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1 Introduction 

The Boyne and Suir are among Ireland’s larger riverine catchments. The Boyne has eleven 

major tributary sub-catchments that drain an area of 2693 Km
2
. It is one of the country’s 

premier game fisheries and both the main river and its tributaries are well known for their 

salmonid fisheries in particular for Atlantic salmon (Salmo salar), sea trout and brown trout 

(Salmo trutta L.). The Boyne catchment has undergone major human-induced habitat 

perturbation like excavation of peat lands in the headwater area and a major arterial drainage 

programme, started in 1969 and continued until 1985, that affected the entire catchment from 

the headwaters downstream to Navan. The Boyne main stem from Navan downstream to tidal 

waters was not subject to arterial drainage.  

The River Suir catchment drains an area in the southeast of Ireland of approximately 3520 

Km
2 

and traditionally supported milling activities and is famed for its fisheries as well as 

general recreation and amenity. The main channel of the River and its tributaries, in fact, are 

renowned for game angling holding both salmon and brown trout fisheries, whose stocks 

have not been perturbed by major habitat modification or artificial stocking, hence providing 

an optimal environment for salmonid populations.   

The aims of the present study are to characterize and compare the level of genetic diversity 

and pattern of spatial structure in brown trout populations in a highly impacted catchment, the 

Boyne, with a near-pristine catchment, the Suir, and estimate the proportional contribution of 

each tributary sub-catchment to the mixed fishery of the main channel.  

 

 

 

 

 



 

2 Materials and methods 

2.1 Sample collection 

2.1.1 Baseline samples 

Baseline data were collected in 2010 from brown trout parr (1+ year class) sampled in eleven 

major tributaries draining into the River Boyne (Fig. 1a) and in 9 major tributaries draining 

into the River Suir (Fig. 2a). Fifty individuals were collected in each stream by electrofishing, 

where at least three repeated fishing were carried out at a distance of at least 100m from one 

another in order to ensure representative sampling of different families (Allendorf and Phelps 

1981; Hansen et al. 1997).  Tissue samples for molecular analyses were collected by clipping 

the caudal fin. 

2.1.2 Mixed fishery samples 

Mixed fishery data were collected from adult trout obtained by angling in 2011 in the main 

channel of the Boyne (N= 108) and Suir (N= 132) systems. In order to represent all the stocks 

in the main stem, a subsample of scales provided by the anglers was selected over a wide 

geographical range in both systems.  

 

2.2 Microsatellite data 

DNA was isolated from fin clip tissue which had been stored in absolute ethanol and from 

scale samples, using a modified salt/chloroform extraction protocol (Miller et al. 1988) that 

included an additional chloroform/isoamyl alcohol (24/1) step after adding the saturated NaCl 

solution (Petit et al. 1999). 

A total of 548 individuals from the Boyne system and  492 from the Suir system were (PCR) 

amplified and genotyped at 12 polymorphic (one tetranucleotide and 11 dinucleotide) 

microsatellite loci: BS131, T3-13 (Estoup et al. 1998), Str15, Str60, Str73 (Estoup et al. 

1993),  Ssa197, Ssa85 (O'Reilly et al. 1996), Str85, Str543, Str591 (Presa 1996), 

OmyFgt1TUF (Sakamoto et al. 1994; Petit et al. 1999), SSOSL417 (Slettan et al. 1995). 

Fragments were amplified in two 10μl multiplex PCR reactions containing 1μL of DNA 

extract and 1×Multiplex PCR MasterMix (QIAGEN) and labeled primers (FAM, VIC, PET 

and NED Applied Biosystems©) with concentrations ranging from 0.1 to 0.30μl. 

Amplification conditions were as follows: 95 °C for 15 min; 35 cycles of 94 °C for 45 s, 55 

°C for 45 s, 72 °C for 45 s and a final extension at 72 °C for 45 min. All PCR products were 

run on a 16-capillary system ABI 3130xl Genetic Analyzer (Applied Biosystems©) and sized 

alongside an internal lane standard (600 LIZ; Applied Biosystems©) using the program 

GeneMapper version 4.0 (Applied Biosystems©). 

 

 



 

2.3 Data analysis  

The software Micro-Checker (van Oosterhout et al. 2004) was used to check for the presence 

of null alleles, large allele drop-out and possible scoring errors in each population sample.  

To assess the genetic variation within and among the studied populations, expected unbiased 

(HE) (Nei 1978) and observed (Ho) heterozygosities were calculated using the program Fstat 

2.9.3 (Goudet 1995), which was also used to estimate allelic richness (AR) using the 

rarefaction method (El Mousadik and Petit 1996) and overall and pairwise FST values θ-

statistics from (Weir and Cockerham 1984). Significance was tested by randomizing multi-

locus genotypes between pairs of populations.  Fstat 2.9.3 was also used to estimate the 

coefficient of inbreeding, FIS, for each locus in each population sample, with significance 

levels calculated by randomizing alleles among individuals 10,000 times, hence determining 

deviations from Hardy-Weinberg equilibrium (HWE). Significance values were adjusted for 

multiple comparisons using a sequential Bonferroni method (Rice 1989).  Pairwise FST values 

were visualised using multidimensional scaling analysis (MDSA) as implemented in the 

software XLstat7.5 (Addinsoft ™). 

The Bayesian clustering approach implemented in the software STRUCTURE 2.3.3 (Pritchard et 

al. 2000) was used to infer the most likely number of population clusters (K) constituting the 

sample when only baseline samples were analysed and to assign mixture individuals to the 

most probable population of origin when baselines and mixture samples were run together. 

STRUCTURE assigns individuals with similar multilocus genotypes to the same group, in order 

to minimise Hardy-Weinberg and linkage disequilibria within clusters. Each individual is 

then assigned an admixture coefficient (Q) that estimates the proportions of an individual’s 

genome derived from each inferred cluster and sums up to 1. For instance, if an individual 

has a 0.95 Q-value for one cluster and 0.05 from other clusters, that fish has a high 

probability of being a ”genetically pure” individual belonging to the first cluster. Q-values 

split between clusters signify a”mixed” genetic identity. Each individual was assigned to one 

of the identified clusters if its highest Q value was at least twice as high as the second highest 

value for another.  

The number of private alleles was estimated to gather information on gene flow levels 

(Slatkin 1985). A private allele is one found only in one population (Allendorf and Luikart 

2007) and its average frequency depends on mutation events and the migration rate. 

Generally, the number of alleles that are private in a population is low when gene flow is 

high. The pattern of dispersal and gene flow within each catchment was explored regressing 

values of genetic differentiation against geographical of population pairs and testing for 

isolation by distance performing a Mantel test (1000 permutations) to test the correlation 

between the genetic and geographic pairwise distances using the software IBDWS (Jensen et 

al. 2005). 

Effective population sizes were estimated using the method based on gametic disequilibrium 

as implemented in the software LDNe 3.1 (Waples and Do 2008), which requires only a 

single sample from each study population. Particularly, when the test is conducted on 



 

individuals of the same age class, the program effectively estimates the effective number of 

breeders (Nb) for a given year.  

The software HWLER (Pella and Masuda 2006) was also used to estimate the contribution of 

the sampled river baselines as well as the potential existence of unsampled populations in the 

mixed fishery. HWLER is a Bayesian method that performs a stock-mixture analysis using 

baselines samples with their label information in order to identify more accurately the source 

of the mixture and evaluate the proportional contribution of sampled and putatively 

unsampled populations. Subsets of individuals are selected to satisfy Hardy-Weinberg and 

linkage equilibrium conditions.  

Each of the mixed-stock samples collected in 2011 in the Boyne and the Suir catchments 

(BOY11 and SUR11 respectively) were then analysed to evaluate the proportional 

contribution of individual baselines to the main stem fishery. HWLER was also used to 

estimate the probability of each individual having originated in either each of the baseline 

populations or one or more of the potentially unsampled populations.  

 

3 Results 

3.1 Population structure 

3.1.1 The Boyne catchment  

All the 12 loci analyzed showed no evidence of null alleles in the eleven populations 

sampled. The microsatellites used in this study were highly polymorphic, with 4 (STR591) to 

39 (OmyFgt1TUF) alleles per locus and an expected heterozigosity across populations 

ranging from 0.64 to 0.74 (Table 1). Levels of genetic diversity (AR and HE) were equally 

distributed across the populations examined, except for KBW, which displayed higher 

diversity (Table 1). Overall FST value was high and significant (0.040), indicating strong 

genetic structuring among the study populations (Table 2). The genetic variance was not 

homogenous among population samples: in fact, MAT showed the highest pairwise values 

(FST ranged from 0.059 to 0.104) against all other populations, among which instead FST 

ranged from 0.010 to 0.072.  All FST pairwise comparisons were significant, after Bonferroni 

correction, except for the pair SKN vs. KBW (Table 2; Fig. 3). KBW and SKN showed a 

significantly positive mean FIS value indicating departure from Hardy-Weinberg equilibrium 

due to heterozygote deficiency. The KBW population showed multimodal patterns of the 

alleles frequencies distributions at the loci analyzed in 10 samples characterized by high 

frequencies of alleles that are either rare or absent in all other populations. When these 

samples were analyzed as a separate population (KBWB) their FST ranged from 0.236 to 

0.292 against all other populations (Fig. 4). The high FIS value and the striking multimodal 

allele frequencies distributions observed in KBW suggest the existence of different sympatric 

populations in this river.  



 

Structure results suggested K=5 as the most likely number of clusters (Fig. 1b). The majority 

of individuals in Cluster 1 (85%) come from three eastern sub-catchments (BYC, KNB and 

SKN) and the Kells Blackwater river; Cluster 2 is mostly represented by the brown trout in 

the Kinnegad and Mongagh river; Cluster 3 includes mostly (84%) individuals coming from 

three western sub-catchments (TRI, DEL and SFD) and the Enfield Blackwater; Cluster 4 and 

Cluster 5 are predominantly formed by, respectively, the Kells Blackwater (71%) and the 

River Mattock (87%) (Fig. 1b). Around 30% of the individuals from TRI, BYC, DEL, SFD, 

and SKN could not be assigned with confidence to any of the five clusters identified, whereas 

in the other populations the proportion of not assigned individuals was 20% or lower (Fig. 

1b). The population that had the highest average membership coefficient to any one cluster 

(99%) was KBW (Cluster 4) followed by MAT (94%, Cluster 5) (Fig. 1b). Trout from 

Knightsbrook river proved to be less genetically “pure”, with a greater proportion of 

unassigned individuals (45%) and membership Q-values around 0.8 (Fig. 1b). 

The Mantel test showed a significantly positive correlation between genetic and geographical 

distances (r= 0.867, P<0.001) with 75% of the variation in genetic differentiation explained 

by geographic distance (Fig. 5). Estimates of effective population size, Ne, indicate that 

populations from the rivers Deel and Kells Blackwater are particularly small (Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 a) The main tributaries of the Boyne catchment where brown trout were sampled. TRI, 

Trimblestown; BYC, Boycetown; DEL, Deel; KBW, Kells Blackwater; KIG, Kinnegad; KNB, 

Knightsbrook; EFB, Enfield Blackwater; MAT, Mattock; MOG, Monagagh; SFD Stonyford; SKN, 

Skane. b) Geographical distribution of genetic clusters identified by Structure. Cluster 1 (red) includes 

individuals from Boycetown, Kells Blackwater, Knightsbrook, Skane; Cluster 2 (green) is mainly 

found in the two rivers Kinnegad and Monagagh; Cluster 3 (blue) is predominantly present in the 

rivers Trimblestown, Deel, Enfield Blackwater and Stonyford; Cluster 4 (yellow) includes only brown 

trout from the Kells Blackwater; Cluster 5 (pink) is found exclusively in the river Mattock. Black 

corresponds to individuals that could not be assigned with confidence to any of the known 

populations. 



 

Table 1 Sampling location, sample code and sample size (N) for the Boyne trout populations. Genetic diversity indices averaged over loci 

include: HE, expected heterozigosity; HO, observed heterozigosity; NA, mean number of alleles; AR, allelic richness; AP, number of private alleles; 

FIS, coefficient of inbreeding; estimated effective population size (Ne), with associated 95% confidence intervals;. Bold FIS value refers to 

significant departure from Hardy-Weinberg equilibrium. Negative estimates of Ne are usually interpreted as infinite estimates (LDNe user’s 

manual). 

 

 

 

 

 

River 
Sample 

Code 
N HE HO NA AR AP FIS   Ne (95% CI) 

          Trimblestown TRI 40 0.71 0.69 8.17 6.52 2 0.036   -1077.0 (233.7-∞) 

Boycetown BYC 40 0.66 0.66 7.75 6.40 0 0.009   1683.4 (177.9-∞) 

Deel DEL 40 0.68 0.64 9.08 7.04 5 0.072   42.3 (32.8-57.3) 

Kells Blackwater KBW 40 0.74 0.62 11.58 8.92 32 0.172   12.3 (10.8-4.8) 

Kinnegad KIG 40 0.65 0.65 6.42 5.49 0 0.004   -735.1 (196.6-∞) 

Knightsbrook KNB 40 0.68 0.64 8.67 6.83 3 0.057    69.2  (48.0-114.3) 

Enfield Blackwater EFB 40 0.66 0.66 7.42 6.24 0 0.014   520.5 (135.6-∞) 

Mattock MAT 40 0.70 0.66 7.00 6.05 1 0.062   105.9 (61.9 -285.6) 

Mongagh MOG 40 0.64 0.62 7.08 5.92 1 0.032   -329.6 (478.3-∞) 

Stonyford SFD 40 0.64 0.63 7.67 6.07 3 0.011   -164.2 (960.5-∞) 

Skane SKN 40 0.68 0.59 9.33 7.01 5 0.143   129.3 (73.3-411.3) 



 

Table 2 Matrix of FST pairwise comparisons (below diagonal) and non-adjusted p-values (above diagonal). Bold values are significant after 

sequential Bonferroni correction (initial α= 0.009). * indicates significance at 0.05 level 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 TRI BYC DEL KBW KIG KNB EFB MAT MOG SFD SKN 

TRI  0.00002 0.00002 0.00002 0.00002 0.00018 0.00031 0.00002 0.00002 0.00002 0.00002 

BYC 0.0231*  0.00002 0.00002 0.00002 0.00011 0.00002 0.00002 0.00002 0.00002 0.00002 

DEL 0.0172* 0.0408*  0.00002 0.00002 0.00002 0.00004 0.00002 0.00002 0.00002 0.00002 

KBW 0.0411* 0.0416* 0.0505*  0.00002 0.00002 0.00002 0.00002 0.00002 0.00002 0.00098 

KIG 0.0262* 0.0415* 0.0207* 0.0626*  0.00002 0.00002 0.00002 0.00002 0.00002 0.00002 

KNB 0.0159* 0.0104* 0.0289* 0.0305* 0.0404*  0.00002 0.00002 0.00002 0.00002 0.00002 

EFB 0.0103* 0.0241* 0.0111* 0.0518* 0.0138* 0.0135*  0.00002 0.00002 0.00002 0.00002 

MAT 0.0697* 0.0731* 0.0891* 0.0592* 0.0848* 0.0636* 0.0804*  0.00002 0.00002 0.00002 

MOG 0.0306* 0.0417* 0.0291* 0.0565* 0.0115* 0.0358* 0.0228* 0.0844*  0.00002 0.00002 

SFD 0.0152* 0.0340* 0.0205* 0.0723* 0.0256* 0.0328* 0.0126* 0.1035* 0.0305*  0.00002 

SKN 0.0274* 0.0195* 0.0485* 0.0320* 0.0489* 0.0128* 0.0367* 0.0678* 0.0455* 0.0552*  



 

 

Figure 3 Multidimensional scaling plot based on the matrix of FST pairwise comparisons 

 

Figure 4 Multidimensional scaling plot based on the matrix of FST pairwise comparisons 

where KBW sample was split in two groups: KBW A including individuals characterized by 

alleles common to the other populations in the catchment and KBW B including individuals 

characterized by high frequencies of alleles that are either rare or absent in all other 

populations 



 

 

Fig. 5 Linear regression of pairwise genetic (Fst) versus geographic (in Km) distances for 

brown trout from the Boyne catchment tributaries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

3.1.2 The Suir catchment  

All the 12 loci analyzed showed no evidence of null alleles in the nine populations sampled. 

The microsatellites used in this study were highly polymorphic, with 3 (STR60) to 35 

(OmyFgt1TUF) alleles per locus and an expected heterozigosity across populations ranging 

from 0.67 to 0.74 (Table 3). Levels of genetic diversity (AR and HE) were equally distributed 

across the populations examined. Overall FST value was high and significant (0.035), 

indicating strong genetic structuring among the study populations (Table 4). The genetic 

variance was not homogenous among populations: in fact, ANR showed the highest pairwise 

values (FST ranged from 0.043 to 0.085) against all other populations, among which instead 

FST ranged from 0.004 to 0.058.  All FST pairwise comparisons were significant prior 

correction to multiple tests except for the pair MTW vs. MTE, after Bonferroni correction all 

the pairwise comparisons were significant (Table 4; Fig. 6). AHW and ANR showed a 

significantly positive mean FIS value indicating departure from Hardy-Weinberg equilibrium 

due to heterozygote deficiency.  

Structure results suggested K=6 as the most likely number of clusters (Fig. 2b). The majority 

of individuals in Cluster 1 (81%) came from two eastern sub-catchments (CLD and TAR); 

Cluster 2 is represented by the brown trout in the Tar (33%) and Aherlow (33%) rivers; 

Cluster 3 includes mostly (96%) individuals coming from the Anner and Neir rivers; Cluster 

4 and Cluster 6 are predominantly formed by, respectively, the Drish river (85%) and the 

River Aherlow (41%). (Fig. 2b); Cluster 5 includes mostly (93%) trout populations inhabiting 

three eastern sub-catchments ARA, MTE and MTW. In the Suir catchment the proportion of 

individuals that could not be assigned to any of the six identified clusters was between 40% 

and 60% except in ANR and DIH where the proportion was around 10% (Fig. 2b). The 

population that had the highest average membership coefficient to any one cluster (79%) was 

ANR (Cluster 3) followed by ARA (76%, Cluster 5) (Fig. 2b). Trout from Tar River proved 

to be less genetically „pure‟, with a greater proportion of unassigned individuals (68%) and 

membership Q-values around 0.6 (Fig. 2b). 

The Mantel test showed a significantly positive correlation between genetic differentiation 

and geographic distance (r= 0.668, P<0.001) with 45% of the variation in genetic 

differentiation explained by geographic distance. Estimates of effective population size, Ne, 

indicate that all the populations in the Suir catchment present a very large number of breeders 

(Table 3). 



 

 

Figure 2 a) The main tributaries of the Suir catchment where brown trout were sampled. AHW, 

Aherlow; ANR, Anner ; ARA, Ara; CLD, Clodiagh; DIH, Drish; MTE, Multeen East; MTW, Multeen 

West; NER, Nier; TAR, Tar. b) Geographical distribution of genetic clusters identified by Structure. 

Cluster 1 (red) is mainly found in two rivers Clodiagh and Tar; Cluster 2 (green) is exclusively found 

in the Tar river; Cluster 3 (blue) is predominantly present in the rivers Anner and Neir; Cluster 4 

(yellow) includes only brown trout from the Drish river; Cluster 5 (pink) includes trout from the Ara, 

Multeen East and Multeen West rivers and Cluster 6 (turquoise) includes only trout from the Aherlow 

river. Black corresponds to individuals that could not be assigned with confidence to any of the 

known populations. 

b

) 

 

a) 

 



 

Table 3 Sampling location, sample code and sample size (N) for the Suir trout populations. Genetic diversity indices averaged over loci include: 

HE, expected heterozigosity; HO, observed heterozigosity; NA, mean number of alleles; AR, allelic richness; AP, number of private alleles; FIS, 

coefficient of inbreeding; estimated effective population size (Ne), with associated 95% confidence intervals;. Bold FIS value refers to significant 

departure from Hardy-Weinberg equilibrium. Negative estimates of Ne are usually interpreted as infinite estimates (LDNe user’s manual). 

 

 

 

 

 

 

 

River 
Sample 

Code 
N HE HO NA AR AP FIS      Ne (95% CI) 

          Aherlow AHW 40 0.74 0.65 9.50 8.39 11 0.1150   2646.6 (210.9-∞) 

Anner ANR 40 0.72 0.65 7.67 7.26 2 0.1030   -1342.4 (223.9-∞) 

Ara ARA 40 0.73 0.70 8.33 7.56 1 0.0360   158.9 (71.8-∞) 

Clodiagh CLD 40 0.73 0.73 9.17 8.36 7 -0.0030   10600.3 (259.4-∞) 

Drish DIH 40 0.67 0.64 7.83 7.11 3 0.0510   343.9 (133.5-∞) 

Multeen East MTE 40 0.72 0.69 8.17 7.56 1 0.0380   431.6 (106.8-∞) 

Multeen West MTW 40 0.73 0.71 8.83 8.17 3 0.0370   -735.4 (251.3-∞) 

Nier NER 40 0.72 0.72 9.08 8.33 1 -0.0050   323.0 (111.5 - ∞) 

Tar TAR 40 0.74 0.74 9.25 8.41 5 0.0020   -351.7 (751.2-∞) 



 

Table 4 Matrix of FST pairwise comparisons (below diagonal) and non-adjusted p-values (above diagonal). Bold values are significant after 

sequential Bonferroni correction (initial α= 0.0014). * indicates significance at 0.05 level. 

 

 AHW ANR ARA CLD DIH MTE MTW NER TAR 

AHW  0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 

ANR 0.0570*  0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 

ARA 0.0260* 0.0599*  0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 

CLD 0.0311* 0.0546* 0.0364*  0.00003 0.00003 0.00003 0.00003 0.00003 

DIH 0.0579* 0.0850* 0.0672* 0.0396*  0.00003 0.00003 0.00003 0.00003 

MTE 0.0313* 0.0534* 0.0273* 0.0178* 0.0438*  0.04700 0.00003 0.00003 

MTW 0.0188* 0.0441* 0.0200* 0.0158* 0.0349* 0.0044  0.00003 0.00003 

NER 0.0203* 0.0430* 0.0266* 0.0213* 0.0510* 0.0219* 0.0185*  0.00003 

TAR 0.0221* 0.0491* 0.0250* 0.0245* 0.0533* 0.0155* 0.0159* 0.0161*  

 

 



 

 

Figure 6 Multidimensional scaling plot based on the matrix of FST pairwise comparisons 

 

 

 



 

Fig. 7 Linear regression of pairwise genetic (Fst) versus geographic (in Km) distances for 

brown trout from the Suir catchment tributaries  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

3.2 Main Stem stock  

3.2.1 The Boyne catchment  

When the mixed fishery of the Boyne main channel was analysed KBWB samples were 

removed because STRUCTURE results proved that this population component was not present 

in the mixed-stock samples. In the HWLER analysis of mixture samples the posterior 

distribution of number of extra-baseline populations was highest for zero unsampled 

populations (p [κ = 0] = 0.74) (Table 4). The main contribution to the main stem fishery was 

provided in similar proportion (~20%) by three sub-catchments the Knightsbrook, 

Trimblestown and the Stonyford, whereas the Enfield Blackwater, the Boycetown and the 

Skane provided around 10% of the trout in the mixed stock. The contribution originating 

from the other rivers was negligible (Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 Parameters of the posterior density for baselines proportions contributing to the 

Boyne main stem samples collected in 2011. 

 

 

 

 

 

Table 4 Posterior distributions of the number of extra-baseline populations (κ) contributing 

to the Boyne main stem samples collected in 2011 

 Boyne 2011 

  Posterior quantiles 

Baseline Mean SD 2.5% Median 97.5% 

      

Trimblestown 0.21 0.04 0.14 0.20 0.29 

Boycetown 0.09 0.05 0.00 0.09 0.19 

Deel 0.00 0.01 0.00 0.00 0.02 

Kells Blackwater 0.03 0.02 0.00 0.03 0.07 

Kinnegad 0.00 0.01 0.00 0.00 0.02 

Knightsbrook 0.26 0.07 0.12 0.26 0.40 

Enfield Blackwater 0.12 0.05 0.04 0.11 0.22 

Mattock 0.00 0.00 0.00 0.00 0.01 

Mongagh 0.00 0.01 0.00 0.00 0.02 

Stonyford 0.19 0.04 0.13 0.19 0.26 

Skane 0.08 0.03 0.02 0.08 0.14 

Extra-baseline clusters  0.00 0.01 0.00 0.00 0.02 

Sampling 

Year 

 Κ 

0 1 2 3 4 

BOY11 0.741 0.250 0.009 0.000 0.000 



 

3.2.2 The Suir catchment  

In the HWLER analysis of mixture samples the posterior distribution of number of extra-

baseline populations was highest for one unsampled contributor (p [κ = 1] = 0.58) (Table 6). 

The major contribution to the Suir main stem fishery came from the Nier River (28%) and 

Multeen West (16%). A similar contribution (~10%) originated from the rivers Clodiagh, 

Drish, Multeen East and Tar whereas the other sub-catchments contribution was negligible. 

The contribution of a putative unsampled population was 13% (Table 5). 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 Parameters of the posterior density for baselines proportions contributing to the Suir 

main stem samples collected in 2011 

 

 

 

 

 

 

Table 6 Posterior distributions of the number of extra-baseline populations (κ) contributing 

to the Suir main stem samples collected in 2011 

 

 

 

 

 Suir 2011 

  Posterior quantiles 

Baseline Mean SD 2.5% Median 97.5% 

      

Aherlow 0.03 0.03 0.00 0.02 0.08 

Anner 0.00 0.00 0.00 0.00 0.01 

Ara 0.01 0.02 0.00 0.01 0.05 

Clodiagh 0.07 0.02 0.05 0.07 0.11 

Drish 0.12 0.03 0.08 0.12 0.17 

Multeen East 0.07 0.03 0.02 0.07 0.14 

Multeen West 0.17 0.05 0.05 0.17 0.27 

Nier 0.28 0.08 0.08 0.28 0.47 

Tar 0.12 0.08 0.01 0.11 0.32 

Extra-baseline pop 0.13 0.04 0.00 0.15 0.18 

Sampling 

Year 

 κ 

0 1 2 3 4 

SUR11 0.057 0.576 0.335 0.031 0.001 



 

4 Conclusions 

 

The Boyne catchment was subjected to an extensive arterial drainage programme over a 20 

years period that affected the entire catchment area. Previous studies have shown that the 

major impact caused by drainage works on the geomorphology and structure of the rivers 

results in a loss of suitable spawning and nursery areas for salmonid and negatively affects 

their productivity (O'Grady and Curtin 1993; O'Grady, Gargan et al. 2002 b; O'Grady 2006). 

In the Boyne catchment as result of the drainage works a series of large weirs built during the 

18
th

 century for corn mills was removed from the middle reaches of the main channel 

resulting in an increase of the system productivity (O’Grady, 1998). The increased 

productivity together with enhancing programs fostered the increase of trout production 

(O’Grady 1998). The genetic structuring detected among the Boyne sub-catchments was 

significant and the genetic diversity was not distributed homogenously across the catchment 

where MAT and KBW were highly divergent from all other populations that grouped in two 

different genetic clusters (Fig. 1b). The Kells Blackwater population showed the highest level 

of genetic divergence in the catchment, exemplified by the unique alleles frequency and high 

number of private alleles that together with high heterozigosity deficiency suggest the 

coexistence of genetically isolated populations (Whalund effect) as confirmed by the 

presence of individuals assigned to two different clusters (Clusters 1 and 4). The population 

found in the river Mattock proved to be highly divergent and genetically pure with a Q-value 

of 94% and the smallest proportion of unassigned individuals (3%) suggesting that this 

population is likely to be reproductively isolated. Previous fieldwork observations indicated 

the river Mattock as a spawning location of sea trout, and it is likely that the genetically 

divergent population recorded corresponds to a sea trout breeding unit. The proportion of 

unassigned individuals (“black” Fig. 1b) is higher in the middle reaches of the Boyne system 

indicating a considerable level of admixture due to recent gene flow deriving from 

multigenerational straying from the rivers. In this scenario dispersal would be more likely to 

occur to nearby sites and gene flow would take place among neighbouring populations as 

confirmed by a highly significant correlation between genetic differentiation and 

geographical distance, suggesting that the population structure in the Boyne catchment 

conforms to a stepping-stone model and the gene flow follows a pattern of isolation by 

distance. The analysis of the mixed fishery of the Boyne main stem indicates as main source 

of fish the sub-catchments in the middle reaches of the system and confirms the preponderant 

importance of the eleven river baselines sampled for this study. 

The population structure in the Suir catchment showed a lower level of genetic differentiation 

than found in the Boyne catchment with a more homogenous distribution of genetic diversity 

across the sampled populations. Bayesian clustering sorted the population in the Suir 

catchment in six main genetically distinct groups. These groups showed a greater level of 

admixture, exemplified by low average membership coefficient (from 0.56 to 0.79) of the 

sampled populations to any given cluster and high proportion of unassigned individuals 

(“black” in fig 2b) probably deriving from multigenerational straying among the rivers and 

consequent gene flow. Among the sampled populations only Drish and Anner showed a 



 

higher degree of genetic differentiation as indicated by higher FST and Q-values and a small 

unassigned component. The gene flow detected in the Suir system follows a pattern of 

isolation by distance as indicated by a highly significant correlation between genetic 

difference and geographical distance. The smaller divergence detected in the Suir catchment 

probably is the result of smaller genetic drift due to larger population sizes, as indicated by a 

large number of breeder (Table 3), and gene flow among neighbouring populations.  

The analysis of the mixed stock indicates the Nier River as major contributor to the mixed 

fishery in the Suir main stem whereas the other trout in the mixed stock originate from rivers 

in the upper reaches of the system (DIH, CLD, MTE and MTW) and the Tar. The posterior 

probability estimates indicate that there might be just one extra-baseline population 

contributing to the stock composition but that this represents a rather small component of the 

mixed stock (13%), the individuals assigned to the unsampled population were caught in the 

upper main channel. 
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