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Abstract 

This study examines the population dynamics of juvenile and adult plaice 
Pleuronectes platessa L. in the coastal inshore area of North West Wales and Eastern 

Anglesey. The population dynamics of the adult population were studied by 

conducting autumnal otter trawl surveys in 2004/05. The data obtained were 

compared with an earlier study conducted in the same area in 1974/77 and with 

current data for other plaice stocks in North West Europe. The size/age structure, 
length/weight relationship, growth rate, mortality rate and size/age at first maturity 
(L5o/A5o) were described for male and female plaice. The results of the survey showed 

that the size/age structures of male and female fish were different with the older, 
larger and heavier fish comprising predominately female fish The length/weight 

relationships were different for male and female fish with males exhibiting isometric 

growth (b=3.02) and females exhibiting positive allometric growth (b=3.20). Growth 

patterns, described using the von Bertalanffy growth model, were significantly 
different between male (K= 0.62 year 1; LW=26.4 cm SL) and female (K= 0.25 year 1; 

L. =43.8 cm SL) plaice. The instantaneous rate of total mortality was higher for male 

plaice than for females (Z: 3=1.05 year I cf. Y=0.64 year ). Male plaice matured at 

a significantly smaller size and younger age than female plaice (L50, d'=16 cm SL cf 

? =20 cm SL; Aso, d=1.33 years cf. Y=2.11 years). A comparison of the results of the 

2004/05 survey with the earlier 1974/77 survey showed differences in the size/age 

structure, growth rate and maturity ogives between the two surveys. A meta-analysis 

of the population dynamics of plaice stocks in North West Europe revealed consistent 

similarities in the size-structure and patterns of growth and maturation between the 

populations. 

A detailed analysis was conducted of the population dynamics of plaice in the coastal 
inshore area of North West Wales and Eastern Anglesey, based on the autumnal RV 

Prince Madog fisheries surveys, for the time period 1970-2006. A cyclical trend in 

abundance (number of plaice hour-1) was apparent in the catch data which was 

significantly correlated with the winter North Atlantic Oscillation Index (wNAOI). 

The results indicated no significant changes in the size composition of the plaice catch 

during the 4 decades (average sizes; (3=24.0 cm SL cf. ? =29.1 cm TL) but a decline 

in the proportion of older age classes (>_5 years old) in the catch (average ages; c3=2.6 

years cf. Y=3.1 years). Analysis of the sex-ratio data between 1970 and 2006 
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indicated a decrease in the proportion of male plaice caught in the fisheries surveys 

over the last 4 decades. Male and female plaice both showed contrasting changes in 

growth patterns between 1970 and 2006. For female plaice, L. tended to increase over 

time with no change in K values. In contrast, male plaice showed no long term change 
in L. over time, but an increase in K-values post-1990. The Lso/Aso datasets were 
limited but analysis of the available data indicated a decrease in L5o/A5o values for 

male and female plaice over time. The population biology data for plaice (currently 

underexploited but historically overexploited in the 1970s and 1980s) for the time 

period 1970-2006 were compared with comparable data for dab Limanda limanda L. 

(an unexploited species in the Irish Sea) and whiting Merlangius merlangus L. (an 

overexploited species in the Irish Sea) obtained from the same fisheries surveys. 

Analysis of the time series data revealed changes in the size and growth patterns for 

the three species that were consistent with their level of exploitation (i. e. no changes 

for dab cf changes for plaice and whiting). A similar analysis of the Lso/Aso data was 

more limited but suggested decreases in the maturity ogive values of plaice and dab. 

The results were suggestive of fisheries-induced evolution in plaice and whiting in the 

South East Irish Sea. The population dynamics of plaice were examined in relation to 

summer/winter/annual sea surface temperatures (SST) and wNAOI to examine 

whether any changes were related to recent climate change. This analysis indicated a 

correlation between abundance and wNAOI with higher abundances (number plaice 

hour') recorded in the survey when the wNAOI was in negative phase. A simple 

model outlining the effects of increased/decreased SST on size and growth was 

proposed. For male plaice, the correlations between LC/K and SST/ wNAOI followed 

those predicted by the model, but the response was not observed for female plaice. 

A detailed three year survey of the growth, length/weight relationship and 

condition of juvenile plaice on two nursery grounds (Conwy and Red Wharf Bays) 

between April 2004 and March 2007 are reported. Modal progression analysis was 

used to follow the growth of the 2004,2005 and 2006 year classes with the average 

size increasing from 1.5-2.0 cm SL in April/May to ca. 8-10 cm SL the following 

February/March Seasonal variations in the length/weight relationships and in 

condition factors were observed on both nursery grounds. Condition was lowest in the 

winter/spring and increased in the summer/autumn as a result of increased food 

availability and growth opportunity. No differences were observed between the two 

nursery grounds. 
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Chapter 1: 

General Introduction. 



1.1.1 General Introduction 

Fisheries and fish are both highly significant to human society. Fish are a major 

source of animal protein with current estimates of per capita food consumption of fish 

at 16.7 kg per year (FAO, 2009). The capture fisheries industry, currently estimated at 
2.1 million motorised fishing vessels, that supplies these fish currently lands 90-95 

million tonnes per annum, with the majority of these landings (80-85 MT) derived 

from marine capture fisheries (FAO, 2009). Both fish as food and the fisheries that 

supply them are recognised as particularly important to the developing world where 

they play a significant role in poverty alleviation and food security. However, in 

developed nations, although catches remain high, the fishing industry is reducing. 

The North East Atlantic is currently the 0 most productive region of the 

world for fisheries, with 9.1 million tonnes landed in 2006 (FAO, 2009), although 
bycatch and discarding are recognised as serious issues in this region and the actual 

rate of fishing mortality, and thus the impact on the fish stocks in this region, is much 

greater (ICES, 2008a, 2008b; FAO, 2009). The North East Atlantic has a long history 

of commercial fisheries exploitation dating back over 500 years (e. g. Bolle et al., 

2004). The coastal shelf seas of the North East Atlantic are areas of high biological 

productivity and support a high biomass of fish (Jennings et al., 2001) and major 

fisheries take place for pelagic species such as herring Clupea harengus L. and 

mackerel Scomber scombrus L. and demersal species such as gadids (cod Gadus 

morhua L., haddock Melanogrammus aeglefinus L., whiting M merlangus L. ) and 
flatfishes (e. g. plaice P. platessa L., sole Solea solea L, turbot Psetta maximus L. ). 

The European plaice P. platessa L. is one of the most important commercial fish 

species landed in Europe (FAO, 2009). In this thesis, attention will be focussed on the 

study of plaice in the inshore coastal waters of North West Wales and Eastern 

Anglesey in order to provide current data on the population dynamics of adult plaice 
(Chapter 2), to examine changes in the population dynamics of adult plaice over a 36 

year period (Chapter 3) and to examine seasonal changes in growth and condition of 

juveniles on two major nursery grounds in this area (Chapter 4). In the following 

sections of this chapter a number of key areas are reviewed: the study area - the Irish 

Sea in general and the inshore coastal waters of North West Wales and Eastern 

Anglesey in particular; the study species - the European plaice P. platessa L.; and the 

study of population dynamics on fishes. 
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1.1.2 The study area: the Irish Sea 

The Irish Sea is an arm of the North East Atlantic Ocean that is approximately 410 km 

long and 240 km wide (at its widest point) separating the islands of Ireland and Great 

Britain. It is one of the smaller regional seas in UK coastal waters (Figure 1.1) with a 

surface area of approximately 58,000 km2 (Vincent et al., 2004). It is connected to the 

Atlantic Ocean from the south by St. George's Channel (which leads into the Celtic 

Sea) and by the North Channel to the north (Figure 1.1). Both channels allow the 

movement of water into the Irish Sea, and the two water bodies meet to form a 

standing wave and weak currents to the south-west of the Isle of Man (Vincent et al., 

2004). However, the predominant water movement is from the south with inshore 

coastal currents usually carrying water from the Celtic Sea through St George's 

Channel northwards to the North Channel where it mixes with water from the Outer 
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Figure 1.1: An outline of the eleven regional seas delineated within UK coastal 
waters. The Irish Sea (region 6) is highlighted in green. A= St George's Channel, B= 
Cardigan Bay, C= Western Irish Sea, D= South East Irish Sea, E= North East Irish 
Sea, F= North Channel. (Modified from Vincent et al., 2004; original chart from 
JNCC, Crown Copyright). 
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Clyde as it exits the Irish Sea (ICES, 2008a). For fisheries stock assessment and 

management purposes, the International Council for the Exploration of the Sea (ICES) 

has divided up the waters of the North east Atlantic into management areas (Figure 

1.2) and the Irish Sea is coded as a single management unit - division VIIa, although 

the Irish Sea can be subdivided geographically into 4 main areas: St, George's 

Channel and Cardigan Bay, North East, Western, and South East Irish Sea (Figure 

1.1). 
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Figure 1.2: Maps showing the ICES management areas in the North East Atlantic Ocean 
(Source URL1). 

The Irish Sea contains a wide range of coastal topography, including fjordic sea lochs, 

rocky headlands, cliff formations, salt marshes, sand dunes, bays, estuaries and 

numerous sandy beaches (OSPAR, 2000). It is largely a shallow basin, sheltered from 

the wind and currents from the Atlantic Ocean with depths ranging from 20-100m 

(Vincent, et al 2004). There is, however, a deeper channel where depths exceed I00m 

extending north-south in the Western Irish Sea and the maximum depth is 315 m in 

the Beaufort's Dyke (Vincent, et a! 2004). 

Although it differs in some details, in terms of bathymetry and substrate 

characteristics, the Irish Sea has many similarities to other UK regional seas on the 

continental shelf such as the Eastern Celtic Sea, the English Channel and the North 
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Sea However, the Irish Sea does have the deep (>100m) north-south channel 

extending in the western part of the sea (Figure 1.3a), which other UK shelf seas do 

not have (ICES, 2008a). Vincent et al. (2004) provides a broad description of the 

substrate characteristics of the Irish Sea which are also summarised in Figure 1.3b. 

The broad "central belt" of the Irish Sea consists of extensive gravelly sediments in 

the areas subject to tidal currents. Areas of sandy substrate, often moderately mobile, 

also occur fairly extensively. In some parts of the Irish Sea, such as north of the Isle 

of Man, in Liverpool Bay, Cardigan Bay and in some parts of St. George's Channel, 

sand waves and megaripples occur (Vincent et al., 2004). Muddy sediments can be 

found in two large areas in the northern half of the Irish Sea in low energy 

environments. Finally, there are some large areas of exposed till in St George's 

Channel, and areas of exposed bedrock in some parts of the North Channel and 
between Anglesey and the Isle of Man (Vincent et al., 2004). The focal part of the 

Irish Sea for this PhD is the South east Irish Sea (Figure 1.1D), and specifically the 

inshore waters of North West Wales and Eastern Anglesey (Figure 1.4). Within the 

South East Irish Sea, the bathymetry in offshore waters ranges between 30 and 90 m, 

whilst in the inshore waters of the study area (North West Wales and Eastern 

Anglesey), is in the range of 0-30 m (Figure 1.3a and 1.4). 

A total of 18 coastal and seabed and 4 water column marine landscape types 
have been identified in the Irish Sea (Table 1.1; Vincent et al., 2004) and the 

distribution of these geographical and hydrographical groupings are shown in Figure 

1.3b. The concept of marine landscapes was first proposed by Roff and Taylor (2000) 

who showed that geophysical and hydrographical information (e. g. seabed factors 

such as water temperature, depth/light, substratum type, exposure and slope, and 

water column factors such as water temperature, depth/light and the 

stratification/mixing regime), which are often available over larger geographical areas 

and in better detail than biological information, can be used in lieu of biological 

information to classify marine habitats and to inform marine conservation strategies. 

This is based on the very strong relationship that exists between the hydrographic and 

geophysical factors of the seabed and the composition of biological communities 

found in that location (Roff and Taylor, 2000). This classification approach has been 

used to classify marine habitats coastal waters of the EU (e. g. Vincent et al., 2004; 

Al-Hamdi et al., 2007; McBreen et al., 2008) and elsewhere (e. g. Beaman and Harris, 

2005; Harris et al., 2008). For the Irish Sea, details of the biological characteristics 

5 



D. plb 

N. p 

)Itl 

iSWI+rýbM. _ 
_ 

f.. 

b) 

-A 
o isw wx 

C) 

d) 

Mauve Lrs6un 
(W. t C. I nw ryp. ) 

ns. eýwýsr. o 
rvýa ý ýa, srq 

. 

se+wia ý `M Sr+O 

s, *_IW. trip 

(Yhh La) F- 

JJIäý Iýmýý1ar 

tl 

0 20 40 BO 
KYameve. 

Figure 1.3: Irish Sea data maps on: a) bathymetry; b) landscapes & substrata; c) 
bottom temperature (Dec-Feb); d) number of biodiversity complexes. (Copied from 

Vincent eta!., 2004; original chart from JNCC, Crown Copyright). 
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Table 1.1: Summary of physical characteristics of seabed and coastal marine landscape 
types in the Irish Sea (copied from Vincent et al., 2004). 

Marine Landscape Depth (m) Substratum Bed-stress) current Topography/ slope & 
additional criteria 

Estuary 0-30m : kited Variable Variable 

Ria Shallow: 0-2Cm Typically rocky Variable A drowned twit valley, 
with sediment often v-shaped m cross section 

Sahne Lagoon V Shallow 0-5m Mired Weak currents Parallel to coast, limited water 
exchange, large surface area: 
volume ratio 

Sea loch 0-200m Rocky with Variable includes fjords (Lave shallow 
sediment basins sill & deep bas ns) & Bards 

(generally shallower) 
Sound 0.30m Gravels & sands Strong currents Narrow channel, open at both 

ends 

Gas structures Variable Mixed Very weak currents Poclmnarks/ depressions (hard 
structures) 

Photic Reefs Within photic zone Bedrock, boulders Variable Rough` 3ne ea topography 
(ie. generally <10-20m & cobbles contains Littoral Rock and 
for the Irish Sea) Inf alittoral Rock 

Aphotic Reefs In aphotic zone Rockbiogenic Variable Rough topogFaphy 
(i. e. generally >10-20m (not as pronounced as 
for the Irish Sea) Sea mounds) 

(Irish) Sea Mounds Rising >20m above Rock, often with Variable Sea Mound slope > 1-8% 
smraunding seabed sediment veneer 

Saud' gravel banks abnable Sands & gravels Strong c urents Bank slope >I-8% 

Coastal sediment Intertidal -50m Muds, sands Variable Adjacent to coastline 
(& no BGS gravels NB. 'Bucket' category, 
sediment data) where no BGS data 

were available. 

Shallow-water 0-50m Muds Very weak Currents Depression 
mud basin 

Deep-water Deeper than SOm Muds Very weak currents Depression 
mud basin 
Fine sediment plain \baable Sands & Weak currents Neghgible slope 

muddy sands 

Sediment waver Variable Sands Moderate'strong Waves'npples 
megaripple field caaeats 

Low bed-stress Finable Cobbles, pebbles Low bed-stress Negligible slope 
coarse sediment & muddy gravels Evidence of fines in sediment 
plain 

High bed-stress «fable Boulders, cobbles, High bed-stress Negligible slope 
coarse sediment pebbles & gravels No fines within sediment 
plain 

Deep-water channel Deeper than 150m Cobbles, gravels Variable Channel slope -1-8! ö 
& mixed sediments 
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Figure 1.4: Admiralty chart of the coastal inshore waters of North West Wales and 

Eastern Anglesey. Note: depths on the chart are in fathoms (1 fathom = 1.83 m). 

of each landscape type can be found in Vincent et al. (2004) (their Table 2). In 

general, the seabed sediments in the Irish Sea consist of rocky, gravelly, sandy and 

muddy substrates, or a mixture of two or more of these substrate types depending on 

the landscape type (Figure 1.3b, Table 1.1). The South East Irish Sea substrata are 

characterised by coastal sediments and fine sediment plains inshore, with a mixture of 

fine sediment plains and low/high bed-stress coarse sediment plains offshore (Figure 

1.3b; Vincent, et al., 2004). The sand transport pattern is complex in the North East 

Atlantic Ocean and particularly in the Irish Sea, with a zone of divergence across the 

Irish Sea west of Anglesey (OSPAR, 2000). Figure 1.5 shows the sedimentary 

biotopes in Red Wharf Bay and Conwy Bay produced by Rees (2004). The 

predominant sediment types are muddy sands in the subtidal areas of these two bays 

transitioning through various sand broken shell mixtures in the deeper coastal waters 

(Figure 1.5). Although not surveyed as part of the Rees (2004) study, Colwyn Bay 

contains similar sediment types (Rees, pers. comm. ). 
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A plot of the winter (December-February) sea floor temperatures in the Irish 

Sea is presented in Figure 1.3c. The Irish Sea is isothermal (Tilstone, et. al., 2005), 

with winter floor temperatures ranging between < 5.5 - 11.5°C on a basin-wide basis 

and ranging between < 5.5 - 10.5°C in the South East Irish Sea (Figure 1.3c). Winter 

sea surface temperatures in the North East Atlantic to the west and south of Ireland 

are several degrees warmer than those experienced in the comparatively shallow Irish 

Sea due to the influence of the North Atlantic Drift and the greater rate of heat loss in 

the Irish Sea basin (OSPAR, 2000). Similarly, within the Irish Sea, winter sea floor 

temperatures are colder in the shallower eastern side of the basin compared to the 

deeper western side due to faster/greater rates of heat loss (Figure 1.3). However, 

conversely in summer, the shallower parts of the eastern Irish Sea warm more quickly 

as a result of the warmer summer air temperature and support a high level of 

biological productivity (Vincent et al., 2004; Tilstone, et. al., 2005). There has been 

considerable interest in the impacts of climate change on productivity and community 

structure of shelf seas (e. g. Beaugrand and Reid, 2003; Brunel and Boucher, 2007; 

Kirby et al., 2007; Beaugrand et al., 2008; Reise and van Beusekom, 2008). Time- 

series records of the sea surface temperatures in the Irish Sea since 1960 indicate a 

general warming trend in the Irish Sea, with a general increase in annual sea surface 

temperature of over 1 °C in the last 20 years and particular high temperatures in 1998 

(Figure 1.6). Long-term monitoring (on a weekly basis) of coastal sea surface 

temperatures at 38 monitoring stations around England and Wales, including Amlwch 

and Moelfre, has been conducted by Cefas (Joyce, 2006). Figure 1.7 shows the annual 

and winter (i. e. December-February) average sea surface temperatures for Moelfre, 

which has seen an increase in annual and winter average sea surface temperatures of 

0.7 and 0.9°C respectively between 1970 and 2000. In terms of salinity, spatial 

variation in freshwater input and degree of stratification result in the presence of 4 

different water column marine landscapes in the Irish Sea (Table 1.2). Tidal mixing, 

from the south to the north, particularly in St. George's Channel and the North 

Channel, is sufficient to ensure that the water column is vertically mixed throughout 

most of the year in most of the Irish Sea, however, salinity along the Eastern Irish Sea 

coast is characterised by low salinity values due to the high volume of freshwater 

inflow (Tilstone, et. al., 2005). Within the South East Irish Sea, low salinity water 

masses (predominately mixed) are found to the east of the permanent Irish Sea front 

due to freshwater input from the Mersey and Dee estuaries, whilst high salinity water 
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Figure 1.6: Annual sea surface temperature (SST, °C) for there stations in the Irish 
Sea since 1960. (copied from ICES, 2008a). 
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Table 1.2: Stratification period and salinity (9. o; values measured in December-February 
in the Irish Sea) for the 4 different water column marine landscapes in the Irish Sea. 
types. (copied from Vincent et al., 2004). 

Water Column types Number of days stratified 
(annual) 

Salinity (Dec-Feb) 

Mixed and High Salinity < 40 days > 34%1 o 
Mixed and Low Salinity < 40 days " 34%o 

Stratified and High Salinity >_ 40 days > 34%o 
Stratified and Low Salinity >_ 40 days " 34%o 

masses (predominately mixed) are found to the west of the front and in the coastal 

waters of North Wales (Figure 1.3d). 

The biotope richness in the Irish Sea is shown in Figure 1.8. Vincent, et al 
(2004) concluded that the biotope communities in the Irish Sea often depended on the 
fine structure of the habitat. The number of associated biotope complexes is 

considerably higher in the South East Irish (4-8) compared to most other regions (< 

4), with the exception of Cardigan Bay which has similar biotope richness to the 

South East Irish Sea (Figure 1.8). Marine primary productivity, i. e. phytoplankton, 
forms the base of the food web as an important source of food directly for 

zooplankton with energy transferred up through the trophic levels to secondary 

consumers. In coastal waters, this primary production will be supplemented by 

macrophytic primary production and the input of organic material from land through 

freshwater run-off and offshore winds. Planktonic productivity is related to salinity 

and the degree of mixing in the water column (Table 1.3). The OSPAR (2000) report 

indicates that in the highly mixed waters, the spring bloom usually take place about 

one month later, and declines about two months earlier in the autumn, than in the 

more open waters to the north and south. Previous studies have shown significantly 
higher production rates in coastal areas compared with offshore waters, although there 

can be interannual and seasonal variation in the Irish Sea (Tilstone, et al., 2005). For 

example, Gowen and Bloomfield (1996) reported primary production values in spring 

1992 of 2378 mg C m-1 day'-' and 4483 mg Cm2 day-' during the summer 

respectively. In addition, Gowen and Bloomfield (1996) also report large differences 

in primary production over a 30 km spatial scale in the Irish Sea. The physical 

variability in the Irish Sea between the stratified waters west of the Isle of Man, the 

mixed waters in the Northern Channel and the southern Irish Sea and tidal terrestrial- 
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Figure 1.8: Biotope richness map for the Irish Sea showing the number of biotope 
complexes present within different regions of the Irish Sea (Copied from Vincent et 
al., 2004; original chart from JNCC, Crown Copyright). 

Table 1.3: Mean abundance (per 3 m) of key plankton community features for the 4 
water column marine landscapes found in the Irish Sea. (Copied from Vincent et al., 
2004). 

Key plankton Water Column Types 
community Mixed & Mixed & Low Stratified & Stratified & 

Features High Salinity Salinity High Salinity Low Salinity 
Mean abund ance per 3m 

Fish Larvae 1.19 1.24 1.17 1.23 
Dinohsiss . 1.13 1.38 1.52 1.61 
Decapod larvae 1.98 2.80 2.14 3.07 

Total adult 1.91 1 44 2 32 1 45 Calanus . . . 
Coscinodiscus 

1.06 1.23 1 08 1 31 
wailesii . . 
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influenced waters along the East coast result in high spatial variability in biomass and 

primary production (Tilstone, et al., 2005). OSPAR (2000) reports that the coastal 

region of the north-western Irish Sea is characterised by sustained primary production, 

and high zooplankton biomass, in early spring and summer. In fact, zooplankton 

abundance is used as an indication of the phytoplankton production rate. Copepods 

are the most abundance zooplankton in the Irish Sea, accounting for up to 97% dry 

weight of the total zooplankton biomass (OSPAR, 2000). However, there can be 

strong fluctuations from year to year in terms of zooplankton production, for example, 
Calanus finmarchicus and C. helgolandicus abundance can vary by an order of 

magnitude between years (OSPAR, 2000). 

Ellis et al. (2000) have identified six distinct assemblages of benthic 

communities (i. e. macro-epibenthic invertebrate and fish assemblages) in the Irish Sea 

and Bristol Channel using species that were indicative of the differences between 

these assemblages to describe them (Figure 1.9). These assemblages are: 

Pleuronectes-Limanda (plaice/dab), Microchirus-Pagurus (thickback sole/hermit 

crab), Echinus-Crossaster (sea urchin/sun star), Nephrops-Glyptocephalus (Norway 

lobster/witch), Maja (spider crabs) and Alcyonium (dead man's finger) (Ellis et al., 
2000). The Plaice/dab demersal assemblage dominates on fine substrates in inshore 

waters, whereas the sea urchin/sun-star demersal assemblage dominates the coarser 

substrates further offshore with the thickback sole/hermit crab demersal assemblage 

occurring in the transitional zone (Figure 1.9; Ellis et al., 2000). The Norway 

lobster/witch demersal assemblage is typical of the muddy sediments in the central 

Irish Sea whilst beds of dead man's finger dominate on coarse substrates (Figure 1.9; 

Ellis et al., 2000). The common spider crab demersal assemblage only dominates in 

the Bristol Channel (Figure 1.9; Ellis et al., 2000). In addition, more recently Kaiser et 

al. (2004) found a distinct sandbank type habitat along the Welsh coastline (including 

parts of Red Wharf bay and Conwy bay) represented by low species diversity and 

shared by species such as the lesser weever fish Echfichthys vipera, the shrimp 

Philocheras trispinosus, and the hermit crab Pagurus bernhardus. In terms of fish 

diversity, more than 170 species of marine fish have been recorded from within the 

Irish Sea (ICES, 2008a). Trawl surveys in the Irish Sea, reported by Parker- 

Humphreys (2004a) have revealed that dab, plaice, solenette Buglossidium luteum, 

and common dragonet Callionyrnus lyra are the most abundant species, along with 
large numbers of poor-cod Trisopterus minutus, whiting M merlangus, and sole. 
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Non-commercial fishes such as dab, solenette, red gurnard Aspitrigla cuculus and 

scaldfish (Arnoglossus laterna) have increased in abundance recently, whereas hake 

Merluccius merluccius, dragonets, and pogge Agonus cataphractus have become less 

abundant (ICES, 2008a). 

In the inshore waters of North West Wales and Eastern Anglesey, Ellis et at 
(2000) report that the plaice/dab demersal assemblage dominates (Figure 1.9) 

containing plaice, dab, sole S. solea and starfish Asterias rubens as the dominant 

species but also including common hermit crab, sand star Astropecten iregularis and 

solenette as discriminating species in comparison to some of the other assemblages. In 

addition, areas of Welsh sandbank habitat can be found in Red Wharf bay and Conwy 

Bay (Kaiser et a/., 2004). Rees (2004) conducted a more detailed survey of the subtidal 

6o i" 9 

se 

&3> 

sr 

51° 

o ._ .ao 
oO 

n, n 
ßý  

cýc 
n"O 

1" 

-"Q Pl. wrunn"º+. Linýaudu 
" Nicraaßýrw-Phcurus 

pD pchM+M-Cýcrcýh+ 
/I ""l phrop+Q1yp o ph&u 

IIL 
U Mcp 

ý  Alýwrruru 

20m 

I" 
301n 

ý- 
.... 100 in 

" 
CD 

0 

" 

Figure 1.9: Distribution of six demersal assemblages types in the Irish Sea, St. 

George's Channel and Bristol Channel. 20,50 and 100 m depth contours are also 

indicated. (Copied from Ellis et al., 2000). 
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sediment biotopes in Red Wharf Bay and Conwy Bay and reported that both bays 

contain a wide range of shallow water sedimentary benthic biotopes containing 

various mixtures of mud, sand, gravel and broken shell (Figure 1.5). The prominent 

benthic invertebrate fauna include annelids such as Lagis koren! and Sabellaria 

spinulosa, bivalves such as Abra alba and Spisula subtruncata, and echinoderms such 

as starfish (A. rubens and Astropecten irregularis), sea potatoes Echinocardium 

cordatum and brittlestars (Ophiura ophiura, Ophiothrix fragilis) (Rees, 2004). Beam 

and otter trawl surveys conducted by the School of Ocean Sciences indicate that the 

dominant fish fauna in Red Wharf Bay and Conwy Bay are plaice, dab, solenette, 

whiting, grey gurnard Eutrigla gurnardus and small spotted catshark Scyliorhinus 

canicula (McCarthy, pers. comm. ). 

1.1.3 Fisheries in the Irish Sea 

A population of ca. 6 million people is thought to live within 10 km of the Irish Sea 

coastline (Vincent et al., 2004) and marine-related human activities dependent on the 

Irish Sea contribute significantly to the regional and national economies (Vincent et 

a!, 2004). Although economic and employment statistics are not compiled in a 

manner which makes it easy to extract data for the Irish Sea region, Vincent et al. 

(2004) have suggested that a reasonable estimate of the annual economic contribution 

of the principal marine sectors for the Irish Sea as a whole would be in the order of £6 

billion per annum. These sectors include (Vincent et al., 2004): tourism and recreation 

(value £2.5 billion per annum; 100,000-200,000 people directly employed), oil and 

gas (value £1.56 billion p. a.; 700-1,000 people directly employed), 

ports/shipping/ferries (no value presented by Vincent et al. 2004; 10,000-15,000 

people directly employed), naval defence (value £1.0 billion p. a.; 10,000-20,000 

people directly employed), renewable energy (a sector currently undergoing 

substantial development; no value presented by Vincent et al. 2004; potentially 1,500- 

6,000 jobs during the construction phase but longer term employment substantially 

lower), marine aggregates (value £1.8 million p. a.; < 100 people directly employed), 

mariculture (value £13 million p. a.; a few hundred people directly employed) and sea 

fisheries (a declining industry; value £60 million p. a.; 1,000-2,000 people directly 

employed). 
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The fisheries of the Irish Sea will be reviewed briefly in this section and the 

reader is referred to section 2.3.2 in Chapter 2 for a more detailed review. As 

mentioned earlier, the Irish Sea is coded as a single management unit - division VIIa - 
by ICES (Figure 1.2) for stock assessment and management purposes, although the 

Irish Sea can be subdivided geographically into 4 main areas, St, George's Channel 

and Cardigan Bay, North East, Western, and South East Irish Sea (Figure 1.1) with 

spawning grounds for major fish species occurring in each of these areas (Figure 

1.10a). OSPAR (2000) reported that catches are highest where fish aggregate for 

feeding or spawning and many of the commercially important fish found in Celtic and 
Irish Seas have relatively short migration routes between feeding and spawning areas 
(OSPAR, 2000). 
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Figure 1.10: Locations of the main spawning grounds and main areas of fishing 
activity in the Irish Sea. (Copied from Vincent et al., 2004). 

The Irish Sea (ICES division VIIa) supports important fisheries for a number 

of important demersal and pelagic finfish and shellfish species, using beam, otter and 

Nephrops norvegicus trawling gears (Table 1.4). Figure 1. lOb summarises the level of 

fishing activity in different parts of the Irish Sea. Fishing activity, in terms of the 

number of fishing vessels present in an area, is highest in the deep channel in the 

Western Irish Sea (where the main Nephrops fishery is located) and in the Firth of 

Clyde (Nephrops and scallop fishing areas). The beam/otter trawl mixed fishery for 
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demersal finfish is mainly carried out in the Eastern Irish Sea between the Isle of Man 

and the Cumbrian Coast (Figure 1. l Ob). 

Table 1.4: A summary of the landings and value of the different sea fisheries in the 
Irish Sea in 2002. (Copied from Vincent et al., 2004). 

Total weight (tonnes) Value £ million Value C million 
Shellfish 52500 43.5 62.2 

Demersal 11900 15.8 22.6 

Pelagic 3900 0.6 0.8 

Total 68300 59.5 85.6 

Vincent et al. (2004) summarises the main fisheries in the Irish Sea as follows: 

" Shellfish: the most important commercial species in the Irish Sea is Nephrops 

with a value of £8.2 million in 2002 catching 18% of the total UK catch for 

this species. In addition, mussels Mytilus edulis (£3.4 million), king scallops 
Pecten maximus (£3.2 million) and queen scallops Aequipecten opercularis 

(£2.2 million) are other important shellfish fisheries. 

" Demersal fishes (bottom or near-bottom living fishes): this is a mixed fishery 

with boats targeting more than one species but primarily cod G. morhua (£1.8 

million), spurdog Squalus acanthias (£1.5 million), skates and rays (Raja 

spp. ), sole, haddock Melanogrammus aegelfinus, hake, anglerfish Lophius 

piscatoris, plaice, pollack Pollachius pollachius, and conger eels Conger 

conger. 

" Pelagic finfish (surface or mid water fish): three main species are targeted, 

herring Clupea harengus (£0.3 million), mackerel S. scombrus and horse 

mackerel Trachurus trachurus. 

A detailed summary of the history of the fisheries in the Irish Sea is provided in the 

reports by Parker-Humphreys (2004a) and ICES (2008 a) and only a brief summary 

will be provided here. The majority of fishing vessels in the Irish Sea target Nephrops 

using either 70 mm diamond mesh with an 80 nun square-mesh panel or an 80 mm 
diamond mesh in their codends, and their landings must consist of at least 35% 

Nephrops by live weight. Bycatch is very high in the Nephrops fishery and most of 

this consists of juvenile whiting that are discarded (which has contributed to the 

decline of whiting stocks in the Irish Sea), haddock, cod and plaice (Enever et al., 
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2007; ICES, 2008a). Twin-rig otter trawls, introduced in the early 1990s, are more 

efficient at catching Nephrops but have also increased the proportion of roundfish 
bycatch in the Nephrops fishery (ICES, 2008a). The beam trawl fishery commenced 
in the early 1960s, principally targeting sole but also landing plaice, rays, brill, turbot 

and anglerfish, with effort in this mixed fishery peaking in the late 1980s (Parker- 

Humphreys, 2004a). These beam trawl fisheries still fish in the Irish Sea and involve 

fleets from Belgium, the UK, Ireland, Holland and France, although catches these 

days are much lower (ICES, 2008a). The otter trawls fishing out of Ireland, Northern 

Ireland, England and Wales target plaice, haddock, whiting and cod, with small by- 

catches of anglerfish, hake, and sole (ICES, 2008a). Since 2001, they have adopted 

new mesh sizes of 100-120 mm and other gear modifications according to the 

requirements of the EU technical conservation regulations and national legislation. 

The most lucrative finfish fishery in the Irish Sea is for cod which are caught 

throughout the year by otter trawlers that target spawning cod in spring and juvenile 

cod in autumn and winter in mixed-species fisheries, over a wide area but especially 

in the North West Irish Sea (Cefas, 2001; ICES, 2008a). Since the early 1980s, otter 

trawl fishing for cod has decreased and a semi-pelagic trawling method has been 

developed targeting both cod and whiting. Herring is the main pelagic species targeted 

in the Irish Sea, usually by Northern Ireland trawlers, but catches have declined to 

very low levels in recent years (ICES, 2008a). The UK demersal fishing fleet 

operating in the Irish Sea is very small and in 2003,19 of the 237 demersal vessels 

working in the Irish Sea were permanently removed, representing a loss of 8% of the 

fleet (ICES, 2008a). Inshore fishing activity in the Irish Sea includes the deployment 

of gillnets and tangle nets in the inshore targeting cod, bass, grey mullet, sole, plaice 

and rays (Parker-Humphreys, 2004a). Long line fisheries targeting spurdog was a very 

lucrative fishery in the Irish Sea but catches have declined in recent years and the 

fishery is currently closed. In addition to the important fisheries for scallops off the 

Isle of Man and in the Firth of Clyde, an Irish Sea pot fishery for edible whelks crab 

and lobster whelks also exists. In terms of fishing activities in the inshore waters of 

North West Wales and Cardigan Bay, visiting beam and otter trawlers target demersal 

fishes within the 12 mile zone (Walmsley and Pawson, 2007). However, vessels 

within 3 miles of the coast are prevented from fishing between Rhyl and Haverigg 

Point if they exceed 13.7 in, and between Cemaes Head and Rhyl if they exceed 15.2 

in (Walmsley and Pawson, 2007). Gill, tangle and trammel nets are also used for 
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demersal fishing in the inshore waters of North West and North Wales, with tangle 

and trammel nets with an inner section mesh size of between 100-120 mm used to 

catch sole, plaice and flounder Platichthys flesus and nets with a larger inner section 

mesh size of between 200-300 mm for rays, turbot Psetta maxima and brill 

Scopthalmus rhombus. 

Discards are a continuing problem under the current EU Common Fishing 

Policy, with undersized target and non-target fish species returned to the sea, although 
dead or dying on capture. OSPAR (2000) estimated that approximately 65 % of the 

demersal fish discards from demersal fleets comprised of undersized whiting and 
haddock plus catsharks (OSPAR, 2000). A more recent survey by Enever et al (2007) 

reported discard levels for the whole of ICES region VII (including Irish Sea, Celtic 

Sea, Bristol Channel and Western Ireland; Figure 1.2). Their research indicated that 

beam trawlers in ICES VII discard 71% of the fish that they catch (68.5 million fish; 

12,500 tonnes) whilst otter trawlers discard 64% of the fish that they catch (41.6 

million fish; 9000 tonnes). Discard rates in the pelagic fishery are much lower at 14% 

(7 million fish; 840 tonnes) with other fisheries in ICES region VII (netters, Nephrops 

trawlers, scallop dredgers, local pelagic trawlers, seiners, potters and long-liners) 

together contributing less than 4% of the total discards (Enever et al., 2007). 

1.1.4 The study species: plaice P. platessa 

a) Plaice Taxonomy and Identification 

The plaice P. platessa (Linnaeus, 1758) belongs to the Pleuronectidae family of 
flatfish (righteye flounders; 60 species) which also includes other commercially 

important flatfish such as dab, flounder, halibuts and sole. Nelson (2006) reports that 

the Pleuronectidae are classified in the order Pleuronectiformes (678 species), which 

are a very distinctive group of fishes characterized as having an asymmetrical body 

with one eye migrating onto the other side of the head, one pigmented side, dorsal and 

anal fins with long bases, and an absence of spiny rays and swim bladder in the adult 
fish. Larvae from this order are initially bilaterally symmetrical but towards the end of 

the larval phase and before settlement, one eye migrates onto the other side of the 

head (Nelson, 2006). The Pleuronectiformes consists of two suborders, the more 

primitive Psettodoidei (the spiny turbots) and the Pleuronectoidei (Nelson, 2006). 

Within the suborder Pleuronectoidei are two major clades with four families 
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Scophthalmidae (turbots), Paralichthydae (sand flounders), Pleuronectidae (right eye 
flounders) and Bothidae (left eye flounders) forming one Glade and the 

Paralichthodiae (measles flounders), Poecilopsettidae (big eye flounders), 

Rhombosoleidae, Achiropsettidae (southern flounders) Samiridae (crested flounders), 

Achiridae (American soles), Soleidae (sole) and Cynoglossidae (tonguefishes) 

forming the other Glade (Nelson, 2006). Within the Pleuronectidae are five 

subfamilies including the Pleuronectinae (13 genera, 42 species) which includes 

genera such as Limanda (dab, L. limanda), Platichthys (European flounder, P. flesus) 

and Pleuronectes (plaice, P. platessa). Many pleuronectid fish are commercially 

important food species with 10 species occurring in the North Atlantic (Gibson, 

2004). 

P. platessa is a laterally compressed flatfish that lies on its left hand side with 

the right hand side uppermost. The asymmetric head has both eyes close to each other 

and placed in the right hand side of the head (Figure 1.11). The plaice body is oval 

with a body width at its widest point of approximately half its body length The body 

does not have a rough surface, like some flatfish such as the dab, because the scales 

have smooth edges. One identifying characteristic of plaice are the prominent orange- 

red spots that are obvious on the dorsal pigmented-side of the fish (Figure 1.11). 

Although plaice are well known for their bright orange-red spots, when the fish moves 

onto paler coloured substrate, for example sandy sediments, the red spots can become 

paler to match the fish's surroundings (Greenwood, 1975; Hayward, at el, 1996). The 

mouth is located in a terminal position on the plaice and appears small in size, 

however, it is highly protrusible enlarging widely (as a result of the articulation of the 

maxillary bones) and opens forwards and downwards to enable food to be taken from 

the surface sediments. Plaice possess a series of different-sized rounded bony 

tubercles running in a line from behind the eyes to the back of the head (Figure 1.10a) 

which are an identifying characteristic for this species. These tubercles make the 

lateral line slightly curved above the pectoral fin. The tail is rounded in shape (Figure 

1.11 a). Both the dorsal and anal fins in plaice have long bases and run along much of 
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I so 

Figure 1.11: a) An adult plaice P. platessa caught from Conwy Bay, 2005. b) Juvenile 

plaice caught from Red Wharf Bay, 2005 (increasing in age/size from right to left 

from a newly settled juvenile). 
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the body and are sometimes referred to as "lateral" fins. The pectoral fins are small 

and thoracic in position. Plaice usually have sixty-five to seventy-nine dorsal fin rays; 
forty-eight to fifty-nine anal fin rays; and ten to eleven pectoral fin rays (Wheeler, 

1969). The underside of the fish is unpigmented and white in colour. The species is 

sexually dimorphic with males usually smaller in size than females. 

b) Distribution and abundance 

It is well known that the distribution of any marine species will be determined by a 

range of geographical and hydrographical parameters as well as biological 

interactions (ICES, 2008a). The North East Atlantic provides a large area of shallow 

sandy or muddy continental shelf that is favourable habitats areas for a large number 

of flatfish species, including commercially important species such as sole, dab, 

flounder and plaice (Gibson, 2004). Figure 1.12 presents the distribution of plaice 

within the North East Atlantic Ocean (URL 2). The absolute distribution of plaice 

ranges from Norway in the north to Morocco in the south and from Greenland in the 

west to the Black Sea in the east, although it is most commonly found on the coastal 

shelf of North West Europe from central Portugal to northern Norway and especially 

in the regional seas around the British Isles (Figure 1.12). There are commercial 

fisheries for plaice where it is commonly found, in the Barents Sea (Kuznetsova et al., 

2004), Baltic Sea (ICES, 2008c), Irish/Celtic Seas and English Channel (ICES, 2008a) 

and North Sea (ICES, 2008b). On the European continental slope, the preferred 

habitat for plaice are sandy habitats in shallow water of less than 200m (ICES, 2008a, 

2008b, 2008c) although in the far north of their distribution they can be found at 

greater depths in the Barents Sea and around Iceland and the Faroes (Wimpenny, 

1953). Amezcua and Nash (2001) stated that the distributions of flatfish species are 

related to the sediment type and the invertebrate communities they support, for 

example, plaice prefer sandy and muddy areas due to the clear visibility for detecting 

their prey. In terms of the distribution of plaice according to size/age class, 0/1-group 

fish are found in inshore waters on the shallow coastal nursery grounds (e. g. Macer, 

1967; Lockwood, 1974, Carter et al., 1991; Fox et al., 2007), 2-3 year old fish move 

offshore into deeper water whilst the oldest age groups (> 5 years old) tend to be 

found at the greatest depths (Rijnsdorp and Van Beek, 1991; Rijnsdorp and van 

Leeuwen, 1996; Gibson et al., 2002). 
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found at the greatest depths (Ripiscirrrp and Van Berk. I9')I; Rilir. dkºrp and an 

Ixeuwen, 1996. Gibson rº al.. 2(X)2). 
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Figure I. 12: The distrihutton of plaice /'. 'º! u)e. c. cu in the temperate waters of the North 
Fast Atlantic. The dif'f'erent colours relatc to the relative probability of occurrence 
within it species ranke, r. r. the relative probability (on it %alc O. I that the species will 
he present in comparison to other areas within the range of' occurrence (light yellow 
0,01-0.19. dark yellow 0.20-0.39: ºmmge 0.40-0.59: rink 0. (-A)-0.7(): red O. KO- I . (X)) 
(Source: VRL 2). 

Due to their commercial importance. the spawning and recruitment . urrr.. and the 

abundance of plaice are monitored carefully by 1('I :s1., ý. I('I: S 2(N)Sa. 2(N)Kh). I hi% 

information is provided to I('I: S by member states, for example. data for the plaice 

stocks found in the regional seas around the U. K. are provided by the UK 

Government fisheries agency. ('ef'as who conduct annual beam trawl surveys to 

determine the abundance of' commercially important fish Species to inform 

management policies and to set annual catch quotas Parker-Humphreys 2(Wa. 

2(X)4h. 2(X)5). As an example, Figure% 1.13 and 1.14 show the distribution and 

average abundance data for plaice in the Irish Sea from the I&93-2(X)I annual team 

trawl survey, (Parker-Humphrey-, 2(X)4a). These indicate that plaice in the Irish Sea 
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The annual beam-trawl surveys conducted by Cefas in the Irish Sea have shown that 

plaice of less than two years old concentrate in large numbers in inshore areas such as 

Red Wharf Bay, Conwy Bay, off Blackpool, off the river Ribble and off Abbey Head 

whilst older fish are found in the deeper waters of Liverpool Bay and off Morecambe 

Bay (Cefas, 2001; Parker-Humphreys 2004a). 
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Figure 1.13: Abundance of plaice (number of fish caught hour") in the Irish Sea in 
relation to depth. Data were collected in the Cefas annual beam trawl surveys for the 
time period 1993-2001. (Copied from Parker-Humphreys, 2004a). 

By conducting regular (i. e. annual) surveys it is possible for Cefas and ICES to 

identify and model trends in important parameters such as adult spawning stock 

biomass, mortality rates and the number of recruits each year (e. g. ICES 2008a, 2008b) 

which are critical to the sustainable exploitation of commercial marine fish species. 

c) Plaice Stock structure in the Irish Sea 

There has been disagreement between various biologists concerning the plaice stock 

structure in the Irish Sea. Early studies assumed a single stock within the Irish Sea 

(e. g. Harden-Jones 1968) and ICES continue to manage plaice in the Irish Sea (ICES 

division VIIa, Irish Sea, Cardigan Bay, St George's Channel) and Celtic Sea/Bristol 

Channel (ICES division VIIf&g) as large, single management units (ICES, 2008a). 

However, tagging-recapture studies conducted by Cefas between 1979-1980 and 
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Figure 1.14: Abundance of plaice (number of fish caught hour") in the Irish Sea in 

relation age group and depth. Data were collected in the Cefas annual beam trawl 

surveys for the time period 1993-2001. (Copied from Parker-Humphreys, 2004a). 
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1993-1996 have indicated that plaice populations in the Irish Sea consist of 4 sub- 

stocks in the Northeast Irish Sea (Solway Firth), the Southeast Irish Sea (Liverpool 

Bay), Cardigan Bay and the Western Irish Sea off the east coast of Ireland (Dunn and 

Pawson, 2002). The work by Dunn and Pawson (2002) has also examined the degree 

of mixing between these stocks. It has been recognized since the 1950s (Simpson, 

1959; Hill, 1971; Armstrong et al., 2001; Dunn and Pawson, 2002) that a number of 

spawning grounds for plaice exist within the Irish Sea (Figure 1.15a) and that nursery 

grounds can be found along the coasts of Eastern Ireland, Wales, North West England 

and South West Scotland (Figure 1.15b). Recent work by Fox and co-workers has 

examined how eggs/larvae are delivered to these nursery grounds from the spawning 

areas by surface currents in the Irish Sea (Fox et at, 2006,2007; van der Molen et al., 

2007; Fox et at, 2009). Although genetic evidence would suggest little differentiation 

between juvenile plaice on nursery grounds throughout the Irish Sea (Watts et at, 

2004), genetic differentiation between plaice stocks in the North Atlantic in general is 

low (Horeau et at., 2002,2004; Watts et al., 2004). This may be a result of a genetic 
bottleneck (Horeau et al., 2002,2004; Watts et al., 2004) due to the recent 

colonization of the Irish Sea after the last ice age (Maggs et at, 2008) and some 

mixing as a result of egg/larval transport away from the different spawning grounds 

(Fox et at, 2009). The tagging study of Dunn and Pawson (2002) would suggest at 

least some regional differentiation (that could be called sub-stocks) between plaice in 

the Irish Sea The results of their tagging study indicate that plaice within a particular 

region of the Irish Sea will tend to utilise the spawning grounds and nursery grounds 

in that region and to remain within that region as adults (Figure 1.16). For example, 

99% of the plaice tagged in the North East Irish Sea remain within this region of the 

Irish Sea utilizing the spawning ground off the Cumbrian coast, the nursery areas in 

the Solway Firth and adult feeding grounds in the Solway Firth and North East Irish 

Sea (Figure 1.16). Similarly, the plaice within Cardigan Bay are thought to remain in 

the bay for their entire lifecycle (Figure 1.16). The South East Irish Sea plaice stock 

are interesting as approximately half the tagged adults remained within Liverpool bay 

to feed, whilst 43% undertook a migration south into the Celtic Sea (Figure 1.16). 

This stock would appear to utilise two spawning areas, one in the south of Liverpool 

Bay and the other of the coast of South East Ireland (Figure 1.16). 
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Figure 1.15: Location of (a) the main spawning grounds and (b) the main juvenile 

nursery areas for plaice P. platessa in the Irish Sea, Bristol Channel and English 
Channel. Spawning grounds identified by Simpson (1959) and Armstrong et al. 
(2001). Nursery grounds have been defined from Cefas beam trawl surveys 1986- 
2000 where the mean abundance of plaice <16 cm LT was >50 fish houf'. (Copied 
from Dunn and Pawson, 2002). 

Figure 1.16 does illustrate some degree of movement of adult fish between regions in 

the Irish Sea which may help to explain the lack of genetic differentiation, but also 

highlights the degree to which the regional plaice sub-stocks are "self-contained", 

each with their own spawning, juvenile nursery and adult feeding areas. There are a 

number of earlier studies on the biological characteristics of plaice from different 

areas within the Irish Sea which would support Dunn and Pawson's idea of regional 

sub-stocks. Earlier studies on the growth and maturity characteristics of plaice in the 

Irish Sea show differences between plaice in the western and eastern Irish Sea. 

Horwood (1990,1993), Nash et al. (2001) and Parker-Humphreys (2004a, 2004b) all 

report similarities in the growth, age at maturation and fecundity for plaice in the 
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Figure 1.16: A schematic diagram showing principal stock areas and movements of 
plaice P. platessa L. in the Irish Sea with the main feeding area (light shading), and 
the main spawning area (dark shading) indicated for each stock. The arrows and 
percentage values represent the percentage of fish moving within, or away from, a 
stock area. A is estimated at c. 6%, and B+C together c. 46%. (Copied from Dunn and 
Pawson, 2002). 

North East and South East Irish Sea and the Bristol Channel, but differences between 

these plaice populations and those found in the western Irish Sea and in Cardigan Bay. 

These differences in biological characteristics are unlikely to be due to differences in 

feeding and growth opportunity between the eastern and western sides of the Irish Sea 

but may be related to a lack of mixing between fish from both sides of the Irish Sea 

(Beggs and Nash, 2007). This lack of mixing could be the result of the strong tidal 

currents in the Irish Sea [see Dunn and Pawson (2002), their Figure 91 which could 

limit egg/larval exchange into Cardigan Bay and the Western Irish Sea but at the same 

time facilitate movement of eggs/larvae between the Bristol channel and the Eastern 

Irish Sea (excluding Cardigan Bay) (but see Fox et a!., 2009). 
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d) Movements ofplaice in the Irish Sea 

Many aquatic animals undertake movements during their lifecycle, for example, 

adults may undertake seasonal movements between spawning and feeding grounds, or 
between different water masses to avoid unfavourable temperatures (King, 2007), 

whilst juvenile can undertake movements away from juvenile nursery areas to recruit 
into the adult stock (Harden-Jones, 1968). The geographic area over which a fish 

moves will vary according to species and although plaice do not show large-scale, 

long-distant migrations like salmon (e. g. Friedland et al., 2001; Booker et al., 2008) 

or tuna (e. g. Rooker et al., 2008), they are known to undertake migrations within the 

coastal shelf seas in which they are found (Dunn and Pawson, 2002; Hunter et al., 

2003). 

Regular movement activity begins in plaice as soon as they recruit onto the 

juvenile nursery grounds. The initial settlement of newly metamorphosed juvenile 

plaice occurs in water >5m deep, however, in the weeks following settlement, they 

move shorewards to concentrate in shallow water <1m deep (Gibson et al., 2002). 

However, these small juveniles do undertake small scale movements related to tidal 

and diurnal cycles (Gibson, 1973; Kuipers, 1973; Burrows et al., 2002). As the 

juveniles increase in size, and attain a size refuge from predators such as brown 

shrimp Crangon crangon, they migrate into deeper water but continue to make regular 

tidal movements into shallower/deeper water according to the tide and time of day 

(Gibson et al., 2002). Plaice can spend up to 24 months on the nursery grounds 

undertaking seasonal movements between the shallower and deeper water in the 

nursery grounds related to water temperature (Rogers, 1993; Dunn and Pawson, 

2002), but once they attain a threshold size of ca. 16 cm total length, they will begin 

to move away from the nursery grounds into deeper water to associate with the adult 

stock (Nash et al., 1992). Tagging studies have shown that adult plaice are known to 

undertake large-scale movements from the release areas once they achieve a length of 

25 cm total length and that these movements are thought to be in relation to feeding or 

spawning depending on the time of year (Macer, 1967; Hill, 1971; Houghton and 

Harding, 1976; Rogers, 1993; Dunn and Pawson, 2002). The work of Dunn and 

Pawson (2002) provides an excellent example of the seasonal feeding and spawning 

migrations made by adult plaice from the different regional substocks in the Irish Sea. 
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For most adult fish, these movements are within a restricted geographical area of the 

Irish Sea (Figure 1.16), although some plaice from the South East Irish Sea can 

undertake a migration from Liverpool Bay south into the Celtic Sea and back, which 

will entail moving several hundred kilometres (Dunn and Pawson, 2002). A similar 
long distance migration has been observed for plaice in the North Sea (Hunter et al., 
2003; Metcalfe et al., 2006). It is thought that the adult plaice utilise deep water 

currents in order to minimise the energetic costs of these long distance movements 
(Metcalfe et al., 2006). Sex-specific seasonal movement patterns have been observed 
in plaice. For example, although adult fish will aggregate in coastal waters close to the 

spawning grounds during the winter in preparation to move offshore onto the 

spawning grounds, the male fish are know to move offshore earlier and remain on the 

spawning grounds whilst female plaice will make repeated movements on/off the 

spawning grounds as batches of eggs are matured and become ready to be released 
(Macer, 1967; Basimi and Grove, 1985c; Rijnsdorp, 1989; Dunn and Pawson, 2002; 

Solmundsson et al., 2003). 

e) Biology and life cycle ofplaice 

The majority of marine animals produce eggs which are released into the open sea: 

approximately 96% of all marine fish species follow this strategy by releasing eggs 

which are fertilized by sperm in the water column resulting in a pelagic larval stage 
(King, 2007). Although a range of reproductive strategies can be observed in marine 
fishes, from internal fertilization and placental viviparity to broadcast spawning and 

external fertilization, it is the latter strategy that dominates resulting in the production 

of thousands to millions of eggs per female per year depending on the species 

(Jennings et at, 2001). Most flatfishes produce pelagic eggs, although some estuarine 
dwelling species lay demersal eggs (Gibson, 2004). Given the importance of 

understanding the size/age at maturation, reproductive behaviour and reproductive 

output of commercially exploited species, these aspects of the biology of plaice have 

received much research interest (e. g. Simpson, 1959; Houghton and Harding, 1976; 

Horwood et al., 1986; Rijnsdorp, 1989; Horwood, 1990; Urban, 1991; Horwood, 

1993; Bromley, 2000; Nash et al., 2000; Dickey-Collas, et al., 2003). 

Plaice are iteroparous broadcast spawners that utilise defined spawning areas on 
the coastal shelf surrounding North West Europe (e. g. Figure 1.15a shows the 

spawning grounds in the Irish Sea). The spawning season for plaice usually runs from 
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January to late April/early May with peak spawning occurring from late-February to 

early-March, although the exact timings of the start/peak/end of the spawning season 

can vary from year to year depending on water temperature (Simpson, 1959; Harden- 

Jones, 1968; Nash and Geffen, 1999; Armstrong et al., 2001; Dickey-Collas et al., 

2003; Fox et al., 2007). It is believed that plaice prefer warm water (4 to 10 °C) for 

spawning, and water temperature is known to be the most important single factor in 

determining the timing of peak spawning activity and egg production (Harden-Jones, 

1968). As mentioned earlier, male plaice will move onto the spawning ground and 

remain there for extended periods of time whilst the females make repeated 

movements on/off the spawning grounds every two to five days over a period of four 

to six weeks as batches of eggs are recruited into final maturation and ready for 

release (Rijnsdorp, 1989; Urban, 1991). The timing of peak egg production for plaice 

in the Irish Sea is known to be related to the mean autumnal water temperature (Nash 

and Geffen, 1999) whilst female fecundity is related to food availability in the autumn 

preceding the spawning season (Kennedy et al., 2008). The annual fecundity of an 

individual female plaice appears to be determined before the onset of the spawning 

season (Urban, 1991). Individual fecundity is highly variable and is known to be a 
function of size (Simpson, 1959; Harden-Jones, 1968; Rijnsdorp, 1994) and 

nutritional state (Horwood et al., 1989; Kennedy et al., 2008). Female fecundity is 

known to vary between flatfish species and is a function of egg size for a particular 

species and the size range attained by females of that species (Urban, 1991). For 

example, female turbot S. maximus (1.1 mm egg diameter; 100cm) produce on 

average 8.5 million eggs and female flounder P. flesus (0.95 mm egg diameter; 60 

cm) 1 million eggs whilst female sole S. solea (1.4 mm egg diameter; 70 cm) produce 

on average 570,000 eggs (Jenkins, 1936). Female plaice (1.8 mm egg diameter; 100 

cm) produce on average 250,000 eggs (Jenkins, 1936), although fecundity varies 
between individuals depending on size and also between different plaice stocks. For 

example, Wimpenny, (1953) reported that fecundity in ripe female plaice in the North 

Sea increased from 10,000 to 500,000-700,000 eggs as size increased from 23 to 64 

cm, whilst fecundity in Baltic Sea plaice increased from 60,000 eggs in a 23 cm 
female to 700,000 in a 40 cm female. Differences in fecundity between stocks can 

also be observed over much shorter geographical distances, for example, Horwood 

(1993) reported differences in fecundity between female plaice on either sides of St 

George's Channel: the average fecundity of a 35 cm female plaice off South Eastern 
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Ireland was 105,000 eggs but was 115,000 eggs for a 35 cm female plaice in the 

Bristol Channel. As for many fish species, food availability and subsequent female 

nutritional state has a strong influence on fecundity in plaice (Norwood, et al., 1989). 

Egg development and maturation in the ovary occurs between July and December in 

female plaice (Rijnsdorp, 1989) and it has been observed that when food availability 
is low, female plaice have to breakdown muscle tissue in order to continue gonadal 

maturation (Rijnsdorp, 1989) which may impact the ability of the individual to 

migrate to the spawning ground, evade predators or escape fishing gear. Nash et al. 
(2000) have shown that overall regional egg production is dependent on food 

availability: in their study, egg production by plaice off the Cumbrian coast and in 

Liverpool Bay, is reduced in years when food availability is lower (Nash et al., 2000). 

Determining the relationship between size and female fecundity is an important 

consideration in fisheries management as it allows annual egg production to be 

estimated which can provide some idea of subsequent juvenile production (King, 

2007). A number of studies have examined total egg production for plaice (Houghton 

and Harding, 1976; Nash and Geffen, 1999; Armstrong et al., 2001). 

Once fertilised, plaice eggs float up into the pelagic surface waters where they 

are transported away from the spawning areas on surface water currents towards the 

coastal nursery grounds (Dunn and Pawson, 2002; Fox et al., 2007,2009). The rate of 

development in the egg and larval phase and the time taken to reach metamorphosis 

and settlement in plaice is known to be dependent on water temperature. For example, 

the time taken from fertilisation to hatch is 21 days at 5°C, 18.25 days at 6 °C, 12 days 

at 10 °C and 10.5 days at 12 °C (Wimpenny, 1953). In addition to temperature, 

developmental rate in flatfishes is also related to egg size. Among the pleuronectidae, 

the time taken from fertilisation to hatching at 10 °C is 4.5 days for flounder (egg 

diameter, 0.095 mm), 10 days for sole (egg diameter, 1.4 mm) and 12 days for plaice 
(egg diameter, 1.8 mm) (Jenkins, 1936). Given ambient sea surface water 

temperatures in the Irish Sea in February-April (the period when the majority of plaice 

eggs are produced), plaice eggs hatch after approximately 15 days (Nash, 1998). Once 

hatched the plaice larvae go through a series of developmental stages as a larva 

(Ryland et al., 1975; Hyder and Nash, 1998; Fox et al., 2003) until they 

metamorphose into juveniles and settle out on the nursery grounds. The time taken for 

the larval stage to be completed following hatching and for metamorphosis into the 

juvenile stage will vary from a few days to months depending on the species (King, 
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2007). After hatching, the time taken to metamorphosis in plaice is usually between 

40 and 60 days, depending on water temperature, by which time the surviving 

nektonic plaice have reached the inshore nursery grounds (Ryland, 1966; Gibson, 

2004). To begin with, larval plaice utilise their yolk-sac reserves but about one week 

after hatching, before the disappearance of the yolk-sac, plaice larvae commence 
feeding on the diatom Coscinodiscus grani and larval molluscs (Wimpenny, 1953). 

The plaice larvae, and newly metamorphosed juveniles usually remain in the surface 

waters within the nursery bays for a short period (Lockwood, 1974; Al-Hossaini et at, 

1989) before undergoing settlement onto the seabed in about 5m water depth 

(Lockwood, 1974; Gibson et at, 2002). The size at metamorphosis and settlement for 

plaice is usually between 10 - 14 mm (Johnstone et at, 1922; Lockwood, 1974; 

Hjörleifsson and Pälsson, 2001; Doggett, 2006). As a result of the batch spawning 
behaviour of the adult females and the pulsed delivery of larvae into the nursery 

grounds, settlement will occur over an extended time period during the summer, 

usually between April-July (Al-Hossaini et at, 1989; Hyder and Nash, 1998; 

Hjörleifsson and Pälsson, 2001) but can extend as late as August (Macer, 1967). The 

timing and duration of the settlement period can vary from year to year, for example, 
Al-Hossaini and Pitcher (1989) recorded that plaice settlement in Red Wharf Bay 

(North Wales) occurred between mid-May and early June in -1986 and between late 

April and the end of May in 1987 respectively. During these time periods, several 

settlement cohorts were identified with variable growth and survival rates for each 

cohort (Al-Hossaini and Pitcher, 1989). Differences in growth and survival rates 

between settlement cohorts have also been recorded by Allen et at (2008). 

Temperature has been identified as the main factor influencing numbers at 

metamorphosis and settlement patterns in plaice larvae (Hyder and Nash, 1998). 

Once settled, as mentioned earlier, plaice larvae move shorewards into shallow 

water < 1.0 m deep in order to avoid predation and inter-specific competition for food 

with dab larvae that settle out in deeper water (Gibson et al., 2002). The diets of 

juvenile 0-group and 1-group plaice are dominated by polychaetes such as Pectinaria 

koreni, Nephthys spp., and Phyllodoce spp., although other macrobenthos such as 

amphipods (Ampelisca brevicornis), copepods and molluscs (A. alba and Macoma 

baltica) can also be found in the diet (Macer, 1967; Basimi and Grove, 1985c; Carter 

et al., 1991; Amara et al., 2001). Larval polychaetes from the spionidae family 

34 



(chiefly Polyflora ciliata) and Pectinaria often form the main food of newly 

metamorphosed flatfish in Red Wharf Bay, representing 60 to 70% of the diet of both 

0-group plaice and dab but interspecific competition for food between the two species 

is avoided at this stage through spatial segregation on the nursery ground (Macer, 

1967; Carter et al., 1991). Initially, the small plaice undertake regular movements 
between the intertidal and the shallow subtidal areas of the shore in relation to daily 

tidal, diurnal and seasonal temperature cycles (Burrows et al., 1994; Gibson et al., 

1998). Towards the end of their first summer, the plaice larvae are large enough to 

evade predation by Crangon (their main predator, Burrows et al., 2001) and move 
into >3 in water depth (Gibson et al., 2002) where they feed on a variety of prey 

including bivalves, polychaetes, crustaceans and sand eels (Carter et al., 1991). Inter- 

specific competition with dab is avoided by trophic resource partitioning, since dab 

feed primarily on brittlestars and razor clams to avoid competition with juvenile 

plaice (Carter et al., 1991). Juvenile plaice will remain on the nursery grounds for up 

to 2 years (Bowers, 1963; Nash et al., 1992) before moving offshore into deeper water. 

The juvenile-adult transition for plaice and the offshore movement to recruit into the 

adult stock usually occurs between May and September (Rijnsdorp, 1989). Juvenile 

recruitment into the adult stock is a key input parameter in virtual population analysis 

(VPA) fisheries management and is monitored by ICES for commercially exploited 

stocks in order to assess annual year class strength and to assist in determining catch 

quota (e. g. ICES 2008a, 2008b, 2008c). Considerable variation in the annual 

recruitment estimates for juvenile plaice in ICES Division VIIa between 1964 and 

2007 have been reported with estimates varying between 7 and 29 million (1965 peak 

recruitment value) individuals (ICES, 2008a). Following a period of strong year 

classes (> 15 million) in the mid/late 1980s, recruitment over the last 20 years has 

been steady at 8-10 million individuals (ICES, 2008a). 

As adults, plaice will undertake feeding migrations within the continental shelf 

seas of North West Europe (Dunn and Pawson, 2002; Hunter et at, 2003; Metcalfe et 

at, 2006) and aggregate in coastal water over winter in advance of moving offshore to 

the regional spawning rounds (Basimi and Grove, 1985c; Dunn and Pawson, 2002). 

The diet of adult plaice continues to be dominated by polychaetes such as Pectinaria, 

Nereis, Lanice and Magelona, although the switch is made to feeding on adult 

polychaetes, in addition, molluscs such as Spisula spp. and A. albs also form a large 

proportion of the diet in large adult plaice (Braber and De Groot, 1973; Rijnsdorp and 
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Vingerhoed, 2001; Amezcua et al., 2003). Seasonality diet composition has been 

observed for plaice with bivalves dominating the diet in the spring and summer and 

polychaetes in the spring and autumn (Basimi and Grove, 1985c; Rijnsdorp and 

Vingerhoed, 2001; Amezcua, et al., 2003). In contrast, although a wide range of prey 
items are also taken by dab and sole, the primary components of the diet for these 

main competing flatfish species in the regional seas around the UK are brittlestars 

Ophiura spp, for dab (Saborowski and Buchholz, 1996; Seisay, 2001; Hinz et al., 

2005) and crustaceans for sole (Molinero and Flos, 1992; Cabral, 2000) respectively. 
Thus, the three main flatfish species in the coastal shelf seas of northern Europe avoid 

competition through dietary and habitat segregation. It is interesting to note that adult 

plaice, at least in the North Sea, may have undergone a shift in their main prey items. 

By comparing the historical literature from end of the 19th century (Cunningham, 

1895) with the results of their study (1990s), Rijnsdorp and Vingerhoed (2001), 

suggest that a shift in primary food types from bivalve to polychaetes for sole and, to 

a lesser degree, for plaice. It is possible that this switch in primary prey type (i. e. 

bivalve to polychaete) is correlated with changes in the epibenthic macrofauna of 

coastal shelf seas as a result of intensive fishing activity. The effect of fishing gear on 

the community structure of the sea floor has been the focus of much investigation in 

recent decades. Although the action of trawling causes damage and disturbance to 

benthic communities (Jennings and Kaiser, 1998; Groenewold and Fonds, 2000; 

Kaiser and Hiddink, 2007; Hinz et aL, 2009), trawling can also enhance the food 

supply for some fish species by increasing the productivity of their principal prey 

(Rijnsdorp and Van Beek, 1991; Kaiser and Spencer, 1996; Millner and Whiting, 

1996; Rijnsdorp and Van Leeuwen, 1996). 

1.1.5 Fish Population dynamics 

As the models used in fisheries management have developed over time since the first 

models proposed in the 1950s - Beverton and Holt's Dynamic Pool model and 

Schaeffer's surplus Production model (Jennings et al., 2001; King, 2007) - an 

understanding of the ecology and population dynamics of an exploited fish species 
has become of critical importance in their management (King, 2007). This is because 

aspects of a species' population dynamics, such as abundance/recruitment, sizetage 

structure, length-weight relationships, fecundity, growth and mortality rates and 
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age/size at maturity, often separate into data for males and females as sex-specific 
data for these parameters are common, and they are included in VPA models (King, 

2007). In addition, the move away from single species fisheries models to ecosystem- 

based fisheries models has meant that an understanding of the interactions between 

the target commercial species and its predators and prey and the seasonal movement 

patterns of the target species are also needed in order to develop effective 

management plans to ensure sustainable exploitation (Jennings et al., 2001; King, 

2007). Given the importance of plaice as a food fish in Northern Europe (e. g. ICES, 

2008a and 2008b), there has been much research into the population dynamics of the 

species over the last 100 years (e. g. Cunningham, 1895; Wallace, 1914; Wimpenny, 

1953; Basimi and Grove 1985c). In this section, a brief review of key aspects of fish 

population dynamics in general and for plaice in particular are presented. 

a) Growth and SizelAge 

Growth in animals can be defined as an increase in the linear dimensions such as 
length, height and width resulting in a volume change and an increase in weight 
(King, 2007). In fisheries surveys, size is usually measured in terms of length (e. g. 

standard length, total length) as this parameter is easier and quicker to measure than 

weight. However, both the abundance and landings of target fish species are usually 

recorded in terms of biomass (i. e. weight) and therefore, length-weight calibrations 

are needed to convert size data from fisheries surveys into biomass data for inputting 

into VPA models. Previous studies have reported length-weight relations for different 

plaice stocks in the Irish Sea (e. g. Basimi and Grove, 1985c) and North Sea (Ruack, 

1974; Rijnsdorp, 1989). Length-weight relationships in fishes are commonly 

described using a power curve equation, W= aLb (King, 2007) and once 

measurements of length and weight have been obtained it is possible to assess whether 

growth is isometric or allometric. Isometric growth occurs when all linear dimensions 

increase in proportion to each other and the b-value in the length-weight power curve 
is equal to 3 (King, 2007): this occurs since if an animal doubles in size, i. e. its length, 

width and height all double, then there will be an 8-fold, i. e. 23, increase in volume 
(i. e. weight) (King, 2007). If the b-value in the length-weight relationship differs from 

3 then growth is said to be allometric (King, 2007). Examination of seasonal, sex 

specific and species-specific differences in the length-weight relationship can provide 

valuable information on the patterns of growth in fishes (Froese, 2006). In addition, 
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once the relationship between length and weight has been established then it is 

possible to calculate condition factors - these are a number of indices that relate 

length to weight for an animal and provide a numerical indication index of the "well- 

being", i. e. how "fat" or "skinny" the animal is for a given length (Bolgor and 
Connolly, 1989; Jennings et al., 2001; King, 2007). Previous studies have reported 
both seasonal and stock-dependent differences in condition factor for plaice (e. g. 
Rauck, 1975; Kuipers, 1977; Nash et al., 1992) 

If it is possible to age animals, then size (length/weight) can be related to age 

and growth curves (i. e. size at age relationships) can be constructed and growth rates 
determined for a species. In fishes, a number of hard parts such as the otoliths, 

vertebrae, opercular bones and scales, can be used for ageing (Panfili, et al, 2002; 

King, 2007). Examination of these structures reveals a banding pattern (Figure 1.17) 

which occurs as growth in fishes is strongly influenced by food availability and water 

temperature (Gibson, 2004). For temperate water fish species, seasonal changes in 

food availability and water temperature influence growth rate and this is reflected in 

the body hard parts resulting in the formation of a regular banding pattern in scales, 
bones and otoliths (Figure 1.17) (King, 2007). Thus, relative growth rate at different 

periods of time can be assessed and the age of the fish can be determined (King, 

2007). Since, temperate fish species will go through periods of fast growth (late spring 

- autumn) and slow/no growth (winter-early spring) each year, growth bands that 

differ in size and composition are usually discernible (Figure 1.17) with one pair 
fast/slow growth bands corresponding to one year's growth. Thus, it is possible to age 

fish which allows various parameters such as size and maturation state to be related to 

age. The choice of hard part - bone, scale, otolith - used in the ageing process is 

dependent on the species under examination and whether a non-invasive sample is 

required. Scales can be taken non-invasively (i. e. without killing the fish to dissect 

and remove skeletal structures) and are also the ageing structure of choice for some 
fish species, e. g. sea bass Dicentrarchus labrax, as they allow age to be easily and 

clearly determined (Figure 1.17a). However, for many marine fish species, such as 
flatfish, the banding pattern on the scale is not clear and becomes hard to read in older 
fish and otoliths are the ageing structure of choice in most marine telosts. 

Given that growth in animals is periodic, it is possible to discern the presence 

of tidal, daily, lunar monthly and seasonal banding patterns in calcareous structures if 

the appropriate techniques are used (Panfili et al., 2002; Easey and Millner, 2008). 
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However, for fisheries management purposes, where age is the parameter of interest, 

the large-scale seasonal banding patterns are used. During the warmer summer 

months, otolith growth is faster and translucent, widely-spaced bands (the hyaline 

zone) are laid down whilst in the cooler winter months, growth is slow and narrower, 

more densely packed, opaque bands (the opaque zone) are laid down (King, 2007). 

The difference in the composition/density of the hyaline and opaque 

a) b) 

C) d) 

Figurel. 17: Examples of hard parts used for ageing in teleost fishes: (a) a scale from 

an 8 year old European sea bass D. labrax L. (McCarthy, unpublished photograph), 
(b) a pair of saggital otoliths from a4 year old plaice P. platessa L. (McCarthy, 

unpublished photograph), (c) an opercular bone from a 12 year old perch Perca 
fluviatilis (Le Cren, 1947), (d) a dorsal fin ray from a 15 year old ling cod Ophiodon 

elongatus (McFarlane and King, 2001). 
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zones of the otolith results in clear differences in their appearance under light 

microscopy which enables the bands to be identified, counted and an age assigned to 

the fish (Figure 1.17b). In some fish species, for example for gadoids and for many 

tropical fish species, the otoliths can be difficult to read without careful preparation 

using staining and sectioning techniques (e. g Panfili et at, 2002; Easey and Millner, 

2008). However, for plaice, the saggital otoliths are usually very easy to read using 
binocular microscopy as a result of their flattened structure and clear banding patterns 

(Figure 1.17b). Previous studies have confirmed an annual cycle in the formation of 

the translucent and opaque bands in plaice otoliths (e. g. Basimi and Grove, 1985c). 

Although plaice are known to spawn over a period of several months (late January to 

May), the 1s` of April is generally accepted as the birth date of the fish to assign age in 

plaice (Basimi and Grove, 1985c; Al-Hossaini and Pitcher, 1989; Rijnsdorp, et al., 

1990). 

Once age has been determined, then it is possible to derive growth curves for a 

particular species. There are two ways in which this can be achieved, either through 

the use of back-calculation from a limited number of scale/otolith samples or by 

ageing a larger sample containing a wide range of different-sized fish (Campana, 

1990; Francis, 1990; King, 2007). The use of back calculation to determine length at 

age relies on there being a direct relationship between scale length and fish length 

over the lifetime of the fish and where a graph of fish length versus scale length 

passes through the origin of the graph (King, 2007). Where this is the case, the length 

of a fish (Lx) at any previous growth check (x; i. e. age) can be determined from the 

formula LX= L (S, JSp) where Lp equals the length of the fish at capture, Sp equals the 

present scale length and Sx equals the scale length at growth check x (King, 2007). 

Although this can be a valuable technique for reconstructing the estimated growth 

curves for individual fish, or a growth curve from a limited number of samples, this is 

not the favoured approach in fish stock assessment studies since back-calculated 

lengths are often less than actual measured fish lengths (Campana, 1990; King, 2007). 

The usual approach in fish stock assessment studies is to collect and age otoliths from 

a large size range of fish. 

Several mathematical models have been proposed to express growth in fishes 

(reviewed in Jobling, 2002) but the most commonly used growth model is that 

proposed by von Bertalanffy (1938), probably due to its inclusion in the dynamic pool 
fisheries model developed by Beverton and Holt (1957). The von Bertalanffy growth 
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curve is an asymptotic growth curve, L4 = L. (1-e kt-t°)) where Lt is the length of a fish 

at age t, L. is the theoretical maximum (or asymptotic) length for that species, k is the 

growth coefficient which describes the rate at which the asymptotic length is reached 

and t, is the theoretical age at zero length (King, 2007). Although there have been 

some criticisms about its use, especially since it is unlikely that a single model can be 

used to represent growth over the entire lifetime of a species where seasonal and 

ontogenetic changes in growth occur (e. g. Cloem and Nicholls, 1978; Lester et al., 

2004), the von Bertalanffy growth curve does provide a good general fit to length at 

age data and has been widely used by fish and fisheries biologists to describe growth 
in teleost fishes. Numerous studies have used the von Bertalnffy growth model to 

describe the pattern of growth in plaice, and to examine sex-dependent differences in 

growth, for example Basimi and Grove (1985c), Rijnsdorp and van Beek (1991), 

Bromley (2000) and Nash, et al. (2000). 

b) Mortality 

An understanding of the factors affecting mortality and an estimate of mortality rate is 

critical in understanding fish population dynamics and in fisheries management 

models. There are a wide range of factors that will result in the mortality of fishes, for 

example adverse environmental conditions, starvation and predation (Jennings et al., 

2001; King, 2007): all these factors are natural in original and in fisheries science are 

commonly referred to as natural mortality and described by the parameter M, the 

instantaneous coefficient of natural mortality (King, 2007). In exploited fish stocks, in 

addition to natural mortality population size will also decrease a result of fishing 

activities and this is commonly referred to as fishing mortality and described by the 

parameter F, the instantaneous coefficient of fishing mortality (King, 2007). By 

obtaining a large sample of fish and ageing them, it is possible to estimate mortality 

rates by determining the number of fish present in each age class, plotting an age- 

based catch curve [number of fish in age class (Y) versus age class (X)] and using the 

exponential decay equation Nt = Noe u where NN is the number of fish present in age 

class t, Na is the initial number of fish (in the case of the catch curve, the intercept on 

the y axis is a meaningless number) and Z is the instantaneous coefficient of total 

mortality where Z=F+M (King, 2007). To make calculation of Z easier, the decay 

curve can be linearised by plotting Ln Nt against age and fitting a linear regression 
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through the data where the slope of the line is Z (King, 2007). As King (2007) 

observes in exploited fish stocks it is easier to calculate total mortality than it is it 

calculate its sub-components, F and M In reality it is difficult to calculate natural 

mortality, M, in fish stocks. Since fishing activities do not affect mortality rates in 

larval fishes and in small juveniles, estimates of natural mortality in these phases of 

the lifecycle can be obtained by repeated surveys over time to examine the changes in 

abundance for a particular cohort. The available data shows that natural mortality 

rates in the early life-history stages are very high (Houde, 2002). The egg/larval phase 

of the lifecycle has been described as the `critical phase' of the lifecycle where in 

excess of 99% of the total mortality observed within a species will take place 

(Jennings et al., 2001). This is the reason why so many fish species produce large 

numbers of eggs (King, 2007). There are some data available for natural mortality 

rates in plaice. For example, Dickey-Collas, et al (2003) report a daily instantaneous 

mortality rate of 0.15 - 0.29 day*' for plaice eggs in the Irish Sea in 1995 and 2000; 

Gulland (1977) estimated monthly mortality rates for plaice larvae in the North Sea at 

80% month1. The daily mortality rates of egg and larval plaice in Irish Sea are 
increased at higher water temperatures (Pepin, 1991; Van der Land, 1991; Dickey- 

Collas, et al, 2003) and correlate with subsequent year class strength (Harding et al., 

1978; Van der Veer, et al., 1990). Mortality rates in young plaice on their costal 

nursery grounds have also been assessed by repeated surveys of cohorts of 0-group 

plaice (e. g. Macer, 1967; Al-Hossaini and Pitcher, 1989; Nash and Geffen, 2000; 

Allen et al., 2008). Al-Hossaini and Pitcher (1989) demonstrated how survival was 

related to the timing of settlement for a particular cohort with mortality rates highest 

in early settling and late settling plaice. Examples of published mortality rates in 

juvenile plaice include work by Macer (1967) who estimated a monthly reduction in 

0-group plaice numbers in Red Wharf Bay between September and December of 40% 

per month; Nash and Geffen (2000), calculated instantaneous mortality rates of 0- 

group plaice in Port Erin Bay for the period 1992 to 1998 of between 0.011 and 0.029 

day''; and Hjörleifsson and Pälsson (2001) calculated daily instantaneous mortality 

rates of plaice in Iceland as 0.03 day-'. In general, Iles and Beverton (1991) report 

mortality rates of 0-group plaice in nursery areas around the North Sea and in other 

Bristish coastal waters to be between 0.007 and 0.052 day''. Mortality rates of 

juvenile plaice on nursery grounds will be dependent on factors such as food 

availability and predation pressure but will also correlate with water temperature. For 
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example, Nash (1998) reports that for the time period 1964-1994, the daily mortality 

rates of plaice in the Irish Sea ranged from 0.071 to 0.096 day"' during the pelagic 

phase and between 0.009 to 0.019 day"' on the nursery grounds and was significantly 

correlated with water temperature. 

Natural mortality can be harder to estimate in adult fish, unless the 

species/stock in question is unexploited. However, it is possible to estimate natural 

mortality rates in exploited fish populations: for example, if a stock has been fished 

over a period of time at a range of intensities and estimates of Z and fishing effort are 

available, a plot of effort (X-variable) versus Z (Y-variable) will produce a linear 

relationship and the intercept on the Y-axis will provide an estimate of M (i. e. the 

mortality rate when there is no fishing effort) (Jennings et al., 2001). Since the natural 

mortality rate of a species will be related to its life history characteristics (e. g. r versus 
k strategies) as well as environmental parameters (such as temperature), there have 

been a number of attempts to relate published values of natural mortality to other, 

more easily measured life history parameters such as maximum size, growth rate and 
lifespan and environmental parameters such as temperature (e. g. Beverton and Holt, 

1959; Beverton, 1963; Pauly, 1980; Hoenig, 1983; Gunderson and Dygert, 1988; 

Vetter, 1988). The equation most commonly used to estimate natural mortality is that 

of Pauly (1980) who conducted a multiple regression analysis based on data for fish 

stocks where natural mortality rates, the von Bertalanffy growth parameters and the 

mean annual sea surface temperature were known to derive an equation that allows M 

to be estimated (Ln[M] = -0.0152 - 0.2790Ln[L. ] + 0.6543Ln[k] + 0.46341n[T]; 

Pauly, 1980). There are some concerns over the use of this equation, however, for 

many species/stocks, the Pauly (1980) equation remains the best, or only, estimate of 

M (Vetter, 1988; Jennings et al., 2001). There have been very few studies in adult 

plaice where natural mortality has been independently estimated: for example, natural 

mortality for adult plaice in the North Sea for the time period 1960-1971 has been 

predicted by Jensen, (1984) as 0.10 year 1 for females and 0.15 yeaf' for males and 

Beverton (1964) estimated the annual natural mortality rate of mature male and 

female plaice to be 0.13 year 1 and 0.08 year 1 respectively. Instantaneous rates of 

fishing mortality in plaice will be discussed in a later section. 
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c) Length/age at sexual maturity 

Successful reproduction is critical to the continuance of any species and the 

reproductive characteristics of exploited fish stocks are one area that has received a 

large amount of research interest by fisheries scientists. King (2007) states that most 

marine animals, including 96% of all fishes are external fertilisers releasing gametes 
into the water to produce large numbers of eggs/larvae. As stated earlier, mortality 

rates during this early phase of the lifecycle are extremely high: gametes may not 

encounter each to produce fertilised embryos, predation rates in the plankton are very 
high and those larvae that survive may not be carried by the surface currents into areas 

of high food abundance or into suitable nursery areas in inshore coastal waters (King, 

2007). This is the reason why fecundity is so high in marine fishes: as stated earlier, 

fecundity in a large adult female plaice is ca. 700,000 eggs (Jenkins, 1936), however, 

large Atlantic cod can produce up to 9 million eggs (URL 3) and the most fecund 

vertebrate is the sunfish Mold mola which is through to produce ca. 300 million eggs 

(King, 2007). 

There are a number of major reproductive life history events that are of 

interest to fisheries biologists: these are the cycle of maturation in the target species 

(e. g. is it an annual spawner? is it a semalparous or iteroparous spawner? ), the timing 

of spawning (i. e. when during the year does spawning take place? ) and the age and 

size at which fish first mature and therefore start to contribute to the adult spawning 

stock. It is well known that the rate and timing of gonadal development will be 

influenced by environmental factors such as temperature and photoperiod (Helfmann 

et al., 2004; Bone and Moore, 2008) and will also vary between individuals. Fish 

must reach a certain size before they are capable of reproduction and as a result of 

biological variation this will vary between individuals as a result of individual 

genotypes and also between stocks. In fisheries science studies, the usual approach is 

to collect fish during the spawning season and to estimate the proportion of sexually 

mature fish in different length or age classes (King, 2007). The stage of sexual 

maturity is usually assessed by macroscopic examination of the gonads or through 

histological examination of gonadal tissue (e. g. West, 1990; Smith and Walker, 2004; 

Gerritsen and McGrath, 2006). From these data, the length or age at which 50% of the 

fish in that length or age class are sexually mature can be calculated - usually referred 

to as the Lso and Aso or maturity ogives (King, 2007). In fisheries, all fish that are 
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larger or older than the L50 or Aso value are assumed to be mature (King, 2007). The 

L50 or Aso values are usually determined by plotting the proportion of mature fish in a 

given size/age class (Y-axis) against the sizelage class (X-axis) and fitting a logistic 

curve to the data such as P= 1/(1 + e<<x xso») where P is the proportion of sexually 

mature individuals in a given length or age class (X), Xso is the length or age at first 

maturity and r is the slope of the curve (King, 2007). These analyses are usually 

conducted separately for males and females since sex-specific differences in maturity 

ogives are very common amongst teleost fishes (King, 2007). Plaice is a good 

example of a species which displays differences in maturity ogives between males and 
females within a given stock and also differences in these male and female maturity 

ogives between stocks (e. g. Basimi and Grove, 1985c; Rijnsdorp, 1989; Horwood, 

1990; Rijnsdorp, 1993a; Parker-Humphreys 2004a, 2004b, 2005). There is also 

evidence that changes in maturity ogives have occurred in plaice as an evolutionary 

response to fishing pressure (e. g. Rijnsdorp, 1993b). These differences are discussed 

in greater detail in Chapters 2 and 3 respectively. 

1.1.6 Aims of this study 

1. To conduct a detailed study of the population dynamics of adult plaice in the 

inshore waters of North West Wales and Eastern Anglesey utilizing data 

collected by otter trawl in October 2004-2005. Specifically, age-/size frequency 

distributions, growth rates, mortality rates and age-/size at maturity will be 

examined and compared with (i) data collected by a similar study 30 years ago 

conducted by Basimi (1978) and (ii) contemporary data for the other major 

plaice stocks of North West Europe. 

2. To examine changes in the population biology of adult plaice in the inshore 

waters of North West Wales and Eastern Anglesey between 1970 and 2006 and 

to compare the results obtained with those for other local demersal fish stocks 

and in relation to fishing pressure and climate change. 

3. Through monthly sampling, to describe the pattern of growth of plaice juveniles 

in Red Wharf Bay and Conwy Bay (2004-2006), two major nursery grounds for 

plaice in the South East Irish Sea. 
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Chapter 2: 

Population biology of plaice Pleuronectes 
platessa L. in the coastal waters of 
Northwest Wales and Eastern Anglesey 
(2004-2005). 
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2.1 Introduction 

Plaice P. platessa, a demersal pleuronectiform flatfish, is one of the main commercial 

species landed in Northwest Europe along with Atlantic herring C. harengus harengus, 

Atlantic cod G. morhua and Atlantic mackerel S. scombrus (ICES, 2008a, 2008b and 
2008c). Fisheries for plaice have existed for centuries in Northwest Europe (Van Neer et 

al., 2002; Bolle et al., 2004) and due to its wide distribution and commercial importance, 

plaice catches were responsible for more than half of the total landings of flatfishes in the 

Northeast Atlantic during early twentieth century (Gibson, 2005). At the start of the 21" 

century, commercial fisheries for plaice can be found in the Barents Sea (Kuznetsova et 

al., 2004), the Baltic Sea (Nielsen et al., 2004; ICES, 2008c), and the coastal shelf seas of 

the Northeast Atlantic (Cefas, 2008; ICES, 2008a, 2008b). The average annual catch of 

plaice in Northwest Europe for the period 2000-2005 is ca. 88,500 tonnes (ICES, 2008a, 

2008b and 2008c), with significant regional variation between different coastal areas 
(Table 2.1). 

Around the UK, plaice are exploited in the North Sea, English Channel, Irish Sea 

and Celtic Sea (listed in order of landings, Table 2.1). Exploitation rates are highest in the 

North Sea since it is the largest shallow continental shelf sea surrounding the UK 

(570000 km2 compared to 100000 km2 for the Irish Sea) and most flatfish fisheries occur 

in water depths of less than 200m (Gibson, 2005). Given the commercial importance of 

plaice in the North Sea (where peak landings of >150000 tonnes p. a. were recorded in the 

1980s; ICES, 2007), plaice stocks in the North Sea have been the focus of much research 

over the last 30 years to inform management policies (e. g. Rijnsdorp, 1989; Rijnsdorp 

and Van Leeuwen, 1996; Daan, 1997; Kell et al., 1999; Bromley 2000; Grifft et al., 2003; 

Kell et al., 2005; Cefas, 2008; ICES, 2008b). 

In the Irish Sea, plaice are of minor commercial importance compared to Norway 

lobster N. norvegicus and sole S. solea (ICES, 2008a). Data on spawning stock biomass, 

recruitment and fisheries exploitation have been collected by ICES since 1964 (ICES, 

2008a). These data show that the Irish Sea supports much lower numbers of plaice 

compared to the North Sea and hence exploitation rates have been lower (ICES, 2008a, 

2008b). The long term average spawning stock biomasses in the two shelf seas are 
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Table 2.1: A summary of the average landings of plaice P. platessa from the coastal shelf 

seas of Northwest Europe for the period 2000-2005 (Source: ICES, 2008a, 2008b, 

2008c). 

Region ICES code Landings Landings status 
(tonnes) (2000 - 2005) 

Baltic Sea Subdivisions 22-32 2500 Landings stable 

Skagerrak/Kattegat IIIa 9000 Landings stable 

North Sea IV 69500* Declining landings 

Irish Sea Vila 1400 Landings stable 

Celtic Sea (W Ireland) Vllb, c 73 Declining landings 

Eastern Channel VIld 3900 Declining landings 

Western Channel VIIe 1200 Landings stable 

Celtic Sea VIIf, g 600 Declining landings 

Celtic Sea (SW Ireland) VIIh-k 270 Declining landings 

Total Plaice Landings 88443 

*Note: Discards for North Sea estimated as 50400 t/year for 2000-2005. 

298276 tonnes (1957-2006) for the North Sea and 6200 tonnes (1964-2006) for the Irish 

Sea respectively. Both long term average recruitment and average landings differ by two 

orders of magnitude between the two seas: 1.04 x 109 Age 1 recruits and 110768 tonnes 

landed (plus 56767 tonnes discarded) in the North Sea compared to 1.3 xW Age 2 

recruits and 3245 tonnes landed (discard levels unknown) in the Irish Sea (ICES, 2008a, 

2008b). The lower exploitation rates in the Irish Sea have ensured that plaice in the Irish 

Sea are underexploited and at full reproductive capacity compared to the North Sea 

where ICES have assessed plaice as overexploited and at risk of reduced reproductive 

capacity (ICES, 2008a, 2008b). However, as ICES (2008a) highlight, discard rates of 

plaice in the Irish Sea have not been quantified and are thought to be substantial. 
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Although plaice in the Irish Sea (ICES division VIIa) are managed as a single 

stock by ICES, tagging-recapture studies conducted by Cefas between 1979-1980 and 

1993-1996 have indicated that plaice populations in the Irish Sea consist of 4 sub-stocks 

in the Northeast Irish Sea (Solway Firth), the Southeast Irish Sea (Liverpool Bay), 

Cardigan Bay and the Western Irish Sea off the east coast of Ireland (Dunn and Pawson, 

2002). Plaice in the Irish Sea have been less well studied compared to the North Sea. 

Although some studies have been conducted in the Northeast Irish Sea and Cardigan Bay 

(e. g. Simpson, 1959; Hill, 1971; Horwood, 1990; Nash et at, 2000; Amezcua and Nash, 

2001; Amezcua et at, 2003), most research has focused around the Isle of Man and in the 

Southeast Irish Sea (e. g. Simpson, 1959; Macer, 1967,1972; Basimi and Grove 1985a, 

1985b, 1985c; Al-Hossaini and Pitcher, 1988; Carter et al., 1991; Nash 1998; Nash et at, 

2000; Amezcua and Nash, 2001; Amezcua et al., 2003; Watts et al., 2004). In recent 

years, Cefas have conducted a series of studies modeling the dispersal patterns of eggs 

and larvae away from spawning grounds in the Irish Sea and the subsequent settlement of 

juveniles into nursery grounds in the eastern Irish Sea (Fox et at, 2006,2007; van der 

Molen et at, 2007). In fact most of the research conducted on plaice in the Irish Sea has 

focused on egg/larvae distribution and on the ecology of juveniles on the nursery grounds 

(e. g. Macer, 1967; Hill, 1971; Basimi and Grove 1985b, 1985c; Al-Hossaini and Pitcher, 

1988; Carter et at, 1991; Rogers, 1993; Nash, 1998; Armstrong et at, 2001; Gibson et 

al., 2002; Dickey-Collas, et at, 2003; Fox et al., 2003; Watts et at, 2004) and less is 

known about the ecology of the adults (e. g. Simpson, 1959; Macer 1972; Basimi and 

Grove, 1985b, 1985c; Horwood, 1990; Dunn and Pawson, 2002). 

The southeast Irish Sea plaice stock is located within the greater Liverpool Bay 

area of the Irish Sea (Dunn and Pawson, 2002; Fox et al., 2007). The main spawning 

ground for this stock is located in an area of Liverpool Bay (about 12 miles offshore from 

the Great Orme Llandudno) in North Wales (Simpson, 1959; Dunn and Pawson, 2002; 

Fox et al., 2007). Spawning of plaice on the Great Orme spawning ground usually takes 

place between January and April with the main peak in spawning activity between late- 

February and late-March (Simpson, 1959). Following spawning, the fertilized eggs/larvae 

are transported on tidal currents (Fox et al., 2006,2007; van der Molen et al., 2007) 

towards nursery grounds along the coast of Northwest England and North Wales (Dunn 

49 



and Pawson, 2002). Although the nursery grounds for the Southeast Irish Sea stock are 

thought to run along the Cumbrian/Lancashire/North Wales coast from Morecambe Bay 

to Eastern Anglesey (Nash, 1998; Dunn and Pawson, 2002; Fox et at, 2007), the two 

main nursery grounds are thought to be Red Wharf Bay and Beaumaris Bay (Basimi and 
Grove, 1985c). Upon reaching the coastline, the post-larval juvenile fish will remain 

within the surface waters before undergoing metamorphosis and settling out on the 

seabed as small juveniles (Macer, 1967; Lockwood, 1974; Kuipers, 1977; Gibson et al., 
2002). The distribution of plaice along the Cumbrian/Lancashire/North Wales coast is not 

uniform with a preference for sandy/muddy areas (Amezcua and Nash, 2001; Amezcua et 

al., 2003). The juvenile plaice remain on the nursery grounds for at least one year moving 

offshore into deeper water on the nursery ground as they increase in size (Lockwood, 

1974; Kuipers, 1977; Gibson et a1,2002). After 1 or 2 years, juvenile plaice move 

offshore and recruit into the adult stock Tagging experiments by Cefas have shown that 

50% of the adult plaice remain within the Liverpool Bay area whilst 50% undertake 
large-scale movements away from the Liverpool Bay Area with 43% moving south 

through the Irish Sea to Southeast Ireland before returning to Liverpool Bay (Dunn and 
Pawson, 2002). 

Although various aspects of the ecology of adult plaice in the Southeast Irish Sea, 

such as growth rates, size/age at maturity and fecundity, have been studied individually 

(e. g. Nash et al., 2000; Dunn and Pawson, 2002; Parker-Humphreys, 2004a), there has 

only been one detailed study where these various aspects of the population dynamics of 

the Southeast Irish Sea stock have been studied simultaneously. This work was conducted 

by Basimi in 1974-1977 for his PhD thesis (Basimi, 1978) producing several subsequent 

publications (Basimi and Grove, 1985a, 1985b, 1985c). Basimi's research focused on the 

plaice population in the inshore waters of Northwest Wales (Beaumaris Bay) and Eastern 

Anglesey (Red Wharf Bay) providing data on the size-/age-frequency distributions, 

feeding ecology, growth rates, mortality rates, size/age at first maturity and fecundity for 

this plaice population (Basimi, 1978; Basimi and Grove, 1985b, 1985c). This work was 

conducted during a period of time when fishing pressure on plaice in the Irish Sea was 

greater (1970-1979: average annual landing = 3900t, Mean F ages 3-6 =0.70 year'; 

ICES, 2008a). Fishing pressure on plaice in the Irish Sea remained high through the 
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1980s (1980-1989: average annual landing = 4440t, Mean F ages 3-6 =0.64 year-1; ICES, 

2008a). However, there has been no detailed study that has examined the population 

dynamics of this plaice population since the introduction of a precautionary approach to 

fisheries management by ICES and a reduction in fishing pressure on plaice in the Irish 

Sea since the early 1990s (2000-2005: average annual landing = 1400t, Mean F ages 3-6 

=0.23 year 1; ICES, 2008a). 

The aims of this chapter: 

1) To conduct a detailed study of the population dynamics of adult plaice in the 

inshore waters of Northwest Wales and Eastern Anglesey utilizing data collected 
by otter trawl in October 2004/2005. Specifically, age-/size frequency 

distributions, growth rates, mortality rates and age-/size at maturity will be 

examined. 

2) To examine whether sex-specific differences exist in these population parameters 
between male and female plaice. 

3) To compare the population dynamics of plaice in the inshore waters of Northwest 

Wales and Eastern Anglesey in 2004/05 with the data collected by Basimi in the 

same areas in 1974178. 

4) To compare the population dynamics of plaice in the inshore waters of Northwest 

Wales and Eastern Anglesey in 2004/05 (part of the Southeast Irish Sea stock) 

with contemporary data for other plaice stocks in Northwest Europe. 
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2.2 Materials and methods 

2.2.1 Sampling 

Plaice, P. platessa, were caught from several locations in the coastal waters of North 

West Wales and Eastern Anglesey in the southeast Irish Sea in October 2004 and 

2005. The trawl locations comprised three inshore sites [Conwy Bay, Colwyn Bay 

and Red Wharf Bay (including Moelfre)] and two offshore sites [offshore Colwyn 

Bay and offshore Point Lynas] (Figure 2.1). These sites have been fished by the 

School of Ocean Sciences using the RV Prince Madog in October/November on an 

annual basis since 1972. In total, 23 trawls were conducted in October 2004 and 2005. 

The trawl locations and directions are presented in Figures 2.1 and 2.2 and trawl 

details presented in Appendices la and lb. Samples were collected using a rock 

hopper otter trawl with a cod end stretched mesh size of 76 mm fished by the RV 

Prince Madog. The School of Ocean Sciences research vessel, the RV Prince Madog 

is a 34.9 m long shelf sea research vessel with a GRT of 390 tonnes. The duration of 

each trawl was approximately one hour and the trawl was towed at a speed of between 

2 and 4 knots (dependent on whether towing with/against the tide) [see Appendices 1a 

and 1b]. After the net was hauled on deck, the whole catch was sorted and the key 

survey species [plaice, dab L. limanda, whiting M merlangus and red, tub and grey 

gurnards (A. cuculus, Trigla lucerna and E. gurnardus)] retained. The total lengths 

(TL) of all plaice caught were measured to the nearest centimetre and the first three 

fish in each centimetre size class were retained as a length-stratified sub-sample (LSS) 

for more detailed dissection. For each trawl location, the plaice in the length-stratified 

subsample were divided into groups of circa 10 - 20 fish, stored and labeled in bags 

and frozen (-20°C). Due to the late return of the Prince Madog to Menai Bridge each 
day and the time required to dissect the plaice, the processing of measurements and 
data generation by dissection were conducted at a later date. The number of P. 

platessa caught using the RV PrinceMadog and dissected in 2004 and 2005 were 514 

fish (224 male, 287 female and 3 fish that could not be sexed) and 424 fish (141 male 

and 283 female) respectively. 
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2.2.2 Measurements 

On the day of dissection, the frozen plaice were taken from the freezer to defrost them 

prior to dissection. As the thawing process took about two to three hours, the removal 

of fish from the freezer was staggered through the day to ensure that samples were not 
left for too long after thawing before dissection. King (2007) reports that the length of 

marine animals in fisheries studies is usually recorded as a "standard length" (SL), 

from tip of snout to the tip of the caudal peduncle, as this is easy and accurate to 

measure. This also avoids the problem of damaged caudal fins (damaged during 

trawling) introducing measurement error that can occur when total length is recorded. 
Therefore, the standard length of each fish in the stratified sub-sample was measured 

to the nearest millimetre and the body weight measured to the nearest gramme. The 

body organs were removed by opening up the peritoneal cavity and cutting the 

posterior intestine at the rectum and the stomach as close to the mouth as possible. 

The plaice were then sexed as male or female (if sex could be determined) and a 

maturity stage assigned by macroscopic examination of the gonads. Males are 

identifiable by lobular creamy-white colour gonads, whereas females have hollow, 

sac-like gonads, which are reddish/orangey in colour. Maturity stage was determined 

using the scale presented in Table 2.2 and Figure 2.3 (Anon., 2001; Bromley, 2000 

and 2003) where maturity is determined based on the size, colour and appearance of 

the gonad. In October, female ovaries are usually at gonad stages two ('developing') 

or four ('ripening'), with few fish having ovaries at any other stage of development. It 

was easier to determine maturity stage in female plaice as stage two in the female 

gonad is usually pink in colour and fills up to half the length of the ovarian cavity (see 

Table 2.2 and Figure 2.3) whereas, stage four gonads fill the ovarian cavity and tend 

to be yellow to orange in colour and it is clear to see individual oocytes by the naked 

eye (Figure 2.3). Determining the `ripening' and `ripe' maturity stages of the male 

gonads was a little more difficult, however, this was possible by cutting to look for 

sperm in the testes and spermaducts (Table 2.2 and Figure 2.3). In the final stage of 

dissection, the sagittal otoliths were extracted and stored in a labeled envelope until 

ageing at a later date. Fish were aged by counting the annual rings on the otolith 

which consist of alternating opaque and translucent rings. One pair of opaque ring and 

one translucent ring are deposited each year in the sagitta (Morales-Nin, 1992; 

Guillaud et aL, 2002). Plaice otoliths were read under a dissecting microscope 
(WILD, M3Z Heerbrugg) under reflected light and/or transmitted light using a 
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magnification of between 10 to 25x (with lOx eyepieces). The microscope contained a 

special port to which a digital camera could be attached. Otoliths were placed in a 

watch glass and submerged in `Histoclear' which helped to clarify reading the otolith 

growth rings and increase the visual contrast. Once the rings had been counted and the 

fish aged, images of each otolith were captured using a digital camera (Nikon coolpix 

4500,4.0 Mega Pixels 4x Zoom) in order for any age reviewing later (see Figures 2.4 

and 2.5). Because the otoliths of male fish tended to be smaller, it was more difficult 

to discern between the opaque and translucent rings and to age male fish compared to 

females and therefore a number of the male otoliths were unreadable using this ageing 

technique and were excluded from the age frequency and growth curve analyses (see 

Table 2.3). Figure 2.4 shows examples of otoliths that were easy to age whilst 

examples of unreadable otoliths are presented in Figure 2.5. 

2.2.3 Data analysis: 

Length frequency data and stock structure 

Data on the length/age frequency distribution of males and females caught in 2004 

and 2005 and for the combined 2004/2005 data were collated from the length- 

stratified sub-samples from each trawl. The total number of fish in a given age class 

and the average length-at-age for each age class were then calculated. From these 
data, the age-, length- and weight-percentage frequency distributions in the stratified 

sub-sample were calculated and the number of fish in different age and length classes 

compared using chi-square analyses ()? ). 

Length/weight relationship 
The relationships between body weight and standard length for male and female 

plaice were determined from the sub-sample data using the following power function 

(King, 2007): 

W=aL" 

Where: 

W= wet weight (g) 

L= standard length (cm). 
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Table 2.2: Flatfish maturity scales for plaice, megrim and sole used by the Marine Institute in 
Ireland [Source: Marine Institute in Ireland, Bromley, 2000; Bromley, 2003, (URL 4)]. 

Stage and Female Male 
condition 

Ovaries small and translucent. 
Stage 1: Testes very small and translucent up Tunic lining sometimes Juvenile to about 1 cm long. 

silvery or dark colour. 
Stage 2: 

Ovaries up to '/2 of length of a Developing Testes up to 1/2 size of full testes 
full ovary. Pinking on colour 

virgin / grey to white in colour. 
with no yellow or orange. Resting spent 

Colour yellow to orange but 
individual oocytes cannot be 

Stage 3: 
No stage 3 for males. 

Ripening 1 
seen with the naked eye. 
Colour yellow to orange, Testes filling but no sperm visible 

individual oocytes can be seen 
Stage 4: 

when they cut. 

with the naked eye. 
Ripening 2 

No sperm in spermaducts. 

Ovaries containing few or Testes full but do not run under 
many hydrated eggs, but will Stage 5: 

moderate pressure. When testes are 
not run under moderate Ripe 

cut some sperm is in spermaducts. 
pressure. 

Hydrated eggs can be Stage 6: 
Testes run on slight pressure 

extruded on slight pressure Running 

Ovaries reduced in size and 
flaccid. Some mainly opaque Stage 7: Testes thin and flabby, little sperm 

eggs may occur, much slime Spent may remain in spermaducts 

in ovaries. 
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moderate pressure 

slime and sometimes 

spawning moderate pressure 

Figure 2.3: Photographic key used to help identify maturity stage of male and female plaice 
in this study (Source: Marine Institute, Ireland; (URL 4). 
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and a and b are constants in the power function and b=3 when growth is isometric (King, 

2007). In order to compare the growth patterns of male and female plaice, the weight and 
length data were linearised by loglo transformation (King, 2007). Least-squares linear 

regressions were then fitted to the transformed weight/length data as follows: 

Loglo W= Logio a+ b Logio L 

To compare the two regression lines for male and female plaice, a general linear model 
(GLM) (Minitab Var. 13.20) was used to test for significant differences between the two 

slopes (b) and intercepts (a). GLM analysis was conducted on the data for 2004,2005 and for 

2004/2005 combined. As well as testing for differences between sexes, the slopes of the 
linear regressions for male and female plaice were compared to a slope value of b=3 using a 

t-test (Zar, 1984) to examine whether isometric or allometric growth patterns were observed: 

t=ß-b/ Sb 

Where: 

ß= the theoretical slope (= 3) 
b= the calculated slope for male or female plaice 
Sb = the standard error of the two slopes. 

Age and growth 
The selectivity of the sampling gear (stretched mesh size = 76 mm) resulted in smaller fish 

being under-represented in the length frequency distribution of the catch (King, 2007). 

Therefore, 0-group plaice that had been caught during the monthly push netting sampling in 

Red Wharf Bay and Llanfairfechen in October and November in 2004 and 2005 (see Chapter 

4) were included in the construction of the growth curve: 17 0-group fish were added to the 

2004 growth curve and 20 fish were added to 2005 growth curve. These data were included 

in order to derive a more accurate Von Bertalanfy growth curve (VBGC) and allow an 

accurate calculation of the coefficients for the growth curve. The omission of younger age 

classes from the curve (in this case, 0-group fishes) can result in errors in calculating k and to 

values resulting in an underestimate of k and an erroneous negative value for to (King, 2007). 

The annual growth pattern in the sagittal otolith of plaice is represented by two bands, 

consisting of one highly calcified (opaque) band and one less-calcified (translucent) band 

(Troadec et al., 2000). The first band (opaque), formed in the otolith core is laid down when a 
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flatfish undergoes metamorphosis and settles down on the sea bed and that is defined as a 
birth mark of age zero (Licandeo et al, 2006). For plaice in the Irish Sea, this birth date is 

assumed to be 1" April (Macer, 1967; Hyder and Nash, 1998; Fox, eta!., 2006,2007). Due to 

the clear banding pattern most plaice otoliths are easily readable (Figure 2.4). However, due 

to problems encountered in the reading of some otoliths, it was not possible to age some fish 

with confidence. For example, in some fish the two sagittal otoliths gave different ages, or the 

otoliths were crystallised and unreadable whilst in others alternate opaque/translucent bands 

were not discernible (Figure 2.5). As a result, a number of otoliths have been excluded from 

the ageing analysis. In 2004,10 otoliths (6 male and 4 female) were unreadable and removed 
from the 514 fish in the LSS. In 2005,6 female otoliths where unreadable and removed from 

the 424 fish in the LSS for that year. The growth rates of male and female plaice were 
determined by fitting a Von BertalanfFy growth function (VBG; von Bertalanffy, 1938) to the 

age-size data for 2004,2005 and 2004/2005 combined using the non-linear regression 
function in SPSS (Var. 12.0). The VBG model fitted is as follows (King, 2007): 

L4=L. (1-e-kft-4ý 

Where: 

Lc = standard length (cm) at age t 
L. = the theoretical maximum standard length (cm) 

k= the growth coefficient 
to = the theoretical age when length is zero. 

Since the plaice in this study were caught in October, during the second half of each 

year of growth, fish ages have been reported as `++'. So, for example, a 1++ fish is 

approximately 18 months old, assuming a birth date of I 't April. The growth curves of male 

and female plaice in 2004,2005 and 2004/2005 combined were compared using the 

likelihood ratio test (LR) as outlined by Kimura (1980). This analysis involves fitting VBG 

curves to the male and female data and to the combined data and noting the residual sum of 

squares for each growth curve. Growth curves are then fitted to the male and female data 

where L, k and to are each constrained in turn to the value obtained for the combined VBG 

curve and the residual sum of squares noted for the male and female growth curves. Finally, 

growth curves are fitted to the male and female data where all three VBG coefficients are 

constrained and the residual sum of squares noted. Likelihood ratios (LR) were then 
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calculated as follows (Kimura, 1980): 

LR= -N* Ln (Res. SS no constraints 
/Res. SS constrained) 

Where: 

N= total number of observations (i. e. sum of male and female age classes) used in this test. 
Res. S Sno 

constraints = sum of the male and female residual SS values without constraining any VBGF values. 

Res. SS. 
�A,.,;,,, d = sum of the male and female residual SS values when L., k and to or all three values were 

constrained. 

Mortality rate 
The instantaneous coefficient of total mortality (Z, year 1) was calculated from the number of 
fish present in each age class in the length-stratified subsample by fitting an exponential 
decay curve (King, 2007) using the non-linear regression function in SPSS (Var. 12.0): 

Nt = No e (- z t) 

Where: 

Nt = Number of fish in a given age class. 
No = estimated number of fish at first sampling (t = zero). 
Z= instantaneous rate of total mortality (year 1). 

t= time interval between sampling (in this study t =1 year). 

In order to compare the mortality rates of male and female plaice in 2004,2005 and 

2004/2005 combined, a semi-logarithmic plot of age vs. log, (Ni) was constructed (King, 

2007) and least-squares linear regressions were then fitted as follows: 

Loge N, = loge No+Z 

The slopes (Z values) of the two regression lines for male and female plaice were compared 

using a general linear model (GLM) (Minitab Var. 13.20). The instantaneous mortality rate 

was converted to percentage mortality (P) using the following equation (King, 2007): 
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P(%)=100(1-eZ). 

Natural mortality (M, year 1) was estimated using the equation of Pauly (1980): 

Loge M=0.0152 - 0.279 Loge L. + 0.6543 Log. k+ 4634 Loge T 

where L. and k are coefficients from the VBG curve and T is the average temperature (°C) 
for Moelfre in Red Wharf Bay (Joyce, 2006). The mean sea temperatures used were 7.35, 

7.47 and 7.41 CO for 2004,2005 and 2004/2005 combined respectively. Fishing mortality (F, 

year 1) for the SE Irish Sea plaice stock was estimated as that reported by ICES for 3-6 year 

old plaice in Division VIIa for 2004 (0.143 year 1) and 2005 (0.147 year 1) respectively 

(ICES, 2008a). 

Reproductive characteristics 

Length and age at maturity 

The maturity data for male and female plaice were sorted into 2 cm size class intervals or into 

age classes and the proportion of mature individuals in each size/age class was calculated. 

These data were used to calculate the length and age at first maturity by fitting logistic 

curves. The mean standard length (L5o) or age (Aso) at first maturity can be defined as the 

length or age at which 50 % of the animals become sexually mature and were estimated using 

the following equation (King, 2007): 

1/ (1 +e c-f cX X50 ) 

Where: 

P= the proportion of mature individuals in a given length (cm) or age (years) class 
X5o = length (cm) or age (years) at 50 % maturity. 
X= length (cm) or age (years) class 

r= slope of the logistic curve 

Since the sample sizes used in the different analyses in this chapter varied depending on 

whether individual fish in the length-stratified subsample could be aged or sexed, a summary 
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of the numbers of fish used in the different data analyses are presented in Table 2.3. 

In order to allow the size data from this thesis to be compared with other studies (see 

Discussion), it was necessary to convert the standard length (SL) measurements to total 

length (TL). To achieve this, SL and TL were measured (to the nearest millimetre) in 152 

plaice (including males and females) and a calibration equation between SL and TL was 
determined (Figure 2. ). Care was taken to ensure that the SL size range of plaice measured 

covered the majority of the size range of plaice recorded in the LSS in 2004 and 2005. The 

following calibration equation was determined: 

TL =1.2114 * SL - 0.0985 (R2 = 0.998, n=152, p<0.001) 

Table 2.3: A summary of the sample sizes used for the different data analyses in the Results 
section based on the fish dissected in the length-stratified subsample (LSS) for 2004 and 
2005. 

Subject Sex 2004 2005 

Male 224 141 
Number of fish in 

Female 287 283 
LSS 

Total 514* 424 

Male 218 141 
Number of fish aged 

Female 283 277 
from LSS 

Total 501 418 

Number of 0++ fish Male 8 10 

added to VBG curve Female 9 10 

Sample size for Male 226 151 

VBG curve Female 292 287 

Male 221 140 
Number of fish 

Female 286 277 
sexed from LSS 

Total 507 417 

* plus 3 fish that could not be sexed 
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Figure 2.6: Calibration line for converting Standard Length (cm) to Total Length (cm) for 
combined of male and female plaice' P. platessa caught in coastal waters off North West 
Wales and Eastern Anglesey. 
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23 Results 

23.1 Size/Age frequency of the population 
A total of 935 plaice were obtained in the length-stratified subsamples and dissected in this 

study: 511 plaice (224 male and 287 female, plus 3 unsexed fish) in 2004 and 424 plaice (141 

male and 283 female) in 2005. The standard lengths of the plaice in the length-stratified 

subsamples ranged from 11.0 - 41.0 cm and 13.0 - 49.0 cm in 2004 and 2005 respectively 
(Tables 2.4 and 2.5). In both years, the largest and oldest plaice were females. For males, the 
length range in the sub-sample in 2004 was 13.0 - 32.4 cm SL (Table 2.4), however, a 

narrower length range, 13.0 - 31.0 cm SL, was caught in 2005 (Table 2.5). For females, the 
length ranges in 2004 and 2005 were from 11.0 to 41 cm SL (Table 2.4) and 14.0 to 49.0 cm 
SL (Table 2.5) respectively. The oldest male fish caught in 2004/2005 were 5'+15' years old 

respectively whilst older female plaice were caught in both 2004 (7++) and 2005 (12+') 

(Tables 2.4 & 2.5). Very few 0' fish were caught in the rockhopper otter trawl: no 0' fish 

were caught in 2004 and ten 0++ fish (5 male and 5 female) in 2005 (Tables 2.4 & 2.5). The 

age-length frequency data for male and female fish for both years combined are shown in 

Table 2.6. The mean average size at age, standard length (cm), and wet weight (g) for each 

year class of male and female place in 2004,2005 and for 2004/2005 combined are shown in 

Tables 2.7-2.9. The weight data showed the same patterns as the length data, with the average 

size of female fish in the 2++ age class and older being larger (i. e. longer and heavier) 

compared to male fish. 

The age-frequency distributions for male and female plaice are shown in Figure 2.7. 

The majority of fish were between 1++ and 3++ years old: in 2004 the 1++-3++ age classes 

accounted for 89 % of male and 88 % of female plaice and in 2005 for 82 % of male and 69 

% of female plaice respectively (Figure 2.7). When the data for 2004 and 2005 were 

combined, the most abundant age classes were 1++ for male plaice (30 % of males) and 2++ 

for female plaice (33 % of females). Chi squared analysis of the data for 2004,2005 and for 

2004/2005 combined showed that the age distributions of male and female plaice were 

significantly different (all P<0.01) with more female plaice present in the older age classes. 

The length-frequency distributions for male and female plaice are shown in Figure 2.8 and 

indicate a bimodal size distribution between the sexes. The majority of male fish were 

between 19 and 25 cm SL: these size classes accounted for 78.8 %, 74.5 % and 77.1 % of 

male plaice in 2004,2005 and 2004/2005 respectively (Figure 2.8). In comparison, the size 

distribution of female fish was wider with the majority of females found between 21 and 31 
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Table 2.4: Standard length (cm)/age frequency distribution for male and female plaice in the 
length-stratified sub-sample caught in October 2004 in coastal waters off Eastern Anglesey 
and North West Wales. (SL= standard length; N= number of fish; L= average length at age). 

Male Female 

SL 1++ 2++ 3++ 4++ 5++ Total 1++ 2++ 3++ 4++ 5++ 6++ 7++ 

10 0 
11 1 1 
12 0 
13 1 2 4 1 
14 2 2 4 
15 1 0 4 2 1 
16 1 0 4 3 
17 5 2 13 4 2 
18 6 6 1 24 4 4 3 
19 14 3 4 31 4 4 2 
20 20 4 3 44 8 3 4 2 

21 7 13 8 1 50 12 4 4 1 

22 8 7 7 2 48 10 7 5 2 

23 2 10 14 4 55 10 9 4 2 

24 5 6 4 2 33 1 6 5 2 2 

25 2 2 6 3 3 43 4 16 7 0 0 

26 0 4 2 6 1 34 2 8 9 1 1 

27 1 1 1 1 0 24 1 8 10 1 0 

28 0 1 0 0 21 8 10 2 0 

29 0 1 1 0 11 4 5 0 0 

30 1 1 0 9 2 3 2 0 

31 0 1 12 2 7 2 0 

32 2 7 2 3 0 0 

33 7 1 3 2 1 

34 2 1 0 0 1 

35 5 1 2 1 1 

36 1 1 0 0 0 

37 6 2 3 0 1 

38 2 1 1 

39 0 0 

40 0 0 

41 2 2 

N 75 63 55 20 5 501 64 94 90 24 8 2 1 

Lt 20 21.35 23.2 24.6 26.4 20.9 24 26.7 28.2 33 36 34 
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Table 2.5: Standard length (cm)/age frequency distribution for male and female plaice in the 
length-stratified sub-sample caught in October 2005 in coastal waters off Eastern Anglesey 
and North West Wales. (SL= standard length; N= number of plaice; Lt= average length at 
age). 

SL 0++ 1++ 
Male 

2++ 3++ 4++ 5++ Total 0++ 1++ 2++ 3++ 
Female 

4++ 5++ 6++ 7++ 8++ 9++ 12++ 
9 1 1 
10 2 0 4 2 
11 1 1 5 3 0 
12 1 4 7 1 1 
13 0 2 5 0 3 
14 1 2 2 11 1 5 
15 4 1 1 18 11 1 
16 6 5 0 19 4 4 
17 8 5 3 22 5 0 1 
18 4 10 4 1 26 0 5 2 
19 3 7 3 4 27 3 6 1 
20 0 1 5 3 15 1 4 1 
21 2 6 4 2 25 0 9 1 1 
22 0 6 3 1 19 1 5 3 0 
23 0 5 0 3 21 1 6 6 0 
24 3 1 1 1 22 12 3 1 
25 2 1 0 1 28 12 9 3 
26 0 1 1 23 8 8 32 
27 1 1 29 8 8 10 1 
28 29 7 9 12 1 
29 18 1 5 93 
30 16 1 7 52 1 
31 5 23 0 
32 7 15 1 0 
33 1 10 0 0 
34 4 3 0 1 0 
35 2 2 0 0 
36 3 1 1 0 1 
37 1 0 0 0 01 
38 2 0 1 0 1 
39 0 0 0 
40 0 0 0 
41 1 1 0 
42 0 0 0 
43 1 0 1 
44 0 0 
45 1 1 
N 6 37 43 36 16 6 418 6 37 89 64 48 20 6 3 2 21 
Lt 11 16 19 21 21 23 11.8 16 23.2 25.7 28 31 37 36 36.5 37 37 
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Table 2.6: Standard length (cm)/age frequency distribution for male and female plaice in the length- 
stratified sub-sample caught in October 2004 and 2005 (data for both years combined) in coastal 
waters off Eastern Anglesey and North West Wales. (N= number of plaice; L= average length at 
age). 

SL 0++ 1++ 
Male 

2++ 3++ 4++ 5++ Total 0++ 1++ 2++ 3++ 4++ 
Female 

5++ 6++ 7++ 8++ 9++ 12++ 
9 1 1 
10 2 0 4 2 
11 1 1 6 3 1 
12 1 4 7 1 1 
13 0 3 2 9 0 4 
14 1 4 4 15 1 5 
15 5 1 1 22 13 2 
16 7 5 0 23 4 7 
17 13 7 3 35 9 2 1 
18 10 16 5 1 50 4 9 5 
19 17 10 7 4 58 7 10 3 
20 20 5 8 3 59 9 7 5 2 
21 9 19 12 3 75 12 13 5 2 
22 8 7 13 5 1 67 11 12 8 2 
23 2 10 19 4 3 76 11 15 10 2 
24 5 9 5 3 1 55 1 18 8 3 2 
25 2 4 7 3 4 71 4 28 16 3 0 
26 0 4 3 7 1 57 2 16 17 4 3 
27 1 2 2 1 0 53 1 16 18 11 1 
28 0 1 0 0 50 15 19 14 1 
29 0 1 1 0 29 5 10 9 3 
30 1 1 0 25 3 10 7 2 1 
31 0 1 17 2 7 4 3 0 
32 2 14 2 3 1 5 1 0 
33 8 1 3 3 1 0 0 
34 6 1 0 3 0 2 0 
35 7 1 2 1 3 0 0 
36 4 1 0 0 1 1 0 1 
37 7 2 3 0 1 0 0 0 1 
38 4 1 1 0 1 0 1 
39 0 0 0 0 
40 0 0 0 0 
41 3 2 1 0 
42 0 0 0 
43 1 0 1 
44 0 0 
45 1 1 
N 5 112 106 90 35 11 919 5 101 183 154 72 28 8 4 2 2 1 
Lt 1 1.4 18.6 20.4 22.2 23 24.7 12 18.9 23.7 26.3 28 31.1 37 35.5 36.5 37 37 
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Table 2.7: Mean (f SD) standard length (SL, cm) and weight (Wt, g), for male and female 
plaice of different ages, caught in October 2004 in coastal waters off Eastern Anglesey and 
North West Wales. N= number of plaice. 

Age 

0++ 
N 

0 

Female 

SL (cm) Wt (g) 

00 
N 

0 

Male 
SL (cm) 

0 

Wt(g) 

0 
1++ 64 20.9±3.8 11.2±7.7 75 20.0±5.6 85.2±34.6 
2++ 94 24.2±3.7 99.5±39.5 63 21.4±3.7 107.6±49.8 
3'+ 90 26.7±2.9 173.8±90.1 55 23.2±3.8 126.6±51.9 
4++ 24 28.2±1.0 235.8±133.9 20 24.6±1.9 153.6±46.7 
5++ 8 32.8±0.7 439.6±283.6 5 26.4±1.1 192.0166.9 
6`+ 2 36.0±0.6 609.0±96.2 
7++ 1 34.0 426.0 

Table 2.8: Mean (± SD) standard length (SL, cm) and weight (Wt, g), for male and female 
plaice of different ages, caught in October 2005 in coastal waters off Eastern Anglesey and 
North West Wales. N= number of plaice. 

Age N 

Female 
SL (cm) Wt (g) N 

Male 
SL (cm) Wt (g) 

0++ 5 11.8±1.3 24.4±9.9 5 11.4±2.3 30.2±12.8 

1++ 37 15.6±4.2 75.5±45.1 37 15.8±3.6 84.8±44.3 

2++ 89 23.2±4.7 270.2±125.6 43 19.0±4.3 134.3±76.1 

3++ 64 25.7±4.2 365.4±134.1 35 20.8±3.8 159.3±68.6 

4++ 48 28.0±3.7 471.7±113.0 15 20.8±2.8 165.3±62.7 
5++ 20 30.5±2.7 603.9±173.0 6 23.3±1.3 228.0±34.3 

6++ 6 37.3±5.2 877.3±126.0 
7++ 3 36.0±2.0 974.7±173.1 

8++ 2 36.5±9.2 1044.0±693.0 

9++ 2 37.0±1.4 1030.0±53.7 
12++ 1 37.0 1234.0 
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Table 2.9: Mean (f SD) standard length (SL, cm) and weight (Wt, g), for male and female 
plaice of different ages, caught in October 2004/2005 (data for both years combined) in 
coastal waters off Eastern Anglesey and North West Wales. N= number of plaice. 

Age N 
Female 

SL (cm) Wt (g) N 
Male 

SL (cm) Wt (g) 
0.5 5 12.0±1.3 14.2±9.2 5 11.0±0.7 16.3±12.4 
1.5 101 18.9±4.2 90.7±43.0 112 19.0±5.8 85.1±37.8 
2.5 183 23.7±7.3 220.71119.0 106 20.0±5.3 118.5±62.9 
3.5 154 26.3±6.0 289.6±148.1 90 22.2±5.2 143.2±62.2 

4.5 71 28.4±3.4 410.8±161.3 35 23.0±2.0 158.6±53.6 

5.5 28 31.1±1.4 557.0±218.2 11 24.7±1.4 211.6±52.2 
6.5 8 37.0±0.9 810.3±167.6 
7.5 4 35.5±0.8 837.5±308.6 
8.5 2 36.5±0.4 1044.0±693.0 

9.5 2 37.0±0.6 1030±53.7 

12.5 1 37.0 1234.0 

cm SL: these size classes accounted for 71.7 %, 64.3 % and 56.1 % of female plaice in 2004, 

2005 and 2004/2005 respectively (Figure 2.8). Chi squared analysis of the data for 2004, 

2005 and for 2004/2005 combined showed that the length distributions of male and female 

plaice were significantly different (all P<0.001) with more female plaice present in the larger 

size classes (Figure 2.8). The average standard length for male and female plaice (2004/2005 

data combined) were 22.013.4 cm and 26.6 ± 5.7 cm respectively. 

The weight-frequency distributions for male and female plaice are shown in Figure 2.9 and 

indicate a bimodal size distribution between the sexes. The majority of male fish were 

between 22 and 165 g: these size classes accounted for 95 %, 82 % and 90 % of male plaice 

in 2004,2005 and 2004/2005 respectively (Figure 2.9). In comparison, the size distribution of 

female fish was wider with the majority of females found between 22 and 465 g: these size 

classes accounted for 95 %, 78 % and 87 % of female plaice in 2004,2005 and 2004/2005 

respectively (Figure 2.9). The median weights for male/female fish were 106/160 g in 2004, 

119/345 g in 2005 and 109/136 g in 2004/2005 respectively. The median weights of female 

fish were significantly larger than the median weights of the male fish in 2004,2005 and 

2004/2005 respectively (Mann Whitney U-test, all P<0.001). 
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Figure IT Age percentage frequency distributions of male (solid columns) and female (open 
columns) plaice caught in October 2004, October 2005 and October 2004/2005 (data 
combined) in coastal waters off Eastern Anglesey and North West Wales. 
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(open columns) plaice caught in October 2004, October 2005 and October 2004/2005 (data 

combined) in coastal waters off Eastern Anglesey and North West Wales. 

74 

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 

Standard Length (cm) 



2004 

60 

50 

v 40 

N9 =287 
20 Na=224 

10 

0 

Weight (g) 

2005 

60 

50 
2,40- 

30. 
d 
gN4 

=285 
LL 20 N 3' =142 
oe 

10 

rot hZ tie 0e to 
& 

16ý qp 
eýp 

143 Illp NO 

Weight (g) 

2004! 2006 

60 

50 

40 N? =559 

30 
NJ =360 

20 

10 

Weight (g) 

Figure 2.9: Weight percentage frequency distributions of male (solid columns) and female 
(open columns) plaice caught in October 2004, October 2005 and October 2004/2005 (data 
combined) in coastal waters off Eastern Anglesey and North West Wales. 
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23.2 Length/weight relationship 
The relationships between standard length and wet weight for male and female plaice caught 
in the coastal waters off E. Anglesey and North West Wales in October 2004, October 2005 

and for the 2004/2005 data combined are shown in Figure 2.10 and the logarithmic plots of 
Logio SL vs. Logio Wt are shown in Figure 2.11. As expected, the length/weight relationship 

was curvilinear before log-transformation (Figure 2.10) and linear after log-transformation 

(Figure 2.11) and the plots suggested that female plaice were heavier than male plaice for a 

given length. This was especially apparent in the larger sized plaice where females had larger 

maturing gonads at the time of capture compared to males. The regression coefficients for the 
Logio SL vs. Loglo Wt regression line are presented in Table 2.10. The slope values in 2004 

and 2005 and for the combined 2004/2005 data were similar for both male (b = 3.0 for each 
data set) and female plaice (b = 3.2 for each data set). Comparison of the slope values (2004, 

2005 and 2004/2005) for male and female plaice with a value of b=3 indicated that male 

plaice exhibited isometric growth (t = 0.33-1.00, all P>0.05) whilst female plaice exhibited 

positive allometric growth (t = 7.0-12.5, all P<0.0001). A General Linear Model was 

conducted to compare the regression slopes of male and female plaice in 2004,2005 and for 

the combined 2004-2005 data sets (Table 2.11). This analysis indicated that there was a 

significant effect of sex and a significant sex x length interaction indicating that the slope 

values for the Loglo SL and Logio Wt regressions for male and female are significantly 

different (all P<0.001). Thus, male and female plaice exhibit significant differences in their 

length-weight relationships. 

2.3.3 Age and growth 
The relationship between age and growth was asymptotic for both male and female plaice in 

2004,2005 and for the combined 2004/05 data set (Figure 2.12). The von Bertalanffy growth 

coefficients are presented in Table 2.12. There was some variation in the von Bertalanffy 

growth coefficients calculated for male and female fish in 2004 and 2005 and for the 

combined data set, but the same growth patterns were observed: male plaice exhibited higher 

growth rates (i. e. k=0.6-0.88) and attained a smaller maximum size (i. e. L. = 25-27 cm SL) 

compared to female fish (k = 0.3, L, = 36-44 cm SL). Comparison of the growth curves for 

male and female plaice using the likelihood ratio test of Kimura (1980) indicated significant 

differences in the growth curves for both sexes in 2004,2005 and for the combined data set 

(Table 2.13). Thus, male and female plaice exhibit significant differences in their growth 

patterns 
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Table 2.10: Parameters for the standard length (cm)/wet weight (g) relationship (W = aLb) for 
male and female plaice caught in October 2004, October 2005 and October 2004/2005 (data 
combined) in coastal waters off Eastern Anglesey and North West Wales. Parameters ̀ a' and 
`b' are presented ±SE values together with the coefficient of determination (R) for each 
regression line. 

Year Sex N Loglos ± SE b± SE R P 

Male 224 - 2.03 ± 0.05 3.04 ± 0.04 0.968 < 0.001 
2004 

Female 287 - 2.25 ± 0.04 3.21± 0.03 0.982 < 0.001 

Male 141 - 2.94 ± 0.06 2.99 f 0.04 0.990 < 0.001 
2005 

Female 283 - 1.75 ± 0.05 3.25 ± 0.02 0.989 < 0.001 

2004/2005 Male 365 -2.404: 0.05 3.02 t 0.06 0.982 <0.001 

combined Female 570 -2.02 ± 0.03 3.20 f 0.02 0.989 < 0.001 

Table 2.11: General Linear Models to compare the slopes and intercepts of the regression 
lines describing the relationships between Logio standard length (cm) and Logio wet weight 
(g) for male and female plaice caught in October 2004, October 2005 and October 2004/2005 
(data combined) in coastal waters off Eastern Anglesey and North West Wales. 

Years 
Source Df Seq SS Adj SS Adj Ms FP 

Sex 1 5.191 0.017 0.017 11.85 0.0006 

Logio SL 1 31.835 26.511 26.511 18539 <0.0001 

2004 Interaction 1 0.021 0.021 0.021 14.96 0.0001 

Error 507 0.719 0.719 0.001 

Total 510 37.766 
Sex 1 13.167 0.047 0.047 32.85 <0.0001 

Loglo SL 1 49.419 33.534 33.534 23615 <0.0001 
2005 Interaction 1 0.052 0.052 0.052 36.33 <0.0001 

Error 420 0.591 0.591 0.591 

Total 423 63.330 
Sex 1 19.143 0.099 0.099 41.34 <0.0001 

Log1o SL 1 87.775 62.585 62.585 26235 <0.0001 
2004/2005 

Interaction 1 0.110 0.110 0.110 46.31 <0.0001 
combined 

Error 931 2.202 2.202 0.002 
Total 934 109.231 

Note: Df = degrees of freedom, Seq SS= Sequential sum of squares, Adj SS & Adj Ms = Adjusted 
sum of squares and Adjusted mean squares respectively, F= Variance ratio, P= probability values and 
(SL)= standard length. 
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Figure 2.10: Relationships between standard length (cm) and wet weight (g) for male (solid 

circles) and female (open circles) plaice caught in October 2004, October 2005 and October 
2004/2005 (data combined) in coastal waters off Eastern Anglesey and North West Wales. 
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Figure 2.11: Relationships between Logio standard length (cm) and Logio wet weight (g) for 
male (solid circles) and female (open circles) plaice caught in October 2004, October 2005 
and October 2004/2005 (data combined) in coastal waters off Eastern Anglesey and North 
West Wales. Linear regression details are presented in Table 2.10. 

79 

1 1.2 1.4 1.6 1.8 



2004 

50 

E 40 

-------------------------------------- 30 T--- 

------------- 20- 

0e 

02468 10 12 

Age (Years) 

2005 

50 

EE 40 
------- ------ ---------------- 

rn 30 = 
yT_ -_ -_ -_-_-_-----_---_---_-_----- 

2010 

0 
02468 10 12 14 

Age (Years) 

2004 & 2006 

50 

40.3 
' 

------------------ 

30- 
-- -------------------------- 

20 

10 

0 
02468 10 12 

Age (Years) 

14 

14 

Figure 2.12: Von Bertalanffy growth curves based on standard length (cm) and age (years) 
for male (o and dashed line) and female (" and dotted line) plaice caught in the coastal 
waters off Eastern Anglesey and North West Wales in October 2004, October 2005 and for 
the 2004/2005 data combined. Length data are presented ± SD values (Note: No SD for 12++ 
age of female as it comprise a single datum point). 
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Table 2.12: Von Bertalanfly growth parameters (± SE) for male and female plaice caught in 
October 2004, October 2005 and October 2004/2005 (data combined) in coastal waters off 
Eastern Anglesey and North West Wales. The L", values presented are for standard length 
(cm) and the coefficient of determination (R2) and the samples sizes (N) for each curve are 
also presented. 

Years Parameters Male Female 

Lý 25.3±1.1 36.4±2.8 

K 0.88-10.25 0.38±0.11 

to -0.02 ± 0.18 -0.33 ± 0.33 
2004 

R2 0.970 0.961 

N 218 283 

Res SS 5.8422 21.3986 

I.. 27.0±1.0 43.6± 1.7 

K 0.62± 0.15 0.280 f 0.05 

t° - 0.61 ± 0.27 -0.75 f 0.29 
2005 

R2 0.982 0.976 

N 141 277 

Res SS 2.2069 22.1844 

L, 0 26.4 t 1.2 43.81 1.5 

K 0.66±0.17 0.25±0.03 

2004/2005 tu -0.43 f 0.27 -0.80 ± 0.24 

Combined 1-1 0.977 0.985 

N 359 560 

Res SS 3.312 13.6899 

23.4 Mortality rate 

Age-based catch curves showing the number of male and female fish in each age class in the 

length-stratified subsamples from 2004,2005 and for 2004/2005 combined are presented in 

Figure 2.13. The youngest age classes (i. e. 0++ to 2+) were under-represented in the catch and 

were omitted from the calculation of instantaneous rates of total mortality (Z, year-). The 

catch curves were linearised using a semi-log plot (Figure 2.14) allowing the calculation of 

instantaneous rates of total mortality (Table 2.14). Mortality rates were higher in 2004 
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compared to 2005 and compared to the combined data set. However, analysis of the slopes 

values using GLM indicated that there were no significant differences in the mortality rates of 

male and female plaice in either year or for the combined 2004/2005 data set (Table 2.15). 

The average instantaneous rate of total mortality for plaice was Z=0.76 year' which was 

equivalent to an annual percentage mortality of 53%. 

Table 2.13: Comparison of von Bertalanf'y growth curves for male (M) and female (F) plaice 
caught in the coastal waters off Eastern Anglesey and North West Wales in October 2004, 
October 2005 and for the 2004/2005 data combined, using the likelihood ratio test (Kimura, 
1980). 

Constraint L� M L� F kM kF to M to F Res. SS LR df p 

None 25.3 36.4 0.88 0.38 0.02 -0.33 26.401 - - - 

L�M=1. J 29.1 29.1 0.42 0.85 -0.56 -0.09 94.216 17.81 1 < 0.001 

2004 
k M=k F 26.2 32.6 0.64 0.64 -0.24 -0.04 39.86 5.77 1 < 0.05 

(N=14) 

to M=to F 25.4 34.7 0.79 0.47 -0.11 -0.11 28.57 1.10 1 > 0.05 

All above 29.1 29.1 0.64 0.64 -0.11 -0.11 124.83 21.75 3 < 0.001 

None 27.0 43.6 0.62 0.28 -0.61 -0.75 17.91 - - - 

4M=LmF 37.5 37.5 0.17 0.43 -2.33 -0.42 66.43 22.31 1 < 0.001 

2005 
k M=k F 30.6 41.2 0.32 0.32 -1.45 -0.63 23.23 4.42 1 < 0.05 

(N=17) 

to M=t0 F 27.9 42.6 0.48 0.27 -0.88 -0.88 18.00 0.08 1 > 0.05 

All above 37.5 37.5 0.32 0.32 -0.88 -0.88 173.37 38.59 3 < 0.001 

None 26.4 43.8 0.62 0.25 -0.43 -0.80 14.09 - - - 

Ltl, M=L, oF 34.7 34.7 0.21 0.54 -1.79 -0.21 163.12 41.63 1 <0.001 
2004/2005 

combined k M=k F 29.3 40.3 0.36 0.36 -1.11 -0.35 30.55 13.15 1 <0.001 

(N=17) 
to M=to F 27.1 42.9 0.51 0.27 -0.71 -0.71 14.81 0.84 1 >0.05 

All above 34.7 34.7 0.36 0.36 -0.71 -0.71 268.99 50.13 3 <0.001 

None = no constraints 
Res. SS = Residual sum of squares. 
LR = Likelihood ratio; (LR= -N * Ln (Res. SSno constraints/ Res. SS contrained)). 
N= total number of observations 
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Figure 2.13: Age-based catch curves for male (solid circles, solid lines) and female (open 
circles, dashed lines) plaice caught in the coastal waters off Eastern Anglesey and North West 
Wales in October 2004, October 2005 and for the 2004/2005 data combined. 
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Figure 2.14: Semi-logarithmic plot of the numbers of male (solid circles, solid lines) and 
female (open circles, dashed lines) plaice of different ages caught in the coastal waters off 
Eastern Anglesey and North West Wales in October 2004, October 2005 and for the 
2004/2005 data combined. 
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Table 2.14: Instantaneous rates of total mortality (Z, year') for male and female plaice caught 
in the coastal waters off Eastern Anglesey and North West Wales in October 2004, October 
2005 and for the 2004/2005 data combined. Regression coefficients (± SD) for the equation 
Loge Nt = lo&N0 + Zj are presented together with the associated coefficient of determination 
(R). P (/o) = annual percentage mortality. 

Years Sex N Loge No ±SE Z R2 p P (%) 

Male 218 8.27 ±0 53 1 20 ± 0.12 0.995 < 0.061 69.9 
2004 . . 

Female 283 8.8810.20 1.25 ± 0.04 0.998 0.001 71.4 
Male 141 5.74±0.50 0 69 ± 0.12 0.970 0.030 50.2 

2005 . 
Female 277 7.10±0.40 0.77 ± 0.06 0.974 < 0.001 53.7 

2004/2005 Male 359 8.23 ± 0.40 1.05 ± 0.09 0.993 <0.052 65.0 

combined Female 560 6.66 ± 0.00 0.64± 0.00 1.000 <0.001 47.3 

Table 2.15: General Linear Models to compare the slopes (Z, year') and intercepts (LnN0) of 
the regression lines describing the Ln-transformed age-based catch curves for male and 
female plaice caught in October 2004, October 2005 and October 2004/2005 (data combined) 
in coastal waters off Eastern Anglesey and North West Wales. 

Years Source Df Seq SS Adj SS Adj Ms F p 

Sex 1 0.1143 0.0234 0.0234 1.87 0.265 

Age 1 10.7067 8.5807 8.5807 686.68 <0.001 

2004 Interaction 1 0.0040 0.0040 0.0040 0.32 0.611 

Error 3 0.0375 0.0375 0.0125 

Total 6 10.8625 

Sex 1 0.1252 0.0117 0.0117 0.21 0.669 

Age 1 11.8307 4.8803 4.8803 85.86 <0.001 
2005 Interaction 1 0.0236 0.0236 0.0236 0.42 0.548 

Error 5 0.2842 0.2842 0.0568 

Total 8 12.2637 

Sex 1 0.9345 0.0000 0.0000 0.00 0.985 

Age 1 16.4742 6.8603 6.0603 268.00 <0.001 
2004/2005 

Interaction 1 0.0387 0.0387 0.0387 1.51 0.273 
Combined 

Error 5 0.1280 0.1280 0.0256 

Total 8 17.5754 
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23.5 Length (L5o) and age (A50) at first maturity 
In the present study it was easier to assign maturity stage to female plaice compared to male 

plaice. In female fish, it was possible to see developing eggs with the naked eye whereas the 

testes of many male plaice were examined under the microscope to determine the presence of 

sperm. The majority of male and female plaice in the length-stratified subsample were in 

stages 2 or 4 at the time of capture in October. In both male and female plaice, the proportion 

of mature fish increased with increasing size class (Figures 2.15 and 2.16) and increasing age 

class (Figures 2.17 and 2.18). There was some variation in the L5o and Aso values calculated 
for male and female fish between years (Tables 2.16 and 2.17) but males matured at a smaller 

size (L50 = 16 cm SL) and a younger age (Aso = 1.33 years) compared to female plaice (Lso 

20 cm SL; Aso = 2.11 years). 

Table 2.16: Parameter estimates for the logistic model (Y = 1/(1 + e(-r(, I"h-LSO)) used to 

estimate standard length (cm) at first maturity (L50) for male and female plaice caught in the 

coastal waters off Eastern Anglesey and North West Wales in October 2004, October 2005 

and for the 2004/2005 data combined. 

Year Sex L5o r R2 P 

Male 17.3 ± 0.227 0.941 ± 0.181 0.9795 <0.0001 
2004 

Female 21.0 ± 1.285 0.522 ± 0.309 0.6653 <0.0001 

Male 18.810.143 1.710 ± 0.587 0.9872 <0.0001 
2005 

Female 23.5 ± 0.116 0.698 ± 0.050 0.9964 <0.0001 

2004/2005 Male 18.1: 1: 0.178 0.854 ± 0.112 0.9892 <0.0001 

Combined Female 21.8± 0.117 0.554± 0.032 0.9966 <0.0001 

86 



2004 

w 

.a 
E 
C 
.4 r 
0 a 
Q 
a 

E 

0 

0 
CL 0 
a 

ý, 
2 
E 
c 
0 

0 
CL 
0 
a 

1.0 
0.9 
0.8- 
0.7- 
0.6- 
0.5. 
0.4- 
0.3- 
0.2- 
0.1 
0.0 

0 

2005 

1.0 

0.9 
0.8 

0.7- 

0.6- 

0.5 
0.4- 

0.3- 

0.2 
0.1 

0.01- 
0 

2004&2005 

1.0 
0.9 
0.8 

0.7- 
0.6- 
0.5. 
0.4- 

0.3- 

0.2- 
0.1- 
0.0- 

Figure 2.15: Standard length at first maturity (L50, cm) for male plaice caught in the coastal 

waters off Eastern Anglesey and North West Wales in October 2004, October 2005 and for 

the 2004/2005 data combined. 
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Figure 2.16: Standard length at first maturity (Lso, cm) for female plaice caught in the coastal 

waters off Eastern Anglesey and North West Wales in October 2004, October 2005 and for 

the 2004/2005 data combined. 
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Figure 2.17: Age at first maturity (Aso, years) for male plaice caught in the coastal waters off 
Eastern Anglesey and North West Wales in October 2004, October 2005 and for the 
2004/2005 data combined. 
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Figure 2.18: Age at first maturity (A50, years) for female plaice caught in the coastal waters 

off Eastern Anglesey and North West Wales in October 2004, October 2005 and for the 

2004/2005 data combined. 
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Table 2.17: Parameter estimates for the logistic model (Y = 1/(1 + e(-i("g"M0)) used to 
estimate age (years) at first maturity (A50) for male and female plaice caught in the coastal 
waters off Eastern Anglesey and North West Wales in October 2004, October 2005 and for 
the 2004/2005 data combined. 

Year Sex A50 r R2 P 

Male 1.3j: 0.169 3.807±2.508 0.9322 0.0002 
2004 

Female 1.9± 0.116 1.546 ± 0.248 0.9777 <0.0001 

Male 1.3 ± 0.092 4.785 ± 2.341 0.9882 <0.0001 
2005 

Female 2.1± 0.004 3.595 ± 0.032 0.9999 <0.0001 

2004/2005 Male 1.3 ± 0.152 3.807 ± 2.243 0.9375 <0.0001 

Combined Female 1.9± 0.048 2.195 ± 0.188 0.9939 <0.0001 
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2.4 Discussion: 

The results of this chapter provide detailed information on the population dynamics of 

plaice P. platessa L. in the inshore waters of North West Wales (Colwyn Bay, 

Beaumaris Bay) and Eastern Anglesey (Red Wharf Bay) in 2004-05 and comprise the 

second detailed study of this population. In this discussion, the results of the 2004-05 

survey will be discussed in the general context of fish population dynamics, in 

relation to the survey of the same stock by Basimi (1978) 30 years ago and in relation 
to the contemporary population dynamics of plaice in North West Europe. 

2.4.1 The population dynamics of plaice P. platessa 

Modem virtual population analysis (VPA) fisheries models, also called cohort 

analysis (Hillborn and Walters, 1992), rely on deriving estimates for a number of 
biological parameters in order to model the effect of changes in fishing pressure on 

population structuretbiomass and the yield to the fishery (Pope, 1972; Gulland, 1977; 

Jones, 1984; Hillbom and Walters, 1992; Nash, 1998; Nevarez-Martinez et al., 1999; 

Jennings et al., 2001; King 2007). These parameters include the age and size structure 

of the population, the length-weight coefficient (b), the VBG coefficients (k, L. ), the 

instantaneous coefficient of natural mortality (M) and maturity ogives (L5o) (Cushing, 

1975; Rijnsdorp, 1989; Rijnsdorp and van Beek, 1991; Jennings et al., 2001; Erzini, et 

al., 2006; Froese, 2006; King 2007; Raventos, 2007). Estimates of these values are 

derived by conducting detailed fisheries surveys (such as the one conducted in this 

present study) to obtain estimates for these population parameters. A good example of 

how the population parameters derived from a fisheries survey are incorporated into 

VPA models to inform fisheries management is the recent study by Al-Mamry (2006). 

In that study, samples of spangled emperor Lethrinus nebulosus and king soldier 

bream Argyrops spinifer were collected from artisanal and trawl fisheries for these 

species in Oman. Population parameters derived by analysis of the data obtained from 

these samples (size structure, length-weight relationship, k, L0, M and L50; Al-Mamry 

et al., 2007 and 2009) were then used to model the population structure of each stock 

and VPA was used to determine how changes in fishing pressure (through the 

introduction of changes in mesh size or the length of the fishing season) would affect 

population structure (in particular SSB) and the yield to the artisanal and trawl 
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fisheries (Al-Mamry 2006). The results of the VPA modelling indicated that the 

spangled emperor and king soldier bream stocks in the Arabian Sea off Oman were 

underexploited and that fishing pressure on these two species could be increased 

without any significant impact on the SSB for either stock (Al-Mamry, 2006). VPA is 

also used by ICES in the management of plaice and other commercially important 

demersal fish stocks in the Northwest Atlantic (e. g ICES, 2008a, 2008b, 2008c). In 

the latest management reports from ICES, management advice is derived by using 

multispecies VPA models, based on commercial catch data and separable for different 

species such as plaice, haddock M aeglefinus, herring C. harengus, whiting M 

merlangus and sole S. solea (e. g. ICES, 2008a, 2008b, 2008c). 

The results of the present study have shown that the size- and age-frequency 
distributions of male and female plaice differ. Although the majority of fish of both 

sexes were found within a narrow range of age-, length- and weight-classes (Figure 

2.7-2.9), the older, larger and heavier fish were predominately female: a common 

result in temperate water marine fishes [e. g. dab L. limanda (Rijnsdorp, 1992), 

roughscale sole Clioderma asperrimum (Tokranov and Orlov, 2003); cod G. morhua 
(Shelton and Healey, 1999; Cefas, 2004; Moore et aZ, 2007); barrelfshHyperoglyphe 

perciformis (Filer and Sedberry, 2008); sculpin Gymnocanthus pistiliger (Hoff, 

2000)1. However, the fact that male fish in these fisheries studies tend to be younger 

and smaller could be attributed to the sampling methods used and/or a patchy 

distribution of male/female fish inshore. Gerritsen and McGrath (2007) have 

suggested using a minimum sample size of 10 times the number of length classes in 

the sample to avoid under-representation of smaller sized individuals from the 

population within the sample. In the present study, this criteria was fulfilled with 31 

size classes associated with a stratified sample size of 501 plaice in 2004 and 41 size 

classes representing 418 plaice in 2005. 

The relationship between length and weight in fishes is best described by a 

power function of the form W= a*Lb where b is the weight exponent (King, 2007). 

When b=3, growth is described as isometric with positive or negative allometric 

growth occurring when b is significantly >3 or <3 respectively. The results of this 

study have shown that male plaice in the inshore waters of North West Wales and 

Eastern Anglesey exhibit isometric growth (b = 3.0) during October compared to 

female plaice that exhibit positive allometric growth (b = 3.2). These differences in 

the length-weight relationship are to be expected during October in the run-up to the 
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onset of the breeding season in late January. Reproductive investment is known to 
differ significantly between the sexes in fishes with the energetic investment and 
increase in gonad size being significantly greater in females than males (e. g. Coull et 

at, 1989; Henderson et at, 2000; Licandeo et at, 2006). This sex-specific difference 

in the length-weight relationship between male and female fish depends on the time of 

year at which the sampling occurs in relation to the timing of the spawning season and 
the seasonal changes in gonad size in male and female fish [e. g. plaice (Basimi, 1978; 

Rijnsdorp, 1989), dab (Seisay, 2001); long rough dab (Bagenal, 1957), herring 

(Wilking, 1967; Slotte, 1999; Slotte et at, 2000), cod (Love, 1960; Dambergs, 1964)]. 

At certain times of the year, both male and female fish can exhibit negative allometric 

growth, i. e. immediately after the spawning season when the gonads are spent and 
body condition is low (e. g. Dawson and Grimm, 1980; Henderson et al., 2000; 

Mackinnon, 1972), or isometric growth (e. g. Rijnsdorp and Ibelings, 1989; Seisay, 

2001). It is unusual for male fish to show positive allometric growth at some point 
during the year and this is usually only seen in females (e. g. Rijnsdorp and Ibelings, 

1989; Seisay, 2001; Al-Mamry, 2006). Seisay (2001) reports that female dab in the 

South East Irish Sea exhibit positive allometric growth between October and February 

while male dab exhibit isometric growth during the same period. Seasonal changes in 

body weight for a given length have also been reported in other studies (Basimi, 1978; 

Ortega-Salas, 1980; A1-Mamry, 2006). 

The most common model used to describe the relationship between size and 

age in fishes is the von Bertalanffy growth curve (von Bertalanffy, 1938; Jennings et 

al., 2001; King, 2007). In this model, growth rates are high (k) when fish are young, 

slowing down as the fish gets older (as energy intake is switched from somatic growth 

to reproductive investment) until attaining an asymptotic maximum size (L. ). The 

von Bertalanffy growth model has been used to describe the growth curves for many 

temperate marine fish species (e. g. Chen et al., 1992; Fussen et al., 1999; Dwyer et al., 

2001; Parker-Humphreys 2004a, 2004b, 2005; Vinarge et al., 2008) and including 

plaice (Basimi and Grove 1985b; Bromley, 2000; Bolle et al. 2004; Parker- 

Humphreys 2004a, 2004b, 2005; this study). The results of this study have shown 

significant differences in the growth curves of male and female plaice (Figure 2.12, 

Tables 2.12 and 2.13). Male plaice exhibited significantly higher growth rates when 

younger (k: a' = 0.62 year 1 cf. Y=0.25 year 1) and attained a significantly smaller L. 

compared to female plaice (L.: 6= 26.4 cm SL cf. ?= 43.8 cm SL). This sex- 
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specific difference in growth has been reported in other studies on plaice (e. g. Basimi 

and Grove, 1985b; Bromley, 2000; Parker-Humphreys 2004a & b, 2005) and is 

common in temperate water marine fishes (e. g. Ameri et at, 2001; Seisay, 2001) and 

elasmobranchs (e. g. Conrath et at, 2002; Whittamore and McCarthy, 2005). 

As is common in studies of fish population dynamics, a semi-logarithmic plot 

of age vs. fish number was used to estimate the instantaneous rate of total mortality (Z, 

year 1; King, 2007). The results of this analysis (Figure 2.14, Table 2.14) indicated 

that although Z tended to be higher for male plaice compared to female plaice (Z: a' = 
1.05 yeaf 1 cf. Y=0.64 yeaf ) this difference was not significant (Table 2.15). In 

temperate marine fish species it is common for males to exhibit significantly higher Z 

values than females (e. g. Basimi and Grove, 1985c; Seisay, 2001), although other 

studies have shown no difference in total mortality rate between males and females 

(e. g. Dul6i6 et at, 2008; this study). One possible answer for this discrepancy may be 

the sample sizes of fish collected in each study as this may determine the number of 

age classes that can be used in the analysis (e. g. see Figure 2.13). Seisay (2001) 

suggested that the higher mortality rate reported for male dab in the South East Irish 

Sea may be due to the males remaining in deeper water for longer periods of time and 

therefore are more vulnerable to capture by fishing gear compared to female dab that 

spend more time feeding in inshore waters. It is possible to estimate the instantaneous 

rates of natural mortality for male and female plaice in this study (2004/05 combined) 

using the equation of Pauly et at (1980) incorporating the k/L. values for 

malelfemale plaice (Table 2.12) and using an average annual seawater temperature of 

7.41T (Moelfre; Joyce, 2006). This provides estimates of M=0.754 year -1 and M= 

0.361 year' for male and female plaice respectively in this study. Since Z=F+M 

(King, 2007) it is possible to estimate instantaneous rates of fishing mortality of F= 

0.296 year 1 for male plaice and F=0.279 year 1 for female plaice respectively in this 

study. These values compare well with the measure of fishing mortality provided by 

ICES for plaice in the Irish Sea (based on the mean F for 3-6 year old plaice): the 

average F value for the period 2001-2005 is 0.220 ± 0.065 year"' (ICES, 2008a). The 

majority of plaice landed in the Irish are caught in the Eastern Irish Sea off the 

Cumbrian coast and in Liverpool Bay where landings of 12500 and 15000 kg day-' 

have been reported for the period 1979-2000 (Dunn and Pawson, 2002). Therefore, it 

would be expected for the values of fishing mortality estimated in this study to be 

similar to values reported by ICES for the Irish Sea as a whole since the majority of 
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fishing effort is concentrated within the region containing the South East Irish Sea 

plaice stock The difference between the values calculated in this study (F = 0.30 

year-) and reported by ICES (F = 0.22 year 1) may be due to discarding. 

Maturity ogives, representing the change in the proportion of mature fish in a 

sample with increasing size or age class, are used to estimate the length or age at 50% 

maturity (L5o and Aso) which in fisheries science is taken to be the length or age class 
for a species above which all individuals are considered to be mature in fisheries 

management models (King, 2007). Although maturity ogives can be expressed as 

either an L50 or an A50, length at first maturity is more informative since key life 

history decisions such as the timing of first maturity are usually determined by growth 

rate and size rather than age (Rijnsdorp, 1989; King 2007) and L5o values are used in 

VPA (and other fisheries models) for temperate marine fish species (Froysa et al., 
2002; Al-Mamry 2006; King, 2007). In this study, male plaice matured at a smaller 

size and younger age compared to female plaice (Figures 2.15-2.18; L50 a' = 16 cm 
SL cf. ?= 20 cm SL; A50 a=1.33 years cf. ?=2.11 years). This sex-specific 

difference in sizelage at first maturity is common in temperate water marine fishes 

(e. g. Seisay, 2001; Lorenzo et al., 2002; Pajuelo and Lorenzo, 2004; Parker- 

Humphreys, 2004a & b, 2005; Pajuelo et al., 2006; Grandcourt et al., 2007) and 

elasmobranchs (e. g. Oddone et al., 2005; Whittamore and McCarthy, 2005) and is 

related to difference in reproductive investment between the sexes. However, no 

differences in L5o/A5o values for male and female fish have been reported in some 

species, for example herring, sprat and whiting (Grygiel and Wyzsynski, 2003; 

Preston, 2007). In male fish, reproductive investment is low with gonadosomatic 

indices (gonad size expressed as a percentage of body weight) for temperate water 

fishes usually less than 1% (King, 2007). In contrast, reproductive investment in 

female fish is much greater and fecundity is positively correlated with female size in 

plaice (Bagenal, 1966; Basimi and Grove, 1985c; Rijnsdorp, 1993,1994; Nash, et al., 

2000) and many other marine fish species (King, 2007). 

2.4.2 A brief review of fisheries in the Irish Sea, with emphasis on plaice fisheries 

Vincent et al. (2004) reported that fisheries in the Irish Sea had a turnover of around 

£60 million in 2002 (Table 2.18). 
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Table 2.18. A summary of the composition and value of fisheries landings in the Irish 
Sea (ICES region VIIa) in 2002. Source: Vincent et at (2004). 

Marine Total weight 
Value £ million Principal species 

animals (tonnes) 

Shellfish mussels, scallops, queen fish 52,500 43.5 
scallops 

Cod, sole, spurdog, plaice, 
Demersal 11,900 15.8 haddock, hake, anglerfish, 

skates/rays 

Pelagic 3,900 0.6 
herring, mackerel 

Total 68,300 59.5 

Fisheries in the Irish Sea have targeted principally several high value species: N. 

norvegicus (demersal otter trawls), sole S. solea (demersal otter and beam trawling) 

and spurdog Squalus acanthus (longlining) with several other high value species 
being landed in the demersal trawls as associated catch (see Table 2.19). In 2002, the 
Nephrops fishery in the Irish Sea (excluding the Clyde) was worth £8.2 million and 
landed 18% of the UK catch for this species (Vincent et al., 2004). There are also 
important fisheries for shellfish (principally pectinids) around the Isle of Man. In 

2002, these fisheries were worth £3.2 million (scallops) and £2.2 million (queen 

scallops) respectively (Vincent et al., 2004). The mariculture of mussels is also an 
important shellfish industry in the Irish Sea, worth £3.2 million in 2002 (Vincent et al., 
2004), although this is mainly localised to the Menai Strait. Demersal finfisheries are 

of lesser importance in the Irish Sea compared to Nephrops and historically this has 

been a mixed fishery. Bottom-set longlines have targeted spurdog and in 2002 this 

fishery was worth £1.5 million (Vincent et al., 2004) although this fishery has now 
been closed due to overexploitation (ICES, 2008a). Otter trawlers have principally 

targeted cod G. morhua (worth £1.8 million in 2002; Vincent et al., 2004), haddock M. 

aeglefinus, whiting M merlangus and plaice, with some important by-catch species 

such as anglerfish Lophius piscatorius, hake M merluccius, sole and skates/rays 
(Raja spp. ) (Parker-Humphreys, 2004a; Vincent et al., 2004). The beam trawl fishery 

in the Irish Sea targets principally sole but also lands plaice, skates/rays, brill 
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Scophthalmus rhombus, turbot P. maxima and anglerfish (Parker-Humphreys, 2004a). 

Pelagic fisheries in the Irish Sea are limited (£0.6 million value in 2002; Table 2.18) 

and target principally herring C. harengus and mackerel S. scombrus. 
Parker-Humphreys (2004a) reports the landings and values for the principal 

fish and shellfish species landed by the UK fishing fleet into ports in England and 
Wales for the period 1993-2001. These data are summarised in Table 2.19 to indicate 

the relative magnitude and value of the landings for these species in the Irish Sea. The 

data are divided up into different groups - flatfish, gadoids, other demersal fish, 

elasmobranchs, and invertebrates - and are listed within group according to the 

average value of their landings for the period 1993-2001. From Table 2.19, it is clear 
that finfisheries in the Irish Sea focus on a small number of target species: sole, plaice, 

cod, whiting, spurdogs plus skates/rays (these are not distinguished to species level in 

fisheries landings; ICES, 2008a). However, smaller landings of high value species 

such as brill, turbot, hake, haddock which are caught in association with the target 

species also contribute significantly to the value of landings (Table 2.19). The current 

status and management recommendations for each fish stock (derived from ICES, 

2008a), where this information is known, are presented in Table 2.19. It is interesting 

to note that for many of the species presented in Table 2.19, the stock status (e. g. 

spawning stock biomass, annual recruitment, detailed information on exploitation rate 

and landings) is unknown and at best ICES has to guess from current catch statistics 

whether the stock is being under/overexploited (ICES, 2008a). However, based on the 

detailed data available for the most important species (e. g. sole, plaice, gadoids, 

spurdogs) plus the landing statistics presented by Parker-Humphreys (2004a), the 

recurrent pattern is for catches to be declining for most species (Table 2.19). This 

decline is probably due to a combination of two factors, overfishing and a reduction in 

the size of the fishing fleet in the Irish Sea 

The main fishing nations involved in the demersal finfisheries in the Irish Sea 

have been the UK (England, Wales and Northern Ireland) and Ireland with Belgium, 

Holland and France also contributing to the landings (Parker-Humphreys, 2004a; 

ICES, 2008a). British and Irish vessels comprise the otter trawl fishery in the Irish Sea 

targeting mainly plaice, haddock, cod and whiting, with smaller associated catches of 

anglerfish, hake and sole (ICES, 2008a). The beam trawl fishery takes place mainly in 

the eastern Irish Sea and consists of Belgian, British and Irish vessels targeting mainly 

sole with important associated catches of plaice, rays, turbot, brill, anglerfish and cod 
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(ICES, 2008a). In inshore coastal waters there are some tangle net and gill net 
fisheries for sea bass, sole, plaice, rays, mullet and cod and some invertebrate 

fisheries for lobsters, whelks and scallops that are not assessed by ICES. There has 

been a decline in fishing effort and landings by beam trawl and otter trawl in the Irish 

Sea since a peak in the 1980s. For example, fishing effort by otter trawl in 1999-2004 

had declined to 25% of the peak value in the 1980s (ICES, 2008a). There has been a 
decline in the number of vessels (11,108 in 1993 to 7,033 in 2002) and employment 
(19,044 in 1996 to 12,746 in 2002) in the UK fishing industry in recent years, and it is 

thought that this trend also applies to the Irish Sea (Vincent et al., 2004). 

Plaice in the Irish Sea have been landed in both the otter trawl and beam trawl 
fisheries (Dunn and Pawson, 2000; Parker-Humphreys, 2004a; ICES, 2008a). 

Although 4 separate stocks are known in the Irish Sea - North East Irish Sea, South 

East Irish Sea, Cardigan Bay and Western Irish Sea (Dunn and Pawson, 2002) - 
fishing effort and landings have been greatest in the beam trawl fishery in the eastern 
Irish Sea (Dunn and Pawson, 2002). ICES have collated data on plaice stocks in the 

Irish Sea (ICES region VIIa) since 1964 and the trends in the landings, fishing 

mortality, recruitment and spawning stock biomass are presented in Figure 2.19. 

Landings of plaice in the Irish Sea have never been high, with an average landing of 

3245 tonnes for the period 1964-2006 (ICES, 2008a) and a peak landing of 6220 

tonnes in 1989 (Figure 2.19a). In contrast, due to its higher productivity, the North 

Sea has supported landings of plaice in excess of 50000 tonnes since data collection 

started in ICES region IV in 1957 (ICES, 2008a). The trend has been for a steady 

decline in landings since the peak in 1969 with landings dropping below 1000 tonnes 

for the first time in 2006 (Figure 2.19a, 932 tonnes; ICES, 2008a). This decline in 

landings has been due to a decline in fishing effort rather than overfishing. Mean 

fishing mortality on the 3-6 year age classes (the predominant age classes in the adult 

stock) has declined steadily since the mid 1970s (peak F=0.92 year 1 in 1976; Figure 

2.19b) and the stock is currently classed as being harvested sustainably (F = 0.1 year 1 

cf. Fp, = 0.45 year 1; ICES, 2008a) and is viewed by ICES as underexploited (ICES, 

2008a). This level of underexploitation is reflected in the level of juvenile recruitment 

into the fishery (Figure 2.19c), which has showed little variation over time (average 

recruitment of 13.04 million fish per year for the period 1964-2006; ICES, 2008a), 
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Table 2.19. A summary of the average landings by all demersal gears for UK vessels landing 
into England and Wales for the period 1993-2001 (calculated from Parker-Humphreys 2004a). 
Data (mean ± SD) are presented in terms of tonnes landed, values of the landings (£1000's) 
and landing price (£! kg). Species are listed by group (flatfish, gadoids, other demersal fish, 
elasmobranchs and invertebrates), within each group species are listed in order of monetary 
value. Data on the current status of fish stocks, where available, have been collated from 
ICES (2008a, 2008b). 

Value 
1000's 

Landings 
(tonnes) 

Landing Price 
£/k 

Current status of Fish stocks 
*(ICES, 2008a, 2008b) 

Flatfish 
Sole 1167 ± 392 2181100 5.60: L 0.74 *Catches J, RRC, I IU, OE, SSB <B5,, » F= Ffim 
Plaice 682 ± 208 673 ±200 1.01 ± 0.11 *Catches 

, 
FRC, HS, UE, SSB >, F<F 

Brill 177 ± 43 48 ± 11 3.71 ± 0.44 Catches variable, Stock status unknown, stable? 
Turbot 138 t 78 27 t 15 5.24 ± 0.71 Catches j, Stock status unknown, stable? 
Lemon Sole 44 f 18 19 f8 2.32: L 0.34 Catches j, Stock status unknown, stable? 
Me 'm 27 t 38 11 ±15 2.08 ± 0.68 *Catches 

, 
Stock status unknown, stable? 

Dab 12 f7 41 ± 16 0.26 ± 0.07 Catches , Stock status unknown, stable? 
Flounder 9 ±4 49 ± 17 0.19 ± 0.03 Catches variable, Stock status unknown, stable? 

Gadoids 
Cod 549 ±235 464± 217 1.25 ± 0.21 *Catches j, RRC, HU, OF4 SSB < Bb,,,, F> Fl;,,, 
Hake 155 f 136 55 ± 35 2.64 ± 0.64 *Catches stable, FRC, HS, SSB =, F=F 
Haddock 136 f 115 108 t 61 1.14 ± 0.36 *Catches , Stock status unknown, OE? 
Whitin 118 f 54 332 ± 159 0.36+0.05 *Catches , Stock status unknown, OE? 
Pollock 40 4: 19 37 ± 18 1.08 ± 0.16 Catches stable, Stock status unknown, stable? 
Ling 28j: 11 36 ± 18 0.79 ± 0.12 Catches stable, Stock status unknown, stable? 

Other Demersal Fish 
Anglerfish 97 ± 71 65 ± 40 1.58 ± 0.56 *Catches stable, Stock status unknown, stable? 
Sea bass 62j: 59 13 ± 11 4.59 ± 0.96 *Catches T, Stock status unknown, stable? 
Mixed rnards 27 ±7 85 ± 15 0.32 ± 0.05 Catches 

, 
Stock status is unknown, stable? 

Elasmobranchs 
Skates/Rays 720 ± 433 713 ± 141 1.01 0.07 *Catches 1, Stock status unknown, recognised 

as OE, also large bycatch 

Spurdogs 651 ± 230 769 ± 249 0.84 ± 0.14 *Depleted and in danger of collapse, Fishery 
currently sus nded 

Dogfish, hounds, 
sharks 

92 ± 37 189 ± 55 0.49 ± 0.14 Fishery not assessed by ICES 

Invertebrates 
Scall s 1166 t 738 701 ±413 1.62±0.13 Fish not assessed by ICES 
Ne hro s 908 f 178 491: E 64 1.84 f 0.21 *Catches stable, Stock status unknown, stable? 
Lobster 385 f 181 41 ± 19 9.45 ± 0.90 Fishery not assessed by ICES 
Queen scallop 352 f 366 833 ± 795 0.44 f 0.10 

_ 
Fishery not assessed by ICES 

Whelks 262 t 317 770 ± 784 0.31 f 0.06 Fishery not assessed by ICES 

Edible crabs 77 ± 63 70 ± 45 1.01 0.26 Fishery not assessed by ICES 
Cockles 254 ±262 603 ± 614 0.44 t 0.34 Fishe not assessed b ICES 
Mussels 1636 ± 1281 5017 f 2605 0.29 ± 0.11 

1- harvested from shoreline 2- Extensive mariculture rather than capture fishery 
HS - Harvested sustainably; HU - Harvested unsustainably; OE - Overexploited; UE - 
underexploited; FRC - Full reproductive capacity; RRC - Reduced reproductive capacity; B 

- Biomass; F- Instantaneous rate of fishing mortality; pa - precautionary approach; limiting 

value (i. e. minimum B or maximum F). 
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Figure 2.19: a) Landings (tonnes), b) fishing mortality (F, year-i), c) recruitment 
(millions of fish) and d) spawning stock biomass (tonnes) for plaice P. platessa in the 
Irish Sea (ICES Division Vila) between 1964 and 2006. Data redrawn from ICES 
(2008a). 
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and in the size of the adult spawning stock which is currently assessed as being at full 

reproductive capacity (ICES, 2008a). The target spawning stock biomass (Bpa) is 3100 

tonnes and the estimated plaice spawning stock biomass in the Irish Sea has been at or 
in excess of this value since 1964 (Figure 2.19d). Since 2000, the spawning stock 

biomass has been increasing at an exponential rate (Y = 3x10"llXe0.133X, R2 0.989; 

Figure 2.19d) and is currently at the highest level on record since 1964 (11100 tonnes 

in 2007; ICES, 2008a). The underexploitation of the Irish Sea plaice can be seen in 

the ICES precautionary approach plot (Figure 2.20) which has shown that the stock 
has never been overfished (i. e. SSB < Bp, ) although the plot would suggest that 

fishing pressure was high during the 1970s. Fishing mortality has been below the Fpa 

value of 0.45year 1 since 1995 and Irish Sea plaice are currently well within the 

underfished quadrant (Beddington et al., 2007) in the precautionary approach plot 

(Figure 2.20). 
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Figure 2.20. ICES precautionary approach plot for plaice P. platessa in the Irish Sea 
(ICES Division VIIa) between 1964 and 2006. Fpa (F = 0.45 yeaf') and Bp. (3100 

tonnes) are overlain on the plot for comparison. Data redrawn from ICES (2008a). 
The two time periods 1974-1978 (red oval) and 2001-2005 (red oval) are indicated on 
the figure. 

2.4.3 Comparing the present study with Basimi (1978): 1974-77 vs. 2004-05 

The results of the present study comprise a detailed survey of the population 

dynamics of plaice from the South East Irish Sea plaice stock located in the inshore 
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coastal waters of Beaumaris Bay and Red Wharf Bay in October/November 2004/05. 

Between 1974 and 1977. a similar study was conducted by Basimi (1978) in the same 
locations employing the same gear type (Rockhopper otter trawl) and using the same 

sampling methodologies as employed in the current study. Thus, the results of Basimi 

(1978) and this study are directly comparable and provide detailed information on the 

population ecology of the plaice population 30 years apart. It is interesting to note that 

these two studies have been conducted during two time periods with contrasting levels 

of fishing pressure on plaice in the Irish Sea. Basimi (1978) conducted his study at a 
time (1974-1978) when fishing mortality and landings were significantly higher (F, t 

= 11.15,8 df, p<0.0001, Landings, t=9.47,8 df, p<0.0001) and the estimated 

spawning stock biomass was significantly lower (t = 9.47,8 df, p=0.03) compared to 

the present day (2001-2005) (Table 2.20, Figure 2.19a and d). 

Table 2.20: A comparison of the instantaneous rates of fishing mortality (F, year-), 
Landings (tonnes) and estimated spawning stock biomasses (SSB, tonnes) for plaice 
in the Irish Sea for the periods 1974-1978 and 2001-2005. Source: ICES (2008a). 
Data are presented for each of the years plus the mean (± SD) values for each 5 year 
period. 

F (year-) Landings (tonnes) SSB (tonnes) 
1974-1978 2001-2005 1974-1978 2001-2005 1974-1978 2001-2005 

0.700 0.301 3715 1371 5427 4852 

0.776 0.280 4063 1473 5669 5456 

0.923 0.232 3473 1623 3903 6644 

0.835 0.140 2904 1559 3003 6927 

0.735 0.147 3231 1143 3541 7853 

0.794 0.220 3477 1416 4309 6346 
(f 0.088) 0.065) (f 444 (f 188) ( 1179 118 0 

As highlighted in the `fishery history' (Figure 2.19) and the ICES 

precautionary approach plots (Figure 2.20), Basimi assessed the population at a time 

when the stock could be considered to be overfished (1974-1977) whilst the present 

study was conducted on an underexploited stock (2004-2005). It is interesting to note 

that at the end of Basimi's study, the estimated SSB for the stock attained its lowest 

value and fishing mortality attained its highest value since records began in 1964 
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(3003 tonnes in 1977; Table 2.20, Figure 2.19b and d). In contrast, in 2004-05, fishing 

mortality was the lowest to that date since records began in 1964 (F = 0.145 year 1) 

and SSB estimates were increasing (Table 2.20; Figure 2.19b and d). 

The length-frequency distributions (1 cm TL intervals) for 1974-1977 and 
2004-2005 are presented in Figure 2.21 and show that the length profile of the plaice 

stock has changed over the 30 year time period. In Basimi's study, the modal size 

class was 20 cm TL (12 % of total catch) and 64% of the catch was between 18 and 
24 cm TL, whilst in the present study, the modal size class was 23 cm TL with 58% of 
the total catch between 20 and 26 cm TL (Figure 2.21). When the data were divided 

into length classes (< 20,21-25,26-30,31-35, 
_> 

36 cm TL; Figure 2.22a), there was a 

significant difference in the distribution of fish in the different size classes between 

1974-77 and 2004-2005 (= 154.4,4 df, p<0.0001). The )e analysis indicated that 

there were fewer plaice in the :5 20 cm TL size class (contribution of this size class to 

the x2 = 48.7) and more fish in the 26-30 cm TL size class (contribution of this size 

class to the x2 = 82.8) than expected in 2004/2005 compared to 1974-1977. This 

pattern can be clearly seen when the number of fish in each size class interval in 

1974-77 (Basimi, 1978) and 2004-05 (this study) are expressed as a percentage of the 

total number of fish measured in each study and the Basimi value is subtracted from 

the value for the current study (Figure 2.22b). Thus, the results of these analyses 

clearly show that both as fishing pressure has decreased substantially the average size 

and proportion of larger fish in the stock have increased since Basimi conducted his 

study in 1974-77. 

The age-frequency distributions (1 year intervals) for 1974-77 and 2004-05 are 

presented in Figure 2.23 and show that the age structure of the plaice stock has 

changed slightly over the 30 year time period. In Basimi's study, a wider age range 

was recorded in the catch compared to the present study (1++ to 15++ in 1974-77 cf. 1++ 

to 12++ in 2004-05) (Figure 2.23). Also, a greater percentage of the catch was 

comprised of older age classes (i. e. > 5++ years old) of plaice in 1974-1977 (23 % of 

the total) compared to 2004-05 (6% of the total). When the data were divided into 5 

age classes (i. e. 1+ , 2++, 3++, 4++, > 51, there was a significant difference in the 

distribution of fish in the different age classes between 1974-77 and 2004-2005 (X2 = 

119.4,4 df, p<0.0001) due to the greater abundance of older fish in the 1974-1977 
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sample. When fish aged > 5+' are removed from the f analysis, there was no 
difference in the age structure of the 1974-1977 and 2004-2005 data sets ()2 = 2.81, 
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Figure 2.21: Length-frequency distribution (Total length, 1 cm length class intervals) 
for plaice P. platessa (data for males and females combined) plaice recorded by 
Basimi (1978) in 1974-1977 and in the current study (2004-2005). 

3 df, P=0.42). Thus, the results of these analyses clearly show that both as fishing 

pressure has decreased substantially the average size and proportion of larger fish in 

the stock have increased since Basin i conducted his study in 1974-77. The variation 
in age structure may also be due to the difference in the amount of inshore/offshore 

sampling effort between the two studies. Both studies were conducted at similar times 

of the year, using similar gear, and a similar number of tows were conducted in both 

studies. However, the distribution of adult fish in the coastal waters of North Wales 

exhibits spatial variation (Basimi and Grove, 1985c) with fewer larger adult plaice 

being caught at the offshore sites (i. e. OPL and OCB) compared to the inshore sites 

(i. e. RWB, CON and ICB). If Basimi conducted more offshore tows in his 1974-1977 

survey compared to the present study, this may also help to explain the greater 

abundance of larger/older fish in his study. 
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Figure 2.22. (a) Length-frequency distribution (Total length, 5 cm length class 
intervals) for plaice P. platessa (data for males and females combined) plaice 
recorded by Basimi (1978) in 1974-1977 and in the current study (2004-2005). (b) 
Relative difference between the percentage of plaice in each 5cm TL class interval 
(calculated as % in a given TL class in 2004-2005 minus % in a given TL class in 
1974-1977). 

The von Bertalanfy growth curves for plaice in the study area for 1974-1977 

(using data from Basimi, 1978) and 2004-2005 are presented in Figure 2.24 with the 

growth coefficients presented in Table 2.21. In both studies, a similar sex-specific 

pattern in growth can be seen, with male fish growing faster and attaining a smaller 

theoretical maximum size at a younger age compared to female plaice (Figure 2.24, 
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Table 2.21). As discussed earlier, this difference in growth is common amongst 
temperate water marine teleost fishes (e. g. Chen et al., 1992; Fossen et al., 1999; 

Dwyer, et al., 2001; Vinarge, et al., 2008). 
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Figure 2.23: Age-frequency distributions for plaice P. platessa (data for males and 
females combined) plaice recorded by Basimi (1978) in 1974-1977 and in the current 
study (2004-2005). 

Table 2.21. Von Bertalanify growth parameters for male and female plaice reported 
by Basimi (1978) for 1974-1977 and in this study (2004-2005) caught in 
October/November in coastal waters off Eastern Anglesey and North West Wales. 
The L values presented are for total length (cm). 

Years Parameters Male Female 

L. 34.5 f 0.795 47.6 f 0.465 

1974-1977 K 0.336 f 0.055 0.219 f 0.012 

to -1.003 t 0.433 -0.970 ± 0.162 

Ill. 31.1±1.212 51.4±1.690 

2004-2005 K 0.791 ±0.188 0.282 f 0.037 

to -1.470± 0.184 -0.549 t 0.220 
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Figure 2.24: A comparison of growth curves of a) male and b) female plaice caught 
from South East Irish Sea, North West Wales by Basimi and Grove (1974-1977; open 
circles, solid line) and this study (2004 and 2005; solid circles, dotted line) for data 
collected from coastal waters off Eastern Anglesey and North West Wales. 
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From Table 2.21, it can also be seen that for male fish there has been a decrease in 

theoretical maximum size (L. ) and a substantial increase in growth rate (k) between 

1974-1977 and 2004-2005 whilst for female fish both of these values showed only a 

slight increase over time (Table 2.21). For both sexes, the von Bertalanffy growth 

curves for 1974-1977 and 2004-2005 were compared using the likelihood ratio test 

(Kimura, 1980) to examine whether there had been any significant changes in the 

growth pattern of either male fish or female fish over the 30 year time period. The 

results of the likelihood ratio test are presented in Table 2.22. For male fish, this 

analysis showed that all 3 von Bertalanfy coefficients were significantly different 

between the 1974-1977 and 2004-2005 growth curves and the overall shapes of the 

two growth curves were significantly different (P<0.0001; Table 2.22). For female 

fish, significant differences in theoretical maximum size were found between the 

1974-1977 and 2004-2005 growth curves, and marginally insignificant differences 

between the two growth coefficients (P=0.06). As for male fish, the overall shapes of 

the two growth curves for female fish were significantly different (P<0.0001; Table 

2.22). Therefore, the likelihood ratio tests suggest that a significant change in the 

growth curves of male and female fish has occurred over the 30 year period. However, 

it is important to note that the `shape' of the von Berta. lanffy growth curve when the 

fish are young can be strongly influenced by the presence/absence of young fish in the 

data set and this can influence the slope of the curve (i. e. k value) and the intercept on 

the X-axis (i. e. to value). The absence of any young fish, due to the fishing of areas 

not frequented by juveniles, or an unreliable estimate of average size-at-age for these 

young fish, due to gear selectivity resulting in small sample sizes (Gibson, 2005), can 

result in a growth curve with a more negative to value and a lower k value. The 1974- 

1977 growth curves for male and female fish do show this pattern compared to the 

2004-2005 growth curves (Table 2.21). In Basimi's study, the size of the 0-group fish 

were based on fish retained by the otter trawl and comprised of fish 14-17 cm TL: 0++ 

6= 16.0 cm TL, ?= 15.3 cm TL (Basimi, 1978). The selective retention of the larger 

fish in this age class may have resulted in an over-estimation of the average size-at- 

age of 0-group fish in October/November which would produce a growth curve with a 

more negative to value and a lower k value. 
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Table 2.22: Comparison of von Bertalanify growth curves for A= male (M) and B= 
female (F) plaice of 1= Basimi (19741977) and 2= this study (2004-2005) which 
both caught in the coastal waters off Eastern Anglesey and North West Wales were at 
different period of times, using the likelihood ratio test (Kimura, 1980). 

A Constraint L1 1-2 k1 k2 to 1 to 2 Res. SS LR df P 

None 31.1 34.5 0.791 0.336 -0.147 -1.003 9.55 --- 

1�14L2 34.6 34.6 0.463 0.331 -0.557 -1.036 16.026 8.28 1 0.004 

Male k 1=k2 37.1 34.7 0.325 0.325 -1.025 -1.09 22.456 13.74 1 0.0002 (N=15) 

to 1=tot 38.5 35.3 0.263 0.282 -1.520 -1.520 28.933 17.73 1 <0.0001 

All above 34.6 34.6 0.325 0.325 -1.520 -1.520 55.17 20.20 3 <0.001 

B Constraint I. 1Ie2k1k2 to 1 to 2 Res. SS LR df P 

None 47.6 51.4 0.219 0.282 -0.970 -0.549 26.74 --- 

1.1=L-2 49.63 49.63 0.180 0.320 -1.487 -0.419 34.57 5.4 1 0.0201 

Female k 1=k 2 46.9 53.4 0.240 0.240 -0.722 -0.785 31.60 3.5 1 0.0614 

to 12 47.5 53.1 0.223 0.238 -0.907 -0.907 32.78 4.30 1 0.0381 

All above 49.63 49.63 0.240 0.240 -0.907 -0.907 202.043 42.5 3 <0.0001 

Note: 1=1974-1977 (Basimi, 1978) 2= 2004-2005 (this study) 
LR = -N * ln(Res SSno constzainss/Res SS. tminea) 

In contrast, in the current study, additional 0-group fish collected from Red Wharf 

Bay/Llanfairfechan at the same time of year were included in the estimates of the 

average size of male and female 0' plaice added to the growth curves (17 in 2004,20 

in 2005) due to the scarcity of 0++ fish recorded in the otter trawl catches (zero in 

2004 and 10 in 2005). This resulted in smaller average TL estimates for 0' plaice in 

the current study (a' = 13.2 cm, = 13.3 cm) compared to those recorded by Basimi 

(1978). 

The maturity curves indicating the length and age at 50% maturity for plaice 

in the study area for 1974-1977 (using data from Basin-i, 1978) and 2004-2005 (this 

study) are presented for male fish in Figures 2.25 (L50) and 2.27 (Aso) and for female 
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Figure 2.25. The estimated total length at first maturity (L5o, cm) for male plaice 
caught in October/November in the coastal waters of Eastern Anglesey and North 
West Wales, Irish Sea in 1974 - 1977 (open circles, solid line; Basimi, 1978) and 
2004-2005 (solid circles, dashed line; this study). The dotted lines superimposed on 
the plot indicate the L50 values for 1974-1977 (L5o = 25.1 cm TL) and 2004-2005 (L5o 
= 21.9 cm TL). 
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Figure 2.26. The estimated total length at first maturity (L5o, cm) for female plaice 
caught in October/November in the coastal waters of Eastern Anglesey and North 
West Wales, Irish Sea in 1974 - 1977 (open circles, solid line; Basimi, 1978) and 
2004-2005 (solid circles, dashed line; this study). The dotted lines superimposed on 
the plot indicate the L50 values for 1974-1977 (L5o = 26.3 cm TL) and 2004-2005 (L5o 

= 26. cm TL). 
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Figure 2.27. The estimated age at first maturity (Aso, years) for male plaice caught in 
October/November in the coastal waters of Eastern Anglesey and North West Wales, 
Irish Sea in 1974 - 1977 (open circles, solid line; Basimi, 1978) and 2004-2005 (solid 
circles, dashed line; this study). The dotted lines superimposed on the plot indicate the 
Aso values for 1974-1977 (Aso = 2.5 years) and 2004-2005 (A50 = 1.3 years). 
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Figure 2.28. The estimated age at first maturity (Aso, years) for female plaice caught 
in October/November in the coastal waters of Eastern Anglesey and North West 
Wales, Irish Sea in 1974 - 1977 (open circles, solid line; Basimi, 1978) and 2004- 
2005 (solid circles, dashed line; this study). The dotted lines superimposed on the plot 
indicate the A50 values for 1974-1977 (A50 = 3.02 years) and 2004-2005 (Aso = 1.30 
years). 

fish in Figures 2.26 (Lso) and 2.28 (Aso) respectively. The logistic equations 

describing these maturity curves are presented in Tables 2.23 (L5o) and 2.24 (Aso). 

These plots indicate that L50 has decreased for male fish by 3 cm between 

1974-1977 and 2004-2005 but there has been little change in the LSO of female plaice 
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over the same time period (Table 2.23). In contrast, the A50 values for male and 
female plaice in 2004-2005 are much lower than those reported by Basimi in 1974- 

1977 (Table 2.24) with a decrease in the average age at maturity of 1.7 years for male 
fish and 0.9 years for female fish respectively. 

Table 2.23: The estimation of length at first maturity (L50, r, R2, Residual and P) of 
male and female plaice caught in the coastal water of Eastern Anglesey and North 
West Wales, Irish Sea on October 2004,2005 and combined data. 

Year Fish Sexes L50 (cm) Slope (r) R2 P 

Male 25.06 ± 0.414 0.269 ± 0.028 0.939 0.008 
1974 - 1977 

Female 26.29± 0.320 0.354 ± 0.035 0.965 0.005 

2004 and Male 21.92 ± 0.226 0.772 ± 0.119 0.969 0.007 
2005 Female 26.46± 0.192 0.452 f 0.035 0.986 0.003 

Table 2.24: The estimation of age at first maturity (A50, r, R2 and P) of male and 
female plaice caught in the coastal water of Eastern Anglesey and North West Wales, 
Irish Sea on October 2004,2005 and combined data. 

Years Fish Sexes A50 (yr) Slope (r) R2 P 

1974- Male 2.52 ± 0.183 0.900± 0.137 0.968 0.005 

1977 Female 2.28± 0.076 1.984 ± 0.261 0.992 0.002 

2004 and Male 1.30 ± 0.151 3.80712.244 0.938 0.010 

2005 Female 1.26E 0.250 5.692 ± 5.741 0.944 0.006 

To summarise, due to the use of the same sampling methodologies in the same 

locations, it has been possible to investigate changes in the population dynamics of 

the plaice population in the inshore coastal waters off Eastern Anglesey and North 

West Wales between 1974-1977 (Basimi, 1978) and 2004-2005 (this study) which 

correspond to time periods of heavy and low fishing pressure on plaice in the Irish 

Sea (Table 2.20; ICES, 2008a). The analyses presented here indicate that significant 

changes have occurred in the size-structure of the population (Figures 2.21 and 2.22), 

growth, i. e. changes in growth rate and maximum size (Figure 2.24, Table 2.21) and 

in the average length at maturity (Figures 2.25 and 2.26, Table 2.23). In addition, the 

113 



age at maturity of male fish has also changed (Figures 2.27 and 2.28, Table 2.24). 

Since the School of Ocean Sciences has been conducting these fishing surveys since 
1972, it is possible to expand this analysis from the comparison of two time periods 
(i. e. 1974-1977 vs. 2004-2005) to the examination of a time-series of data from 1972 

to the present and this will be the focus of Chapter 3. 

2.4.4 Comparing the population dynamics of plaice in North West Europe. 

The distribution of plaice P. platessa L. in the North East Atlantic ranges from the 

Atlantic coast of Andalucia in Southern Spain to the Barents Sea in the North plus the 

Western Mediterranean Sea, the Kattegat and Southern Baltic and around the coast of 
Iceland (URL 5). It is one of the most important flatfish species in Europe and has 

been exploited for centuries (Bolle et al. 2004). Commercial fisheries for plaice are to 

be found in the Barents Sea (Kuznetsova et al., 2004), the Baltic Sea (Nielsen et al., 

2004; ICES, 2007c), and the coastal shelf seas of the Northeast Atlantic, such as the 

North Sea, Irish/Celtic Seas and the English Channel (Cefas 2008; ICES, 2008a, 

2008b). Given its commercial importance, regular surveys on the population 

dynamics and biomass of these populations have been conducted (e. g. Basimi and 

Grove, 1985b; Rijnsdorp, 1989; Rijnsdorp and van Leeuwen, 1996; Bromley, 2000; 

Kuznetsova et al., 2004; Nielsen et al., 2004; Parker-Humphreys, 2004a, 2004b, 

2005). These surveys provide information that is used by ICES to assess the current 

level of exploitation, the status of these stocks and to provide management advice (e. g. 

ICES 2008a, 2008b, 2008c). Therefore, it is possible to compare the results on the 

size/age structure, growth and maturity ogives for the SE Irish Sea plaice stock 

obtained in this current study (summarized in Figure 2.29) with contemporary data for 

other exploited plaice stocks in the coastal waters of North West Europe (summarized 

in Table 2.25, Figures 2.30-2.32). The available data for each population, presented 

separately for male and female plaice where possible, are presented in Table 2.25. 

Contemporary data on the size/age structure, growth and maturity ogives were 

available for plaice populations around the British Isles (i. e. the UK and Ireland: 

Celtic Sea, Bristol Channel, Irish Sea, English Channel and North Sea) plus the 

Kattegat and the Barents Sea. Unfortunately data were not available for any plaice 
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populations south of the English Channel, e. g. the Atlantic coasts of France, Spain 

and Portugal and for the Mediterranean. 

Comparison of the length frequency distributions (standardised as percentage 
frequency distributions to allow comparison between studies where sample sizes may 
be different) are presented in Figure 2.29 (South East Irish Sea stock, this study) and 
Figure 2.30 (other stocks). The percentage length frequency distributions were similar 
for most populations, with male plaice ranging in size from 6 to 35/40 cm TL and 
female plaice ranging in size from 6 to 50/60 cm TL and with modal total lengths (i. e. 
the most common size class in the catch and presumably the most common size class 
in the adult population) for male and female plaice in the mid 20s (Table 2.25). The 

exception to this pattern was the Barents Sea plaice population where the size range 
(males, 23-55 cm TL; females 23-84 cm TL) and modal size (males, 36 cm TL; 

females 41 cm TL) of male and female plaice were larger (Table 2.25). A size 

structure in the catches from the Barents Sea, comprising much larger fish, is most 
likely due to a larger mesh size of 120 mm that has been used this fishery for longer 

than in UK waters (Kuznetsova et al., 2004; Cefas, 2008) plus lower levels of 

exploitation compared to other plaice populations (Tables 2.1 and 2.25). However, 

this is the most northerly of the plaice populations studied and there is evidence that 

in fish species individuals tend to be slower growing and longer lived in northerly 

populations compared to more southerly populations of the same species. 

As expected, all the plaice populations showed the same pattern of growth 

with males growing faster (higher k values) and attaining a smaller maximum size 

(lower Lm. values) compared to females (Table 2.25). L. x values for male plaice 

ranged between 25 and 64 cm TL, with most populations exhibiting L.. values of ca. 

25-35 cm TL, with the exception being the Barents Sea (64.2 cm TL). In contrast, 

L,,,, R values for female plaice ranged between 42 and 64 cm TL, with most 

populations exhibiting Lm.. values of ca. 42-50 cm TL, the exception again being the 

Barents Sea (88 cm TL). K values for male plaice ranged between 0.13 and 0.93 year 1, 

with most populations exhibiting k values of ca. 0.3-0.7 year 1. The exceptions to the 

general pattern were the Barents Sea (K = 0.13 year 1) and the Bristol Channel (K = 

0.93 year'). In contrast, K values for female plaice ranged between 0.07 and 0.31 

year 1, with most populations exhibiting K values of ca. 0.2-0.3 year-. The exceptions 

being low growth rates observed for female plaice in the Barents Sea (K = 0.07 year 1) 

and the Western Irish Sea (K = 0.11 year t). The low K values observed in some 

115 



populations (e. g. the Barents Sea) may be true representations of the growth rates of 

male and female plaice but may also reflect the absence of smaller/younger age 

classes in the growth curve. In contrast, the I.,. value of each population will be 

more accurate as a sufficient number of year classes were available for each study to 

allow the curve fitting programme in SPSS to determine the asymptote for the growth 

curve. The ratio of the L.,, values for female: male plaice for the different populations 

are presented in Figure 2.33a. The ratios of Y Lex for the different 

populations exhibited little variation and ranged from 1.2 to 2.0 (Figure 2.33a). On 

average, the L, �, x value for female plaice was 1.6 ± 0.3 times higher than the Lm. 

value for male plaice from that population. The ratio of the growth coefficient values 
for male: female plaice for the different populations are presented in Figure 2.33b. The 

ratios of a' k: Yk for the different populations exhibited less variation than the L�. X 
values ranging from 1.0 to 3.0 (Figure 2.33b). On average, the k value for female 

plaice was 2.1 ± 0.7 times higher than the k value for male plaice from that population. 
The growth patterns of the male and female fish were the most similar in the plaice 

populations in the North Sea and Kattegat, which are areas where the plaice 

populations have had the longest histories of exploitation (Bolle et al., 2004). 

As expected, all the, plaice populations showed the same pattern of maturation 

with males maturing at a smaller size (lower L50 values) and a younger age (lower A50 

values) compared to females (Table 2.25). L50 values for male plaice ranged between 

14 and 28 cm TL and for female plaice ranged between 22 and 33 cm TL. The largest 

L50 values (male and female) were found in the North Sea and English Channel plaice 

populations and the smallest Lso values found in the Kattegat and South East Irish Sea 

populations (Table 2.25). The ratio of the Lso values for female: male plaice for the 

different populations are presented in Figure 2.34a. The ratios of ? Lso: 5 Lso for the 

different populations exhibited little variation and ranged from 1.2 to 1.8 (Figure 

2.34a). On average, the L50 value for female plaice was 1.4 ± 0.3 times higher than the 

Lso value for male plaice from that population. In most populations the age at 50% 

maturity in male plaice was 1-3 years old (average 1.6 ± 0.6 years), however, the 

A50 values for female plaice were more variable ranging from 1.9 (this study) to 4.5 

(W. Irish Sea) years old (average 3.2 ± 1.3 years) (Table 2.25). The ratios of ? Aso: a 

Aso for the different populations ranged from 1.2 to 3.5 (Figure 2.34b) with the Aso 

value for female plaice 2.1 ± 0.8 times higher on average than the Aso value for male 

plaice from that population. 
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Figure 2.29. Percentage length frequency distributions (male, solid line; female, 
dotted line; combined data, bold solid line), von Bertalanffy growth curves (male, 

solid line; female dotted line) and length at 50% maturity (male, solid line; female, 
dotted line) for plaice P. platessa in the coastal waters of Eastern Anglesey and North 
West Wales (data source: this study). 
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Figure 2.30: Percentage length frequency distributions (male, solid line; female, 
dotted line) for plaice P. platessa in the coastal waters of North West Europe. Data 
sources: Barents Sea (Kuznetsova et at, 2004), North Sea (ICES, 2008b), Eastern 
Irish Sea (Parker-Humphreys, 2004a), Western Irish Sea (Parker-Humphreys, 2004a), 
Celtic Sea (BIM, 2007), Kattegat (Nielsen et at, 2004), Bristol Channel (Parker- 
Humphreys, 2004b), English Channel (Parker-Humphreys, 2005). 
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Figure 2.31: Von Bertalanffy growth curves (male, solid line; female, dotted line) for 

plaice P. platessa in the coastal waters of North West Europe. Data sources: Barents 
Sea (Kuznetsova et al., 2004), North Sea (ICES, 2008b), Eastern Irish Sea (Parker- 
Humphreys, 2004a), Western Irish Sea (Parker-Humphreys, 2004a), Celtic Sea (BIM, 
2007), Kattegat (Nielsen et al., 2004), Bristol Channel (Parker-Humphreys, 
2004b), English Channel (Parker-Humphreys, 2005). 
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Figure 2.32. Maturity ogives (Length at 50% maturity) for plaice P. platessa (male, 
solid line; female, dotted line) in the coastal waters of North West Europe. Data 
sources: North Sea (Rijnsdorp, 1985), Kattegat (Nielsen et al., 2004), Eastern Irish 
Sea (Parker-Humphreys, 2004a), Western Irish Sea (Parker-Humphreys, 2004a), 
Bristol Channel (Parker-Humphreys, 2004b), English Channel (Parker-Humphreys, 
2005). 
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Figure 2.33. Differences between the Von Bertalaniy growth coefficients of male and 
female plaice from different stocks of plaice P. platessa in the coastal waters of North 
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presented for (a) (TL cm) and (b) K (year") values from data presented in Table 
2.25. 
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Figure 2.34. Differences between the maturity ogives of male and female plaice from 
different stocks of plaice P. platessa in the coastal waters of North West Europe 
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(TL cm) and (b) A50 (years) values from data presented in Table 2.25. Missing data in 
the plot indicates that values are not available for this population. 
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2.4.5 Summary 

"A detailed survey of the population ecology of the European plaice P. platessa 
L. in the inshore coastal waters of North West Wales and Eastern Anglesey 

was conducted in October/November in 2004 and 2005. 

" Catches of plaice were obtained from three inshore (Red Wharf Bay, Conwy 

Bay, Inshore Colwyn Bay) and two offshore (Offshore Point Lynas, Offshore 

Colwyn Bay) sites by rockhopper Otter trawl (stretched mesh size of cod end 

= 76 mm) deployed from the RV Prince Madog. 

" Detailed analyses of the length-stratified subsample were conducted to 

describe the size/age structure, length/weight relationship, size-at-age growth 

curves, mortality rates and length/age at maturity for male and female plaice. 

" Examination of the length-stratified sub-sample showed that the sizelage 

structures of male and female plaice were different with the older, larger and 

heavier fish in the catch comprising predominately of female fish. 

" Male and female plaice exhibited differences in their length/weight 

relationships during October/November 2004/2005 with males exhibiting 

isometric growth (b = 3.02) and females exhibiting positive allometric growth 

(b = 3.20). This difference was attributed to increased reproductive investment 

(i. e. larger gonads) seen in female fish at this time of year. 

" Growth patterns for male and female plaice were described using the von 

Bertalanffy growth model. The growth curves for the two sexes were 

significantly with male plaice exhibiting significantly faster growth rates and 

attaining a smaller theoretical maximum size compared to female plaice 

(males, k=0.66 year 1, L., = 26.4 cm; females, k=0.25 year 1, L, = 43.8 cm ). 

" Although the instantaneous rate of total mortality (Z, year 1) tended to be 

higher in males (Z = 1.05 year ) than females (Z = 0.64 year 1), no significant 

difference was found between the two sexes. 

" Male and female plaice exhibited differences in their length (L50) and age 

(A50) at 50% maturity. The results showed that males mature at smaller sizes 
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and younger ages (male L50 = 18.1cm, Aso = 1.3 years) compared to females 

(female L50 = 21.8 cm, Aso = 1.9 years). 

" The results of the present study (October/November 2004/2005) were 

compared with an earlier study conducted by Basimi (1978) in 

October//November 1974-1977. These two studies being conducted during 

periods of heavy (1974-1977) and low (2004-2005) fishing pressure. The 

results of the comparative analysis showed that the size structure of the stock 
had increased in 2004/2005 but there was a decrease in the number of older 
(i. e. >5++ years old) fish present in the catch. Significant differences in 

patterns of growth of both male and female fish were seen between 1974-1977 

and 2004-2005. Growth rates increased for both males (K, year 1; 1974-1977 = 
0.34 vs. 2004-2005 = 0.79) and females (K, year 1; 1974-1977 = 0.0.22 vs. 
2004-2005 = 0.28) whilst the theoretical maximum size decreased for males 
(L.,, cm; 1974-1977 = 34.5 vs. 2004-2005 = 31.1) but increased for females 

(L«, cm; 1974-1977 = 47.9 vs. 2004-2005 = 51.4). Examination of the pattern 

of maturity showed a decrease in L50/A50 values for male plaice (1974-1977, 

L50 = 25.1 cm/ A50 = 2.5 years; 2004-2005, L5o = 21.9 cm/ A50 = 1.3 years). In 

contrast, female plaice showed a change in age at maturity (1974-1977, A50 = 

2.3 years; 2004-2005, Aso = 1.3 years), but no change in length at maturity 

(1974-1977, L50 = 26.3 cm; 2004-2005, L50 = 26.5 cm). 

"A meta-analysis of the population biology of exploited populations of plaice 

from different inshore coastal populations in North West Europe (English 

Channel, Bristol Channel, Irish Sea, Celtic Sea, North Sea, Kattegat and 

Barents Sea) was conducted using the available data. This analysis revealed 

consistent similarities in the size-structure and the patterns of growth and 

maturation between the populations with the exception being the Barents Sea 

population. Consistent sex-specific differences were also observed which 

follow the patterns expected for temperate water marine teleost populations 

with male fish growing faster and attaining a smaller maximum size than 

females and reaching maturity at a smaller size and younger age. 
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Chapter 3: 

Changes in the population biology of plaice 
Pleuronectes platessa L. in the coastal 
waters of Northwest Wales and Eastern 
Anglesey between 1970 and 2006 compared 
to other demersal fish species and in 
relation to fishing pressure and climate 
change. 
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3.1 Introduction 

Long-term data sets are proving to be a valuable resource in understanding the 

cyclical nature in the distribution and abundance of marine organisms and the factors 

responsible for these changes (Southward, 1995). It is self-evident that overfishing 

can alter distribution and abundance patterns of fishes, however, it is also becoming 

clear from the study of long-term data sets that various environmentallclimatic cycles 

also influence the distribution and abundance of marine organisms (e. g. Attrill and 
Power, 2002; Chavez et al., 2003; Genner et al., 2004; Hawkins et al., 2008; 

Polaczanska et al., 2008; Frid et al., 2009). Climate change can influence the structure 

and function of marine ecosystems in two ways: direct effects on the organisms 

themselves or indirect effects through changes in ocean currents (Southward et al, 
1995). Ultimately, spatial and temporal fluctuations in marine species abundance will 
be the result of physical and biological processes which affect the production and 

survival of eggs and larvae, growth and mortality during the juvenile and adult phases 

and other factors such as migration patterns and environmental carrying capacity 
(Jennings, et al, 2001). 

Long-term data sets, of varying lengths of time, are now available for a range 

of marine organisms from plankton through to fishes (e. g. Klyashtorin, 2001; 

Beaugrand et al., 2002,2003; Beaugrand and Reid, 2003; Hiscock et al., 2004; Hays 

et al, 2005; Frid et al., 2009). However, some of the most comprehensive data sets, 

and those showing the most marked changes in response to climate change, are for 

rocky shore intertidal habitats (e. g. Barry et al, 1995; Sagarin et al., 1999; Southward 

et al., 2005; Hawkins et al., 2008; Poloczanska et al., 2008). The length and nature of 

these data sets varies. For example, a data set may be based on the direct 

observation/measurement of organisms as part of an ongoing monitoring programme: 

these data sets are usually less than 100 years in length (although see for example, 

Jonsson, 1994; Klyashtorin, 2001; Southward et al., 2005) with time series of 20-50 

years being the most common (e. g. Greenwood et al., 2002; Collie et al., 2008; 

Hawkins et al., 2008; Poloczanska et al., 2008; Frid et al., 2009). For some study 

species, such as exploited fish species, the use of archived data (such as records of 

fishing effort/landings or scalelotolith collections) is proving to be a valuable resource 

for studying temporal changes in distribution/abundance and population biology over 

time scales ranging from decades to over one hundred years (e. g. Klyashtorin, 2001; 
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Boylan and Adams, 2006). Finally, continuous data sets of much longer time scales 

are available for some marine organisms through the use of hard material (e. g. scales, 

shells) deposited on the sea bed or in surface sediments. The time series for these data 

sets can range from several hundred years to 2000 years (e. g. Baumgartner et al., 
1992; O'Connell & Tunnicliffe, 2001; Richardson, 2001; Finney et al., 2002 Valdes 

et al., 2008). One characteristic of many of these longer term continuous time series 
data sets is the use of data collected in the recent past, where the parameter of interest 

can be correlated to known climatic variables, to `ground truth' the data set and to 

allow extrapolation into the past to estimate parameters such as 
distribution/abundance (e. g. Baumgartner et al., 1992) or growth rate (e. g. 
Richardson, 2001). 

3.1.1 Long-term data sets: < 50 years 

Long term data sets have clearly shown changes in the species composition of marine 

communities and in the distribution/abundance of individual species in relation to 

climate change. For example, the Plymouth Continuous Plankton Recorder (CPR) has 

operated since 1931 (Jonas et al., 2004) and has shown clear changes in the 

distribution/abundance of individual species and in the species composition of the 

plankton community in the North Atlantic (Colebrook, 1978; Beaugrand et al., 2002, 

2003; Brander et a!, 2003; Hays et al., 2005). These changes in phytoplankton and 

zooplankton communities have been correlated with changes in the North Atlantic 

Oscillation (Beaugrand et al., 2002,2003). The study of intertidal rocky shore 

communities in south west England since the 1950s have also shown changes in the 

distribution/abundance of individual species and in overall species composition 

(Kendall et al. 2004; Southward et al., 2005; Mieszkowska et al., 2006; Hawkins et 

al., 2008; Poloczanska et al., 2008). As annual average sea surface temperature in the 

Western English Channel has increased by ca. 1 °C (Hawkins et al., 2003), there have 

been changes in the geographical distributions of three barnacle species in the study 

area; Semibalanus balanoides (a northern species favouring colder water) and 

Chthamalus montagus and C. stellatus (both southern species favouring warmer 

water). The results of this long term survey have shown a northward movement by all 

three species with a decline in abundance of S. balanoides and an increase in the 

abundance of the Chthamalus species (Kendall et al. 2004; Southward et al., 2005; 
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Mieszkowska et al., 2006; Hawkins et al., 2008; Poloczanska et al., 2008). The 

population dynamics of these barnacle species correlate to long term changes in water 
temperature of inshore coastal waters and provide a model for predicting the future 

effects of global warming on coastal water communities (e. g. Poloczanska et al., 
2008). In addition, this long term survey has also shown a decrease in the abundance 

and productivity of fucoid algae with warming which is likely to have a significant 

effect for waders. Fucoid algae shelter a community of small soft-bodied invertebrates 

from heat and desiccation that are a major food source for some wading seabirds and 

changes in fucoid biomass could present the loss of potentially rich feeding grounds 
for species such as the ruddy turnstone Arenaria interpres (Kendall, et al, 2004). 

Data sets also exist showing the effects of climate change on fishes. 

Greenwood et al. (2002) present data on the abundance of benthic and demersal fishes 

in the lower Forth estuary (East Scotland) collected between 1982 and 2001. The 

results of this time-series study showed significant decreases in the total annual 

abundance for 30 species, with the greatest declines observed for whitingMerlangius 

merlangus and eelpout Zoarces vivaparus and a significant linear increase in 

fatherlasher Myoxocephalus scorpius. Some species were observed to become 

infrequent or rare in the catches whilst other species were seen to be moving 

northward. For example, eelpout were considered to be declining in numbers and 

retreating northwards with regional warming of the North Sea over the study period 

and are predicted to become extinct in the Forth estuary in 20-40 years time 

(Greenwood et al., 2002). Fatherlasher increased in abundance over the study period 

taking over the niche occupied by eelpout and numbers of sea bass Dicentrachus 

labrax L., a southerly species, were seen to increase indicating a northward movement 

of this species. Greenwood et al. (2002) suggest that the most likely reasons for the 

observed changes in catch composition and individual species distribution/abundance 

over the 20 year study period were due either to the warming of local water over the 

last two decades and/or overfishing of some species such as whiting. Similarly 

Genner et al. (2004) examined long-term databases to show how regional climate 

change has affected the community composition and abundance of two fish 

assemblages in the English Channel (EC, inshore marine assemblage; 1913-2002) 

and the Bristol Channel (BC, estuarine assemblage; 1981-2001). As annual average, 

sea surface temperature in both ecosystems had increased by 1 (EC) to 1.5 (BC) °C in 

the last 100 years, declines and increases in abundance were noted for different fish 
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species. Each assemblage contained a group of dominant species whose abundances 

were strongly linked to annual mean sea-surface temperature but interestingly the 

trends in abundance (increaseldecline) by individual species was not mirrored 
between sites. This suggests that within a region, local environment-specific factors 

will cause populations of the same species to respond differently to climatic change 

and that species-level responses to climate change for fish species could be difficult to 

predict (Genner et at, 2004). 

The use of archived fisheries data is proving to be a valuable resource in 

determining the effects of climate change on the distribution and abundance of 

exploited fish species. Using data collected by ICES since 1973, Hannesson (2007) 

has shown that as water temperatures in the Norwegian and Barents Seas have risen as 

a result of global warming, the productivity of cod stock in this regions and the 

catches landed by the fishery have also increased. In contrast, he found no correlation 
between cod catches and temperature in the North Sea, although there was positive 

correlation between increasing temperature and higher recruitment rates of cod in 

both seas. Finally, Hannesson (2007) reported a positive correlation between 

temperature and the catches of Atlantic mackerel Scomber scombrus in North and 

Norwegian seas and between temperature and the catches of sardines Sardina 

pilchardus in the North Sea. Similarly, the relative abundances of Pacific sardine 

Sardinops sagax and Peruvian anchoveta Engraulis ringens correlate with changes in 

the El Nino Southern oscillation (Chavez et al., 2003). Chavez et at (2003) present a 

model which shows a 50 year oscillation in climate with corresponding ecosystem 

shifts from a cool "anchovy regime" (where anchoveta are the dominant pelagic 

species) to a warm "sardine regime" (where Pacific sardine are the dominant pelagic 

species). The value of long-term fisheries survey data in determining the effect of 

regional climate change on fish assemblages is also shown in the recent study by 

Hiddink and Ter Hofstede (2008). In this study, Hiddink and Ter Hofstede (2008) 

utilised data collected from the ICES-coordinated International Bottom Trawl Survey 

(IBTS) programme between 1985 and 2006 to show an increase in species richness 

and latitudinal range shifts in the fish community between 51 and 62° latitude in the 

North Sea More than eight times as many fish species displayed increased 

distribution ranges (mainly small-sized species of southerly origin) compared with 

those whose range decreased (primarily large and northerly species). 
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3.1.2 Long-term data sets: ca. 100 - 200 years 

As a result of the long term exploitation of certain fish species for food or as a 

recreational angling resource, there are time series in excess of 100 years for species 

such as the Atlantic salmon Salmo salar (Boylan and Adams, 2004) and Pacific 

herring Clupea pallasii pallasfi (Klyashtorin, 2001). For example, Boylan and Adams 

(2006) have examined catches of Atlantic salmon in the Foyle system (i. e. estuary and 

river catches combined) in Ireland between 1875 and 2001. During this time period 

catches have varied but changes in salmon abundance relate to variations in the North 

Atlantic Oscillation index (NAOI). A negative relationship between the wNAOI and 

the abundance of migrant Atlantic salmon returning to the River Foyle in Ireland was 

found for indices <0.151. Above 0151 this relationship breaks down and at higher 

values there is no significant relationship between wNAOI and catch abundance. 

Boylan and Adams (2004) conclude that the NAOI may be affecting Atlantic salmon 

numbers by influencing survival rates during the juvenile freshwater phase, when 

feeding at sea, or through the number of adults surviving to spawn more than once 

(multi-sea-winter fish). The 90 year survey of the fish community in the Bristol 

Channel by Genner et at (2004) provides another clear example of how climatic 
factors affect fish diversity and abundance. 

3.1.3 Long-term data sets: ca 1000 + years 

Through the use of sediment deposits, changes in estimated abundance over the last 

2000 years have been reported for several fish species (Baumgartner et al., 1992; 

Finney et al., 2002) and preserved midden deposits have been used to derive records 

of fish growth and abundance for time periods ranging from 800 years (Bolle et al., 

2004) to 4500 years (Maeschner et al., 2008). Baumgartner et al. (1992) report 

changes in the estimated abundances of Pacific sardine Sardinops sagax and northern 

anchovy Engraulis mordax off the coast of California over the last 2000 years. Scale 

deposition rates for the two species in the anoxic sediments in the Santa Barbara 

Basin between 1932 and 1965 were correlated with stock assessment estimates of 

population size conducted by US government fisheries biologists. This relationship 
between scale deposition rate and stock size was then used to `hind-cast' and estimate 

population size over the last 2000 years from scale deposits in sediment cores. The 
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results have shown dramatic fluctuations in population size for both species over time 

with estimated stock sizes varying from 2-18 million individuals, these fluctuations 

occurring in the absence of any fishing pressure and alternate shifts in dominance 

between Pacific sardine and northern anchovy on a 50-100 year cycle. This work was 

extended by Chavez et al. (2003) who also showed a correlation between the 

estimated abundances of the two species, with one species tending to be numerically 

predominant at any point in time and producing a model confirming a 50 year cycle in 

dominance-shift between the two species. This alternating dominance between 

sardines and anchovies in a coastal upwelling zone has also been reported for the 

Peruvian upwelling (Jennings et al., 2001); in Peru the anchoveta Engraulis ringens is 

the dominant species whilst in California it is the Pacific sardine (Jennings et al., 
2001). Although, Baumgartner et al. (1992) did not correlate their estimated 

abundance data with any climatic variables, Chavez et al. (2003) confirmed that the 

cycles of abundance for the two species are driven by climatic factors associated with 
the El Niflo Southern Oscillation (ENSO). In fact, climatic cycles have been proposed 

as the driver determining the cyclical patterns of abundance and ecosystem 
dominance between anchovies and sardines worldwide (Schwartzlose et aL, 1999). 

Similar long-term fluctuations driven by climatic variation have also been 

reported for Pacific salmonids in Alaska. Finney et al. (2002) have estimated the 

number of sockeye salmon Oncorhynchus nerka returning to spawn in Karluk Lake 

over the last 2000 years from the abundance and species composition of diatoms and 

the S15N isotopic signature of organic matter from sediment cores taken from the lake. 

Within Boreal freshwater lakes, the species composition of the diatom community 

varies depending on the concentration of dissolved nutrient such as nitrates and 

phosphates, with some species predominating in oligotrophic (i. e. nutrient poor) and 

other species predominating in eutrophic (i. e. nutrient rich) conditions (Finney et al., 

2002). Pacific salmon are semelparous (i. e. spawn once and then die) and therefore 

the annual spawning run of salmon into the lake will result in the mass transfer of 

nutrients from the marine environment into the lake ecosystem. As a result, any 

temporal change in the size of the salmon stock will result in changes in the nutrient 

input into the lake, and therefore changes in the abundance and composition of the 

diatom community over time. In addition, the 5'5N isotopic signature of organic 

matter is significantly higher in the marine environment compared to the freshwater 

environment (McCarthy and Waldron, 2000) and so temporal changes in the 815N 

132 



signal of organic matter in the sediment core over time will also reflect changes in the 

number of returning adult salmon. Finney et al. (2002) examined the abundance of the 

tests of different diatom species (i. e. oligotrophic and eutrophic species) and the 515N 

signal of organic matter in sediment cores taken from Karluk Lake and the results 

showed regular periodic fluctuations between oligotrophic and eutrophic conditions in 

the lake over the last 2000 years. Test deposition rates and species composition 

correlated with the 515N signal in the sediment core suggesting large fluctuations in 

the abundance of sockeye salmon over time. Taken together, the results of 
Baumgartner et al. (1992) and Finney et al. (2002) provide clear evidence of dramatic 

fluctuations in the abundance of fishes (in the case of the sockeye salmon lasting 

centuries) in the absence of fisheries or other anthropogenic impacts. 

3.1.4 Long-term data sets: Fisheries Induced Evolution 

Clearly, there is great value in the acquisition of long-term data sets, either through 

ongoing research surveys or from archived data material. The correlation of these data 

with climatic variables have allowed us to `hind-cast' to understand climatic variation 

and fluctuations in species abundance and community composition in the past and 

also allow us to `fore-cast' the potential impacts of climate change in the future. 

However, overlying changes in the distribution and abundance for many fish species 

in the marine environment as a result of climate change is the impact of overfishing 

on the population biology of the target species. It has become evident that sustained 

fishing pressure on many fish stocks has resulted in evolutionary changes in the 

population biology of these stocks, a phenomenon that has been termed `Fisheries- 

Induced Evolution' (Kuparinen and Merila, 2007; Law, 2007; Hutchings and Fraser, 

2008). Fisheries-induced evolution has been reported for a range of freshwater and 

marine fish species subjected to commercial or recreational fishing pressure (see 

review by Hutchings and Fraser, 2007); for example European and Pacific salmonid 

species (S. salar and Oncorhynchus spp. ), lake whitefish -(Coregonus clupeaformis), 

Atlantic cod (Gadus morhua) and plaice (P. platessa). Since fishing usually targets 

the largest individuals, the most common evolutionary response observed is a 

decrease in the size and/or age at maturity, although slower growth and smaller body 

size can also be selected for (Kuparinen and Merila, 2007; Hutchings and Fraser, 

2008). Fisheries-induced evolution has been reported for a number of commercially 
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important demersal fish species in the North Atlantic such as cod (e. g. Barot et al., 
2004; Olsen et al., 2004,2005; Hutchings, 2005) and flatfish species including 

American plaice Hippoglossoides platessoides (Barot et al., 2005), sole Solea solea 
(Mollet et at, 2007) and plaice (Griff et al., 2003,2005; Rijnsdorp et al., 2005). 

Sustained heavy fishing pressure for 50 years (ICES, 2008b) has resulted in a 
decrease in age at maturity (Griff et al., 2003,2005) and an increase in reproductive 
investment (Rijnsdorp et al., 2005) in North Sea plaice. However, no comparative 

analysis has been conducted for plaice in the Irish Sea to examine whether fishing 

pressure has caused any responses in life history. 

3.1.5 The School of Ocean Sciences Autumnal Fishing Survey 

Since 1970, the School of Ocean Sciences at Bangor University has conducted fishing 

surveys each year during October/November in the coastal inshore waters off eastern 
Anglesey and Northwest Wales. Although the primary aims of these trips are for 

teaching purposes, the data collected from these surveys has been archived and 

provides a valuable and ongoing research resource to examine changes in the local 

demersal fish communities over time. Data collected within the School between 1970 

and 2001 was archived by Dr David Grove (now retired) and data collected since 

2002 has been archived by Dr Ian McCarthy. The autumnal fishing trips record data 

on the abundance and population biology (size, age, growth, maturity and feeding 

data) of six demersal fish species in the inshore waters of eastern Anglesey (Red 

Wharf Bay, Point Lynas) and northwest Wales (Conwy Bay, Colwyn Bay). Since 

1970, data has been collected for plaice Pleuronectes platessa, dab Limanda limanda 

and whiting Merlangius merlangus. Since 1999, data has also been collected for three 

gurnard species; red gumard Aspitrigla cuculus, grey gurnard Eutrigla gurnardus, and 

tub gurnard Trigla lucerna. Changes in the abundance and population biology for two 

of these target species have been examined recently. Historical data for the local dab 

population over 34 years was analysed by Seisay (2001). This is a species that is not 

commercially exploited and the results have shown that the local dab population has 

remained relatively stable over time (Seisay, 2001) although the data were not 

correlated with any climate change variables. In contrast, Preston (2007) has shown 

significant declines in abundance and significant changes in the population biology of 

whiting since 1980. Whiting have been heavily overexploited in the Irish Sea (ICES 
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2008a) and Preston (2007) attributed the observed changes to overfishing although the 

data were not directly correlated with any parameters related to fishing pressure or to 

any climatic variables. Although data on the catches of plaice and various population 
biology parameters (e. g. size/age composition, growth rate, sizelage at first maturity) 
have been collected by School of Ocean Sciences since 1970, this long term data 

series has not been analysed in relation to changes in fishing pressure or any 

environmental variables such as temperature and NAOI. 

The exploitation of plaice in the Irish Sea has been intermediate between that 

of dab (unexploited, Seisay 2001) and whiting (sustained overexploitation, ICES 

2008a) and it will be interesting to examine whether any changes in the abundance 

and population biology of plaice in the Irish Sea have occurred, and the magnitude of 

those changes since 1970, compared to these other species. Also, the survey data set 

covers a time period during which the plaice fishery has gone through periods of 
increasing and sustained exploitation (1970-1989) and followed by decreasing 

exploitation (1990 to date) and it will be interesting to compare any changes in the 

abundance and population biology of plaice, and the magnitude of those changes, 
during these two periods of differing exploitation. Finally, plaice in the Irish Sea have 

not been as intensively exploited as in the North Sea (ICES 2008b) and it will be 

interesting to compare any changes in the population biology of plaice in the Irish Sea 

with changes in the North Sea and to determine whether there is any evidence of 

fisheries-induced evolution in either the North Sea or the Irish Sea 

3.1.6 The aims of chapter 3: 

1) To investigate whether there have been any long-term changes in the 

abundance and population biology of the plaice caught in the inshore waters of 

eastern Anglesey and northwest Wales during the autumnal fishing surveys 

between 1970 and 2006. 

2) To examine whether any changes in the abundance or population biology 

between 1970 and 2006 are a result of sex-specific changes in either males or 

females. 
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3) To examine whether any changes in the population biology of plaice caught in 

the inshore waters of eastern Anglesey and northwest Wales during the 

autumnal fishing surveys between 1970 and 2006 correlate with changes in 

either fishing pressure for plaice in the Irish Sea (e. g. fishing mortality rates or 

spawning stock biomass) or environmental variables (e. g. sea surface 

temperature and the North Atlantic Oscillation). 

4) To compare any changes in the population biology of plaice caught in the 

inshore waters of eastern Anglesey and northwest Wales during the autumnal 

fishing surveys between 1970 and 2006 with the population dynamics of dab 

and whiting from the same survey reported by Seisay (2001) and Preston 

(2007). 
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32 Methods 

3.2.1 Data collation 

Annual fishing surveys have been conducted in October/November by undergraduate 

and MSc students from the School of Ocean Sciences, Bangor University using the 

RV. Prince Madog since 1970. The data collected from these 39 years of cruises has 

been archived in the School of Ocean Sciences by Dr David Grove (1970-2001) and 
then Dr Ian McCarthy (2002 to date) in a variety of formats, e. g, electronic data 

storage, paper copies of cruise data (trawling details, length-frequency sheets for the 

total catch) and otolith envelopes from length-stratified subsamples (containing 

length/weight/age/sex/maturity data). Some data were archived and available in an 

unanalysed format (i. e. `raw'data; length, weight, age etc) whilst other data were 

available in a processed form (i. e. von Bertalanffy growth coefficents, L50 values, 

mortality rates etc) either from Dr David Grove, Dr Ian McCarthy, various 

unpublished MSc fisheries reports (Source: Dr Ian McCarthy) or from two MSc thesis 

(Chuenpagdee, 1990; Seyhan, 1990). In this chapter, data has been sourced for the 

time period 1970-2006 from the various sources listed above, except data for 2004- 

2005 which has been sourced from the results presented in Chapter 2. Where possible, 

`raw data' was used to derive the parameters investigated in this chapter. 

Since these surveys have all been conducted using the same sampling gear 

(Rockhopper otter trawl, 76 mm stretched mesh size in the cod end) and sampling 

protocol (towed at 2-4 knots for one hour) in the same locations (see Figure 3.2) at the 

same time of year (October/November), the results obtained for each year are 

considered directly comparable and form the basis in this chapter for a 36 year time- 

series study (1970-2006) on the population dynamics of plaice in the inshore waters 

of Eastern Anglesey and North west Wales. A summary of the trawl data are 

presented in Table 3.1. Although in some years, data were available from fishing trips 

conducted at other times of the year (i. e. spring and summer), these were not included 

in the analyses conducted in this chapter. In most years, at least three, and up to seven 

locations in the coastal waters of Eastern Anglesey and North West Wales were fished 

in October/November (Table 3.1). These sites were a combination of inshore (i. e. in 

Red Wharf Bay, Conwy Bay or south of the Constable Banks in Colwyn Bay) and 

offshore (i. e. off Point Lynas and north of the Constable Banks in Colwyn Bay). 
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Table 3.1 lists each of the specific location fished and these are indicated on Figure 

3.2. Between 1970 and 2006, an average of 7 (± 3 SD, range 3-13) days of fishing 

were conducted each year (Table 3.1). On each fishing trip, several tows were usually 

conducted and on average, 13 (± 8 SD, range 4-41) tows were conducted each year 
(Table 3.1). The mean total number of plaice caught per year was (1581 ± 1222 SD) 

comprised of 679 (±482 SD) females and 874 (± 770 SD) males (Table 3.1). In total, 

the 37 year time-series (1970-2006) was comprised of data collected from 24262 male 

plaice and 18873 female plaice. In general, between 2-6% of the total number of male 

or female fish were caught in any given year (Figure 3.1), although high numbers of 

males were caught in 1975 and 1983 and high numbers of female fish in 1983 (Figure 

3.1). In some years, data on the total catch were missing and only data from the 

length-stratified subsample were available - these years were 1970,1982,1992,1993 

and 1997 respectively (Table 3.1). Data were available for both sexes in most years, 
however, in some particular years, only data for females (1970 and 1978) or male 
(1982) were available (Table 3.1). For most years, it was possible to use raw data to 

directly determine in this study the percentage length and age frequency distributions, 

the von Bertalanffy growth function coefficients (k, 1.. ), and length and age at first 

maturity (L5o, A5o). The statistical software SPSS (v. 12), was used to calculate these 

values using the equations presented in Chapter 2. However, in some years where the 

raw data were not available and it was not possible to directly determine certain 

parameters, some values analysed by other students [e. g. Chuenpagdee (1990), 

Seyhan (1990), or unpublished MSc fisheries reports] had to be used. 

3.2.2 Data analysis 

3.2.2.1 Fishing effort and abundance data 

Annual fishing effort was expressed as the number of days fished and the number of 

trawls conducted each year. To examine whether any changes in fishing effort had 

occurred during the 37 year survey, the fishing effort data were collated into 5 year 

intervals (i. e. 1970-1974,1975-1979 etc) and compared using a one way ANOVA or 

a Kruskal Wallis test as appropriate (see section 3.2.2.6 below for more details). The 

average trawl times (in minutes) were also collated into 5 year intervals (i. e. 1970- 

1974,1975-1979 etc) and compared using a one way ANOVA or a Kruskal Wallis 

test as appropriate (see section 3.2.2.6 below for more details). In order to examine 
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any changes in plaice abundance in the survey area in October/November over time, 

the catch was expressed as the number of plaice caught per hour of trawling: this 

measure of catch per unit effort is routinely used in fisheries surveys (e. g. Pawson, 

1995; Svedang, 2003; Parker-Humphreys 2004a, b; Casini et al., 2005; Daan et al., 
2005). It may be more informative to express abundance in terms of the number of 
fish per unit area trawled in order to account for differences in the distance covered 
during each tow (e. g. Seisay, 2001). Unfortunately, longitude/latitude data were not 

available for the trawl data pre-1989, and it was not possible to calculate the distance 

of the trawl and the area of seabed fished in order to calculate abundance data in terms 

of number of fish per hectare (see Seisay, 2001). Therefore, catch data were expressed 

as number of fish caught per hour as an estimate of abundance. To examine whether 

any changes in abundance had occurred during the 37 years survey, the data were 

collated into 5 year intervals (i. e. 1970-1974,1975-1979 etc) for comparison using a 

one way ANOVA or a Kruskal Wallis test as appropriate (see section 3.2.2.6 for more 
details). 

3.2.22 Length and age distributions 
Since the number of fish in each yearly sample varied (Table 3.1), the length and age 
frequency distributions were expressed on a percentage basis to allow direct 

comparison between years. The length data for male and female plaice were divided 

up into 1 cm total length (TL, cm) intervals (e. g. fish between 15.5 and 16.4 cm TL 

were classified in the 16 cm TL class) and the number of fish in each 1 cm TL class 

expressed as a percentage of the total number of male or female fish in the total catch 

for that year. In order to examine whether there were any changes in the size 
distributions of the plaice caught over time, the relationships between a number of 

parameters and year were examined using Spearman Rank Correlation analysis since 

the time was a discrete variable. These parameters were average total length, modal 

total length (i. e. the most common length class) maximum and minimum total length 

and the ratio between maximum/minimum length. Since the average and modal total 

length values recorded may be dependent on the degree of fishing effort in any year, 

and also subject to random biological variation, annual values for these parameters 

were also calculated as a three year moving average (average for any given year 

calculated from the value for that year plus the year before and the year after) in order 

to reduce the inter-annual variability and `smooth out' any long term trends in the data 
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set. Correlation analysis will only examine whether there has been any significant 

upward or downward trend in size over time, but will not pick up any variations in 

size over time within the 37 year time period. Therefore, the actual size data and the 
`smoothed' average total length and modal total length values were collated into 5 

year intervals and compared using a one way ANOVA or a Kruskal Wallis test as 

appropriate (see section 3.2.2.6 for more details). As well as examining any changes 
in the size range and central tendency in the plaice catch over time, changes in the 

size composition were examined by dividing the data into 5 year intervals and 

calculating the percentage of fish in the following total length classes: <14,15-19,20- 

24,25-29,30-34,35-39 and > 40 cm TL. 

In order to examine whether any changes in the age structure of the plaice 
catch had occurred during the 37 year survey, similar analyses to those conducted 

with the length data. The age data for male and female plaice were divided up into 

year classes and the number of fish in each age class expressed as a percentage of the 

total number of male or female fish in the total catch for that year. To examine any 

changes in age structure over time, the average age, and maximum and minimum ages 
(both raw data and three year `smoothed' values), were correlated against year using 
Spearman Rank Correlation analysis (since age and year are discrete data). Smoothed 

data (i. e. three year moving averages) for average, maximum and minimum ages were 

collated into 5 year intervals and compared using a one way ANOVA or a Kruskal 

Wallis test as appropriate (see section 3.2.2.6 for more details). In addition to 

examining any changes in range and central tendency in the age data over time, 

changes in the age composition of the plaice catch were examined by dividing the 

data into 5 year intervals and calculating the percentage of fish in the following total 

age classes: 0-1,2,3, >4 years old. 

3.2.2.3 Sex ratio 

Sex ratio was calculated as the proportion of males in the catch in any given year (i. e. 

number of males/total number of fish). Since the number of male and female plaice in 

the annual catch varied from year to year, an examination of sex ratios over time was 

considered to be the most appropriate method of analysis. To examine any changes in 

sex ratio over time, both the raw data and the three year ̀ smoothed' sex ratio values 

were correlated against year using Spearman Rank Correlation analysis (since time 
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was a discrete variable). The actual and the `smoothed' sex ratio data were collated 
into 5 year intervals and any changes in sex ratio over time examined using a one way 
ANOVA or a Kruskal Wallis test as appropriate (see section 3.2.2.6 for more details). 

3.2.2 4 Growth and maturity parameters 

Population biology parameters, i. e. coefficients for the von Bertalanfy growth curve 
(K, year 1; Lam, cm) and maturity ogives [size/age at first maturity; TL5o (cm), A50 

(years)], for male and female plaice were calculated from raw data (where possible) or 

previously calculated values collated from the archived dataset (1970-2003,2006) and 
from data collected during this thesis (2004-2005). In order to examine whether any 

changes in growth or maturity had occurred for male or female plaice during the 37 

year survey, the data were examined using the same set of analyses as conducted for 

the sizelage data. To examine any changes in Lam, K, L50 or Aso over time, both the 

actual raw and the three year `smoothed' average values were correlated against year 

using Spearman Rank Correlation analysis (since time was a discrete variable). The 

actual and the `smoothed' growth and maturity data were also collated into 5 year 
intervals to examine whether there were any differences between the time intervals 

using a one way ANOVA or a Kruskal Wallis test as appropriate (see section 3.2.2.6 

for more details). 

In addition to comparing the von Bertalanffy growth parameters derived for 

each year, the size/age data were collated into 5 year time periods (1970-1974,1975- 

1979 etc), average size at age values calculated and von Bertalanffy growth curves 

derived for each 5 year time period (see section 2.2.3 for more details). The 7 growth 

curves were then compared with each other using the likelihood ratio test of Kimura 

(1980) to see whether there were any significant differences in the pattern of growth 

between the different time periods (see section 2.2.3 for more details). Finally, all the 

sizelage data were collated into one data set and a single von Bertalanffy growth 

curve for the 37 year time series was calculated. The seven 5 year-interval growth 

curves were then compared with this overall 37-year growth curve using the 

likelihood ratio test of Kimura (1980) to see whether there were any significant 

differences in the pattern of growth between each time period and the long-term 

average growth curve (see section 2.2.3 for more details). 
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3.2.2.5 Length at age data 

To examine whether there has been any change in the average size of male and female 

plaice over time, the data were divided up by sex and age class and the average TL 

plotted against year for each age class and examined for significance using 
Spearman's Rank Correlation test (since year was a discrete variable). Since 

correlation analysis will only examine whether there has been any significant upward 

or downward trend in size over time, but will not pick up any variations in size over 
time within the 37 year time period, the actual and the `smoothed' average total length 

data for each age class were collated into 5 or 10 year intervals (as appropriate 
depending on the range of data available for that age class) and compared using a one 

way ANOVA or a Kruskal Wallis test as appropriate (see section 3.2.2.6 for more 
details). 

3.2.2 6 Statistical analyses of the time series data 

To examine trends in the overall data set over time, Spearman's Rank correlation 

coefficient was used to relate each parameter to year since the time was a discrete 

variable. Comparisons between male and female plaice were performed using a2 

sample t-test since these data were normally distributed and the test is robust to use 

with equal or unequal variance. To examine differences between time periods, all data 

were tested for normality (Kolmogorov-Smimov test) and equality of variance 
(Levene's test) in order to determine the appropriate choice of test statistic. For 

comparisons between the seven time intervals in the time series data which had equal 

variances, a one way ANOVA was used. If the ANOVA indicated a significant 
difference, pairwise comparisons of the mean values were performed using Scheffe's 

test (since sample sizes were unequal) to determine which time intervals were 

different from each other. Where data did not exhibit equal variances, a Kruskal 

Wallis test was used to compare between the 5-year time intervals. Where a 

significant difference was found, pairwise comparisons between time periods was 

conducted using a Wilcoxon Signed Rank test. Statistical tests were conducted using 

SPSS v14 and Minitab v15. For all statistical tests, differences present at the 5% level 

were considered significant. 
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Table 3.1: A summary of the available data on the autumnal fishing surveys conducted in the 
coastal waters of Eastern Anglesey and North West Wales in October/November. Data are 
presented for the coastal area fished, fishing effort (number of days fished, number of trawls), 
the number of male and female fish in the length-stratified subsample and caught in total 
(subtotal) and the total catch. 

Female ý Male 

Year Area in/ofr Subtotal Subsample Subtotal tal t 
Trawls Days 

sample o 

1970 RWB, CON In 23 23 n/a n/a n/a 41 13 

1972 OCB Off n/a 267 n/a 648 928 7 3 

1973 CNB, CON, RWB In 
n/a 699 n/a 1033 1899 23 10 

OCB, LPL, PL Off 

1974 CON, RWB In 
n/a 951 n/a 1242 2193 15 8 

COL Off 

1975 B 
n/a 1275 n/a 2731 4028 26 12 

Off 

1976 CON, RWB In 
n/a 1062 n/a 1400 1462 14 5 

COL Off 

1977 CON, RWB In n/a 900 n/a 1090 2004 12 6 

1978 CON, RWB In n/a 670 n/a n/a 1580 11 5 

1979 CON, RWB In 
n/a 1337 n/a 2229 3165 14 10 

OCB Off 

1981 CON, RWB In n/a 290 n/a 488 1133 4 4 

1982 RWB In n/a n/a n/a 141 n/a 4 3 

1983 CON, RWB In n/a 2295 n/a 2799 5079 6 7 

1984 CON, RWB in 
n/a 904 n/a 1651 2535 5 3 

OCB Off 

1985 COMB 
n/a 1306 n/a 1781 3149 14 6 

Ofr 

1986 
CON, RWB In 

n/a 815 n/a 1500 2338 12 7 
OCB Off 

1987 OR' RWB In 
n/a 331 n/a 704 1059 12 7 

OCB Off 

1988 CON, ICB, ORM, RWB In 
n/a 245 n/a 345 590 10 8 

OCB Off 

1989 CON, ORM, RWB In 
n/a 211 n/a 133 360 11 5 

OCB, PL Off 

1990 CON, PUF, RWB In 125 264 87 264 525 16 6 

1991 
CON, PUF, RWB In 139 450 98 473 928 15 8 

OCB, PL Off 

1992 
CON, PUF, RWB in 62 62 * 122 No n/a 17 10 

OCB, PL off 
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Table 3.1: Continued 

Female ý Male 

Year Area In/Off Sub- Sub- Sub- Sub- Grand Hauls Days 
sample total sample total total 

1993 PUF, RWB IN 88 88 * 72 72 * n/a n/a 4 

1997 
CON, ICB, MOE, RWB 

238 400 189 358 758 15 9 
PL Off 

1998 CON, ICB In 93 308 103 586 894 9 5 
PL Off 

1999 CON, RWB In 
222 538 114 348 888 13 9 

OCB, PL Off 

2000 
CON, ORM, RWB In 

265 962 178 1327 2289 13 9 
OCB Off 

2001 
CON, RWB In 

145 628 125 557 1191 15 6 
OCB, PL Off 

2002 CON, B,, RWB 235 775 181 1167 1969 7 7 
OCB Off 

2003 
CON, MOE, RWB In 

223 688 136 718 1414 8 6 
OCB Off 

2004 
CON, ICB, RWB In 

250 739 169 525 1274 9 7 
OCB Off 

2005 CON, ICB, MOE, RWB In 277 996 141 322 1374 15 8 
OCB, PL Off 

2006 
CON, B PU ff 

191 728 111 497 1225 13 9 
O 

Note: 
1- Inshore sites: 

CNB = Caernarfon Bay 
CON = Conwy Bay 
ICB = Inshore Colwyn Bay 
MOE = Moelfre (Part of Red Wbarf Bay) 
ORM = North Great Orme (Part of Colwyn Bay) 
PUF = Off Puffin Island (Part of Red wharf Bay) 
RWB = Red Wharf Bay 

2- Offshore sites 
LPL = Liverpool Bay 
OCB = Offshore Colwyn Bay 
PL = Offshore Point Lynas 

3- Any number with (*) represents subsample with no data about the total catch. 

4- Total catch includes fish which could not be sexed. 

5- n/a = Data not available 
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Figure 3.1: The number of male (solid bar) and female (open bar) fish caught each year, 
expressed as a percentage of the total catch (male, n= 24262; female, n= 18873), for plaice 
caught in the inshore coastal waters of Eastern Anglesey and North West Wales during the 
October/November fishing surveys for the period 1970 - 2006. 
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33 Results 

3.3.1 Fishing effort 
The available data on the annual fishing effort during the Prince Madog autumn 
fisheries survey indicated that the annual survey consisted of 6.9 ± 2.2 days fishing 

with the number of days in a given year ranging from 3 to 13 days fishing (Table 3.1). 

Although fishing effort in terms of the number of days at sea were low in some years 
(e. g. n=3,1972,1982 and 1984) and high in others (e. g. > 10 in 1970 and 1975), 

when the data were grouped into 5 year intervals, (1970-1974,1975-1979 etc), there 

were no differences in the mean number of days fished in each 5 year interval 

(ANOVA, F6,23 = 0.55, p=0.76). The data were normally distributed (Z = 0.14, n= 

30, P=0.14) with equal variances between time periods (W6,23 = 1.24, P=0.32) 

allowing the use of ANOVA. 

When fishing effort is expressed in terms of the number of trawls conducted, 

the mean number of trawls conducted per year is 13.2 ± 6.8 trawls (range 5 to 41 

trawls) (Table 3.1). Although fishing effort in terms of the number of trawls were low 

in some years (e. g. <7 in 1972,1982 and 1984) and high in others (e. g. n= 41 in 

1970 and n= 27 in 1975), when the data were grouped into 5 year intervals, (1970- 

1974,1975-1979 etc), there were no differences in the number of trawls conducted in 

each 5 year interval (ANOVA, F6,23 = 0.80, P=0.58). The data were normally 

distributed (Z = 0.12, n= 30, P>0.20) with equal variances between time periods 

(W6,23 = 1.56, P=0.20) allowing the use of ANOVA. 

The average trawl time for the 1970-2006 was 59: h 14 minutes, however, it 

must be pointed out that the trawl times ranged from 19 minutes to 110 minutes 

(Figure 3.3). Most trawls (80%) were between 40 and 70 minutes duration although 

6.7% of trawls were shorter than 40 minutes and 12.4% greater than 70 minutes in 

duration When the trawl duration data were grouped into 5 year intervals, (1970-1974, 

1975-1979 etc), the data were not normally distributed (Z = 0.12, n= 343, P<0.001) 

and did not have equal variances between groups (W6,336 = 2.66, P=0.02). The lack 

of normality is probably a function of the large sample size since the percentage 

frequency plot indicates a normal distribution (Figure 3.3). Analysis of the trawl time 

data for the different time periods using a Kruskal Wallis test indicated a significant 

difference in trawl duration between time intervals (f = 26.68,6 df, P<0.001). 

When pairwise comparisons of the time periods were conducted using a Wilcoxon 
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Signed Rank test, the overall pattern was for the median trawl times in 1985-1989 and 
1990-1994 to be significantly lower compared to the other 5 year time periods (Table 

3.2). This is most likely due to the percentage of trawls of less than 40 minutes 
duration conducted during these two time periods and the percentage of trawls of 

more than 70 minutes duration conducted during the other time periods (Table 3.2). 

Therefore, in order to allow data to be compared over time, abundance data for each 

trawl in the 1970-2006 fishing survey were expressed as numbers of fish per hour to 

standardise for the differences in trawl time. 

40 

35 

30 

25 
it 

20 

15 

10 

5 

0 

Trawl time (minutes) 

Figure 3.3. The percentage-frequency distribution of trawl times in the 1970-2006 RV 
Prince Madog autumn fishing survey data. Trawls times have been grouped in 10 
minute intervals (n=38 1). 

3.3.2 Abundance 

The average number of plaice caught per hour of trawling for the years 1970-2006 are 

shown in Figure 3.4a The average catch over the 1970-2006 time period was 124.5 

plaice hour', however, there was considerable inter-annual variation in relative 

148 

<20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101-110 



Table 3.2. (a) Data on the duration (minutes) of trawls in the autumn fisheries surveys 
conducted by the RV Prince Madog in 5 year intervals for the period 1970-2006. 
Trawl durations are expressed as Median ± Interquartile range. (b) Significance values 
for the post-hoc comparisons of trawl duration using the Wilcoxon Signed Rank test 
(significant differences at the 5% level are highlighted in bold and trends 0.10<P<0.05 

are underlined). 
a) 

Time period 

(years) 

Trawl time 

(minutes) 

Range 

(minutes) 

n n- 40 

minutes 

n- 70 

minutes 

1970-1974 70 t 15 20 - 85 39 2 7 

1975-1979 60 f5 38 -110 70 1 8 

1980-1984 60 t 15 49 -87 29 0 1 

1985-1989 57 t 12 20 - 105 63 8 1 

1990-1994 46 f 15 24 - 82 59 6 4 

1995-1999 60 f 15 19 -110 37 3 12 

2000-2006 62 t 13 28 -89 84 4 10 

b) 
1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.664 

1980-1984 0.717 0.733 

1985-1989 0.025 0.001 0.007 

1990-1994 0.005 0.041 0.002 
WWI 

'FIIT 
1995-1999 0.005 0.981 0.443 0.012 0.019 

2000-2006 0.059 0.201 0.587 0.187 0.282 0.132 
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abundance ranging from 722 plaice houf 1 in 1983 to 12.8 plaice hour 1 in 1992 

(Figure 3.4a). These data were not normally distributed (Z = 0.20, n= 30, P=0.005) 

and did not have equal variances between groups (W6,23 = 6.92, P<0.001). Analysis 

of the abundance data for the different time periods using a Kruskal Wallis test 

indicated no significant differences between time intervals although a trend was 

evident (= 12.09,6 df, P=0.06). In order to normalise the data, a Logio 

transformation was applied to the data (Z = 0.04, n= 31, P>0.20) and the Logio 

relative abundance data are shown in Figure 3.4b. There was a trend for Logio relative 

abundance to decline over time, but this was not significant at the 5% level (r8 =- 

0.321, n= 30, P=0.08). However, a cyclical trend in abundance was apparent with 

peaks in abundance occurring in the mid 1980s and mid 2000s and corresponding low 

levels of abundance in the mid 1970s and mid 1990s (Figure 3.4b, Table 3.3). In order 

to illustrate this, a 6`h order polynomial curve has been superimposed on the data in 

Figure 3.4b. The data for the 5 year time periods are shown in Table 3.3 and Figure 

3.5. 

Table 3.3. Relative abundance data [plaice caught hour 1 and Logio(plaice caught 
houf 1)], grouped in 5 year intervals, for the trawls during the autumn fisheries surveys 
conducted by the RV Prince Madog for the period 1970-2006. Data are presented as 
median values f interquartile range for number of plaice caught hour 1 and mean 
values f SD for the log-transformed data. 

Time period 
(years) 

Plaice hour-' Range Loglo(plaice hour) Range 

1970-1974 161.5 t 65 97.9-163.3 2.14 f 0.13 1.99-2.21 

1975-1979 184.9±213 66.9-343.2 2.25 ± 0.28 1.83-2.54 

1980-1984 514.4 f 651.2 70.5-721.7 2.47 ± 0.55 1.85-2.86 

1985-1989 91.0 f 183.5 38.7-247.3 2.00 ± 0.35 1.59-2.39 

1990-1994 28.1 f 53.7 12.8-76.1 1.45 ± 0.36 1.11-1.88 

1995-1999 60.2±52 49.0-101.0 1.82±0.16 1.69-2.00 

2000-2006 157.7 ± 106.9 63.1 -244.8 2.094: 0.23 1.80-2.39 
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Figure 3.4. (a) Relative abundance of plaice caught during the RV Prince Madog 
autumn fisheries surveys between 1970 and 2006. (a) The annual average number 
caught hour 1 for the period 1972-2006. The overall average for 1972-2006 (125 fish 
hour 1, excluding the data for 1983 & 1984) is indicated by the dotted line. (b) Logio 
(average number caught hour') for the period 1972-2006. A 6`h order polynomial 
curve is shown for illustrative purposes to highlight the apparent decadal cycle in 
abundance. 
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Figure 3.5. (a) Relative abundance of plaice caught during the RV Prince Madog 
autumn fisheries surveys between 1970 and 2006. (a) The annual average number 
caught hour-1 per 5 year time period (1970-1974,1975-1979 etc). (b) Logio (average 
number caught houf 1) per 5 year time period (1970-1974,1975-1979 etc). Data are 
presented as mean values ± SD. 
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3.3.2 Size and Age structure 1970-2006 

The results presented in Chapter 2 (Stock assessment chapter) have shown that the current 

size range of plaice caught in the inshore waters of Eastern Anglesey and Northwest Wales in 

October 2004/2005 using a rockhopper otter trawl (76 mm cod end mesh size) ranged 

between 7.7 and 37.1 an TL for male fish and 7.5 and 54.8 cm TL for female fish 

respectively. The average size for male and female fish during the current survey were 24.0 

and 29.1 cm TL respectively. The age range for male and female fish were 0.5 to 5.5 years 

old and 0.5 to 12.5 years old respectively with an average age of 2.6 years for male fish and 

3.1 years for female fish. In this section, the size/age structure of the stock over the period 

1970-2006 is examined to determine whether there have been any significant changes in the 

sizelage structure of plaice in the inshore waters of Eastern Anglesey and Northwest Wales in 

the autumnal fishing surveys during this time period. 

The length-frequency distributions for male and female plaice for the time period 

1970-2006 are presented in Figure 3.6. This figure summarises the available data. For some 

years, e. g. 1970,1978 and 1982, size data are only available for one sex (Table 3.1, Figure 

3.6). For some years, e. g. 1970,1992 and 1993, data are only available for the length- 

stratified subsamples (Table 3.1, Figure 3.6). Finally, data were missing for some years, e. g. 

1971,1980 and 1994-1996 (Table 3.1, Figure 3.6). However, sufficient data are available 

between 1970 and 2006 to examine trends in the data set to see if there have been any 

changes in the sizelage structure during this time period. The length-frequency distributions 

for male and female plaice in a given year are expressed as a percentage of the number of 

male or female plaice caught in the autumn surveys in that year in order to standardise for 

differences in sample size between years. A number of consistent trends are evident in the 

data set. Firstly, in most years (19/30,63.3%) there is a unimodal skewed size distribution for 

both male and female plaice with the majority of fish being found in the smaller size classes 

and a `tail' of a small number of larger-sized individuals (Figure 3.6). However in some years 

the size distributions of male or female fish appear unimodal/normally distributed (e. g. 1973, 

1981,1989,1991,1993; 16.7% occurrence) or bimodal (e. g. 1985,1988,1990,2001,2005; 

20% occurrence). There was considerable inter-annual variation in the number of fish caught 

between years (Table 3.1) and the size range of fish also between years. Figure 3.7 shows the 

minimum and maximum size (Total Length, cm) of male and female plaice caught for the 

years that data are available between 1970 and 2006. The minimum size caught varied 

between 5 and 20 cm TL for male plaice with a mean minimum size of 12.6 ± 3.2 cm TL. 
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Figure 3.7: (a) Maximum and minimum Total Lengths (cm) of female (solid circles) and 
male (open circles) plaice caught in the October fisheries surveys in the inshore waters of 
Eastern Anglesey and Northwest Wales between 1970 and 2006. (b) The size range, 
expressed as the ratio of maximum TL/Minimum TL for female (solid circles) and male 
(open circles) plaice caught in the October fisheries surveys in the inshore waters of Eastern 
Anglesey and Northwest Wales between 1970 and 2006. 
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For female plaice, the minimum size caught varied between 8 and 17 cm TL with a mean 

minimum size of 12.7 ± 2.4 cm TL. Overall, there was no difference in the average minimum 

size (TL) of male and female plaice caught during the 1970-2006 survey (t = 0.05,58 df, P= 

0.96). There was no correlation between time (survey year) and minimum size (TL) for either 

male (rs = -0.11, P=0.56) or female fish (r5 = -0.24, P=0.19). Thus, there has been no 

overall change in the minimum size of male or female fish caught during the 1970-2006 

survey. The maximum size of male plaice caught during the 1970-2006 survey varied 
between 32 and 42 cm TL with a mean maximum size of 36.6 ± 3.6 cm TL. For female 

plaice, the maximum size caught varied between 36 and 54.8 cm TL with a mean maximum 

size of 45.8 ± 3.8 cm TL. As expected, the average maximum size (TL) of female plaice was 

significantly larger than that of the male plaice caught during the 1970-2006 survey (t = 
11.08,59 df, P<0.0001). There was no correlation between time (survey year) and 

maximum size (TL) for male (r, = -0.01, P=0.66). There was a trend for the maximum size 
(TL) of female fish to decline over time (Figure 3.7a), however, this was not significant at the 

5% level (r3 = -0.35, P=0.053). Thus, there has been no significant change in the maximum 

size of male or female plaice caught during the 1970-2006 survey. In order to examine 

whether there has been any change in the size range of plaice caught in the survey, the 

maximum size was divided by the minimum size for the catch data for each year and these 

data are presented in Figure 3.7b. There was no correlation between time (survey year) and 

size range (Max TL/Min TI) for both male (rs = 0.08, P=0.69) and female plaice (rs = -0.18, 
P=0.34). Thus, there has been no significant change in the size range of male or female 

plaice caught during the 1970-2006 survey. 

The average TL values of male and female plaice for the years that data are available 

between 1970 and 2006 are presented in Figure 3.8. There was no correlation between time 

(survey year) and average size (TL) for either male (r3 = -0.10, p=0.56) or female fish (rs =- 

0.05, p=0.80) (Figure 3.8a). When the data were grouped in 5 year intervals (1970-1974, 

1975-1979 etc), the average TL values for both sexes were normally distributed (a, Z=0.10, 

n= 34, P>0.20; Y, Z=0.08, n= 34, P>0.20) with both data sets having equal variances 

between time periods (a', W6,27 = 0.98, P=0.46; 9, W6,27 = 0.60, P=0.73). There were no 

differences over time in the average size of male fish (ANOVA, F(6,27 = 1.71, P=0.16) or 

female fish (ANOVA, F(6,27) = 0.29, P=0.94). Since, the annual average TL values recorded 

may be dependent on the degree of fishing effort in any year and also subject to random 

biological variation, average annual TL was also calculated as a three year moving average 

(average for any given year calculated from the value for that year plus the year before and 
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Figure 3.8: Average Total Lengths (cm) of female (solid circles) and male (open circles) 
plaice caught in the October fisheries surveys in the inshore waters of Eastern Anglesey and 
Northwest Wales between 1970 and 2006. (a) raw data for each year. (b) Three year moving 
average where the annual average value for a given year is calculated as the average of the 
TL values for any given year plus the values for the year before and the year after. 
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the year after) in order to reduce the inter-annual variability and to `smooth out' any long- 

term trends in the data set Analysis of this `smoothed' data set also indicated that there was 

no correlation between time (survey year) and average size (TL) female fish (r, = 0.13, n= 36 

P=0.45), however, average TL showed a significant decrease over time for male plaice (r3 

= -0.37, n= 36, P=0.03) (Figure 3.8a). When the smoothed average TL data were 

grouped together into 5 year intervals (1970-1974,1975-1979 etc), the data for both sexes 

were normally distributed (a, Z= 0.13, n= 36, P=0.11; Y, Z= 0.12, n= 36, P>0.20) with 
both data sets having equal variances between time periods (ö', W6,29 = 1.59, P=0.18; 9, 

W6,2= 1.67, P=0.16). There was a significant difference in the smoothed average TL 

between the time intervals for male plaice (ANOVA, F(6,29) = 8.31, P<0.001) but not for 

female plaice (ANOVA, F(6,29) = 1.49, P=0.22) (Table 3.4). Pairwise comparisons of the 

smoothed average TL for male plaice for each time interval (Table 3.4) showed that male 

plaice in 1980-1984 were larger than those caught in the early 1970s or from 1990 onwards 
(Table 3.4). Thus, the results indicate that although there has been no change in the average 
TL of female plaice between 1970-2006, there has been a significant decline in the average 
TL of male plaice during the same time period. 

The modal TL values of male and female plaice, i. e. the most abundant length class 
(Figure 3.6), for the years that data are available between 1970 and 2006 are presented in 

Figure 3.9. There was no correlation between time (survey year) and modal size (TL) for 

female (r, = 0.174, p=0.35), but a negative trend was reported for male fish (r, = -0.309, P= 

0.10) (Figure 3.9a). When the data were grouped in 5 year intervals (1970-1974,1975-1979 

etc), the modal TL values for both sexes were not normally distributed (6, Z=0.17, n= 30, 

P=0.03; Y, Z=0.22, n= 31, P=0.001) but both data sets had equal variances between time 

periods ((3, W6,23 = 1.15, P=0.37; Y, W6,24 = 1.85, P=0.13) allowing the use of ANOVA. 

There were no differences over time in the average modal sizes of male fish (ANOVA, F(6,23 

=1.44, P=0.24) or female fish (ANOVA, F(6,24) = 1.40, P=0.26) in each of the 5 year time 

intervals. Because of the `noisiness' of the annual modal TL values (Figure 3.9a), a three year 

moving average (average for any given year calculated from the value for that year plus the 

year before and the year after) was calculated for modal size in order to reduce the inter- 

annual variability and to `smooth out' any long-term trends in the data set. Analysis of this 

`smoothed' data set also indicated that there was no correlation between time (survey year) 

and modal size (TL) for female fish (r, = 0.22, P=0.19), however, modal size (TL) decreased 

over time for male plaice (r, = -0.47, P=0.005) (Figure 3.9b). When the smoothed average 

modal TL data were grouped together into 5 year intervals (1970-1974,1975-1979 etc), 
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Table 3.4. (a) smoothed average TL (cm) for male and female plaice caught in the autumn 
fisheries surveys conducted by the RV Prince Madog in 5 year intervals for the period 1970- 

2006. Data are presented as mean values ± SD. Smoothed average values calculated as a 

three year running average. (b) Significance values for the post-hoc comparisons of smoothed 

average TL using Scheffe's multiple comparison test (significant differences at the 5% level 

are highlighted in bold). 

a) 

Time period Male Female 

(years) Smoothed Smoothed 

average TL average TL 

1970-1974 24.1 ± 1.3 31.7 ± 1.6 

1975-1979 25.5 ± 0.8 30.8 ± 1.2 

1980-1984 27.7 ± 1.8 31.5 ± 2.2 

1985-1989 25.4 ± 0.7 33.1 ± 1.3 

1990-1994 24.0 ± 0.9 30.4 ± 1.8 

1995-1999 23.2±0.8 32.3±0.7 

2000-2006 24.2 ± 1.3 31.8 ± 2.1 

b) 

1970-1974 

1975-1979 

1980-1984 

1985-1989 

1990-1994 

1995-1999 

2000-2006 

/Y/U-/Y/-i IY/J-! Y/Y I YOU-I YOY IIran Ivýv-ý- . -I .,,, 

0.77 

0.008 

0.81 

1.00 

0.97 

1.00 

0.19 

1.00 

0.67 

0.18 

0.78 

0.17 

0.03 

0.0001 

0.003 

0.71 

0.21 

0.82 

0.98 

1.00 0.87 
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the data for both sexes were normally distributed (5, Z=0.09, n= 36, P>0.20; Z=0.13, 

n= 36, P=0.17) but with unequal variances between time periods (5, W6,28 = 3.41, P= 
0.012; Y, W6,29 = 4.36, P=0.003) precluding the use of ANOVA. Analysis of the smoothed 
modal size data for the different time periods using a Kruskal Wallis test indicated a 
significant difference between time periods intervals for both male plaice (x2 = 17.53,6 df, P 

= 0.008) and female plaice (j = 19.71,6 df, P=0.003). When pairwise comparisons of the 

time periods were conducted using a Wilcoxon Signed Rank test, the overall pattern was for 

the smoothed modal sizes of the male fish in 1995-1999 to be smaller compared to the other 5 

year time periods and for female fish in 1990-1994 to be larger compared to the other 5 year 

time periods (Table 3.5). Thus, the results indicate that although there have been no 

consistent changes in the modal TL of male plaice between 1970-2006, there has been a trend 

for the modal TL of male plaice to decrease during the same time period (Figure 3.10). 

The preceding data analyses has examined whether there have been any changes in 

size over time in terms of maximum/minimum TL and in average/modal TL but have not 

examined whether there has been any change in the size composition of the catch over time. 

Therefore, the data were grouped into 5 year intervals as before, and the percentage of fish in 

the following size classes determined: <14,15-19,20-24,25-29,30-34,35-39 and >40 cm 

TL. The percentage frequencies in each of the 6 size classes for each 5 year interval were 

calculated for male, female and combined data and are presented in Figure 3.11. For male 

plaice, the most abundant size class was the 20 - 24 cm TL class with an average of 47% 

(range 33-54%) found in this size class. For most 5 year time periods this was the most 

abundant size class, except 1995-1999 where the 15-19 cm size class was most abundant 

(53%) (Figure 3.11). In all 5 year time periods, the majority of male plaice (average 94%, 

range 91-98%) comprised of plaice between 15 and 29 cm in size with fish >30 cm TL rarely 

being caught. For female plaice, the most abundant size class was also the 24 - 29 cm TL 

class with an average of 36% (range 21-55%) found in this size class. However, the second 

most abundant size class was the 25-29 cm TL size class with an average of 21% (range 18- 

25%). In all 5 year time periods, the majority of female plaice (average 84%, range 72-91%) 

comprised of plaice between 15 and 29 cm in size, however, a greater proportion of fish >30 

cm TL (average 14%, range 8-23%) were caught compared to male plaice (Figure 3.11). 
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Figure 3.9: Modal Total Lengths (cm) of female (solid circles) and male (open circles) plaice 
caught in the October fisheries surveys in the inshore waters of Eastern Anglesey and 
Northwest Wales between 1970 and 2006. (a) raw data for each year. (b) Three year moving 
average where the annual average value for a given year is calculated as the average of the 
TL values for any given year plus the values for the year before and the year after. 
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Table 3.5: (a) Smoothed modal TL (cm) for male and female plaice caught in the autumn 
fisheries surveys conducted by the RV Prince Madog in 5 year intervals for the period 1970- 
2006. Data are presented as median values f interquartile. Smoothed values calculated as a 
three year running average. (b) & (c) Significance values for the post-hoc comparisons of 
smoothed modal TL for (b) male and (c) female plaice using the Wilcoxon Signed Rank test 
(significant differences at the 5% level are highlighted in bold and trends, 0.10<p<0.05, are 
underlined). 

a) 
Time period 

(years) 

Male 

Smoothed 

modal 7I. 

Female 

Smoothed 

modal M 

1970-1974 23.0 ± 0.7 23.2: L 1.2 

1975-1979 22.5 ± 1.5 20.5 ± 0.4 

1980-1984 22.8 ± 2.0 24.5 ± 3.1 

1985-1989 21.1 ± 2.6 22.1 ± 3.1 

1990-1994 23.6 ± 1.7 27.3 ± 0.8 

1995-1999 19.3 f 0.5 24.2 ± 1.8 

2000-2006 20.7 ± 0.7 22.7 ± 1.4 

b) 

1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.144 

1980-1984 0.715 0.686 

1985-1989 0.068 0.144 0.416 

1990-1994 0.285 0.465 0.080 0.225 

1995-1999 0.068 0.068 0.068 0.414 0.068 

2000-2006 0.068 0.104 0.138 0.893 0.042 0.068 

C) 

1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.043 

1980-1984 0.500 0.043 ..,.......... 
1985-1989 0.345 0.345 0.498 

1990-1994 0.043 0.043 0.225 0.042 

1995-1999 0.102 0.068 0.715 0.144 0.066 

2000-2006 0.225 0.043 0.225 0.893 0.043 0.068 
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Figure 3.10: Modal Total Lengths (cm), calculated as a three year moving average) of female 
(solid circles) and male (open circles) plaice caught in the October fisheries surveys in the 
inshore waters of Eastern Anglesey and Northwest Wales between 1970 and 2006. Data are 
presented as median ± interquartile values for 5 year time periods (1970-1974,1975-1979 
etc). 

The temporal changes in the proportion of fish in each size class are presented for 

male, female and male/female plaice combined in Figure 3.12. This plot illustrates whether 

the same patterns in the size composition of the catch are observed between the seven time 

periods. For male plaice, most 5 year time periods show the same pattern of size distribution, 

with a peak in the 20-24 cm TL size class, although the actual peak value in this size class 

varies between time periods. The exceptions are 1985-1989 and 1995-1999 where the peak 

abundance is observed in the 15-19 cm size class (Figure 3.12a). For female plaice, the same 

pattern of size distribution is observed in each time period with peak abundance seen in the 

20-24 cm TL size class (Figure 3.12b). However, a greater proportion of female fish can be 

consistently found in the larger size classes (> 30 cm TL) compared to male plaice. When the 

data are combined, the patterns observed mirror those observed in the male and female plaice, 

i. e. the influence of the large numbers of 15-19 cm TL male plaice caught in 1985-1989 and 

1994-1995, and the larger numbers of large female plaice can be seen in the size-distribution 

plots (Figure 3.12c). 
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Figure 3.11: Percentage frequencies of plaice in different size classes (TL, cm) caught in the 
autumn fisheries surveys conducted in the inshore waters of Eastern Anglesey and Northwest 
Wales between 1970 and 2006. Data are presented for (a) male, (b) female and (c) male and 
female combined for 5 year time intervals. 
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Figure 3.12: Proportion of plaice in different size classes (TL, cm) for 5 year time intervals 
(1970-1974,1975-1979, etc) caught in the autumn fisheries surveys conducted in the inshore 
waters of Eastern Anglesey and Northwest Wales between 1970 and 2006. Data are presented 
for (a) male, (b) female and (c) male and female combined for the different size classes. 
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The age-frequency distributions of male and female plaice for the 36 year time period, 
1970-2006, are shown in Figure 3.13. Data were available for both male and female 

plaice in most years except 1971,1980 and 1992, when no data are available for 

either sex of plaice, 1970 and 1978 when only female data were available and 1982 

when only male data were available (Table 3.1, Figure 3.13). Due to sample sizes 

varying from year to year, age-frequency distributions of male and female plaice have 

been standardised by expressing them as the percentage of the total number of male or 
female plaice in a given year (Figure 3.13). The majority of the age-frequency 
distributions appear negatively skewed with a high percentage of 1.5 to 3.5 year old 
fish, although the age distributions in 2005 and 2006 appears to be normally 
distributed. Most of the age-frequency distributions for male plaice between 1970- 

2006 are biased towards the younger age classes (Figure 3.13). The age-frequency 
distributions of female plaice between 1970-2006 also show a predominance of 

younger age classes but also exhibit more of a skew to the right with the presence of 

smaller numbers of older fish in the age distribution (Figure 3.13). Overall, the age 

range in the data set is between 0.5 to 14.5 years old, although as previously 

mentioned, the greatest number of plaice are concentrated in the 1.5 to 3.5 age classes. 
Figure 3.13 clearly illustrates differences in the age ranges between male and female 

plaice in most years. For both sexes, the minimum age caught in the net varies 

between 0.5 and 1.5 years old. For male plaice, the minimum age caught in October 

was 0.5 years old on 18 occasions and 1.5 years old on 13 occasions. The minimum 

male age recorded in 1991,3.5 years old (Figure 3.13), is probably erroneous due to 

mistakes in ageing. For female plaice, the minimum age caught in October was 0.5 

years old on 20 occasions, 1.5 years old on 9 occasions and 2.5 years old on 4 

occasions (Figure 3.13). The minimum age data were not normally distributed for 

either sex (a', Z=0.34, n= 31, P<0.001; Y, Z=0.39, n= 31, P<0.001). The 

median minimum ages for male and female plaice were both dominated by the 0.5 

year old age class. Median minimum ages for male and female plaice were similar 

(Mann Whitney U= 524.5, P=0.96) with a median value of 1±0.5 (interquartile 

range) for both sexes. However, there was a significant negative correlation between 

minimum age and time over 36 years for both male and female plaice (male, r3 = 

-0.427, P=0.015; female, r3 = -0.516, P=0.002) indicating that the minimum age of 

plaice caught in the autumn surveys had decreased between 1970 and 2006 (Figure 

3.14). The maximum age of male plaice varied from year to year and ranged between 
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Figure 3.13: Percentage age-frequency distributions of male (solid bar) and female (open bar) 
plaice caught in the coastal inshore waters of E. Anglesey and N. W. Wales in October/ 
November between 1970 and 2006. 
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3.5 and 10.5 years old (Figure 3.14) with a median maximum age of 5.5 (Interquartile 

range = 2.75) years old. The maximum age of female plaice varied from year to year 

and ranged between 5.5 and 15.5 years old (Figure 3.14) with a median maximum age 

of 8.5 (IQ = 4.00) years old. The maximum age data were not normally distributed for 

either sex (a, Z=0.19, n= 31, P=0.008; ?, Z=0.16, n= 31, P=0.032). The 

median maximum ages of male and female fish were significantly different (Mann 

Whitney U= 163.5, P<0.001). 

There was a significant negative correlation between maximum age (years old) 

and time (survey year) for female plaice (rs = -0.393, P=0.02) indicating that the 

maximum age of female plaice caught in the autumn surveys had decreased between 

1970 and 2006, however, no such correlation was found for male plaice (r8 =-0.228, 
P=0.21) (Figure 3.14a). Since, the age data obtained may be dependent on the 

degree of fishing effort in any year and also subject to random biological variation, 

average annual minimum/maximum ages were also calculated as a three year moving 

average (average age for any given year calculated from the value for that year plus 

the year before and the year after) in order to reduce the inter-annual variability and to 

`smooth out' any long-term trends in the data set Although this analysis produces 

annual age values that are not `X5/X' years old, i. e. continuous rather than interval 

data, it allows some of the `noise' in the data set to be `smoothed out'. Analysis of 

this `smoothed' data set indicated that there were significant negative correlations 

between time (calendar year) and age (years old) for male fish and female fish for 

both minimum age (a', rs = -0.431, P=0.010; ý, rs = -0.594, P<0.001) and 

maximum age (dmale, r, = -0.390, P=0.021; Y, rs = -0.608, P<0.001) (Figure 

3.14b). When the smoothed minimum age data were grouped together into 5 year 

intervals (1970-1974,1975-1979 etc) for male and female plaice, data were not 

normally distributed (a, Z=0.24, n= 36, P<0.001; Y, Z= 0.21, n= 36, P<0.001) 

and had unequal variances between time periods (5, W6228 = 3.32, P=0.013; Y, W6,30 

= 3.68, P=0.007) precluding the use of ANOVA. Analysis of the smoothed 

minimum age data for the different time periods using a Kruskal Wallis test indicated 

a significant difference between time intervals for both males (= 21.77,6 df, P= 

0.001) and females (j = 28.91,6 df, P<0.001). For male, when pairwise 

comparisons of the time periods were conducted using a Wilcoxon Signed Rank test 

the overall pattern was for the smoothed minimum ages in 1990-1994 to be 

significantly older compared to the other 6 year time periods (Table 3.6). For female, 
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the overall pattern of causing significance that the 1970-1974 was older in minimum 

ages and 1995-1999 was smaller compared to the other time periods. When the 

smoothed maximum age data were grouped in 5 year intervals (1970-1974,1975- 

1979 etc) for male and female plaice, the data for both sexes were not normally 
distributed (5, Z=0.26, n= 36, P<0.001; Z=0.15, n= 36, P=0.04) but 

exhibited equal variances between time periods (a, W6,28 = 2.37, P=0.06; Y, W6,3o = 
2.36, P=0.06). However, since the Levene's tests for male and female plaice were 
both almost significant it was decided that the nonparametric Kruskal Wallis test was 

a more appropriate test to compare between time periods. There were significant 
differences between the smoothed maximum age values for each time interval for 

both male (= 20.27,6 df, P<0.001) and female plaice ()? = 17.98,6 df, P=0.006) 

(Table 3.7). Pairwise comparisons of the smoothed maximum age values for male and 
female plaice for each time interval are presented in Table 3.7. This analysis showed 

that the maximum ages of male plaice in 1975-1979 were significantly older 

compared to the 5 year time periods from 1980-1984 to 2000-2006. For female plaice, 

the maximum ages in the 1970s were generally older than the time periods from 1985- 

1989 onwards. In addition, the smoothed maximum age of female plaice in 2000-2006 

tended to be younger than female fish in the other time periods (Table 3.7). 

The average ages of male and female plaice caught during the autumn 

fisheries surveys between 1970-2006 are shown in Figure 3.15. There was a 

significant negative correlation between average age and time for female plaice (r8 = 

-0.379, P=0.03) indicating that the average age of female plaice caught in the 

autumn surveys had decreased between 1970 and 2006, however, no such correlation 

was found for male plaice (r, = -0.158, P=0.39) (Figure 3.15a). After grouping the 

data into 5 year intervals (1970-1974,1975-1979, etc) (Figure 3.16), the data were 

normally distributed for female (y, Z=0.10, n= 34, P>0.20) but not for male plaice 

(5, Z=0.26, n= 32, P<0.001) and with equal variance for both sexes (5', W6,25 = 

1.15, P=0.36; W6,, = 2.10, P=0.09). Thus, ANOVA was used for both data sets 

to compare the average age in each time period (Table 3.8). ANOVA analysis 

indicated no differences in the average age over time for male plaice (F(6,25) = 1.05, P 

= 0.42) but there were significant change in the average age of female plaice over 

time (F(6,27) = 3.40, P=0.012). Pairwise comparisons of the average age values using 

Scheffe's test indicated few differences between time periods, with the average age of 
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female age in 1970-1974 significantly older than 1985-1989 and tending to be older 

than 1995-1999 and 2000-2006 (Table 3.8b). 
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Table 3.6: (a) Smoothed minimum age (years) for male and female plaice caught in 
the autumn fisheries surveys conducted by the RV Prince Madog in 5 year intervals 
for the period 1970-2006. Data are presented as median values f interquartile range. 
Smoothed values are calculated as a three year running average. Significance values 
for the post-hoc comparisons of smoothed median age values for (b) male and (c) 
female plaice using Wilcoxon's Signed Rank test (significant differences at the 5% 
level are highlighted in bold and trends, i. e. 0.05<P<0.10, are underlined). 

a) 
Time period 

(years) 

1970-1974 

1975-1979 

1980-1984 

1985-1989 

1990-1994 

1995-1999 

2000-2006 

b) 

Male Female 

Smoothed minimum age Smoothed minimum age 

1.5±0 2.0±0.85 

1.5±0.75 1.2±0.45 

1.0±0.7 1.0±0.6 

0.5±0.3 0.8±0.15 

1.8±0.9 1.5±0.65 

0.8 f 0.15 0.5 f0 

0.7 f 0.3 0.7 ± 0.3 

1970-1974 1975-1979 1980-198-1 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 1.001) 

1980-1984 0.180 0.109 

1985-1989 0.083 0.131 0.144 

1990-1994 0.109 0.042 0.042 0.043 

1995-1999 0.102 0.136 0.273 0.157 0.043 

2000-2006 0.083 0.131 0.144 1.000 11.043 0.157 

C) 

1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.042 

1980-1984 0.042 0.336 

1985-1989 0.042 0.066 0.498 

1990-1994 0.221 0.068 0.066 0.039 
-- 

1995-1999 0.042 0.042 0.102 0.046 0.039 

2000-2006 0.042 0.066 0.109 0.157 0.042 0.157 
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Table IT (a) Smoothed maximum age (years) for male and female plaice caught in 
the autumn fisheries surveys conducted by the RV Prince Maclog in 5 year intervals 
for the period 1970-2006. Data are presented as median values t interquartile range. 
Smoothed values are calculated as a three year running average. Significance values 
for the post-hoc comparisons of smoothed median age values for (b) male and (c) 
female plaice using Wilcoxon's Signed Rank test (significant differences at the 5% 
level are highlighted in bold and trends, i. e. 0.05<P<0.10, are underlined). 

a) 

Time period 

(years) 

1970-1974 

1975-1979 

1980-1984 

1985-1989 

1990-1994 

1995-1999 

2000-2006 

b) 

Male Female 

Smoothed maximum age Smoothed maximum age 

7.2 f 2.3 12.2 f 2.0 

8.5±2.25 11.5+4.25 

5.8 f 1.0 9.0 f 3.65 

5.2±0.8 9.2 ± 2.35 

5.2+0.85 8.5± 1.6 

5.5 ± 0.65 8.5 ± 0.6 

5.5 ± 1.7 7.8 ± 2.6 

1970-197-1 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.109 

1980-1984 0.285 0.043 

1985-1989 0.285 0.043 0.1)39 

1990-1994 0.109 0.043 0.068 0.221 

1995-1999 0.109 0.043 0.109 0.588 0.357 

2000-2006 0.180 0.042 0.194 0.891 0.066 0.414 

c) 

1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 1.000 

1980-1984 0.104 0.345 

1985-1989 0.042 0.141 0.465 

1990-1994 0.043 0.043 0.225 0.176 

1995-1999 0.042 0.043 0.500 0.225 0.684 

2000-2006 0.043 0.042 0.068 0.066 0.279 0.078 
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Figure 3.15: Average age (years) of female (solid circle) and male (open circle) plaice 
caught in autumn fisheries surveys in the inshore waters of Eastern Anglesey and 
northwest Wales between 1970 and 2006. (a) Raw data for each year. (b) Three year 
moving average where the annual average value for a given year is calculated as the 
average of the age values for any given year plus the values for the year before and 
the year after. 
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Table 3.8: (a) Average age (years) for male and female plaice caught in the autumn 
fisheries surveys conducted by the RV Prince Madog in 5 year intervals for the period 
1970-2006. Data are presented as mean values ± SD. (b) Significance values for the 
post-hoc comparisons of average age values for female plaice using Scheffe's 
multiple comparison test (significant differences at the 5% level are highlighted in 
bold and trends, i. e. 0.05<P<0.10, are underlined). 

a) 

Time period 

(years) 

1970-1974 

1975-1979 

1980-1984 

1985-1989 

1990-1994 

1995-1999 

2000-2006 

b) 

Male 

Average age 

2.9+ 1.0 4.4±0.6 

2.6 f 0.6 3.1 + 0.9 

2.2 f 0.3 2.8 ± 0.6 

2.2±0.5 2.4±1.1 

2.5±0.7 3.0 ± 0.2 

1.9±0.2 2.6+0.4 

2.3 ± 0.8 2.8 f 0.7 

female 

Average age 

1970-1974 1975-1979 /980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.37 

1980-1984 0.18 I AX) 

1985-1989 0.03 0.89 1.00 

1990-1994 0.34 1.00 1.00 0.96 

1995-1999 0.07 0.97 1.00 1.00 0.99 

2000-2000 0.09 1.00 1.00 0.99 1.00 1.00 
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Since, the age data obtained may be dependent on the degree of fishing effort in any 

year and also subject to random biological variation, average ages for each year were 

also calculated as a three year moving average (average age for any given year 

calculated from the value for that year plus the year before and the year after) in order 
to reduce the inter-annual variability and to `smooth out' any long-term trends in the 

data set. After smoothing, there was a significant negative correlation between 

average age and time for female plaice (r5 = -0.400, P=0.016) and a trend in the data 

for male plaice (rr = -0.287, P=0.095). Thus, the results indicated that the average 

age of male and female plaice caught in the autumn surveys has tended to decrease 

between 1970 and 2006 (Figure 3.15b). In order to determine where the significant 
differences in average age occurred, the data set were grouped into 5 year intervals 

(1970-1974,1975-1979, etc) (Figure 3.17) for male and female plaice. For both sexes, 

the data were normally distributed (a, Z=0.15, n= 35, P =0.052; Y, Z=0.13, n= 36, 

P=0.13) but exhibited unequal variances between time periods (6, W6,28= 6.41, P< 

0.001; ?, W6,29 = 2.92, P=0.024) precluding the use of ANOVA. Analysis of the 

smoothed average age data for the different time periods using a Kruskal Wallis test 

indicated significant differences for both male and female plaice between time 

intervals (a', = 13.21,6 df, P=0.04; Y, )? = 19.00,6 df, P=0.004). When 

pairwise comparisons of the time periods were conducted using a Wilcoxon Signed 

Rank test, the average age of the male plaice in 1990-1994 was significantly older 

than in 1995-1999 and male plaice in 1985-1989 tended to be older than those in the 

1990s (Table 3.9b). For female plaice, the post hoc comparisons indicated that the 

average age of female plaice in 1970-1974 tended to be older than the other 5 year 

time periods, the average age in 1985-1989 was significantly greater than 2000-2006, 

and the average age in 1990-1994 tended to be greater than 1985-1989 and 1995-1999 

(Table 3.9c). 

The percentage data analyses have examined whether there have been any 

changes in age over time in terms of maximum/minimum/average age but have not 

examined whether there has been any change in the age structure of the catch over 

time. Therefore, the data were grouped into 5 year intervals as before, and the 

percentage of fish in the following age classes determined: 0-1,2,3 and _>4 years old. 

The percentage frequencies in each of the 4 age classes for each 5 year interval were 

calculated for male, female and combined data and are presented in Figure 3.18. 
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Figure 3.16: Average age (years) for female (solid circle) and male (open circle) 
plaice caught in the autumn fisheries surveys in the inshore waters of Eastern 
Anglesey and Northwest Wales between 1970 and 2006. Data are presented as mean 
values ± SD. for 5 year time periods (1970-1974,1975-1979 etc). 

4.5 

4.0 

3.5 
rn 
> 3.0 
0 
E 

2.5 
v 

2.0 

ýa T 1.5 
d 

1.0 
d rn 

0.5 

0.0 

'Q'- 1 

1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 2000-2006 

5 Year time period 

Figure 3.17: Average age (years) for female (solid circle) and male (open circle) 
plaice caught in the autumn fisheries surveys in the inshore waters of Eastern 
Anglesey and Northwest Wales between 1970 and 2006. Data are presented as mean 
values t SD. Smoothed age values for each year were calculated as a three year 
running average and mean values are for 5 year time periods (1970-1974,1975-1979 
etc). 
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Table 3.9. (a) Smoothed average age (years) for male and female plaice caught n the 
autumn fisheries surveys conducted by the RV Prince Madog in 5 year intervals for 
the period 1970-2006. Data are presented as mean values ± SD. Smoothed values 
calculated as a three year running average. Significance values for the post-hoc 
comparisons of smoothed average TL for (b) male and (c) female plaice using 
Dunnet's multiple comparison test (significant differences at the 5% level are 
highlighted in bold and trends, i. e. 0.05<p<p. 10, are underlined). 

a) 
Time period Male Female 

(years) Smoothed average age Smoo thed average age 

1970-1974 2.9±0.3 4.1±0.2 

1975-1979 2.5 ± 0.8 3.3 ± 1.0 

1980-1984 2.2 ± 0.2 2.7 f 0.6 

1985-1989 2.2 ± 0.3 2.4+0.8 

1990-1994 2.6±0.5 3.0+0.3 

1995-1999 1.9±0.2 2.6±0.2 

2000-2006 2.2 ± 1.1 2.7 ± 0.8 

b) 

1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0129 

1980-1984 0.11 0.35 
1985-1989 0.11 0.23 0.47 
1990-1994 0.18 0.89 0.10 0.08 

1995-1999 0.11 0.08 0.07 0.07 0.043 

20(X)-2006 0.11 0.35 0.50 1.00 0.35 0.104 

C) 

1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.068 
1980-1984 0.068 0.14 
1985-1989 0.068 0.14 0.23 

1990-1994 0.068 0.35 0.23 0.08 

1995-1999 0.069 0.10 0.35 0.23 0.04 

2000-2006 0.068 0.23 0.50 0.114 0.14 0.49 
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Figure 3.18: Percentage frequencies of plaice in different age classes (years) caught in 
the autumn fisheries surveys conducted in the inshore waters of Eastern Anglesey and 
Northwest Wales between 1970 and 2006. Data are presented for (a) male, (b) female 
and (c) male and female combined for 5 year time intervals. 
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Figure 3.19: Proportion of plaice in different age classes (years) for 5 year time 
intervals (1970-1974,1975-1979 etc) caught in the autumn fisheries surveys 
conducted in the inshore waters of Eastern Anglesey and Northwest Wales between 
1970 and 2006. Data are presented for (a) male, (b) female and (c) male and female 
combined for the different size classes. 
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For male plaice, the most abundant age class was the 0-1 year old class with an 

average of 47% (range 39-72%) found in this age class. For most 5 year time periods 

this was the most abundant age class, except 1980-1980 and 1985-1989 where the 2 

year old age class was equally as abundant as the 0-1 year old age class (Figure 3.18). 

In all 5 year time periods, the majority of male plaice (average 79%, range 59-93%) 

comprised of plaice between 0 and 2 years old with fish >4 years old rarely being 

caught (average 5%, range 2-12%). For female plaice, the most abundant age class 

was the 2 year old age group with an average of 34% (range 26-47%) found in this 

age class. However, the second most abundant age class, the 0-1 year old age class, 

which comprised an average of 30% (range 13-41%). In all 5 year time periods, the 

majority of female plaice (average 84%, range 71-93%) comprised of plaice :53 years 

old. However, a greater proportion of female plaice 4 years or older (average 16%, 

range 7-29%) were caught compared to male plaice (Figure 3.18). 

The temporal changes in the proportion of fish in each age class are presented 

for male, female and malelfemale plaice combined in Figure 3.19. This plot illustrates 

that the same patterns in the age composition of the catch are observed between the 

seven time periods for male (Figure 3.19a) and female (Figure 3.19b) plaice and when 

the data for the two sexes are combined (Figure 3.19c). 
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3 . 3.4 Sex ratio 

The number of male and female fish caught each year in the autumnal fishing surveys 

and the sex ratios, expressed as the proportion of males in the population, are shown 
in Table 3.10. The number of male and female fish varied from year to year due to 

variable fishing effort and total catch, therefore, temporal changes in the sex ratio 

provides a more informative and comparative parameter to analyse. 

Table 3.10: The number of males and females, and the calculated sex ratio (expressed 
as the proportion of males in the sample) for male and female plaice caught in autumn 
survey conducted by RV Prince Madog in the coastal waters of eastern Anglesey and 
northwest Wales between 1972 and 2006. 

Year 
Number of 
Females 

Number 
of Males 

Total 
catch 

Sex ratio 

1972 267 678 945 0.72 
1973 699 1033 1732 0.60 
1975 1275 2731 4006 0.68 
1977 900 1090 1990 0.55 
1978 670 910 1580 0.58 
1979 1337 2229 3566 0.63 
1981 290 488 778 0.63 
1982 141 
1983 2295 2799 5094 0.55 
1984 904 1651 2555 0.65 
1985 1306 1781 3087 0.58 
1986 816 1500 2316 0.65 
1987 331 704 1035 0.68 
1988 245 345 590 0.58 
1989 211 133 344 0.39 
1990 264 264 528 0.50 
1991 450 473 923 0.51 
1992 62 122 184 0.66 
1993 87 72 159 0.45 
1997 238 189 427 0.44 
1998 308 586 894 0.66 
1999 538 348 886 0.39 
2000 962 1327 2289 0.58 
2001 628 557 1185 0.47 
2002 775 1167 1942 0.60 
2003 688 718 1406 0.51 
2004 739 525 1264 0.42 
2005 996 322 1318 0.24 
2006 728 497 1225 0.41 
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The sex ratio in the annual fishing surveys varied between 0.24 and 0.72 (Table 3.10) 

with an average value of 0.55 f 0.09 for the time period 1972-2006. Figure 3.20a 

indicates that there is a significant negative correlation between sex ratio and time 
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Figure 3.20: Sex ratios, expressed as the proportion of males in a sample, for the time 
period 1972-2006 for plaice caught in coastal waters of eastern Anglesey and 
northwest Wales. Sex ratio data are presented as (a) raw data and (b) 3 year smoothed 
averages. The horizontal totted line on each plot represents a 50: 50 sex ratio for 
males: females. 
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(r5 = -0.552. n= 29, P=0.003) indicating that there has been a decrease in the 

proportion of male plaice caught in the inshore waters of eastern Anglesey and 

northwest Wales in autumn over time. Figure 3.20b presents the sex ratio data 

calculated as a three year moving average (average for any given year calculated from 

the value for that year plus the year before and the year after) which reduces the inter- 

annual variability and `smooths out' any long-term trends in the data set. Following 

smoothing, the correlation between sex ratio and time was stronger (r3 = -0.776, n= 
29, P<0.001). In order to examine where the differences in sex ratio occurred in the 

time series data set, the data were grouped into 5 year intervals (1970-1974,1975- 

1979 etc) and the data arcsine transformed to normalise the data, since proportional 
data between 0 and 1 are not normally distributed. The arcsine transformed sex ratio 
data were normally distributed (raw data, Z= 0.08. n= 29, P>0.20; smoothed data, Z 

= 0.11, n= 34, P>0.20) and with equal variance (raw data, W6,22 = 0.51, P=0.80; 

smoothed data, W6, r, = 0.43, P=0.65). Given, the inter-annual variability in the raw 
data (Figure 3.21a, Table 3.11a), there were no differences in the sex ratios for the 

different time periods when the raw data is analysed (F(6,28) = 1.38, P=0.27). 

However, when the smoothed data is analysed (Figure 3.21b, Table 3.11a), a 

significant difference in sex ratio between the seven 5-year time periods was found 

(F(6,33) = 7.56, P<0.001). Pairwise comparisons of the smoothed sex ratio values for 

each 5-year time interval are presented in Table 3.1 lb. This analysis showed that the 

average sex ratio for 1970-74 tended to be larger (i. e. there were a greater proportion 

of males in the catches) than the sex ratios in the 1990s and was significantly greater 

than the average sex ratio for the time period 2000-2006. The average sex ratio for 

2000-2006 was significantly lower (i. e. there were fewer males in the catches) than 

the sex ratios in the 1970s and early 1980s (Table 3.11b). Thus the results of the sex 

ratio analysis have shown that during the time period 1972-2006, there has been a 

decline in the number of males caught during the autumnal fishing surveys and there 

has been a switch from more males present in the catches (i. e. sex ratios ca. 0.6) to an 

equal sex ratio (i. e. ca. 0.5). 
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Figure 3.21: Mean (± SD) sex ratios, expressed as the proportion of males in a sample, 
for 5 year time periods for plaice caught in coastal waters of E. Anglesey and N. W. 
Wales. The five year average sex ratio values are presented for (a) raw data and (b) 
annual data calculated as 3 year smoothed averages. 
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Table 3.11: (a) Sex ratio data (expressed as the proportion of male fish) for plaice 
caught in the autumn fisheries surveys conducted by the RV Prince Madog in 5 year 
intervals for the period 1970-2006. Data are presented as mean values + SD for the 5 
year time periods calculated from the raw data and from the smoothed average values 
calculated as a three year running average. (b) Significance values for the post-hoc 
comparisons of smoothed average sex ratio values using Scheffe"s multiple 
comparison test (significant differences at the 5% level are highlighted in bold and 
trends, i. e. 0.05<P<0.10, are underlined). 

a) 

Time period 

(years) 

Sex ratio 

(raw data) 

Sex ratio 

(Smoothed data) 

1970-1974 0.62 ± 0.07 0.63 ± 0.02 

1975-1979 0.61 ± 0.06 0.59 ± 0.02 

1980-1984 0.61 ± 0.05 0.61 ± 0.02 

1985-1989 0.58±0.11 0.59±0.06 

1990-1994 0.53 ± 0.09 0.52 ± 0.05 

1995-1999 0.51 ± 0.13 0.52 ± 0.05 

2000-2006 0.50 ± 0.07 0.50 ± 0.04 

b) 
1970-1974 1975-1979 1980-1984 1985-1989 1985-1989 1995-1999 

1970-1974 

1975-1979 0.96 

1980-1984 0.99 1.00 

1985-1989 0.91 1.00 1.00 

1990-1994 0.053 0.22 0.11 0.31 

1995-1999 0.098 0.36 0.20 0.47 1.00 

2000-2006 0.009 0.04 0.02 0.07 1.00 0.99 
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3.3.5 Length at age and Growth parameters 

In this section the Von Bertalanffy growth (VBG) parameters - theoretical 

maximum length, L,,, (cm), and growth rate (k, year )- for male and female plaice 
have been collated from the autumn fisheries surveys (1970 - 2006) (Table 3.12). 

Data were obtained from 4 sources - the raw data appendices in Seyhan (1990) and 
Chuenpagdee (1990), unpublished data from the autumn fisheries surveys archived by 

Dr David Grove (1990-2000) and Dr Ian McCarthy (2001-2004) and from the results 

presented in Chapter 2 (2005-2006). Where possible, the VBG coefficients were 

recalculated by utilising the raw size-at-age data to fit the VBG model using the non- 
linear regression function in SPSS (Ver. 12.0). For the time-series analyses, data were 

not available for male plaice for 1971 and 1980 and for female plaice for 1971,1980 

and 1982 (Table 3.12). 

The L. (total length) values for male and female plaice for the time period 
1970-2006 are presented in Figure 3.22a. Male plaice L. values ranged between 27.2 

and 50.8 cm with an overall average of 35.3 ± 6.1 cm TL while female L. values 

ranged between 35.9 and 51.7 cm and attained an average of 44.9 ± 3.8 cm. The L. 

data were both normally distributed for males and females (5, Z=0.12, n= 35, P= 

0.20; Y, Z=0.14, n= 34, P=0.08) but had unequal variance (5, W= 0.12, n= 35, P 

= 0.20; 9, W= 6.09, P=0.02) The average L. values of male and female plaice for 

the time period 1970-2006 were significantly different (t-test assuming unequal 

variance; t=7.98,59.5 df, P<0.001). Both male and female plaice showed 

significant, but contrasting, correlations between L. and time (survey year): for 

female plaice the correlation between L. and time was positive (r5 = 0.372, P=0.03) 

whilst for male plaice it was negative (r1= - 0.480, P=0.003). When the data were 

grouped in 5 year intervals (1970-1974,1975-1979 etc), the L,, values for both sexes 

were normally distributed ((3, Z=0.12, n= 35, P=0.20; Y, Z=0.14, n= 34, P= 

0.08) with both data sets having equal variances between time periods (a, W6,28 = 

1.64, P=0.18; 9, W6,27 = 0.51, P=0.79). There were no significant differences 

between the average L. values of female plaice (ANOVA, F(6,27) = 0.78, P=0.59) for 

each time interval but significant differences between the average L. values of male 

plaice (ANOVA, F(6,2s) = 7.06, P<0.001) (Table 3.13). Pairwise comparisons of the 

average L. values for male plaice for each time interval (Table 3.13) showed that the 
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Table 3.12: Coefficients for the von Bertalanffy curves for male and female plaice 
caught in the autumn fisheries surveys in the inshore waters of eastern Anglesey and 
North West Wales between 1970 and 2006. Data are presented for the theoretical 
maximum total length (L, cm), growth rate (k, year ) and theoretical age at zero 
length (to, year). 

Male Female 
Year L. k to Lý k to 
1970 37.8 0.277 -0.057 43.6 0.264 -0.228 
1972 33.1 0.361 -0.462 43.0 0.223 -0.568 
1973 29.7 0.517 -1.133 46.2 0.279 -1.237 
1974 36.3 0.27 -1.97 46.0 0.25 -1.2 
1975 35.9 0.171 -1.638 45.0 0.281 -0.897 
1976 36.3 0.27 -1.97 46.0 0.25 -1.2 
1977 31.3 0.609 -0.224 36.2 0.460 -0.753 
1978 35.4 0.322 -0.447 44.4 0.290 0.012 
1979 41.7 0.17 -2.085 44.5 0.262 -1.312 
1981 34.9 0.22 -2.466 40.4 0.338 -1.170 
1982 50.8 0.273 -0.773 
1983 38.8 0.301 -1.301 45.2 0.316 -0.641 
1984 46.9 0.152 -2.283 42.9 0.371 -1.049 
1985 45.8 0.171 -1.638 46.7 0.282 -0.415 
1986 37.4 0.414 -1.008 43.3 0.429 -0.622 
1987 44.3 0.231 -2 35.9 0.536 -0.028 
1988 42.3 0.304 -0.813 46.6 0.317 -0.968 
1989 43.0 0.219 -2.049 47.1 0.314 -0.769 
1990 33.7 0.717 -0.353 51.7 0.234 -1.224 
1991 33.5 0.436 -1.339 43.0 0.363 -1.215 
1992 34.7 0.595 -0.630 39.5 0.361 -1.634 
1993 28.2 0.49 -1.33 46.9 0.353 -0.548 
1994 33.3 0.728 0.408 46.1 0.19 -1.36 
1995 27.5 0.62 -1.21 49.1 0.21 -1.26 
1996 31.3 0.63 -0.13 39.0 0.51 0.09 

1997 35.8 0.357 -1.174 46.2 0.25 -0.998 
1998 27.2 0.53 -0.14 46.0 0.17 -1.64 
1999 30.8 0.6 -0.1 47.20 0.3 -0.45 
2000 31.2 0.42 -1.49 51.4 0.2 -1.67 
2001 27.8 0.57 -1.107 50.4 0.199 -1.44 
2002 40.8 0.337 -1.11 47.7 0.253 -1.19 
2003 33.7 0.429 -0.54 49.0 0.254 -0.621 
2004 30.1 0.903 -0.013 43.2 0.392 -0.315 
2005 28.5 0.51 -0.488 47.0 0.28 -0.416 
2006 27.6 0.47 -1.87 41.0 0.27 -1.72 
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values recorded during the 1980s (i. e. 1980-1984 and 1985-1989) were higher than 

those recorded post-1990 (i. e. 1990-1994.1995-1999 and 2000-2006). 

As in the previous analysis of length and age data, it is important to reduce the 
inter-annual variations by smoothing the curve by calculating 3 year moving average. 
Analysis of this smoothed data also indicated that there were highly significant 

correlations between L. values and time for both sexes, with L,,,, decreasing over time 
for males (rs = -0.521, n= 36, P=0.001) and increased for females (r: = 0.452, n= 36, 

P=0.006) (Figure 3.22b). When the data were grouped in 5 year intervals (1970- 

1974,1975-1979 etc) (Figure 3.23b), the L. values for both sexes were normally 
distributed (a', Z=0.134, n= 36, P=0.10; 9, Z=0.127, n= 36, P=0.15) with both 

data sets having equal variances between time periods (a', W6, » = 1.44, P=0.23; Y, 

W6,29 = 1.01, P=0.44). In contrast to the raw data, there was a significant effect of 
time interval on the `smoothed' average LW values of female plaice (ANOVA, F(6,29) = 
3.00, P=0.02) for each time interval. The male `smoothed' average L, values of male 

plaice also showed significant differences between time periods. (ANOVA, F(6,29) = 

28.03, P<0.001), table 3.14. Pairwise comparisons of the average L. values for 

female plaice for each time interval showed that the only difference was between 

1980-1984 and 2000-2006 with a P-value of 0.09. Therefore, it is likely that the 

ANOVA for the smoothed L,.,, values for female plaice is a Type I error and there are 

no differences between time periods. Pairwise comparisons of the average L. values 

for male plaice for each time interval (Table 3.14) showed that the values recorded 

during the 1980s (i. e. 1980-1984 and 1985-1989) were higher than those recorded 

during the 1970s, 1990s and 2000-2006. Thus, the results of this analysis have shown 

that the La, values for female plaice have tended to increase over the time period 1970- 

2006, this increase has not been significant and the long-term L. value for female 

plaice is ca. 45 cm TL. In contrast, the L. values for male plaice have shown a 

significant increase during the 1980s, but have since declined and the long-term L. 

value for male plaice is ca. 35 cm TL. 

The von Bertalanffy growth rate (k, year 1) values for male and female plaice 

for the time period 1970-2006 are presented in Figure 3.24a. Male plaice k values 

ranged between 0.152 and 0.903 year 1 with an overall average of 0.417 ± 0.186 year 1 

while female k values ranged between 0.170 and 0.536 year 1 and attained average of 

0.302 ± 0.088 year 1. The average k values of male and female plaice for the time 

period 1970-2006 were significantly different (t-test assuming unequal variance; t= 
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3.20,51.2 df, P=0.002). Male plaice showed significant positive correlation between 

k and time (rt = 0.531, P=0.001) whilst female plaice showed no correlation (rs =- 
0.126, P=0.48). 
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Figure 3.22: The theoretical maximum length L. (cm) values for female (solid circles) 
and male (open circles) plaice caught in the autumn fisheries surveys in the inshore 
waters of eastern Anglesey and north west Wales between 1970 and 2006. (a) raw 
data for each year. (b) Three year moving average where the annual average value for 
a given year is calculated as the average of the L. values for any given year plus the 
values for the year before and the year after. 
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Figure 3.23: The theoretical maximum length L. (cm) values for female (solid circles) 
and male (open circles) plaice caught in the autumn fisheries surveys in the inshore 
waters of eastern Anglesey and north west Wales between 1970 and 2006. Data are 
presented as mean ± SD values for 5 year time periods (1970-1974,1975-1979 etc). 
(a) raw data for each year. (b) Three year moving average where the annual average 
value for a given year is calculated as the average of the L. values for any given year 
plus the values for the year before and the year after. 
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Table 3.13. (a) Average theoretical maximum length values (L. � cm) for male and 
female plaice caught in the autumn surveys conducted by the RV Prince Magog in the 
5 year intervals for the period 1970-2006. Data are presented as mean values ± SD. 
(b) Significance values for the post-hoc comparisons of average male L,,, values using 
Scheffe's multiple comparison test (significant differences at the 5% level are 
highlighted in bold). 

Male L, Female L, x, 

1970-1974 34.2 ± 3.6 44.7 ± 1.6 

1975-1979 36.1 ±3.7 43.2±4.0 

1980-1984 42.8 ± 7.3 42.8 ± 2.4 

1985-1989 42.5 ± 3.2 43.9 ± 4.7 

1990-1994 32.7 ± 2.6 45.4 ± 4.6 

1995-1999 30.5±3.5 45.5±3.9 

2000-2006 31.4 ± 4.7 47.1 ± 3.8 

b) 
1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.998 

1980-1984 0.254 0.485 

1985-1989 0.235 0.467 1.000 

1990-1994 0.999 0.942 0.079 0.065 

1995-1999 0.938 0.623 0.017 0.012 0.995 

2000-2006 0.976 0.716 0.018 0.012 1.000 1.000 
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Table 3.14. (a) Average theoretical maximum length values (L, � cm), calculated as a 
three year moving average, for male and female plaice caught in the autumn surveys 
conducted by the RV Prince Madog in the 5 year intervals for the period 1970-2006. 
Data are presented as mean values ± SD. (b) Significance values for the post-hoc 
comparisons of average male L. values using Scheffe's multiple comparison test 
(significant differences at the 5% level are highlighted in bold). 

a 
Male smoothed 

L, ý 

Female smoothed 
L, 

1970-1974 33.5 ± 1.7 44.7 ± 1.0 

1975-1979 35.9 ± 1.7 43.3 ± 1.7 

1980-1984 42.4±2.7 42.9± 1.7 

1985-1989 42.0 ± 1.5 44.0 ± 2.7 

1990-1994 329 ± 2.6 45.3 ± 1.9 

1995-1999 30.9 ± 0.7 45.6 ± 1.8 

2000-2006 31.7 ± 2.3 47.1 ± 2.5 

b 
1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.767 

1980-1984 0.001 0.004 

1985-1989 0.001 0.008 1.000 

1990-1994 1.000 0.497 0.001 0.001 

1995-1999 0.750 0.044 0.001 0.001 0.876 

2000-2006 0.930 0.088 0.001 0.001 0.985 0.998 
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When the growth rate data were grouped in 5 year intervals (Figure 3.25b), the 
k values for both sexes were normally distributed ((3, Z=0.10, n= 35, P>0.20; ?, Z 

= 0.145, n= 34, P=0.07) with both data sets having equal variances between time 

periods (6, W6, zs = 0.79, P=0.52; Y, W6,,, = 0.172, P=0.15). There were no 

significant differences between the average kvalues of female plaice (ANOVA, F(6,28) 

= 1.18, P=0.35) for each time interval but significant differences between the 

average k values of male plaice (ANOVA, F(6,28) = 5.42, P<0.001) (Table 3.15). 

However, when pairwise comparisons of the average k values for male plaice for each 
time interval were conducted using Scheffe's multiple comparison test, no significant 
differences were detected although the k values during the 1980s tended to be lower 

than those recorded during 1990-1994 (Table 3.15b). 

When the data were `smoothed, using a3 year moving average (Figure 3.24b), 

female plaice still exhibited no correlation between growth rate and time (r5 = -0.186, 
P=0.28) whilst the correlation for male plaice was highly significant (r3 = 0.698, P< 

0.001). The smoothed k values for both sexes were normally distributed (5, Z= 0.122, 

n= 36, P=0.19; Y, Z= 0.091, n= 36, P>0.20) with equal variances between time 

periods observed for the male plaice (W6,29 = 1.08, P=0.40) but not for female plaice 
(W6,29 = 2.62, P=0.04). The male `smoothed' average k values of male plaice also 

showed significant differences between time periods (ANOVA, F(6,29) = 21.06, P< 

0.001) (Table 3.16). Pairwise comparisons of the average growth rate values for male 

plaice for each time interval showed that the k values separated into two clear groups 

(Table 3.16): the growth rates recorded during the 1970s and 1980s were similar to 

each other and significantly lower than those recorded post-1990, with the growth 

rates post-1990 also being similar to each other (Table 3.16). In contrast to the raw 

data, there was a significant effect of time interval on the `smoothed' average k values 

of female plaice (Kruskal Wallis, X2 = 16.96, WE P=0.009). Pairwise comparisons of 

the average k values for female plaice for each time interval using Wilcoxon's signed 

rank test showed that higher growth rates were observed in the 1980s (i. e. 1980-1984 

and 1985-1989) compared to the other time periods (Table 3.16). Thus, the results of 

this analysis have shown that the k values for both male and female plaice have shown 

changes over the time period 1970-2006. The k values for male plaice were similar 

between 1970-1989 with an average k value of ca. 0.292 year' before increasing post- 

1990 to an average k value of ca. 0.550 year'. Changes in the k value for female 

plaice have been more variable increasing from ca. 0.291 year 1 in the 1970s to ca. 
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Figure 3.24: The von Bertalan fy growth coefficients, k (yeaf 1) for female (solid 
circles) and male (open circles) plaice caught in the autumn fisheries surveys in the 
inshore waters of eastern Anglesey and north west Wales between 1970 and 2006. (a) 
raw data for each year. (b) Three year moving average where the annual average 
value for a given year is calculated as the average of the k values for any given year 
plus the values for the year before and the year after. 

200 



a) 

0.8 

0.7 

0.6 

., 0.5 

d 
0.4 

5 ea 
Y 0.3 

0.2 

0.1 

0- 

b) 

0.7 

0.6 
} 
d 0.5 
rn 

' 0.4 m 
rn c 
E 0.3 

0.2 
d 

.z0.1 

70-74 75-79 80-84 85-89 90-94 95-99 2000-2006 

Time (Year) 

ý__ý 
§_ 

--ý ý . -. 
0iirrI 

70-74 75-79 80-84 85-89 90-94 95-99 2000-2006 

Time (Year) 

Figure 3.25: The von Bertalanffy growth coefficients, k (year 1) for female (solid 
circles) and male (open circles) plaice caught in the autumn fisheries surveys in the 
inshore waters of eastern Anglesey and north west Wales between 1970 and 2006. 
Data are presented as mean ± SD values for 5 year time periods (1970-1974,1975- 
1979 etc). (a) raw data for each year. (b) Three year moving average where the annual 
average value for a given year is calculated as the average of the k values for any 
given year plus the values for the year before and the year after. 
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Table 3.15. (a) Average von Bertalanffy growth coefficients, k (year"') for male and 
female plaice caught in the autumn surveys conducted by the RV Prince Madog in the 
5 year intervals for the period 1970-2006. Data are presented as mean values + SD. 
(b) Significance values for the post-hoc comparisons of average male k values using 
Scheffe's multiple comparison test (significant differences at the 5% level are 
highlighted in bold). 

Male k Female k 

1970-1974 0.356: L 0.1 15 0.254 ± 0.024 

1975-1979 0.308 ± 0.180 0.308: k 0.086 

1980-1984 0.236 ± 0.066 0.342 ± 0.028 

1985-1989 0.268 ± 0.095 0.376 ± 0.105 

1990-1994 0.593 ± 0.131 0.300 ± 0.082 

1995-1999 0.547 ± 0.113 0.288 ± 0.133 

2000-2006 0.520: h 0.184 0.264 ± 0.065 

1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 1.000 

1980-1984 0.956 0.996 

1985-1989 0.988 1.000 1.000 

1990-1994 0.401 0.147 0.051 0.065 

1995-1999 0.653 0.322 0.125 0.162 1.000 

2000-2006 0.738 0.375 0.144 0.186 0.991 1,000 
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Table 3.16. (a) `Smoothed' average von Bertalanffy growth coefficients, k (year) for 

male and female plaice caught in the autumn surveys conducted by the RV Prince 
Madog in the 5 year intervals for the period 1970-2006. Data are presented as mean 
values ± SD for male and female plus median values ± interquartile range for females. 
Significance values for the post-hoc comparisons of (b) mean male k values using 
Scheffe's multiple comparison test and (c) median female k values using Wilcoxon's 
Signed Rank test. Significant differences at the 5% level are highlighted in bold. 

a) 

1970-1974 

1975-1979 

1980-1984 

1985-1989 

1990-1994 

1995-1999 

2000-2006 

b) 

Male smoothed 
k-value 

0.365 + 0.058 

0.320+ 0.074 

0.231 f 0.029 

0.300+ 0.069 

0.553 ± 0.068 

0.543 ± 0.067 

0.526 ± 0.078 

Female smoothed 
Mean k-value 

0.254: E 0.011 

0.307 ± 0.036 

0.327 ± 0.017 

0.376 ± 0.055 

0.307± 0.039 

0.280 ± 0.045 

0.270 ± 0.041 

Female smoothed 
Median k-value 

0.251 f 0.020 

0.350 ± 0.142 

0.327 ± 0.029 

0.389 f 0.097 

0.304± 0.063 

0.303 ± 0.085 

0.284 ± 0.076 

1 1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.983 

1980-1984 0.208 0.613 

1985-1989 0.898 1.000 0.841 

1990-1994 0.021 0.001 0.001 0.00] 

1995-1999 0.035 0.002 0.101 0.001 1.000 

2000-2006 0.044 0.002 0.001 0.001 0.998 1.000 

c) 
1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.144 

1980-1984 0.068 0.893 

1985-1989 0.068 0.043 0.080 

1990-1994 0.068 0.686 0.345 0.043 

1995-1999 0.144 0.255 0.080 0.043 0.138 

2000-2006 0.465 0.138 0.043 0.080 0.136 0.500 
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ca. 0.351 yeaf 1 in the 1980s before decreasing to ca. 0.284 year' post 1990. 

Changes in length at age and in the pattern of growth were examined for male 

and female plaice between 1970 and 2006. The annual changes in average length at 

age for each age class of male and female plaice are presented in Figure 3.26. For 

male plaice, 9 age classes, 0++ to 8++, have been caught during the 37 year survey with 
between 4 and 8 age classes recorded in the catch in any given year (Figure 3.26). The 

1++ to 4++ age classes were recorded in the catch in most years (24/31 years, 77%). 

The most common number of age classes present in the catch for male plaice was 5 to 
7 age classes (21/31 years, 68%) with on average 6 age classes present in the catch in 

any given year (Figure 3.26). Fish older than 7++ were rarely caught and were only 

present in 6 years (1972,1975,1978,1982,1985, and 1988). For female plaice, 14 

age classes, 0' to 13++, have been caught during the 37 year survey with between 5 

and 13 age classes recorded in the catch in any given year (Figure 3.26). The 1++ to 

6++ age classes were recorded in the catch in most years (25/32 years, 78%). The most 

common number of age classes present in the catch for female plaice was 6 to 9 age 

classes (23/32 years, 72%) with on average 8 age classes present in the catch in any 

given year (Figure 3.26). Fish older than 9++ were rarely caught and were only present 
in 6 years (1970,1972,1975,1978,1994, and 2005). 

To examine whether there have been any changes in the average size of each 

age class over time, the relationship between total length and year was examined for 

each age class using Spearman's Rank Correlation test. There were no significant 

correlations between average size at age and time for any age class for either male or 
female plaice (Table 3.17) indicating that over time there had been no overall trend 

for an increase or decrease in the average size of each age class during the 37 year 

survey. 
To examine whether there have been any changes in the pattern of growth 

over time, the size at age data for male and female plaice were grouped into 5 year 

time periods (1970-1974,1975-1979 etc) and the average size for each age class 

present in that time period was calculated. Von Bertalanffy growth curves were 

derived for male and female fish for each 5 year time period and are presented in 

Figure 3.27 with the von Bertalanffy growth coefficients presented in Table 3.18. For 

each 5 year time period, the same sex-dependent differences in growth as reported in 

Chapter 2 were observed (Figure 3.27) with male plaice have lower L. values 
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Figure 3.26: Annual changes in length at age (0" 1++ 13") for (a) male and (b) 
female plaice caught in the autumn fisheries surveys in the inshore waters of Eastern 
Anglesey and North West Wales between 1970 and 2006. 
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Table 3.17: Spearman Rank correlation coefficients (r3) and associated significance 
values for the relationships between average total length (cm) and year for different 
age classes (0+', 1 

,...., 13+) of male and female plaice caught in the 
October/November fisheries surveys in the inshore waters of Eastern Anglesey and 
Northwest Wales between 1970 and 2006. 

Age Male Female 
Class n rs p n rs P 
0++ 24 -0.077 0.72 19 0.044 0.89 
1'+ 31 -0.078 0.68 30 0.182 0.34 
2 32 -0.112 0.54 32 0.100 0.59 
3++ 31 -0.246 0.18 32 0.106 0.56 
4 27 -0.282 0.16 32 -0.089 0.63 
5++ 21 0.083 0.72 30 0.114 0.55 
6++ 12 -0.261 0.41 30 0.203 0.28 
7++ 7 0.072 0.88 21 0.036 0.88 
8++ 5 0.600 0.29 15 -0.007 0.98 
9++ 2 - - 11 -0.255 0.45 
10++ 1 - - 3 - - 
11++ 2 - - 
12++ 4 - - 
13++ 1 - - 

and higher k values compared to female plaice in the same 5 year time period (Table 

3.18). Figure 3.28 presents the size at age plots for male and female plaice and for 

both sexes combined with the plots for each time period superimposed on top of each 

other. To examine whether there were significant differences in the pattern of growth 
for male or female plaice over time, the von Bertalanfy growth curves for each of the 

7 time periods were compared with each other (Table 3.19) and with the long term 

average growth curve derived from the 37 year data set (Table 3.20) using the 

likelihood ratio test (Kimura, 1980). A summary of these analyses, indicating the time 

intervals where significant differences between L. and k values were recorded, is 

presented in Table 3.21. For male plaice, the overall pattern in the results was for the 

growth curves in 1975-1979,1980-1984 and 2000-2006 to exhibit significant 

differences when compared to the other time periods. For female plaice, the overall 

pattern in the results was for the growth curves in 1970-1974 and 2000-2006 to 

exhibit significant differences when compared to the other time periods. When the 

growth curve for each 5 year time period was compared to the long-term average 

growth curve (1970-2006), the male and female growth curves for 2000-2006 were 

both significantly different from the long term average. 
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Figure 3.27: Scatter plots of size at age for plaice caught in the October/November 
fisheries surveys in the inshore waters of Eastern Anglesey and Northwest Wales 
between 1970 and 2006. Data are presented as mean values for male (open circles) 
and female (closed circles) plaice for 5 year time periods (1970-1974,1975-1979 etc) 
within the 37 year survey. 

207 



öý, ö 

c CL 

'w 
cn 

am 

4C 

ýQw 

cn - 

yN 

OG 

O 

15 -0' 

=y Or 

o- 

NO 

VýO 
c 

'ý ö 

wý ts. 

00 

Cw 

Ü (U 
Ww 

or Q) 

H3 c°i> 

ýý 

NI 

O! 
8 

N 

-H ö 
+I 

MM 
O 

00 
2Ö 

OO vOiý 

HHHO 
JÖ 
oM 

M ý. Ö 

- 
-H 

H 

O 

N 
O 

Ö 31 
MpO Vc 
-H HH 

00 

06 
MNýý 

O 

E 
d 

;y 

OO '" 
HHH 

t+1 
N? 

MM 
O 

wO 
Ö? 

dO "0 
-H -H 

00 

O 

.OOS 

-H -H 
H 

N 

O 

N 

S of 

MM 10 O 

MNN 
O 

8 

on 
nö0 

il H 

ND 
M? O 

Ö 

Nn 
N 
O 
OO ýD 

DO 0 
10 
SN 

O 

N 
PÖM 
NO 

00 H fl -fl 

n '^ 
ö 

of N 
O 

00 
npN 

0Ö 

vni vii 

O 

H 41 

N 

0 OO 00 

O 

NO 
O 

O0 O 
O NOý 

41 - Oý 
O O Qp 00 

MM ol 

O 

00 n 
ON 
NO 

00 
M 

vl M 

0 

W 

o6 Ö ý1 

no0 M 

O 

Hsýä ay 

18 

10 

E 

V' ÖN 

OO 
il {{ +i 

M - 
N . -. 
O 

N 
NNN 
ý+1 Ö 

+{ 
O 00 t- 

N 

W 

l- OO 
H{H 

0 

O 

ZM 
QO 

NO 
44 

CD 
1ý 

. 
11 

r Ilp 
It N 

O 

M wl 

NÖ 

4I 
OO 
NM 

O 

O 
pN 

VI {I +1 

O 

N 
NO 

Mr 
r. O 
ýN 

O 

NgV? 
M6O 

-H {i +1 
vi MN 

00 

O 

8 
a 

ze 0p 

(L) 
0 

N 
C) 
an 

ci) 

C) 
a) 

U . ice 
C) 

i. + 

If 

O 
Y 

C) 

C) 

O 
ýFnI 

II 

U 

ý.. 
rJ 

YI 

dý 

O 

iý 

U 

U 
O 

f-ý 

Y 
J 

00 0 



a 70-74 

-a-- 75-76 
50 

80-84 
40 -- 85-89 

-- 30 
90-94 

+ 95-99 

20 -. -00-06 

10 

0 
0++ 1++ 2++ 3++ 4++ 5++ 6++ 7++ 8++ 9++ 10*+ 

b 70-74 

U-- 75-79 

50 
80-84 

-- 85-89 

90-94 
Ij 

_+ 
00 -06 

10 
5 
0 

0++ 1++ 2++ 3++ 4++ 5++ 6++ 7++ 8++ 9++ 10+ 

C 

50 

40 

30 

20 

10 

0 

70-74 

75-79 

80-84 

- 85-89 

-ý1F- 90-94 

-ý 95-99 

-ý- 00-06 

0++ 1++ 2++ 3++ 4++ 5++ 6++ 7++ 8++ 9++ 10+ 

Age (year) 

Figure 3.28: Scatter plots of size at age for plaice caught in the October/November 
fisheries surveys in the inshore waters of Eastern Anglesey and Northwest Wales 
between 1970 and 2006. Data are presented (a) male, (b) female and (c) male and 
females combined divided up into 5 year time periods (1970-1974,1975-1979 etc) 
within the 37 year survey. 
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Table 3.19: Comparisons of von Bertalanffy growth coefficients for the growth curves 
of male and female plaice caught in the coastal waters of Eastern Anglesey and North 
West Wales in October/November between 1970 and 2006. Size at age data were 
grouped into 5 year intervals (1970-1974,1975-1979, etc) for calculation of the von 
Bertalanffy growth coefficients. Comparisons were made using the likelihood ratio 
test (Kimura, 1980). Significant differences (P < 0.05) are highlighted in bold with 
trends (0.05 <P<0.10) underlined. 

Male Female 
Time 

LQ, K to Lý K t() 
groups 
70-74 vs 0.396 0.343 0.101 0.069 0.101 0.383 

75-79 

vs 80-84 0.403 0.327 0.340 0.026 0.020 0.144 

vs 85-89 0.396 0.348 0.313 0.108 0.015 0.082 

vs 90-94 0.498 0.252 0.165 0.013 0.913 0.055 

vs 95-99 0.791 0.863 0.603 0.286 0.083 0.152 

vs 00-06 0.109 0.029 0.097 0.462 0.689 0.922 

75-79 vs 0M03 0.164 0.475 0.522 0.301 0.740 
80-84 

vs 85-89 0.024 0.212 0.330 0.354 0.527 0.538 

vs 90-94 0.014 0.351 0.294 0.543 0.194 0.920 

vs 95-99 0.522 0.498 0. (N)9 0.045 0.320 0.346 

vs 00-06 9.007 0.016 0.185 0.014 0.271 0.393 

811-84 vs <p, INNIl 0. (Nll 11. (111 0.313 0.752 0.235 
85-89 

vs 90-94 0.718 0.740 0.292 0.532 0.338 0.689 

vs 95-99 <0.0001 0.005 0.262 0.129 0.399 0.396 

vs 00-06 <0.0001 0.003 0.117 0. (4)01 (). (01 0.016 

85-89 vs 0.308 0.410 0.410 0.134 0.277 0.310 
90-94 

vs 95-99 0.532 0.338 0.237 0.671 0.752 0.121 

vs 00-06 0.022 0.082 0.235 0.027 0.031 0.021 

90-94 vs 0.269 0.671 0.276 0.029 0.102 0.203 
95-99 

vs 00-06 0.14412 0.013 0.091 <0.0N)01 <0.0011 0.04)5 

95-99 vs 0.071 0.071 0.072 <0.11011 0.14411 0.0113 
00-06 
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Table 3.20: Comparisons of von Bertalanffy growth coefficients for the growth curves 
of male and female plaice caught in the coastal waters of Eastern Anglesey and North 
West Wales in October/November between 1970 and 2006. Size at age data were 
grouped into 5 year intervals (1970-1974,1975-1979, etc) for calculation of the von 
Bertalanffy growth coefficients. Comparisons were made using the likelihood ratio 
test (Kimura, 1980) between the growth curve for each 5 year time period and the 
overall growth curve, derived from the 37 year data set. Significant differences (P < 
0.05) are highlighted in bold with trends (0.05 <P<0.10) underlined. 

Male Female 
Time 

L. K to Lý K to 
groups 

70-74 vs 70-06 0.816 0.317 0.337 0.021 0.011 0.187 

75-79 vs 70-06 0.390 0.888 0.708 0.777 0.671 0.842 

80-84 vs 70-06 0.351 0.740 0.663 0.423 0.532 0.729 

85-89 vs 70-06 0.680 0.480 0.532 0.179 0.554 0.286 

90-94 vs 70-06 0.221 0.655 0.708 0.427 0.279 0.284 

95-99 vs 70-06 0.842 0.522 0.338 0.072 0.446 0.256 

INI-06 vs 70-06 0.001 0.037 0.306 <0.0001 0.005 0.128 
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Table 3.21: A summary of the results (presented in Table 3.19 & 3.20) of the 
likelihood ratio tests comparing the von Bertalanffy growth curves between different 
5 year time periods and between each 5 year time period and the overall growth curve 
for (a) male and (b) female plaice. The presence of `LW' or `k' in a cell indicates that 
this parameter is different between the two time periods being compared. 

a) Male 

70-74 75-79 80-84 85-89 90-94 95-99 2000-06 
70-74 
75-79 - 
80-84 - Lý 
85-89 - LW L-, k 
90-94 k -- 
95-99 - - L, k-- 

2000-06 k LW 
,k 

L, kLL., k- 
1970-2006 - - ---- Lam, ,k 

b) Female 

70-74 75-79 80-84 85-89 90-94 95-99 2000-06 
70-74 
75-79 - -MEN 80-84 L-, k- 
85-89 k-- 
90-94 L, k--- 
95-99 - L. -- L1 

2000-06 -L, L., k L, k Lý ,kL. ,k 
1970-2006 L, k----- L- -k 
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3.3.6 Size and age maturity 

The available data for the length and age at 50 % maturity (Lso, cm; Aso, years) from 

the 37 year fisheries survey were not as extensive as for the other parameters (size, 

age and growth). Data for both maturity ogives were missing for both sexes from the 

early 1990s (1990-1994), which is one of the 5 year time periods considered in the 

time series analyses. In addition, there were limited LsolAso data for female plaice in 

the early 1970s as well. Therefore, some comparisons were conducted between 

decades instead of between 5 year intervals in order to ensure sufficient samples sizes 
for robust statistical analyses. 

During the 37 year survey both male and female plaice showed inter-annual 

variation in total length at first maturity (LSO). For male plaice, Lso values ranged from 

14.8 to 34 cm TL with an overall median length at first maturity of 23.3 ± 4.4 cm 

whilst for female plaice Lso values ranged from 19.3 to 34.0 cm TL with an overall 

median total length at first maturity of 24.812.8 an (Figure 3.29a). The Lso data for 

male and female plaice were both normally distributed (a, Z=0.12, n= 27, P>0.20; 

9, Z=0.08, n= 27, P>0.20) and variances were unequal between sexes (Levene's 

test, F=6.03, P=0.017). There was no difference in the mean total lengths at 50% 

maturity (LSO) between male and female plaice caught during the 1970-2006 survey (t 

test, t= -1.46,43.6 df, P=0.15). 

A scatter plot of Lso values for male and female plaice between 1970 and 2006 

are shown in Figure 3.29. For both sexes, Lso appears to decline over time although 

there is no significant correlation for male plaice (r, _-0.276, P=0.16) and a 

marginally significant correlation for female plaice (r, 0.410, P=0.034) (Figure 

3.29a). However, Lso for male and female plaice in 2003 and 2006 appear to be 

outliers which may be affecting the correlation analysis. When the Lso data were 

grouped by decade, the data for both sexes were normally distributed (a', Z=0.12, n 

= 27, P>0.20; ?, Z=0.08, n= 27, P>0.20) with males exhibiting equal variances 

between time periods (W3, = 0.67, P=0.58) but females showing unequal variances 

(W3,23 = 6.04, P=0.003). There were no differences over time in Lso for male fish 

(ANOVA, F(3, ) = 0.77, P=0.52; 1970s = 25.3 t 4.2 cm, 1980s = 22.0 ± 3.9 cm, 

1990s = 23.4 ± 4.6 cm, 2000s = 22.5 ± 5.2 cm) but a significant difference for female 

fish (Kruskal Wallis, ,2=8.10,3 
df, P=0.044). Pairwise comparisons between the 

decadal Lso values for female plaice using Wilcoxon's signed rank test showed that 
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Figure 3.29: Total length at first maturity (L50, cm) for male (open circle) and female 
(solid circle) plaice caught in the autumn fisheries surveys in the inshore waters of 
Eastern Anglesey and Northwest Wales between 1970 and 2006. (a) raw data for each 
year. (b) Three year moving average where the annual average value for a given year 
is calculated as the average of the L50 values for any given year plus the values for the 
year before and the year after. 
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length at first maturity was significantly larger in the 1970s (26.9 f 1.2 cm) 

comparisons compared to the 1980s (24.6 ± 1.5 an, P=0.046) and 1990s (23.4 ± 2.1 

cm, P=0.028) with no differences between all other pairwise comparisons (P = 0.12 

to 1.00; L50 for 2000s = 24.4 ± 4.4 cm). 

In order to reduce the influence of inter-annual variability and the presence of 
outlying points on the analysis of time series data, the male and female Lso data were 
`smoothed' using a3 year running average. A scatter plot of the smoothed L50 values 
for male and female plaice between 1970 and 2006 are shown in Figure 3.29b. For 

both sexes, Lso was significantly negatively correlated with time (C3, r3 =-0.425, P= 

0.014; Y, rs =-0.704, P=0.001) indicating a significant decrease in smoothed L5o 

over time. When the smoothed data were grouped together into 5 year intervals (1970- 

1974,1975-1979 etc, but excluding 1990-1994 where n=2), the data for male plaice 

was normally distributed (Z = 0.10, n= 31, P>0.20) and with equal variances 
between time periods (W5,25 = 1.60, P=0.20) allowing the use of ANOVA When the 

female smoothed L50 data were grouped together into 5 year intervals (1970-1974, 

1975-1979 etc), the data were not normally distributed (Z = 0.20, n= 34, P=0.001) 

and with unequal variances between time periods (W6,27 = 5.90, P<0.001) precluding 

the use of ANOVA. There were significant differences in smoothed Lso values 
between time intervals for both male (ANOVA, F(5,25) = 3.56, P=0.014) and female 

(Kruskal Wallis, f= 24.37,6 d1 P<0.001) plaice (Figure 3.29b; Table 3.22). When 

the smoothed Lso values for males in each time period were compared using Scheffe's 

multiple comparison test, the only significant difference observed was between 1970- 

74 and 1985-1989 (Table 3.22). When the smoothed L5o values for females in each 

time period were compared using Wilcoxon's Signed Rank test, the lengths at first 

maturity in the 1970s (i. e. 1970-74 and 1975-1979) tended to be larger than in 

subsequent time periods and the L50 value for 1995-1999 was significantly smaller 

than in the 1970s and 1980s (Table 3.22). Thus, the analyses of the smoothed Lso 

values have shown there has been a greater change in the length at first maturity for 

female compared to male plaice between 1970 and 2006. 
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Table 3.22 (a) Smoothed total length at first maturity L50 (cm) for male and female plaice 
caught in the autumn surveys conducted by the RV Prince Madog in the 5 year intervals for 
the period 1970-2006. Data are presented as mean values + SD for males and median values ± 
interquartile range for females. Smoothed average values calculated as a three years running 
average. Significant values for the post-hoc comparisons of smoothed average age using (b) 
Scheffe's multiple comparison test for male and (c) Wilcoxon's Signed Rank test for females. 
Significant differences at the 5% level are highlighted in bold and trends (0.10 <P<0.05) are 
underlined. 
a) 

Male Female 
smoothed L50 smoothed L50 

1970-1974 25.8 ± 2.1 28.3 t 2.3 

1975-1979 20.6± 2.2 26.5 f 0.2 

1980-1984 24.1 ± 1.7 24.5 f 0.8 

1985-1989 20.4 ± 3.2 24.7± 0.8 

1990-1994 - 24.5 ± 1.0 

1995-1999 23.3± 3.4 23.3 ± 2.0 

2000-2006 22.3 ± 2.3 24.4 ± 1.2 

b 

1970-1974 

1975-1979 

1980-1984 

1985-1989 

1995-1999 

2000-2006 

1970-1974 1975-1979 1980-1984 1985-1989 1995-1999 

0.372 

0.627 0.998 

0.022 0.691 0.417 

0.387 1.000 0.998 0.674 

0.120 0.995 0.914 0.993 0.993 

1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1970-1974 

1975-1979 0.068 

1980-1984 0.068 0.043 

1985-1989 0.068 0.043 0.500 

1990-1994 0.109 0.109 1.000 0.285 

1995-1999 0.068 0.043 0.043 0.043 0.593 

2000-2006 0.068 0.043 0.686 0.500 1.000 0.345 
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During the 37 year survey, both male and female plaice showed inter-annual 

variation in age at first maturity (Aso). For male plaice, Aso values ranged from 1.2 to 

5.0 years old with an overall median age at first maturity of 2.1 ± 1.2 (IQ range) years 

whilst for female plaice Aso values ranged from 1.3 to 4.0 years old with an overall 

median age at first maturity of 2.0 ± 0.8 years (Figure 3.30). The Aso data for male 

plaice was just normally distributed (Z= 0.17, n= 26, P=0.051) whilst the data for 

females was not normally distributed (Z = 0.23, n= 23, P<0.003) and both sexes 

exhibited equal variances (Levene's test, F=5.71, P=0.021). There was no 
difference in the median age at 50% maturity (A5o) of male and female plaice caught 
during the 1970-2006 survey (Mann Whitney test, U= 271.5, n= 51, P=0.31). 

A scatter plot of the A50 values for male and female plaice between 1970 and 

2006 are shown in Figure 3.30a. For both sexes, there was no correlation between 

time (year) and Aso for either male plaice (r3 =-0.27 1, P=0.18) or female plaice (r5 = 

- 0.218, P=0.30). When the A50 data were grouped into 5 year time periods 
(excluding 1990-1994 for males and excluding 1970-1974 and 1990-1994 for females, 

due to small sample sizes or missing data), the data for males were normally 

distributed (Z = 0.17, n= 26, P=0.051) and not normally distributed for females (Z = 

0.23, n= 23, P<0.003) but both sexes exhibited equal variances between time 

periods (a', W50 20 = 1.37, P=0.28; 9, W4,18 = 0.93, P=0.47) allowing the use of 

ANOVA. 

Table 3.23. Age at first maturity (Aso, years) for male and female plaice caught in the 
autumn surveys conducted by the RV Prince Madog for 5 year intervals within the 
period 1970-2006. Data are presented as mean values ± SD. 

I Male A50 Female A50 

1970-1974 4.2 ± 1.5 

1975-1979 2.2 ± 0.8 

1980-1984 2.1 ± 0.5 

1985-1989 2.0 ± 0.6 

1995-1999 2.8 ± 1.7 

2000-2006 2.2 ± 1.0 

2.7± 0.9 

1.8±0.2 

1.8 ± 0.4 

1.9± 0.3 

2.1 ± 0.9 
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Figure 3.30: Age at first maturity (Aso, years) for male (open circle) and female (solid 
circle) plaice caught in the autumn fisheries surveys in the inshore waters of Eastern 
Anglesey and Northwest Wales between 1970 and 2006. (a) raw data for each year. 
(b) Three year moving average where the annual average value for a given year is 
calculated as the average of the Aso value for any given year plus the values for the 
year before and the year after. 
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There were no differences over time in A50 for either male fish (ANOVA, F(5,2o) _ 
2.00, P=0.12) or female fish (ANOVA, F(4,1g) =1.28, P=0.32) (Table 3.23). 

In order to reduce the influence of inter-annual variability and the presence of 

outlying points on the analysis of time series data, the male and female Aso data were 
`smoothed' using a3 year running average. A scatterplot of the smoothed Aso values 
for male and female plaice between 1970 and 2006 are shown in Figure 3.30b. For 

both sexes, there was no significant correlation with time although a downward trend 

in AS0 was evident for both sexes (a', rs =-0.311, P=0.079; 9, rs =-0.3 10, P= 

0.089). When the smoothed data were grouped together into 5 year intervals 

(excluding 1990-1994 for males and 1970-1974 for female plaice), the data for both 

sexes were not normally distributed (c3, Z=0.25, n= 33, P<0.001; 9, Z=0.21, n= 

31, P=0.002) and both exhibited unequal variances between time periods ((3, W5,25 = 

13.78, P<0.001; 9, W5,24 = 4.07, P=0.002) necessitating the use of the Kruskal 

Wallis test There were significant differences in smoothed Aso values between time 

intervals for both male (/ = 11.00,5 df, P=0.051) and female V= 13.62,5 df, P= 

0.02) plaice (Figure 3.31; Table 3.24a). When the smoothed Aso values for males in 

each time period were compared using Wilcoxon's Signed Rank test, the only 

significant difference observed was between 1975-79 and 1985-1989 but the A50 

values for 1970-1974 tended to be different from subsequent time periods (Table 

3.24b). When the smoothed A50 values for females in each time period were 

compared using Wilcoxon's Signed Rank test, the A50 values for 1975-1979 tended to 

be significantly older than subsequent time periods (Table 3.24c). 
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Fig 3.31: Smoothed average age at first maturity (Aso, years) for male (solid circle) 
and female (open circle) plaice caught in the autumn fisheries surveys in the inshore 
waters of Eastern Anglesey and Northwest Wales between 1970 and 2006. Data are 
presented as median values ± interquartile range except for male 1970-1974 and male 
and female 1990-1994 where single data points are presented. Smoothed Aso values 
for each year were calculated as a three year running average and mean values are for 
5 year time periods (1970-1974,1975-1979 etc). 
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Table 3.24 (a) Smoothed age at first maturity (A50, years) for male and female plaice 
caught in the autumn surveys conducted by the RV Prince Madog in the 5 year 
intervals for the period 1970-2006. Data are presented as median values ± 
interquartile ranges. Smoothed average values calculated as a three years running 
average. Significant values for the post-hoc comparisons of smoothed median age 
using Wilcoxon's Signed Rank test for (b) males and (c) females. Significant 
differences at the 5% level are highlighted in bold and trends (0.10 <p<0.05) are 
underlined. 

Malc smoothed Fcmalc smoothed 
Aso Aso 

1970-1974 4.4 ± 2.0 --- 
1975-1979 2.4±0.6 3.0±0.8 

1980-1984 2.2 ± 0.7 1.9 ± 0.2 

1985-1989 1.7± 0.5 1.7± 0.3 

1990-1994 --- 2.0 ± 0.4 

1995-1999 2.0± 2.4 1.9± 0.5 

2000-2006 2.2 ± 0.6 1.9 ± 0.8 

b) 

1970-1974 1975-1979 1980-1984 1985-1989 1995-1999 

1970-1974 

1975-1979 0.068 

1980-1984 0.068 0.500 

1985-1989 0.068 0.042 0.345 

1995-1999 0.066 0.686 0.686 0.225 

2000-2006 0.068 0.345 0.686 0.686 0.686 

C 

1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 

1975-1979 

1980-1984 0.043 

1985-1989 0.043 0.138 

1990-1994 0.285 0.109 0.285 

1995-1999 0.043 0.893 0.686 0.285 

2000-2006 0.043 0.138 0.893 0.109 0.686 

221 



3.4 Discussion 

3.4.1 Comparing the long-term population dynamics of plaice, dab and whiting in the 
coastal waters of NW Wales and E Anglesey. 

As stated earlier, the RV Prince Madog fisheries surveys have been conducted by the 

School of Ocean Sciences since the early 1970s and the population biology of a range 

of fish species have been studied including plaice (Basimi, 1978; Basimi and Grove 

1985b and c; Chuenpagdee, 1990; Seyhan, 1990), dab (Bakhsh, 1982; Seisay, 2001), 

flounder Platichthys flesus (Nitibhon, 1991), red gumard (Marriott et at, 2009) and 

whiting (Seyhan, 1994; Preston, 2007). Detailed, long-term survey data are available 
for three demersal fish species - dab, plaice and whiting - that vary in the degree to 

which they have been exploited by commercial demersal fisheries in the Irish Sea. 

Dab are not commercially exploited, although they do feature as significant bycatch in 

the Irish Sea demersal fisheries (Enever et at, 2007), The population biology of dab 

in the inshore waters of NW Wales and E Anglesey has been studied in detail (Bakhsh, 

1982; Seisay, 2001). Analysis of the long-term survey database for dab by Seisay 

(2001) has shown that the local dab population has remained relatively stable over 

time since the 1970s. In contrast, whiting have been overexploited in the Irish Sea 

with catches declining since the 1990s (ICES, 2008a). Whiting in the Irish Sea have 

been targeted by semi-pelagic trawlers and otter trawlers but also comprise a 

substantial component of the bycatch taken in the Nephrops fishery (ICES, 2008a). 

Discard estimates for fleets targeting Nephrops are incomplete and imprecise, but are 

considered substantial (estimated at between 2-4000 t per year in the 1990s). ICES are 

continuing to try to reduce bycatch in this fishery through gear modifications (e. g. 

increased codend and square-mesh panel mesh sizes, separator panels, and fixed 

grids) with the aim of substantially reducing bycatch and discarding of whiting in the 

Nephrops fishery (ICES, 2008a). Although stock status reports following the standard 

ICES format were presented for whiting in ICES division Vlla until 2003 (Figure 

3.32), more recently ICES have concluded that there are insufficient data to present a 

reliable stock assessment and have concluded "on the basis of the stock status, ICES 

advises that catches of whiting [... ] should be the lowest possible" (ICES, 2008a). The 

ICES whiting stock status report in 2003 indicated that official "landings" (as reported 

to ICES) had declined dramatically between 1980 and 2002 (Figure 3.32a). Fishing 
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Figure 3.32: ICES stock status summary for whiting M merlangus in ICES division 
VIIa (Irish Sea) in 2003. Data are presented for landings (tonnes), Spawning Stock 
Biomass (tonnes), Fishing mortality (year 1) and the precautionary approach plot for 
the time period 1980-2002. Bpa and Fpa values are 7000t and 0.65 y"' and Bli,,, and Feim 
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pressure was at, or had exceeded, the maximum fishing pressure (Fijm) since 1985 

(Figure 3.32b) resulting in a 10 fold decline in estimated spawning stock biomass 

(Figure 3.32c). The precautionary approach plot (Beddington et al., 2007) for Irish 

Sea whiting for the period 1980-2002, presented in Figure 3.32d, shows that the 
fishery had entered the "overfishing quadrant" by 1985 and the overfished/overfishing 

quadrant (the worst possible state for a fishery to be in according to Beddington et aL, 
2007) in 1996. However, ICES recognises that stock assessment of the Irish Sea 

whiting is hampered by several problems; a lack of knowledge of the basic biology of 
the stock, misreporting of landings and a lack of accurate quantification of whiting 
taken as bycatch in other demersal fisheries, especially the Nephrops fishery (ICES, 

2008a). As a result, it has not produced detailed stock status summaries for Irish Sea 

whiting since 2002. The current recommendation by ICES (since 2007) is for there to 

be no catch and discard of whiting in region VIIa (ICES, 2008a). Since 2000, landings 

of whiting have been minimal (< 1000t per year), however, accurate discard data from 

the Nephrops are not available and so the current stock status is still unknown. 

The status of the plaice stocks in the Irish Sea have been discussed in detail in 

Chapter 2 but are briefly summarised here. Plaice are targeted by beam and otter 

trawlers as part of a mixed fishery in the Irish Sea which is mainly focussed in the 

eastern Irish Sea (Dunn and Pawson, 2002; ICES, 2008a). Fishing pressure was 

highest in the 1970s and 1980s when it was at, or exceeded the Flirt value predicted by 

ICES (Figure 3.33) and correspondingly, the spawning stock biomass remained low 

during this period (Figure 3.33). During this time period, the fishery was located in 

the overfishing quadrant (Beddington et al., 2007) in the precautionary approach plot 

(see Figure 3.34). However, fishing pressure has declined since the early 1990s and 

the spawning stock biomass has increased since the late 1990s and the stock is now 

considered to be harvested sustainably and at full reproductive capacity (ICES, 2008a). 

Thus, the three demersal species offer three contrasting fishing histories of 

continued overexploitation (whiting), heavy fishing followed by underexploitation 

(plaice) and non-exploitation (dab). The long-term survey data from the RV Prince 

Madog fishing surveys will be examined to see whether these different fishing 

histories are reflected in changes in the population biology of the three species. 
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Figure 3.34: ICES precautionary approach plot for, plaice P. platessa in the Irish Sea 
between 1964 and 2007. FF, (0.45 y 1) and Bp, (3100 t) are overlain on the plot for 
comparison. (Copied from ICES, 2008a), 

The percentage length frequency distributions for the three species are presented in 

Figures 3.35 (dab), 3.36 (whiting) and 3.37 (plaice). The data for dab for the time 

period 1966-2000 are taken from Seisay (2001) and the data for 2001-2007 are taken 

from recent MSc fisheries data (McCarthy, unpublished), spanning a 40 year time 

period in total (Figure 3.35). The length frequency data for whiting are taken from 

Preston (2007) and span a 30 year time period, 1976-2006. In her data analysis, 

Preston grouped the data into 5 year intervals (Figure 3.36). The length frequency data 

for plaice span a 36 year time period 1970-2006 (Figure 3.37). Given that the raw size 

data are not available for dab and whiting, comparisons of the size frequency 

distributions over time for the three species are limited to being descriptive only rather 

than involving quantitative statistical analysis. 
Figure 3.35 shows that dab ranged in size between 10 and 30 cm total length 

size with a modal total length of around 20 cm. Although dab discards in the Irish Sea 

fisheries appears to be high for all the fishing gears used (i. e. beam trawl, otter trawl 

and other gears) (Enever et al., 2007), there is no evidence from the RV Prince 

Madog fisheries surveys that dab size has changed over time. This may be due to 

much lower levels of fishing pressure on dab in NW Wales coastal waters compared 
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to other areas of the Eastern Irish Sea, e. g. Liverpool Bay and off the Cumbrian coast, 

where fishing pressure is higher (Dunn and Pawson, 2002). The degree of genetic 
differentiation and connectivity between dab found in different areas of the Irish Sea 

is not known and is the focus of current research activity at Bangor University 

(Tysklind et at, 2009a and b). The adult dab found in the inshore waters along the 

NW Wales coastline are thought to be derived from fish spawned on the same 

offshore spawning grounds off the Great Orme as plaice (Macer, 1972) and to utilise 

nursery areas such as Red Wharf Bay (Macer, 1967; Carter et at, 1991). The adults 

move offshore into deeper water but are thought to remain in the same coastal waters 

as the juveniles (Seisay, 2001). Therefore, given the lack of commercial fishing 

activity for demersal fishes along the NW Wales coastline, it is not surprising that the 

size frequency distributions of adult dab over the last 5 decades have been similar 
(Figure 3.35). The size data for 2001-2007 (Figure 3.35b) extend the data set collated 
by Seisay (2001) for 1966-2000 (Figure 3.35a) but the same size-frequency patterns 

are evident. Seisay (2001) noted that in some years there appeared to be stronger 

recruitment indicated by the appearance of a strong mode at 10-15 cm total length, e. g. 
1994 and 2000 (Figure 3.35a). This is also supported by the size frequency 

distribution observed in 2001 (Figure 3.35b). 

In contrast to dab, the size frequency distributions for whiting over the last 30 

years has shown a shift towards a smaller modal size from 30 cm in 1975-1979 to 25 

cm in 2006-2007 (Figure 3.36). As discussed earlier, whiting have been subject to 

heavy directed and indirected fishing activities in the Irish Sea and the average total 

length for male and female whiting caught in the RV Prince Madog fisheries surveys 

has declined from ca. 29 and 31 to 20 cm and 24 cm respectively (Preston, 2007). 

Although larval and small juvenile whiting can be found in inshore coastal waters 

during the spring and summer spawning period (Parker-Humphreys 2004a), many 

juveniles are carried offshore into deeper water by the Irish Sea gyre (Conway et at, 

1997) and can be found in large numbers in the central western Irish Sea in June 

(Dickey-Collas et at, 1997). In addition, adult whiting are known to undertake 

seasonal migrations from inshore coastal waters in the spring into deeper offshore 

water in the summer before returning inshore in the late autumn (McCarthy pers. obs. ). 

Thus, at two critical stages of the lifecycle, whiting which may have spawned in the 

inshore coastal waters of NW Wales (the exact spawning 
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Figure 3.35: Percentage total length frequency distributions for dab L. limanda caught in the 
inshore waters of NW Wales and E Anglesey for the time period 1966-2007. (a) Data for 
1966-2000 (copied from Seisay, 2001) and (b) Data for 2001-2007 (McCarthy, unpubl. ). The 

vertical bar provides a scale for abundance (10%). 
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Figure 3.36: Percentage total length frequency distributions for whiting M. merlangus 
caught in the inshore waters of NW Wales and E Anglesey for the time period 1975- 
2006 (Preston, 2007). Data are grouped into 5 year time intervals and the vertical bar 
provides a scale for abundance (10%). 
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Figure 3.37: Percentage total length frequency distributions for plaice P. platessa 
caught in the inshore waters of NW Wales and E Anglesey for the time period 1970- 
2006. The vertical bar provides a scale for abundance (10%). 
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locations for whiting in the Irish Sea are unknown apart from one area off the coast of 
SE Ireland; Dickey-Collas et al., 1997) would be subjected to fishing activity; as 
juvenile bycatch in the Nephrops fishery which is centred in the western Irish Sea 

(ICES, 2008a) and as adults in the targeted demersal fisheries in the Eastern Irish Sea 

(which includes Liverpool Bay) (ICES, 2008a). The 30 year set for whiting shows that 

the modal size of whiting caught in the autumnal RV Prince Madog fisheries surveys 
has declined over time (Figure 3.36), with the faster rate of decline in modal total 

length occurring in the 1980s and 1990s at the time when the stock was being 

overfished (Figure 3.32). As well as exhibiting a decrease in modal size between 1975 

and 2006, the abundance of whiting caught in the fisheries survey has also decreased. 

Preston (2007), analysing the available catch data, showed that the autumn catch of 

whiting in the inshore coastal waters of NW Wales and E Anglesey decreased from 93 

to 33 fish nm -1 between 1992 and 2007. This decline in abundance mirrors results 

reported by other authors for the Irish Sea (Parker-Humphreys, 2004a), off the west 

coast of Scotland (ICES, 2008a) and the North Sea (Hislop, 1996). 

Although, as discussed earlier, the plaice stocks have gone through periods of 
heavy and light fishing pressure in the last 40 years, the size frequency distributions of 

plaice caught in the autumnal RV Prince Madog fisheries surveys have shown little 

change over time (Figure 3.37). The modal total length of plaice aggregating in local 

inshore waters during the autumn has tended to be between 20-24 cm over the last 4 

decades of surveying the fish, with average modal total length of 22.4 cm. 

An alternative way to present changes in the size distribution of fish over time 

is to examine the percentage of fish present in different size classes over time. 

Therefore, the catch data for dab, whiting and plaice were divided up into 5 TL size 

classes: < 15 cm, 15-20 cm, 20-25 cm, 25-30 cm and > 30 cm TL (Figure 3.38). The 

data for dab were redrawn from Seisay (2001) whilst raw data were used to draw the 

figures for whiting and plaice. For dab, so few fish > 30 cm TL were caught that this 

size class was not used for this species and the largest size class was >25 cm, the > 30 

cm size class was used for the other two species. The data for dab shows that the 

population is dominated by fish in the 15-20 and 20-25 cm TL size classes (Figure 

3.38a). There is evidence in recent years that a greater percentage of the catch is now 

comprised of smaller dab (i. e. >20 cm) with fewer larger fish (> 25 cm TL) present in 

the catches. It is not known whether this is a result of a change in the seasonal 

movement patterns of adult fish or whether the increased incidental capture of dab as 
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Figure 3.38: Changes in the percentage of fish in each of 4 total length size classes (< 
15,15-20,20-25 and > 30 cm) over time for fish caught in the autumnal 
(October/November) RV Prince Madog fisheries surveys in the inshore waters of NW 
Wales and E Anglesey. Data are presented for a) dab (1966-2005), b) whiting (1977- 
2005) and c) plaice (1970-2005). 
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discard in the eastern Irish Sea fisheries (Enever et al., 2007) is beginning to exert an 

effect For whiting there has been a clear decline in the percentage of larger fish (25- 

30 and > 30 cm TL) present in the catch over time and a corresponding increase in 

smaller fish (Figure, 3.38b). In the latest fisheries surveys, 40% of the whiting catch 

now comprises of fish < 20 cm TL whereas fish of this size averaged around 10% of 

the catch in the 1980s and 1990s (Figure, 3.38b). The data for plaice exhibits much 

more variability compared to the other two species (Figure, 3.38c) although it is 

possible to discern a trend in the data Since 1990 there is a tendency for a larger 

percentage of the fish caught to be in the larger size classes (i. e. 25-30 and > 30 cm 
TO. 

Data on the growth patterns of the three species were examined by comparing 

the von Bertalanify growth constants L. and k to see whether there have been any 

changes over time and whether these changes could be related to fishing pressure. The 

L. data for the three species are shown in Figure 3.39. The data for dab are limited to 

those provided by Bakhsh (1982), Seisay (2001) and from recent MSc fisheries data 

(McCarthy, unpublished) and provide discontinuous data for the time period 1978- 

2006 (Figure 3.39a). The data for whiting and plaice are more extensive and cover 

time periods of 1975-2007 for whiting (Figure 3.39b) and 1970-2006 for plaice 

(Figure 3.39c) respectively. Changes in L., over time were examined using 

Spearman's Rank correlation test on the raw data and also on the smoothed L) values 

calculated as a three year running average (data not shown). The correlation analyses 

are presented in Table 3.25. All three species revealed significant correlations 

between L. and time for both male and female fish for both the raw and smoothed L. 

data.. For dab (both sexes) and female plaice, maximum size values were positively 

correlated with time (Table 3.25) with Lý values for male and female dab increasing 

from ca. 23 cm (male) and ca. 29 cm (female) in the late 1970s to ca. 28 cm (male) 

and ca. 32 cm (female) post-2000 respectively (Figure 3.39a) and L. values for 

female plaice increasing from ca. 45 cm in the early 1970s to ca. 47 cm post-2000 

(Figure 3.39c). In contrast, maximum size values were negatively correlated with time 

for male plaice and for whiting (both sexes) (Table 3.25) with L. values for male 

plaice decreasing from ca. 34 cm in the early 1970s to ca. 44 cm post-2000 (Figure 

3.39c) and L,,, values for male and female dab increasing from ca. 22 cm (male) and 

ca. 29 cm (female) in the late 1970s to ca. 29 cm (male) and ca. 34 cm (female) in 

post 2000 respectively (Figure 3.39a). 
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Figure 3.39: The maximum length L. (cm) of female (solid circles) and male (open 
circles) a) dab (1979-2006), b) whiting (1975-2007) and c) plaice (1970-2006) caught 
in the autumnal (October/November) RV Prince Madog fisheries surveys in the 
inshore waters of NW Wales and E Anglesey. 
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Table 3.25: Spearman Rank correlation coefficients (r3) relating maximum total length 
(L, cm) and von Bertalanify growth constants (K, year 1) to time for male (a') and 
female (s) dab (1979-2006), whiting (1975-2007) and plaice (1970-2006) caught in 
the autumnal (October/November) RV Prince Madog fisheries surveys in the inshore 
waters of NW Wales and E Anglesey. Correlation analyses have been conducted 
using the raw data and smoothed data, calculated as a three year running average. 
Significant correlations are highlighted in bold and trends (0.05 <P<0.10) 
underlined. 

Species L,. (cm) L. (cm) 

(Smoothed data) 

K (y") K (yj 

(Smoothed data) 

Dab: a' r, =0.792 r, =0.903 r, =-0.155 r, =-0.106 

P<0.001 P<0.001 P=0.57 P=0.70 

Dab : r, = 0.487 r, = 0.685 r, = -0.088 r, = -0.035 
P=0.056 P=0.003 P=0.75 P=0.90 

Whiting : a' r, = -0.522 r, = -0.559 r, = -0.054 r, = -0.057 
P=0.005 P=0.001 P=0.74 P=0.75 

Whiting : r, = -0.555 r, = -0.682 r, = 0.093 r, = 0.079 

P=0.003 P<0,001 P0.64 P=0.66 

Plaice: cT r, =-0.480 r, =-0.523 r, =0.531 r, =0.692 

P=0.003 P=0.001 P<0.001 P<0.001 

Plaice :Y r, = 0.372 r, = 0.465 r, _ -0.126 r, _ -0.136 
P=0.03 P=0.004 P=0.48 P=0.42 

Samples sizes: dab = 16 (&& Y), whiting = 27(3' & Y), plaice = 35 (ö) & 35 (Y) 
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Figure 3.40: The von Bertalanffy growth coefficient values (k, year 1) of female (solid 
circles) and male (open circles) a) dab (1979-2006), b) whiting (1975-2007) and c) 
plaice (1970-2006) caught in the autumnal (October/November) RV Prince Madog 
fisheries surveys in the inshore waters of NW Wales and E Anglesey. 
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For each species, the von Bertalanffy growth coefficient data (L. and K) were 

grouped by decade and analysed to see if there were any significant differences over 
time for the three species with differing histories of exploitation. Statistical analyses 

were conducted using the raw data and smoothed data, calculated as three year 

moving averages (see Chapter 2 for explanation). Although the data for dab are 
limited to the 1970s, 1990s and 2000s, data for all 4 decades were available for 

whiting and plaice. The statistical analyses are summarised in Tables 3.26 to 3.31. 

When the L. data for the unexploited dab population were grouped by decade, 

the L¬ values for both sexes were normally distributed (6, Z=0.13, n= 16, P=0.20; 

?, Z=0.19, n= 16, P=0.15) with both data sets having equal variances between 

time periods (6, W2,13 = 0.60, P=0.57; 9, WZ13 = 0.37, P=0.70). There was a 
tendency for decadal average L. values of female dab to increase over time but this 

was not significant at the 5% level (ANOVA, F(z, 13) = 3.19, P=0.074), however, in 

contrast, decadal average Lm values for male dab increased significantly over time 

(ANOVA, F(, 13) = 12.93, P=0.001) (Table 3.26). When the L. data were 
"smoothed" (i. e. calculated as three year running averages), both data sets exhibited 

equal variance between time periods (6, Wz, 13 = 1,73, P=0.22; Y, W2,13 = 2.24, P= 

0.15). The female smoothed L., data were normally distributed (Z = 0.11, n= 16, P= 

0.20) but the male data were not (Z = 0.24, n= 16, P=0.02). However, since both 

datasets exhibited equal variance, statistical comparisons between time periods could 
be conducted using ANOVA This analysis showed a significant difference between 

smoothed L. values over time for both males (ANOVA, F(213) = 52.76, P<0.0001) 

and females (ANOVA, F(213) = 11.03, P=0.002). For male dab, smoothed L. values 

increased in the 2000s, in contrast smoothed L. values for female dab were 

significantly larger in the 1990s (Table 3.27). When the L. data for the overexploited 

whiting were grouped by decade, the L(. values for both sexes were normally 

distributed (6, Z=0.09, n= 27, P=0.20; Y, Z=0.10, n= 27, P=0.20) with both 

data sets having equal variances between time periods (6, W3,23 = 1.81, P=0.17; Y, 

W3,,. 3 = 0.49, P=0.69). Both male and female whiting exhibited a significant 

difference between decadal average L. values (a', ANOVA, F(3,, » = 4.31, P=0.015; 

Y, ANOVA, F(3,23) = 3.41, P=0.035) with average Lc values for both sexes being 

significantly larger in the 1980s compared to the 2000s (Table 3.28) when using the 

raw data. However, when the data are "smoothed", greater differences over time can 

be observed (Table 3.29). When the L.,, data were "smoothed" (i. e. calculated as 
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Table 3.26: (a) Average theoretical maximum length values (L 
» cm) and von 

Bertalanffy growth coefficients (K, year') for male and female dab caught in the 

autumn surveys conducted by the RV Prince Madog in 1978-1980,1994-1999 and 

2000-2006. Data are presented as mean values ± SD except for female K values which 

are median values ± interquartile range. Significance values for the post-hoc 

comparisons between time periods using Scheffe's multiple comparison test for (b) 

average L values and (c) average K values. (significant differences at the 5% level 

are highlighted in bold, trends are underlined). 

Male L.. Female L. Male K Female K 

1970s (n=3) 22.2 ± 2.0 29.0 t 2.4 0.35 ± 0.12 0.38* 

1990s (n=6) 23.1 ± 1.7 27.5 f 3.4 0.63 ± 0.21 0.43 f 0.49 

2000s(n=7) 25.0±3.2 32.1 f3.4 0.37±0.15 0.34±0.24 

* note no interquartile range due to sample size 

Male Lý Female L. 

1970s 1990s 2000s 1970s 1990s 2000s 

1970s 

1990s 0.81 0.81 

2000s 0.004 0.003 0.43 0.08 

C) 
Male K 

1970s 1990s 2000s 

1970s 

1990s 0.098 

2000s 0.994 0.041 
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Table 3.27: (a) Average smoothed theoretical maximum length values (L,,,, cm) and 
von Bertalanffy growth coefficients (K, year-) for male and female dab caught in the 
autumn surveys conducted by the RV Prince Madog in 1978-1980,1994-1999 and 
2000-2006. Smoothed values are calculated as a three year running average. Data are 
presented as mean values t SD. Significance values for the post-hoc comparisons 
between time periods using Schel%'s multiple comparison test for (b) average J« 
values and (c) average K values. (Significant differences at the 5% level are 
highlighted in bold, trends are underlined). 

Male L. Female Lý Male K Female K 

1970s (n=3) 

1990s (n=6) 

2000s (n=7) 

22.0 ± 0.9 

23.1 ± 0.8 

27.8 ± 1.2 

29.5± 0.4 

27.4 ± 2.1 

32.2 ± 1.9 

0.36 ± 0.05 

0.64 ± 0.13 

0.38 ± 0.07 

0.39 ± 0.05 

0.45 ± 0.17 

0.37 f 0.10 

b) 

Male Lý Female L,,, 

Male K 

1970s 1990s 2000s 

1970s 

1990s 0.066 

2000s 0.98 0.001 
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Table 3.28: (a) Average theoretical maximum length values (La,, cm) and von 
Bertalanffy growth coefficients (K, year) grouped by decade for male and female 
whiting caught in the autumn surveys conducted by the RV Prince Madog for the 
period 1975-2006. Data are presented as mean values f SD for L. values and median 
values f interquartile range for K values. (b) Significance values for the post-hoc 
comparisons between average L., values for the 4 time periods using Scheffe's 
multiple comparison test. (Significant differences at the 5% level are highlighted in 
bold). 

a 
Male L Female LW Male K Female K 

1970s (nom) 35.2: ±: 1.9 

1980s (nom) 37.7 f 4.7 

1990s (n=9) 33.6 f 3.2 

2000s (n=8) 30.8 f 3.9 

b 

Male 

39.4 ± 3.4 0.65 ± 0.60 0.54±0.64 

43.4±4.5 0.49±0.72 0.51 10.35 

37.7 ± 4.3 0.42 ± 0.23 0.43±0.31 

34.5 ±7.1 0.55 ± 1.05 0.76±0.85 

Female L. 

1 1970s 1980s 1990s 2000s 1970s 1980s 1990s 2000s 

three year running averages), both data sets were normally distributed ((ý, Z=0.12, n 

= 27, P=0.20; ?, Z=0.11, n= 27, P=0.20) but exhibited variances that tended to be 

unequal between time periods (a, W3,23 = 2.85, P=0.06; Q, W3,23 = 2.35, P=0.099). 

Therefore, statistical comparisons were made using the non-parametric Kruskal 

Wallis test which showed significant differences between smoothed decadal L. values 

for both male (Kruskal Wallis, x2 = 12.15,3df. P=0.007) and female whiting 

(Kruskal Wallis, Z= 19.48,3df. P=0.002). Pairwise comparisons of the decadal L. 

values for both male and female whiting for each time interval using Wilcoxon's 

signed rank test showed that L., values were highest in the 1980s and lowest in the 

2000s (Table 3.29). Although the time series data for plaice have already been 
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Table 3.29: (a) Average smoothed theoretical maximum length values (L. cm) and 

von Bertalanffy growth coefficients (K, yeaf') grouped by decade for male and 
female whiting caught in the autumn surveys conducted by the RV Prince Madog for 

the period 1975-2006. Smoothed values are calculated as a three year running average. 

Data are presented as median values f interquartile range. Significance values for the 

post-hoc comparisons using Wilcoxon's Signed Rank test between time periods for 

(b) smoothed L. values for both sexes and (c) smoothed k vales for female whiting. 

(Significant differences at the 5% level are highlighted in bold, trends are underlined). 

Male L., * Female L. Male K Female K 

1970s (n=4) 35.1 ± 2.1 39.4 ± 4.6 0.55 ± 0.27 0.54 ± 0.41 

1980s (n=6) 39.1+5.5 43.7 ± 4.3 0.81+0.49 0.52 ± 0.44 

1990s(n=9) 33.9 ± 2.2 38.7 ± 2.9 0.58 ± 0.29 0.43 ± 0.17 

2000s (n=8) 29.7 ± 5.3 33.4 ± 6.2 1.00+0.85 0.99 + 0.46 

b) 

Male L. Female L. 

1970s 1980s 1990s 2000s 1970s 1980s 1990s 2000s 

1970s 

1980s 0.068 0.068 

1990 0 068 0 046 47 0 028 0 
" Va 

s . . . . 
2000s 0.27 0.028 0.069 0.068 0.028 0.012 
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Table 3.30: (a) Average theoretical maximum length values (L.,, cm) and von 
Bertalanffy growth coefficients (K, year) grouped by decade for male and female 
plaice caught in the autumn surveys conducted by the RV Prince Madog for the 
period 1970-2006. Data are presented as mean values ± SD. (b) Significance values 
for the post-hoc comparisons between L,,, values and K values for male plaice for the 4 
time periods using Scheffe's multiple comparison test. (significant differences at the 
5% level are highlighted in bold and trends are underlined). 

Male Lm Female L. Male K Female K 

1970s(n=9) 35.3±3.6 43.9±3.1 0.33±0.15 0.28±0.07 

1980s (n=9) 42.7 ± 5.0 43.5 ± 3.8 0.25 ± 0.08 0.36 ± 0.08 

1990s(n=10) 31.6±3.1 45.5±4.0 0.57±0.12 0.29±0.10 

2000s (n=7) 31.4 ± 4.7 47.1 ± 3.8 0.52 ± 0.18 0.26 ± 0.07 

b) 

Male L,,, ) Male K 

1970s 1980s 1990s 2000s 1970s 1980s 1990s 2000s 

1970s 

1980s 0.007 0.70 

1990s 0.30 <0.001 0.005 < 0.001 

2000s 0.33 <0.001 0.33 0.066 0.005 0.90 

analysed grouped into 5 year intervals in Section 3.4, the analysis is repeated here 

grouped into decade for comparability with the dab and whiting data. When the Lý 

data for the underexploited plaice population were grouped by decade, the L. values 
for both sexes were normally distributed (d', Z= 0.14, n= 35, P=0.08; Y, Z=0.08, n 

= 34, P=0.20) with both data sets having equal variances between time periods (e, 

W3,31 = 0.60, P=0.62; ?, W3330 = 0.39, P=0.76). Analysis of variance showed a 

significant difference between decadal L. values over time for male plaice (ANOVA, 

F(3,31) = 14.63, P<0.001) but not for females (ANOVA, F(3,30) = 1.54, P=0.23). For 

male plaice, L. values were significantly higher in the 1980s compared to other time 

periods (Table 3.30). However, when the data are "smoothed", greater differences 

over time can be observed for both sexes (Table 3.31). When the L, data were 
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Table 3.31: (a) Average smoothed theoretical maximum length values (Li, cm) and 

von Bertalanffy growth coefficients (K, year) grouped by decade for male and 
female plaice caught in the autumn surveys conducted by the RV Prince Madog for 

the period 1970-2006. Data are presented as mean values ± SD. Significance values 
for the post-hoc comparisons between (b) L. values and (c) K values for male and 

female plaice for the 4 time periods using Scheffe's multiple comparison test. 

(significant differences at the 5% level are highlighted in bold and trends are 

underlined). 

Male L., Female L. Male K Female K 

1970s (n=9) 35.112.3 43.9 ± 1.5 0.34 ± 0.07 0.29 ± 0.04 

1980s (n=9) 42.6 ± 1.7 43.6 ± 2.4 0.27 + 0.06 0.36 f 0.05 

1990s(n=10) 31.9±2.1 45.5±1.7 0.55±0.06 0.29±0.04 

2000s (n=7) 31.7 f 2.3 47.1 ± 2.5 0.53 ± 0.08 0.27+-0.04 

b) 

Male L., Female L,. 

1970s 1980s 1990s 2000s 1970s 1980s 1990s 2000s 

1970s 

1980s < 0.001 0.99 

1990s 0.023 <0.001 0.46 0.34 

2000s 0.03 <0.001 1.00 0.039 0.026 0.46 

Male K Female K 
I 

1970s 1980s 1990s 2000s 1970s 1980s 1990s 2000s 

1970s 

1980s 0.30 

1990s < 0.001 <0.001 

2000s < 0.001 <0.001 0.93 
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"smoothed" (i. e. calculated as three year running averages), the female plaice data 

were normally distributed (Z = 0.13, n= 34, P=0.15) but the male data were not (Z = 
0.15, n= 35, P=0.047). However, both data sets exhibited equal variances (a, W3,31 

= 0.73, P=0.54; Y, W3,30 = 0.85, P=0.48) allowing the use of ANOVA. Analysis of 

variance showed significant differences between decadal smoothed L. values over 

time for both male plaice (ANOVA, F(3,3I) = 52.06, P<0.001) and female plaice 
(ANOVA, F(3,30) = 4.63, P=0.009). Comparisons of the 4 decades data for male 

plaice using Scheffe's multiple comparison test showed significant differences in 

smoothed L.,, between all pairwise comparisons except between the 1990s and 2000s 

with the general pattern being smoothed L. values decreasing significantly between 

the 1970s and the 2000s. In contrast, smoothed L. values for female plaice were 

significantly larger in the 2000s compared to the 1970s and 1980s (Table 3.31). 

When the growth coefficient data, K, for the unexploited dab population were 

grouped by decade, the values for male dab showed equal variance between time 

periods but the female data did not (6, WZ13 = 0.92, P=0.42; W7,13 = 6.55, P= 

0.011). Similarly, one data set was normally distributed (s, Z=0.17, n= 16, P= 

0.20) whilst the other was not (6, Z=0.23, n= 16, P=0.03). Therefore, given the 

distribution of the data, the male K values were analysed using ANOVA but the 

female K values were analysed using a Kruskal Wallis test. For male dab, the decadal 

growth coefficient values were significantly different (ANOVA, F(Z, 3) = 4.90, P= 

0.03), with K values higher in the 1990s compared to the 1970s and 2000s (Table 

3.26) but there was no pattern for increasing or decreasing growth coefficients over 

time. There were no differences between decadal growth coefficient values for female 

dab (Kruskal Wallis, ' = 0.48,2df. P=0.79) (Table 3.26). The same patterns in the 

data were observed when the dab K data are "smoothed" and expressed as a three year 

running average. Both dab data sets exhibited equal variance between time periods (ö, 

Wz, 13 = 1.34, P=0.30; Y, WZ13 = 1.32, P=0.29) and were normally distributed (both 

Z=0.21, n= 16, P=0.06). For male dab, the decadal growth coefficient values were 

significantly different (ANOVA, F(Z13) = 13.60, P=0.001), with K values higher in 

the 1990s compared to the 1970s and 2000s (Table 3.27) but there was no pattern for 

increasing or decreasing growth coefficients over time. There were no differences 

between decadal growth coefficient values for female dab (ANOVA, F(Z13) = 0.99, P 

= 0.40) (Table 3.27). When the growth coefficient data for the overexploited whiting 

were grouped by decade, the K values for both sexes were not normally distributed (5, 
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Z=0.20, n= 27, P=0.006; 9, Z=0.17, n= 27, P=0.055) with both data sets having 

unequal variances between time periods (a', W3,26 = 2.40, P=0.093; 9, W3,26 = 3.46, 

P=0.033). Therefore, given the significant, or near-significant results of the 

Kolmogorov-Smimov and Levene's tests, the data were tested using the non- 

parametric Kruskal Wallis test. Both male and female whiting exhibited no significant 
differences between decadal average K values (5, )? = 0.68,3df. P=0.88; ?, x2 = 
1.59,3df. P=0.66) (Table 3.28). When the von Bertalanffy growth coefficient data 

were calculated as three year running averages, the "smoothed" K values for both 

sexes were not normally distributed (a, Z=0.15, n= 27, P=0.058; ?, Z=0.21, n= 
27, P=0.001) with both data sets having unequal variances between time periods (5, 

W3,26 = 2.40, P=0.093; Y, W3,26 = 4.82, P=0.008). Therefore, the data were tested 

using the non parametric Kruskal Wallis test. Male whiting exhibited no significant 
differences between decadal average smoothed K values (=4.82,3df. P=0.19) but 

female whiting exhibited significant differences over time (9, = 9.68,3df. P= 

0.021) with smoothed K values significantly higher in the 2000s (Table 3.29). When 

the von Bertalanffy growth coefficient data for the underexploited plaice population 

were grouped by decade, the K values for both sexes were normally distributed (5, Z 

= 0.10, n= 35, P=0.20; 9, Z=0.16, n= 34, P=0.066) with both data sets having 

equal variances between time periods (a, W3,31= 0.87, P=0.47; 91 W3,30 = 1.34, P= 

0.28). Analysis of variance showed significant differences in K values between 

decades for male plaice (ANOVA, F(3,34) = 11.50, P<0.001) but not for females 

(ANOVA, F(3,33) = 0.15, P=0.13). Comparisons of the 4 decades data for male plaice 

using Scheffe's multiple comparison test showed a significant differences between 

higher K values in the 1990s/2000s and lower K values in the 1970s/1980s (Table 

3.30). When the plaice growth coefficient data are "smoothed" and expressed as a 

three year running average, both male and female plaice data were normally 

distributed (a, Z= 0.13, n= 35, P=0.12; 9, Z= 0.07 n= 34, P=0.20) and exhibited 

equal variance between time periods (5, W3,31= 0.66, P=0.58; Y, W3,3o = 1.32, P= 

0.94). For both sexes, ANOVA revealed that the decadal smoothed growth coefficient 

values were significantly different between time periods (ANOVA: a', F(3,34) = 36.57, 

P<0.001; 9, F(3,33) = 7.24, P=0.001). Comparisons of the decadal smoothed K data 

for male plaice using Scheffe's multiple comparison test showed significant 

differences between higher K values in the 1990s/2000s and lower K values in the 

1970s/1980s (Table 3.31). Comparisons of the decadal smoothed K data for female 
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plaice using Scheffe's multiple comparison test showed significantly higher K values 
in the 1980s compared to other decades but shift in growth rate over the 4 decades 

(Table 3.31). 

Therefore, to summarise the comparisons between the patterns of growth for 

the three species, as assessed using the von Bertalanfl'y growth coefficients, the 

following patterns were observed in the data. For the unexploited dab population, 
there has been no significant change in the size range or modal size of dab caught in 

the autumnal fisheries surveys, although there is evidence (based on limited data) of a 

change in the pattern of growth with an increase in L.. For the underexploited plaice 

population, there has been no significant change in the modal size of plaice caught in 

the autumnal fisheries surveys, however larger fish (> 30 cm TL) make up a greater 

proportion of catch than they did 20-30 years ago. Over the last 4 decades there have 

been changes in the patterns of growth for both sexes with male plaice showing a 
decrease in L. and an increase in K and female plaice showing an increase in L.,, over 

time. Finally for the overexploited whiting caught in the autumnal fisheries surveys, 

there has been a significant decrease in the modal size over time and a tendency for 

smaller whiting (< 25 cm TL) to make up a greater proportion of the catch. There has 

been a decrease in L. over time for both sexes and also an increase in K values for 

female whiting These changes in the size and growth patterns for the three species are 

discussed in detail in relation to fishing pressure and fisheries induced evolution in the 

next section. 

The available data on size (L5o, cm) and age (Aso, year 1) at first maturity for 

the three species are presented in Figures 3.41 and 3.42. The maturity ogive data for 

dab and plaice cover the time periods 1975 to 2006 and 1970 to 2006 respectively. 

Preston (2007) reported that whiting showed decrease in Lso and Aso over the period 

studied 1975-2007, although the data available for study period were only 6 years 

between 2002 and 2007. Also, since there were no differences in Lso and Aso between 

male and female whiting, Preston (2007) presented data for both sexes combined in 

her thesis. Therefore, detailed statistical comparisons can only be made between the 

maturity ogives for plaice and dab from the RV Prince Madog autumnal fishing 

surveys. 
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Figure 3.41: Total length at 50% maturity (L5o, cm) of female (solid circles), male 
(open circles) or both sexes combined (diamonds) for a) dab (1975-2006), b) whiting 
(2002-2007) and c) plaice (1970-2006) caught in the autumnal (October/November) 
RV Prince Madog fisheries surveys in the inshore waters of NW Wales and E 
Anglesey. 
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Figure 3.42: Age at 50% maturity (A50, cm) of female (solid circles), male (open 
circles) or both sexes combined (diamonds) for a) dab (1975-2006), b) whiting (2002- 
2007) and c) plaice (1970-2006) caught in the autumnal (October/November) RV 
Prince Madog fisheries surveys in the inshore waters of NW Wales and E Anglesey. 
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Changes in Lso over time for dab and plaice were examined using Spearman's 

Rank correlation test on the raw data and also on the smoothed Lso values calculated 

as a three year running average (data not shown). The correlation analyses for the raw 
data, presented in Table 3.32, showed no significant correlation between L50 and time 
for male and female dab and male plaice but a significant negative correlation 
between L5o and time for female plaice. However, when the L5o data are "smoothed" 

by calculating a three year running averages to remove some of the noise in the data 

so the long term pattern can become more evident, both dab and plaice showed 

significant, but differing, relationships between Lso and time (Figure 3.41, Table 3.32). 

For dab, the smoothed L50 data showed a significant positive correlation over time 

whilst for plaice, the smoothed L5o values showed a significant negative correlation 

over time. Although the average L50 values for dab between 1975 and 2006 were 21.2 

and 19.6 cm for female and male dab, Lso values increased from averages of 18.1 and 
16.2 cm for female and male dab in the early 1980s to averages of 23.2 and 22.0 cm 
for female and male dab in the 2000s, an increase of ca. 0.2-0.25 cm year'. In 

contrast, although the average L50 values for plaice between 1970 and 2006 were 24.8 

and 23.3 cm for female and male plaice, Lso values decreased from averages of 27.3 

and 26.1 cm for female and male dab in the early 1980s to averages of 25.6 and 23.8 

cm for female and male plaice in the 2000s, an increase of ca. 0.06 cm year 1. The 

available data for whiting shows a significant negative correlation with time (raw data, 

r, = -0.829, P=0. (42; smoothed data, r8 = -0.943, P=0.005). However, the data set is 

limited to a6 year time interval in the 2000s and so no conclusions can be drawn 

about the long term patterns in Lso for this species over time. 

For dab and plaice, the length at first maturity data were grouped by decade 

and analysed to see there were any significant differences over time for either species 

with differing histories of exploitation. Statistical analyses were conducted using the 

raw data and smoothed data, calculated as three year moving averages (see Chapter 2 

for explanation). Since there was only a single data point for dab in the 1970s, 

statistical analyses were limited to the 1980s, 1990s and 2000s whilst 4 decades of 

data were available for plaice. The statistical analyses are summarised in Tables 3.33 

to 3.36. 
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Table 3.32: Spearman Rank correlation coefficients (r, ) relating size at first maturity 
(L50, cm) and age at first maturity (Asp, year 1) to time for male (cT) and female (s) 
dab (1979-2006) and plaice (1970-2006) caught in the autumnal (October/November) 
RV Prince Madog fisheries surveys in the inshore waters of NW Wales and E 
Anglesey. Correlation analyses have been conducted using the raw data and smoothed 
data, calculated as a three year running average. Significant correlations are 
highlighted in bold and trends (0.05 <P<0.10) are underlined. 

Species Lsa (cm) Lso (cm) 
(Smoothed data) 

Aso (y') A50 (Y 

(Smoothed data) 

Dab: a' r, =0.409 r, =0.580 r, =0.519 r, =0.628 

P=0.092 P=0.012 P=0.048 P=0.012 

Dab: ? r, =0.0.421 r, =0.413 r, =0.441 r8=0.615 

P=0.305 P=0.070 P=0.099 P=0.015 

Plaice r, _ -0.276 r, = -0.461 r, = -0.271 r3 = -0.387 
P=0.163 P=0.015 P=0.180 P=0.046 

Plaice : r, = -0.410 r, = -0.606 r, _ -0.218 r, _ -0.243 
P=0.034 P=0.001 P=0.295 P=0.242 

Samples sizes (a' & ? ): dab, Lso = 18 & 20, Aso =15 & 15; plaice, L5o and A50 = 27 & 27. 

For dab, when L50 data are grouped by decade, both sexes were normally distributed 

(a, Z=0.14, n =18, P=0.20; 9, Z=0.14, n= 20, P=0.20) with male dab having 

equal variance (a', Wz, 14 =0.13, P=0.88) and female dab having unequal variance (Y, 

W2,14= 6.64, P=0.008). Therefore, the male data were analysed using ANOVA 

whilst the female data were analysed using a Kruskal Wallis test. For both male and 

female dab there was a trend for L50 values to be different between decades although 

this was not significant at the 5% level (a', ANOVA, F(, 16)= 3.55, P=0.057; 

Table 3.33: Average size at first maturity (L50, cm) for male and female dab caught in 
the autumn surveys conducted by the RV Prince Madog for the period 1980-2006. 
Data are presented as mean values ± SD for males and median values f interquartile 
range for females. 

Male Lso Female Lso 

1980s(n=4) 

1990s (n=8) 

18.9±3.0 17.8±2.5 

17.5 ± 3.2 20.8 t 2.6 

2000s (n=7) 1 22.0 ± 3.2 22.6: L 10.2 
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9, Kruskal Wallis, = 5.03,2df. P=0.081) (Table 3.33). For male dab, L5o values 
tended to be lower in the 1990s compared to the 2000s (Scheffe's multiple 

comparison test, P=0.063). For female dab, L50 values tended to be lower in the 1980s 

compared to the 1990s (Wilcoxon signed rank test, P=0.068). When the Lso data are 

smoothed (calculated a3 year running average), both datasets were normally 
distributed (ö, Z=0.206, n= 18, P=0.055; 9, Z=0.17 n= 20, P=0.163), however, 

male dab exhibited equal variance (W214 = 1.16, P=0.34) whilst female dab showed 

unequal variance (9, WZ16 = 7.56, P=0.005). Therefore, the male data were analysed 

using ANOVA whilst the female data were analysed using a Kruskal Wallis test. For 

both male and female dab there were significant differences between L50 values in the 

1980s, 1990s and 2000s (5, ANOVA, F(2,16) = 6.62, P=0.009; 9, Kruskal Wallis, 

= 6.75,2df. P=0.034) (Table 3.34). Pairwise comparisons of the L50values between 

decades for both males and females showed a trend for Lso to increase over time 

(Table 3.34). 

Although the time series L50 data for plaice have already been analysed 

grouped into 5 year intervals in Chapter 3, the analysis is repeated here grouped by 

decade for comparability with the dab data. The plaice Lso data for both sexes were 

normally distributed ((S, Z=0.12, n= 27, P=0.20; Y, Z=0.082, n= 27, P=0.20) 

with males having equal variance (d, W3,23 = 0.531, P=0.67) and females having 

unequal variance (?, W3,, = 6.18, P=0.003). Analysis of the raw Lso data by decade 

revealed no differences for male plaice (ANOVA, F(3,26) = 0.83, P=0.49) but 

significant differences for female plaice (Kruskal Wallis, Z=7.91,3df. P=0.043). 

Pairwise comparisons of the L5o values for each decade showed a tendency to 

decrease over time (Table 3.35). When the L50 data for male and female plaice were 

smoothed by calculating three year moving averages to reduce the noisiness, both data 

sets confirmed equal variances ((3, W3, ß = 0.46, P=0.71; Y, W3,23 = 1.42, P=0.26). 

The male smoothed L50 data were normally distributed (a, Z=0.11, n= 28, P=0.20) 

whereas female plaice data were not normal (9, Z=0.18, n= 27, P=0.03). As both 

datasets exhibited equal variance between time periods, ANOVA was used to 

compare the smoothed L50 values grouped by decade. This analysis revealed a highly 

significant difference between smoothed Lso values for female plaice over time 

(ANOVA, F(3,26) 22.94, P<0.0001), but not for male (ANOVA, F(3,26) = 1.58, P= 

0.22). For female plaice, smoothed Lso values showed a tendency to decrease over 

time (Table 3.36). 
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Table 3.34: (a) Smoothed average size at first maturity (L5o, cm) for male and female 
dab caught in the autumn surveys conducted by the RV Prince Madog for the period 
1980-2006. Data are presented as mean values ± SD for males and median values + 
interquartile range for females. (b) Significance values for the comparisons between 
time periods using Scheffe's multiple comparison test for males and Wilcoxon's 
signed rank test for female L50 values. (Significant differences at the 5% level are 
highlighted in bold, trends are underlined). 

a) 

Male L50 Female L50 

1980s (nom) 18.7 ± 2.9 18.4 ± 1.7 * 

1990s (n=8) 17.5±2.4 20.7±3.7* 

2000s (n=7) 21.9 ± 1.7 22.6 ± 7.4* 
" note: median ± interquartile range 

b 
I 

Male L50 Female L50 

1980s 1990s 2000s 1980s 1990s 2000s 

1980s 

1990s 0.73 0.14 

2000s 0.106 0.012 0.068 0.091 
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Table 3.35: (a) Average length at first maturity (L50, cm) for male and female plaice 
caught in the autumn surveys conducted by the RV Prince Madog for the period 
1970-2006. Data are presented as mean values ± SD. (b) Significance values for the 
comparisons between time periods using Scheffe's multiple comparison test for 
female L50 values. (Significant differences at the 5% level are highlighted in bold, 
trends are underlined). 

a) 

Male LSO Female L50 

1970s (n=8) 21.3 ± 4.1 26.9 ± 1.1 

1980s (n=8) 22.0 ± 3.4 24.5 ± 0.4 

1990s (n=4) 23.3 ± 3.4 23.4 ± 0.9 

2000s (n=7) 22.3 ± 2.3 24.2 ± 0.7 

b) 

Decadal Female Lso 

Years 1970s 1980s 1990s 

1970s 

1980s < 0.001 

1990s < 0.001 0.099 

2000s < 0.001 0.842 0.413 

2000s 
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Table 3.36: (a) Smoothed average size at first maturity (L50, cm) for male and female 
plaice caught in the autumn surveys conducted by the RV Prince Madog for the 
period 1970-2006. Data are presented as mean values f SD for males and median 
values ± interquartile range for females. (b) Significance values for the comparisons 
between time periods using Scheffe's multiple comparison test for males and 
Wilcoxon's signed rank test for female L50 values. (Significant differences at the 5% 
level are highlighted in bold, trends are underlined). 

Male Lso Female Lso 

1970s (n=8) 25.3 + 4.2 26.5 ± 1.6* 

1980s (n=8) 22.0 ± 3.9 24.5 ± 2.6* 

1990s (n=4) 23.4 ± 4.6 24.1 ± 2.9* 

2000s (n=7) 22.5 ± 5.2 22.6 ± 8.4* 

* Note: median f interquartile range 

Decadal 
Years 

Female L50 

1970s 1980s 1990s 
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A similar set of analyses were conducted for the Aso maturity ogive data. the 

data sets for dab and plaice covered the time period from the 1970s to the 2000s 

although the whiting data set was limited to the 2000s. Therefore, detailed statistical 

comparisons can only be made between the Aso data for plaice and dab from the RV 

Prince Madog autumnal fishing surveys. 

Examination of the dab raw Aso data revealed that the female data were 
normally distributed (y, Z=0.15, n= 15, P=0.20) but the male data were not (8, Z 

= 0.23, n= 15, P=0.029). Both data sets exhibited unequal variance between decades 

(e, W2, v = 5.43, P=0.021; 9, WZ12 = 3.13, P=0.08) and therefore the non- 

parametric Kruskal Wallis test was used to test for differences between time periods. 
The Kruskal Wallis test showed no significant differences between female Aso values 
(Kruskal Wallis, -47 = 3.70,2df. P=0.16) but a significant difference between male 
Aso values over time (Kruskal Wallis, = 7.19,2df. P=0.027) (Table 3.37). Pairwise 

comparisons of male dab Aso values showed a tendency for Aso to be higher in the 

2000s (Table 3.37). When the age at first maturity data were smoothed by calculating 

a three year running average, the data for both sexes were normally distributed (ö, Z 

= 0.20, n= 15, P=0.11; 9, Z=0.13, n= 15, P=0.20) and both showed equal 

variance (a, WZ12 = 1.51, P=0.26; 9, WZ12 = 1.41, P=0.28). Therefore, for both 

sexes the smoothed A50 data for each decade were compared using ANOVA which 

showed a significant difference for male dab (ANOVA, F(212) = 9.29, P=0.004) and 

a non-significant trend for female dab (ANOVA, F(212) = 3.08, P=0.083) (Table 

3.38). Pairwise comparisons of the smoothed Aso data for male dab indicated that Aso 

values in the 2000s tended to be higher than in the 1980s and 1990s (Table 3.38). 

Although the time series A50 data for plaice have already been analysed 

grouped into 5 year intervals in Chapter 3, the analysis is repeated here grouped by 

decade for comparability with the dab data. Overall, plaice Aso values ranged between 

1.1 and 5.2 years for male plaice with average 2.5 years and between 1.3 to 4.0 years 

and average of 2.1 years for female plaice (Figure 3.42; Table 3.39). The plaice Aso 

data for both sexes exhibited equal variance (8, W3, n = 1.55, P=0.23; Y, W3,21 = 0.85, 

P=0.48) although they were not normally distributed (5, Z= 0.17, n= 27, P=0.051; 

9, Z=0.23, n= 25, P=0.001). However, since the data exhibited equal variances 

between time periods they could be compared using ANOVA. ANOVA indicated no 

significant difference has shown over time for both male and female plaice 

(ANOVA: 8, F(2,22) = 1.07, P=0.38; Y, F(3,21) = 1.86, P=0.17). 
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Table 3.37: (a) Average age at first maturity values (A5%ß cm) for male and female dab 

caught in the autumn surveys conducted by the RV Prince Mailog for the period 
1979-2006. Data are presented as median values ± interquartile range. (b) 
Significance values for the comparisons between time periods using Wilcoxon's 
signed rank test for male average A50 values. (Significant differences at the 5% level 

are highlighted in bold, trends are underlined). 

a) 
Male ASS Female A50 

1980s (n=2) 2.0* 2.7* 

1990s (n=5) 1.4 ± 0.6 2.5 ± 1.8 

2000s (n=7) 3.1 ± 1.9 3.1 ± 1.1 

b 

Table 3.38: a) Smoothed average age at first maturity values (A5o, cm) for male and 
female dab caught in the autumn surveys conducted by the RV Prince Madog for the 
period 1979-2006. Data are presented as mean values ± SD. (b) Significance values 
for the comparisons between time periods using Scheffe's multiple comparison test 
for male average smoothed A50 values. (Significant differences at the 5% level are 
highlighted in bold, trends are underlined). 

a) 
Male Aso Female A50 

1980s (n= 3) 2.010.2 2.6 ± 0.3 

1990s (n= 5) 1.6±0.1 2.9±0.7 

2000s (n= 7) 3.2 ± 0.9 3.3 f 0.4 

b) 

Decadal Male A50 
Years 1980s 1990s 2000s 

1980s 

1990s 0.70 

2000s 0.068 0.005 
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Table 3.39: (a) Average age at first maturity values (As0, cm) for male and female 

plaice caught in the autumn surveys conducted by the RV Prince Madog for the 

period 1970-2006. Data are presented as mean values ± SD and as median values f 

interquartile range (indicated by *). 

Male Aso Female,. Aso Male ASo* Female A5o* 

1970s(n=8) 2.9 ± 1.4 2.6 ± 0.8 2.6 ± 2.5 2.4 ± 1.0 

1980s(n=8) 2.0±0.5 1.8±0.4 1.9±1.0 1.7±0.5 

1990s(n=5) 2.8 ± 1.7 2.0±0.4 2.4 ± 3.2 2.0 ± 0.7 

2000s (n=7) 2.2±1.0 2.. 1±0.9 1.9 ± 1.6 2.1±0.7 

When the Aso data for male and female plaice were smoothed (calculated as a3 year 

running average) and tested for normality, neither sex exhibited normal distribution 

(a', Z=0.23, n= 27, P=0.001; 9, Z=0.17, n= 25, P=0.062) or equal variance (a, 

W3, ß = 9.69, P<0.0001; 9, W3,21= 4.59, P=0.013). Therefore the decadal smoothed 

Aso data for both sexes were tested using the non-parametric Kruskal Wallis test. For 

male plaice, there were no differences in smoothed Aso values over time (Kruskal 

Wallis, )= 5.33,3df. P=0.15), however, smoothed A. so values over time were 

significantly different for female plaice (Kruskal Wallis, -e = 10.21,3df. P=0.017) 

(Table 3.40). Pairwise comparisons of the female decadal smoothed Aso data using a 

Wilcoxon signed rank test showed that age at first maturity in 1970s was older 

compared to the 1980s and 1990s (Table 3.40). 

To summarise the detailed analyses of L50 and A50 of dab and plaice, the 

preceding pages have shown that there is an indication that both Lso and A50 values 

have increased for male and female dab over time. In contrast, the data for plaice 

shows that length at first maturity for female plaice has declined over time. In addition, 

the limited whiting data presented here, plus the comments presented by Preston 

(2007) would suggest changes in the maturity ogives for this species also. These 

changes in maturity patterns for the three species are discussed in detail in relation to 

fishing pressure and fisheries induced evolution in the next section. 
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Table 3.40: (a) Smoothed average age at first maturity values (A5,,, cm) for male and 
female plaice caught in the autumn surveys conducted by the RV Prince Madog for 
the period 1970-2006. Data are presented as median values + interquartile range. (b) 
Significance values for the comparisons between time periods using Wilcoxon's 
sighned rank test for female average smoothed Aso values. (Significant differences at 
the 5% level are highlighted in bold, trends are underlined). 

Male 
smoothed ) 

1970s (n=4) 2.5 ± 2.4 

1980s (n=8) 2.0 ± 0.5 

1990s (n=4) 2.8 ± 2.4 

2000s (n=7) 2.2 10.6 

Female 
smoothed i 

2.3 ± 0.7 

1.8 ± 0.3 

2.0 ± 0.5 

1.9± 0.8 

b) 

Decadal Female smoothed Aso 

Years 1970s 1980s 1990s 2000s 

1970s 

1980s 

1990s 

2000s 

0.043 

0.068 

1.00 

1.00 

0.69 0.29 

257 



3.4.2 Evidence for Fisheries Induced Evolution in our local fish stocks? 

It is well established that rates of natural mortality are very high in the early life 

history stages of fishes, for example natural mortality rates can be as high as 50-70% 

day 1 for eggs and larvae of some marine fish species due to high predation rates 
(Jennings et al.,, 2001; Houde, 2002), however, natural mortality rates decline with 
increasing size (Peterson and Wroblewski, 1984; Sogard, 1997). For any given 

species, a range of life-history phenotypes (such as fast growing and slow growing 
individuals, differences in the age and size at maturity and in reproductive investment) 

can be expressed which are adaptive responses to allow the species to cope with 

environmental variability and the differential mortality that this produces (Hein and 
Dieckmann, 2008). In commercially exploited fish stocks, fishing will be the major 

source of mortality in the post-larval phase of the lifecycle, often exceeding the rate of 

natural mortality by several hundred percent, and will affect the phenotypic adaptive 

responses observed (Policansky, 1993; Conover, 2000; Law 2000; Ernande et al., 

2004). There has been considerable interest in modelling how increased mortality 

rates affect harvested populations, dependent on whether fishing is size-specific or 
indiscriminate, in order to predict how fish stocks may respond to over-exploitation 

(e. g. Ernande et al., 2004; De Roos et al., 2006). There is now a growing body of 

evidence to show that sustained fishing pressure can result in evolutionary changes in 

the population biology of fish stocks, a phenomenon that has been termed `Fisheries- 

Induced Evolution' (Kuparinen and Merila, 2007; Law, 2007; Hutchings and Fraser, 

2008). 

Fisheries can act as a selective force as the mortality rate of individuals above 

the size at first capture can potentially remove particular genotypes from the gene 

pool (Rijnsdorp et al., 2005). Life history theory predicts that this shift in mortality 

rates amongst larger individuals may select for earlier maturation, increased 

reproductive investment and a change in growth rate (Roff, 1992; Law 2000) and 

there is evidence to support these predictions from laboratory experiments (Reznick et 

aZ, 1990; Conover and Munch 2002) and for populations in the wild. Tables 3.41 and 

3.42 summarise data for temperate northern latitude fresh water and marine fish 

species where changes in growth or reproductive traits have been observed in 

response to heavy commercial or recreational exploitation. These data are derived 

from long term studies spanning 20 to 111 years and are mostly for salmonids (e. g. S. 
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salar and Oncorhynchus spp. ), pleuronectids (e. g. P. platessa and H. platessoides) 

and gadid species (e. g. G. morhua and M aeglefinus). As predicted from the life 

history models, the most common response to sustained overexploitation is a change 
in the timing of first reproduction, although some differences between freshwater and 

marine teleosts are evident In freshwater, the most common response, observed 

amongst the anadromous salmonids, is a reduction in the size at maturity (L5o) with a 

reduction in the age at first maturity (A5o) observed in lacustrine fishes (Table 3.41). 

However, this observation may be biased by the predominance of salmonid studies in 

the literature rather than being the typical freshwater response. Amongst marine 
teleosts, all three predicted responses to heavy fishing pressure are observed - i. e. 

selection for earlier maturation, increased reproductive investment and changes in 

growth rate - but it is the selection for a reduction in the age and size at first maturity 

that is observed in the majority of the studies (Table 3.42). The changes in Aso and Lso 

observed vary from study to study and are dependent in part on the degree of 

exploitation in terms of how long the stock has been overexploited and the intensity of 

overfishing. For example, fisheries-induced evolutionary changes can occur very 

rapidly. Studies on orange roughy Hoplostethus atlanticus in Tasmanian coastal 

waters show evidence of fisheries-induced evolution, through changes in fecundity, 

within a5 year time period (Koslow et al., 1995). The rapidity and magnitude of 

selection in age and size at maturity can also exhibit variation between stocks within a 

species (Table 3.42). A good example here is the Atlantic cod G. morhua, which 

comprises of a number of important stocks in the Northern Atlantic in the coastal 

shelf seas of northern Europe and North America. These stocks have a long history of 

industrial fishing/overexploitation and there are long term data sets collected by 

fisheries scientists that can be examined to detect any responses in the population 

biology of the stock to sustained overexploitation. For example, the northeast Arctic 

cod stock (located off the coast of northern Norway) has seen a dramatic decline in 

Aso from 10-11 years in the 1930s to 7 years in the 2000s with a parallel decrease in 

Lso from ca 90 to ca 75 cm (Heino et al., 2002a). However, in Canadian waters, 

decreases in Aso (6 to 4 years) and Lso (variable decline depending on stock and 

cohort) have been observed in the Grand Banks cod stocks and the 

Newfoundland/Labrador cod stock (Olsen et al., 2004,2005; Hutchings, 2005) whilst 

the Gulf of St Lawrence cod stock has shown changes in growth rate rather than 

changes in the timing of maturation (Sinclair et al., 2002; Swain et al., 2007). Spatial 
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variation in the responses to fishing pressure have also been observed for haddock M 

aegelfinus stocks in the northern North Sea (Wright, 2005). The "inshore" haddock 

stock has shown a reduction in As0IL50 and an increase in fecundity in the 1990s 

compared to 1970s whilst the decline in L. 50 has been less and there have been no 

changes in fecundity in the "offshore" haddock stock (Wright, 2005). Amongst 

commercially exploited flatfish species, there is evidence for fisheries induced 

evolution in North Sea plaice and sole S. solea stocks (Table 3.42) with changes in 

AsdL. sa observed in both species. 
In this chapter, time series data on the population biology of the three main 

demersal teleost fish species - dab, plaice and whiting - found in the inshore waters 

of NW Wales and E. Anglesey have been examined to detect whether there have been 

any changes in the size structure, growth rate and maturity ogives in the last 25-40 

years. These analyses have shown no changes in the unexploited dab population 

whilst significant changes in growth and size and age at maturity, suggestive of 
fisheries-induced evolution since they follow the same patterns seen in Table 3.42, 

have been observed in plaice and whiting It is unfortunate that the surviving records 

of the maturity data for whiting are limited to the 2000s, but it is striking that a 

significant change in AS(/Lsa is evident within that short time scale. Also, the 

magnitude of the decline in L. so (ca. 10 cm in 6 years) is comparable to the decline 

observed in some cod stocks over a5 year period (Olsen et at, 2005; Hutchings, 

2005). When the maturity ogive data are taken together with the significant changes in 

growth patterns (observed over a 25 year time scale), and assuming that whiting will 

show the same responses to overfishing as the other demersal gadids (which all show 

the same fisheries-induced evolutionary responses to overfishing), this is all evidence 

to suggest fisheries-induced evolution has occurred for whiting in the Irish Sea. It is 

interesting to note that the currently underexploited plaice population, which has been 

caught in the inshore waters of NW Wales and E. Anglesey in the autumnal fisheries 

surveys but which forms part of the SE Irish Sea stock located within Liverpool Bay 

(Dunn and Pawson, 2002), has also shown significant changes in growth (male plaice) 

and in the age (male plaice) and size (male and female plaice) at first maturity over 

the last 36 years. These results would also be suggestive of fisheries-induced 

evolution even though fishing pressure has been relaxed in the last 15 years and the 

stock is currently underexploited. Studies on North Sea plaice by Rijnsdorp and co- 

workers (Rijnsdorp, 1993; Grift et at, 2003; Rijnsdorp et at, 2005) have shown that 
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fishing mortality rates of F=0.4-0.7 year-' (plus estimated discard rates equivalent to 
F= 0.2-0.4 year-) between 1960 and 1990 have resulted in fisheries-induced evolution 

and a 4-6 cm decrease in Lso. Although stock size and landings are much lower for 

plaice in the Irish Sea compared to the North Sea (ICES, 2008a and b), comparable 

rates of fishing mortality (F = 0.4-0.9 y"1, excluding any estimate of discards) were 

observed during the period of peak fishing in the 1970s and 1980s. Over the same 
time period, L50 estimates for plaice, based on the autumnal fisheries survey and on 
Basimi and Grove (1985c) have decreased by 5 cm and Aso estimates by ca. 1 year. 
Thus, the same patterns of decline have been observed in this study as seen for the 

North Sea plaice stock 

It must be highlighted that in order to prove that changes in age and size at 

maturity are a result of fisheries-induced evolution, it is important to disentangle any 

genetic evolutionary response from a phenotypic response to changes in 

environmental conditions (Rijnsdorp et at, 2005). For example, in an exploited 

population it is possible that fish may mature earlier since competition for resources 

with con-specifics is reduced, growth is faster and individuals may attain the size 

required for maturation more quickly (Wright, 2005); also, increased seawater 

temperatures in recent decades (ca. 0.5-1.0°C in the Irish Sea) will promote increased 

growth opportunity. This is known as the `compensatory response' hypothesis and 

here, earlier maturation is a phenotypically plastic response where individuals adapt to 

changing environmental conditions (Law 2000, Heino et al., 2002b; Engelhard and 

Heino, 2004). The second, 'evolutionary response' hypothesis predicts that earlier 

maturation is due to a genetic change in maturation characteristics, arising from the 

effects of size selective harvesting (Wright, 2005). For example, with high adult 

mortality rates, the proportion of late-maturing individuals surviving through to 

spawning and successfully passing on their genes to subsequent generations is 

reduced and selection should favour early-maturing phenotypes and increased 

reproductive effort at all ages (Law 2000, Heino et al., 2002b; Wright, 2005). The 

majority of marine teleost studies to date, presented in Table 3.42, support the 

`evolutionary response' hypothesis through the use of reaction norm analysis (of age 

and size at maturity although some studies suggest a compensatory response (e. g. 

Atlantic herring; Engelhard and Heino, 2004) which may be due to the more selective 

fishing practices for herring compared to demersal fish species. In recent years, 

changes in selective traits such as growth rates, age/size at first maturity and fecundity 
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have been examined using reaction norm analysis (reviewed in Kuparinen and Merila, 

2007; Heini and Dieckmann, 2008). Probabilistic maturation reaction norm (PMRN) 

analysis involves the calculation of the age- and size-dependent probability that an 
immature individual will mature during a given time interval (Heini et al., 2002b; 

Heini and Dieckmann, 2008). This approach differs from the classic maturity ogive 

approach (as used in this study) where no distinction is made between individuals that 

are already mature and have spawned at least once (Stage 3 in this study, see chapter 
2) and those that are maturing for the first time (Stage 2). The PMRN technique is 

able to control for environmental variables such as growth rate, density and 
temperature and to look for trends in the residual (i. e. unexplained) variance in the 

data set. Trends in the residual variance are evidence of genetic changes (Heini et al., 
2002b; Kuparinen and Merila, 2007; Heini and Dieckmann, 2008). PMRN analysis 
has been developed within the last decade and has been used to re-analyse the time 

series data for species such as cod (e. g. Heino et aL, 2002a; Olsen et al., 2004,2005; 

Hutchings 2005) and plaice (e. g. Grift et al, 2003; Rijnsdorp et al., 2005). These 

analyses have confirmed the results obtained using classic maturity ogives published 
for these species 10 years earlier (plaice, Rijnsdorp, 1993: cod, Hutchings and Myers, 

1994; Myers et al., 1996). It was not possible within the time scale of this thesis to 

apply the PMRN technique to the maturation data available for plaice caught in the 

inshore waters of NW Wales and E. Anglesey in the autumnal fisheries surveys but it 

would be recommended that such an analysis is undertaken. Thus, although the results 

presented in this thesis cannot conclusively show that fisheries-induced evolution has 

occurred, the similarities observed in this study to the patterns observed in other 

demersal fish stocks would be suggestive that such a change has taken place. 

It is critical for management purposes to identify the relative importance of 

phenotypically plastic and evolutionary changes in age and size at maturation since 

phenotypic changes are readily reversible by, for example, relaxing the exploitation 

rate, while genetic changes are not readily reversible (Law 2000; Grift et al., 2003; 

Mollet et al., 2007). Recovery from a genetic change could be slow as natural 

selection pressure toward the original genotype could be lower in the absence of 

fishing pressure than any directional selection caused by intensive fishing (Law, 

2000). If directional selection as a result of fishing is too strong then the original 

genotype could be lost and the surviving genotypes may have reduced fitness. Thus, 
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identifying the onset of fisheries-induced evolution and remediating its effects early is 

critical (Mollet et al., 2007). Recent modelling has shown that fisheries-induced 

evolutionary changes in ages and size at maturation can be reversible (De Roos et al., 
2006). De Roos et al. (2006) conclude that stepwise changes in maturation age can be 

used as an early warning of upcoming evolutionary changes which can be used to 

highlight the need for changes in management and the introduction of restrictions in 

the fishery. 

3.4.3 Can the effects of climate change be detected in the long term population 
dynamics of plaice in the coastal waters of NW Wales and E Anglesey? 

The climate on Earth is changing and the planet warming at an accelerated rate (IPCC, 

2007) with knock-on effects for both terrestrial and aquatic ecosystems. It is well 
known that weather and climate affect the performance of individuals and as a result 
influence the abundance and distribution of species (Stenseth et al., 2003). 

Historically ecologists have examined how weather patterns (i. e. short term daily and 

seasonal changes in atmospheric conditions) have influenced abundance and 
distribution of species on a local scale. However, more recently particular attention 

has focused on understanding the links between climate (i. e. the prevailing weather 

over the longer term) and ecology in order to predict how future predicted climate 

change may influence the biosphere and the effect that this may have on the structure 

and function of terrestrial and aquatic ecosystems (Ottersen et al., 2001; Stenseth et 

al., 2003; Forchhanuner and Post, 2004). Long-term data sets are proving to be a 

valuable resource in understanding the cyclical nature in the distribution and 

abundance of marine organisms and analysis of these data sets in relation to climate 

various environmental/climatic variables is highlighting the effects of climate change 

on the distribution and abundance of marine organisms (e. g. Attrill & Power, 2002; 

Chavez et al., 2003; Genher et al, 2004; Hawkins et al., 2008; Teal et al., 2008; 

Polaczanska et al., 2008; Frid et al, 2009). In this section, the data from the RV 

Prince Madog fisheries survey will be used to examine whether changes in the 

population dynamics of plaice correlate with climatic variables such as sea surface 

temperature (SST) and climatic indices such as the North Atlantic Oscillation. 

A number of dominant global climate patterns have been identified which are known 

to exert dominant effects on regional weather patterns and therefore regional 
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ecologies. Stenseth et al. (2003) report that there are 17 major large scale climate 
patterns which are divided by regions into those influencing climate in the North 
Pacific, the South Pacific and the North Atlantic. The North Atlantic climate patterns 
include the North Atlantic Oscillation (NAO), the East Atlantic pattern, the East 
Atlantic/Western Russia pattern and the Scandinavian Pattern (Stenseth et al., 2003). 
In mid-latitudes in the North Atlantic, the NAO has a climatic influence that rivals 
that of the El Nino-Southern Oscillation (ENSO) in the Pacific exerting a dominant 

influence on temperatures, rainfall, storms, fisheries and ecosystems in the North 

Atlantic region (Marshall et al., 2001). Climate indices such as the NAO and ENSO 

have been shown to be of great value to ecologists in understanding how climatic 

fluctuations explain various ecological patterns and processes (Stenseth et al., 2002, 

2003). The North Atlantic Oscillation refers to the interaction between two 

atmospheric masses: a low pressure zone located over Iceland and a high pressure 

zone located over the Azores (Figure 3.43). The strength of these two pressure 

systems can vary and this is known to influence weather patterns in Europe through 

changes in wind speed and direction between 40° N and 60°N affecting heat and 

moisture transport and the frequency, intensity and direction of storms across North 

Africa and Europe (Hurrell and van Loon, 1997; Stenseth et al., 2003). Two distinct 

phases in the NAO have been recognised, a positive phase occurs when the two 

pressure systems are well developed resulting in stronger than average westerly winds 

at mid-latitudes which is associated with cold/wet conditions in Northwest Europe 

and warm/dry conditions in Southern Europe (Figure 3.43a) (Wanner et al., 2001). 

When the two pressure systems are weaker and the NAO is in negative phase, moist 

air is directed over Southern Europe and it is relatively drier in Northwest Europe 

(Figure 3.43a) (Wanner et al., 2001). This pattern of climate anomaly is most 

pronounced during the winter and the difference between the two pressure systems is 

used to calculate the North Atlantic Oscillation Index (NAOI). Figure 3.43b shows a 

plot of the NAOI from 1950 to 2006 which indicates that the general trend was for the 

NAOI to be in a negative phase in the 1960s and 1970s before entering a positive 

phase in the 1980s and 1990s. The current trajectory of the plot indicates that the 

NAO will be entering another negative phase in the 201 Os. 

One consequence of global climate change and atmospheric warming is a 

concomitant warning of the world's oceans (Gille, 2002; Gouretski and Koltermann 
2007; IPCC, 2007) and some of the most rapid rates of warming are occurring in the 

266 



a) 
NAO+ NAO- 

-ý! ý ýý 
- Y, r'INIiýN 

ý"". 

` 

wIr111 

reel 
' 

`t 
ýrýs 

werw 

ýý 

CNI . 810 

6 
5 
4 
3 
2 

01 
Q0VV VV 
Z -1 

-2 
-3 

-5 
-6 

1940 1950 1960 1970 1980 1990 2000 2010 

Year 

Figure 3.43: (a) Schematic representation of the positive and negative phases of the 
North Atlantic Oscillation (NAO). Note: L= low pressure, H= high pressure, red and 
blue represent warm and cold air masses respectively-(Images taken from URL 6). (b) 
A plot of the winter North Atlantic Oscillation Index 1950-2006. 
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Northeast Atlantic (IPCC, 2007). Around the UK, it is the western marine water 
bodies which are warming up the fastest, for example, increases of up to 1°C in annual 

sea surface temperature have been recorded in recent decades in the Western English 

Channel (Hawkins et al. 2003,2008). The Irish Sea is also showing a rapid and 

comparable rate of warming, Figure 3.44 shows changes in the average annual sea 

surface temperature (SST) at Moelfre for the time period 1970-2006 (Joyce, 2006). 

These results form part of a long term data series dating back to 1966. The SST data 

for Moelfre are presented for three separate time periods: summer (defined as July - 
September), winter (defined as January - March) and as an annual average. 
Significant linear increases are reported for all three SST values increases of 
between 1.1 to 1.3°C during the 30 year time period 1970-2000 (equivalent to ca. 
0.4°C warming per decade) (Figure 3.44). 

The influence of temperature changes, expressed as either a °C change in 

temperature over time or using an index such as the NAO, on the structure and 
function of intertidal and shelf sea ecosystems has been the focus of much research 

over the last 10 years (e. g. Tunberg and Nelson, 1998; Ottersen et al., 2002; 

Weijerman et al., 2005; Broitman et al., 2008; Hawkins et al., 2008; Frid et al., 2009). 

To briefly summarise this large body of research Climate change has been shown to 

influence productivity and species composition of phytoplankton (e. g. Beaugrand and 

Reid, 2003; Hays et al., 2005; Miller and Harding, 2007; Heath and Beare, 2008; 

Sommer et al., 2008) and zooplankton (Tunberg and Nelson, 1998; Beaugrand and 

Reid, 2003; Hays et al., 2005; Molinero et al., 2008) in shelf sea ecosystems. This 

variability in production at the base of the food chain has knock-on effects for animals 

feeding at the secondary consumer level or higher in the food web. Research has 

shown that changes in SST and NAO correlate with factors such as abundance, adult 

survival, breeding success, juvenile recruitment and migration behaviour in fishes (e. g. 

Guisande et al., 2001; Arnott and Ruxton, 2002; Salen-Picard et al., 2002; Genner et 

al., 2004 Hjermann et al., 2004; MacKenenzie and Koster, 2004; Sims et al., 2004; 

Boylan and Adams, 2006; Stige et al., 2006; Henriques et al., 2007; Teixeira and 

Cabral, 2009) and seabirds (e. g. Forchhammer et al., 2002; Durant et al., 2004; 

Grosbois and Thompson, 2005; Sanvik et al., 2008). 
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Figure 3.44: Surface seawater temperatures (SST, °C) for Moelfe (Eastern Anglesey) 
in the Irish Sea for the time period 1970-2006. Data are presented for the average SST 
in each year for the following time periods: (a) summer (July-September), (b) winter 
(January-March) and (c) annual. (Data source: Joyce, 2006). 
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In this section, changes in the population dynamics of plaice between 1970 

and 2006 will be examined in relation to SST and the winter NAOI (wNAOI). The 

winter NAOI will be used as it is at this time of year that the effects of the NAO are 

strongest (Hurrell and van Loon, 1997; Stenseth et al., 2003) and influences on fishes 

may be the strongest (e. g. Boylan and Adams, 2004), Three SST variables will be 

examined: summer (defined as July - September), winter (defined as January - 
March) and the annual average SST (Figure 3.44). The population biology parameters 
for male and female plaice in any given year that will be examined include abundance 
(number of fish caught hour 1) modal and average total length, the von Bertalanffy 

growth coefficients (L. and K), total mortality rates (Z) and the maturity ogives, Lso 

and Aso. These parameters have been selected to examine whether SST or wNAOI 
have any influence on abundance, growth or reproductive patterns in any given year. 
Figure 3.45 presents a hypothetical model of how temperature might affect growth 

patterns. If the temperature conditions (in this case SST or wNAOI) are warmer in 

any given year then this will result in increased primary and secondary production in 

coastal shelf seas, which together with slightly warmer water temperatures will 

provide increased opportunity for growth. Production could be increased either 

through an earlier start to the phytoplankton bloom in the spring, through increased 

production over the summer or through a combination of the two. The hypothesis is 

that increased growth opportunity in inshore waters will result in a larger size-at-age 

in each cohort and therefore the length frequency distribution would shift to the right 

in Figure 3.45. This increased growth opportunity would also change the shape of the 

von Bertalanffy growth curve with plaice as the larger size at age would increase the 

rate at which the asymptotic maximum size (L. ) is reached and therefore the value for 

the growth coefficient, It, ' would be higher in warmer years (Figure 3.45). This 

increase in the slope on the left hand of the growth curve is predicted to result in a 

small decrease in L. (Figure 3.45). In contrast in colder years, when the start of the 

spring phytoplankton bloom is delayed and lower temperatures affect the magnitude 

of primary/secondary production during the year, it is predicted that size-at age would 

be smaller than the long term average during these "cold" years resulting in a shift to 

the left in the length frequency distribution in Figure 3.45. This would result in a 

shallower growth curve, reducing the value for the growth coefficient, K, and 

increasing L. (Figure 3.45). 
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Figure 3.45: Models showing the hypothetical relationships between temperature and 
(a) length frequency distribution and (b) Von Bertalanffy growth curves for plaice. 
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The relationships between SST (summer, winter and annual) and wNAOI and 

the various population biology parameters for plaice between 1970 and 2006 were 

examined using Spearman's Rank correlation analysis and the results are summarised 

in Tables 3.43 and 3.44. For male plaice, the correlations between L., and K and 

SST/wNAOI followed those predicted by the model with I, ý negatively correlated and 

K positively correlated with SST/wNAOI (Table 3.43a). Modal size was not related to 

SST or wNAOI, although average size tended to be negatively correlated with 

SST/wNAOI (Table 3.44a), which was not the predicted response. Maturity ogives 

(Table 3.43a) and mortality rates (Table 3.44a) for male plaice were not correlated 

with SST/wNAOI. For female plaice, L. was positively correlated with SST/wNAOI, 

which was not the predicted response, whilst K was not correlated with SST/wNAOI 

(Table 3.43b). The size data for female plaice tended to not be correlated with 

SST/wNAOI, although average size was negatively correlated with winter and annual 

SST (Table 3.44b). Modal size was not related to SST in female plaice but correlated 

with wNAOI, (Table 3.44b), which was not the predicted response. Maturity ogives 

(Table 3.43b) and mortality rates (Table 3.44b) for female plaice were not correlated 

with SST/wNAOI. It is likely that some of the correlations observed may be the result 

of larger fish moving offshore in the winter to avoid colder water temperatures in the 

inshore waters (< 40 in deep). For both male and female plaice, abundance was 

significantly negatively correlated with wNAOI (Table 3.44b; Figure 3.46). The plot 

of abundance versus wNAOI for the time period 1970-2006 presented in Figure 3.46 

indicates that when the wNAOI is in negative phase, plaice abundance is higher than 

when the wNAOI is in positive phase. When the abundance data for male and female 

plaice are grouped into positive and negative phase values, both data sets were not 

normally distributed (cs', Z=0.18, n= 29, P=0.02; ?, Z=0.17, n= 30, P=0.04) and 

exhibited unequal variance (s', W1,. = 13.34, P=0.001; Y, W1,28 = 9.29, P=0.005). 

Therefore, statistical comparisons were made between the two wNAOI phases using 

the non-parametric Mann-Whitney test which showed a significant difference 

between the abundance of female plaice in the two phases (U = 54.0, n= 30, P= 

0.04) and a trend for male plaice (U = 59.0, n= 29, P=0.099). Median (f IQ range) 

in the positive and negative wNAOI phases were 42.4 (f 45.8) and 98.4 (t 112.2) for 

female plaice and 58.4 (± 75.0) and 104.1 (± 214.8) for male plaice respectively. 
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Table 3.43: Spearman Rank Correlation coefficients (r) and P values for the 
relationships between climatic variables and population biology variables for plaice 
caught in the autumn surveys conducted by the RV Prince Madog for the period 
1970-2006. Climatic variables are summer, winter and annual sea surface 
temperatures and the North Atlantic Oscillation index (NAOI). Population biology 
variables are the Von Bertalanffy growth coefficients (L.. and K) and length (L5o) and 
age (Aso) at first maturity. Data are presented for (a) male plaice and (b) female plaice. 

a) 

I Summer SST Winter SST Annual SST NAOI 

Lý r= -0.35 (P = 0.04) r= -0.46 (P = 0.006) 

K r=0.30(P=O ) r=0.35 (P=0.04) 

L50 r=0.07 (P = 0.75) r= -0.17 (P = 0.39) 

A50 r=0.10 (P = 0.65) r= -0.14 (P = 0.50) 

n= 35 for L. /K, n= 27 for L50, n= 26 for A50 

R=-0.58(P<O. (N)l) r=-0.02(P=0.92) 

R=0.30(P=0.0)8 r=0.06 (P = 0.75) 

R= -0.26 (P = 0.19) r=0.12 (P = 0.54) 

R= -0.06 (P = 0.76) r=0.07 (P=0.74) 

b) 

Summer SST Winter SST Annual SST NAOI 

L. r=0.48(P= 0.004) r=0.47(P=0.005) R=0.32(P=0.06) r=0.38 (P = 0.03) 

K r=-0.25(P =0.16) r=-0.37(P=0.03) R= -0.25 (P = 0.16) r= -0.17 (P = 0.35) 

L50 r=-0.20(P =0.33) r=-0.32(P=0.11) R= -0.12 (P = 0.54) r= -0.05 (P = 0.82) 

A50 r= -0.03 (P = 0.90) r= -0.23 (P = 0.26) R=0.16 (P = 0.46) r= -0.15 (P = 0.47) 

n= 34 for LX n= 27 for L5o, n= 25 for Aso 
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Table 3.44: Spearman Rank Correlation coefficients (r) and P values for the 
relationships between climatic variables and population biology variables for plaice 
caught in the autumn surveys conducted by the RV Prince Madog for the period 
1970-2006. Climatic variables are summer, winter and annual sea surface 
temperatures and the North Atlantic Oscillation index (NAOI). Population biology 
variables are modal size (TLm�d) and average size (TLavc), abundance (N, number of 
fish hour"'), instantaneous coefficient of total mortality (Z, year'). Data are presented 
for (a) male plaice and (b) female plaice. 

a) 

Summer SST Winter SST Annual SST NAOI 

TL,,, w r=-0.05(P =0.79) r=-O. i3(P =0.50) r=0.07(r=0.73) r=-O. 07(P =0.71) 

TL, ve r= -0.35 (P = 0.047) r= -0.23 (P = 0.19) r= -0.38 (P = 0.03) r= -0.38 (P = 0.03) 

N r= -0.32 (P = 0.09) r= -0.45 (P = 0.39) r= -0.26 (P = 0.19) r= -0.52 (P = 0.004) 

Z r= -0.03 (P = 0.87) r= -0.21 (P = 0.25) r= -0.23 (P = 0.21) r=0.19 (P = 0.33) 

n=33 forTL,,, ý/TL, Ve, n=29forN, n=30forZ 

b) 

Summer SST Winter SST Annual SST NAOI 

TL,,, w r=0.19 (P = 0.33) r=0.22(P= 0.25) r=0.18 (P = 0.35) r=0.41 (P= 0.03) 

TLave r= -0.18 (P = 0.32) r= -0.35 (P = 0.045) r= -0.46 (P = 0.007) r= -0.03 (P = 0.89) 

N r=-0.11 (P=0.57) r= -0.38 (P = 0.04) r= -0.37 (P = 0.04) r=-0.58(P =0.1101) 

Z r= -0.06 (P = 0.74) r= -0.44 (P = 0.02) r=-0.33 (P =0.08) r=-0.01 (P =0.94) 

n= 33 for TL/TL,,, n= 30 for N, n= 29 for Z 
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Figure 3.46: Relations between the winter North Atlantic Oscillation Index and 
abundance of male (open circles) and female (solid circles) plaice P. platessa caught 
in the RV Prince Madog fishing surveys conducted in October-December in the 
inshore waters of NW Wales and E Anglesey (1970-2006). 

Previous studies have also shown a correlation between wNAOI and fish abundance. 

Boylan and Adams (2006) examined the catches of Atlantic salmon caught in the 

estuary/catchment of the River Foyle in Northern Ireland between 1875 and 2001 and 

found that the wNAOI was significantly negatively correlated with catches of migrant 

Atlantic salmon (r = 0.66, P<0.001). A more detailed analysis, using breakpoint 

linear regression revealed that a significant linear relationship existed between salmon 

catches and wNAOI below index values of 0.151, above this value the relationship 
between wNAOI and salmon catches was uncoupled (Adams and Boylan, 2006). The 

results of Boylan and Adams (2006) analyses of a 126 year data set show clearly the 

influence of wNAOI on salmon abundance but indicate that the value of the NAOI as 

a predictive tool for forecasting salmon abundance may be limited, since the ability to 

predict abundance breaks down when the wNAOI is in positive phase. Henderson and 

Seaby (2005) have also shown that both SST and wNAOI are correlated with the 

abundance of sole S. solea in the Bristol Channel in Southwest England. However, in 

their study, abundance, growth and recruitment were all positively correlated with 

SST and wNAOI which is in contrast to the results of other studies (this study; Boylan 
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and Adams, 2006). As discussed earlier, it is clear that the factors influencing 

community assemblage, as well as the abundance and growth of individual species, 

exhibits spatial variation with opposite patterns being observed in geographically 

close locations. For example, the correlation between abundance and wNAOI in Irish 

Sea vs. the Bristol Channel (this study vs. Henderson and Seaby, 2005) or the effect of 
increases in SST on community composition and abundance of fish assemblages in 

the English Channel and the Bristol Channel (Genner et al., 2004). Clearly our 

understanding of how changing climate processes impact on marine ecology is 

incomplete and our ability to predict a community-level or species-level response to 

climate change is limited (Genner et al., 2004). Therefore, the time period examined 

might not be long enough to correlate these biological variables with NAOI and the 

relationship may be more complex than can be solely correlated with temperature 

alone. 

3.4.4 Summary 

This chapter has presented a detailed analysis of the population biology of 

plaice P. platessa L. in the coastal waters of Northwest Wales and Eastern 

Anglesey based on the fish caught in the RV Prince Madog autumnal fisheries 

surveys between 1970 and 2006. 

" The fisheries survey has sampled the same inshore (Red Wharf Bay, Conwy 

bay, Colwyn Bay) and offshore (Offfshore Point Lynas, Offshore Colwyn Bay) 

locations each year using the same fishing gear (Rockhopper otter trawl; cod- 

end stretched mesh size, 76 mm) using a standardised sampling technique. 

Fishing effort consisted of 13.2 ± 6.8 trawls per year with an average trawl 

tow time of 59 ± 14 minutes. 

" When the data were grouped into 5 year time intervals (1970-1974,1975-1979 

etc), fishing effort in terms of number of trawls was similar between 5 year 

time periods but trawls times were significantly lower in 1985-1989 and 1990- 

1994, therefore catches were expressed per unit time. 

" Although there were no differences in the number of plaice caught hour 1 

between 5 year time periods, a cyclical trend in abundance was apparent in the 
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data which was correlated with the winter index for the North Atlantic 

Oscillation. 

" Analysis of the size data between 1970 and 2006 indicated that there were no 

changes in the minimum or maximum size caught or in the size range of fish 

caught for male and female plaice. There was no change in the modal size 

class for female plaice between 1970 and 2006, however the modal size of 

male plaice decreased from ca. 23 cm to ca. 20 cm Total Length When the 

size data for male and female plaice between 1970 and 2006 is taken in its 

entirety, the results indicate that the size composition of the plaice caught in 

the fisheries surveys has not changed over the last 4 decades. 

" Analysis of the age structure of the catches between 1970 and 2006 indicated 

that there were no significant changes in the percentage composition of the 

main age classes (0-4 years old). However, maximum ages of male and female 

plaice, and therefore average ages of plaice, decreased over time. 

" Analysis of the sex-ratio data between 1970 and 2006 indicated a decrease in 

the number of male plaice caught in the fisheries surveys over the last 4 

decades. 

" The size at age data from the fisheries surveys were used to derive von 
Bertalanffy growth curves for male and female plaice. Analysis of the 

theoretical maximum total length (L. ) for male and female plaice indicated 

that the two sexes showed contrasting patterns. For female plaice, L,,, tended to 

increase over time, although this was not significant at the 5% level. For male 

plaice, L. increased between the 1970s and 1980s before returning to L. 

values in the 1990s and 2000s that were similar to the 1970s values. The von 

Bertalanffy growth coefficient (K, year) values for male and female plaice 

between 1970 and 2006 were examined. This analysis indicated that there had 

been little significant, long-lasting change in K values over time for female 

plaice, however, K values for male plaice indicated a significant increase post- 

1990 compared to K values in the 1970s and 1980s. 

" The size at age data were grouped in 5 year time intervals to examine whether 

the pattern of growth, as assessed by the shape of the von Bertalanffy growth 

curve, had changed over time for male or female plaice. This analysis revealed 

that, although there were differences for both sexes in the shape of the growth 

277 



curve between time periods, when each time period was compared to the long- 
term 36 year average growth curve, the only 5 year time period that exhibited 

a significant difference in shape for both male and female plaice was 2000- 

2006. 

" Data for maturity ogives, i. e. length and age at 50% maturity (L5o and Aso) 

between 1970 and 2006 were the most limited data set. Analysis of the 

available data indicated a decrease in Lso and Aso values for male and female 

plaice over time. 

" The population biology data for plaice, a stock which is currently under- 

exploited but historically was overexploited in the 1970s and 1980s, were 

compared with the population biology data for dab L. limanda (an unexploited 
species) and whiting M merlangus (an overexploited species) obtained from 

the same fisheries surveys. 
" Analysis of the time series data revealed changes in the size and growth 

patterns for the three species (i. e. no changes for dab vs. changes for plaice 

and whiting) that were consistent with their levels of fisheries exploitation. A 

similar analysis for maturity ogives for the three species was more limited but 

evidence of decreases in L. so and Aso values were evident for plaice and 

whiting compared to dab. These results are suggestive of fisheries-induced 

evolution in plaice and whiting in the Southeast Irish Sea. 

The population biology of plaice in the coastal waters of Northwest Wales and 
Eastern Anglesey were examined in relation to summer, winter and annual sea 

surface temperatures (SST) and the winter North Atlantic Oscillation index 

(wNAOI) to examine whether any changes in population biology were related 

to recent climate change. This analysis indicated a correlation between the 

abundance of male and female plaice and the wNAOI with higher abundances 

recorded when the wNAOI was in negative phase. A simple model outlining 

the effects of increased/decreased SST on size and growth was proposed. For 

male plaice, the correlations between L. /K and SST/wNAOI followed those 

predicted by the model, but the predicted response was not observed for 

female plaice. 

" Although the results of this chapter have shown clear, significant correlations 

between the population biology of plaice and both fishing pressure and recent 
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climate change, it is obvious that the relationships are complex. It is 

recommended that a more detailed, multivariate analysis of the data is 

conducted in order to further investigate the data and to identify the relative 

importance of these two factors on the population biology of plaice in the 

coastal waters of Northwest Wales and Eastern Anglesey. 
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Chapter 4: 

Growth of juvenile plaice Pleuronectes 
platessa L. in Red Wharf Bay and Conwy 
Bay (2004-2006). 
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4.1 Introduction 

Although plaice P. platessa L. in the Irish Sea (ICES region VIIa) are managed by 

ICES as a single management unit (ICES, 2008a), 4 sub-stocks have been recognised 
by Dunn and Pawson (2002) in the North East Irish Sea, South East Irish Sea, 

Cardigan Bay and Western Irish Sea. Tagging studies conducted over the last 30 years 
have shown that each of these substocks has their own spawning ground and nursery 

grounds within the geographic area of the Irish Sea in which they are located (Dunn 

and Pawson, 2002; Figure 4.1). It is thought that each of these 4 substocks are 

relatively self-contained with little movement/exchange of fish between the different 

regions (Dunn and Pawson, 2002), although recent modelling work has suggested that, 

due to the prevailing winds and currents in the Irish Sea, spawning in the western Irish 

Sea could supply juveniles into nursery grounds in the Eastern Irish Sea along the 

Scottish, English and Welsh coasts (Fox et al., 2009). 

In the South east Irish Sea, plaice are known to spawn in an area of Liverpool 

Bay that is about 10 miles north of the Great Orme (Simpson, 1959; Macer, 1967; 

Basimi and Grove, 1985c; Armstrong et al., 2001; Dunn and Pawson, 2002). 

Fertilised eggs and the subsequent larval stages are transported away from this 

spawning ground and, under the predominant influence of wind-driven currents, drift 

passively into coastal areas where suitable nursery grounds are located (Fox et al., 

2006,2007) and where the plaice undergo metamorphosis and settle (Gibson, 1999; 

Fox et al., 2007). The timing and length of the spawning season can vary, but 

spawning usually takes place between January and May with peak spawning usually 

between mid-February and mid-March (Al-Hossaini et al., 1989; Fox et al., 2007). 

Plaice are batch spawners and during the spawning season individual mature females 

will come into ovulation at different times within the 3 to 5 month spawning season 

and release batches of eggs at 2 to 5 day intervals over a4 to 6 week period 

(Rijnsdorp, 1989; Nash et al., 2000). This results in the immigration of newly settled 

juveniles into the coastal nursery grounds in `pulses' (Rijnsdorp et al., 1985; van der 

Veer, 1986; Al-Hossaini et al., 1989; Hovenkamp, 1991; Fox et al., 2007). The timing 

of when the newly settled juveniles first appear on the nursery grounds and the timing 

and magnitude of each settlement `pulse' also varies from year to year (Lockwood, 

1974; Zijlstra et al., 1982; Al-Hossaini et al., 1989; Nash and Geffen, 2000; van der 

Veer et al., 2000; Wennhage and Pihl, 2001). 
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Once the juvenile plaice have settled out and recruited onto the nursery ground 
they will remain there for at least one year until they move offshore and recruit into 

their parent spawning stock (Lockwood and Lucassen, 1984) although some studies 
have shown that fish can remain on the nursery ground for up to 24 months before 

migrating offshore to recruit (Nash et al., 1992). Research has shown that they settle 
out in about 5m water depth (Lockwood, 1974) and then move inshore to concentrate 
in waters <1 in deep to feed whilst 30-50 mm in size (Gibson et al., 2002). 0-group 

plaice are known to exhibit diurnal movement patterns in the shallow waters (Burrows 

et al., 1994; Gibson et al., 1998) and within their first year of growth they undertake a 
seasonal migration into deeper water (Lockwood, 1974; Gibson et al., 2002). 
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Figure 4.1: Maps of the West coast of England and Wales showing the ICES divisions 
and approximate locations of the main spawning grounds (hatched areas in the left 
panel) and the approximate locations of the main nursery grounds (hatched areas in 
the right panel). Nursery grounds have been defined from CEFAS beam trawl surveys 
(1986-2000) where the mean abundance of plaice < 16 cm Total Length was > 50 fish 
hour"'. (Figure taken from Dunn and Pawson, 2002). 

282 



As juvenile plaice attain ca. 50 mm in size, they move offshore and a positive 

relationship exists between size and depth such that fish between 60-80 mm are found 

between 1.5-3. Om water depth and 100 mm plaice are found at depths in excess of 4m 

(Gibson et al., 2002). Alongshore dispersal and site fidelity were examined by 

Burrows et al. (2004) using a tagging/transplantation experiment to show that 0-group 

plaice exhibit limited movement (< 500 m movement in 40 days) and a high degree of 
long-shore site fidelity despite undertaking depth-related migrations within a 

relatively homogenous sandy habitat. 

Studies into the post-settlement survival, growth and feeding ecology of 
juvenile plaice on their nursery grounds have been conducted throughout the 

geographical range for the species in the North Atlantic, for example Iceland 

(Hjörleifsson and Pälsson, 2001), the West coast of Scotland (Edwards and Steele, 

1968; Gibson et al, 1998), the Kattegat (Wennhage and Pihl, 2001; Wennhage et al., 

2007), the Celtic Sea (Allen et al., 2008), the English Channel (Amara, 2004) and Bay 

of Biscay (le Mao, 1986). However, the majority of studies on post-settlement 

survival, growth and feeding ecology of juvenile plaice have been conducted on the 

North Sea and Irish Sea nursery grounds. In the North Sea, studies have focussed 

primarily on the Wadden Sea (e. g Kuipers, 1977; Ziljstra et al., 1982; Rijnsdorp et al., 

1985; van der Veer, 1986; Hovenkamp, 1991; Karakiri et al., 1991; Bergahn et al., 

1995; van der Veer et al., 2000; Teal et al., 2008) but have also included the North 

East coast of England (Lockwood, 1974,1984) and the Southern Bight (Amara, 2003). 

In the Irish Sea, studies have primarily been conducted on a small nursery ground for 

the North east Irish Sea plaice stock in Port Erin Bay on the Isle of Man (e. g. Nash et 

al., 1992,1994; Hyder and Nash, 1998; Nash and Geffen, 1999,2000; Nash et al., 

2007). The post-settlement survival, growth and feeding ecology of juvenile plaice in 

the South East Irish Sea have been less studied. At the time of the inception of the 

study presented in this chapter (2004), research had been limited to two studies on 

trophic ecology (Macer, 1967; Carter et al, 1991) and one study on growth and 

mortality (Al-Hossaini et al., 1989). However, in recent years, a series of studies by 

Fox and co-workers have been published which have examined the dispersal patterns 

of eggs and larvae away from the spawning ground in Liverpool Bay (Fox et al., 

2006; von der Molen et al., 2007; Fox et al., 2009) and the settlement dates and 

sizelage structure on the nursery grounds in the South East Irish Sea (Fox et al., 2007). 
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It is clear from the references cited above that the post-settlement survival, 
growth and feeding ecology of juvenile plaice have been well studied. However, as 
Nash and Geffen (2000) highlight, it is important to study these processes on nursery 

grounds throughout the range for the species since the factors influencing survival, 

growth and recruitment (such as temperature, food availability and predation 

pressure) could vary with location. The data on the size structure and growth rates of 
juvenile plaice on the nursery grounds along the coast of North West Wales and 
Eastern Anglesey are still extremely limited (e. g. Al-Hossaini et at, 1989). 

The aims of this chapter: 

1) To examine changes in the size frequency distributions for juvenile 0-group 

plaice on two nursery grounds (Red Wharf Bay and Conwy Bay) along the 

coast of North West Wales and Eastern Anglesey during their first year of 

residence on the nursery ground. 
2) To examine the growth rates of juvenile 0-group plaice on two nursery 

grounds (Red Wharf Bay and Conwy Bay) along the coast of North West 

Wales and Eastern Anglesey during their first year of residence on the nursery 

ground. 
3) To examine the length-weight relationship, and using these data to calculate 

and examine changes in condition factor for juvenile 0-group plaice on two 

nursery grounds (Red Wharf Bay and Conwy Bay) along the coast of North 

West Wales and Eastern Anglesey during their first year of residence on the 

nursery ground. 
4) To compare the growth rates and condition of juvenile 0-group plaice on two 

nursery grounds (Red Wharf Bay and Conwy Bay) along the coast of North 

West Wales and Eastern Anglesey with the available data for other nursery 

grounds throughout the geographical range for the species. 
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4.2 Materials and methods 

4.2 1 Field and lab work 

Juvenile plaice P. platessa were collected from two nursery grounds in the 

coastal inshore waters of North West Wales and Eastern Anglesey: Llanfairfechan in 

Conwy Bay (52°16' N, 3°58' W; NGR SH67955) and Llanddona in Red Wharf Bay 

(52°18' N, 4°9' W; NGR SH566807) (Figure 4.2). Fish were collected from April 

2004 until March 2007 to follow three successive cohorts of 0-group juvenile plaice 
(2004,2005 and 2006) through their first year on the two nursery grounds. The initial 

settlement of juvenile plaice is known to take place around March/April (Al-Hossini 

et al., 1989; Basimi and Grove, 1985c) so push-net sampling was initiated in March to 

ensure that settlement-sized plaice were sampled. Initially samples were collected 

every two weeks for the first three months after settlement and thereafter samples 

were collected monthly. However, it was not possible to collect samples by boat for 

some months due to adverse weather conditions during the winter. Samples were 

therefore not collected from Llanfairfechan during the following months: December 

2004; January - February and October 2005; February, May and November 2006; 

February 2007. Samples were also not collected from Llanddona during the following 

months: October and December 2004; January, March, April and October 2005; 

February, July and November 2006; February 2007. 

Sampling on the two nursery grounds was limited to a restricted area (Figure 

4.2). After settlement in April/May (depending on year), Juvenile plaice 

(predominately post-settlement 0-group fish) were caught at low tide using the push 

net (5 mm code end) for the first 4-5 months. Fish usually caught in the outflow from 

small streams draining into each sampling area, in shallow water at the low tide mark, 

or in lagoons left behind on the beach by the retreating tide. As the year progressed 
from summer to autumn, the juvenile fish began to offshore into deeper water than 

could be sampled by pushnetting and therefore sampling was conducted by both 

pushnetting (to catch the late settlement 0-group plaice) and by beam trawl (to catch 

the largest, early-settled 0-group plaice). From the late autumn on wards and over the 

winter, sampling was conducted by beam trawling only. Beam trawling was 

conducted using a 1.9 m beam trawl gear with a4m long net comprising of 2m of net 

with a mesh size of 15 mm and a2m long cod end with a stretched mesh size of 10 
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mm. The beam trawl was deployed from a5 meter small boat equipped with a 60 hp 

engine. Tows were conducted for 10 minutes at an average speed of 1.6 knots 
depending on the tide and wind direction Trawls were initially conducted in the 

autumn at the depth of ca. 3 in at the beginning of autumn increasing to 7m over the 

winter. The sea bed of both sampling locations in Red Wharf Bay and Conwy Bay are 

sandy with no rocks or obstructions (Rees, 2004; Berwyn Roberts per. Obs. ). A target 

sample size of 100-200 fish each month was aimed for, although in some months, 

particularly during the winter, it was not possible to collect this number of plaice 
within the time available in the field. In addition, because of time constrains and 
logistics, beam trawling was restricted to 8 trawls of ten minutes tow per site. 
Sampling bycatch varied depending on the method used with pushnetting bycatch 

comprising principally of dab L. limanda, and brown shrimp C. crangon, whilst a 

wider rang of bycatch were collected by beam trawl. The beam trawl bycatch 

comprised of dab, lesser weever fish Echiichthys vipera, sand smelt Atherina 

presbyter, pipefish Sygnathus sp., whiting M merlangos, cuttlefish Sepiola atlantica, 

shore crab Carsinus meanas, common starfish Asterias rubens, sea cucumber 
Holothurta forskali, brown shrimp and brittle stars Ophiura spp. 

All juvenile plaice caught were kept alive in a small bucket filled with sea 

water and aerated using a small battery-powered air pump until return to the 

laboratory. In the laboratory, the fish were killed in accordance with home office 

regulations using a Schedule I method by overdose in seawater a solution containing 

2-phenoxyethanol (Sigma, UK). Care was taken with anaesthetic overdose to ensure 

that the very small 0-group plaice were killed rapidly but did not bend as this made 

morphometric measurement more difficult to obtain. After anaesthetisation and death, 

the total length (TL) and standard length (SL) of each fish were measured to the 

nearest 0.5 millimetre using vernier callipers for small 0-group fish and to the nearest 

millimetre using a measuring bakrd for the larger juvenile plaice. In addition, the fish 

were carefully blotted dry and their wet weight measured to the nearest milligramme. 

For the monthly samples where > 200 fish were caught, a random sample of 100-150 

fish were measured by resuspending in the water by stirring and dipping a small net in 

to collect fish. All fish sampled were placed on foil, identified by a unique code (to 

identify location, date and fish number) and frozen in case they were needed for any 

subsequent work. All field work and laboratory was conducted in accordance with the 
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School of Ocean Sciences (SOS) health and safety risk and assessment COCHH 

protocols. 

bC 

Conwy Bay. 
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Figure 4.2: a) A wide view of Red Wharf Bay and Conwy Bay, b) Red Wharf Bay, c) 



4.2.2 Data analysis 

In order to standardise for differences in sample size, annual and monthly 
percentage length-frequency distributions are presented. In order to identify the 0- 

group and 1-group cohorts of juvenile plaice in the 2004-2007 data, modal 
progression analysis (Bhattacharya's method) was performed using the FAO FiSat 

software (Gayanilo and Pauly, 1995 and 1997). This is a method which can be used to 

identify cohorts of normally distributed data within a multimodal size frequency 

distribution. The average standard length for each monthly sample at the two sites was 
identified and length-specific growth rates (SGRL, % day') were calculated using the 

following equation (King, 2007): 

SGRL = [Ln (L2) - Ln (Li)]*100/t 

Where L2 is the second (month) and LI is the first (month) average standard length for 

two months samples and t is the time interval by days between the two samples. 

The relationship between the body weight and standard length for the annual 

and monthly samples were determined using the following power function (King, 

2007): 

W=aLb 

Where W is the wet weight (g), L is the standard length (cm), and a and b were 

compared between sites for the annual and monthly samples. The length-weight 

equation can be used to determine the "relative well-being or condition factor" for a 

fish (King, 2007). For two fish of a given length, the heavier of the two can be said to 

be in better condition In this study, the monthly length-weight relationships were 

used to calculate the average condition factor (CF) using the following equation 

(King, 2007): 

CF = W. /Wp 
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Where W. is the average wet weight for that monthly sample and Wp is the predicted 

wet weight for a fish of the average standard length for that monthly sample, 
determined from the length-weight relationship for that month (King, 2007). 
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43 Results 

43.1 Monthly size frequency distributions 

The total number and size range of fish sampled from the Llanfairfechan area of 
Conwy Bay and the Llanddona area of Red Wharf Bay between April 2004 and 
March 2007 are shown in Table 4.1. The length frequency distributions of all juvenile 

plaice caught at Llanfairfechan and Llanddona in 2004,2005 and 2006 are shown in 

Figure 4.3. The maximum size of juvenile plaice caught were ca. 15 cm SL and 50-60 

g wet weight (Table 4.1). In most years, more juvenile fish were collected from 

Llanfairfechan compared to Llanddona Data on the monthly sampling at the two sites 

are shown in Table 4.2 (Llanfairfechan) and Table 4.3 (Llanddona). 

Table 4.1: Summary stats for annual catches for juvenile plaice P. platessa L. caught 
in (a) Llanfairfechan (Conwy Bay) and (b) Llanddona (Red Wharf Bay). 

a) 

Year N Average Median Minimum Maximum 

2004-05 970 3.837 3.543 1.160 14.800 
Length (cm) 2005-06 812 4.537 4.108 1.115 14.600 

2006-07 1066 3.702 3.300 1.300 15.030 

2004-05 970 1.988 0.676 0.016 50.773 
Weight (g) 2005-06 812 2.248 1.049 0.018 50.576 

2006-07 1066 1.439 0.554 0.025 55.914 

b) 

Year N Average Median Minimum Maximum 

2004-05 990 3.855 3.500 1.160 14.800 
Length (cm) 2005-06 610 3.611 2.953 1.115 14.600 

2006-07 818 3.290 3.400 1.300 15.030 

2004-05 990 1.900 0.680 0.022 33.817 
Weight (g) 2005-06 610 1.986 0.404 0.011 64.645 

2006-07 818 1.613 0.877 0.016 60.329 

290 



a) 

Lhnfaifechan 

V 
C 
Y 
P 

24 

18 

12 

6 

0 

b) 

Liandonna 

c 

o' 
u 
4' 20 
0 

15 

10 

5 

0 

Length (cm) 

24 

18 

12 

6 

0 

20 
15 

10 

5 

0 

Figure 4.3: Annual percentage length-frequency distributions of juvenile plaice P. 

platessa L. caught in (a) Llanfairfechan (Conwy Bay) and (b) Llanddona (Red Wharf 
Bay) in 2004,2005 and 2006. 
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Table 4.2: Summary statistics for the standard length data (cm) for the monthly 
catches for juvenile plaice Pleuronectes platessa L. caught in Llanfairfechan (Conwy 
Bay) between April 2004 and March 2007. 

Month n Average Median Minimum Maximum 

Apr-04 75 1.478 1.390 1.200 2.500 
May-04 149 2.054 2.100 1.160 3.745 
Jun-04 150 2.654 2.598 1.620 4.735 
Jul-04 75 4.084 3.485 1.980 11.865 
Aug-04 100 3.526 3.403 2.625 5.680 
Sep-04 100 4.474 4.185 3.040 11.975 
Oct-04 100 4.742 4.228 3.240 11.775 
Nov-04 172 6.436 5.710 3.115 14.800 
Mar-05 49 4.471 4.310 3.420 5.780 
Apr-05 62 6.313 6.105 4.220 9.485 
May-05 100 1.875 1.813 1.115 3.280 
Jun-05 100 3.147 3.030 1.770 5.440 
Jul-05 100 3.520 3.510 2.360 5.435 
Aug-05 100 3.982 3.778 3.005 7.475 
Sep-05 100 4.258 4.000 2.900 8.130 
Nov-05 41 8.951 8.900 3.800 14.600 
Dec-05 43 6.053 5.100 4.110 14.000 
Jan-06 17 6.749 5.850 4.000 12.025 
Mar-06 149 5.853 5.400 3.650 12.400 
Apr-06 111 2.125 1.940 1.400 7.300 
Jun-06 152 2.590 2.525 1.550 4.640 
Jul-06 214 3.393 3.140 2.060 8.550 
Aug-06 152 3.946 3.325 1.300 8.500 
Sep-06 105 3.804 3.310 2.500 8.430 
Oct-06 151 4.287 3.550 3.020 12.000 
Dec-06 111 5.075 4.500 3.050 11.400 
Jan-07 47 5.370 5.000 3.330 15.030 
Mar-07 23 5.571 4.800 3.540 12.100 

In most months the target sample size of >100 fish was collected, although over the 

winter months when sample collection was switched from push netting to beam 

trawling, monthly sample sizes were smaller at between 9 to 43 fish (Tables 4.2 and 

4.3). Juvenile plaice were harder to collect from Llanddona during the winter 

compared to Llanfairfechan. Due to bad weather, it was not possible to collect fish in 

some winter months: this presented more of a problem in Red Wharf Bay than Conwy 

Bay. 
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Table 4.3: Summary statistics for the standard length data (cm) for the monthly 
catches for juvenile plaice Pleuronectes platessa L. caught in Llanddona (Red Wharf 
Bay) between April 2004 and March 2007. 

Month 
n Mean Median Minimum Maximum 

Apr-04 75 2.185 2.270 1.250 3.220 
May-04 75 1.876 1.820 1.110 3.245 
Jun-04 150 2.858 2.795 1.635 5.075 
Jul-04 174 3.463 3.088 1.615 9.990 
Aug-04 100 4.002 3.668 2.130 8.945 
Sep-04 200 4.644 4.105 2.810 10.545 
Nov-04 192 5.875 5.400 1.360 12.765 
Feb-05 24 10.025 9.150 6.200 15.900 
May-05 100 1.5 88 1.538 0.980 2.910 
Jun-05 100 1.915 1.765 1.290 4.500 
Jul-05 100 2.554 2.435 1.720 6.000 
Aug-05 98 3.419 3.395 2.080 5.400 
Sep-05 100 4.451 4.295 3.630 8.075 
Nov-05 26 10.596 9.765 7.255 16.900 
Dec-05 14 7.352 7.315 5.020 10.110 
Jan-06 9 5.354 4.735 4.415 7.000 
Mar-06 63 6.200 5.020 3.930 12.670 
Apr-06 77 1.635 1.480 1.020 2.720 
May-06 151 2.93 8 3.000 1.355 5.510 
Jun-06 152 2.892 2.840 1.650 5.060 
Aug-06 142 4.207 4.000 3.000 8.400 
Sep-06 102 4.103 3.935 3.170 8.800 
Oct-06 150 5.075 4.435 3.200 12.000 
Dec-06 18 5.399 4.605 3.950 12.540 
Jan-07 15 8.837 7.810 5.400 15.070 
Mar-07 11 4.698 4.700 3.900 5.640 
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Push netting surveys at both sites captured juvenile plaice from initial settlement size 

of ca. 1.1-1.3 cm SL and ca. 11-25 mg wet weight (Table 4.1). The timing of first 

settlement appeared to be later in 2005 (May) compared to 2004 (April) and 2006 

(April). As monthly sampling progressed through the year, the size range of fish in the 

catch increased (Tables 4.2-4.3; Figures 4.4-4.6). Settlement-sized juvenile plaice (ca. 

1.1-1.3 an SL) continued to be caught by push net over the summer until August/July 

at both sites. In each year of sampling, small juvenile plaice of ca. 3-4 cm SL were 

caught at both sites during the autumn and winter. As expected, the maximum size of 
juvenile plaice caught on both nursery grounds increased as the 0-group cohort grew 

over the summer with maximum sizes caught in the beam trawl surveys over the 

winter (i. e. November - March) at both Llanfairfechan (Table 4.2; Figures 4.4 & 4.6) 

and Llanddona (Table 4.3; Figure 4.5 & 4.6). The maximum size of juvenile plaice 
increased from ca. 3 cm SL in the spring (i. e. April-May) to ca. 12-15 cm SL in the 

winter samples. It is likely that some of the largest juveniles (ca. 15-16 cm SL) caught 
by beam trawl during the winter sampling are 1-group juveniles from the previous 

year's cohort with the size of that year's cohort attaining sizes of ca. 10 cm SL over 

the winter. Figures 4.7 and 4.8 present the length frequency distributions of all the 

juvenile plaice caught in the sampling at Llanfairfechan and Llanddona. From these 

plots, it is possible to trace the size structure of the 2004,2005 and 2006 year classes 

during their first year of growth on the nursery ground. Modal Progression Analysis 

using Bhattacharya's method identified the three cohorts of juvenile plaice on both 

nursery grounds (Figures 4.7 and 4.8). From these plots it is also possible to discern 

the presence of 1-group fish in the catches. For example, the presence of fish > 7.5 cm 

SL in July 2004, fish > 10.0 cm SL in November 2004 and November 2005 in the 

Llanfairfechan samples (Figure 4.7). At Llanddona, it is likely that juvenile plaice ca. 

15.0 cm SL in February 2005, November 2005 and January 2007 are 1-group 

individuals rather than 0-group. Due to the scatter of sizes in this age class, Modal 

Progression Analysis using Bhattacharya's method tended to mis-identify two modal 

groups instead of one. The progression of the length-frequency histograms over time 

would suggest that as well as delayed settlement in 2005, growth rates were slower in 

that year on both nursery grounds. This can be seen from the incremental increase in 

both modal size and in skew to the right in the monthly length-frequency plots 

(Figures 4.7 and 4.8). 
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Figure 4.4: Monthly percentage length frequency distributions of juvenile plaice P. 
platessa L. caught in Llanfairfechan (Conwy Bay) between April 2004 and March 
2007. 
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Figure 4.5: Monthly percentage length-frequency distributions of juvenile plaice P. 
platessa L. caught in Llanddona (Red Wharf Bay) between April 2004 and March 
2007. 
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Figure 4.6: The size range of juvenile plaice P. platessa L. caught in (a) 
Llanfairfechan (Conwy Bay) and (b) Llanddona (Red Wharf Bay) between April 2004 
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minimum/maximum (open circles/dotted lines) standard length for each monthly 
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monthly length-frequency distributions of juvenile plaice P. platessa L. caught in 
Llanfairfechan (Conwy Bay) between April 2004 and March 2007. 

"i"" 

0 
4 ib X-»- k-. 

a kg. ., p 

zu - . --__. ___. 

ei' 

298 



Standard length (cm) 

nö 
(n cMn 

c) rn c) 

M 
C3 
JA ..,. 

11 L 

w a 
h, 
cýý . 11 Igis MI of 5- in. IL 
to ... c.. 

r.. 

at 

= -- .t... " 

  ISO  r IS 

rt IS ! 

A 
dbl tJý - ass . t ll 

. ti 

a 

N L- 691-0,80-- son ° 

4 
  all 1 

Figure 4.8: Modal progression analysis (using Bhattacharya's method), based on 
monthly length-frequency distributions of juvenile plaice P. platessa L. caught in 
Llanddona (Red Wharf Bay) between April 2004 and March 2007. 
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The monthly changes in the specific growth rate for length (% standard length day'') 

of the 2004,2005 and 2006 cohorts of 0-group juvenile plaice at Llanfairfechan and 
Llanddona are shown in Figure 4.9. These plots do not indicate any differences in 

growth rates between the two sites. At both Llanfairfechan and Llanddona, specific 

growth rates for length in the summer (ca. June) are between 0.2 and 0.4 % day', 

decreasing to ca. 0.15 % day 1 in August/September and 0.1 % day 1 at the end of the 

first year on the nursery ground. In addition, Figure 4.9 indicates that specific growth 

rates for length of the 2004 and 2005 cohorts at both Llanfairfechan and Llanddona 

were between 0.05 to 0.1 mm day" as they entered their second year of growth as 1- 

group juveniles. 

4.3.2 Monthly Length-weight relationships and condition factors 

The length-weight relationships for 2004,2005 and 2006 (i. e. all 12 monthly samples 

combined) are presented in Figure 4.10 with the regression coefficients for the non- 
linear power curve (W = a*Lb) presented in Table 4.4. For both sites, a similar size 

range of juveniles were caught in each year ranging from settlement size (ca. 1.2 cm 
SL and 0.02 g) to ca. 16 cm SL and 60 g (Figure 4.10). The weight exponents Q. e. b 

values) ranged from 2.96 to 3.16 (Table 4.4) with 5 of the 6 data sets for the 3 years 

indicating approximate isometric growth for the juveniles on both nursery grounds. 

The annual length-weight relationship for Llanddona in 2005 exhibited positive 

allometric growth. Figures 4.11 and 4.12 present the length weight relations for the 

monthly samples collected at Llanfairfechan and Llanddona with the regression 

coefficients for the non-linear power curve (W = a*Lb) presented in Table 4.5. 

Table 4.4: Annual length-weight relationships (Weight = a*Lb) for juvenile plaice P. 
platessa L. caught in Llanfairfechan (Conwy Bay) and Llanddona (Red Wharf Bay) in 
2004,2005 and 2006. 

Year Site nAb 
2004 Llandonna 991 0.0161 2.96 0.960 

Llanfairfechan 970 0.0154 2.99 0.986 
2005 Llandonna 610 0.0114 3.16 0.991 

Llanfairfechan 812 0.0138 3.04 0.993 
2006 Llandonna 818 0.0150 3.05 0.979 

Llanfairfechan 1066 0.0148 3.02 0.965 
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Figure 4.10: Annual length-weight relationships of juvenile plaice P. platessa L. 
caught in (a) Llanfairfechan (Conwy Bay) and (b) Llanddona (Red Wharf Bay) in 
2004,2005 and 2006. 
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The weight exponents (i. e. b values) for Llanfairfechan ranged from 2.60 to 3.34 

(Figure 4.13; Table 4.4) and between 2.81 and 3.20 for Llanddona (excluding the 

March 2007 sample; Figure 4.13; Table 4.4). It is likely that the variability observed 
in the monthly b-values will be due, in park to seasonal variations in condition but 

will also be influenced by the variable numbers and size range of fish caught each 

month A two way ANOVA was used to test whether there was an effect of site 
(Llanfairfechan or Llanddona) or year on the monthly weight exponent values. This 

analysis showed a significant effect of year (F3,44= 671.5, P<0.0001) but no effect of 

site (F1,44= 0.65, P=0.43) and no significant site x year interaction (F2,4- 0.25, P= 

0.98). The monthly average condition factors values presented in Figure 4.14 with the 

data for both sampling sites in the same year on the same plot for comparison. This 

plot shows that condition was variable between months and two patterns can be 

identified. Firstly, the condition factors of fish in 2004 and 2006 year classes were 
higher than in the 2005 year classes, confirming that as well as faster growth in these 

2 years, the fish were also in better overall condition, particularly during the summer 

months (Figure 4.14). In the 2004 and 2006 cohorts, the condition factor values are 

mainly 1.2 (except during the first few months after settlement) and as high as 1.6. In 

comparison, the condition factor values in the 2005 cohorts were ca. 1.2 year-round, 

with the exception of December 2005/January 2006 for Llanfairfechan (Figure 4.14). 

In these two months, condition factor values were higher, but this may be a sample 

size effect The second pattern that can be observed in the data is the seasonal 

variation in condition factor in the 2004 and 2006 cohorts, with condition factors 

tending to be low in the spring (i. e. ca. 1.2 in April to June) and increasing during the 

rest of the year (ca. 1.4- 1.6) (Figure 4.14). A two way ANOVA was used to test 

whether the statistical significance of these observations by determining whether there 

was an effect of site (Llanfairfechan or Llanddona) or year on the monthly condition 

factor values. This analysis showed a significant effect of year (F3,44= 63.3, P< 

0.0001) but no effect of site (F1,44= 0.84, P=0.36) and no significant site x year 

interaction (F2, - 1.29, P=0.29). 
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Figure 4.11: Monthly length-weight relationships of juvenile plaice P. platessa L. 
caught in Llanfairfechan (Conwy Bay) between April 2004 and March 2007. 
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Figure 4.12: Monthly length-weight relationships of juvenile plaice P. platessa L. 
caught in Llanddona (Red Wharf Bay) between April 2004 and March 2007. 
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Table 4.5: Monthly length-weight relationships (Weight = a*Lb) for juvenile plaice P. 
platessa L. caught in Llanfairfechan (Conwy Bay) and Llanddona (Red Wharf Bay) in 
2004,2005 and 2006. 

Llanfairfechan Liandonna 
Year Month n a b Year Month n a b 
2004 April 75 0.0134 3.08 0.899 2004 April 75 0.0171 3.09 0.984 

May 149 0.0201 2.67 0.887 May 75 0.0161 2.89 0.967 
June 150 0.0161 2.97 0.979 June 150 0.0150 2.97 0.936 
July 75 0.0178 2.98 0.946 July 174 0.0160 2.97 0.917 
August 100 0.0177 2.93 0.963 August 100 0.0133 3.103 0.984 
September 100 0.0166 2.95 0.979 September 200 0.0132 3.100 0.981 
October 100 0.0130 3.07 0.928 
November 172 0.0124 3.11 0.990 November 192 0.0180 2.88 0.899 

2005 2005 February 24 0.0118 3.13 0.993 
March 49 0.0202 2.70 0.747 
April 62 0.0107 3.34 0.951 
May 100 0.0132 3.06 0.970 
June 100 0.0147 2.96 0.983 
July 100 0.0159 2.90 0.905 
August 100 0.0184 2.91 0.981 
September 100 0.0179 2.88 0.964 
November 41 0.0154 2.99 0.992 
December 43 0.0112 3.13 0.995 

2006 January 17 0.0099 3.12 0.996 2006 
March 149 0.0161 2.97 0.977 
April 111 0.0106 3.26 0.968 
June 152 - 0.0172 2.86 0.899 
July 214 0.0161 2.98 0.965 
August 152 0.0258 2.65 0.875 
September 105 0.0236 2.80 0.976 
October 151 0.0131 3.11 0.989 
December 111 0.0133 3.05 0.980 

2007 January 47 0.0105 3.14 0.995 2007 
March 23 0.0275 2.60 0.736 

May 100 0.0101 3.16 0.897 
June 100 0.0128 2.89 0.948 
July 100 0.0135 3.01 0.987 
August 98 0.0204 2.87 0.966 
September 100 0.0114 3.15 0.946 
November 26 0.0230 2.81 0.978 
December 14 0.0107 3.17 0.995 
January 9 0.0142 2.99 0.976 
March 63 0.0119 3.10 0.994 
April 77 0.0142 2.93 0.918 
May 151 0.0156 2.99 0.963 
June 152 0.0155 3.08 0.959 
August 142 0.0191 2.87 0.921 
September 102 0.0222 2.89 0.972 
October 150 0.0145 3.06 0.991 
December 18 0.0106 3.18 0.995 
January 15 0.0097 3.20 0.996 
March 11 0.0536 2.06 0.679 
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Figure 4.13: Monthly changes in weight exponent for juvenile plaice P. platessa L. 
caught in Llanfairfechan (Conwy Bay; open circles, dotted line) and Llanddona (Red 
Wharf Bay; solid circles, solid line) between April 2004 and March 2007. 
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Figure 4.14: Monthly changes in condition factor for juvenile plaice P. platessa L. 

caught in Lianfairfechan (Conwy Bay) and Llanddona (Red Wharf Bay) between 
April 2004 and March 2007. 
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4.4 Discussion 

The aim of this chapter was to study three cohorts of 0-group juvenile plaice during 

their first year on two nursery grounds in North West Wales (Llanfairfechan in 

Conwy bay and Llanddona in Red Wharf Bay) in order to assess seasonal and inter- 

annual changes in growth and condition. In order to do so, it is important to be 

confident that juvenile plaice are not exhibiting movement patterns between nursery 

grounds which may affect the results. Tagging experiments have shown that juvenile 

plaice exhibit very little movement on the nursery grounds, usually staying within 500 

m of release (Macer, 1967; Riley, 1973; Burrows et al., 2004) and moving offshore 
into deeper water as they increase in size (Lockwood, 1974; Gibson et at, 2002). In 

addition, plaice can spend up to 24 months on the nursery grounds before moving 

offshore into deeper water (Nash et al., 1992). Therefore, we can be confident that the 

fish caught in this study will be from fish that settled onto that nursery ground and 
have remained in the general vicinity of the survey area, i. e. Llanfairfechan in Conwy 

Bay or Llanddona in Red Wharf Bay, since settlement rather than individuals that 

have migrated onto that nursery ground from other coastal nursery areas in the 

vicinity. For example, it is unlikely that juvenile plaice will have migrated from one 

survey site to the other during the course of the study. 

4.4.1 Length frequency distribution and abundance 

In this study, cohorts of fish could be identified based on the length frequency 

distribution of fish caught on the nursery ground. The results show, as expected, that 

in each year sampled, the 0-group dominated the catch with some larger 1-group fish 

caught in the autumn and winter months (Figures 4.7 and 4.8). The use of length 

frequency distributions do examine growth patterns in cohorts of juvenile flatfish is 

well established for plaice (e. g. Edwards and Steele, 1968; Al-Hossaini et al., 1989; 

Amara, 2004) and other flatfish species, for example dab, L. limanda (Edwards and 

Steele, 1968; Amara, 2004), Dover sole S. solea and Senegal sole Solea sengalensis 

(Cabral, 2003; Amara, 2004), English sole Pleuronectes vetulus (Shi et al., 1997) and 

winter flounder Pseudopleuronectes americanus (Sogard et al., 2001). In this study, 

modal progression analysis was used to identify the 0-group and 1-group cohorts and 

to determine the nodal length of that cohort in a given month to calculate growth rates. 
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Modal progression analysis is a widely used technique that has been used to identify 

cohorts within size-frequency distributions and to describe the growth patterns of 
these cohorts. For example, other larval and juvenile 0-group fish studies that have 

used modal progression analysis include work on European sardine Sardina 

pilchardus (Romanelli et at, 2002), European hake Merluccius merluccius (Morales- 

Nin and Aldebert, 1997), English Sole (Shi et at, 1997), Dover sole and Senegal sole 
(Cabral, 2003), and tilapias Oreochromis nilotiocus baringoensis and O. leucostictus 

(Britton and Harper, 2008). Although, this technique can also be used to determine 

growth curves in adult fishes, for example, mosquitofish Gambusia holbrooki (Scalici 

et at, 2007) and grey snapper Lutjanus griseus (Faune and Serafy, 2008), it is more 

common to use ageing techniques using hard part analysis, for example, otoliths, 

scales and bones (King, 2007), to derive growth curves in fishes. In contrast, the use 

of hard parts to age individuals is more difficult or even impossible in invertebrates 

and often modal progression analysis had been applied to length frequency 

distributions in order to identify cohorts to calculate growth rates and derive growth 

curves. This technique has been used in molluscs, for example, Nassarius reticulatus, 
(Chatzinikolaou and Richardson, 2008) and Octopus mimus (Cortez et at, 1999) and 
has been commonly applied to crustaceans, for example brown shrimp C. crangon 

(Oh et al., 1999; Al-Rashada, 2003), banana prawns Penaeus merguiensis (Haywood 

and Staples, 1993), white shrimp Litopenaeus vannamei (Ramos-Cruz, 2000) and 

spanner crabs Ranina ranina (Kirkwood et at, 2005). 

In this study, although the depth distribution of juvenile plaice was not 

assessed, it was apparent that the fish moved offshore as they increased in size. 

Recently-settled juveniles, known locally as "slips", were very easy to catch by push 

net in shallow water < 0.5 m deep in the late spring and early summer. In these initial 

samples, it was not uncommon for the required sample size of 0-group plaice to be 

caught in a single push. Over the summer, as the fish increased in size and became 

less abundant, greater push netting effort was needed in order to obtain the relevant 

sample size of 100-150 individuals. During the autumn, as the fish moved offshore 

into deeper water, and during the winter, juvenile plaice were caught using a2 in 

beam trawl. During the second half of their first year of growth, the juvenile plaice 

became less abundant and harder to catch in the deeper water. The distribution of 

juvenile plaice on nursery grounds is known to be related to size and temperature and 

predation risk (Gibson et a1., 1998,2002). It is thought that initial settlement of newly 
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metamorphosed juvenile plaice occurs in water >5m deep, however, in the weeks 
following settlement, they are concentrated in shallow water <1m deep (Gibson et 

at, 2002). This may be due to the onshore movement of the newly settled juveniles 

into shallower water (Lockwood, 1974) or the high predation rates and rapid depletion 

of the newly settled juveniles in deeper water (Gibson et at, 2002). Whatever the 

explanation, once settlement is complete, the majority of small juveniles are found in 

shallow water <1m deep (Gibson et at, 2002). The results of this study agree with 

this conclusion, as large numbers of newly settled juveniles were easily collected by 

push net just below the tide line in water ca. 50 cm deep in the early summer. 
Previous work has shown that once a size refuge has been reached, there is a 

progressive movement into deeper water by juvenile 0-group plaice later in the year 

with positive relationship between length and depth (Gibson et at, 2002). Inshore 

residence in shallower warmer water over the summer is thought to promote faster 

growth in the newly settled plaice and to avoid predation by brown shrimp C. crangon 

and other predators in deeper water until the size refuge has been reached (Burrows et 

at, 2001; Gibson et at, 2002). In addition, the use of shallow water avoids inter- 

specific competition for food with dab L. limanda which settle into deeper water over 

the summer (Gibson et at, 2002; Beggs and Nash, 2007). As plaice increase in size 

and move offshore into deeper water and co-habit with dab, the two species exhibit 

trophic resource partitioning to avoid competition for food (Carter et al., 1991). 

In this study it was not possible to accurately assess abundance or catch per 

unit effort. Although records of trawling effort [i. e. trawl depth, trawl time and boat 

speed (which allow calculation of trawl distance and area swept)] were kept, it was 

not possible to accurately record the time spent push netting or the area of nursery 

ground covered during sampling In addition, the time spent sampling on each field 

trip was not standardised and so catch per unit effort (time) could not be calculated. 

However, from the catches recorded during sampling, and the effort needed to catch 

them, it is clear that the abundance of juvenile 0-group plaice was highest during the 

initial post-settlement phase over the summer with a decrease in abundance over the 

rest of the year. This observation agrees with previous studies that have measured the 

temporal changes in abundance of 0-group plaice on nursery grounds. For example, 

Pihl and Rosenberg (1985) report that the abundance of 0-group plaice in two bays in 

Western Sweden peaked at 0.5 - 2.5 individuals per m2 following settlement 

decreasing to < 0.1 per m2 later in the year. In addition, Gibson et al. (2002) reported 
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that the abundance of 0-group plaice in Tralee Bay (W. Scotland) decreased from ca. 
30-50 plaice per 100 m2 in spring/summer (April - September) to < 10 per 100 m2 
over the winter. 

The size distribution of fish caught each month in this study changed from a 
discrete unimodal size frequency plot in the spring to a more dispersed pattern over 
time (Figures 4.7 and 4.8). A similar change in size frequency distribution was 

reported for 0-group plaice in Loch Ewe where the size range of individuals 

(minimum - maximum length) increased from 15-25 mm in April to 40-110 mm in 

January (Edwards and Steele, 1968). This increase in the size range of 0-group plaice 

recorded on the nursery grounds will be due to a combination of the settlement time 

of individuals (which will influence growth opportunity during the first 

summer/autumn growth season) and individual differences in feeding success and 

physiological efficiency influencing growth rate. Since plaice spawn over an extended 

spawning season, multiple settlements of newly-metamophosed juveniles occur over 

the course of the summer (Ruack, 1974; Al-Hossaini et al., 1989; Allen et al., 2008). 

However, research has shown that the survival of these different subcohorts varies. 

For example, Al Hossaini et al. (1989) found that 3 subcohorts settled in Red Wharf 

Bay in both 1986 and 1987 but mortality was highest for the earliest settling cohort 

and lower for later settling cohorts. Also, growth rates were highest for the second 

cohort (Al-Hossaini et al., 1989). By studying otolith substructure of fish caught in 

September to backcalculate settlement dates, Al-Hossaini and co-workers were able to 

show that most of the surviving fish had come from the second or third cohorts that 

had settled in Mid-may or June with very few fish surviving from the first subcohort 

that settled earlier. However, the presence of a combination of surviving early and late 

settling juveniles in the winter samples could, in part, explain the sizes range of fish 

recorded in the winter catches. In addition, individual fish are known to vary in 

feeding success and in the efficiency with which they convert ingested food to 

somatic growth (e. g. Carter et al, 1993; McCarthy et al., 1994), a factor which will 

also contribute to an increase in the size dispersion within the cohort over time. 

4.4.2 Growth rates 

From the monthly sampling strategy employed in this study, it was possible to 

calculate temporal changes in growth rate for each of the three 0-group cohorts during 
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Figure 4.15: Mean total length (cm) for juvenile plaice P. platessa L. after settlement 
during their first year of residence on (a) Red Wharf Bay [1963 - 1965, Macer (1967); 
1986 - 1987, Al-Hossaini et al. (1989); 2004 - 2006, this study] and (b) various 
nursery grounds in the North East Atlantic [English Channel (E Chan), Amara (2004); 
Southern Bight (SB), Amara (2003); Wadden Sea (Wad), Kuipers (1977); Isle of Man 
(IoM), Nash et al. (1994); North Sea (Filey), Lockwood (1972; cited in Kuipers, 
1977); Loch Ewe, Edwards and Steele (1968); Iceland (Ice), Hjörleifsson and Pälsson 
(2001)]. 
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Figure 4.16: Length-specific growth rates (SGRL, % day-) for juvenile plaice P. 
platessa L. after settlement during their first year of residence on (a) Red Wharf Bay 
[1963 - 1965, Macer (1967); 1986- 1987, Al-Hossaini et al. (1989); 2004 - 2006, this 
study] and (b) various nursery grounds in the North East Atlantic [English Channel (E 
Chan), Amara (2004); Southern Bight (SB), Amara (2003); Wadden Sea (Wad), 
Kuipers (1977); Isle of Man (IoM), Nash et al. (1994); North Sea (Filey), Lockwood, 
1972 (cited in Kuipers, 1977); Loch Ewe, Edwards and Steele (1968); Iceland (Ice), 
Hjörleifsson and Pälsson (2001)]. 
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their first year on the nursery ground. Modal progression analysis was used to identify 

the nodal size of the 0-group cohort in each monthly sample (Figures 4.7 and 4.8) and 
these standard length values were used to calculate length-specific growth rates for 

each cohort on the two nursery grounds (Figure 4.9). The growth data showed that 

growth rates were highest over the summer at 2-4% day"' decreasing to ca. I% day- 
' for the rest of the year (Figure 4.9). Figures 4.15 and 4.16 summarise the available 
data on the growth of juvenile plaice during their first year of residency on nursery 

grounds in the North East Atlantic. Figures 4.15a and 4.16a show the increase in 

length and length-specific growth rate for 0-group plaice on Red Wharf Bay covering 
the periods 1963-1965 (Macer, 1967), 1986-1987 (Al-Hossaini et at, 1989) and 2004- 

2006 (this study) respectively. Figures 4.15b and 4.16b show the increase in length 

and length-specific growth rate for 0-group plaice on nursery grounds in the English 

Channel (Amara, 2004), North Sea [Lockwood, 1972 (cited in Kuipers, 1977); 

Kuipers, 1977; Amara, 2003J, Irish Sea (Nash et al., 1994), and Iceland (Hj6rleifsson 

and Palsson, 2001). The growth data for Red Wharf Bay, recorded over a 40 year 

period by the three studies (Macer, 1967; Al-Hossaini et a1,1989; this study) show a 

consistency in the pattern of growth during the first year of residency on the nursery 

ground (Figures 4.15a and 4.16a). As expected, due to latitudinal differences in the 

timing of settlement, food availability and growth opportunity, there is greater 

variation in the pattern of growth during the first year of residency on the nursery 

ground observed for different areas of the North East Atlantic (Figures 4.15b and 

4.16b). However, the same pattern is observed on each nursery ground with growth 

rates highest over the summer at ca. 1-4 % day", decreasing to < 0.5 % day' during 

the winter/spring Overwinter growth rates measured for juvenile plaice in Port Erin 

Bay (Isle of Man) in 1989/1909 and 1990/1991 by Nash et al (1992) also provide 

seasonal growth rates similar to those recorded in this study with relative growth rates 

over autumn/winter of 0.07-0.13 % day" 1. 

4.4.3 Length/weight relationships and condition 

This study has examined seasonal changes in the length/weight relationship 

and condition factor of O-group juvenile plaice in Conwy Bay and Red Wharf Bay. 

There are a very large number of published papers reporting the length/weight 

relationships in fishes due to the inclusion of the length/weight power function (W = 
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aLb) in many fisheries management models to convert length frequency data to 
biomass data (e. g. Al-Mamry, 2006). For example, the fisheries journal Journal of 
Applied Ichthyology regularly publishes short communications reporting the 
length/weight relationships for fish species and has recently published a paper 

presented a meta-analysis of the length/weight relationships for 1773 species of fishes 

(Froese, 2006). Length/weight relationships have been published for many flatfish 

species (e. g. Jones, 1974; Ortega-Salas, 1980; Brodziak and Mikus, 2000; Seisay, 

2001; Froese, 2006; Bayhan et al., 2008) including plaice (e. g. Bowers and Lee, 1971; 

Rauck, 1975; Basimi and Grove, 1985c; Chuenpagdee, 1990; Seyhan, 1990; Chapter 

3). However, research on the length/weight relationships of juvenile flatfish, and the 

seasonal changes in this relationship have been more limited (Nash et al., 1992; this 

study). To summarise the general patterns observed in these published flatfish studies: 
length/weight relationships have generally shown species to show positive allometric 

growth (i. e. b> 3) although where the data are sorted by sex, male fish sometimes 

show isometric growth (i. e. b= 3) whereas females exhibit positive allometric growth. 
In addition, where data have been collected by season or month, studies have shown a 

cyclical pattern in the b-values observed with b-values increasing and positive 

allometric growth seen desiring the summer growth season and leading into the start 

of the breeding season followed by a decline in b-value to values <3 and a switch to 

negative allometric growth during the spawning seasonal and in the immediate 

aftermath of spawning. A similar seasonal cyclical pattern has been observed for 

juvenile plaice (Nash et al., 1992; this study) and other flatfish (e. g. Rosenberg, 1982) 

which follows the seasonal cycle of food availability and growth opportunity, 

although it must be pointed out that some variation in b-values may also be due to the 

limited sample sizes collected during some monthly sampling (Nash et al., 1992; 

Table 4.5). 

In this study, condition factor was calculated for each month by comparing the 

actual weights with those predicted by the length-weight relationship (King, 2007) as 

opposed to the calculation of Fulton's Condition factor (CF = W/L3) (Bolgor and 

Connolly, 1989). This analytical approach takes into account the actual b-value 

relating length to weight instead of assuming a value of 3, expresses condition as the 

proportional increase/decrease in observed weight compared to predicted weight (CF 

= Wot/Wp,. a) and allows seasonal patterns in condition to be elucidated (King, 2007). 

The study of seasonal patterns of condition, and its relation to food abundance, 

316 



growth opportunity and stage of the reproductive cycle has been well studied for adult 
fishes in both freshwater (e. g. Wilson and Pitcher, 1983; Encina et al., 1997; Yildirim 

et al., 2006; Arslan and Yildirim, 2007; Yildirim et al., 2008) and marine 

environments (e. g. Knust, 1996; Hansen and Courtenay, 1997; Mello and Rose 2005; 

Andreu-Soler et al., 2006; Tzikas et al., 2007; Wang et al., 2008; Wuenschel et al., 
2009), including studies on adult plaice (White and Fletcher, 1984). The data for 

seasonal changes in condition of juvenile fishes is less extensive (e. g. Kuipers, 1977; 

Nash et al., 1992; Pangle and Sutton, 2005; Gilliers et al., 2004; this study). 
Assessing the condition of juvenile fishes on nursery grounds is an area of 

considerable research interest both to assess the habitat quality of these nursery areas 

and to predict recruitment into the adult stock. Various markers have been used to 

assess condition ranging such as biochemical markers, for example nucleic acids 
(RNA and DNA) and protein/lipid content, and morphometric markers, for example 

condition indices relating weight to length (see reviews by Bolgor and Connolly, 

1989; Buckley et al., 1999; Fonseca and Cabral, 2007). The number of studies that 

have examined differences in the condition of 0-group juvenile flatfishes is limited 

but the available data relates condition to either seasonal variation within a nursery 

ground or between-nursery ground variation to assess differences in habitat quality 

and growth (e. g. Nash et al., 1992; Gilliers et al., 2004,2006; Amara et al., 2007; 

Vasconcelos et al., 2009; this study). In this study, seasonal variation in condition was 

observed, as expected, with juveniles in better condition during the summer/autumn, 

when food availability is higher and growth opportunity is better, compared to the 

winter/spring (Figure 4.9). This result agrees with earlier studies on plaice by 

Costopoulos and Fonds (1989) and Nash et al. (1992). Costopoulos and Fonds (1989), 

calculating monthly condition factors using a b-value of 3, showed that condition 

factor (CF = 100W/L3) of juvenile plaice (9-17 cm total length) on two nursery areas 

in the Dutch Wadden Sea increased from 0.7-0.8 in April to 0.9-0.95 in October. 

Seasonal variation in length/weight relations and condition was also observed for 

overwintering juvenile plaice caught in Port Erin Bay Isle of Man by Nash et al. 

(1992). Nash et al. (1992) showed a similar seasonal fluctuation in b-values over a 

similar range to that observed in this study. In addition to showing seasonal variations 

in condition, the results of this study have also shown interannual-variation in 

condition (Figure 4.9), which has also been observed in previous studies (Al-Hossaini 

et al., 1989). Although there was little difference in length/weight relationships and 
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condition factors in the two sites surveyed in this study, presumably due to their close 

geographical proximity (and hence similar annual temperature regimes) and their 

similar benthic community structures (Rees, 2004), previous studies have shown 
differences in condition of juvenile flatfishes between geographically more separated 

nursery grounds (e. g. Kuipers, 1977; Gilliers et al, 2004,2006). 

4.4.4 Summary 

" This chapter has presented a detailed survey of the growth, length/weight 

relationship and condition of juvenile European plaice P. platessa L. on two 

nursery grounds in the inshore coastal waters of North West Wales 

(Llanfairfechan in Conwy Bay) and Eastern Anglesey (Llanddona in Red 

Wharf Bay). 

" Surveys were conducted between April 2004 and March 2007 at monthly 
intervals (weather permitting) with juvenile plaice (predominately 0-group) 

collected by push netting in shallow water (< 1m depth) during the 

summer/autumn and 2m beam trawl (3-7 m depth) in the winter/spring. 

9 Detailed analysis of the length frequency distributions collected over three 

year time period revealed that settlement occurred in April-May and continued 

over the summer until August at both sites. The average length of plaice 

caught increased over time from ca. 1.5-2.0 cm standard length in April/may 

to ca. 8-10 cm the following Feb/March. Modal progression analysis (using 

Bhattacharya's method) was used to identify the 0-group and 1-group plaice 

cohorts present on the nursery grounds each year and to determine monthly 

nodal lengths for each cohort in order to calculate growth rates. 

" Length-specific growth rates were highest in the early summer, ca. 2.5- 4.0 % 

day", and declined over the autumn to attain rates of ca. 0.5-1.0 % day'' over 

the winter. There were no apparent differences in growth rate between 

Llanfairfechan and Llanddona although some interannual variation was 

observed with growth rates higher in 2004 and 2006 compared to 2005. The 

growth rates observed on the plaice nursery grounds in North Wales are 

similar to those observed on nursery grounds throughout the North East 
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Atlantic by previous studies in the English Channel, North Sea, Irish Sea and 
in Iceland. 

" Seasonal variation in the `a' and `b' values of the length/weight relationship 
(W = aLb) and in condition factor were observed on both nursery grounds. 
Condition was lowest in the winter/spring and increased in the summer 

autumn as a result of increased food availability and growth opportunity. 
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Chapter 5: 

General Discussion. 
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5. General discussion 

The aim of this thesis has been to study the population dynamics of the inshore 

population of plaice P. platessa L. found in the coastal inshore waters of North West 

Wales and Eastern Anglesey. This has been achieved through autumnal surveys of the 

adult population in the inshore waters where the adults will congregate in October- 

December before the fish moving offshore onto the spawning grounds in January- 

February to breed (Basimi and Grove, 1985c; Dunn and Pawson, 2002). In addition, 
data from the annual RV Prince Madog autumnal fisheries surveys conducted since 
1970 have been used to examine changes in the population dynamics of this inshore 

population of plaice over a4 decade time span in relation to fishing pressure and 

recent climate change and to compare changes in the population dynamics of this 

species with other demersal fish species, also included in the fisheries survey, but 

which differ in their level of fisheries exploitation. The comparison made being 

between dab L. limanda (unexploited, 1970-2006; Seisay, 2001), plaice (heavily 

exploited 1970-1989, underexploited 1990-2006; ICES, 2008a) and whiting M 

merlangus (heavily exploited 1970-2006; ICEAS, 2008a). Finally, seasonal changes 
in the growth and condition of three cohorts of 0-group juvenile plaice were studied 

on two of the main nursery areas in North West Wales and Eastern Anglesey, i. e. 

Conwy bay (Llanfairfechan) and Red Wharf Bay (Llanddona). 

5.1 Population dynamics 

The study of the ecology, biology and population dynamics of exploited fish species 

is a critical area of research that provides data for inputting into modem virtual 

population analysis fisheries models (Hillbom and Walters, 1992). These models 

require knowledge of the age and size structure of the exploited population, the 

length-weight coefficient (b), the VBG coefficients (k, L0), the instantaneous 

coefficient of natural mortality (M) and maturity ogives (L5o) (Jennings et al., 2001; 

Hart and Reynolds, 2002; King 2007). Estimates of these values are derived by 

conducting detailed fisheries surveys (such as the one conducted in this present study) 

to obtain estimates for these population parameters. Since the values of these 

parameters can vary between stocks depending on their geographical location (see 

Chapter 2) and can vary over time in response to environmental and fisheries-related 
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changes (see Chapter 3), it is important that regular surveys are conducted in order to 

ensure that the management decisions taken are informed by accurate data in the 

modelling process. Thus, the value of regular surveys cannot be understated. Within 

the Northern Atlantic, such surveys are conducted by ICES for many of the 

commercially exploited species (e. g. plaice, cod G. morhua L., herring C. harengus L., 

mackerel S. scombrus L. etc; e. g. ICES, 2008a, 2008b) although, surprisingly, these 

data are not available, or are considered inaccurate, for the stocks of some commercial 

species e. g. whiting and N. norvegicus in the Irish Sea (ICES, 2008a). This lack of 
fundamental information becomes even more apparent when the fisheries in the 
developing world are considered where a lack of scientific infrastructure and funding 

preclude the collation of accurate data on landings, fishing effort and population 
dynamics of exploited species (FAO, 2009). However, in some areas of the world, 

this situation appears to be improving: for example, the Western Indian Ocean is 

recognised as one area of the World's oceans where abundant fish resources still 

remain and there is potential for further expansion and an increase in landings (FAO, 

2009). In order to ensure that any expansion is based on an accurate scientific 

assessment of the fish stocks and-the fishing industry, some nations in the Western 

Indian Ocean, for example the Sultanate of Oman, have been conducting detailed 

surveys of fish stocks (e. g. Al-Mamry, 2006; Ben Meriem et at, 2006; Al-Mamry et 

al., 2007,2009) and have established a detailed system of reporting catches and 

fishing effort (Anon., 2006) in their costal waters. There have also been a series of 

detailed studies on the population dynamics and stock assessment for exploited fish 

species in the southern Arabian Gulf (e. g. Grandcourt et al., 2004a, 2004b, 2005a, 

2005b, 2006a, 2006b, 2007). The importance of conducting stock-specific surveys can 

be seen in the comparison between different plaice stocks conducted in Chapter 2. 

This analysis has shown differences in the size structure, growth patterns and maturity 

ogives between different plaice stocks. For example, differences between plaice in the 

Irish Sea and North Sea are apparent even though they share a similar latitude. These 

differences are most likely the result of the different bathymetries (the North Sea is a 

much shallower and more productive sea than the Irish Sea) and due to genetic 

differences that have evolved over time. A second example of a striking difference in 

the population ecology of a fish species over a very short geographical scale can be 

seen in the king soldier bream A. spinifer which a commercially exploited sparid 

species that has a wide distribution from southern Africa eastward to northern 
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Australia including the western Indian Ocean and the Indo-west Pacific (Randall, 

1995). Recent studies have been conducted on the population dynamics of this species 
in the southern Arabian Sea (Grandcourt et al., 2004a) and the Arabian Gulf (Al- 

Manuy et al., 2009). It has become evident that significant differences in the growth 

patterns (e. g. timing of the formation of the opaque and translucent zones in the 

otolith and in the von Bertalanffy growth parameters) and in the timing of the 

spawning season are seen between the two stocks for this species which are related to 

the monsoon season which occurs in Omani waters and the associated elevation in 

biological productivity (AI-Mamry et al., 2009). 

As well as focussing attention on adult plaice, this thesis has also conducted a 

detailed study of juvenile plaice on two nursery grounds - Convey Bay and Red Wharf 

Bay. The study of the juvenile phase of the life cycle for a commercially exploited 

species is also very important. An understanding of the ecology of juveniles and the 

environmental factors which determine growth rate and survival (e. g. temperature, 

food availability and predation pressure) are very important from a fisheries 

management point of view since accurate information on juvenile recruitment, i. e. the 

number of juvenile fish joining the adult stock each year and becoming vulnerable to 

capture by fishing gear, is necessary in order to determine annual year class strength 

and to set catch quotas (King, 2007). The ecology and "population dynamics" (in the 

sense that juvenile plaice can be considered as a population separate from the adults 

on the juvenile nursery grounds) of juvenile plaice have been well studied (see review 

of this subject area in Chapter 4). There are however, a number of key areas from a 

fisheries management viewpoint which still remain a matter of guesswork One main 

area of uncertainty is the relative importance of the different nursery areas in 

producing recruits into the adult stock The South East Irish Sea plaice stock utilises 

nursery areas that are located from the Cumbrian coast in the North, along the coast of 

North West England and North Wales to Eastern Anglesey (Dunn and Pawson, 2002). 

However, although the feeding ecology, growth and survival rates of juvenile plaice 

on those nursery ground has been well studied (e. g. Macer, 1967; Carter et al., 1991; 

Fox et al., 2007; Chapter 4), it is still not known which nursery areas are the most 

important in terms of supplying recruits into the adult stock If this was known then 

appropriate management strategies of these areas could be introduced to minimise 

anthropogenic disturbances and to ensure maximal juvenile production from these 

nursery areas. An area of recent research interest in fisheries science is the use of 
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internal chemical tags, such as the elemental or isotopic composition of otoliths to 

examine the movement patterns of marine fishes (e. g. Gillanders, 2005; Herzka, 

2005). These techniques rely on there being measureable differences in water 

chemistry between geographically distinct water bodies (e. g. Gillanders, 2005; Herzka, 

2005). There have been a number of recent studies which have shown that juvenile 

fish, reared on separate nursery grounds can have significant differences in the 

elemental composition of their otoliths which can be used to identify their point of 

natal origin (e. g. Brown, 2006; Vasconcelos et al., 2007; Fodrie and Herzka, 2008; 

Ward, 2008). A recent study by Marriott (2008) has shown significant differences in 

the otolith elemental composition of juvenile plaice sampled from nursery grounds 

within the South East Irish Sea region. However, it is not currently known the degree 

to which these distinct chemical tags for each nursery ground are temporally stable - 
i. e. whether the spatial inter-nursery ground variability is greater than the temporal 

intra-nursery ground variability since the available data are all based on samples 

collected within a 1-2 year sampling period (Brown, 2006; Vasconcelos et al., 2007; 

Fodrie and Herzka, 2008; Marriott, 2008; Ward, 2008). Confirming temporal stability 
is important since juvenile fish may remain in nursery areas for several years [e. g. 

plaice, Marriott (2008) and sea bass, Ward (2008)1 before recruiting into the adult 

stock If temporal stability can be confirmed, then this technique may be able to 

identify the relative proportions of adult fish derived from different nursery ground, or 

regional nursery areas. 

5.2 Long-term fisheries surveys 

As summarised in Chapter 3, there is clearly great value in the acquisition of 
long-term data sets, either through ongoing research surveys or from archived data 

material in order to examine temporal trends in the abundance and biology of animals 

in relation to environmental fluctuations (e. g. climate change) and anthropogenic 

disturbance such as fishing pressure and habitat destruction. Since 1970, the School 

of Ocean Sciences at Bangor University has conducted fishing surveys each year 

during October/November in the coastal inshore waters off eastern Anglesey and 

Northwest Wales. Although the primary aims of these trips are for teaching purposes, 

the data collected from these surveys has been archived and the results presented in 

Chapter 3 show that this is a valuable and ongoing research resource that can be used 
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to examine temporal changes in local demersal fish communities. For example, a 
detailed analysis of the data for dab, plaice and whiting indicated evidence of 
fisheries-induced evolution in the plaice and whiting stocks in the South East Irish 

Sea. Although it would be reasonable to surmise such a change for the whiting based 

on its history of overexploitation (ICES, 2008a) and the strong correlation between 

fishing intensity and changes in life-history characters such as growth rate and 

maturity ogives observed for other gadid species (e. g. haddock, M aegelfinus, Wright, 

2005; cod, Sinclair et al., 2002; Barot et al., 2004; Hutchings, 2005), such a response 

would not be expected for plaice in the Irish Sea. Although fisheries-induced 

evolution has been observed for plaice in the North Sea (e. g. Rijnsdorp, 1993b; Griff 

et al., 2003,2005; Rijnsdorp et a!, 2005), fishing pressure for plaice in the North Sea 

has been much more intense and more prolonged compared to the plaice fishery in the 

Irish Sea (ICES, 2008a, 2008b). Given the level of exploitation of plaice in the Irish 

Sea, where fishing pressure has not resulted in the adult spawning stock biomass 

falling below the Bl;, n value at any point during its history (ICES, 2008a), fisheries- 

induced evolution would not be expected. However, a careful analysis of the data 

from the RV Prince Madog fisheries survey does provide some indication of 
fisheries-induced evolution and it is important that the stock continues to be carefully 

monitored. Long-term data sets are also providing evidence for the effects of climate 

change on terrestrial and aquatic ecosystems (see Chapter 3) and the long-term plaice 
data set was also examined for evidence of climate change. The results of that 

analysis has provided some evidence of changes in abundance and growth in the local 

plaice stock since 1970. There was a correlation between plaice abundance and the 

winter North Atlantic Oscillation index (wNAOI) with higher abundances (number 

plaice hour ) recorded in the survey when the wNAOI was in negative phase. A 

simple model outlining the effects of increased/decreased sea surface temperature 

(SST) on size and growth was proposed and for male plaice, the correlations between 

growth and SST/ wNAOI followed those predicted by the model, but the predicted 

response was not observed for female plaice. The climate change analysis conducted 

in Chapter 3 (i. e. correlations and ANOVAs) was relatively simple compared to some 

of the more complex time series analysis that can be conducted using data sets of this 

type (e. g. Teal et al., 2008). 
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5.3 Areas for future research 

The results of this thesis have provided valuable data on the population dynamics of 
the inshore population of plaice P. platessa L. found in the coastal inshore waters of 
North West Wales and Eastern Anglesey and have contributed to the body of 
knowledge for this commercially important fish species. Based on the results of this 

thesis a number of areas of future research are suggested: 

" It is evident that there is much to be gained by regular surveying fish 

populations. It is fortunate that the annual RV Prince Madog fisheries surveys 
form part of the undergraduate teaching programme at Bangor University as it 

has allowed a4 decade-long data set to be collected for demersal fish species 

such as plaice, dab and whiting. It is recommended that this survey be 

continued since its continuation will allow a continual monitoring of the plaice 

stock to confirm whether fisheries-induced evolution has occurred in the South 

East Irish Sea plaice stock and to provide a longer time series of data for 

correlating with environmental variables to detect the effects of climate 

change on this fish stock 

" In relation to determining the effects of climate change, it is recommended 

that a more detailed analysis of the plaice long-term data set be conducted 

using time series statistics. 

" It is recommended that the otolith archive for juvenile plaice caught in Red 

Wharf Bay and Conwy Bay be used to determine whether elemental signatures 

of plaice otoliths exhibit temporal stability. If this proves to be the case, then 

this will provide a new and exciting area of research using the otolith archive 
derived from the long-term fisheries survey. 
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Appendices 

Appendix la: 

The haul trawls data of the RV Prince Magog, for year 2004. 

Date Time Shot Haul Ave Depth 

17/10/04 10.30 tol l. 39 53 18.890-04 22.125 53 18.937-03 54.756 17.9 m 

18/10/04 11.30 to 12.18 53 28.678-03 49.690 53 28.976-03 34.473 40 m 

19/10/04 11.11 to 12.11 53 28.403-03 12.415 53 28.946-04 05.767 42 m 

20/10/04 10.22 to 11.23 53 20.263-04 10.610 53 22.005-04 13.289 17.7 m 

22/10/04 10.45 to 11.43 53 21.205-03 49.627 53 21.234-03 45.394 18.1 m 

23/10/04 11.45 to 12.36 53 21.289-04 12.589 53 20.116-04 09.637 9.5 m 

24/10/04 
11.45 to 12.40 53 19.767-04 08.280 53 20.402-04 04.532 15.5 m 

Tow 1 

24/10/04 
12.54 to 13.50 53 20.785-04 04.446 53 21.718-04 09.213 18.8 m 

Tow 2 
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Appendix 1b: 

The haul trawls data of the RVPrinceMagog, for year 2005. 

Date Time Shot Haul Ave Depth 
16/10/05 

10.26 toll. 23 53 18.938-04 00.368 53 18.476-03 55.900 14.4 m Tow l 

16/10/05 
11.42 to 12.43 53 18.960-03 55.115 53 22.048-03 53.685 17.5 m Tow 2 

17/10/05 
10.58 to 12.00 53 26.463-04 08.861 53 28.647-04 14.476 43.3 m 

Tow l 
17/10/05 

12.19 to 13.18 53 28.522-04 10.930 53 17.887-03 59.450 45 m Tow 2 

18/10/05 
10.28 to 11.28 53 17.887-03 59.450 53 28.976-03 34.473 13.4 m Tow l 

18/10/05 
11.46 to 12.38 53 18.862-03 55.551 53 20.532-04 01.049 18.5 m Tow 2 

19/10/05 
10.48 to 11.30 53 21.127-03 49.364 53 21,321-03 43.896 20.8 m 

Tow l 

19/10/05 
11.44 to 12.43 5321.250-0342.573 5320.746-0335.909 16.9 m 

Tow 2 

19/10/05 
13.47 to 14.37 53 27.420-03 43.146 53 28.497-03 48.741 37.8 m 

Tow 3 

20/10/05 
10.55 to 11.55 53 19.684-04 09.837 53 22.449-04 13.789 19.4 m 

Tow l 

21/10/05 
10.52 to 11.53 53 18.924-04 00.122 53 18.202-03 55.457 16.9 m 

Tow l 

21/10/05 
12.08 to 13.20 53 18.703-03 55.124 53 20.708-04 01.031 19.4 m 

Tow 2 

22/10/05 
11.28 to 12.32 53 28.022-04 05.991 53 28.353-04 10.586 43.2 m 

Tow l 

22/10/05 
12.43 to 13.43 53 28.392-04 11.087 53 27.792-04 09.792 44.5 m 

Tow 2 

23/10/05 
10.10 to 11.10 5319.426-0403.999 5319.653-0409.441 14.2 m 
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