 0.84506857 4.2253428
6 0.00848038 45 0.38161711 2.2897026
7 0.00382958 45 0.17233112 1.2063179
8 0.00172937 45 0.0778215 0.622572
9 0.00078095 45 0.03514273 0.3162846
10 0.00035266 45 0,0158698 0.158698
11 0.00015926 45 0.0071665 0.0788315
12 7.1917E-05 45 0.00323626 0.0388351
13 3.2476E-05 45 0.00146143 0.0189986
14 1.4666E-05 45 0.00065996 0.0092394
15 6.6227E-06 45 0.00029802 0.0044704
16 2.9907E-06 45 0.00013458 0.0021533
17 1.3505E-06 45 6.0775E-05 0.0010332
18 6.0988E-07 45 2.7445E-05 0.000494
19 2.7541E-07 45 1.2394E-05 0.0002355
20 1.2437E-07 45 5.5967E-06 0.0001119
21 5.6163E-08 45 2.5274E-06 5.307E-05
22 2.5362E-08 45 1.1413E-06 2.511E-05
23 1.1453E-08 45 5.1539E-07 1.185E-05
24 5.172E-09 45 2.3274E-07 5.586E-06

25 2.3356E-09 45 1.051E-07 2.628E-06

26 I.0547E-09 45 4.7462E-08 1.234E-06

27 4.7629E-10 45 2.1433E-08 5.787E-07

28 2.1508E-10 45 9.6787E-09 2.7IE-07

29 9.7127E-11 45 4.3707E-09 1.268E-07

30 4.3861E-11 45 1.9737E-09 5.921E-08

31 1.9807E-11 45 8.913E-I0 2.763E-08

32 8.9443E-12 45 4.025E-10 1.288E-08

33 4.0391E-12 45 1.8176E-10 5.998E-09

34 1.824E-12 45 8.2079E-11 2.791E-09

35 8.2368E-13 45 3.7065E-11 1.297E-09

36 3.7196E-13 45 1.6738E-11 6.026E-10

37 1.6797E-13 45 7.5586E-12 2.797E-10

38 7.5851E-14 45 3.4133E-12 1.297E-10

39 3.4253E-14 45 1.5414E-12 6.011E-1I

40 1.5468E-14 45 6.9606E-13 2.784E-11

41 6.9851E-15 45 3.1433E-13 I.289E-11

42 3.1543E-15 45 1.4194E-13 5.962E-12

43 1.4244E-15 45 6.41E-14 2.756E-12

44 6.4325E-16 45 2.8946E-14 1.274E-I2

45 2.9048E-16 45 1.3072E-I4 5.882E-13

46 1.3inE-16 45 . 5.9029E-15 2.715E-13

47 5.9236E-17 45 2.6656E-15 1.253E-13

48 2.675E-17 45 1.2037E-15 5.778E-14

49 1.208E-17 45 5.4359E-16 2.664E-14

50 5.455E-18 45 2.4547E-16 1.227E-14

RO
3.41227288
16.4588393

4.823424113 0.254462095
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Appendix 5, Fig. 1 (a-d) Raised lengtli frequency distributions of the commercial ray species in 1997 for ICES 

division Vila and Vllg combined. Length frequency distributions based on port sampling, andsampled data 

raised to the official landings data for ICES division Vila and Vllg in 1997 (Dept, of the Maiine and Natural 

Resources, Ireland), (aj R. brachyura (RB m, RB f), (b) R. clavata (RC m, RC f), (c) R. montagui (RM m, RM 

f), and (d) R. mevus (RN m, RN f).
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Appendix 5, Fig. 2 (a-d) A comparison of length frequency distributions of the sampled ray landings for the 

commercial ray species in the present study (1997) and those derived by Fahy (1989). (aj R. brachyura{b) R. 

clavata, (c) R. montagui, and (d) R. naevus.
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Appendix 5, Fig. 3 (a-b) A comparison of length frequency distributions of {a)R. brachyura male and (b) R. 

brachyura female from ICES division Vila and Vllg in the 2"“* quarter of 1997 (sampled landings). VIIA 

=VIIa, VIIG= Vllg.
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Appendix 5, Fig. 4 (a-b) A comparison of length frequency distributions of (a)R. brachyura male and (b) R. 

brachyura female from otter and beam trawlers in ICES division Vila in the 2"“* quarter of 1997 (sampled 

landings). otb= otter trawlers, tbb= beam trawlers.
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Appendix 5, Table 1. Proportions of the commercial grades by weight from the sampled landings, and the 

proportions of the commercial grades in the commercial landings, from the combined port sampling locations, 

by quarter in 1997.

Commercial data Sampling data

Qi SR 50.35% 51.30%
MR 19.80% 17.90%
LR 29.84% 30.80%

Q2 SR 56.54% 53.80%
MR 15.11% 21.60%
LR 28.35% 24.60%

Q3 SR 39.09% 25.92%
MR 18.66% 18.87%
LR 42.25% 55.21%

Q4 SR 41.51% 36.94%
MR 19.19% 16.55%
LR 39.30% 46.51%
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